- -

@afﬁ)
Te TN

DEPARTMENT OF THE INTERIOR ;

Lol g
Ssastort

[EL I 8

R,

GEOLOGIC INVESTIGATIONS OF
RADIOACTIVE DEPOSITS

Semiannual Progress Report—June 1 to
November 30, 1954

This report is preliminary and has not been edited or
reviewed for conformity with U. S. Geological Survey
standards and nomenclature.

December 1954
vd

United States,Geological Survey,
Washington, D. C.

UNITED STATES ATOMIC ENERGY COMMISSION

Technical Information Service, Oak Ridge, Tennessee

For sale by the Superintendent of Documents, U. S. Government Printing Office, Washington 25, D. C. - Price $1.75’

JAN 2 2 2l



SubJect Category, GEOLOGY AND MINERAIOGY. -

The Atomic Energy Commission makes no representation or warranty
as fo the accuracy or usefulness of the Information or statements contained
in this report, or that the use of any inforination, apparatus, method or
process disclosed In this report may not infringe privately-owned rights.
The Commission assumes no -llability with respect to the use of, or for
damages resulting from the use of, any information, apparatus, method or
process disclosed in thls report.

_ This repért has been reproduced directly from the best ~ -
available copy. :

Reproduction of this information 1s encouraged by the
United States Atamic Energy Commission, Arrangements for
your republication of this document in whole or in part
should be made with the author and the organization he
-represents,

Issuance of this document does not constitute authority
for declassification of classified material of the same or
similar content and title by the same authors. .

This report concerns work done on behalf of the Divi-
sions of Raw Materials and Research of~ the U, S. Atomic En~
energy Commission.



UNITED STATES DEPARTMENT OF THE INTERICR

GEQLOGICAL SURVEY

FOLOGIC INVESTIGATIONS OF RADIOACTIVE DEPOSITS

SEMIANNUAL PROGRESS REPORT

June 1 to November 30, 1954

December 195L

Trace Elements Investigations Report 490

#This report concerns work done on behalf of the Divisions
of Raw Materials and Research of the U, S. Atomic Energy
Commission,



CONTENTS

Introduction‘...'....‘.....'."0'...'...l'....'..’....l'....‘Q.'.

Sumam‘...'.l...........'O.Q..OO..O.'..O'.......‘..‘...‘.....l.l.

Uranium in sandstone-type depoSitSccececcscsscessccessesessssscennse
Colorado Plateau geologic Studi€Seecessscsesccesscscasscscns
Regional geologic MapPPiNfeeeecescscssssvssessssssccsonsce

Southwestern Colorado, by F. W.. Cater, Jrecececces
Carrizo Mountains area, Ariz.-N. Mex., by J. D.

Strobelly, Jresceccsccsccscssscsccosssesccsscocsns
Monument Valley area, Ariz., by I. J. Witkindesess.
Monument Valley area, Utah. strip mapping, by

R. Q. LeWiS, OFre ecsesscssaccssecsssssecssssccssses
Red House Cliffs area, Utah, by T. E. MullenS.c.es.
Comb Ridge area, Utah, by J. D. SearSceecceceseccsscse
White Canyon area, Utah, by A. F. Trites, Jrecececss
Capitol Reef area, Utah, by J. F. Smith, Jreecccccecs
Elk Ridge area, Utah, by R. Qe LewiS, Srececcecesse
San Rafael Swell area strip mapping, by

RC C. RObeCk.."t..l....’.OOOOCQOOOCOIO.Illll....
Lisbon Valley area, Utah-Colo., by G. W. Weircecees
Moab-Inter-river area, Utah strip-mapping, by

E. N. HinriChSesesscecsssescossescacsocsacscrcscnsas
Circle Cliffs area, Utah, by E. S. DavidsoNesecececscss
Abajo Mountains, Utah, by I. J. Witkindeeseeececossss
Sage Plain area, Utah-Colo., by L. C. Huffeeseeosee
Western San Juan Mountains area, Colo., by

A. LO BuShOOOQO-ooo-uoolloolcvoool....n-.l.ou.ooo

Photogeologic mapping, by W. Ae FiSCherescesscccesosesse
S'bratigraphic Studies, by Ge A, WilliamSeeesssosecccossne

Morrison formation....'......'Q...'...O'Il....‘l'..
Triassic and associated formationSeseccsscsscssccses

' Ground—water Studies, by D. Ao JObinoonocoooo. esscccses s
Botanical studies.........'......‘.'.‘............0..."

Botanical research, by Hs L. Cannonecececessccecccs
Reconnaissance studieSeeeeesescacssscssssscsns
Laboratory studieSeceeecescsccscccsssecccccnns

Botanical prospecting, by F. J. Kleinhampl and

Po Fo Narten........u.........-.............u..
Grants dj-stﬁ-ct..‘..........‘.’..I.....Ol-....
ElkRidge-..‘..'....O..‘..l.l'l.OOC.......O..O
Deer Flat..'...‘O.....0...Ol.‘..l.ll..‘.....l‘
Sa.n Ra.fael Swell........,..-.........-........
Circle Cliffs BrC0eeveessssessssssetecconsacss



I‘ﬁ.neralogic S'budies.....o........o.........o.“........
General mineralogic studies, by Theodore Botinelly

and Alice WeeI{SO...Q‘O'.I'l'....l.ool...l...o‘o.

Ore mineralSecesesececsssesascesessscssccscsss

Clay MINETalSecevecccnscssscsecnccsssvesssnncss
Distribution of elements, by E. M. Shoemakers.ece.s
District geophysical studies, by R. A. Blackiessecossess
Regional geophysical studies, by He R. Joestingececcees
Aeromagne‘bic SUrVEYSeessesctescescsccscesssccsccsss
GraVity Sur'v'eys.oo-ooo-o-o-oooooouo-.oooooocoooooo
Related investiga‘bions...u...o..-...o..a....-....
Analysis of resultSeeesccccecsescccscnsasccsccencs

Plans....‘.. 00O 500000008 OB POe SO ST SRBOOGERIENOORSSE

Qriginal-state core studieSecceescescccosccsscacsscssces .

Black Hills, S. Dak., by G. B. Gott, Henry Bell III, N. P.
Cuppels, E. V. Post, and R. W. Schnabeleccsescscscscccecs
G3010gical inVGStigatiOnSoooooo'- ecssteesescesensst oot
Structur€esecscscecscecsccanccsssccscacsscscsosans
Channel sandston@S.secsccesscecsscscescsscssscsses
The Gould 1ease.i00rcsenecsoscsssscccscssonssassse
Radioactivily SUrvey.esceccscscecssccsssccscsccsss
Geochemical imestigations.ooooooo-oo--oooo.ooo-coooo.o
Devils Tower, Wyoming and Montana, by C. S. Robinson,
W. J. Mapel, and M, H, Bergendahlo.o.-oooc'.ooocoooooc.oa
Dripping Spring, Arizona, by H. C. Granger & R. B, Raup,Jr.
Associated rock typeS....lnooo.oo000000..0000000.8000'0
Dripping Spring quartzj.te.ooocnao.co-oo.--o.oooooooouoo
Spatial relationships of the uranium depoSitSessececsccee
Mineralowao-ooooooooou.c-uoooc..-oooocuuooo-oco----oo.
Size of the depOSitS..............................-....
ConclusionSeececsecconssscneccoasesosnescacssosasssnntoss
Powder River Basin, by W. N. Sharp, E. J. McKay, and
Fo Ao MCKEOWNeeooooeoceonsoosos soeccssnesssseaccesccossssss
Crooks Gap area, Fremont County, Wyoming, by J. G. Stephens
Gas Hills area, Fremont County, Wyoming, by H. D. Zeller
P, E. SOiSter, and H. J. Hydenoaoooaooua-oo.ouo-oooo-oooo
Poison Basin area, Carbon and Sweetwater Counties, Wyoming
by G. E. Pritchard and W. A. ChisholMcesccessoscooececsocs
Datil Mountain area, New Mexico, by R. L. GriggSeccecececos
UraIium in 1jmestone.°°‘°.’....Qo"o'.°°°..’OQ.OOOQO..OGGQO...’.
Saratoga area, Carbon County, Wyoming, by J. G. Stephens...
King Mountain area, Texa.53 by D. H. Eargleouoooooeo'ooooooa

Hueco Mountains area, Texas, by D. H. Earglececcoeccssococcsen

107

116
117

117
120

122

125
129
131
131
132
133



Uranium in veins, igneous rocks, and related depositSecscecccesss
District studieSeeeeccoesceosoessncoscessnscecssscsssossscss
Colorado Front Range, by P. Ko SimSececscsesceescecsae
Tertiary vein depoSitSesescccssecseoesessscseceso
Radiocactive pre-Cambrian pegmaltilt€cesceccssssssce
Ralston Buttes district, Colorado, by B. M. Sheridan
and CQ Hl PIamell‘..‘.l‘.b.'o..".o.OO..O.l.00.00000
Boulder Batholith, Montana, by G E. Becrafisscscscese
Thomas Range, Uta.h, by M. H. St881Zesccecscescsscnscse
Jabidge, Nevada, by Re Re CO2tSoeencocosscscscsossenes
- General geolog’ic 5tNdieSesconesaseccsccssssssssssnccsssscnse
v Occurrence of uranium in veins and igheous rocks, by
George Phair and John AntweileTresoseescssesssssncses
Zonal relations of uranium deposits in metalliferous
districts, by S. R. Wallace and D. C. Laubeccecccsss
Uranium in carbonaceous roCkSeceocccesccceccscecscscesssssssccses
Coal and ligniteo.taoooooooo.-oon.coo.-onoocoouu..c.-o---n
Northwestern South Dakota, southwestern North Dakota,
and eastern Montana:, by Je Re Gilleeesossssccssscese
Northwestern South Dakota, Harding Countysesseeces
North Cave Hills; Riley Pass depositecceecess
Teepee Butie are8ecescssssesereccccscscscsssss
Slim Buttes are8c.sesecscecsssecsscsvscsssses
West Short Pj.ne Hillsoooonaooooaooao.ocooool
Eastern Montana, Carter Countyesscceceseccccsccoss
Long Pine Hills Al'C8cocecevncsssssesosessossss
Smtmestern North Dal(ot'a-oooo ceses0esccscecscesee
Rhame area, Bowman CountYoooooo.oooooooooooo
Whetstone Butte area, Adams Countyecececcces
Killdeer Mountain area, Dunn and McKenzie
COUNtieSecsescesssacoecncsesnscscosssosncsos
Other areas.l..o"...G....O..Q..............
Eastern Red Desert area, Sweetwater County, Wyoming,
by Harold MaS\lrSquo-o.aoouo-oooaotoloooouonoooo.oolu
Black Shale..Oan..Ol..‘Oﬂ..Qol...‘OOI..l‘...o.....‘.......
Chadron area, Nebraska and South Dakota, by R. J.
Dunharnﬁ'.00..‘....05“0...00"...0.‘....0.......0....
Western Kansas and eastern Colorado, by E. R. Landis..
South Dakota and Nebraska, by R. C. Kepferlecsossoseoces
Midcontinent Devonian shales; by V. Ee SwWansoNeeecsecsss
Sedimentary rocks of Texas, by De He Earglecceecscscccececs
Eagl@ Ford clay.........-.-.-..o-na..-..........-
Eastern black shale, by J. F. PeppPerececsceccccccscnees
V/Chattanooga shale, by W. C. Culbertson and Lynn Glover

135

135
135
137

139



ASphal‘tite and petroleum.....o.a...o....n.........-.......
Asphaltic rocks in western states, by W. J. Hail, Jr. .
Geochemistry and petrologyeececesrccescccscesscescnsssssssces
Geochemistry of uranium-bearing carbonaceous rocks, by
I. A. Breger and Maurice Deul.ceeccecccsscssscocsccess
Uraniferous CoalS.eesvseevssccccscssssccsscccscnce
Colorado Plateau StudieSeeccessccsscccsocscsscsescas
Coal petrology, by J. M, Schopf, R. J. Gray, and
C. J. Felix.........ﬁ.....'..........‘.O‘l.‘...'......
Geochemistry of uranium-bearing shales, by Maurice Deul
and Io Ao Breger............-....................-...
Uranium in asphaltite and petroleum, by A. T. Mvw~s....
Uranium in western petroleum, by H. J. Hyden & N.W.Bass
il samples...............................-...-...
Bx.ine Samplesocooano.oooooa..oo.nooo..o00000000-00
Refinery reSidUBcceccescessscssssssscesscscnsscosse
Uranium in phosphateS-o.o.oooooo-oouoooooooooeeo-oo'o.ooooooocoo
Northwest phosphate, by V. E. McKelveEYoeososeeoeoscoescsnces
Geology of the Soda Springs quadrangle, Idaho, by
F. Co Amstrong.-uo.ouooocooooooo.cooooo.oo.o-oooo-oo
Geology of the Snowdrift Mountain quadrangle and
adjacent areas, Idaho, by E. R Cressmanecesccssesces
Geology of the Stewart Flat quadrangle, Idaho, by
L. D. Carswell and R. P. SheldONsccesseccsccscccccces
Geology of the Phosphoria formation in Montana, by
Re We SWANSONesecessoovscascosscssasssssesessscsssscsns
The Phosphoria fermation in north-central Idaho, by
E. R. Cressman....-.."o...........a.................
Geology of the Phosphoria formation in Wyoming and east-
central Idahog by Rq Po Sh31d0nooooooo-o.oooeo-ocooo.
Geology of the Phosphoria and Park City formations in
U-bahg by TO MO Cheney.lOGOOOOOODOOOOO.'..O..........O
Effect of weathering on phosphate rocks, by L. D.
Carswell and V. E. MCKelVGYoo..ocoeoneooooooooo...o.o
Phosphates of southwestern Montana,by W. B. Myerseeceeeceo
Smltheast phosphate.l.‘.000..0.‘...0000.‘.00.0.‘0.000000.0.0
Exploration, by We L. EmericKeoeeoceoceceescccssssscssses
COIﬁpany drilling...-oooeooooooooooooooo-.o-ocooooo
Mobile dril]ingooooo‘.coooooonoeo-ooao.o-no-a-oo-oo
Radioactivity logging of drill holeSceccsoecescccss
Economic geology of the land-pebble phosphate deposits,
by J. B. Cathcart...".ﬁ.0.0000.00....0.0...‘.....O.D

169

169
171

171
1711
172

175

178
182
185
186
187
187
188
188

188
189
189

. 190

191
192
193

193
194
195
195
195
196
197

197



Geologic study of phosphate deposits and their "leached
zones" in the northern half of Fla., by G. Espenshade
Distribution and nature of depositSiceecessecocsvee
PreVieus s.bu-dies..l.'.0..0....‘.....OOCOOQ.....Q..
Current Work........-..,oo...ono.................

Occurrence of uranium in phosphate deposits, by Z. S.
AltSChlller’ R. S. Clarke, Jr., and Eo J. lengaooocoo
Geochemistryeecececesesscscccsscsceccsscocscscsass
Field studieSceecesccscesosscosnessvcssccecesscesscse
Pet’r()logyOOQO.OO.O‘.OO‘0...‘0..0..‘l.ﬁ....‘l."..l
Uranium in placer depOSitSoooc...cooo.ocoo.oo-oooooooooo.ooboooc
Central Idaho placers, by D. L. Schmidteesecccccecscsccscsce
Uranothorite placers in the Camp Creek-Rock Creek area,
Hailey, IdahOesccceccossosceecocscscsssscecosssesnsns
Reconnaissance for uranium in the United Stat€Scescsccssccscoses
Northeast districtg by Harry KlemiCeeooceooeceecssscsscecsecs
Phillips mine area, Putnam and Westchester Counties,N.Y.
Pennsy‘lvania........u"....-n.......u..o............
New Jersey‘c'.ﬂ‘0000000000000.0.000.00.'0..0.......0....

.
Malneo.ooaoodooooo.oooooooo'oon.ooooooo-cooeoo.oo'oouco

North=central diS'bri(:'hs by R. Co VickersSeoooeoce c000c00c000000
Northern Black Hi1159 South Dakotaesocsescoececescscssse
Belle Fourche are@ccccccosccosecsccesssccssccsssce
Lamberton uranium OCCUrreNnCEeosccecososccscecoesocss
Bear Butteopﬂoﬂﬂoﬂ..QOOOO6..0000500000....‘0......
Bald Mountain mining Ar'€8ecocecoeccoosscescscccances
Hichigan..e.a.oo..u...oo.o.....oo“.ano......,.......
Greens Creekeooo-aoo.oooooano.ocoootoo-o.onoo'oaoo
Mnn diStriCt...'....o.0.0..0000..0....0.0’6.....
South-central distrfictg by E. P, Beronicoeccocecneocoscosee
Oklahoma.ooQOBQOOOOQODGOQOQOOODQGODU'l.G.ﬂ..O...OQG.“'
Permian red-bed deposits, southwestern Oklahomae..
Texas‘..Q.Qﬂo‘»ﬂo000000050000060000{,0‘0'00000‘00O‘Oooo....
Permian deposits; Trans-Pecos regioNeececccecscess
ATrkansSasSecoesce000000000000080000000000ecsccsscsassscss
Ozark Dome region.ao..o........o...........co.....
Northwest district, by Po Lo WeiSsceeeccsecoesacsnsecosscsee
New Mexico and southeastern Colorado, by E. H. Baltz, Jr...
Colorado Wyoming district, by P. K. Theobald and
R‘ U. Kj-nge.Q.Q.‘°OOOQOCOOCOQ.Q'..Q.‘O'QG“.’Q...’.O....‘
Coloradoecscoccccescoosonesecoosccoscosssrssccscesocssse
Colorado Front Rangeooooooooococoeaooo000009000000
Diamond Ita.keo.ooroeocoooooooaaoo.ao.oo-oooao
FC MQ D° mne’ﬂo@’ﬂﬁ'ﬁ‘..oﬁﬂﬂ..90'..0'.00....

Idledala.o.ooootoo.ooocoooo'cocooooooaco..ocs
silver Hj.llo‘o.ﬂoaoo.oQ...OCOCOOO‘.O...'..O..
South Platte River arefcececscoscscssscsscccecs

200
200
201
201

202
202

203
205
205

205
208
208
208
208
209
209
209
209
209
210
211
212
212
212
213

213
213
217
217
217
217
218
219

223
223
223
223
223
223
22l
22



wyomingotoaoeooocnooooooaooo.oeooooo-ooo.ocoecoooco.oooo
Park Range and Sierra Madre MountainSeeesccceonsecees
Fair«U claimSeoceeccocooscccscccasccoossccscass

Wind River MountainSecoesecneesocoessocescecevcccossss
Whiskey Mountaineeccoscccoesecoscsoscecocasees

Moon E2Keecoooescceoooccceccssnsnoscoascsasens-

Laramie Rangeocuoooooccooooanoooooooaoooocooo-ooooo
Esterbrookec esccecosecstosscoonsconssssccseoce

Ol Creek MountainScsocccssesosscccecccoceecossscsss

De Pass mineeecscscosceccoessccccssscccccsscess

Rock Springs UPliffeccceccosecocosonecassccecscsese
Wind Biver BasSiNeeesoccsccccecoscsscecenncososscanses
Shirley Mountains; by Je De LOVEeeocoossecscososeses
Pedro Mountainsg by Jo Do LOVEeovoocoobossacecosase
Pinedale area, by Je Do LOVEosccoocacoscosncecssssne
Nevada=-Utah district, by Je Fo POWEYSeosoceocosoenssscsssscesss
Nevada.0000'°°°°°ﬂQQ'OOQOOQO‘O’.OQOO‘O"QOOOQ.OQOOQQ.OQGO

UtallOob0.0000000006000000.000060000000000.00'0.000..06..

Reconnaissance for uranium in Alaska, by Js Jo MatzZkOeocecccccecees
Analytical service and research on methodSceccccecescoeccososescnse
Sample control and processing; by Je Jo ROVEoocoeosscescecsse
RadioactiVityoocooooo-ooocoeoooaooeoneooooooooooooeooooooooo
Analysis and services, by F, J. Flanagancecoscceceosecscocoe
Research, Washingtong by'Wa R, ChampiOnoooooooooo.cooeoo
Thorium analySi'Soooooooooooooo.oocoooooooooonoooooo
Metamictization Of Zirons.soueoaoaeooocoooooooooooo
Activation analySiSooneooooooooooooeaocooaooocoooao
Analysis and research, Denver, by J. N. Rosholi; Jre cee
Spectrography-a.o....-.o.,.o.o..oe..ooa.oe..o.o.oe.oae-oooo.
Spectrographic meth0d53 wasnington,..ooooaooooooooa.onco
Emission spectrography, by Co L. Waringeeceseocessese
Infrared spectrescopy, by Ro G» Milkeyoocococecoesoss
Spectrographic methods, Denver, by A. Ts Myerspceccecoccss
%MStWQOOOCDOOOOOOO0000000000000000000.0$9000000.0°0.00°&
Analysis of raw materials, Washington, by Irving Mayeoose
Analysis of raw materials, Denver, by L. F. Rader, Jr.
and.Wéyne McuntjUYooooooocoooooooaooo.oooo.ooooooooeao
Research on analytical methodSeeecescescsaccscsnscssscos
The determination of fluorine in silicate rocks,
by Blanche Ingram and Fe S, OGrimaldiceccccoesecocse
Analytical chemistry of thorium; by M. He Fletcher
and Re Go Milkeyooeooeooooooooonooooooooooooeoooo

22l
22l
224
225
225
205
225
225
225

226
226
227
229
230
231
231
231
233



10

Determination of uranium by the spectrophotometric
method, by He I FeinsteiNeecoesecsecsccssescssne
Determination of lead in monazite, by R. A. Powell
Separation of carbon from fossil bone for Clh
determination, by Irving Mayeseceoseocsssccecssces
An apparatus for the multiple fusion of uranium
flux pads, by C. A. Kinsero.ooo.tooto.oooo'ono..
A pipette drying device, by He I. Feinstein and
I. H, Barlow....-...u..u.o....u.-............
Geochemical and petrological research on basic principleéSeececeece
Distribution of uranium in igneous complexes, by E., S.
Larsen’ Jr. @00 008 D0000 0008006000000 00000000808GESSOBSCOEOBSSS
Chemical investigations.o.oooaouooooooo.cooooooooa.o-oo
Modoc lavas, Californi@ececscscccscococscescssscces
Boulder bathclithp Montanfesececscoossssoscecssses
Highwood and Bearpaw Mountains, Montanaseessecceces
Sierra Nevadag BiShOp, Californidcecoccecseccscces
Field investigationSceococceccoocescsesssscesccssessssccsss
Boulder Creek batholith, ColoradOesesscessscesccass
Conway granite of the White Mountain magma series.
Research on methods and teChniqueso.ooooo cecevessssocns
Weathering, transportation, and redeposition of uranium,
by R. M. Garrels.ooooooooo-;ogcoooooooooooooo.oooooooooao
Mineral synthesis, by Ge Jo JaNS€Ncececcscsscesesssnccssscn
Isotope geology and nuclear research; Washingtonececesocseses
GeOChronOI-ogs by L‘Q R° StieffG.O00.000.0.5...0...0..0.
Stable iSOtOpeS, by IrVing Friedmanocooo ssecessesvcesecs
Nuclear geology, by Fo E. SentflEoeceecescccssceoscosscee
Isotope geology of lead, by R. S. Cannony Jre secceccccsccs
Crystallography of uranium and associated minerals, by
H' T. Evansﬁ Jr. 000® 80090000000 SOSSOTO0OO8BS S0 C000S00sOGSSSDS
Cryst-al structure of 1iebigiteo.oooooosoooo-ooo-oooonoc
Cl'ystal structure of rutherfordineongoooocooooo.oaaooo-
CI'yS‘bal structure of Wé%éoogooo-ooooooooooooeoooo‘oq
Other vanadate structure studieSceccesesscecsscsscssocco
Radon and helium studies, by A. P. Piercescesecececscscence
Mineralogic and petrographic service and researchesscsesccecsccse
SeWices.Oo..Oo0.000060..60.000.00.800000.0.'.0'..'.0000.0.
Mineralogical services, Washington, by E. J. Dwornik...
Public Sample Progralllesceceocsceceevscsscecssscscece
SPECia.l Sample Prograflescesceescesccscecossocesssesa
Mineralogical services, Denver, by L. Be Rileyeececsees
X-ray services, Washington; by George Ashbyecocceossases
Electron microscopys by Eo Jo DWOTNiKeooococsscocceecsse

272

273
273
27k
27k
277
277
277
277
277
278
279
279



11

ResearCh...OOOOOGOOOOO..OQOCOOOC.OOO0900000.000.000.00.00.
Research on techniques in mineralogy and petrology,
by E. J, DworniKeoosocooccossocsooseooscsscssossosscsos
Properties of uranium-bearing minerals, by Alice D.
weeks.OQ00.0.000000.0000000000000000QGOOOOOOOOQOO000
Geophysical prospecting and researCho-oooooocooooooo.ooo scocscooe
Development and maintenance of radiation detection
equipment, by Wo Wa Vallghnaoooco-aooooooo'oooooooenooooo
Research and development.onu..o.........oo.u...o...
Modification and maintenance of equipmenteocccoasesscssse
Airbonre radioactivity surveying, by R. M. Moxhameeoseocsoss
Gamma—ray logging s‘budies, by Co. M, BunkeTreeosoocsessscocsase
PhySical behavior of r‘adon, by A. S. RogerSeooooaooo.oocoo
Absorption and scattering of gamma radiation, by A. Y.
SakalruraOQOOOOCOOOO00.060.00000000000000.0000.00000‘00..
Resource studies, by We S. Twenhofel, W. I. Finch, F. W,
Osterwald, Ko Geo Bell, and Fo W, S‘beadu.o...o.,.ua‘...o.ooo.

280
280

282
283

283
283
28l
285
293
29l
296

298



12

JLLUSTRATIONS

Fig' NOe

1.
2.
3.
L.

Se

Te

9.

10,

11,

13.
1.
15.
16.

Index map of part of the Colorado Plateau showing loca-
tion of mapping prOjeCtSooco-o.o¢ocooooqoo.ooooooocc-
Index map of part of the Colorado Plateau area,
showing location of photogeologic quadrangle mapSeees
Index map of part of the Colorado Plateau showing
location of botanical prospecting projects, 1952-1955
Map of the Colorado Plateau showing sample localities
and the distribution of copper in barren Salt Wash
SaNdsT0NCeecess0s00ssssecccssosssscoonsssssesossocsesn
Map of the Colorado Plateau showing sample localities
and areas of barren Salt Wash sandstone containing at
least 10 PPM vanadilfMe ssecceessssoscscassconossoscssss
Histograms comparing rare earths in laccolithic rocks
from the San Juan and West Elk Mountains with intru=
sive rocks from the laccolithic mountains of the
central Colorado Plateauoo’oooo-oooooooo-ooo-oooooooo
Histograms comparing lead and radioactivity of lacco-
lithic rocks from the San Juan and West-Flk Mountains
with intrusive rocks from the laccolithic mountains
of the central Colorado PlateaUcsssssescsgsosscssccss
Variation diagram of elements, as determined spectro-
graphically, in the igneous rocks of the Ute
Mountains, ColoradOssecsccssscscescsscessscssssssscas
Variation diagram of elements, as determined spectro-
graphically, in the lavas of the San Franciscan
volcanic field, ATiZ0N800scss0000000s00ssassscposesss
Map of part of the Colorado Plateau showing the distri-
bution of copper in uranium deposits and location of
copper depOSitS..o.o..oooooocooo.onoo.ooo-oono.o.ooou
Map of part of the Colorado Plateau showing the distri-
bution of yttrium in uranium depositSceseccecsecosccoss
Map of part of the Colorado Plateau showing the distri-
bution of selenium in uranium deposSitSgyececsescsecocesos
Map of part of the Colorado Plateau showing the distri-
bution of molybdenum in uranium depositSeeccsoecssecccss
Map of part of the Colorado Plateau showing the distri-
bution of nickel in uranium depositSeesecccccsccecccssse
Map of part of the Colorado Plateau showing the distri-
bution of lead in uranium depoSitSesscscesceecsssessos
Map of part of the Colorado Plateau showing the distri-~
bution of silver in uranium dGPOSitSooo--ooooocaloooo

Page

26

L3
52

59

63

6L

67

71
72
73
7k
75
76

77



Figure
17.
18,
19.
20,

21,
22,

23,
2,
25.
26
27,
28.
29.
30

31a.
31b.

32.
33.

3l
35.
36.

37.
38,

39.

13

Experimental electrode configurations tested in
HOlbrOOkg Arizona.ooooeoeoeooesoonooo.oooooeoooo-ooo.
Experimental electrode configurations tested in -
HOlbI‘OOk_, ArizZoNngecoescescsccsecesccsococscsconcoosos
Aeromagnetic SUYVEYSoeovco000000006008000000060860600600606000080
Gravity SUrVEeYSeeececocccesecncessassscososacccososcsss
Gravity coverage in the Gateway-Egnar areaeccocescesccocss
Relationship of radiocactivity and electrical properties
in carnotite terrane, Long Park area, Montrose
COU.ntys COloradOoco.noooooooooaoo¢ooooo-eooooco.ooooo
Comparison of physical properties of carnotite~bearing
rocks, Long Park area, Montrose County, Coloradoesssse
Index map showing areas mapped and deposits studied,
Fall River County, South Dakot@eecscccescescosoossssose
Probable distribution of major channels in the Inyan
Kara group, Fall River County, South Dakot8sesecescess
Index uap of Wyoming, showing location of Devils Tower
projGCtOODOOOOOO.9000000000000080.000..‘0000000000009
Devils Tower project, Wyoming and Montan@secssesscsscses
Geologic map of the Powder River Basin, Wyoming, showing
known extent of red sandstone and status of geologic
mappingooeoooocooaoooeooooooooooooooanooooaeooooooooo
Geologic sketch map of part of the Crooks Gap area,
Fremont COIlntys I’\Iyomingeneooooo.aoaooooooco.oo.o.-ooo
Geologic map showing Lucky Mc uranium deposit, Fremont
COU.ﬁ'tvyg Wy‘oming.u 8000000000000 860006806000000000086008
Index map of Wyoming showing location of inset mapPessss
Inset map showing location of Poison Basin area and
adjacent uranium deposj.tSqoeoooooooloooo-ooo..o.ooooo.
Geologic map of part of Poison Basin @refecsccssccccsss
Radioactivity survey of part of the Poison Basin area,
Carbon and Sweetwater Counties, Wyomingesessesososses
Map showing outline of the Georgetown-Central City area,
Colorado Front Range pr@é@(}t‘- AL 28000000060000686060000
Index map of the Ralston Buttes quadrangle, Jefferson
County, COlorad.OQan-oooooaoocooa.ooooo.oooooooo.oo-o
Index map of part of the Boulder quadrangle, Montana,
showing localities with anomzlous radicactivity and
area MapPPEUecccoseocsscncoconecoocosoonesssescesasodss
Map of northwest corner of Clancy quadrangle, Montana,
showing areas of anomalous radiocactivitYecececceseoss
Recent uranium discoveries in Montana, North and South
Dakota, and favorable areas for fubture discoveries
Geologic map of Riley Pass autwmite-bearing lignite
deposits; North Cave Hills, Harding County, South

Dakotao.oo...oon.o.ouooooaoouotoo¢-oooooaOOOOG‘Dio.OO

81
82
86
87
88
N
95

100

103

108

109

118

121

123
126

126
127

128
136
140

12
bl
150

151



Figure
O.

hzo

L3.

LS.
Lé.
L7.
L8.
L9,

50,
51,
52.
53.
She
55.
56,

Diagram showing distribution of selected elements,
Eagles Nest, Red Desert area, Wyomingeseesscssccocs
Map showing locations of exposures of Sharon Springs
member of the Pierre shal€ececosecscescosscsossssscos
Index map showing localities in South Dakota and
Nebraska where Sharon Springs member of Pierre
shale was Sampledo..‘uuo...o.u...,........en..
Radioactivity of Sharon Springs member of the Pierre
shale near the Black HillSeococesocsscccsesssoccosssse
Radioactivity of the Sharon Springs member of the
Pierre shale along the Missouri River, South
Dakota and Nebraska@ee esessossoosococesessscsccosascasc
Index map showing localities sampled for uvranium-
bearing asphalt in Montana, Wyoming, and Missouri.
Index map, land-pebble phosphate district, Florida,
showing physiographic divisionSescssccecesessceocss
Diagram illustrating types of gamma-ray logs, land-
pebble phosphate district; Floridaecssecosccccscoss
Index map of south-central district, showing newly
discovered uranium=bearing localiti€Scecessecsssse
Geologic map of a portion of southwestern Gklahoma,
showing the approximate outcrop of the bed locally
containing radicactive materialescoccssccecssscssss
Loca%ities in Alaska examined for uranium deposits,
19 86N SO0 0OBO0ODBOCO0CAO0NB00066-088006000006000008800600000
Map of Amarillo-Wichita uplift showing location of
0il and gas wells in which asphaltite pellets have
been foundooooaoooooouooooooooooooeooo-eooooouooou
Airborne radioactivity surveys in AlaskZeeoesssocssse
Airborne radiocactivity surveys in Arizona, Colorado,
a'rld Utaho-oooooooooooooooeooooo.ooooceo--eonooeao.
Airborne radiocactivity surveys in Montana and
Wyomirlgobb.boo..00.00.00000.’0‘0.00.00.0600600900.
Airborne radioactivity surveys in Maine and Penn-
Sylvaniaoo-.uo.oooouuunoooaoo.ao-oooooooo-ooo.oooo

Airborne radioactivity surveys in O0klahomaeseeceoeocsse

156
159

161
162

163
170
198
199
21)

216
23L
275
286
288
289

291
292



TABLES
Table No.
1, Comparison of Salt Wash sandstone with "average®" sand-
StONEeseosc00vesesesnssvesscanssennconssoscsnscsssense
2. C(Classification of elements in Morrison uranium deposits
3. Data from LOng Park drill hole LP—:;BOoooccooon-oogonoa-
L. Comparison of core and bore-hole radioactivity with
uranium in cores, drill hole LP=-530ccescecocoscsccocs
S. Data from core holes LP—530 and‘LP-531......e..o ccoscoo
o« Generalized section of sedimentary rocks exposed on the
northwestern flank of the Black HillSeesosocoesscccseen
7. Seetion of Browns Park silicified limestone 5 miles
west of Saratoga, Wyomingeocssecoscecccsscocsesosssnssse
8. Analyses of samples from King Mountain, Upton County,
Texas."00'000000.00.'0..0000..00000000.000.0000000..
9. Sample data, Riley Pass uranium depoSiteccescocccocsccee
10, Uranium occurrences in the S1lim Buttes aredesssscsseccoce
11, Uranium occurrences in the Long Pine Hills areascseessee
12, Sumary of analyses of Eagle Ford Clay.ou.,......u."
13. Analyses of uranium-bearing asphaltic roCKSece.eeesecces
1Lh. Analyses of fractions of carbonaceous sandston€Sececeses
15, Average petrologic composition of coal beds in the
Slim Buttes area, Harding County, South Dakotaesceses
16, Composition, in percent, of the four uraniferous coal
layers at the top of the Upper Mendenhall coal bed in
; hole 81}‘190000000COOOQQOOOOQOOOOOOIOQO0.00..l"ﬂ'l."
17. Composition, in percent, of translucent attritus in
uraniferous coal layers at the top of the Upper Mend-
enhall coal bed in hole SD"19o.oooooo.o..'ooooooooooo
18, Composition of fractions, black ShaleSeseeecseeccescess
19. Composition of fractions, Phosphoria formationessecssee
20, Composition of fractions, Dakota Shalee.cceecsccecescsss
21, Distribution by sample types and constituentSeeccesscsos
224 Swmnary of petr(}leum Sa.l'ffples testedocossosssoconcesscesn
23. Trace metal analyses of o0il=field residuadcesvccceesccce
2hio Summary of reconnaissance for uranium in Alaskeecssece
25. Analytical work and sample inventory, Trace Elements
laboratorieSeccescoccssesocscosssnssscscecesscsscsecs
26, Standard sensitivities for the elements determined by
the semiquantitative method, Washington laboratory...
27. Comparison of spectrographic, radiochemical, and x~-ray

fluorescence thorium analySiSoeoo.-oo 0060600000000 000

Page

61
69

97
98

110
11

132
152
153
15k
165
169
173

177

179

180
180
181
182
183
186
187
233

237
2h2
216



16

Table No.
28. Breakdown of completed determinations, Washington
1aboratory.ecoosocococoocsoencooscssscascecassocaes
29. Uranium content of the Modoc lavas, CaliforniZe..es..
30. Uranium content of the Boulder batholith and associ-
ated rOCkS.ooeeoo.oaooeoeoo-oooooooaaonoo-oco.o-oo.
31, Uranium content of rocks from the Bearpaw Mountains.,
32+ Uranium content of rocks from the Highwood Mountains,
Montana.....o. 6 8006000080060 0000690000085686000000060
33+ Uranium content of rocks from Bishop, Californiaceees
34e Uranium content (ppm) of minerals from rocks from
BiShOp, Ca.lifornia........eo..o.o.,.............oo.
35, Alkalic rocks, Sussex County, New Jers€yececeocccscsss
36. Uranium content of rocks from the Idaho batholithesee
37. Uranium content (ppm) of minerals from rocks of the
Idaho bathOlithao.oooo.oooo.ocoo 006066000000 80000008
38s Illustrative isotope analyses of 1€2descscecosccosccs

249
255

256
256

257
257

258
258
259

259
269



17
INTRODUCTION

Since 1947 the Geological Survey, under the sponsorship of the
Ue. S. Atomic Energy Commission, has undertaken investigations of radio-
active materials in the United States and Alaska, and to a minor extent in
foreign countries. This report is a statement of progress during the six-
months period from June 1 to November 30, 1954, and gives the principal
information developed during that period. Many of the investigations dis-
cussed herein have advanced to the point where final reports are in prepara-
tion for future publication with the permission of the AEC., Other studies
are still incomplete and the final reports cannot be expected for several
years,

The principal investigations by the USGS continued to be in the
Colorado Plateau region of Colorado, Utah, Arizona, and New Mexico. The
drilling program on the Plateau was continued, but no exploration was under-
taken elsewhere during the period.

Formal publications (as distinguished from administrative Trace
Elements Reports) during this period, resulting from work done previously,
consisted of four bulletins or bulletin chapters, 12 USGS Circulars, and
22 papers, including abstracts, in technical journals. Three Trace Ele-
ments Reports, two of which will be sold to the public, were made avail~
able through the Technical Information Service of the AEC, and five addi-
tional such reports have been sent to the Technical Information Service
but are not yet available. Thirty-two papers were presented by staff
members before scientific societies, and LO Trace Elements Reports and
miscellaneous papers and maps have been placed on open file in libraries
throughout the country where they may be consulted by the public.

The highlights of the main field and laboratory projects under=
way are contained in the Surmary on pages 18 te 2k.

342684 O - 55 -2
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SUMMARY

Uranium in sandstone-type deposits

Colorado Plateau

Geologic mapping

On the Colorado Plateau, geologic mapping was continued-at Elk
Ridge, Utah; San Rafael Swell, Utah; and the western San Juan Mountains,
Colo. New mapping projects were started in Lisbon Valley, Utah and Colo.j
Moab-Inter-River area, Utah; Abajo Mountains, Utahj Circle Cliffs, Utahj
and Sage Plain, Utah and Colo,

In the San Rafael Swell four northwest-trending river-channel
systems were found, a number of the channels within each system containing
radioactive. material., In the Lisbon Valley area the larger uranium de-
posits in the Salt Wash member of the Morrison formation in East Canyon lie
in a narrow southwest~trending belt which may extend into the western Abajo
Mountains; another similar belt of favorable groufid trends southeasterly

- and the two belts may intersect beneath the north edge of Sage Plain. A
rock unit that may represent an early Shinarump drainage system was found
in the Circle Cliffs, but no radiocactivity anomalies have been noted in it.
Uraniferous material has been found in the Moenkopi formation, Shinarump
conglomerate, and the Chinle formation within the Circle Cliffs proper and
in the Salt Wash member of the Morrison formation along the east margin of
the Circle Cliffs anticline., In the Abajo Mountains two types of uranium
deposits occur in the Salt Wash sandstone; one type is small and pod-shaped,
the other relatively large and tabular, Uranium deposits in the Elk Ridge
area occur in the Moenkopi formation, Shinarump conglomerate, and Chinle
formation, In the Sage Plain area many scattered uranium-vanadium deposits
occur in one or more ledges of the sandstone in the upper part of the Salt
Wash member. In the Western San Juan Mountains area the uranium appears to
be more abundant near the margins of thick parts of the venadium-uranium
layer in the Entrada sandstone.

During the report period photogeologic maps of fifty-seven 73-
minute quadrangles were completed, bringing the murber of such maps made since
the beginning of the program in 1951-52 to 2ld, of which 182 are now avail-
able for public inspection.

Stratigraphic studies

Study of Triassic and associated formations shows that the known
uranium deposits in the Cutler formation occur in an undifferentiated arkose
facies. A microscopic study of sandstones in the Shinarump conglomerate and
the Moss Back member of the Chinle formation indicates that strata of sand-
stone containing 15 to 35 percent kaolin are more favorable for the deposi-
tion of uranium than strata containing less than 15 percent kaolin.
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Geobo'bﬂ

Brief studies were made of plant associations at Myton, Duchesne
County, Utah; Poison Bubttes, Carbon County, Wyoming; Sanastee, San Juan
County, New Mexico; and Pojoaque, Santa Fe County, New Mexico. Experimental
plot studies were continued near Santa Fe, New Mexico. Conbinations of
carnotite, selenium, sodium vanadate, gypsum, lime, petash, and phosphate
were added to the soil. Nine species of plants were grown to maturity in
plots favorable for their growth.

Mineralogy

Paragenetic studies on the Jo Dandy growp show. that the mineralogic
sequence follows the oxidation sequence of Garrels and Weeks; the mineralegy
is typleal of uranium-varaditzm deposits., Amcng the minerals present are
montroseits, coffinite, and secondary minerals,

Relations of ore minerals to gangue minerals are still under study,
The fine-grained, vanadium~-ssaring silicates generally present in the ore
sandstones include chlorite, rescoelite, and vanadium hydromica, Studies
of selenium irn pyrite and marcasite show that more is present in marcasite
than in pyrite.

New data were determined and work is in progress on "doloresite",
sodizm varadate, iron vanadyl venadate, caleium hypo vanadate and two other
new minerals from the Peanut mire,

The clay mineralogy of the Triassic formations ls being studied
to detzrmine the regional ard vertical variations in clay mineral content,

Distribubion of slements

Two types of regional patierns sre shown by concentrations of
trace elements in sandstone-type uranium deposits. One pattern shows
regional "highs" partially coincident with the region of salt structures;
the other pattern shows regional "highs" in the northwestern half of the
Colorado Plateau. Preliminary resvlts suvggest that the relative size of
ore bodies may be predicted from their trace elements compositions,

Ge ics

Standard electric logging was conducted at Holbrook, Arizonag
Monogram Mesa, Colorado; and Holiday Mesa, Utah. Experimental surface-
inhole electrical resistivity investigations were conducted at Holbrook,
Arizona and Deer Flat, Utah, a wide variety of electrode arrangements being
used, Seismic refraction studies were made at Holiday Mesa, Utah; Mitchell
Mesa, Arizonaj Deer Flat, Utah; and Oljeto Wash, Arizona.
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Experimental shallow reflection surveys were cenducted at Nokai
Mesa, Arizena; Deer Flat, Utah; and Monogram Mesa, Celerado. New experi-
ments using pattern shooting and multiple geophene techniques, will be
conducted during the next six months.

Aeromagnetic surveys covering about 20,000 square miles have been
flown during the report period, of which 3,900 square miles were flewn
during October 195L. About 1,000 gravity statiens have been established
in an area totalling about L,000 square miles.

South Dakota and Wyeming

In the southern Black Hills, South Dakota, geolegic mapping of an
area of approximately 1L0 square miles was completed and the Gould and
Livingston mines were mapped. The areal geologic mapping supports the cen-
cept that structure is a facter in the lecalizatien of the ere deposits; the
largest known deposits in the area are in a large structural terrace in the
Flint Hill quadrangle, and most of the preduction te date has been taken
from a small structural terrace between Craven and Ceal Canyens., Mapping
ef the lithelogy of the Inyan Kara group alse resulted in the definitien of
a number of elengate bodies of sandstone, mest of which appear to represent
stream channels,

Geologic mapping of the Devils Tower area, Wyoming and Montana,
was resumed. Carnotite-type depesits in a sandstone are present in a belt
of radisactivity anemalies 10 to 20 miles wide that extends across parts ef
the Moorcreft, Devils Tewer, and Aladdin quadrangles, Uranium ore is now
being mined in parts of the Moorcroft and Devils Tewer gquadrangles.

Near the Pumpkin Buttes in the Pewder River Basin, Wyeming, a
definable area is characterized by dominantly red sandstone lenses near the
middle of the Wasatch formation. The uranium~bearing sandstenes are asseci-
ated with this zone, and the larger uranium depesits se far mined are near
the boundary of the red sandstene.

In the Crooks Gap area, Fremont Ceunty, Wyeming, uranium depesits
in the Wasatch (?) formation are associated with fineegrained carbenaceous
beds eor lenses, and with red and brewnish-yellew iren-stained sandstenes in
the lower part of the fermation. In the Gas Hills ares, also in Frement
County, most knewn eccurrences of uranium are in the upper coarse-grained
part of the Wind River formatien of Eocene age, which rests with angular
discerdance on rocks ranging in age frem Canmbrian to Paleecene,

Uranium in limestene

Uranium minerals have been feund in the Edwards limestene in Upton
County, Texas, and in the Huece Meuntains, El Paso and Hudspeth Ceunties,
Texas. In the Hueco Mountains area carnetite is asseciated with mammillary
depesits ef secendary calcite, coating limestene pebbles and filling cracks
in caliche.
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Uranium in veins, ignesous rocks, and related deposits

In the Central City-Georgetown area, Colorado, about 50 square
miles and about 200,000 linear feet of undergreund workings have been mapped
and all mine dumps and accessible mines have been checked for radicactivity.
Conclusions from the study are: (1) although uranium s widespread in this
part of the Front Range, individual deposits are smell; (2) a few mines may
be expected to produce from a few to several hundred tons of wuranium ore;
and (3) pre-Cambrian pegmatites may prove to be a substantial source of low-
grade uranium ore.

In the Ralston Butites district, Colorade, about 20 wranium occur-
rences have been found and one property is now in production. All the sig-
nificant occurrences of pitchblende are associated with base-metal sulfides
in or near carbonate-bearing breccias of probable Tertiary age. Most of the
deposits seem to be locallized in fault structures where the faults cut pre-
Cambrian layers rich in hornilende, bilotite, or lime-silicate minerals.

Yrariam in carboraceous rocks

Reconnaissance mapping and preliminary analytic data indicate
that approximately L60 acres in the North Cave Hills, Harding County, South
Dakota, are underlain by lignite averaging 1.lL feet in thickness and con-
taining aboubt 0.20 percent uranium., Concentrations of uranium in excess of
0,10 percent are present in lignite and carbonaceous shale 6f the Ludlow
member of the Fori Union formstion in the Slim Buttes area, also in Harding
County.

About 75 channel and grab samplss of black shale were collected
from the Woodford chert in the Arbuckle Mountains area of southern Oklahomaj
from the correlative of the Woodford in the Llano area of Texas; and from
cores of the Woodford in Andrews and Borden Counties, Texas. The Woodford
is a correlative of the Chattanooga shale of Tennessee and Kentucky.

Geochemistry

In uraniferous coals, it appears that uranium is retained by
substances similar to humic acids, probably ionic uranyl humates, Studies
of crude oil, oil-impregnated sandstone, carbonaceous uranium ore, and car=-
bonaceous pellets from the Temple Mountain area, Utah, indicate that oil
migrating through a uraniferous zone can pick up and carry uranium,

Coalified wood with usually high percentages of germanium and
uranium was found in the Chattanooga and Cleveland shales,

Three black shales were fractionated by ball-mill grinding in
mixed media into organiec~rich and inorgaric-rich fractions and a middlings
fraction of colleidal or nearly colloidal size, Most of the uranium is in
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the middlings fractions, suggesting that the uranium is present in a
separate colloidal phase disseminated through the organic matrix, Similar
studies of shale from the Dakota formation, New Mexico, show that uranium
is associated with the carbonaceous constituents.

Uranium in phesphate

Northwest phosphate

Previocusly unreported occurrences of the Phosphoria formation
were found at one locality in western Utah, another in eastern Nevada,
and a third in north-central Idaho. Phosphate deposits of possible eco-
nomic importance occur in the upper part of the Rex member near Victor,
Idaho; other promising phosphate deposits were sampled near Elliston,
Garrison, Maxville, and Divide, Montana, A secondary uranium mineral,
probably tyuyamunite,is present in the er phosphate zone of the phos-
phatic shale in the Crawford Mountains, Vtah,

Florida phosphate

A geologic study of the phosphate deposits and phosphatic sedi-
ments in Florida outside of the land-pebble district was started in July
195k, in order to investigate the nature, extent, and origin of the de-
posits, and the distribution of uranium in them and in the aluminum phos-
phate zones,

Mineraloa

It was established that uranium in apatite from sedimentary and
crystalline rocks is mainly tetravalent. It is proposed that uranium is
originally emplaced in apatite as Ut4 substituting for Ca¥T in the structure
and that the hexavalent uranium occurring in apatite is the result of
weathering and of auto-oxidation during radioactive decay.

Reconnaissance for uranium in the United States

A uranium deposit in Permian Red Beds near Randlett, Cotton

County, Oklahoma, is in a sandstone lens approximately 300 feet wide, 25
feet thick, and 600 feet long. The lower ten feet of the lens contains
torbernite, autunite, uranophane, carnotite, and bayleyite (?) associated
chiefly with malachite and azurite in heawvily iron- and manganese-stained
rock. Analyses indicate a uranium content of 0.00L to more than 1 percent.
Near Manitou, Tillman County, Oklahoma, beds of an "arkosic sandstone® of
the Permian Red Beds show uranium minerals in beds 5 to 10 feet thick which
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are heavily stained with iroen, manganese, and asphalt, Chaunel samples
contain 0,06 to 0.11 percent,
Autunite and mesta-avitunite have besn found coating fracture

surfaces in bedded gypsum and gypsifereus clay in the White River group
in Dawes County, northwestern Nsbrazka,

Aralytical service and resesrch on methods

Photegraphic and radiemstric metheds ars being investigated for
a method of thorium analysis, and research was undertaken en a methoed of
isotope abundance analysis by pile irradiation,

A spectrographic method was developed for the determination of
strontium in phesphate rock, a method for calibrating the light filters
used in fluorimeters was applied, and studies of the hafnium=zircenium
ratie were completed. A method for the dstermination of fluorine in
silicate rocks, especially useful in the analysis of "leached zone® phos-
phate samples, was developed, as was a spectrophotomstric method for the
determination of wranizm which covsrs the intsrmediate uranium range which
is below thae eptimum range for volumetric and sbove the optimum range of
the fluerimetric method, A method was also developed for isolating carbon
from Tossil bone fer L determination,

Geochemical and petrclogical ressarch on basic principles

Study of the distribution of wranium in rocks of several petro-
graphic previnces was completed. The rocks are from the Modoc lavas,
Boulder batholith, Highwood and Bearpaw Mountains, Sierra Nevada, and the
Idaho batholith, Alkalic rocks from New Jersey were also studied. The
uranium content of the major and accessory minerals was determined for rocks
from the Sierra Nevada and the Idsho batholith.

Chemical work on a chamnel sample from the Mineral Joe mine, Jo
Dandy area, suggestad conclusions that are consistent with a primary low-
valent mineral assemblage that has been oxidized in situ by atmospheric
oxygen. The Eh-pH apparatus continued in operation and additional infor-
mation pertaining to vanadium exidation was obtained., Studies ef the
vanadiferous clays were continued.

Studies conbinusd on the determination of the evolution of the
isotopic composition of lead in the crust of the earth. TFive types of
rocks are being investigated as pessibly representing the original crust,
As an independent line of evidence efforts are being made to concentrate
enough zircon for age determinations from certain anorthosites.

Significant advances were made in crystal chemistry and structure
studies as spplied *to uranium and vanadium of the Colorado Plateau. Crystal
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structures of liebigite and rutherfordine, both uranyl carbonates, and a
new vanadium mineral related to meta-autunite and tyuyamunite were inves-
tigated. The composition of the decavanadate complex represented by the
minerals hummerite and pascoite was established.

Geophysical prospecting and research

Research and development of radiation detection equipment has
centered mainly on a jeep-mounted scintillation logger of high sensitivity,
a liquid phosphor scanning device, a modified carborne scintillation de-
tector, an "emanation discriminator® for pulse height analysis, and a
mixing circuit to permit parallel operation of crystal detectors., Modifi-
cation of the modified gamma-ray logger has been completed and 2 new chart
for determining grade and thickness is now in use by all the Colorado
Plateau logging units.

Airborne radioactivity surveys totalling 35,622 traverse miles
were made in Alaska, Arizona, Colorado, Maine, Montana, Oklahoma, Pennsyl-
vania, Utah, and Wyoming. Many anomalous localities were detected in an
area of 150 square miles north of the Yampa River in Moffat County, Colorado.
Anomalies were also found in the Devonian belt, Mainej the Myton area,

Utah; and the East Pine Ridge escarpment, Tisdale and Pine Mountain areas,

Wyoming .
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URANIUM IN SANDSTONE-~TYPE DEPOSITS

Colorado Plateau geclogic studies

Regional geologic mapping

Prior to this report period field work was completed for the
following quadrangle mapping projectss Southwestern Coloracds areai Monument
Valley area, Ariz.; Red House CLiffs area, Utah; White Canyon area, Utah;
and Capitol Reef area, Utah. The strip-mapping project in the Monument
Valley area, Utah, was also completed (fig. 1).

During this report period field -and office work was continued on
the Elk Ridge area, Utah, quadrangle mapping project, and the San Rafael
Swell area, Utah, strip-mapping project (fig. 1).

Work was started on five mapping projects during this period:
Lisbon Valley area, Utah and Coloc.; Circle Cliffs area, Utah; Abajo Mountains
area, Utah; Sage Plain area, Utah and Colo. (all quadrangle mapping projects),

and the Moab-Inter-river area, Utah (strip-mapping project), (fig. 1).

Southwestern Colorado gquadrangle mapping, by F. W. Cater, Jr.

The last of the 18 quadrangle maps reporting the results of this
work were transmitted during this report periods TEM-706, "Geology of the
Roc Creek quadrangle, Colorado," by E. M, Shoemaker; TEM-701, "Geology of
the Juanita Arch quadrangle, Mesa County, Colorado," by E., M, Shoemaker; and
TEM-707, "“Geology of the Uravan quadrangle, Montrose County, Colorado," by
F. W, Cater, Jr., A, P, Butler, Jr,, and E, J, McKay, with a section on

"The Mines® by R. L. Boardman,
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Carrizo Mountains area, Ariz.=-N, Mex, quadrangle mapping, by

Je Do Strdbell” JZ’".

Field work was completed in fiscal year 195L; the géologic map in
preliminary form has been transmitted, A preliminary appraisal of the
uranium deposits was also transmitted in 1952, A paper entitled "Strati-
graphic relations in the Carrizo Mountains area, northeastern Arizona and
northwestern New Mexico," was presented at the annual meeting of the Geo-

logical Society of America in November 195l.

Monument Valley area, Ariz, quadrangle mapping, by I. J, Witkind

Field work was completed in fiscal year 1953, During this report
period two reports were transmitteds TEI-340, "Localization of uranium
minerals in channel sediments at the base of the Shinarump conglomerate,
Monument Valley, Arizona," and TEM=-577, “Recommendations for an exploration
program on Mitchell Mesa, Monument Valley area, Aprizona." A talk entitled
"Localization of uranium minerals in channel sediments at the base of the
Shinarump conglomerate, Monument Valley, Arizona," by I. J. Witkind, was pre-

sented at the GSA meetings in November 195,

Monument Valley area, Utsh strip-mapping, by R. Q. Lewis, Sr.

Field work was completed in fiscal year 1953 and four reports have

been transmitted,

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

Field work was completed in fiscal year 195k and two reports have

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

Field work on this project, which was financed entirely by USGS
funds, was completed in 1953 and a preliminary report, TEM-671, was trans-

mitted.

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

Field work, except for spot-checking, was concluded in September
1954, Approximately 170 square miles were mapped, completing a total of
eight 7-3 minute quadrangles, or about L0O square miles., Detailed geologic
studies were made at the Blue Lizard, Happy Jack, and Fry No. L mines, and
at the Bell, Maybe, and Scotty claims.

Geologic studies show that the uranium deposits in the White
Canyon area occur in channels cut into beds of the Moenkopi formation and
filled with conglomerate, sandstone, siltstone, and claystone. of the
Shirarump conglomerate, A total of 51 channels, ranging from LO to 600 feet
in width and from L to 25 feet in depth, have been mapped; 13 of these
channels contain at least one uranium deposit having a minimum grade of 0.10
percent U308, and many others contain low-grade uraniferous material.

Most of the Shinarump-filled channels occur in a belt 8 to 15 miles
wide that extends diagonally across the area from Deer Flat on the northeast
to beyond the Colorado River on the southwest, a distance of more than 20
miles, The Shinarump conglomerate within this belt generally ranges from 8
to L0 feet in thickness, but locally is absent, Extending outward from this
main belt of Shinarump conglomerate are lenses of Shinarump, ranging from
30 to nearly 1,000 feet in width, that trend northwesterly, parrallel roughly
to the channels within the belt. Some of these lenses may be the extensions

of Shinarump-filled channels within the belt.
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Nearly all the significant uranium deposits in the White Canyon
area are in channels within and close to the edge of the main belt of
Shinarump conglomerate, and are near pinchouts of that formation. Most
deposits are localized in beds of sandstone or conglomerate immediately
overlying a bed of mudstone or silistone, and some are in sandstone beds
that interfinger with mudstone or siltstone., Mineralized sandstones commonly
contain a high percentage of clay cement, and some contain clay pebbles and
seams; nearly all contain concentrations of carbonized wood. Concentrations
of "{rashy® material and perhaps finer-grained fractions of the Shinarump
beds appear to occur especially at branches and bends in channels and at
deeper scours in the channel floors,

Uraninite commonly occurs in deposits that have been developed
behind the oxidized rim outcrops. Most of the uraninite replaces clay
seams, clay pebbles, or carbonized wood, and is commonly associated with
covellite, bornite, and chalcopyrite.

The following report was transmitted during this report period:
TEM-645, *Preliminary report on Happy Jack mine, White Canyon area, San

Juan County, Utah," by A, ¥, Trites, Jr., and R, T, Chew, III,

Capitol Reef area, Utah quadrangle mapping, by J. F. Smith, Jr.

Field work has been completed in the Capitol Reef area; about
910 square miles were mapped. Consolidated rocks in the area range from
the Coconino sandstone of Permian age to volcanic rocks of Tertiary age.
Chief structural features are the northwest extension of the Waterpocket
Fold, the northwest-trending Teasdale anticline, the northwest-trending

Teasdale fault, and the north-trending Thousand Lake fault.
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Although prospectors have been active in the area, no economically
significant uranium deposits have been found. Most exploration has been
done in three stratigraphic units: the Moenkopi formation, the Shinarump
conglomerate, and the Salt Wash member of the Morrison formation. Uranium
in the Moenkopi occurs in a black layer, 1 to 2 inches thick, in a white
fine-grained sandstone at the base of a 33=foot~thick pink sandstone; this
bed is about LOO feet below the top of the formation. Most deposits in the
Shinarump conglomerate occur in thin clay or mixed clay and sandstone beds
that fill channels cut into the underlying Moenkopi. In the Salt Wash
member the mineralized material is in irregular oblong pockets, generally 3
to 6 feet long and ranging from a few inches to 2 feet thick, Most of the
deposits occur in lenses of conglomerate and sandstone at the top of the
member., Locally carnotite is disseminated in sandstone or coats pebbles in
lenses of conglomerate in the Salt Wash,

The following reports were published in the Guidebook of the
Intermountain Association of Petroleum Geclogists, 195L: "Geology of the
Capitol Reef area, Wayne and Garfield Counties, Utah," by R. G. Luedke; and
"Triassic rocks of the San Rafael Swell, Capitol Reef, and adjoining parts
of southeastern Utah," by J. H, Stewart and J. F, Smith, Jr. TEM-643,
WPreliminary geochemical studies in the Capitol Reef area," by L. C, Huff,

was transmitted.during this period,

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

Mapping was completed in seven 7-i minute quadrangles. A total of
650 square miles was mapped, 210 square miles remaining to complete the pro-

Jectoe
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Consolidated sedimentary rocks exposed in the area range in age
from Upper Pensylvanian to Jurassic and attain an aggregate thickness of
over };,000 feet, All the known uranium deposits are in rocks of Triassic
age.

Small nen-economic deposits of uranium occur in the Moenkopi
formation and in the lower part of the Chinle formation, and significant
deposits occur in the Shinarump conglomerate in the southern part of the

area and in the Moss Back menber of the Chinle formation in the northern
part. The only known deposit in the Chinle formation, other than those in
the Moss Back member, is a small deposit in the head of Woodenshoe Canyon,
about 2 miles east of Woodenshoe Butte., .The deposit is in a silty sandstone
ledge about LO feet above the Shinarump conglomerate and about 80 feet be-
low the base of the Moss Back. The sandstone fills a shallow scour in
lower Chinle mudstone. Copper minerals and abnormal radioactivity are
restricted to the center of the scour.

In Notch Canyon uranium occurs in blebs and stringers of petro-
liferous residue in the uppermost sandstone of the Moenkopil about LO feet -
-below the Shinarump conglomerate. The Shinarump conglomerate is mineralized

above this Moenkopi deposit. |

In the southern part of the area the Shinarump is present as dis-
continuous sandstone lenses filling shallow scour channels in the top of the
Moenkopi., It is separated from the overlying Moss Back by about 150 feet of
lower Chinle mudstone, Northward, the Shinarump pinches out, and the lower
Chinle mudsione thins until the Moss Back lies upon the Moenkopi formation,
The ore deposits are confined to the lower parts of scour channels cut into

the Moe‘fkopi and filled with Shinarump conglomerate or Moss Back sandstone,
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The deposits are small, tabular to lenticular in shape, and uranium minerals
are disseminated in conglomerate or conglomeratic sandstone immediately
above the top contact of the Moenkopi. Hence, any channeling sandstone on
top of the Moenkopi is worthy of investigation. Copper minerals such as
chalcopyrite, azurite, malachite, and chalcanthite, are usually associated

with the uranium and are easier to locate visually than the uranium.

San Rafael 8Swell area, Utah strip-mapping, by R. C, Robeck

The Moenkopi formation, Shinarump conglomerate, and Chinle for-
mation were studied in the northern part of the Swell (excluding Calf Mesa).
A total of 90 linear miles were studied and mapped. All mines and prospects
in the Swell were visited to determine their stratigraphic position and ore
potential,

In this area, the Shinarump is represented by lenses of Shinarump-
type quartzose sandstone within, below, and above the siltstones and mud-
stones of the "purple-white® band described by Finch (TEI-328, p. 30). In
the area of detailed study four separate Shinarump river-chamnel systems
with a northwesterly trend were found. A total of 73 exposures of Shinarump
channels were studied. Of these, 23 are radioactive, but only 2 or 3 are of
possible ore grade at the outcrop. The Shinarump, in the form of the "purple-
white" band, is present throughout the area mapped except for one mile on
the east flank of the Swell where pre-Moss Back erosion has removed it.

The maximum measured thickness of Shinarump channel sediments is 10l feet,
and the average thickness of the entire Shinarump studied is about 25 feet.
The Shinarump channel sediments normally average about 25 percent sand and

about 75 percent finer-grained clastics.
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The Moss Back member of the Chinle lies directly on the Shinarwmp
in the northern part of the Swell, Of the numerous radiocactive localities
in the Moss Back member, some along the northwestern side of the Swell
probably warrant additional prospecting. A pink coarse-grained arkosic
sandstone near the top of the Moenkopi shows no radioactivity. Sandstones
in the Church Rock member of the Chinle formation were found to be slightly
radioactive in two places and will be studied further. The Coconino sand-
stone was checked for radicactivity in a 700-foot section in the Black Box

of the San Rafael River with negative results.

Lisbon Valley area, Utah-Colo. gquadrangle mapping, by G. W, Weir

During the 195l field season the Jurassic rocks of the south-
central part of the area, Dry Valley and East Canyon, were mapped on aerial
photographs, A geclogic reconnaissance was made of the unmapped part of
the area and most of the significant ore deposits were examined.

The larger uranium deposits in the Salt Wash member of the
Morrison formation lie in a narrow belt in which the ore-bearing ledge of
the Salt Wash is relatively thick and persistent. The belt has a north-
easterly trend and includes the Frisco group on the west side of the canyon
and the Sunset, Profit No, 1, and Black Bottom mines on the east. The belt
may extend southwesterly as far as the Happy Jack mine on U, S. highway 160
and possibly farther into the Abajo Mountains area. Away from the belt the
ore-bearing ledge is generally thin and discontinuous and the ore deposits,
though numerous, are small, Exposures of Salt Wash are poor along the south
rim of Dry Valley but the Waterfall group and Wilson mine are believed tq
lie in a similar belt of relatively favorable ground that trends south-

easterly, These two hypothetical belts may intersect beneath the north
edge of the Sage Plain,

342684 O - 55 -3
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Reconnaissaﬁce study of the Moss Back merber, the lower ore-
bearing part of the Chinle formation of Big Indian Wash and Lis;ta;q?z Valley,
suggests that the Moss Back probably pinches out along the axis of the Lisbon
Valley anticline 'and may not be found north of Lisbon Valley. A quartzose
conglomeratic lower Chinle unit crops out poorly in Lackey Basin and around
the south and west flanks of South Mountain, the southernmost part of the
La Sal Mountains laccolithic group. Although this lower Chinle differs
from the ore-bearing Moss Back member of the Chinle of Big Indian Wash, it
reserbles the ore-bearing basal Chinle north of Moab, Utah, The Chinle of
South Mountain is accessible with difficulty and relatively unprospected,
and requires further study to assess its uranium potential.,

The Lisbon Valley area contains many copper deposits,particularly
in the Dakota sandstone and Burro Canyon formation. Small amounts of copper
also occur in the Cufler, Kayenta, and Morrison formations, One depogit, the
Lucky Strike prospect in eastern Lisbon Valley near the Colorado line,
shows anomalous radioactivity. Here the green vanadium-copper mineral
volborthite, a yellow uranium mineral probably of the carnotite group, and
an unidentified black uranium mineral, possibly pitchblende, are associated
with the dominant copper minerals, malachite, azurite, and chalcocite, The
deposit occurs in the Burro Canyon (2) formation in a fault zone along which
the Burro Canyon (?) is faulted against the Morrison formation. The strati-
graphic throw on the fault is estimated to be about 450 feet. The Lucky
Strike prospect suggests that the copper deposits and the uranium deposits

of the Lisbon Valley area may be closely related.
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Moab-Inter-river area, Utah strip-mapping, by E. N, Hinrichs

The Moab area lies south of Moab, east of the Colorado River,
north of the 38th parallel, and roughly west of U, S, highway 160, The
Inter-river area is the area between the Green and Colorado Rivers south of
38 degrees L5 minutes north latitude.

During the 195l field season, about 108 linear miles of the 245
linear miles of Triassic rocks in the Moab area were mapped. All accessible
exposﬁres of Moenkopi and of a sandstone at the base of the Chinle (tenta-
tively identified as the Moss Back member) that appeared favorable for
uranium deposits were examined with scintillation counters., The following
geologic features are considered favorable: northwest-trending faults
across anticlines and domes; channels in silistone or claystone filled with
conglomerate, sandstone, or arkose; large bleached areas; large amounts of
organic matters unusnallyi.thick sections of basal Chinle sandstone; and
copper minerals,

The known uranium deposits in this area can be classified into
two groups based on the most obvious controls of the ore: (1) deposits
along northwest-trending faults on anticlines or domes, and (2) deposits not
apparently related to major tectonic structures but occurring in channels
cut in siltstone and claystone and filled with conglomerate, sandstone, or
arkose,

Examples of deposits of the first type are in the Rico, Cutler,
and Chinle formations in the canyon of lower Cane Creek where about six
high-angle faults trending N ;2° W and spaced 10 to 50 feet apart cut the
north flank of the Cane Creek anticline, Uranium deposits found along
these faults early in 195 are being mined, They are in fault gouge and in

brecciated sandstone and arkose along and between the faults. Uranium
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minerals coat fractures and carbonaceous material. Many uranium, vanadium,
and copper minerals have been ccllected and have been submitted for identifi-
cation, The following minerals were identified from field examination of
hand specimens: andersonite cr schroeckingerite, tyuyamunite, zippeite?,
chalcocite, malachite, and brochan®ite?., The ratio of uranium to vanadium
in the ore produced is 1:2,

A deposit of the second type is in the Moss Back member of the
Chinle formation between Cane Creek and Lockhart Canyon. The uranium ore
occurs in conglomeratic parts of a sandstone layer, one-half {o one and
one-half feet thick, at the base of the Moss Back and on the flank of a
small charnel., The channel trendz about N L45° W. The following minerals
have been identified tentatively in the field: pitchblende, schroeckingerite,
chalcopyrite, and pyrite. Quartz granules within 3 inches of the ore are
smeky black. The ratio of uranium to vanadium is 3:1.

Although no radicactivity was detected at the surface, parts of
the faulted Cane Creek anticline between Hurrah Pass and the Colorado
River appear to be favorable for the occurrence of uranium deposits, Faulted
parts of other anticlines and domes in the area also appear to be favorable.
In much of the area the Moss Back member of tue Chinle crops out as a ledge
about midway on a very steep slope as much as 800 feet high, but in the
southern part of the area along tributaries to Indian Creek it forms broad

benches that afford good sites for exploratory drilling,

Circle Cliffs area, Utah quadrangle mapping, by E., S. Davidson

The Circle Cliffs area, comprising twelve 7-3 minute quadrangles,
is in Garfield and Kane Counties, Utah, adjacent to the Capitol Reef area
to the north and the Henry Mountains to the east. Detailed quadrangle and

mine mapping was carried on from the middle of July to November, during

which time about one-sixth of the area was mapped.
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The principal structural feature is the doubly pitching asymmetric
Circle Cliffs anticline, the steep eastern side of which forms part of the
Waterpocket Fold., No major faults occur but several minor faults are present
in the interior of the area. The rocks in the center of the Circle Cliffs
anticline have been deeply eroded, leaving massive Wingate and Navajo sand-
stone cliffs rimming an oval area about 30 miles long and 10 miles wide in
which the principal rock unit is the Moenkopi formation of Triassic age.
Permian beds underlying the Moenkopi formation are exposed in a few canyons,
Of possible stratigraphic significance is the discovery of prominent and
continuous outcrops of a mottled red and white very fine-grained sandstone
and siltstone with sparse medium and coarse quartz grains, unconformably
overlying the Moenkepi formation and unconformably underlying typical
Shinarump conglomera’r;e. This unit may represent an early Shinarump drain-
age system but to date no radiocactive anomalies have been noted in it.

Uraniferous material has been found in the Moenkopi formation,
the Shinarump conglomerate, and the Chinle formation within the Circle
Cliffs proper and in the Salt Wash member of the Morrison formation along
the east margin of the Circle Cliffs anticline. Recent mining has been con-
fined to deposits in slightly slumped and fractured Moenkopi shale on the
banks of channels filled with Shinarump sandstone and conglomerate. Uranium
minerals noted in essentially unoxidized ore bodies are uraninite and
becquerelite, associated with copper and iron sulfides. Meta-autunite, meta-
zeunerite, metatorbernite, and schroeckingerite are found on the outecrop and
in the weathered parts of the deposits, commonly associated with jarosite
and copper carbonates, Vanadiferous radioactive material has been found in

the Salt Wash member of the Morrison formation, and a yellow radioactive
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mineral resembling carnotite coats quartz grains and fractures in silicified

logs in the Chinle formation,

Abajo Mountains area, Utah quadrangle mapping, by I. J. Witkind

During the field season of 195l about 25 square miles were mapped
in the northeast corner of the Abajo Mountains. Exposed consolidaived sedi-
mentary strata range in age from Triassic to Cretaceous and have a combined
thickness of about 3,400 feet. Most of the strata dip away from the Abajo
Mountains. Locally, however, small structures interrupt the even dip of
the beds, Faulting is not common.

The laccoliths of the Abajo Mountains igneous complex are composed
chiefly of diorite porphyry. About 11 mines, active at the turn of the cen-
tury as producers of gold and silver, were developed either in igneous rock
or at contacts of the sediments with the igneous rocks. Abnormel radio-
activity was not noted near the mines.

The uranium-vanadium deposits in the Abajo Mountains area are in
the Salt Wash member of the Morrison and appear to be localized in a zone
about L miles wide that trends in a N 80° E direction through the north-
eastern part of the area. This zone includes the southern end of Shay
Mountain, the northern end of Robertson Pasture, and the head of Hart's
Draw, A prolongation of this zone tc the northeast intercepts other mines
and favorable ground in the Salt Wash near Lisbon Valley, Utah.,

Uranium-vanadium minerals are localized in several sandstone beds
of the Salt Wash member of the Morrison formation, These beds are about 150
feet above the base of the Salt Wash and contain two types of uranium-
vanadium ore bodies. Of these the most common consists of small crudely

oval, discrete, pod-like bodies marked by irregular protuberances, They
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range in size from 25 feet long, 3 feet thick, and 10 to 12 feet wide to
small noédular masses about 3 feet in diameter. These small ore bodies are
irregularly distributed both vertically and laterally throughout the ore-
bearing sandstone, In a few localities they form clusters that are generally
about 5 feet thick, 200 feet wide, and 50 feet long, Individual ore bodies
in the clusters are connected by mineralized seams of rock ranging in thick-
ness from 1 inch to 6 inches., These mineralized seams apparently contain
vanadium but little or no uranium.

Ore bodies of the second type are flat tabular masses commonly 20
to LO feet wide, 2 to L feet thick, and 200 to 300 feet long. They are not
common and,where exposed in mine workings, thicken and thin erratically.

The ore commonly occurs along bedding planes of the host rock altheugh
locally it cuts across the bedding along a remarkably smooth interface be-
tween mineralized and unmineralized.strata. The upper and lower edges of
these tabular bodies also form sharp boundaries with enclosing strata, The
richest ore appears to be localized near the center of the bodies, although
this may not be a general rule, The uranium~vanadium ratio is about 1:10 in
ore bodies of both types.

Sage Plain area, Utah-Colo, gquadrangle mapping, by L, C, Huff

During July 1954, when the Sage Plain project began, most of the
uranium-vanadium deposits of the area were studied. During August and Sep-
tember geolegic study and mapping was completed in approximately four of the
total of fifteen 7-% minute quadrangles.

Geologic formations exposed in this area are flat-lying and range
from the Navajo sandstone of Jurassic age to the Mancos shale of Upper Cre-
taceous age. Pediment gravels and loess of probably early Pleistocene age

were recognized and mapped near Monticello.
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There are many scattered uranium-vanadium deposits in the Salt
Wash member of the Morrison formation within this area. The Salt Wash
member is composed of massive, cross-bedded sandstones alternating with
maroon and gray mudstones. The ore is commonly localized in one or more
ledges of the sandstone in the upper part of the Salt Wash member. The ore
minerals impregnate the sandstone near accumulations of carbonaceous plant
fossils. Ore bodies are generally not more than three or four feet thick,
Accumilations of plant fossils, thickness of the ore sandstone, channeling
of the ore sand, and gray or altered mudstone serve as ore guides, Some of
the uranium-vanadium deposits of the Sagé Plain area are being mined and
prospecting within the area is active, The aggregate production of the

area, however, is small,

Western San Juan Mountains area, Colo. quadrangle mapping, by A. L. Bush

Areal geologic mapping of the Placerville, Little Cone, Grayhead,
Dolores Peaks SE, and Mt. Wilson 7-1 minute quadrangles, San Miguel and
Dolores Counties, Colo., was continued during the reporting period. In the
Placerville area, an essentially continuous vanadium layer in the Entrada
sandstone contains small but significant amounts of uranium. The proximity
of these deposits to the intrusive and extrusive rocks and hydrothermal
vein systems of the western part of the San Juan Mountains makes possible a
detailed study of the relationship of uranium-vanadium mineralization to
base- and precious-metal mineralization.

Geologic mapping was completed for an area of about 50 square
miles during the 195l field season. Geologic mapping of the Placerville

quadrangle is essentially completed.
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The northern half of the district is characterized by a series of
gentle anticlines and synclines whose trend and plunge are commonly to the
northwest. In general these structures seem to be related to stresses that
preceded the domal uplift of the San Juan volcanic pile, Superimposed on
these structures is a conjugate system of closely-spaced, dominantly normal
faults. These faults are well developed in the northern third of the dis-
trict and appear to be related to large-scale domal uplift, but locally they
are related to the emplacement of small, stock-like bodies of diorite and
diorite-monzonite, The: faults, where observed, displace the vanadium~-
uranium layer, The results of a small amount of recent mining and drilling
suggest that little if any direct relatienship exists between the faulis and
the.present location of the urenium and vanadium, The results suggest, how-
ever, that the uranium tends to be concentrated near the margins of thick
parts of the vanadium-uranium layer.

The San Miguel Mountains, near the center of the district, have
cores of stock-like bodies of dioritic rock. The Cretaceous and Tertiary
sedimentary and volcanic rocks in general dip toward the stocks, but de-
tailed contact relationships have not as yet been determined. South of the
San Miguel Mountains, the upper Paleozoic and Mesozoic sediments rise
smoothly over the dome of the Rico Mountains, a laccolithic complex., In
general, faults appear to be rare in the area between the San Miguel and
the Rice Mountains.

Photogeologic mapping
by W. A, Fischer
The photogeologic mapping program is designed to provide regional

geologlc maps of specified areas in Utah and Arizona to serve until more

detailed surveys can be made.
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Photogeologic maps of fifty-seven Ti-minute quadrangles have been
combleted since June 1, 1954, The total number completed since the be=-
ginning of the work in the winter of 1951-52 is 241, of which 182 are now
available for public inspection. It is estimated that more than 25,000
copies of the maps have been distributed to the public during that period.

Since June 1, 195L maps of fifty-eight Ti-minute quadrangles
have been submit£ed for publication in the Geological Survey's Miscellaneous
Geologic Investigations series., Publication in this series is expected to
make the maps available more readily to the public at a lower cost.,

A change in the method of preparing photogeologic maps, involving
the use of high-altitude photography and the Kelsh plotter, is now being
made, It is anticipated that the new procedure will result in maps of
better quality as well as a higher production rate,

The progress of the photogeologic mapping program is shown on the
index map, figure 2. The areas shown on the map as "scheduled for production®
are expected to be completed in fiscal year 1956,

Stratigraphic studies
by G. A, Williams

Morrison formation

Field studies of the Morrison formation have been completed except
for spot checking of critical areas, The sedimentary petrology laboratory
has completed analysis of samples collected in the Morrison program. Field
studies are in progress to compare the pebble assemblage of the Salt Wash
member of the Morrison formation with that of the Brushy Basin member of the
Morrison formation. The conglomerate of the Brushy Basin contains red and

green chert pebbles and granules, Incomplete study of these colors shows that
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the green may be only surficial on the relatively large pebble fragments,
but is present throughout the smaller-sized pebbles., Red granules and
pebbles are more abundant than green ones, but the total of both is only a
minor part of the entire pebble fraction.

A paper by R. A, Cadigan on "Testing graphical methods of grain-
size analysis of sandstones and siltstones" was published in the Journal
of Sedimentary Petrology, v. 2L, no. 2, p. 123127, June 195L. A paper
entitled "Correlative unite in the San Rafael group on the Colorado FPlateau"
was presented by R. A, Cadigan at the anmual meeting of the Geological

Society of America at Los Angeles, November 195k,

Triassic and associated formations

The Cutler formation of Permian age contains two facies: a
typical arkose facies to the east, and a reddish siltstone--light-colored
sandstone facies to the west, The eastern facies is a medium-grained red
sandstone that is classified as a tectonic arkose., It was deposited by
westward flowing streams from a rising granitic landmass (probably the
Uncompahgre-San Luis highland) in southwestern Colorado. All the known
uranium deposits in the Cutler formation occur in this faciles,

The reddish siltstone-light colored sandstone facies consists, in
southeastern Utah, of five units: Cedar Mesa sandstone, Organ Rock tongue,
DeChelly sandstone, Hoskinnini tongue, and White Rim sandstone in ascending
order, The basal Halgaito tongue of the Monument Valley area pinches out
northward in Utah, The Organ Rock and Hoskinnini tongues are reddish silt-
stone units that represent finer-grained westward extensions of the typical
arkose facies, The Organ Rock tongue consists of siltstone and very fine-

grained silty sandstone that is classified in part as graywacke and in part
as arkose., The Hoskinnini tongue is present in much of southeastern Utah and
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adjoining parts of Colorado, as well as in the Monument Valley region. It
consists of siltstone and very fine-grained sandstone that contains coarser
sand grains and is classified as an arkose. The combination of coarse
grains in a finer-grained matrix and discontinuous wavy laminae differentiate
the Hoskinnini tongue from the underlying and overlying units and afford
the basis for correlating the Hoskinnini with rocks not previously identified
as Hoskinnini in southeastern Utah and southwestern Colorado, The thickness
of the Hoskinnini ranges from 50 to 200 feet; pinchouts on the west are
abrupt. Intraformational and chert pebble conglomerates, contorted strati-
fication, and petroliferous material are present near some of these pinchouts.

Although the Hoskinnini is currently assigned to the Cutler for-
mation, detailed studies show the Hoskinnini to differ from typical Cutler
rocks and to be closely related to the Moenkopi formation of Early and
Middle (?) Triassic age.

The Cedar Mesa, DeChelly, and White Rim sandstone members of the
Cutler formation are the light-colored sandstone units of the red siltstone-
light colored sandstorne facies. The Cedar Mesa sandstone member is a very
fine-grained feldspathic orthoquartzite. The DeChelly sandstone is a very
fine-grained tuffaceous feldspathic orthoquartzite. Classification of the
White Rim member is not yet clear, but its origin and source were probably
similar to those of the DeChelly sandstone.

The Moenkopi formation is predominantly a red siltstone that con-
tains beds of very fine-grained sandstone, The whole unit is classified as
a feldspathic orthoquartzite; minor amounts of siltstone are classified as
arkose., The Sinbad limestone member crops out in central and south-central

Utah and to the south overlaps the underlying part of the Moenkopi.
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The typical sandstone of the Shinarump conglomerate of Late
Triassic age is a fine-grained feldspathic orthoquartzite with variations
ranging from tuffaceous feldspathic orthoquartzite to arkose. The sources
may have been rising highlands of granitic composition, containing active
continental-type volcanoes.,

The Chinle formation of Late Triassic age is now divided into
several members which are to be named and defined by the USGS in forthcoming
reports, In ascending order, these membefs arg tentatively named the
Monitor Butte, Moss Back, Petrified Forest, Owl Rock, and Church Rock. The
composition of the sandstone and coarse siltstone of the Monitor Buite
member ranges from tuffaceous feldspathic orthoquartzite to arkose,

The Moss Back member is composed of yellowish gray and very pale
orange, fine- to medium-grained sandstone; a few lenses of siltstone; and
conglomerate containing pebbles of siltstone, limestone, quartzite, quartz,
and chert. Carbonaceous and silicified plant materials are commonly present.
The Moss Back ranges from 50 to 125 feet in thickness. It can be differen=
tiated lithologically from the Shinarump conglomerate by the presence of many
siltstone and limestone pebbles and abundant quartzite pebbles in the Moss
Back, Texturally similar sandstone units in the underlying part of the
Chinle can be differentiated lithologically from the Moss Back by their
lack of quartz and quartzite pebbles, The lower and upper contacts of the
Moss Back are generally placed at the sharp break between the cross-stratified
sandstone. of the Moss Back and the greenish or reddish siltstone or clay-
stone of the underlying and overlying parts of the Chinle., Locally small
chamnels that cut into the underlying strata are present. The Moss Back
sandstone has been correlated over much of southeastern Utah and is tenta-

tively correlated with beds in extreme eastern Utah and southwestern Colorado,
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It covers an area about 50 miles wide and 155 miles-long. The Moss Back is
a fluvial deposit formed by a network of braidea streams that flowed north-
weét on a smooth gently sloping plain,

The sand;tone and sjiltstone units of the Petrified Forest member
of the Chinle formation are orthoquartzite tuffs. Relatively large thick=
nesses of bentonitic claystone and siltstene characterize these units. In
contrast to the other menbers, the Owl Rock member contains limestone and
limey siltstone as well as detrital units of tuffaceous darkose., The Church
Rock member has two components, arkose and graywacke.

The Glen Canyon group consists of the Wingate sandstone (Triassic),

I

the Kayenta formation (Jurassic?), and the Navajo sandstone (Jurassic), The -

Wingate ranges in composition from tuffaceous arkoée to feldspathic ortho-
quartzite., It is interpreted to be an eolian deposit that was deposited. by
winds blowing from the northwest. The Kayenta is generally a feldspathic
orthoquartzite, but centains some beds of arkose. It appears to have been
deposited by streams that flowed to the west or southwest. The Navajo
sandstone 1s a feldspathic orthoquartzite. It is inferred to be an eolian
deposit formed by winds blowing from the northwest.

Many determinations have been made of the type of clays in the
sandstones of the Triassic formations. Evidence to date supports the hypoth-
esis that much of the hydromica in the Shinarump and Chinle is the result of
the alteration of montmorillonite in the presence of soluble potassium salts,

In a microscopic study of the composition of ore-bearing sand-
stones and barren sandstones in the Shinarump conglomerate and Moss Back
member of the Chinle formation, ore-bearing sandstones were found to contain
20 to 35 percent kaolin or interstitial ore minerals apparently replacing

kaolin, Barren sandstones away from known ore deposits usually contain
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10 percent or less of kaolin., On the basis of this comparison sandstone
strata containing 15 to 35 percesnt kaolin seem to be more favorable for the
occurrence of uranium deposits than strata containing less than 15 percent
kaolin., The possible influence of kaolin on the deposition of ore minerals
may be physical, chemical, or both.
Ground-water studies
by D. A, Jobin

The minimum sampling density necessary to measure regional differ-
ences in transmissivity of the rocks of the Colerado Plateau was reappraised,
and most of the additional samples considered necessary have been collected.
A general report, the preliminary appraisal of the transmissivity of the
sedimentary rocks of the Colorado Plateau, has been prepared. Conclusions
are summarized below:

1. Although uranium-bearing sediments are widsspread and diverse
in character, the major production is from sediments having the same trans-
missive characteristics.

2. These sediments have a high mean permeability and are charac-
terized by large variations in permeability.

3. These sediments are only fair to poor in regional transmissive
capacity and are characterized by large variations in local transmissivity.

Little permeability data are presently available from northwestern
New Mexico and northern Arizona. This area will be sampled and laboratory
measurements will be completed during the next period. A complete compilation

and analysis of all data will then be made,



L9

Botanical studies

Botanical research, by He L. Cannon

Reconnaissance studies.--The deposits at Myton, Utah appear to have

no botanical relations of interest and no plans for further work in the area
have been made. Geochemical as well as botanical relations at Poison Buttes,
Wyoming can probably be used for prospecting., Further work on uncommon
species of indicator plants and related geochemical studies are planned for

next spring, Astragalus pattersoni dis indicative of mineralized ground in

both the Samastee and Pojoaque areas of New Mexico. Tests indicate that
several other Asiragalus species not known to be selenium absorbers are in-
dicative of beds of lower radicactivity. Studies of the low grade Astragalus
species from these localities as well as species which occur at higher
altitudes are in progress.

Laboratory studiss.-~Information on selenium distribution in the

ore and surrounding barren rock of ten carefully sampled ore bodies in the
Salt Wash member of the Morrison formation as well as paired ore and barren
réck samples from other Jurassic and Tridssic rocks of the Colorado Plateau
are being compiled and studied statistically. The correlation between
seleniferous beds and uranium mineralizatien is marked.

Perennial indicator plants planted in 1953 were grown to maturity
in plet experiments near Santa Fe, New Mexico. The results will aid in
understanding plant distribution in uranium districts. For instance, Stadeya
pinnata matured in both sedium selenite and gypsum plots but could not be

grown in carnotite nor in the control. Astragalus pattersami- on the other

hand, matured in sodium selenite and also carnotite and favored a combination

of the two, Grindelia, suspected of being a selenium indicator, matured in

342684 O - 55 - 4



all plotsivbut was stunted by selenium and encouraged to unusual and much
increased growth by the addition of carnotite. Mentzelia matured only in
carnotite plots. These growth differences are of prime importance in pros-
pecting.

A cooperative agreement with the Cornell Experiment Station will
make continuation of these preliminary studies under controlled conditions
posgible. Pilot experiments in which five species of desert plants will be
grown in mutrient solution containing U, V, Se, Ca, Na, P, and K are under
way to determine tolerance and growth habits under greenhouse conditions.

A more elaborate experiment in which plants will be grown in 200 cembina=-

tions of the above elements will be set wp in the spring.

Botanical prospecting, by F. J. Kleinhampl and P. F. Narten

In some areas, ground favorable for uranium deposits can be de-
limited by either or both of two botanical methods, The indicator plant
method utilizes the fact that certain plant species require high soil con-
centrations of selenium or sulfur., Where these elements are associated with
uranium deposits, the detailed mapping of the distribution of such selenium
or sulfur indicator plants may outline favorable ground. The absorber plant
method, based on the comparative amounts of uranium found in the ash of plant
tissue, is used by systematically sampling plants on benches or rims where -
the rocks are thought to contain uranium at depths as much as LO feet, One
or more parts per million uranium in plant ash of special types of trees is
considered anomalous,.

During the report period botanical prospecting field parties worked
in the Grants district, Valencia and McKinley Counties, N, Mex.; Elk Ridge,

San Juan County, Utah; San Rafael Swell, Emery County, Utah; and Circle
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Cliffs area, Garfield County, Utah. Locations of these projects are shown
in figure 3.

Two reports covering werk cempleted during previeus report periods
were transmitted: TEM-789, "A botanical reconnaissance for uranium near
Trachyte Ranch, Garfield County, Utah," by P. F, Narten and E. C, Clebsch;
and TEI-L22, "Methods of botsnical prospecting for uranium deposits on the
Colorado Plateau," by H, L. Cannon,

Results from each field project are summarized below,

Grants district.--A study was made in the Urants district to

determine the usefulness of selenium-indicator plants as a guide to ore de-
posits in the sandstone of the Morrison formation and Daketa sandstone be-
tween Grants and Gallup, N. Mex., Earlier work in the Poison Canyon area
established a direct correlation between indicator plants and mineralized
sandstone, The distribution of indicator plants was mapped near known
deposits and in other parts of the area considered geologically favorable
for ore.

Selenium-requiring plants were found in the vicinity of deposits
that contain uranium dominantly in the low-valent state; these plants were
not observed near deposits that contain uranium dominantly in the high-

valent state. Astragalus pattersoni was found to be generally the most use-‘

ful plant for indicating uraniferous ground, being more nearly restricted to

the vicinity of deposits. A. confertiflorus, which requires less selenium

than A, pattersoni for normal growth, is more widespread. A. confertiflorus

o

and very locally Stanleya pimnatn, which also requires less selenium than

A. patteroni, probably can be used only to define broad areas of favorable

ground. The overall distribution of these plants suggests that most of the
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selenium in the sandstone of the Grants district is associated with low-
valent uranium minerals; it is not, however, entirely restricted to such
minerals, but occurs in small concentrations away from uranium deposits.

Elk Ridge,--About 18 linear miles of Shinarump conglomerate and
basal Chinle beds cropping out aleong Elk Ridge, San Juan County, Utsh, were
prospected by the absorber plant method. Preliminary results indicate a
nunber of botanical anomalies that suggest the presence of mineralized
ground.,

Deer Flat.--More than 27 linear miles of Shinarump conglomerate
and basal Chinle beds cropping out in the Deer Flat area, San Juan County,
Utah, were prospected by the absorber plant method. Botanical anomalies
were detected over &l1 major known deposits in the area as well as in un=
explored areas where no deposits are known. The distribution, quantity, and
quality of these anomalies indicate that the southern half of the Deer Flat
area is more favorable for concealed uranium deposits than the northern half,
None of the anomalies indicaved by the absorber plants has been explored by
drilling,

San Rafael Swell,--Both absorber and indicator plant metheds of

botanical prospecting were tested in the San Rafael Swell area, Emery County,
Utah., Trees growing 30 to 80 feet above known uranium deposits on benches
of the Moss Back menber of the Chinle formation were sampled and analyzed.,
Results indicate that this method is not useful in this area where the ore
horizon lies at depths of LO feet or more.

Circle Cliffs area.--The indicator plant method of prospecting

was used in the Circle Cliffs area, Garfield County, Utah, to determine
whether it could effectively locate favorable ground along the ore zoue

adjacent to the mid-Triassic unconformity. Primary indicator plants (TEI-L22)
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do not appear to be associated with ore in this zone. However, these pri-
mary indicators are clustersd along the Salt Wash member of the Morrison
formation (Jurassic) where it crops out in the Waterpocket Fold, and occur
near one mine in the Salt Wash. The indicators may thus prove useful in
searching for uranium deposi*s in the Salt Wash in areas adjacent to the

Circle Cliffs,
Mineralogic studies

General mineralogic studies, by Theodore Botinelly and Alice Weeks

Ore minerals.--In seven weeks of field work, emphasis was placed

on study of the paragenesis of the Platean deposits, the pH conditions
during oxidation, ths relation of the stage of oxidation to depth and to
water table, and the thickness of the transiticn zone between unoxidized and
oxidized ore. The field evidence is consistent with the idea that the
oxidized ore was derived from the unoxidized cre in very recent time as the
water table was lowered., Pyrite and calcite are removed and iron oxides

and gypsum are formed during oxidation, thereby causing considerable change
in the cementing material and the permeability of the rocks.

Mineralogic and paragenstic studies of the Jo Dandy area are in
mid-stage and only general results can be presented, The mineralogy of the
ore is rather simple; low valence black uranium and vanadium minerals such
as montroseite and “coffinite" make up most of the ore now being mined.
Corvusite, vanadium silicates, carnotite and tyuyamunite make up the
oxidized parts of the ores. Gangue minerals other than the quartz and clay
of the host rocks are pyrite, marcasite, barite, calcite, and gypsum,

Sphalerite and gszlena are rare but were found associated with pyrite.
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Traces of native selenium and of rare vanadates occurring in the mines of
the Bull Canyon district were also found. The mineralegy is apparently
typical of a vanadium-uranium ore body.

Only general paragenetic relations have been established. The low
valence minerals replace host rock and organic materials sometimes with
extreme fidelity., High valence minerals replace the lew valence minerals;
the sequence conforms to the oxidation sequence preposed by Garrels and
Weeks.

The study is at present concentrated on the relation of the pri-
mary vanadium minerals to the primary uranium minerals. Textural relations
that have been observed are indeterminate and no relative age can be given,
From the textures observed the best guesé at present is that the low valence
uranium and vanadium minerals are contemporaneous. Pyrite seems to be of
two origins; some is associated with the ore and some was formed probably
during diagenesis of the sediments., Gypsum is in part in cements that were
replaced by ore minerals and in part in veins cutting ore. Because gypsum
is so readily soluble it might be expected to move rather extensively.
Quartz grains in the sandstones show signs of cerrosien and replacement by
vanadium-uranium minerals. Barite tentatively is late replacing ore minerals,
but the textures are not diagnostic,

Preliminary study of polished sections ef mineralized carbonaceous
materials indicates that mineralized wood is mere abundant than previously
thought and that several specimens of so-called asphaltite are in fact
coalified wood.,

Study of the fine-grained, vanadium-bearing silicate minerals

interstitial in ore sandstones indicates the presence of at least three
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minerals: chlorite, roscoelite, and vanadium hydromica. The least oxidized
ore at Rifle, Colorado (sample collected by R. P. Fischer) contains micro-
scopic crystals of montroseite around the quartz grains,

New data on problem minerals include a chemical analysis of
corvusite from Monument No. 2 mine, Arizena, and a chemical analysis of
synthetic velborthite,

Data on new minerals include the finding of single crystals of
"doloresite™, a new V*hmineral. Additional specimens of sodium vanadate
from Utah yielded sufficient material to complete the work on this mineral.
An iron vanadyl vanadate, first found in the Hummer mine in 1950, was found
in ore from the North Star and from the Peanut mines in Colorado. A new
calcium hypovanadate from the Peanut mine was analyzed; it is also known
from the Sundown claim in the 8lick Rock district, Colorado. Crystallo-
graphic study was begun on two additional new vanadium minerals from the
Peanut mine,

Chemical and spectrographic- determinations were completed on
purified pyrite and marcasite samples from various localities in the
Colerado Plateau., The Co/Ni ratio is quite variable and the cobalt content
is more variable than the nickel content., Selenium is cencentrated more in
marcasite than in pyrite.

A microdrill, designed and fabricated at the Washingten Trace
Elements laboratory, proved satisfactory for ebtaining small pure fractions
of minerals frem polished sections. The microdrill was adapted for use
with the ore-microscope at about 100X magnificatien.

The collection of uranium and venadium minerals was exhibited at

the GSA meeting in Los Angeles November 1-3, 195k.
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More than 3000 copies of Bulletin 1009-B, "Identification and
occurrence of uranium and vanadium minerals from the Colorado Plateaus,"
were sold in the first two months after it was published and the bulletin
was reprinted in August.

TEI-L5L, "Abernathyite, a new uranium mineral of the metatorbernite
group,” by M. E. Thompson, Blanche Ingram, and E. B, Gross was issued,

Clay minerals.-=Work on the clay mineral studies of the Triassic

formations has been confined to field observations and sampling for labora-
tory work. The Triassic outcrops of southeastern Utah and nearby areas in
Colorado and Arizona were sampled at approximately 20-mile intervals with an
average of 10 samples from each section. The objective of the work is to
determine the regional and stratigrephic distribution of the clay minerals
of the Triassic formations for comparison with the clays closely associated
with uranium ores.,

As there is no published account of an investigation of such a
large mass of rock, there is no precedent for the best sampling technique
for the present study. What stratigraphic and geographic interval of
sampling is necessary to characterize the clay mineral distribution? Should
the samples be collected statistically at pre-determined intervals, or should
they be collected to represent the various rock types in a section regardless
of their stratigraphic positien? A compromise between the two extremes was
adopted. Generally speaking, the samples were taken at fairly even strati-
graphic intervals with emphasis on the rocks most closely associated with
the uranium-bearing Shinarump and Moss Back sandstones. However, numerous
deviations from this sampling precedure are made to determine how the sam-

pling technique might be improved.
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Results from the samples collected this year should indicate what
additional sampling is necessary in southeastern Utah and how further work

in areas outside these already sampled might most profitably be conducted.

Distribution of elements, by E, M. Shoemaker

The frequency distribution of most elements in barren sandstones,
including both major and minor elements, has been found toc be log-normal.
Establishment of this fact has permitted the use of Fisher's it estimator te
to estimate the most probable arithmetic mean composition of barren Salt
Wash sandstone, Because of the log-normal habit of the elements and because
log standard deviations of the individual elements are clesely comparable it
is also possible to estimate with fair accuracy the mean composition for
2lements whose mean lies slightly below the threshold of detection by the
spectrographic method., A comparison of average Salt Wash sandstone with
the average for sandstone published by Rankama and Sahama is given in
table 1.

Study of the regional variation in minor-element content in the
barren Salt Wash sandstone indicates a distinct regional high in copper
centered roughly on the Slick Rock district, San Miguel and Dolores Counties,
Colo. (fig. L). Vanadium content of barren Salt Wash sandstone is distinctly
high ever an area that roughly covers the Uravan mineral belt (fig. 5).

Comparisons were made between the cemputed average cempositions of
formations ranging frem the Cutler formation of Permian age to the Dakota
sandstone of Late Cretaceous age, and the number of known uranium deposits
per unit volumes of sandstone for each of these formations, Potassium was
found te have a significant negative correlation with the number of known

uranium deposits per unit volume of sandstone. The Burre Canyon and related
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Table 1.--Comparisen of Salt Wash sandstone with "average" sandstone
(composition given in arithmetic mean grams per metric ton)

Element Salt Wash ssAé/ Average SS 2/
8i >100,000 367,500
Al 14,600 25,300
Fe 3,000 9,900
Mg 1,000 7,100
Ca 72,000 39,500
Na 2,100 3,300
K L, 430 11,000
Ti 6L0 960
Zr 150 not given
Mn 380 trace
Ba 630 170
8r 70 <26
Cu 20 not given
Cr 9 68-200
v 18 20
Co O. 35 0
Ni 0.L 2-8
Ag 0] . Llé 0 . }-l»h
Y 2.8 1.6
B 13 9-31
b 0.k not given
U 1.3 1.2

1/ Composition calculated from 96 samples.
2/ Rankama, Kalervo, and Sahama, Th. G., Geochemistry: Univ,
of Chicago Press, 1950, table 5.52, p. 226

Early Cretaceous formations and the Dakota sandstone were found to have an
average potassium content comparable to that of the Shinarump conglomerate
and various members of the Morrison formation. This suggests that the
Dakota sandstone may be especially worthy of prospecting in the southern
part of the Colorado Plateau, south of the 1imit of the underlying Brushy
Basin member of the Morrison formation.

Compilation of published analyses of igneous rocks of the
Colorado Plateau (literature exclusive of 195)) has shown trends in com-

position. Except for alkaline basaltic rocks and their differentiates,
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nearly all the igneous rocks are normal calc-alkaline types. The lavas of
the strato volcanoes of the southern Colorado Plateau, the lavas of the
Marysvale region, the laccolithic rocks of the central Colorado Plateau and
San Juan and West Elk Mountains all show essentially the same trend of total
alkali-total iron-magnesia ratio, a trend that fits closely the trend of
Daly's average basalt, andesite, latite, and rhyolite,

Comparison of the soda-potash-lime proportiens and spectro-
graphic analyses reveal that the lagcoliths of the Colorado Plateau can be
separated into two groups of contrasting composition. Review of previously
published work coupled with reconnaissance field studies confirms the belief
that the laccoliths of the Colorado Plateau and adjacent San Juan Mountains
are of at least two and probably three or more widely separated ages. Lac-
coliths of the West Elk Mountains and of the eastern part of the Golorado
Plateau and adjacent San Juan Mountains are of post-Early Eocene and of
Miocene (?) or post-Miocene (?) age. These laccoliths are characterized by
moderately high radieactivity, by high lead and rare earths (figs. 6 and 7),
and by a ratio of soda to potash of near one.

Laccoliths of the central Colerado Plateau, including the Rico,
La Plata, Ute, Carrizo, La Sal, and Henry Mountains, are characterized by
low radioactivity, low lead and rare earths (figs. 6 and 7), and by a seda
to petash ratie between one and two. Faclies changes and types of porphyry
in pebbles and cobbles of the McDermott member of the Animas formation, ef
latest Crevaceous age, suggest that thele Plata Mountains, a member of the
central Celerado Plateau group, were a major source of the igneous detritus
in the McDermott member. A spectrographic analysis of porphyry from the

McDermott menber compares closely with the analyses of laccolithic recks of
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central Colorado Plateau. It is suggested that the central Colorado Plateau
laccoliths are of probable jatest Cretaceous age, rather than of mid-Tertiary
age, as suggested by previous writers,

Petrographic study of the igneous rocks from the Ute Mountains
shows that differentiation between phienocryst and groundmass phases in a
single sample of diorite porphyry essentially duplicates the chemical and
mineralogical differentiation in the Ute Mountains rocks, which range from
basic diorite porphyry to quartz monzonite porphyry. Fractional crystalli-
zation is therefore indicated as a possible, if not likely major factor, in
the origin of this simple differentiation sequence. The data are also com~
patible with fractional fusion and assimilation of granite as major factors
in the differentiation of the Ute Mountains rocks.

The variation of minor elements in the differentiation sequence of
the Ute Mountains intrusives mainly follows trends normal for calc-alkaline
rocks (fig. 8). Among the elements of interest, the percentages of vanadium,
copper and cobalt decrease in the more acid differentiates and the percentage
of nickel appears to show an anomalous tendency to increase. In the lavas
of the San Francisco Mountains (fig. 9) and Marysvale volcanic fields, per-
centages of vanadium, copper, nickel, and cobalt decrease sharply whereas
the percentage of lead increases toward the rhyolite end of the differentia-
tion sequence, as is the case for normal calc~alkaline rocks. The intrusive
rocks of the Henry Mountains laccolithic group appear to exhibit alternative
modes of differentiation. One trend is like that of the Ute Mountains
whereas in another, shown by monzonite porphyries, vanadium and copper as
well as lead and rare earths are enriched in the more acid rocks.

The laccolithic rocks of the central Colorado Plateau, with minor

exceptions, are all closely comparable in trace element composifion. Among

342684 O -55 -5
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the laccolithic groups studied to date, however, the rocks of the Ute
Mountains appear te be slightly deficient in the trace element suite that
is concentrated in the uranium deposits of the Coclorado Plateau, Vanadium
shews an anomalous tendency te be enriched in the monzonite of the Henry
Mountains and the syenite of the La Plata Meuntains, and copper is anoma-
lously enriched in the monzonite of the Henry Mountains and the syenite of
the La 8al Mountains,
Study of the altered igneous rocks in the Ute Meuntains shews
that the suite of metals subject to transportation, both these introduced
and these leached, during alteration includes the metals intreduced inte
uranium depesits that are lecallzed along faults thought te be related to
intrusion of the Ute Mountains igneous rocks. Selutiens related te igneous
activity are thus shewn to be a potential seurce ef the metals introduced
in these uranium depesits.
Study of the composition of 211 uranium depesits frem the Jurassic
Merrisen formation and 38 uranium deposits from the Triassic formatiens of
the Colorado Plateau has 1led to the following classificatien of elements
in sandstone~type uranium deposits:
Syngenetic elements
Intrinsic

elements
Epigenetic (diagenetic) elements

Extrinsic
elements

< T

Accessory elements
Determinatien of the rele played by an element in Colerado Plateau uranium

depesits rests upon comparisen of the ores with the barren host rocks and
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upen the statistical dispersion and cerrelatien of the elements in the eres.

Classification ef the individual elements in average uranium deposits ef the

Merrisen fermatien is given in table 2,

Copper, lead, silver, nickel, cebalt,

molybdenum, yttrium, arsenic, and selenium are the principal detectable

accessory extrinsic elements.

Table 2,--Classification of elements in Merrisen uranium depesits

INTRINSIC

EXTRINSIC

<

rORE

“ACCESSORY

~SYNGENETIC

~EPIGENETIC

ilicon
AJuminum
Potassium
Strontiun
(Sodium)*

Iron
Barium
Titanium
Zirconium
Chremium

Magnesium)* Boren

BSodium

Calcium
Magnesium
Manganese
(Iren)*

\(Baxrium)*

ranium

Vanadium

(Iren):*

Yttrium

Y tterbium

¥# Secendary role played by element.

(Potassium)*

(Magnesium):¢

Copper
Lead
Zinc
Silver

Arsenic
Beryllium
Selenium

Scandium
Lanthanum
Gallium

Nickel
Cobalt
Molybdenum
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Statistical analysis of the regional distributien of cepper in
sandstone uranium deposits shows the distributien is nenrandem. The
regional distribution ef extrinsic accessery elements in the sandstone type
uranium depesits studied is shown in figures 10 threugh 16. Twe major
types of regienal patterns are exhibited by the elements studied., One type
includes an area in which there is a preponderance of high values partially
coincident with the regien of salt structures. The ether type includes
an area characterized by a predominance of high values nerthwest ef the
Celerade River. The centinuity of patterns fer all of the metals in general
appears te be independent of the stratigraphic pesitiens ef the uranium
depesits studied.

Copper, silver, and lead belong teo the first type eof pattern,

The prominent "high® that is roughly coincident with the salt structures is
also roughly centered on the La Sal Mguntains. Essentially nenuranifereus
copper depesits within this "high" area lie cleser te the La Sal Meuntains
than do the bulk of the uranium depesits. A rough zenal relation between
copper depesits and uranium depesits areund the La Sal Mountains may be
indicated. Whether this distributien of cepper is related in any way te

the anemaleus rise ef copper in the syenitic differentiates eof the La Sal
Mountains cannet at present be determined, It shoyld also be neted that the
copper "high" is partially coincident with the area ef high copper in the
barren sandstenes ef the Salt Wash member ef the Morrisen fermatien (fig. 10).

Nickel, melybdenum, and selenium beleng te the secend type eof
pattern. No geelegical features are knewn at present which ceincide with
this pattern. Yttrium may alse fellew this pattern partially, but its
distributien appears te be mere nearly random, pessibly because an appreci-

able propertion of the yttrium in the uranium eres is prebably intrinsic.
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The cerrelation between elemental cempesition and size of ore
body was studied fer 70 uranium deposits in the Merrison formatien. Eight
elements were found to show significant cerrelatien with the size ef ore
bedies frem which representative mill pulp samples were analyzed. The cen-
centration ef uranium cerrelates pesitively with the size of the ere bedies
whereas the cencentratiens of nickel, ytitrium, manganese, calcium, zircen-
ium, and iren cerrelate negatively with size., Cemputation of equatiens fer
these relatiens permits predictien ef the size eof the ere bedies from semi-
quantitative spectregraphic analysis of representative samples ef the ore.
It is believed that the predictions are sufficiently reliable te be useful
in distinguishing very large and very small ere bedies frem ere bodies eof
intermediate size,

District geophysical studies
By R. A. Black

Field research was continued in geophysical metheds, techniques,
and interpretive procedures, and geophysical metheds were applied to the
solutien of problems connected with geolegic studies and expleratien., Gee=-
physical methods in uwse include standard multiple-electrode electric legging,
experimental surface-inhole electrical measurements, refractien seismic, in-
hole velecity studies, and experimental shallew reflectien studies.

Electric legging was carried eut with a miltiple-electrede
electric legger in three areas: Helbroek, Arizenaj Menegram Mesa, Celerade;
and Heliday Mesa, Utah. The legging at Helbreek, Arizena, was dene to
gather informatien en the electrical characteristics ef the Chinle fermatlen,
te cemplement surface-inhele elecirical werk in this area, and te cerrelate

the electric-log data with radiemetric data ebtained in this area by the AEC.
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A tetal of 95 holes were logged in the Helbroek area, The infer-
matien ebtained is being tabulated and work is in pregress on cerrelatien ef
electric-leg data with gamma-ray data. The differences in resistivities be-
tween the sandstene, mudstene, and siltstene of the Petrified Ferest member
of the Chinle fermatien ("C" divisien of Gregery) are quite small, The mud-
stene resistivity is about 10 ehm-meters, the siltstene slightly higher,
and the sandstene about 60 ehm-meters.

On cempletion of electric legging in the Helbreek area drill heles
were logged en the Peamut Greup of claims in Bull Canyen and en Heliday
Mesa, Utah, The Hellday Mesa measurements were made fer cemparisen with
the results ef the present AEC drilling pregram in this area, and the
Peanut Group measurements are being made te esteblish drilling guides frem
a combinatien ef gamma-ray and electric log data.

As considerable instrumental difficulty was experienced with the
standard legging equipment, a number of improvements were made to adapt the
instrument te Celerado Plateau legging conditiens, The escillater has been
replaced with a later type which synchronizes itself with the 60-cycle
current supplied te the unit, thus eliminating twe tubes and all beat preb-
lems. The unlt is now working at 30 cycles or ene-half the supply frequency,
The zero centrels have been improved and the RC filter was removed frem the
input te the current regulater amplifier, Because the neeprene legging cable
new used 1is respensible for much ef the leakage that has been causing treuble,
an armered cable will be substituted te reduce leakage and impreve greund
centact by eliminating the surface electrede,

Experimental surface-inhele electrical measurements were made at

Helbreek, Arizena and at Deer Flat, Utah. The Helbreek measurements were
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made to test the equipment and to experiment with various electrode con-
figurations., Previous drilling and electric logging in this area afferded
control., The electrode configuration experiments were conducted in an area
where the electric logs showed apparent resistivity variations which seemed
to be due to changes in thiclness of a sandstene layer in the Chinle forma-
tion. The basic electrode configurations tested are shown in figures 17 and
18. It was found that the current circle (VI) gives the mest satisfactory
results, and configurations I, II, and III were the least satisfactory,
This initial testing of the equipment resulted in instrumental changes such
as the installatien of additional basing contrels and a variable centrel en
the voltage output.

In the Deer Flat area experimental surface-inhele electrical
measurements were made in an attempt to outline a channel in the Shinarump
fermation that was covered by 200-250 feet of overburden, The drilling en
Deer Flat was concentrated near the canyon rims and the most of the surface
consists of exposed bedrock with only occasional patches eof thin sandy soil.
Experiments were made with various types of electrodes in an attempt to ime
prove surface centact. The best resulis were ebtained with ene-foot—square
pleces of copper screen covered with mud saturated with salt water, but
even so the results were not consistent enough to make surface-inheole
electrical measurements practical in this area. Topographic differences
influence the measurements and cannot be safely ignered. Much ef the
Colorado Plateau is unsuitable for application of surface-inhele electrical
surveys because of the necessity fer goed ground centact cenditiens,
relatively flat topography, and a suitable electrical contrast between

the target and the surrounding material,
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Seismic refraction field work was carried out on Holiday Mesa,
Utah; Mitchell Mesa, Arizona; Deer Flat, Utah; and in Oljeto Wash, Arizona.
Some of this work was concerned with the application of techniques developed
by previous work in Monument Valley, and part with refinement of existing
techniques and experimental surveys to test new applications of the seismic
refraction method.

A seismic refraction survey was made on Holiday Mesa prior to
exploration drilling by the AEC to determine the trend and depth of a
channel on this mesa. Excellent results were obtained.

A seismlic refraction survey was also made on Mitchell Mesa,
Arizona to detail the Mitchell Mesa channel to aid in planning a drilling
program. The trend, width and depth of the channel were determined, Wide-
spaced reconnalssance lines were also shot over the mesa top but no other
channels were discovered.

Experimental seismic refraction tests were made in Deer Flat,
Utah, in an attempt to map the Shinarump~Moenkopi contact through approxi-
mately 250 feet of overburden including alluvium and the Mossback sandstone
and Monitor Butte members of the Chinle formation ("D" division of Gregory).
The Monitor Butte member seems to have a higher veloclty than the Shinarump,
which tends to mask the Shinarump, and thus makes it difficult to determine
the Shinarump-Moenkopl contact with accuracy. The experimental work in
Deer Flat was shot with various charges and spread lengths on a grid laid
out by the geologist., Preliminary examination of the data indicates that
it may be possible to map the top of the Moenkopi in this area.

A large scale seismic refraction program was initiated in the
Oljeto Wash area of Arizona, which consists of a broad sand-covered valley

with few outcrops. This program is the culmination of several years of
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geologic and seismic studies in the Monument Valley area, and it is hoped
that channels will be discovered that do not crop out. The results should
also serve as a demonstration of the use of the seismic refraction method
for uranium exploration.

A permanent camp has been set up for the seismic crew, and sur-
veying of the approximately 30 square miles has been completed. Reconnais-
sance lines are being shot along section lines to locate the most suitable
areas for more detailed surveys.

In~hole seismic velocity studies were carried out in a mumber of
areas this summer with the in-hole velocity cable using crystal detectors.
The results will ’c'>e used as part of a tabulation of physical properties of
the various Colorado Plateau formations.

Experimental shallow reflectlion measurements were carried out to
determine if usable shallow reflections could be obtained under the strati-
graphic conditions present on the Colorado Plateau, This preliminary work
was chiefly concerned with the development of shallow reflection techniques,
and with refinement of operating techniques., Field tests were made in the
following areas: (1) Nokai Mesa, Arizona, where measurements were made
direc‘tl:s; on top of the Shinarump conglomerate over known channels; (2)
Deer Flat, Utah, where the Shinarump conglomerate is overlain by approxi-
mately 200 feet of overburden including alluvium, Mossback sandstone, and
mudstones and sandstones of the Chinle formation; and (3) Monogram Mesa,
Colorado, where the Salt Wash is covered by 200-900 feet of overburden in-
cluding the Brushy Basin member of the Morrison formation and the Burro

Canyon formation.
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Field work on the shallow reflection program has been recessed
until spring. Preliminary examination indicates that shallow reflections
were obtained in all three of the test areas, although they were often
discontinuous and showed erratic step-outs which make interpretation
difficult. More work is planned for the spring, in particular using
pattern charges and multiple geophones, to improve the character of the
records. If the record character can be improved, it is possible that
this technique may have a considerable application in problems of uranium
exploration,

Regional geophysical studies
by H. R. Joesting

Aeromagnetic surveys

Aeromagnetic surveys covering sbout 16,000 square miles have now
been flown in connection with the Plateau Regional Studies (fig. 19).
This includes about 3,900 square miles in the Green River Desert--Henry
Mountains region of Utah, flown in October 195k, In addition, some L,000
square miles in the Uravan--Moab and the lukachukai areas were flown prior
to fiscal year 195l and are available for the Regional Studies. No addi-
tional aeromagnetic surveys are contemplated at this time except of a few

small areas where additional data are required.

Gravity SUrveys

Regional gravity surveys made to date are shown in figure 20.
During the past six months fill-in gravity surveys were completed in the
Inter-River area, Utah, and the Gateway~-Egnar area, Colorado, Details
of the additional coverage in the Gateway-<Egnar area are shown in figure

21,
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A preliminary gravity survey was made of eight 7i-minute quad-
rangles in the Carrizo Mountains area in northeast Arizona (figure 20).
This survey will be extended to cover ag additional eight quadrangles if
weather conditions permit,

A total of about 200 miies of base lines have been added to
existing lines during the past six months to permit reducing all gravity
values to a common datum, Base lines completed to date are shown in
figure 20, Closing errors were smellj for a 370-mile line from Grand
Junction to Uravan, Egnar, Dove Creek, Monticello, Moab, Thompson and
back to Grand Junction, the closing error was only 0.35 mgal., Other base
lines have proportionately small closures.

A total of about 1,800 gravity stations have been established,
of which about 500 were established during the summer of 1954, All are
tied Yo the Coast and Geodetic Survey pendulum station at Egnar, Golorado,
through base stations,

Altimetry has been used extensively to establish elevations of
gravity stations in the quadrangles covered by multiplex maps with a LO-
foot contour interval, and on traverses across the front of the Uncompahgre
Uplift where no topographic maps are available, Double-base, single-base
and no-base altimetric methods were used, depending on the availability of
bench marks, the length of traverse, and on topography and atmospheric
factors related to topography.

The average error in altimetric elevation is somewhat less than
five feet, though errors at a few stations approach 10 feet. This corres-
ponds to gravitational errors of 0,3 and 0.6 mgal respectively., Maximum
elevation errors in the two reconnaissance lines across the Uncompahgre

front are dbout 20 feet,
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Related investigations

About 50 oriented specimens were taken from diorite laccoliths
and sills in the Carrizo and La Sal Mountains, and from minette-type sills
near Shiprock, In addition, about 300 randomly-oriented specimens of in-
trusive and extrusive igneous rocks and of pre-Canbrian crystalline rocks
from various localities were furnished by Survey geologists or were col=-
lected during the swmmer. Determinations of magnetic susceptibility and
density, and where possible cf remanent magnetization, will be made on these
specimens to aid in the interpretation of magnetic and gravity data.

Subsurface information on Paleozoic stratigraphy and on the pre-
Cambrian basement was obtained from oil companies and other sources.

This information, while somewhat scant, will be invaluable in relating
geophysical data to geology.

Ground magnetometer surveys of small areas were made at Upheaval
Dome in the Inter-River arsa, on La Sal Mountains and on the San Rafael

Swell.

Ana;ysis of results

A ground magnetometer survey in the Upheaval Dome area, Utah,

showed that the previously reported magnetic high centers over the west

edge of the crater, rather than over its center, Preliminary results of a
gravity survey indicate a gravity high coinciding approximetely with the
magnetic high, but with a small gravity low near its crest. It thus appears
likely that Upheaval Dome is underlain by comparatively shallow basement or
other basic rock, and that the sharp domal structure is caused by a salt
intrusion., Additional gravity stations are required to check the validity

of this interpretation.
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Reconnaissance ground magnetometer surveys over several areas of

altered rock in the San Rafael Swell, Utah, show essentially no anomalies,

It thus appears unlikely that igneous rocks are associated either with the

rock alteration or with the altered areas, at least not at shallow depihs.

Reconnaissance ground magnetometer surveys were made over parts

of La Sal Mountains, Utah, to determine the cause of two negative magnetic

anomalies,

Results showed that they were related to topography rather than

to inverse magnetization of the diorite.

Plans

Pr
Mountains an
in surveys

of a final

reliminary regional gravity surveys will be made in the Carrizo
id the White Canyon--~Elk Ridge area as shown in figure 20, Fill-

i11 be made in the Momument Valley area to permit preparation

egional gravity map. Field work will be recessed during Decem-

ber and January, and gravity data will be reduced at an increased rate

during the
As

be made to

L

ter,

modern topographic maps become available, gravity surveys will

join the areas already covered.

Geothermal measurements will be made in deep diamond-drill holes

in the Temple Mountain area, San Rafael Swell, through the cooperation of

the Exploration Division, Grand Junction Operations Office, AEC., Cores will

also be made available by the AEC for thermal conductivilty measurements,

For deeper measurements, to 4,000 feet, power driven equipment is under con-

struction in the instrument shops of the Geological Survey.

It is hoped that sufficient geothermal information will eventually

become available to permit computing temperature gradients and heat flow
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from the earth's crust in various parts of the Colorado Plateau., If, as
appears possible, the ultimate source of the uranium is in the underlying
crustal rocks, then the heat flow from these rocks may be anomalously high.
Original-state core studies
by G. E, Manager

The San Francisco office of the U. S. Bureau of Mines has made
an extensive series of analyses of cores from the "blue~black" ore and
country rock in the Bitter Creek area. The most notable result is that, as
in the carnotite ore section of the Long Park drill hole (LP-530), a def-
inite increase in the water content of the ore-bearing sandstone was found
in and below the blue-black ore (drill hole BCX-1)., A comparison of these

relationships is summarized below:

Table 3,--Data from Long Park drill hole LP-530

Water Soluble
Interval content, solids
referred Number percent Permeability, assigned
Drill to of of pore dry air, to pore
hole ore zone Samples  space millidarcies water, ppm
IP-530 0-2i' above 2l 7.3 343 350,000
2.9' ore zone 8 L6 174 47,300
0-3l' below 35 29.1 L79 75,300
BCX~-1  0-23!' above 23 39,2 0.07 375,000
3.6' ore zone 10 55.7 0.18 (8 samples) 397,000
0-25' below 23 68.8 0.02 (20 samples) 335,000

As the BCX~l samples from the ore-bearing sandstone are much less
permeable than the LP-530 samples, the average pore size is less and the

pore water content throughout the "sandstone" is greater. But, as in the
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LP-530 section, the pore water on a percent-of-pore-space basis increases
notably in the ore zone over the amount in the rocks immediately above.
The possibly more dilute pore water solutions in and below the carnotite
ore in drill hole LP-530 (soluble solids assigned to pore water) are not
indicated for the corresponding section in and below the "blue-black" ore
in drill hole BCX~-l, Also of interest is the fact that hot-distilled
water extracts of the soluble salts from the Bitter Creek cores from drill
holes BCX-1 and BCX-2 generally show a pH value greater than 8, except in
samples from the ore 2zone, where the pH locally is less than 7.

In order to investigate further the relationship of electrical
resistivity and self-potential to radiocactivity and other core properties
in carnotite terrane an offset hole, LP-530A, was drilled 10 feet south-
west of the first experimental drill hole, LP-530, The results are pre-
sented in figure 22, Both the Geological Survey and the Schlumberger
electric logs show a notable decrease in resistivity and self-potential in
the radioactive zones, and the reciprocal relation between resistivity of
the Schlumberger laterolog (LP-530A) and pore water saturation (LP-530) is
remarkably good. The best reciprocal correlation between radioactivity
and electrical properties is shown by the ore zone D and the next most
radioactive interval, zone B, The eU308 values of these and the other
zones of figure are given in figure 20, In figure 22, at 283,5 feet and
just below zone D an additional radiocactive peak correlates well with the
electrical properties and pore water, but the core count was not determined.
Zone E is anomalous., Another pore water maximum is present here, but it
coincides with a resistivity maximum rather than a minimum. 2one E may

represent the top of an interval in the sandstone containing pore water of

342684 O - 55
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diminished salinity, and gréund water may be rising upwards through zone D
and largely evaporating between zones D and C.

Figure 23 shows the presumed stratigraphic correlation, referred
to an arbitrary datum, of the ore-bearing drill hole LP-530 and the essenti-
ally barren drill hole LP-53L in the carnotite terrane of Long Park, The
relationships among radioactivity, permeability, pore water saturation, and
soluble salts arbitrarily assigned to the pore water also are shown. Drill
hole LP-531 is 1680 feet §.7L° E.of drill hole LP-530 and according to the
present corrslation is 85 feet structurally lower than IP-530. Causal con-
nection between grsater pore (ground) water saturation and carnotite occur-
rence has ncot been demonstrated, but the association of these conditions in
both carnotites and "blue-black" ore terrane indicates that at a barren
locality, as perhaps at LP-53l, consideration should be given to drilling
until either appreciable water in permeable sandstone or appreciable radio-
activity is encountered. With suitable modification of present electric
logging techniques to allow for the previously mentioned probable variability
in pore water salinity, changes in water saturation will likely be readily
identifiable,

Table L presenfs a comparison of core and bore-hole radiocactivity
with the uranium determined by chemical analysis in the cores from drill
hole LP-530. Rock with no significant count above background contains
about 0,001 percent U, but rock with only 0.0013 percent U (zone B) shows
detectable anomalous radiocactivity both in the cores and bore hole, The

eU 04 may exceed the U by about 30 percent (zone D),

The Eastern Regional Laboratory of the U. S, Bureau of Mines,

Go;lege Park, Maryland, has related the petrography of cores from drill

342684 O - 55
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Table lL.-~Comparison of core and bore-hcle radicactivity
with uranium in cores, drill hole LP-530

Radiocactivity
Cors Bore~hole, Core, Uranium,
Zone, Sample interval, percent counts per chemical,
figure mumbers feet eU308 minute percent
A 2l, 25, 221,31 0.002 (1.451) Wt 28 not deter-
27-29 1o mined
226,96
- 375 39 233,00 Barren 0.001
to to
235.88 0.0009
B L7, 48=53 212,02 0.007 (5.57") 1B3E 28 to
56, 57 to
252,0L 118 £ 30
118 30 0.0028
66+ 29 0,0013
c 69 262,0L 0,008 (1,07') 112% 30 not deter=-
o mined
263,00
D 85 276,73 0,51 (.83') 1,928 52 0,016
(ore only) to
277 .66 10,097 4 10L 0.26
17,108 £132 0,96
Weighted average,
Zone D 0.51 (831) 0,38 (,83")

holes IP-530 and IP-531 to previous dynamic tests of elastic constants, A

partial summary of the Bureau's and additional data is presented in table 5.

Specimens 1Q.2 and 1Q.11 are described as friable sandstone and

specimen 1Q.5 15 designated friable silty sandstone.

These samples are com-

posed mainly of quartz particles with some chert, feldspar, calcite, and rock

fragments,

enbayment o

However, the bonding in general is poor.

A few of the quartz particles show some overgrowth and minor
Speciments LQ.6 and
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Table 5.~-Data from core holes LP=530 and LP-531

Drill hole Drill hole
LP-530 LP-531
Bureauls
Sample.No. 1.8 IQ.6 I1Q.5 1Q.2 LQ.1l1 IR,.1 IR.3

Depth, feet 203.98 220.3Lh 229.90 258.L2 279.38 36,03 271,07
to +o to to to to to
204,96 221.31 230.83 289.30 280.23 37,00 272,01

Drilling Air Alr  AZr 0BM 1/ OBM 1/ = Adr Air

fluid

Geolo '&Iﬁ.’t BQBQCZJ BOB. BCBO SW SW BOBQ SW
(sw?)

Bar velocity,

ft/sec

Longtudinal 5,500 5,600 7,500 6,000 7,700 10,000

Torsional 5,00 6,400 5,800 5,900  6,L00

Permea‘bilityé/ s

Millidarcies ~ 01 ~1 ~100 ~500 ~ U0 ~10?

1/ OBM = Oii-base muc

2/ B.B = Brushy Basin member of Morrison formation
SW = Salt Wash membsr of Morrison formation

3/ Estimated from vertically adjacent samples

LQ.8 are described as argillaceous sandstone composed essentially of sub-
angular quartz particles with a minor amount of feldspar in a matrix of
calcite, sericite, limonite and clay. Specimens IR.1l and ILR.3 are des-
cribed as sandstons similar to LQ.2 and 1Q.11 but the quartz particles show
much more resorption and ovsrgrowth and consequently better interlocking.
Thus, on the basis of thecse samples the essentially barren drill hole
LP-531, in the ore-bearing sandstone unit of the Salt Wash member shows

tighter bonding and the higher longitudinal velocity of 10,600 ft/sec,
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whereas this unit in the carnotite-type drill hole LP=-530 shows looser
bonding and longitudinal velocity of 6,000 to 7,500 fit/sec., Possible
distinction between ore-bearing and barren ground by means of well velocity

shooting is indicated.

Black H:‘i_'llsE S, Dak,
by GQ BO Got 9 Henm Be ] 9 NO P. Cilppe]-s’

E. V. Post and R, W, Schnabel
Geological investigations

Investigations during the past six months as part of the southern
Black Hills project consisted of areal mapping (scale 1:7200), of approxi-
mately 1LO square miles, geochemical and detailed geological investigations
covering about one-sixth square mile, and geologic mapping of the Gould and
Livingston mines, Areal mapping of the Edgemont, Edgemont NE, and Minnekahta
quadrangles was completed, and mapping of the Flint Hill quadrangle is about
80 percent complete, (See figure 2l,)

As the past summer's field work of both the geological and geo-
chemical investigations has been completed only recently a statement of the
results must await compilation and evaluation of the field data and receipt
of analytical data. The preliminary data, however, indicate that structure,
lithology, and perhaps chemical environment were important factors in the
localization of uraniumevanadium deposits., A summary of the relationships

between these factors and the ore deposits follows:?

Structure
The geologic mapping completed in this area during 1953 indlcated

a relationship between specific parts of folded structures and ore deposits.,
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To test the validity of this relationship the AEC in May 195k drilled a
few holes on what was considered a favorable structure in the "East Red
Canyon Area®, Approximately five tons of ore per foot of drilling was dis-
covered, Geologic mapping during the past 6 months has largely supported
the concept that structure was a fagtor in the localization of the ore
deposits., At the present stage of development most of the mined and known
minable deposits are in three areas: (1) The large structural terrace in
the northwestérn part of the Flint Hill quadrangle, the southwestern part
of the Minnekahta quadrangle, and the southeastern part of the Edgemont
NE quadrangle. The largest known deposits of the district are in this
area, (2) The relatively small structural terrace between Craven and Coal
Canyons on which most of the Fall River deposits have been found. Most

of the ore mined to date came from this area. (3) The Lakota deposits of
upper Craven Canyon, North Long Mountain, and upper Red Canyon, Many of
these deposits are obviously within areas where the sandstones have been
locally flattened, The structures are small and the production has been
negligible.

Other types of structure, such as faults and joints, may have
influenced the localization of some deposits, The amount of ore localized
in this type of structure is small, but in some places, as in the Lion
No. 1 mine, the Livingston mine, and a small prospect near the Gould mine,
the carnotite is concentrated principally along the joints,

Channel. sandstones

Mapping of the lithology in the Inyan Kara group of formations
has resulted in the definition of a number of elongate bodies of sand-

stones, most of which appear to represent filled stream channels., These
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channels vary in width from less than one mile to perhaps as much as six
miles and occur throughout the Fall River, Fuson, and Lakota formations,

The largest of the probable chamnels are shown on figure 25,
Channel I includes the thick lower Lakota sandstones such as those in
Chilson, Craven, and Red Canyons. These sandstones apparently represent
the f£ill that was deposited in a broad valley from which the basal Lakota
carbonaceous siltstones had been partly to completely removed.

Chann=l II is exposad discontinuously from Pilger Mountain to
Red Canyon, and it may conhinus eastward to the Gould lease in the north-
west part of the Flint Hill quadrangle., In the Coal Canyon area the sand=
stone iz camented with ecarbonate, The sandstone generally is medium-~to
coarse~grained and is non-carhocnaceous.

Charnnesl IIT appesrs to represent the sandstone fill in a drainage
system that had largely ramovad a series of interbedded sandstones, car=-
bonaceous siltstones, and mudstones, which in the area to the west contain
producing ors deposits. The chanmel sandstone is the principal cliff-
forming member of the Fall River,

The boundaries of Channel IV in the Fall River sandstone are as
yvet ill-defined; however, the probable position of this channel has been
plotted by outlining the area containing an abnormally thick section of
Fall River sandstone with little or none of the various types of mudstones
cormon in the Fall River in adjoining areas, Some evidence of truncation
of older sediments by the sandstones included in this channel has been
observed along the eastern edge of the Flint Hill quadrangle., The wider
channels are complex in character, being composed of several types of

cros s=bedded sandstone interbedded with lenses of mudstone and siltstone.
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Some of these cross-bedded sandstones truncate the older rocks within the
channel, The smaller channels appear to be less complex lithologically and
some have more sharply defined borders. It seems likely that in some areas
the change from massive channel sandstone to mudstone is gradational with
increasing amounts of siltstone and clay away from the axis of the channel,
whereas in other areas the change is abrupt, because of truncated thin-

bedded sandstone and siltstone or mudstone.

The Gould Leasg

A detailed study of the Gould Lease was begun in May 195 to
investigate factors controlling deposition of carnotite ore, to evaluate
the effectiveness of geochemistry and thermoluminescence as guides to ore
when combined with a knowledge of stratigraphy, lithology, and structure of
a known ore body, and to describe in detail one of the most productive
uranium mines in the southern Black Hills. The Gould Lease is in the SEj
sec. 11, T. 8 S,, R, 3 E. All production has come from underground workings,
which consist of & series of connecting drifts, with a combined length of
L30 feet.

Surface geology of an area 1LLO feet long and 6L0 feet wide in
the vicinity of the Gould Lease is being mapped on a scale of 1 inch to,

LO feet. The Pabst No. 3 claim, which has been mapped at the same scale,
adjoins the Gould Lease on the northeast. In addition to surface mapping,
the underground workings are being mapped at a scale of one inch to 10 feet
as the ore is mined. Eighty percent of the surface and underground mapping
has been completed, Underground mapping will continue until the ore is
exhausted. As data become available, structure contour maps, isorad maps,

isopach maps of the ore, and geologic sections are constructed, Concurrent
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with the underground mepping, samples are taken for permeability and thermo-
luminescence studies and for chemical analyses., Fifty-four samples have
been taken of rock units associated with the ore. Additional data on the
ore are being compiled from lithologic and radiocactivity logs of 57 wagon
drill holes and current drilling in the area by the Rudman Oil Co., the AEC,
and the mine operators.

Regional mapping in the area by the USGS indicates that the ore
deposit is 60 to 70 feet above the base of an elongate, easterly-trending
body of sandstone in the lower Fall River sandstone (Channel II, fig. 25).
The host rock is generally a medium- to coarse-grained non=carbonaceous
sandstone, In some places, however, the undulate upper surface of the ore
extends into an overlying clay-gall conglomerate., Although the ore body
has not been adequately outlined by drilling or mining, it seems to have an
easterly trend and has an average thickness of at least 3 feet., Although
a set of northwesterly-trending master joints appears to have controlled

much of the mineralization, many of the faces and walls of the mine show
an irregular distribution of the ore not directly associated with the
structure., Major shifts in the trend of the ore occur in faces of massive

sandstone where there are no apparent changes in lithology or structure,

Radioactivity survey

A radioactivity survey of part of the Flint Hill gquadrangle
detected 26 new anomalies (fig. 2L)., Some of these are more encouraging
than others., Several of the anomalies were in areas of thin-bedded sand-
stone and siltstone--a lithology similar to that containing some of the
larger Fall River ore deposits of dark uranium and vanadium minerals in

the Edgemont NE quadrangle. This area of thin-bedded sandstone and siltstone
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parallels one of the channel sandstone bodies which contains the carnotite
ore deposits of the Lion No. 1 claim and the Sheep Canyon claims. Several
of the anomalies found suggest that one of the smaller channel sandstones
might be favorable for deposits of the type now being mined on the Gould

leagze,
Geochemical investigations

Since July 1954 study has been made of the value of geochemical
methods of uranium prospecting when combined with detailed geologic mapping.
Long Mountain was selected as the site for study because of the abundant
information available on the subsurface geology of an area including several
small ore bodles discovered by AEC exploratory drilling.

Field work completed during the summer of 1954 includes the con-
struction of a geologic map of an area 1200 feet by 1800 feet in the NE%
sece 30, Te 7 S.y R. 3 Eo, at a scale of one inch to 100 feet; the compila-
tion of data needed to construct isorad maps, geologic sections, and

structure contour mapss the lithologic and radiocactivity logging of cores
| from 74 diamond drill holes; the sampling of every lithologic unit in each
drill core for geochemical analysis; the selection of rock specimens from
barren and mineralized parts of the core for thin section stud&; the col-
lection at 100-foot intervals throughout the map area of soil samples for
geochemical analyses; and the collection of selected rock specimens for

thermoluminescence studies.



107

Devils Tower, Ezog% and Montana
by C. S. Robinson, W, J. Mapel;, and M. H., Bergendahl

The Devils Tower area (fig., 26) includes parts or all of the
Newcastle, Moorcroft, Rozet, Devils Tower, Bertha, and Aladdin 30-minute
quadrangles in Wyoming, and the southern part of the Broadus, Ridge, and
Ericson 30-minute quadrangles in Montana., Most of the area was mapped by
W. W. Rubey and others of the Geological Survey from 1922 to 192k, but the
maps were not published (fig. 27). The southeast quarter of the Devils
Tower quadrangle was mapped by the authors in 195l.and geologic mapping of
the area is now complete. Work remaining to be done consists of checking
the earlier work of Rubey and others, compiling the map and stratigraphic
sections, and preparing a descriptive text. As the entire area has not
been examined by the authors nor has all of the earlier work been compiled,
only a brief description of the general geology can be given at this time,

Exposed sedimentary rocks in the area have an aggregate thickness
of about 10,000 feet and range in age from Triassic to Recent., The sequence
includes rocks of both marine and non-marine origin, the latter consisting
moStly of sandstone and shale. The rocks may be divided into 33 units,
exclusive of surficial deposits of Quaternary age, as shown in table 6.
All formations are essentially concordant in dip except for the White River
formation of Oligocene age and the deposits of Quaternary age, which over-
lap the older rocks.

The three formations in the Inyan Kara group, the Lakota, Fuson,
and Fall River, are difficult to map or correlate over any great distance
because the lithology, especially in detail, is extremely variable along

the strike and dip. In most areas the group may be divided into an upper

sandstone unit; a middle shale unit, and a lower sandstone unit.
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Table 6.—Generalized section of sedimentary rocks exposed on the
northwestermn flank of the Black Hills

(Adapted in part from U. S. Geal, Survey Prof, Paper 165A)

Series Group, formation, and member Th:::on Description
Pleistocens | o 11 c1a) deposits Silt, sand, and gravel
and Recent Po ’ ’
Unconformity Light. ined sand: t ba. ain
~gray coarse-grained sandstone a 8¢, overl
Oligocene White River formation 0-150 by light brownish-gray claystone and slltse;:o-
l—- Unconformity
Eocene Wasatch formation 100% Drab sandstone and shale and numerous coal beds-
Tongue River member
Fort
Paleocene gnion Lebo shale ber 16004 wz-wm e::;d{’::mdstm, drab-colored shale,
ation Tullock member
Hell Creek formation 850-1150 :‘]I.:;:m:in:g bodf of masslve smdatone, dark-colored
Fox Hills sandstone 150-250 Brownish sandy shale, siltstone, and sandstone
Upper member 150-250
Monument Hill bentonite
member 1504
Pierre Dark-gray shale with impure bentonite in upper part;
shale Middle member 500-800 limestone concretions in upper part, siderite cone
Mitten black shale 150200 cretions in lower part.
Upper Renber Groat sandstone member consists of as mich as 150 fest
Cretaceous s Groad of ferruginous and glauconitic fine-grained sandstone;
forruginous ( sandstond 800-1000 is present only in northern part of the area,
meniber membe |
Gray chalk marl and calcareous siltstone weathering
Niobrars formation 125-200 light yellow
Sage Breaks shale membery 250-350
Garlile [ umer sandy member 150-200 | Dark-gray shals, more or less sandy in middle part
Unnamed member 150-200
Chalk marl, thin-bedded limestone, and light-gray
Greerhorn formation %0-35 shale, Varies from place to place.
Black shale with concretions and bentonite beds in
Bells Fourche shale 350-1000 upper half and lowermost part.
Dark-gray siliceoue shale, weathering light silvery
Mowry shale 125-225 gray; many thin beds of bentonite.
Discontinuous beds of sandy shale, sandstone, impure
Newcastle sandstone 0-75 lignite, and bentonite ’ ’
Lower
Cretacecus | 5111 Creek shale 175275 Black shale with a few ferruginous concretions
Fall River sandstone 50-150
Inyan Discontinuous beds of sandstone, sandy shale,
x.: Fuson formation 100§ siltstone, and conglomerate,
group Lakota sandstone 25-150
Unconformity?-
Variegated claystone with a few thin discontinuous
Morrison formation 0-250 beds of Ast, and limest
Redwate: shale member
Upper -
Jurassic Lak member
Mostly alternating yellowish~gray sandstone and green-
Sundance Hulett sandstone member 1sh-gray shale; a few thin beds of gray limestone
fornation 300-375 in upper part. Lak member ie red or light yellowish-
Stockade Beaver shale gray calcareous sandstone
member
Canyon Springs sandstone
member
vy = Unconfornity
o G . Massive gypsum at base overlain by interbedded gypsi-
Jurassic um Spring formstion 0-125 ferous red claystone and cherty gray limestone,
[ Unconformity
Triassic Spearfish formation éoot Red shale, siltstone, and sandstone. beds of massive

gypsum in lower part.

71503
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Igneous rocks, which crop out principally in the Devils Tower
quadrangle, comprise only a very small percentage of the total area. They
occur as sills, dikes, and small plugs or stocks and range in composition
from monzonite to feldspathoidal syenite. In texture they are, in general,
porphyries with a fine-grained to aphanitic groundmass,

The major structural feature is a monocline that borders the Black
Hills uplift on the west and north. The dips range from 2 to L degrees on
either limb of the monocline but steepen sharply to as mach as 60 degrees
in a belt 5 to 10 miles wide extending from the northeastern quarter of the
Newcastle quadrangle, northwestward across the Moorcroft quadrangle, and
northward through the western half of the Devils Tower quadrangle to with-
in about 5 miles of the Wyoming-Montana state line, Many small folds are
superimposed on the regional monocline, These folds are most numerous and
better developed in a belt that parallels and lies east of the sudden
steepening of the dip of the regiocnal monocline in the Newcastle, Moorcroft,
and the southern part of the Devils Tower quadrangles and extends across
the northern part of the Devils Tower and the northern part of the Aladdin
quadrangles.

Few faults occur in the mapped area with the exception of two
small areas in the Devils Tower quadrangle, one in the north-central part
and one in the south-central part., The faults are, in general, normal
faults with displacements of less than 50 feet, and are less than a mile
long.

The uranium occurs in carnotite-type sandstone deposits, The ore
deposits mined to date are in the north-central part of the Moorcroft quad-

rangle and in the west-central part of the Devils Tower quadrangle. They
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occur in a belt of radioactivity anomalies 10 to 20 miles wide that extends
from the south-central part of the Moorcroft quadrangle northward to the
west-central part of the Devils Tower quadrangle and northeastward across
the north-central part of the Devils Tower and Aladdin quadrangles., The
belt of anomalies coincides in part with the belt of more intense folding
on the eastern limb of the regional monocline.,

Although radioactivity anomalies have been reported throughout
the stratigraphic section, the ore deposits are restricted to the Inyan
Kara grouwp. This group is exposed throughout most of the eastern half of
the mapped area, forming broad almost level divides between major drainage
basins, Most of the ore mined has been taken from the Fall River sandstonej
one deposit has been mined from the Lakota sandstone and one from a sand-
stone in the Fuson shale,

Drippi ri A
by H, C. Grangsr and R. B, Rawp, Jr.

The Dripping Spring quartzite of pre-Cambrian age is exposed over
parts of a 7,000-square-mile area in southeastern Arizona, It is a for-
mation within an essentially conformable series of limestones, quartzites
and conglomerates called the Apache group.

Uranium deposits have been known in the Dripping Spring quartzite
since early 1950, and reports by the USGS and AEC have described some of
the deposits.(RMO-679, 19503 TEM-210, 19513 USGS Circ. 137, 19513 RME-2003,
19533 RME-2005, 1953). Prospecting activity has been intensive since
February 1954 and many new deposits have been found, Ore-grade material
is being mined from at least six different deposits, and several others

probably will be in production shortly. The ore is presently being stock-
piled.
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Field work on the Dripping Spring project began in early July
195) and continued until December. During this period the project personnel
studied mainly the lithology and ore deposits in the Dripping Spring quartz-
ite in the McFadden Peak, Blue House Mountain, and Rockinstraw 15-minute
quadrangles in the Sierra Ancha Range north of Globe.

At this time no laboratory work has been conducted on samples
collected during field work. This report briefly describes the lithology
of the Dripping Spring quartzite and the generalized field relationships
of the deposits. Although no individual deposits will be described, the

information given will apply to the majority of the deposits studied.
Associated rock types

The generalized columnar section for the Sierra Ancha region

north of Roosevelt Lake in Gila County, Ariz,, is as follows:

Thickness

Age Rock type Sfeet}

Tertiary and Quaternary Gravel and sand

Cambrian - Troy sandstone 500
Unconformity

Younger pre-Cambrian Vesicular basalt flow 0-75

(Apache group) Mescal limestone 225-400

Dripping Spring quartzite L4,50=-T700
Barnes conglomerate 5-50
Pioneer formation 150-250
Scanlan conglomerate 0-30
Unconformity

Older pre-Cambrian . Granite and schist

Rocks of the Apache group are extensively intruded by sills and

dikes of diabase. The diabase generally is considered ome unit, but is
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known to consist of several separate intrusions distinguished only by

chilled borders where they are in contact with one another,
Dripping Spring quartzite

The Dripping Spring quartzite may be conveniently divided into
an upper and lower member. The lower member,which is gradational into the
underlying Barnes conglomerate, is composed of about 300 feet of fine- to
very fine-grained thick-bedded obscurely cross-laminated quartzite., The
lower part is commonly light red to reddish orange and is highly arkosic.
It grades uwpward into a grayish-pink to very pale orange, relatively pure
quartzite. No uranium deposiits have been found in the lower member al-
though local concretions and indurated mudstone lenses are slightly radio-
active.

The upper member is about 300 feet thick. It is predominantly
clayey, silty, and very fine-grained and contains cross-laminated beds in
the lower and upper parts. It is composed essentially of three units.

The lower unit consists of alternating platy and more thickly-bedded, light
grayish-red and orange quartzites and indurated siltstones, It is as much
as 100 feet thick and grades into the middle unit, which is composed of
about 100 feet of light-to dark-gray thinly laminated indurated siltstone.
The middle unit has a platy appearance on weathered surfaces and is stained
and coated with red to black iron and manganese (?) oxides. Just beneath
the weathered surface the rock is commonly bleached for one inch to several
feet, The upper unit is generally very fine-grained, with thinly laminated,
light-colored quartzite near the top. The upper 15 to LO feet is locally
platy and similar to the middle unit.
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Greenish and reddish mudstone beds of the lewer Mescal limestone
conformably overlie the upper unit.

A1l known uranium deposits in the Dripping Spring quartzite are
in the lower and middle units of the upper member, those in the lower unit
being confined to the upper or gradational part.

The middle unit of the upper member commonly contains much finely
disseminated pyrite. The characteristic dark-gray color in the fresh rock
may be caused by this fine pyrite or may be related to the carbon or man-
ganese content,

The entire upper member is everywhere abnormally radioactive.
Its radioactivity of .03-.05 mr/hr contrasts with .02-.0L4 mr/hr for the

lower member and about .Ol=-.015 mr/hr for the Mescal limestone and diabase.,
Spatial relationships of the uranium deposits

Most of the known uranium deposits in the Dripping Spring quartzite

have four characteristics in common:

1. They are restricted to the middle unit of the upper menber of the

Dripping Spring quartzite or to the gradational part of the lower unit

just below, They are therefore restricted to a vertical distance of

less than 150 feet.,

2. They are controlled by fractures that trend either N. 10°-30° E, or

N. 65°-85° W,, although some disseminated ore minerals are in the wall

rocks adjacent to the fractures. Statistical studies throughout the

Sierra Anchas show that these are two of the strongest joint trends in

the region.
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3. The more promising deposits are near strong structures that are con-
temporaneous with or pre-date the diabase intrusions,

L. All deposits are near diabase, and some of the more promising de-
posits are near a coarse-grained syenitic or granophyric differentiate

of the diabase,
Mineralogy

In some deposits the fractures are filled with as much as 2 inches
of gouge, gossan, sulfides, and locally vein quartz. In others the fractures
are so tight that only disseminated minerals are visible, In unoxidized
parts of the better developed deposits, pitchblende, pyrite, chalcopyrite,
galena, and rarely sphalerite are present, In the oxidized parts of the
deposits the uranium minerals are metatorbernite, autunite, uranophane,
bassetite, and perhaps other minor minerals. These are associated with
hydrous iron oxides, gypsum, and more rarely malachite, azurite, and fluores-

cent opal.
Size of the deposits

Most deposits appear to extend through a stratigraphic interval of
from 6 inches to 20 feet. The rock adjacent to the fractures may be ab-
normally radicactive for several hundred feet but, unless the fractures are
very closely spaced, the ore width is commonly less than 5 feet., The length
over which a fracture may be mineralized varies from a few feet to over 150

feet,
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Conclusions

The intimate association of pitchblende and sulfides in the pri-
mary parts of these deposits and the intense oxidizing and leaching con-
ditions to which they have been exposed during weathering suggest that most
of the deposits increase in grade with depth. This has already been demon=-
strated in several deposits. The general shape of the deposits provides
small targets for exploration by drilling.

Powder River Basin, Wyoming
by W. N, Sharp, E. J. Mckay, and F. A. McKeown

Geologic mapping of the Wasatch formation (Eocene) in the Pumpkin
Buttes area was completed and the greater part of the eight 7Z-minute quad-
rangles in the Power River Basin has now been mapped (fig. 28). Uranium
deposits at several mine areas were mapped by plane table and sketch methods.
Soil samples at 50-foot intervals were collected at one mine locality be-
fore mining was begun. Water samples were taken throughout the area.

To obtain guides for uranium exploration, lithologic relations
within the Pumpkin Buttes area of uranium deposits were compared with those
in adjacent barren areas,

Interpretation of a lithofacies map of the Wasatch formation and
orientation of sandstone structures indicate that the sediments comprising
the formation were derived from the southeast. The principal Eocene stream
drainage and areas of sandstone depositlon in the Wasatch include the
Pumpkin Buttes area and larger contiguous areas to the southeast, east,
northeast, and north. Flood plain deposits of fine-grained clastics, small

limestone lenses, and coal occupy & large area northwest of the area mapped,

as well as the eastern and western border zones of the Wasatch outcrops in
the basin,

342684 O -55 -8
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A definable area around the Pumpkin Buttes is characterized by
dominantly red sandstone lensesj this zone is near the middle of the Wasatch.
Areal geologic mapping indicates that uranium-bearing sandstones are associ-
ated with this zone of interbedded;, dominantly red sandstone lenses and
claystone strata, On the north, northeast, and east, larger areas of barren,
buff and gray sandstones border the Pumpkin Buttes area of dominantly red
sandstones. On the west, red sandstones extend to the area of dominantly
fine~-grained clastics; on the northwest the red color boundary is well de-
fined although coarse clastics continue. The amount of coarse clastics,
however, decreases in that direction, Limits of the red sandstone zone on
the south are not as yet well defined. The lateral transition from dom-
inantly red sandstones to buff and gray sandstones occurs over a distance
of about one to five miles, Perhaps it is significant that the larger
uranium deposits mined to date are near the boundary of the red sandstone
area,

Locally, in individual sandstone lenses, the red color boundary
transects primary sedimentary features. Iron-manganese-uranium concretions
are scatiered erratically in the red sandstone at most places, although in
some places they are associated with primary sedimentary features, Dissem-
inated uranium ore with some iron and manganese and concentrations of car-
bonate is associated with a sharp color change from primarily buff and gray
to red sandstone., Relict uraninite in association with pyrite has been

discovered in disseminated-type ore bodies at two mine localities.
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Crooks Gap area, Fremont County, Wyoming
by J. G. Stephens

Radicactive anomalies were discovered in the Crooks Gap area in
February 1954 by private aircraft reconnaissance. These anomalies resulted
in the filing of the Sno-ball claims, the only ones from which ore has been
shipped to date., The most active area of prospecting is centered along the
eastern side of the gap near the base of Sheep Mountain,

Field work was begun on August 12 and recessed on October 28, A
geologic map covering 53 square miles was prepared on aerial photographs.
Prospect pits and mine areas were sampled in detail. Approximately 80
water sampleé were collected along the flanks of Green Mountain and Crooks
Mountain,

Uranium occurs both in the arkosic sandstones of the Wasatch (?)
formation of Eocene age and in rocks of Cambrian age (fig. 29). To date
no ore-grade deposits have been discovered in the Cambrian rocks,

At Crooks Gap, the Wasatch (?) formation is composed primarily
of iron stained, coarse arkose containing thin lenses of carbonaceous,
sandy shale and mudstone. Giant-boulder conglomerates are interbedded with
the sandstones. The Cambrian rocks consist of thin, glauconitic, ferrugin-
ous limestone interbedded with ferruginous silty shales, The Cambrian rocks
are disturbed by overthrusting.

The uranium deposits in the Wasatch (%) formation occur in the
lower part of the formation and are associated with fine-grained carbonaceous
beds or lenses, and with red and brownish-yellow iron stained sandstone.

Uranophane appears to be the principal uranium mineral, but phosphuranylite
has also been reported. Some ore in the Sno-ball claims occurs as flattened,

irregular, concretionary masses generally less than 10 feet across.
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The uraniuvm occurrences in the Cambrian rocks are apparently less
extensive than those in the Wasatch (?) formation. A number of radiocactive
anomalies occur in ferruginous limestone and shale of Cambrian age mainly
aleng a thrust fault zone in the northern part of the area, Torbernite has

been reported from gouge in this fault zone,
Gas Hills area, Fremont Countz‘_yzg?ni_u_g
by H, D. Zeller, F. E. Soister, and H, J. Hyden

Geologic mapping of the Wind River formation of early Eocene age

at a scals of 132,000 was completed in the Puddle Springs and Gas Hills
T3-minute quadrangles, in an attempt to relate the uranium occurrences to
sedimentary features and to regional and local structures., A geologic and
topographic map at a scale of 1:6,000 was made by plane table of a one=-
square mile area showing the Lucky Mc. deposits (fig. 30), and a detailed
map at a scale of 132L0 was made showing the main pit in which uraninite
was found,

All known occurrences of uranium minerals are in the upper coarse-
grained part of the Wind River formation except two minor occurrences in
Mesozoic rocks directly underlying the Wind River formation, which in this
area rests with angular discordance on rocks which range in age from Cambrian
to Palsocens, Pre-Wind River folding and subsequent erosion of the older
rocks which formed a surface of considerable relief was follewed by the
deposition of fluviatile sediments of the Wind River formation which first
- filled valleys eroded in soft shales and then buried the eroded or breached
anticlinal structures,

No deposits in the post-Wind River rocks are known although radio-

activity several times background has been detected in rocks of middle and
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late Eocene, Oligocene, and Miocene age south of the district. Visible
uranium minerals occur at more than 30 of the localities sampled. Open-

pit mining has been started at four of these localities and high radio-
activity has been detected at several lccalities in which no uranium minerals
wers found.

Preliminary field work indicates that the uranium minerals were
deposited by solutions moving through the Wind River formation. Possible
controls for localization of the uranium deposits are: (1) change in
permeability at the contact of the upper coarse-grained part of the Wind
River formation with the lower fine-grained part; (2) interbedding of
permeable and impermeable sediments in upper part of the formation; (3) the
irregular erosion surface of considerable relief and varied rock types up-
on which the Wind River formation lies; (L) faults of late Tertiary age
which may afford "solution dams® where impermeable Cretaceous shales have
been displaced and are in contact with coarse-grained porous sandstonej; and
(5) the presence of carbonacsous material, iron oxide, and calcium carbonate
in the sandstone,

A total of 100 lithologic samples have been submitted for uranium
analyses; of these, 56 semiquantitative spectrographic analyses have been
requested. At least 15 samples will be submitted for thin-section study
and mineralogical identification.

Seventy-six water samples were collected frem springs, wells, and
reservoirs in nine 7i-minute quadrangles and one area not covered by topo-
graphic maps, The water came from rocks ranging in age from pre-Cambrian to
Quaternary., Ten of these samples were collected in the volcanic area of

the Rattlesnake Range, A total of L5 samples has been analyzed to date.



The five highest uranium analyses are 310, 270, 120, 120, and 90
parts per billion., The first three of these are from sSprings in the Wind
River formation in the minreralized district, and the last two are from wells
in Quaternary alluvium in the valley of Muskrat Creek which drains a large
part of the district., The water from the Cenozoic rocks is consistently
higher in uranium than water from other rocks of the area.

Poison Basin area, Carbon and Sweetwater Counties, Wyoming
by G. E. Prichard and W, 4. Chisholm

Geologic studies in the Polson Basin area near Baggs, southwestern
Carbon County, Wyoming (figs. 3la and 31b) consisted of geologic mapping of
about 275 square miles in Tps, 12 and 13 N., Rs. 90, 91, 92, 93, and 9L W,
(fig. 32); detailed radiocmetric studies »f wranium-bearing sandstone beds
over an area of about L squars milzs; detailed sampling of sandstone bed
outcrops and exposures in trenches and prospect pits, and drill holesj and
the probing with a scintillation detector of 15 drill holes,

The Browns Park formation of Mlocene age, which contains all the
known wranium deposits in the Poinson Basin arsa, is about 300 feet thick
and crops out over an area of about 12 squars miles including Poison Basin,
a. topographic basin eroded largely from this formation. Higher than normal
radicactivity is erratically distributed throughout the Browns Park forma-
tion, the highest radioactivity occurring in sandstone beds that crop out
in SW; sec. L, S3 sec. 5, and SW} sec, 32. No sbnormal radioactivity was
found in the underlying formations,.

A radiometric grid survey of a group of low hills, known as Poison
Buttes (fig. 33) shows the distribution of anomalous radioactivity on the

ground.surface, Abnormal radiocactivity is erratically distributed both
horizontally and vertically in ocutcropping sandstone beds,
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Extensive exploration is being done in Poison Basin by mining

companies and prospectors.

Datil Mountain area, New Mexico -
by R. L. Origgs

The Mesaverde formation of Late Cretaceous age and the Baca and
Datil formations of Tertiary age were mapped on a scale of 1:31,680 in an
area of 168 square miles in ‘the upper Alamosa Creek Valley along the northern
edge of the Datil Mountains, Catron County, New Mexico, The mapped area
includes all of Ts. 1 and 2 N., Rs. 10 and 11 W,, and the two southern
tiers of sections in T, 3 N., Rs. 10 and 11 W, The mapping was done to
estimate the potentialities of the area for producing uranium and to learn
the geologic controls of the concentration of uranium. Several prospects
expose uranium-bearing rocks and a few sample loads of ore have been snipped,
Uranium occurs in the upper part of the Mesaverde formation and in the Baca
formation, Detailed studles indicate that the deposition of the uranium
was influenced by ground water and that concentration of the uranium was
controlled by variations in permeability and by minor structural features.
Uranium is concentrated at the contact of porous sandstones with under-
lying impermeable shale beds and shale stringers. Minor synclines in the
Mesaverde formation may have controlled the concentration of uranium at
two localities. At one locality concentration of uranium is in the wedge-
edge of a lenticular sandstone in the Baca formation, Yellow minerals
(probasbly carnotite or tyuyamnite) are visible in some prospects but the
uranium is associated mainly, in unidentified form, with ferruginous and

carbonaceous material in sandstone.
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In T. 2 No, Rgss 9, 10, 11, and 12 W,, uranium occurs in the
uppermost member of the Mesaverde formation and in the basal part of the

Baca formation. The estimated eU contents of seven grab samples are as

follows:

Location Estimated el

Sece 31, Ts 2 Noy Re 9 Wo 0.003 percent
Sec, 35, To 2 Noy R, 10 W, 0.05 percent
Sec. 35, To 2 N,y R, 10 W. 0.05 percent
Sec, 19, T, 2 Noy, R, 10 W, 0.02 percent
Sec, 11, To 2 Ny, R. 11 W, 0.05 percent
Sec., 11, T. 2 No, R, 11 W, 0.05 percent
SGG. 12, T, 2 No, R. 12 W. O. 05 percen'b

Uranium has been found at scattered points for a distance of about
60 miles along an east-west belt in western Socorro and eastern Catron
Counties. These occurrences are in the Mesaverde and Baca formations a
short distance north of where these units are overlain by acidic tuff which
composes the Datil formation, In T. 1 N., Rgs. 5 and 6 W., uranium occurs
with carbonaceous material in white to light gray sandstone beds in the
Baca formation. The estimat2d eU contents of five grab samples are as

follows:

Location Estimated el

Sec. 18, T, 1 Ny Ry 5 Wo 0.2 percent
SeCo 189 T. 1 Nc, R. 5 W, OOOOS percen:b
Seco. 13, T. 1 N,y R. 6 W. 0.5 percent
Sec, 2’4, T 1 No, Re 6 We 0.1 percen’b
SeC’o 359 T. 1 N., Ro 6 W Ool pel’“cen'b

In sec, 22, T. 3 No, R. 16 W., a sample collected from a sandy

shale in the Mesaverde formation is estimated to contain 0,03 percent eU,
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URANIUM IN LIMESTONE

Saratoga area,, Carbon County, Wyoming
by J. G. Stephens

The Saratoga area is in south-central Carbon County, Wyo. in the
Saratoga valley, a topographic depression between the Medicine Bow Range
and the Sierra Madre, Tuffaceous rocks of the Browns Park formatien of
Miocene age and the North Park formation of Pliocene age are exposed,
Uranium occurs in the cherty limestone beds of the Browns Park formation,
in pediment gravels of uncertain age, and in tuffaceous sediments of the
North Park formation underlying these pediment gravels,

The urariym cccurrence in the Browns Park formation is exemplified
by a cuesta located five miles due west of Saratoga where the following
section was measured.

Table T.-=Sectien of Browns Park silicified limestone
5 miles west of Saratoga, Wyoming.

Thickness, feet Rock type eU, pergent
Topy
1.5 Chert, very dark brown, limy 0.013
0.6 Thin limestone and dark chert .008
1.6 Siltstone, very light greenish-gray .003
2.8 Siltstone, buff, sandy .003

Browns Park sediments dipping eastward approximately 10° are capped by a
resistant chert bed. The dark chert is moderately radioactive whereas the
underlying siltstone is only slightly radicactive. No visible mineraliza-
tion was observed.

Both the gravel cover and the underlying North Park formation on

a pediment remnant 5 miles south of Saratoga contain uranium minerals
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tentatively identified as vanadates (probably carnotite or tyuyamnite),
occurring as a film in joinits and around grains. No deposits of commercial
interest were found.

King Mountain area, Texas
by D. H. Bargle

Uranium minerals were found in the Edwards limestone on a low
bench of King Mountain about 2 miles ENE of McCamey, southwestern Upton
County. The two occurrences are about a quarter of a mile apart; in a
prospect pit about four feet square and ten feet deep near the southwestern
edge of the bench, and in a pit in weathered limestone near the C. W} Brown
No, 6 Della Bowen oil well, The minerals, identified as tyuyamnite and
carnotite, form coatings along joint planes and cracks in the limestone,
and partly fill tvbular cavities in the weathered rock a few feet beneath
the surface, The results of analyses of samples from these two localities

are given in table 8,

Table 8,--Analyses of samples from King Mountain, Upton County, Texas

el U

Serial No. Type Locality Lithology percent percent
210,152 Channel  Prospect pit, Limestone 0,00l ———
210,153 " 3 to 5% ft. " 0,002 ————
210,154 n below surface " 0,004 0.002
210,155 " " 0.001 —
210,156 Grab Slush pit " 0,003 ————
213,012 Selected " " Weathered 3.7 8.52

180 and

carnotite

# Estimate only; sample too small for routine analysis,

Although the deposit at this site is not large, radiometric

traverses in the vicinity indicate that a considerable arsa is underlain
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by rocks as radioactive as those in which uranium minerals have been found.
The uranium may have been leached from the Ogalalla formation of Tertiary
age which probably once covered the bench. It is possible, however, that
it was leached from the Kiamichi shale which shows umusual radioactivity
and which overlies the Edwards limestone sbout LO feet stratigraphically

above the deposits,

Hueco Mountains area, Texas
Ey Bo Ho Ea?gIe

Uranium minerals were found at scattered localities in the Hueco
Mountains along the line between El Paso and Hudspeth Counties, west Texas,
The uranium was first found in a cut on U, S, highway 62 in Hueco Gap,

The minerals have been identified as carnotite and small amounts of tyuy-
amunite, coating boulders in the calichified surficial material, and to a
less extent coating joint planes and cracks in the bedrock, the Hueco lime-
stone of Permian age. The carnotite and tyuyamunite are associated with
dendrites of manganese oxide. The limestone bedrock surface, beneath the
surficial materials, shows considerable leaching and sink hole develop-
ment prior to its covering by colluvium. The surficial material is assumed
to be of Pleistocene age.

Carnotite, associated with mammillary deposits of secondary
calcite, was found on the eastern flanks of Sabina Mountain, a mile-long
ridge--an outlier of the Hueco Mountains in the Hueco bolson--2 to 3 miles
south of U. S. highway 62, and about 5 miles west of the foot of the main
range. The carnotite coats limestone pebbles and fills cracks in caliche
beneath a landslide block of Hueco limestone. On the west flank of

Sabina Mountain, at a slightly lower altitude than the locality on the

342684 O -55 -9
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east side of the mountain, carnotite coats not only the boulders in a thin
deposit of calichified talus, but also surfaces of the bedrock along cracks
and joint planes in the Hueco limestone. It was found in numerous pits
over an area about 500 feet long and as much as 10 feet below the surface,
Showings have also been reported from other pits along the same mountain,
At another locality 2 miles north of highway 62 and about L miles north of
Sabina Mountain in a saddle in another outlier of the Hueco Mountains,
traces of carnotite appear in the soil about two feet below the surface and
in cracks and joints in the Hueco limestone,

The numerous scattered localities where the carnotite minerals
have been found suggest that uranium minerals may be widely distributed in
the area, As the uranium minerals show low radioactivity they are appar-
ently of recent geologic age. Additional field investigations in and near
the Hueco Mountains, followed by collection and analysis of samples, will

be undertaken,
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URANIUM IN VEINS, IGNEOUS ROCKS, AND RELATED DEPOSITS

District studies

Colorado Front Range
by P. K. Sims

Field investigation of the Central City-Geergetown area, except
for continuing studies in active mines, has been completed (fig. 3k).
Approximately 50 square miles (scale 1:6,000) and about 200,000 linear
feet (scales 1:120 to 1:1,200) of underground workings were meapped during
the past three years, and all mine dumps and accessible mines were examined
for radiocactivity. '

The studies indicate that (1) although uranium is widespread in
this part of the Front Range, known individual deposits are small, (2)
a few mines probably will produce several hundred tons each, and (3) pre-
Cambrian pegmatites, previously not recognized as pessible sources of
uranium, are potential sources ef low-grade ore.

A summary of the uranium occurrences, including distribution,
mineralogy, structural enviromment, and origin, was given in TEI-LLOj
accordingly only new data are given here,

Tertiary vein deposits

At least ten mines now are being explored for wranium, and pre-
ductien is being made from the Carroll and Cherokee mines. During this
report period a significant discovery of uranium was made on the Black
Hawk Lode Ne. 2, the Tippecanoe, and Silent Friend claims (sec.. T, T. 3
S.y Ro 72 W,) on Silver Hill, in the northeast part of the Central City
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district, in an area not known previously to centain uranium. Twe veins

are known to be radieactive along a linear distance of 800 feet; the maxi-
mm radicactivity recorded is 3 mr/hr. The showings are in numereus shallow
pits and a small adit, The vranium is in celored secendary minerals, which
in part replace altered schist wall rocks, similar te knewn eccurrences en
Nigger Hill, The grade of the deposits is estimated te be between 0,1 and
0.2 percent U,

Seuth ef Clear Creek, in Clear Creek County, the eperators of the
Sumnyside tunnel (Wells and Harrisen, 195k, USGS Circ. 3L5, p. 5) have
found a pitchblende-bearing vein of possible commsrcial importancej small
quantities of wranium were found in the mine by the USGS in 1951,

The uranivm within Tertiary veins in the map area is nearly as
widesprgad as other metals, bub not so sbundant, Seme of the more promising
vains, as for example those on Nigger Hill, are far outside the transitien
zons of hypogene minsralizatien as outlined by Leonard (1952) and King
at al. (USGS Circ. 215, 1953, pe 6). Field studies largely substantiate
the cenciusion (Phair, TEI-247, 1952) that the uranium was derived frem

the widespread radiecactive Tertiary bestonites.

Radieactive pre-Canbrisn pegmatite

A type of pegmatite, abnermally radiocactive over a wide area in
Clear Creek and Gilpin Counties, appears premising lecally as a substantial
source of low-grade uranium ore, The wuranium mineral is uraninite, and pre-
liminary concentration tests on one property indicate that a good-grade con-
centrate can be preduced by relatively inexpensive gravity-cencentration

metheds,
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A radieactive pegmatite on the Highlander claim in Virginia Canyen,
about a mile nerth of Idsho Springs, is being mined from the Hudsen tunnel
by the Uncempahgre Uranium Corperatien. The Survey made detailed studies
ef the claim during this report peried. The pegmatite being mined at the
Hudsen tunnel is ene ef several radiecactive pegmatites in this part ef
Virginia Canyen. The pegmatites individually are lenticular bedies frem a
foot or less to sbout 30 feet thick and a few tens te perhaps a hundred
feet leng, They crosscut the metasedimentary rocks they intrude. They
consist predeminantly ef perthite, quartz, plagieclase, and bietite.
Blotite 1s varlable in quantity; at places it censtitutes 10 percent er
more of the reck and at ether places it is sparse, Fer the most part it
eccurs in well-fermed becks, seme eof which are lath-shaped. Plagieclase
prebably is suberdinate to perthite. The uraninite largely is asseclated
with the bietite. At and near the surface uranephane and autunite are
present. Other minerals include pyrite and melybdenite.

Geiger counter radicactivity measurements en the pegmatite gave
an average of 0,2 mr/hr and a maximmm of 0,5 mr/hr. Anether pegmatite,

25 feet thick, gave similar readings. Preliminary data suggest that the '
pegmatites in the tunnel contain en the average slightly mere than 0.1
percent uranium. A higher-grade product can be ebtalned by hand-sertingj
seme pegmatite centaining ene percent or mere uranium is present.

Other bedles of the same type ef pegmatite, equally as radie-
active, are known, They include the pegmatite en the Waterlee dump in
Russell Gulch, which Phair determined te be 1,200 te 1,400 millien years
eld,
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The radieactive pegmatite is thought to be related te the bietite~
muscevite granite of the area, which also is more radiocactive than the ether
granitic recks and metasediments.

Ralston Buttes district, Colerado
by De M. Sheridan and C. H. Maxwell

The Ralston Buttes district in the eastern foethills of the
Colorado Front Range is becoming increasingly important as a potential
source of uranium ere. To date, at least 20 eccurrences of uranium minerals
are knewn in the district (fig. 35); 12 of these are knewn te contain pitch-
blende. One ef the properties containing high-grade pitchblende ere is in
production, Four localities in the district are being explered.

Approximately 7 sé;u.are iailes were mapped (1:7,200) by the USGS
in the area aleng Ralsten Creek in the nerthern part of the district, and
1 square mile was mapped (1:20,000) in the Golden Gate Canyen area (fig.
35). Systematic traverses for radieactivity anemalies were made on 30
breccia reefs and branching famlt structures, tetalling about 50,000 feet
in length.

A1l significant eccurrences ef pitchblende feund to date are
associated with base-metal sulfides in er near carbonate-bearing fault
breccias of prebable Tertiary age. In the Golden Gate Canyen area these
eccurrences seem to be localized in places where faults cut pre-Cambrian
layers that are rich in hernblende or, more rarely, rich in bietite.
According to Adams and Stugard (eral commnication, 195L) this lecalizatien
may be a chemical facter related te the iren in the minerals ef the hest
reck. In the Ralsten Creek area, several pitchblende eccurrences are alse

assoclated with hermblende~bearing hest recks, and a layer rich in
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lime~silicate minerals forms the feotwall of one of the ore<bedies in the
preducing mine, Native bismuth is asseciated with cepper sulfides in one
of the pitchblende-bearing structures near Ralsten Creek,

Of particular interest is the experience of various private
exploration groups with radioactivity anomalies that registered enly 2
to 3 times the background reading. At a surprising number of anemalies,
excavation of 2 to 8 feet disclesed uranifereus material of petential
interest. Other similar anomalies, however, disclosed only low-grade
material at depth. In a few places radioactive anomalies were caused by
monazite in pegmatites.

Boulder Batholith, Montana
by G. E. Becraft

Geologic mapping (scale 1:2,000) of three 7i-minute quadrangles
and part of a fourth was completed during the report period. Figure 36
shows the area mapped in detail to date, Most of the known radicactivity
anemalies in the quadrangle are also shown.

Several radioactivity anomalies were detected in the Ten Mile
Creek area adjacent to the Rimini area, where uranium minerals have pre-
viously been noted. These anomalies are assoclated with base-metal de-
posits in quartz monzonite.

Between the Little Boulder and Boulder Rivers, several anomalies
associated with chalcedonic vein zones were found, Radioactive samples
containing a secondary uranium mineral were found on the dump of a caved
shaft northeast of the headwaters of the North Fork of the Little Boulder
River, The mineral is in a vein consisting principally of quartz with
abundant pyrite,
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An exploration program at the Red Rock mine about 2 miles west
of Basin did not disclose uranium of ore grade. The exploration consists
of two adits, one south and one north of the Boulder River., The vein
ranges in width from about one foot to four feet and consists principally
of light-gray to medium-gray chalcedony in altered Cretaceous velcanic
rocks, Several samples across the vein indicate a range in grade from
about 0,05 percent U te about 0.1 percent U, over an average width of about
2 feet, Analyses indicate a total rare-earth-oxides centent of 0,10 to
to 0.17 percent and a thorium content of less than 0,002 percent.

The geology and radioactivity surveying were completed in the
northwest part of the Clancy quadrangle. All known anomalies are/shewn
on figure 37, In the vicinity of the White Pine mine, several anomalies
were detected. The highest radioactivity is in an adit about 250 feet
north of the White Pine. About 75 feet from the portal a reading of 0.65
mr/hr was obtained with a background of 0,001 mr/hr. The radioactivity
was restricted te a fault zone containing quartz and galena,

Three radieactivity surveys were made across the sedimentary
sectien exposed in the Radersburg quadrangle, which include formatiens
ranging in age from pre~Cambrian through Cretaceous. Several shales in
the section have a relatively high background count and were sampled, but
the uranium centent is estimated to be lew,

Thomas Range, Utah
by M. H. Staatz

The objective of the Thomas Range project is a detailed study of
the relationship of the uranium deposits with the fluoring—rich rhyolites,
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and to search for new uraniferous fluorspar bodies., Detailed stratigraphic
sections of sedimentary and velcanic rocks will be made to allew determina-
tion of the major mappable units. The entire area, comprising one and ene-
third 15-minute quadrangles, will then be mapped geologically on a scale of
1:40,000. The mapping will be accompanied by petrographic examinatien of
the volcanic rocks and detailed study of all ore depesits.

Field work, begun in mid-Octeber, consisted of recennaissance
examination of the area and measurement of several stratigraphic sectiens.
Since the last report (Osterwald, 1952, TEM-53L) on the uranifereus fluor-
spar depesits in the western part of the Thomas Range, feur new depesits
have been dizcovered. Survey personnel sampled these deposits as well as
the deeper workings of the Bell Hill mine, The lower two levels of this
mine alse were mapped.

Jarbidge, Nevada
by R, R. Coats

Field work on this project was begun in July and suspended the
middle of Septesmber. About 70 square miles were mapped on a scale ef
1:48,000, Field studies were made of the distributien ef radicactivity in
the younger sequence of rhyolitic welded tuffs; ne significant variatiens
have yet been found, Mapping has indicated a more complicated structural
histery than was previeusly known. The pre-Cretaceeus sedimentary rocks
have been subdivided into four units, none of which has yet been dated,
or has furnished paleontologic evidence en which dating might be based,
Recent prospecting by individuals has disclesed tungsten depesits aleng
the centact between the granitic rocks and the Paleozeic (?) limestone

aleng the western edge of the quadrangls.
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General geclogic studies

Occurrence of uranium in veins and igneous rocks
by George Phair and John Antweiler

Field work on the Front Range porphyries and their bearing on
pitchblende deposition was completed. Analytical work on the same rocks
was essentially finished with the exception eof additional therium deter-
minations which are now in progress.

As one of the chief difficulties in the way of attempts te trace
the path of the radio-elements during differentiation has been the lack of
adequate methods of thorium analysis in the very low range, operative study
of available methods of thorium determination was initiated. Samples of
porphyry containing thorium in the range from 100 to 500 ppm accerding te
previeus chemical determinations, both colerimetric and nephelometric, are
used as a basis of comparison. These samples will be reanalyzed chemically,
radiechemically and by X-ray fluorescence, Finally, splits of the same
samples will be sent to P. Hurlsy at the Massachusetts Institate of Tech-
nolegy to be used as standards for calibrating the method of therium deter-
minatien by gamma-ray spectrometry. The pooled results shoeuld net only
represent the best thorium data yet obtained on igneous recks, but should
provide contrelled tests of the precision and accuracy of the various
techniques, most of which are still in the develepment stage.

Zonal relations of uranium deposits in metalliferous districts
by S. R. Wallace and D, C, Laub
Six weeks were spent in the Gold Hill district, Boulder Ceunty,

Colo., continuing the study made by R. H. Campbell and Max Schafer in 1953,
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The work censisted of checking additional lecalities fer radicactivity
and of mapping and sampling selected mine werkings.

The ecenomic metal depesits ef the Geld Hill district are fis-
sure veins., Gold telluride veins are distributed threugheut the mineralized
parts of the district and apparently bear no direct genetic relation te the
relatively few pyritic gold veiﬁs or to the lead-zinc-silver veins which
Goddard (Colo. Sci. Soce Proc., ve 1L, ne. L, 1940) believes may be both
earlier and later than the telluride veins,

The data now available indicate that parts of many veins of all
types are anomelously radioactive. Anomalous radicactivity was found alse
along small iron-stained fractures in fresh country rock far removed from
any known veins, It is concluded that the present distributien of radie-
activity may be the result of precipitation of uranium cempeounds from:

(1) nydrothermal solutions in which the uranium was a primesry constituent
of the solutiens; (2) hydrethermal selutiens in which the uranium was ex-
tracted frem uraniferous bostonite, pegmatite, or Silver Plume granite,
during migration, and; (3) meteoric water that has leached and transperted
uwranium from any of the pre-existing uranium-bearing vein er reck types.

It now appears that district zoning camnet be demonstrated with-
in the Geld Hill district and that widespread--though generally lew-
intensity--anemalous radioactivity shews no definite correlation with
vein type. No economic concentrations of uranium are believed te exist
in the district.

In addition to the work at Geld Hill, six weeks were spent in
the Bisbee district, Arizona, to study the relation of uranium to zening

around deposits of the porphyry-copper type. Varieus types of mineralized
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ground, both on the surface and in the mines, were sampled and examined
for radicactivity. Samples of mine water and varieus mill and smelter
products also were éollected,

Low-grade disseminated copper ore in the Sacramento Hill stock,
Bisbee district, exhibits ro anomalous radicactivity, ner do the concen-
trates of this ore, Abnormal radicactivity is asseciated with relatively
high-grade replacement ore bodies in Paleozoic limestones that partially
surreund the Sacramento Hill stock, The replacement ore bodies may be
divided into twe general types: (1) chalcopyrite-bornite-pyrite ore with
generally lesser amounts of zinc and lead sulfides, and (2) galena-sphaler-
ite ore zonbaining essentially no copper. In a few places ore of beth
types 1s found in the same ore body.

Rezults of radicastivity traverses in the mine workings suggest
that the copper ore is generally more radicactive than the lead-zinc ore,

but there are several apparent exceptions.
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URANIUM IN CARBONACEOUS ROCKS

Coal and lignite

Northwestern Seuth Daketa, seuthwestern Nerth Daketa,
and eastern Mentana
by J. R. Gill
Twelve occurrences ef uranium-bearing lignite, carbenaceous

shale, or sandstene estimated te centain 0.10 percent U er mere were dis-
covered in six widely separated areas. Twe occurrences are in Mentana,
seven in South Daketa, and three in Nerth Daketa. Lecations are shewn on
figure 38, which also indicates areas that, en the basis ef lithelegy and
spot checks fer radieactivity, appear to be faversble for the discevery of

additienal occcurrences of uranium. These occurrences are sumarized below.

Northwestern South Dakota, Harding Ge‘un’bx

North Cave Hills, Riley Pass depesit (fig. 39).--Discevery by the

USGS of uranium minerals in sandstone in the Slim Buttes and subsequent
radieactivity surveys by the AEC led te the discevery by prespectors ef
strippable depesits of lignite containing meta-autunite in the Nerth Cave
Hills. The depesits eccur in the Tengue River member of the Fert Unien
formatien of Paleocene age.

Recennaissance mapping and preliminary analytic data indicate
that an area ef approximately L60 acres is underlain by lignite averaging
1.l feet in thickness and centaining abeut 0.20 percent U, In additien,
1,050 acres adjacent te this depesit may contain lignite of cemparable

grade .

342684 O - 55 - 10
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Table 9,~-Sample data, Riley Pass uranium depesit
(See fig. 39 for locations)

Thick=- Thick-
Local= ness el, Local- ness el,
ity (feet) percent ity (feet) percent
1 1.0 0,66 14 1.7 0.27
2 0,8 +002 15 1.3 o1l
3 0.8 002
L 0.9 «10 16 2.0 6L
5 1.0 27 17 2,0 .15
18 200 .10
6 1.3 «30 19 0.8 21
7 1.3 031 20 2,0 .03
8 1.1 .10
9 0.9 010 21 0.8 202
10 0.9 022 22 0.8 .02
23 1.1 01
11 1.5 013 2l 1.5 .03
12 1.2 .05 25 1,0 2008
13 103 OlS

Tepee Butte area,-=Tepee Butte in nerth-central Harding County

about 12 miles northeast of Ludlow is capped by sandstene and shale of the
Tongue River member of the Fort Union formation. In sec. 7, T. 22 N.,

R. 7 E., carbonaceous shale and sandstone having a tetal thickness of L
feet is estimated te underlie an area of about L acres and to contain 0.LO
percent elU,

Slim Buttes area.--Concentrations of uranium in excess of 0,10

percent were discovered in lignite and carbenaceous sandstone of the Lud-
low member of the Fert Union fermation at five widely separated localities,
The most important of these is the Reva Gap or Thybe eccurrence (sec. 10,
T. 18 Noy R. 8 E.) where metatyuyemunite occurs in sandstene., The minera-
lized sandstone is 3.2 feet thick and has an average uranium content eof
0,68 percent., A summary of occurrences in the Slim Buttes area is given

in table 10,
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Table 10,-=Uranium eccurrences in the Slim'Buttes area

Location Type of Thickness U centent
(sece, To, Re) deposif (feet) (percent)
10-18N-8E Sandstene 3.2 0.68
32-17N-9E Lignite 1.0 0.11
30-17N=-9E Lignite 1.7 0,16
20-18N=-8E Lignite 1.0 1.0 est.
19-19N..3E Lignite 1.5 0.2 est,

In additien to the above lecalities, prespecters have feund
several small occurrences ef carnotite in tuffaceeus sandstene beds ef the
Chadron feormation of Oligocene age in the south end of the Slim Buttes.
These occurrences, which are similar to the Cedar Canyen depesit (TEI-L11),
are probably nct of commercial impertance,

West Shert Pine Hills.--The West Shert Pine Hills in south-

western Harding County are capped by beds of tuffaceous sandstene, silt-
stone, and limestene ef the Arikares formatien of Miecene age. In sec. 2L,
Te 17 No, Re 1 E., anomalous radieactivity is asseciated with thin lenses
of freshwater limestone and siltstone. These rocks have an areal extent of
several hﬂndred acres and ars estimated te centain between 0,01 and 0,1

percent U,

Bastern Montana, Carter County

Long Pine Hills area,--The Long Pine Hills, located in seuth-

eastern Montana near the South Daketa state line, are formed by recks ef
the Hell Creek formation of late Cretaceous age, the Ludlow member of the
Fort Unien formation of Paleecene age, the Chadron fermation ef Oligecene
age, and the Arikaree formation of Miecene age. A surmary ef eccurrences

in this area is given in table 11,
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Table 11.,=-Uranium occurrences in the Long Pine Hills area

Locatien Type of Thickness U centent
(secey Too Re) deposit Fermatien (feet) (percent)
29-25-61E Sandstene* Hell Creek 0.5 0.2 est,
20-25-62E Lignite Fert Unien 1.0 0.1 est,
3L-25-61E Siliceous Arikares 3.0 0.01=0.1 est.
shale

#At the Rock No., 1 claim sandstone centains a visible uranium mineral,

In additien to the above lecalities, anomaleus radieactivity is
asseciated with sandstone beds of the Ludlow member of the Fort Unien for-

mation expesed aleng the east side ef the Long Pine Hills,

Southwestern North Dakota

Rhame arsa, Bowman Ceunty.--A 0.,5-feot carbonaceous shale bed in

the Tongve River member of the Fort Unien formatior, exposed in the
road cut of U, 8. highway 12, 1.5 miles east of Rhame (sec. 25, T. 132 N.,
R, 103 W.), is estimated to contain between 0,1 and 0.2 percent U,

Whe*stens Butte arsa, Adams County.--Sandstones and shales of

the Tongue River menber of the Fort Union formation of Paleecene age are
discenfermably overlain by coarse, cress-bedded sandstenes of the White
River fermation of Oligocene age, A 2,9-feel uranium-bearing sandstene
bed in the Tengue River mewber crops out 60 feet benecath the base of the
White River fermation. The upper O.k4 foet ef this bed contains a pale
yellow uranium mineral ceaiing sand grains and is estimated to cemtain
0.2 percent eU, The lower 2,5 feet of this bed is less radieactive and is
estimated to centain between 0.0l and 0,1 percent el.

Killdeer Mountain area, Dunn and McKenzie Counties.--A 0.8 foot

bed of lignitic shals expesed in the read cut of North Dakota highway 7
(sec, 1Ly To 146 N,y Re 97 W., McKenzie Co,) is sstimated te contain 0.1

percent eU,
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Other areas.--Anemalous radieactivity is asseciated with fresh-
water limestone in the White River group of Oligecene age on Yeung Man,
Antelepe (Custer), Long, and Lefor Buttes in Stark Ceunty, Shepherd (Star)
Butte in Hettinger Ceunty, and Sentinel Butte in Gelden Valley County.
Anomaleus radicactivity is also asseciated with beds of sandstene and
shale in the Gelden Valley fermatien of Eocene age and in the Sentinel
Butte shale and Tengue River members ef the Fert Unien formatien near
Bullien Butte in Billings County; Little Badlands in Stark Ceunty; Grassy
Buttes in McKenzie Ceunty; and Buffalo Springs in Bewman Ceunty.

Eastern Red Desert area, Sweetwater County, Wyoming
by Harold Masursky

Field geolegic studies in the eastern Red Desert area were cem-
pleted during 1953, Minesralogic, size distributien, and permeability in=
vestigations have centinued and generally substantiate previeusly reperted
cenclusions. Experiments on the selubility ef uranium in natural water
and its adserption en coal, in collaboratien with Wayne Meuntjey, indicate
the mobility ef wranium and high reactivity ef ceal. Chemical and semi-
quantitative spectregraphic analyses shewing that the organic shale at
Eagle's Nest has a greater centent of trace metals where it is intimately
interbedded in centact with coarse, permeable sandstene suggest an epigenetic
emplacement of uranium and trace metals (fig. LO). Spectregraphic analyses
of trace elements in granite and velcanic recks present in adjacent areas
are being used te determine the prebable seurce of the uranium in the Red

Desert depeosits.
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Black shale

Chadron area, Nebraska and Seuth Dakota
by R. J. Dunham
About 250 square milses in nertheastern Dawes Ceunty and nerth-
western Sheridan County, Nebraska, and southern Shannen Ceunty, Seuth
Daketa, was lﬁ‘lappad on aerial phetographs at scales ef 1:20,000 and 1:31,680.
Concenﬁratioﬁ}s of 0,003 te 0.0Ll3 percent U eccur in twe kinds ef depesits.
Ural.nium is concentrated sporadically in the Carlile, Niebrara,

|
and Pierre fermatiens ef Cretaceous age in gray shales and marls immediately

belew the ba%e of an altered zone formed by weathering eof the Cretaceeus
strata. The msximum known uranium centent in shale of the altered zene is
0.01 percen";:,, and in mest places the centent is less than 0,003 percent
U. Grsatest uraninm centent is rastricted generally te the highest part
of the highe%‘t and thinnest remnant or pimnacle eof unaltered shale.

A Fecond type of uranium accumilatien is feund near the centact
of the Chaﬁrbn and Brile formatiens in the White River group, where weak
radieactiviﬁy appears to be coextensive with the base of a non-marine
gypsum seque#lce more than 200 feet thick and mere than 10 miles leng.
Uranium is d{isseminated in parts of a 5- te 20-foot sectien ef claystene,
gypsum, and l:’i.:atezﬂ:»edv:led freshwater limestone at the base eof the gypsum
sequence, A! sample of the limestene centains 0,012 percent U, Unevenly
high radieac{bivity is measurable in almest all large expesures eof the base
of the gypsum sequence. Estimated uranium content averages 0,005 percent
in abeut 5 feet of beds through a feurth of the eutcrep investigated, In

Sec. 3, Te %h Noy Re L7 W, in the nartheastsrn part bedded gypsum and

gypsiferous jelay contain autunite and metatyuyamnite (2) which ceat



158

fracture surfaces., Channel samples of a 3-feet bed of laminated gypsum
centain 0,13 percent U, and samples of a 23-feot gypsifereus claystene bed
average 0.25 percent U, These occurrences apparently are small.

Abeut 20 feet in the middle part ef the Sharen Springs menber of
the Pierre fermatien exhibits radieactivity of twe te feur times background
throughout the area, Two samples frem the richest part ef the interval
show 0,003 percent eU and 0,001l percent U, and 0,007 percent eU and 0,001
percent U. The Sharon Springs is a hard black marine shale that bears
abundant fish remains and pyrite.

Western Kansas and eastern Celerade
by E. R, Landis

Outcreps ef black shale in the lewer part of the Pierre formatien
of Cretaceous age were examined and sampled in four general areas in
western Kansas and eastern Celerade (see index map, fig, kl), These areas
ars in Wallace and Legan Counties, Kans,3 Cheyenne and Kiowa Ceunties,
Cole.§ Crowley and Pueble Counties, Colo.; and Las Animas Ceunty, Cele.
Results of analyses and field observatien. indicate that the shale does
not centain mere than 0,008 percent U at any lecality at which it was
examined.

Tuffaceous and carbenacecus rocks were examined at many lecali-
ties in wesbern Kansas and southeastern Celerade. A sample of silicified
limestone from the Ogallala fermation in western Clark Ceunty, Kans,, cen-
tains 0,01 percent U. A volcanic ash bed in the Ogallala formatien in

Ness County, Kans,, contains 0,008 percent U.
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South Dakota and Nebraska
by R. C, Kepferle

The Sharon Springs member of the Pierre shale was scanned for
radioactivity, measured, and sampled at 30 localities in the eastern Black
Hills and the Missouri Valley in South Dakota and Nebraska (fig. 42), Inthese
areas the shale contains as much as 0,01 percent U. The chief concen-
tration of radioactivity coincides with zonss of shale containing abundant
fish scales and bone fragments. These zones are more phosphatic than the
other shale of the member, and are generally just above the bentonites
asseciated with the Ardmore bentonite bed in the Black Hills region (fig.
43), and above the base of the Sharon Springs shale along the Missouri
Valley (fig. LL). The greatest radicactivity occurs mostly in zones less
than 2 feet thick, but at a2 few localities along both the Black Hills and
the Misseouri River, zones having a radicactivity of aboub L te 5 times
backgroind are as much as 15 feet thick. Gamma-ray logs from wells drilled
for oil indicate that the radioactivity of the Sharon Springs member de-
creases northward in northwsstern South Dakota,

In rocks of the White River group of Oligecene age in South
Dakota, unidentified yellow uranium minerals occur in a channel conglomerate
and in a silty limestone of the Chadron formatien in eastern Pennington
County, and aleng a network of chalcedony veins and clastic dikes in the
overlying Brule formation in northwestern Shannon County.

Midcontinent Devonian shales
by V. E., Swanson
Marine black shales of Late Devenian and early Mississippian age

in the Midcontinent arsa are known to contain significant amounts ef uranium
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in many places. The formations in which these shales are present, in-
cluding the Woodford chert, Arkansas novaculite, and Chattaneoga shale
are, wholly or in part, correlative with the Chattanocega and New Albany
shales of the eastern United States that have been studied fer their
uranimm content. The present study, begun during this rspert peried, is
aimed toward determining the specific geelegic contrels fer uranium con=-
centration in this widespread blanket of black shale, as part of a pregram
te evaluate systematically the uranium reseurces of black shales in the
United States,

Compilation of published and unpublished infermatien en the dis-
tribution, lithology, depositional environment, and radieactivity of these
shales in the Midcontinent area is underway. About 75 channel and grab
samples were collected from eight outcreps of the Woedferd chert in the
Arbuckle Mountain area of southern Oklahema; from the cerrelative of the
Woodford in the Llanc area of Texas; and from three incomplete ceres ef the
Woodferd in Andrews and Borden Counties, Texas., Analytical data indicate
an average content of 0,003 percent U for the Woedford in the areas sampled,
though selected samples contain as much as 0.01 percent U. "Pockets"™ of
black shale, on the order of 5 feet thick, in the Llano area of Texas cen-
tain about 0,008 percent U,

Sedimentary rocks of Texas
by D. H. Eargle

Eagle Ford clay
Stratigraphic sections ef the Eagle Ford clay frem the vicinity

of Dallas southwestward and westward in the vicinity ef the Balcones es-
carpment te the viecinity of Del Rio, and nerthwestward near the Rie Grande
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te the Eagle Mountains in west Texas, were measured, each bed was tested
for radieactivity, and beds testing highest in radieactivity were sampled.
Nine sectiens were measured, cores from holes drilled fer eil frem Milam
Ceunty en the east to La Salle County en the south were sampled, and radie-
activity legs of a number of wells were cellected., Water and eil frem
wells in Caldwell and Guadalupe Counties were alse cellected. Table 12

is a summary ef the analyses ef samples frem beth surface outcrep and well
cores raceived to date frem the laberatery. The analyses are grouped

according te the lithelegy of the samples.

Table 12.==Summary of analyses of Fagle Ferd clay

Surface outcrep

No. Average Maximim Mininmm
samples alU% 1y 4 elU% U% elU% 14
Claystons* Lo 0,002 <0,001 0,003 0,002 <0,001 <0,001
Siltstenst 9 0,001 <0.,001 0,001 <0,001 <0,001 <0,001
Limestene 8 0,001 <0,001 0,002 <0,001 <0.001 oo
Bentenite 11 0,002 0,002 0,00k 0.005 0,001 <0,001

Well cores

Claystone 10 0,00l o==ce== 0,003 o==== <0,001 B
Chalky 16 000l wwmo== 0,002  w==w- <0,001 e
claystone
Bentenitic 1 0,003  ==ow-
claystene
Limestene 1 0,00l —==m-

# Seme channel samples include bentenite, siltstene, er limestene.

#*% Some samples include tuffaceeus siltstene,

The samples from the surface outcrep shew an average ef 0,001
to 0,002 percent eU and generally less than 0,001 percent U, In general,
siltstenes and limestenes shew the lewest radieactivity and claystenes

and bentenites the highest, The maximmm recerded centent, 0.003 percent
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eU and 0.002 percent U, is frem claystene. Samples frem weathered bentenite
shew & maximum of 0,002 percent eU and 0.005 percent U, Less weathered
samples frem the same beds shew an average ef abeut 0,001 percent eU and
0.001 percent U, These analyses suggest that limited weathering raises

the percentage ef uranium in the bentenite.

Well ceres en the average shew a slightly smaller percentage ef
beth el and U than eutcrep samples. Individusl cere samples of claystene
and bentenitic claystene shew as high as 0,003 percent eU.

The lew uranium comtent ef these recks indicates that ai least
part of the radieactivity of the fermatien may be due te ether seurces
than uranium, perhaps K)0. Additienal field investigatiens, sampling,
and analysis will be undertaken at a lecality in Brewster Ceunty, Texas,
vhere the Boquillas limestone--the Eagle Ferd equivalent in that area-- has
been feund te be unusually radieactive, Further werk en the Eagle Ferd
clay will be limited te the cempletien ef a final repert.

Eastern black shale
by J. ¥, Pepper

Surmaries shewing available infermatien en distributien, thick-
ness, stratigraphic pesitien, and physical characteristics were cempleted
for the follewing Devenian shales? +the Bell shale in Michigan; the Ohie
shale and its equivalents in Ohie and Kentucky; the Sunbwry shale in
Ohie and Kentucky; the Marcellus shale in New Yerk, Pennsylvania, Maryland,
West Virginia, and Virginia; and the shales ef Genesee and Naples ages
(Geneseo, West River, Harrell, Burket, Genesee, and Millbere) in New Yerk,

Pennsylvania, Maryland, West Virginis, and Virginia,
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The Marcellus shale has been selected for further detailed
study leading te the censtructien ef a map shewing thickness and ether
physical charachteristics ef the shale in relatien te place and time ef
depesitien. The selection was based en the occurrence near the base ef
the Marcellus shale ef a bed ef bentenite which, according te Fettke,
Oliver, and Martens, can be cerrelated over a wide area. If the bentenite
bed can be correlated as these writers have prepesed, it will previde a
datum plane such as is net knewn to exiezt fer any eof the ether black
shales in the eastern United States, with the exceptien ef the Chattaneega.
Such a study may show a relationship between the characteristics ef the
shale and the time and envirommsnt ef depesitien whichy, in turn, may in-
dicate seme of the factors determining the distributien of uranium in
black shales.

Chattanoega shale
by W. C, Culbertsen and Lyrn Glever

Outcreps of the Chattanoega shale were lecated by driving aleng
reads crossing the belt of outcrep between Bessemer, Ala., and Chattaneega,
Tenn, All eutcreps were noted en maps, and 51 were measured and described
in detail., Secintillatien ceunter readings wers recorded fer each sectien.

The Chattaneega shale in the area investigated uncenfermably
everlies several fermatiens ef Silurian and Devenian age, and is every-
where everlain by the Mississippian Maury formatien. In a few ef the
esasternmost expesures, netably in the Birmingham area, the Chattaneega
is absent but in every exposure the Maury formatien was feund at its
preper interval, The thickness of the Chattancega shews greater varlation

in the seuthern Appalachians than it dees farther west in the Cumberland
Platsau,
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8ilt and sand are often prominent censtituents ef the shale in
this region. At the west entrance of the Tennessee, Alabama & Georgila
Railread tunnel northwest of Lafayette, Walker County, Ga., the black
bagal sandstone of the Chattaneega has the umsuwal thickness ef L feet.,
Another sectien in a read cut near Blanche, Cherekee Ceunty, Ala., has
an 18-foet interval of black silty shale and sandstene. Because of
slumping much of the sand and silt In this section is in the ferm of slump
balls and stringers., The original bedding is largely destroyed and the
shale at the outcrep has a massive appearance.

At many outcreps where the scintillatien ceunter readings are
lower than average the Chattancega shale contains reock believed te be
phesphatice. The rock occurs as thin beds as much as 0.2 feot thick which
are generally scatitered throughout the section. Superficially they re-
semble the mere common silistone beds of the Chattanoega; cleser examina-
tion, however, reveals that the rock has many of the lithelegic character-
istics of the phosphatic nodules feund in the Maury and elsewhere in cer-
tain intervals of the Chattanooga. These beds have a wide distributien
in nertheast Alabama and northwest Georgia. Censidering the high=-phes-
phate<lew-uranium ratie established by earlier USGS werk en the Eastern
Highland Rim of Tennessee, the chances ef finding faverable cencentratiens
of uranium in the shale in mch ef nertheast Alsbama and nerthwest Georgia
would be censiderably reduced.

At a road-cut on Little Ridge, 15 miles nerth of Fert Payne, Ala,,
and half a mile west of a lake and sharp bend in U, S. highway 11, a
scintillatien counter reading feur times the normal fer the Chattancega

in that area was ebtained. The immediate area of high radicactivity was
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covered but trenching revealed what seems to be intensely faulted and
leached Chattanooga shale. It is belisved that seme type of seceondary

enrichment is responsible for the unusually high reading.

Asphaltite and petroleum

Asphaltic rocks in western states
by W. J. Hail, Jr,

Reconnaissance for uranium in asphaltic rocks invelved examina-
tion and sampling of deposits in Wyoming, Montana, and Missouri. The map,
figure L5, shows the location of sampled localities, None of the local-
ities contains above-nermal radioactivity. A total of 5 samples, 1)
from Wyoming, L from Montana, and 36 from Missouri, was collected.

Chemical analyses have been recelved for nine meore samples of
those collected during the 1953 field season, Only six samples contain

significant ameounts of wuranium.

Table 13.--Analyses of uranium-bearing asphaltic recks

% ash %U in
Field No, % oil in oil oil ash Description and location

HNM- 5.12 1.3 0.012 Grab sample. Asphaltic sandstone.
N. Mex. Construction Co, Quarry
No. 3, Guadalupe Co., N, Mex.

HU-13 6.9 1.6 0.012 Grab sample, Asphaltic sandstone
in middle of 50' bed., Abeut 6
miles north of Sunnyside, Carben
Co., Utah,

HU-15 5.5 3.6 0.010 Grsb sample, Asphaltic sandstone
in middle of 25' bed, Abeut 6
mlles nerth of Sunnyside, Carbon
Co., Utah,

(Table 13,~=Continued)
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Table.13,~-Contimued

A % ash U in
Field No. % oil in eoil oil ash Descriptien and lecatien

HU-29 9.6 0.3 0.015 Grab sample. Asphaltic sandstene,
Near tep of 82' bed. Abeut 6 miles
nerth ef Sunnyside, Carben Ce., Utah,

HU=-63 1.k 2.5 0.013 Grsb sample., Asphaltic sandstene.
Lewer part ef 12! bed. Abeut 5 miles
west ef Vernal, Uintah Co., Utah.

HU-69 7.0 1.5 0.015 Grab sample, Asphaltic sandstene.

Middle of 19' bed, Abeut 5 miles
west ef Vernal, Uintah Ce,, Utah.

Geeochemisiry and petrology

Geochemistry of uranium-bearing carbenaceeus recks
by I. A. Breger and Maurice Deul

Uranifereus -«oals

Continuation of interpretative studies ef the organe-uranium
cempeunds iselated frem weathered ceals has led te the cenclusien that the
uranium is net asseciated with any particular, relatively simple type eof
organic cempenent in the ceal, Rather, it appears to be retained in the
ceal by substances very similar to humic acids in compesitien, probably
as the ienic cempounds, uranyl humates,

The uranyl-humic cempeunds that were isolated frem weathered
ceals cehtained percentages of exygen slightly higher than these in mest
humic acids., This "excess" exygen undeubtedly reflects the weathered
nature eof the ceal., Ne particular erganic compeund is respensible fer
the retention of wranium in coals; coals, especjally these ef lew rank,

have the ability to react with and retain urenium. This cenclusien is ef

interest in the search for uranifereus ceals,
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Isolatien of a large quantity of uranium-bearing erganic material
from unweathered lignite frem S. Dak, is nearly cemplete., Sufficient
material is being iselated to enable its characterizatien and cemparisen

with iselates previeusly ebiained from weathered ceals,

Colerade Plateau studies

An eil-impregnated sandstene cellected frem the Nerth werkings,
Temple Mountain, was extracted and fractienated te establish the distri-
butien of uranium in the asphalienes, the asphaltene-frse eil, and the ex-
tracted, eil-free sandstene, The eil centained 0.,0000L455 percent U and
the asphaltenes iselated from the eil centained 0.0001L47 percent U er
approximately 76.3 percent of tke uranium in the eil, The sandstene frem
which the eil was extracted contained 0.,00020 percent U. It was cencluded
frem these data that the eil in the sandstene centained a maximum ef 30
percent of the uranium present in a pessible marine seurce bed fer petre-
leum (Breger, unpublished dats) and probably carried this uranium out of
the shale during the peried of expressien.

' In contrast, an analysis of an eil seeping threugh the walls ef
an eperating mine in the Nerth werkings, Temple Meuntain, shews 0,00343
percent U, an extraerdinarily high percentage, Asphaltenes iselated frem
the oil carry 78.1 percent of the uranium in the oil,

Studies ef the eil-impregnated sandstene and ef the eil frem the
oll-seep indicated that eil, en migratien threugh a uranifereus zene, can
pick wp and carry uranium, but that eil which has net penetrated a uran-
ifereus zene carries enly a "normal" percentage ef uranium, The lew

percentage of uranium in the eil frem the eil-impregnated sandstene may
indicate that the impregnatien eccurred prier te the intreductien ef
uranium in the Temple Meuntain area,
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Infrared abserption studies of the asphaltenes from the twe eils
showed them to be fundamentally similar and alse indicated that they cen-
tained carboxyl ( COOH) groups. These groups may be respensible fer the
retentien of uranium by ths asphaltenes,

A carbonaceeus sandstone was studied te establish the asseciatien
of uranium with the carbenaceeus material., The ere is black snd has a
petrelifereus oder when freshly breken, Upen extractien with a wide variety
of erganic selvents enly 0.09 welght percent ef seluble material was re-
meved. When recovered, the extractable material has an appearance and edor
similar te that of crude oll. The extracted ore has an erganic carben cen~
tent of 20,49 percent,

Using the technique of ball-mill grinding in mixed media that was
develeoped in the study of black shales, the ore was separated inte erganic-
and mineral-rich fractions and two middiing fractiens., Data for the feur

separates and for the original ore are given in table 1l

Table 1llj.--Analyses of fractions of carbenaceeus sandstenes

b d Gf  LE UE

Original ore 72 ohé 20 oh9 1053 2 oh
Organic separate 18,01 62.63 L.01 1.1
Mineral separate 95.35 1.92 0,35 0.63
Organic middlings 83.16 12,69 1.2L 1.1
Inorganic middlings 88,38 9.05 1.22 L.9

Several ebservations can be made frem the data:
(A) The uranium is net new asseciated with the carbenaceous
matter. If the uranium has been asseciated with the carbenaceous matter,

a separation has since taken placs.
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(B) The uranium is net asseciated with the mineral cempenents
of the ere. If the uranium were present as & ceating en the minersl grains,
then fine grinding might have stripped the ceating se that

(C) The highest percentage ef uranium is new feund in the
fraction centaining mineral particles which are greund te celleidal eor
nearly colleidal size.

A pessible explanatien te acceunt fer the experimental data is
the follewing:

The sandstene at one time may have been impregnated with oil.
Aqueeus selutiens may have ferced the eil eut ef the sandstene leaving be-
hind enly the trace respensible fer the asphaliic eder ef the reck. Humic
matter and uranium subsequenitly saturated the peres ef the sandstene and the
erganic matter became metamerphesed te its present state.

The organic material now has a chemical cempesitien strengly
suggestive of lignite. The compesitien of the material, mereever, is such
as te almest definitely preclude a petreliferous erigin, If ergane-uranium
compeunds were present, irradiatien, primarily by alpha particles from the
uranium and its daughter preducts, may have breken the uranium-erganic bends
thereby freeing the uranium frem the carbenaceeus material. This hypethesis
is under investigatien.

Studies ef small, carbenaceeus pellets frem the Shinarump ferma-
tien were centinued. Available psllets were iselated, cleaned ef adhering
mineral matter, and separated en the basis ef specific gravity (1.29 te
1.56). Insufficient material fer all prejected studies is available and

mere pellets are being cellected.
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Mineralized and cealified leg fragmsnis were selected fer miner-
alegic and chemical analysis. This material, which cerrespends te vitrain,
is being investigated to determine if the uranium is retained in the same
manner that it is held in massgive ceals that already have been studied.

Black, vitreeus carbenaceous material (1/8% te 5/8% thick and wp
te several feet leng) that ecours sporadically in the Chattaneoga shale in
Tennessee and in the Cleveland shale in Ohle was studied in detail, This
material was reported as Ybiliumlinous® or Masphaltic® lenses or stringers
in descriptiens of these Upper Deverian black shales. Microscepic study ef
the material by J. M, Schepf of the USGS has revealed the structure ef
cealified weedy plan® tissus similar te vitrain, Sems eof this material
shews sufficient detail te be refersble te the genus Callixylen.

A relatively large sample of the vitrain from Camnon Ceunty,
Tenn, was availsble fer standard ceal analyses and was feund te centain
unusually high percentages ef wranium, germanium, vanadium, and nickel.

The asseclatien eof wranium er germanium with cealifisd legs er
coalified weedy debris has leng been knewn., The asseciation ef belh uranium
and germanium, such as has been feund in this and ether specimens frem
Tennessee and Ohie, has not previeusly been reported,

Coal petrelegy
by J. M, Schepf, R, J. Gray, and C. J. Felix

Petrelogic investigatliens included a study ef Daketa uranifereus
lignite and preparatien ef a report on the asseciatiens ef uranium in a cers
sample ef sub-bitumineus ceal frem the Red Desert in seuth central Wyeming.

Uranium-bearing ceals frem the Daketas differ in seme respects

frem these ef the Red Deseri in Wyeming er the Geose Creek district in Idahe.
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The fermer are banded ceals and evidently eriginated principally frem
vegetatien growing essentially in situ, whereas the ceals ef the Red Desert
and Geose Creek district appear te centain a much greater propertien of
transperted organic material., The mest uranifereus laysrs ef the Idahe
and Red Desert eccurrences beth appear te contain unusually large percent-
ages of amorphous waxy matter; this is lacking in the Daketa eccurrences.
The ldaho and Red Desert coals also lack the normal tep-preferential
pattern of uranium eccurrences that characterizes mest of the Daketa ceal.
Altheugh pesitien within the ceal bed is evidently a mest impertant facter
in the Dakota eccurrences, in all three districts it appears that the more
highly decayed and finely particulats plant debris (translucent attritus)
is generally greatest in layers having the highest uranium centent., A factor
that seems teoe frequently repeated te be ceincidental is asseciatien ef
uranium with a layer high in dstrital mineral matter (clayey and silty beds
or partings) abeve layers ef greatsst uranium centent,

Current laberatery studiss have been deveted mainly te coals frem
the S1im Buttes district in South Daketa, Within the Slim Bubies area,
preper, six ceal beds are lecally represented (TEI-390, p. 131-136 and
TEI-LLO, p. 113-117). The three principal beds are the Mendenhall Rider,
the Mendenhall and the Olesrud, each ef which includes twe er mere. "benches"
defined by prominent and fairly persistent partings., The "benches® are
designated fer purpeses ef this report as "V'up;)er’“ and "lewer® parts ef

the named ceals, as followss
Maximm thickness ebserved in ceres

Upper Mendenhall Rider up te 10,39 feet (hele SD-8)
Lower Mendenhall Rider uw te 8.0L feet (hole 16)
Upper Mendenhall bed up te 5.29 feet (hele SD-19)
Lewer Mendenhall bed up te 7.78 feet (hele 3)
Upper Olesrud bed wp te 6,93 feet (hele SD-19)
Lewer Olesrud bed up te 5.69 feet (bele SD-8)
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Paleontologic studies confirmed field identification ef the
major coal heds., Water fern megaspores are abundant in the Lower Olesrud
bed, but are scarce or absent in the coal beds higher in the sequence.

The average petrologic compositien of each ceal in Slim Buttes
is given in table 15.

Table 15.--Average petrologic compesition of ceal beds in the
Slim Buttes area, Harding County, S, Dak.

Anthra- Transl, Opaque Petrog. Visible
xylon Attritus Attritus Fusain  Impurity

Upper Mendenhall Rider 1/ 60.0 29.6 1.6 7.8 1.0
Lower Mendenhall Rider L7.5 3L.5 5e5 7.0 5.6
Upper Mendenhall Bed L7.3 L3.2 3.8 4.6 1.1
Lewer Mendenhall Bed 53,3 35,7 Lol 5.5 1.5
Upper Olesrud Bed 1.0 35.6 4.0 5.6 3.7
Lower Olesrud Bed 3.3 33.L 3.4 L.8 5.1
Total Average 8lim

Buttzs beds 51.2 36.L 3.0 5.5 3.0
Average of six beds of

lignite mined in N. Dak,

(Ue.S. Bur. Mines Info.

Circ, 7691, p. 66,

1954) 58.1 30.0 8.6 3.3 -

1/ About half of the Upper Mendenhall Rider Bed was lest in
drilling: figures for both Upper and Lower Rider beds are based on com-
plete coverage of all coal recovered, from hole SD=8, Values given fer
other beds all are based on averages of three to five different coal-bed
samples,

The weathered coal at the Mendenhall mine appears te be ef
different nature from the unweathered coeal frem the same bed in adjacent
deep drill heles., The weathered coal contains less anthraxylen but mere
translucent attritus and opaque attritus than the unweathered ceal., A com=

parison of these constituents of the Upper Mendenhall coal bed, extending
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frem 333.83 te 339,12 feet in depth in hele SD-19, with the same part ef
the Upper Mendenhall ceal bed at the strip mine is shewn belew, 4ll

mumerical values represent percentages.

Anthra-  Transl. Opaque Petreg., Visible
xylen Attritus Attritus Fusain Impurity

Fresh ceal,

Hele SD=19 L8.€ 39.7 k.9 5.7 1.1
Weathered coal,

Mendenhall

strip mine 6.4 62.2 13.2 15.6 2.6

The petrelegic censtituents and their suberdinate cempenents
for feur uranifereus samples ef the upper part ef the Upper Mendenhall
ceal frem hele SD-19 is shewn in table 16. The cempenent cempesitien ef
only the translucent attritns of these same feur samples is shewn in table
17. The samples are arranged in erdery TE=L at the tep ef the ceal te TE-7
which is ene feet balew top of the ceal.

Geochemistry ef wranium~bearing shales
by Maurice Deml and I. A, Breger

Samples of Chattanoega shale, ef vanadium shale frem the Phes-
pheria fermatien in Wyeming, and ef shale frem the Daketa fermatien near
Gallup, New Mexice were fractienated by ball-mill grinding in mixed media.
These shales were chesen because they represent different geelegical en-
virenments and centain different percentages ef uranium. All the shales
have abeut the same percentage ef erganic material. Preliminary results,
reperted in TEI-LLO, indicate that uranium is present in the Chattaneega
shale as a separate celleidal phase disseminated threugh the erganic

matrix but net cembined with the erganic material. Cemplete data are shewn
in table 18,
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Table 16,--Cempesitien, in percent, ef the four uranifereus ceal
layers at the tep of the Upper Mendenhall ceal bed in hole SD=19

Constituents or cempenents TE-L TE=5 TE=6 TE=7
Anthraxylen:
coarse.....'...'..00..'...... J-l.lo 12090 ho.hs )—L3°8h
At‘brital.o-cooooooooo..ototoo 23051 27.13 180)42 lholO
TQtaJ-OQ..O..0.0..'..000.000 3’4-71 1.!.0.03 ;8.87 ﬁo9}-l-
Translucent attritus:
Su'b-an'thraxylon...........o.. 1,90 2,02 2.!42 loS).l
Humiz degradational matter... U6.93 38.86 35.56 30,13
Tota8luesesoossssnsessscssse LBeB3  LO.BO 37498  3L.07
Red attrital resinScecessscese 0024 0.22 0.19 0.10
Cuticleceeesscecoscescoseossns 0,02 0.01 0.01 0,0
Sporesﬂo.'...l.Q.......0‘..00 o.20 Ooll 0.05 0006
Yellew attrital resinS.eeeeee 0,02 0.10 0.0 0.07
Waxy amerphoUS.eceesosescecsss  0s27 0,49 0,12 0,18
Tot8legocossesccoescocscsoss ool ° 010 031-
mngal phy.beralsoo'oo‘baoocob 0.03 «0 .0 .0
Brewn Mt.beerQODODOQOOQOQGGO 6.67 2‘62 0095 1086
Total translucent atiritus. 56.28 Ll L3 39.30 33.94
Opaque attrituScsecsccccccsccescs 3.11)4 12,77 1,23 3-65
Micrefusainescosscsccccossososcs 2.58 2.19 Oo)_l-o 2.33
Megafulaifececessoscecssscccscce 1.6k oC .0 171
Totalececsscooscecencescconcs hoﬁi ?.19 O.EO H.OLI,
Disseminated PYTitesScceccscessses 0o2)4 0015 D 0.12
Transparen'b nineralSceeecccosens 0.15 0.21 o0 0.21
Clayey mineralSeccecoccccescsscos 0.96 0,23 0,21 0.1l
Teta.l...uo......o........... 1.35 059 oﬁ .Ll.h
TOTALseocsossasacosccscescessseos 100,00 100,01 100,01 100,01
Percent uraniiiMecoscccessecccsso 00235 .0160 0130 .0060
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Table 17.--Compesition, in percent, ef translucent attritus in uraniferous
coal layers at the tep of the Upper Mendenhall ceal bed in hele SD-19

Cempenent, TE=l TE-5 TE=6 TE-7

Sﬁbanthraxylﬂn............- 3038 .ho55 6.16 h053
Humic Degradatienal matter. 83,39 87.L8 90,48 88.80
T@tﬂ.ooao.o..aooo.o...l 83.77 9200? 960—6h 930T

Red a’btri‘t‘al resinSoooogoq. o.hS O.h9 Ooh9 0.29
Cubticlecsoceoccccvovccssoscos 0.0h 0.02 0.02 o0
Speres.........o..o...-o... Oa35 Oo2h 0.13 0.17
Yellow attrital resinS.e.es 0.0L 0.23 .0 0,20
Waxy amOr’phOU.So.ntoﬁoooobo- 0.1]-8 1.10 Ov31 0052

Tataloo.o'oﬁoooo.ooooooo 0.91 l;g? Ooh6 0089
Total fungal phyteralSeeess 0.05 0 .0 .0

Totaleoeeocoescsscosocccnes 1O0,0L 100,01 100,00 100,01

Percent of layer represented
by translucent attrituse.ec. 56,28 Lk k2 39430 33.93

Percent uranium
chem. determinedoocoscocoseoe 00235 .0160 .0130 oOOéO

Table 18,-=Compositien of fractiens, black shales

Refined Refined
Original Organic Mineral organic mineral
sample sSeparate separate Middlings separate separate

Ash, percent, 75.5 é68.1 80,1 66,1 32,3 83.6
Uranium, percent 0,0090  0.0059  0,00L9 0.019 0,0038  0,0035
Carben, percent 13,72 17,00 9.5 9,07 40.0 L7

Hydrogen, per-  1.57 1.95 1.5 2.77 L2 1.h

cent
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The refined separates were obtained by grinding the eriginal
organic and mineral separates a second time, The ¥middlings" represent
the finest material ebtained in grinding. Mest ef the particles in this
fractien are colloidal or nearly celleidal in size,

Similar fractionation of the vanadium shale frem the Phespheria
formatien, Coal Canyen, Wyoming, leads to cenclusiens identical te these
reached for the Chattaneega shale. Data feor the veanadium shale are shewn

in table 19,

Table 19,~=Compesition of fractiens, Phespheria fermatien

Original Organic Mineral
sample separate separate Middlings

Ash, percent 76,6 26,1 85.0 81.1
Uranium, percent 0,0039 0,0013 0,0032 0,0048
Carben, percent 1h39 Sl.1 2,75 9.0
Hydrogen, percent 1.6 2,35 1.3 1.5

Fractionation of the shale from the Daketa fermatien, New
Mexice, leads to cenclusioens contrasting sharply with these fer the
Chattanooga and vanadium shales, Analysis of fractiens frem the Daketa
shale (table 20) show that the uranium is retained by and asseciated
with the carbonaceous ceonstituents, and is net present as a separate
phase,

The organic concentrate frem the Chattaneega shale exhibits
ne unusual trace element enrichments. In centrast, the erganic fractien
frem the Phespheria fermatien centains striking enrichments ef nickel,

vanadium, cepper, silver, and melybdenum; and the erganic cencentrate frem
the Daketa shale centains netable enrichments ef cepper, lead, cerium,

and lanthanum,
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Table 20.~=Compositiern of fractions, Daketa shale

Original Crganic Mineral

sample ggparats separate Middlings
Ash, perczent 7663 3062 90,0 67.8
Uranizm, percent 0.091 0.l 0,005 0,12
Carbon, percent 12,97 18,5 0,82 13,8
Hydrogen, percent 1,62 2098 1.6 2,25

Fins grinding of ths Chattanoega shaley fellowed'by air elutria-
tion, also was spplied to the study of the relatienship of uranium to other
shale cemponents, Whils thsss studies were preliminary in nature, the re-
sults have been interpreted as confirming the conclusiens already stated
fer associatiens in the Chatitanecega shale,

The fracticnalions shown in tablas 18, 19, and 20 are superier
to any whizh hawve besn published er with which preject members are familiar,
The data obtainsd have clarifizd a pumbar of pelrts with regard to the
mechkanisms rasporsikle for the prexipibation of wranium Iir carbonaceous
shales, Thess concluslicrs mow awalt confirmation,

Asphaltite and peirolsum
by A. T, Myers

During the report period 168 chemical determinatiens en 116
samples and 7,336 semiquantitative spectrographic determinations fer 126
samples were completed, A distributien by censtituents and sample types
is shewn in table 21,

Analyses of the crude eil samples supplied by H. J., Hyden have
besn cempleted with the exceptien ef Tl determinatiens. These samples were

selected to give wide areal and geologlic ceverage,
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Table 21 .,~--Distributien by sample types and censtituents

Sample e Ne. of Samples
Petrelifereus Reck 19
Crude 0il 51
Asphaltite 2
Miscellaneeus (ceals, shale,
etc,) __h_l_g

Total 116
Censtituents No., of Determinatiens
% Ash 101
¢ U in Ash i
Z 0i1 19
Other 1/ 1

Tetal 168

1/ Including ¥ arsenic, % erganic matter.

The paper entitled "The asseciatien ef uranium and ether metals
with crude eils, asphalts, and petrelifereus recks," TEM-513, by Ericksen,
Myers, and Herr was published in the Octeber Bulletin ef the American
Asseciatien ef Petreleum Geelegists.,

The majer pertien eof the werk during the repert perled was di-
rected teward an evalunatien ef the lesses ef uranium and accempanying metals
during the ashing ef crude eil, asphalt, and asphaltite., The ashing ef the
sample is carried eut in a vycer-type cembustien tube in a three element
electric cembustien furnace, A slew stream of exygen is passed ever the
sample te suppert cembustion. All products evelved during the ashing are

bubbled threugh a warm 15 percent nitric acid selutien which acts as a
scrubber, With liquid samples, 25 mg. of a previeusly analyzed pure quarts
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powder is added to act as a collecter for the small quantity ef ash, A
like amount of quartz is added te the scrubber selutien fer the same
purpose., This additien ef quartz greatly simplifies the spectregraphic
analysis of the samples.

Results to date indicate that when less ef uranium during
ashing is detected, the ameount of the less becemes a functien ef the
original uranium centent of the sample, Different types ef crude eils
and asphal*s present different preblems. Certain types of crude eoils may
be ashed with little or ne loss of metals, while ether types may show
significant loss of uraniwm and ether metals during ashing, An asphaltite
sample prepared from a bulk sample of asphaltic wranium ere frem New
Mexico had a uranium centent of 27,500 ppm in the sample as determined by
wet ashing. The sample, which was 8,L98 percent ash, had 294,660 ppm U
in the ash whilethe scrubber solution from the sample had L.1 ppm U en a
sample basis, A sample of crude oil frem Califernia was feund te centain
46,05 ppm U in 0,041l percent ash, The scrubber selutien frem this sample
centained O.1 ppm U en a sampls basis,

Spectregraphic analyses en duplicates ef the abeve samples
shew small lesses of vanadium, cebalt, lead, and nickel en dry ashing.

The less ef cepper is mederate. There is ne detectable less of arsenic.

The uranium centent is highest in asphaltite pellets and similar
material high in cempenents inseluble in organic selvents, It may be that
the high uranium centent in these materials is respensible fer their in-
solubility. Other metallic elements such as nickel and vanadium generally

parallel this distribution.
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In petrolifereus rocks the metals, including uranium, fellew
the extracted oil, A study was made of the ratio of metal centents of
the extracted oil and of the rock residue., In the 11 samples studied the
metals were cencentrated to a greater extent, almost 2:1, in the extracted
oil, with one exception. Microsceopic examinatien of this rock residue
showed that the sand grains were coated with a black, lustreus material in
which the metals were assumed to be concentrated. Examinatien of the
other residues, in which the extract contained the metals, shewed clean
fragments with ne ceating, This leadé te the cenclusien that the metals
are in celleidal suspension in the eil or centained as metale-erganic cem-
plexes,

The data indicate that in general the amount ef uranium and ether
metals is higher in asphaltic crude oils, asphalits, and asphaltites than
in paraffinic or aromatic crude oils., These dataywhile net cemplete for
all the areas studied, show that oils of lew API gravity from certain areas
are high in uranium, In addition certain Wyoming eils from Pennsylvanian
and Permian-age rocks seem to have low API gravity and are characteristically
high in nickel and vanadium.

Research is underway on methods of separatien fer naphthenic
acids and ether possible uranium cemplexing cempeunds present in the nitre-
genous fractiens ef crude oil.

Uranium in western petreleum
by H. J. Hyden and N, W, Bass

A tetal of 147 samples ef crude eil, L1 samples ef eil field
brine, and 16 samples ef eil refinery residua has been cellected frem oil-

producing areas in 1l states. This tetal includes 32 eil samples and four
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states in additien te these reperted previeusly, The feur new states

are Califernia, Seuth Daketa, Nerth Daketa, and Nevada.

0il samples
The ¢il samples are first ashed; the ash frem the samples is

then subjected te radiometric, chemical, and spectregraphic analyses, A
total of L9 samples has been tested for equivalent uranium centent., Uranie
um centent has been determined for 12 samples, and seven ef these have

also been tested for equivalent uranium content. The ratie ef U te el is

1,17 fer one sample; the ratie for the remaining samples ranges frem .175

te 4005,
Table 22,--Summary of petroleum samples tested
Ne., of samples g el in ash
5 <,0010
L «001 = ,032
Total L9
Samples tested fer uranium content
Ne, of samples Z U in ash
1 <.0001
u 0001 - 007
Total 12

The ash frem 75 oil samples has been tested by spectregraphic
analyses for 60 elements, The follewing elements are present in ene er
more samples in quantities ef 0.0l percent or more ef the ash: Al, Fe,
Mn, Ti, Ca, Mg, Na, K, As, Ba, Ce, Ce, Cr, Cu, Ge (in ene sample enly),
Li (in ene sample only), La, Nd, Ni, Pb, Sn, V, ¥ (in ene sample enly),

Zn, and B, The following slements are present in ene er mere samples as
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Vanadium, copper, and nickel are cemmon major constituents,

Ca’ Mg, Na’ K:, Cu, Ni’ Pb, V’ and 2Zn,

Duplicate samples of each oil sample being tested fer metal cen-

tent are subjected to Hempel analysis and sulfur and nitregen analysis by

the U, 8, Bureau of Mines,

and 16 nitregen analyses have been cempleted,

Brine samples

0il field brines will be analyzed chemically.

water samples have been completed at this time,

Refinery residua

To date, 18 Hempel analyses, 18 sulfur analyses,

Ne analyses ef

The 16 samples of oil field residua are from 10 refineries in

Wyoming, Montana, Texas, and Oklahoma.

pleted for 1l samples from nine refineries,

Table 23,=~Trace metal analyses of oil~field residua

Locatien of
refinery

Sinclair, Wyo.
Sinclair, Wyo.

Casper, Wyo.
Casper, Wye.

Casper, Wye.
Laurel, Mont.

CO@': woo

C@dy, W@ °
CQdy', Iwyc °

Thermopelis, Wye.
Tulsa, Okla,

Tulsa, Okla,
Tulsa, Okla.

Stroud, Okla,

Source area of
crude cll

W&oging

Wind River Basin,
Big Horn Basin,Wyo.

Salt Creek field, Wyo.

Wyoming

Willisten Basin,
Ment., N. Dak.

Oregon Basin field,

Wye.

Elk Basin field,Wyo.
Oregen Basin field,
Pitchfork field,
Half Moen field,

Wyooe

Hamilton Dome, Wye.

Central and eastern
Oklahoma

Central and eastern
Oklahoma.

Osage and Tulsa
Counties, Okla,

Laffoon field,
Prague field,
0kla,

Material

No, 6 fuel oil
asphalt

coke

coke

coke

asphalt
asphalt

asphalt
asphalt

asphalt
asphalt

asphalt
asphalt

asphalt

Trace metal analyses have been com-

These are shown in table 23,

U
% Ash in ash
0,012 0,0006
0,022 0,000L
0.425 0,02
0,126 0,023
0,120 0.015
0.033 0.,0001L
0.026 0,0003
0,0L9 0.,0005
0.072 0,000L
0,07k 0,000k
0.0l  0.0003
0,028 0.0007
0,020 0,0007
0.058 0,001
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URANIUM IN PHOSPHATES

Nerthwest phesphate
by V. E. McKelvey

Work on the Nerthwest phosphate progrsm during the repert peried
consisted mainly ef geelegic mapping, stratigraphic studies (including a
field cenference on the nemenclature of Permian recks ef the phesphate
field), and the preparatien of reperts., The results ef the cenference en
nomenclature will be reported later when thes plan evelved is appreved by
the Committee on Geelegic Names, Other results are summarized belew,

Geology of the 8oda Springs quadrangle, Idaho
by Fo Co Armstreng

This preoject was resumed in September after a l-year recess,
About twe square miles were mapped during the fall,

Twe volcanic cones were mapped en the crest ef the nerth end ef
the Bear River Range, Porphyritic basalt flows frem the cones flewed dewn
pre-exlsting valleys on both sides ef the range. This perphyritic basalt
is the youngest of a differentiated series of basalt flews in the Seda
Springs quadrangle,.

Work completed to date shows that: (1) The klippe fermerly
mapped on Three Mile Hill does not exist, There is thus ne evidence that
tae thrust extends acress Bear Lake Valley, (2) Bleck faults are much mere
abundant than theught previeusly. (3) The gress structure ef the Bear
River Range is the west limb ef a nerthwesterly plunging syncline cut by
numerous faults, (L) The structure of the Seda Springs Hills is the same
as that ef the Bear River Range except that faults are more numereus and

cemplex,
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Geelegy ef the Snewdrift Meuntain quadrangle and adjacent areas, Idahe
by E. R. Cressman

Five square miles in Snewdrift Meuntain quadrangle and 20 square
miles in the nertheastern and nerth-central parts ef the Mentpelier quad-
rangle were mapped. The area censists of a feided and faulted mass ef
upper Paleozeic and Triassic sedimentary rocks that are in fault centact
with Jurassic rocks en the east, south, and west. The elder recks were
interpreted by Mansfield as being part of the Banneck everthrust sheet,
the fault surface here ferming a gentle north-plunging syncline, The
structure ef this area and ef the Georgetown Canyen area immediately te
the nerthwest constitutes the main evidence fer interpreting the Banneck
fault as a felded lew=-angle everthrust,

Detailed mapping has demenstrated that the fault trace is net
centinueus, The fault beunding the elder recks en the east dies eut seuth-
ward, and the seuthern beundary fauli branches eastward inte seversl small
thrusts that in turm die out. All ef the thrusts are either steeply er
moderately dipping,.

Geslegy of the Stewart Flat quadrsngle, ldahe
by Le Do Carswell and R. P. Shelden

Abeut ene-half of the quadrangle was mapped during the field
seasen., In the seutherﬁ half of the quadrangle sbeut 9 square miles have
been mapped, 9 can be completed by phetogeelegic metheds, and 9 remain te
be mapped. Mapping of the nerthern half eof the quadrangle is in apprexi-
mately the same stage of cempletien.

Mapping has demenstrated that the structure is mere cemplicated

than indicated by Mansfield and ce-werkers, In the seuthern half ef the
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quadrangle, a censiderable area of the axis ef the Webster syncline is
underlain by the Thaynes fermatien., This means that the Phespheria lies
deeper undergreund and less minable phesphate lies abeve entry level than
heretefore theught.
Geolegy of the Phespheria fermatien in Mentana
by R. W. Swansen
Sectiens of the Phospheria fermatien er parts ef it were sam~

pled at Legan, Dissett, Elliston, Andersen Mine, East Gird Creek, Treut
Creek, Warm Springs, White Gulch, and Mt., Humbug, Mentana, Seventy
channel samples ef phesphatic rocks were cellected., In additien rocks

of Phespheria age in Alberta and British Celunbia were examined te ebtain
infermatien on the palsegeography ef the Phespheria sea.

Near Ellisten 5 feet of phesphate reck is everlain by 2 feet er

mere ef fairly phesphatic sandstene; the whele sequence may preve ef
» furnace grade. The rock generally is siliceeus and lew in erganic matter.
The Warm Springs phesphate is siliceeus and uwnmusaally rich in fluerite,
apparently mestly secendarys; it prebably is ef geed grade and is nearly
L} feet thick. That at Gird Creek in the Maxville district is diluted
by mudstene partings bubl prebably is of furnace grade everywhere and may
be of acid grade lecally., At Mt. Humbug in the Butte Highlands near
Divide an ll-feet sectien ef phesphate, argillaceous er with mudstene
partings, is of furnace grade and the tep L feet may be of acid grade.
The reck is black and appears graphitic, perhaps owing te slight meta-

-~ moerphism by igneeous activity nearby,
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Though geed correlatien ceuld not be established between the
Rocky Meuntain fermatien in British Colunbia and Alberta and the Phes-
phoria fermation, several sections ef the upper parts ef the Recky Meuntain
formatien were studied, and similarities between the Canadian and Mentana
stratigraphy - including the presence ef phesphate - were sufficient te
suppert the idea that the Recky Meuntain fermatien ef Canada is reughly
equivalent te the Quadrant and Phespheria formatiens of Mentana. Partial
sections were measured at four localities,

The Phospheria formation in nerth-central Idahe

by E. R, Cressman

Several years ago C. P. Ross reperted phesphatic fleat aleng
Hawley Creek nine miles east of Leadore, Idahe, and 20 miles west of any
known outcrops ef the Phosphoria formation at this latitude. A visit te
the locality in July disclesed the presence of fleat of high=-grade phes-
phate rock and bedded chert very similar in appearance to the Rex chert
member ef the Phosphoria. A sectien measured frem the surface expesures
showed that the Phespheria fermatien is underlain by quartzite similar
to that of the Quadrant formatien of Mentana and is everlain by brewun-
weathering dark-gray mudstene similar te parts ef the Dinwoedy fermatien
in seuthwestern Mentana and seutheastern Idahe. The Phespheria censists
ef abeut 700 feet of cherty delemite everlain by 150 feet ef bedded chert.,
Phosphate reck eccurs at two herizens, ene 80 feet below the bedded chert
and the ether 1L0O feet belew the chert. The phesphatic zenes are very
poorly expesed, but the ameunt ef highegrade phesphate reck in the fleat
suggests the pessibility of a minable thickness ef phesphate.
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Geolegy of the Phospheria fermation in Wyeming and east-central Idahe
by R. P. Shelden

Three sectiens of the Rex member of the Phospheria fermatien
were measured at Buck Creek and Steer Creek,zwye. and at Mahegany Ridge,
Ida. Previous correlation of beds in the Rex member projected across
these areas was substantiated by these sections, A facies change of
the upper part of the phosphatic shale from mudstone and phosphorite
to chert from Fall Creek, Ida., to Flat Creek, Wyo., was demonstrated by
examination and by field correlation of intermediate sections of the
phosphatic shale at Teton Pass and Hungry Creek, Ida. A previously un-
known horizon of phosphatic sandstoge and sandy phosphorite about 25
feet thick was found in the upper part of the Rex member at Mahogany
Ridge, a few miles west of Victor, Ida, The presence of phosphate in
these rocks was discovered in thin section; these show a range in
apatite content éf a few percent to about 70 percent (probably equiva-
lent to 5 to 30 percent Py05).

Preliminary petrographic studies show that some phosphorite
pellets form diagenetically. A micaceous siltstone, with mica flakes
oriented roughly parallel to the bedding, contains pellets of micaceous
siltstone cemented by collophane, The mica in the pellets is also
oriented roughly parallel to the bedding and some flakes cross pellet
boundaries, Thus the cementation by collophane occurred after deposition

of the quartz and mica silt. Another specimen of pelletal phosphorite
exhibits growth interference of collophane grains giving a mosaic texture.
Small pellets appear to have been partially destroyed by the addition of
collophane to the larger pellets and others seem to have encircled by

secondary collophane to form compound pellets. The extent of diagenetic
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pellet formation in the Phosphoria formation is unknown although it is
cartain that, as indicated by broken grains, many phosphorite bsds are
compozad of pellets forwed prior to the rocks of which they are a part,

Gaology of the Phosphoria and Park City formations in Utah

by Te M, Cheney

Reconnaissance in westerrn Utah and northwestern Nevada during
the 1954 fisld season resulted in the location of two hitherto unreported
outerops--one near Montelleo, Nev., the other near Kelton, Utah--of
rosks equlvalent to the Phosphoria and Park City formations. At both
localities the section is 3,000 to L,000 feet thick and is composed
dominartly of chert and cherty carbonate rock. At the locality near
Kelton a thin phospbatic shale unit was located nsar the base of the
section, A thin phosphatic shale urit was found at the base of the
Gewmshar (7) formation in ouborops in the east Humboldt range, Elko Co.,
Neve. This is the weshernmost locallty from which phosphatic shales of
Permian age have been rsporbed.

Effects of weathering on phosphate rocks
by L. D. Carswell and V. E., McKelvey

The investigaticn of the effscts of weathering on the composi-
tion of pkosphate rock continued, with the collection of a suite of about
80 samples from various levels of the Anaconda Copper Mining Company!'s
mine at Conda, Idaho, and the transmittal for analysis of several
hundred samples cut by the San Francisce Chemical Company from explora-
tory workings in the Crawford Mountains., Analyses furnished by both the
Anaconda Company and the San Francisco Chemical Company on samples

collscted from their mines show a steady decrease in phosphate content
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In highw~grade rocks of the lower bed from about 33 percent P205 near the
surface to 30 percent or less a few scores or few hundreds of feet below
the surface. Resulls of a few analyses made by the Survey on the San
Francisco Chemical Company's samples from the Crawford Mountains show
that as the phosphate content decreases the percent loss on ignition
increases in amount that nearly compensates for the decrease in phosphate.
This suggests that the chief effect of weathering is leaching of carbona-
ceous matter and carbonates.

Coatings of a secondary uranium mineral, probably tyuyamunite,
were found by the San Francisco Company in its Crawford Mountain workings,
showing that some uranium is leached during weathering and redeposited at
depth. Uranium analyses on the samples show no indication, however, of
any notable enrichment nor of any persistent trend in variations in the

uranium content with depthe.

Phosphates of southwestern Montana
by W. B. Myers

Field checking in the Willis 8W quadrangle and south in the Dell
area, by Myers late in June, indicated that the Beaverhead formation in=-
cludes deposits of post-thrust age. Some of the later deposits underlie
post-thrust Tertiary volcanics, some are intercalated, and some overlie
the volcanics. Further checking showed that at least two distinctly differ-
et ages of basalt flows are assoclated with the "Beaverhead®™ deposits,
The complexity of these relations has been responsible for failure to recog=-
nize the wide variation in age of the deposits referred to the Beaverhead
formation,

The post-thrust "Beaverhead" can be distinguished from somewhat
similar pre-thrust deposits by field relations and by the gensral lack of
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consolidation of the later deposits, as well as by the common presence of
many types of volcanic material in the younger rocks.

The presence of volcanic fragments was previously thought to be
a reliable criterion for the separation of the later Tertiary basin de-
posits from the pre-thrust Beaverhead deposits. The study in June, however,
disclosed the presence of wolcanic material in the Beaverhead itself. Thin
andesitic tuff beds and at least one horizon of andesitic cobbles underlain
by a thick andesite flow (?) were encountered in pre-thrust deposits of the
type section of the Beaverhead formation west of Dell.

The Willis SW field check as well as further photo~interpretation
and map study strongly suggest an important amount of late steep fault
movement invelving the post-thrust "Beaverhead" and Tertiary volcanics, both
in the Willis SW and NW quadrangles. These faults had previously been
overloocked or were thought to have been active at an earlier period exclu-
sively, Mep relations in the Willis NW quadrangle suggest that at least
the earlier of two stages of glacial deposits have been displaced by

Recent faulting,

Southeast phosphate

Exploration
by W. L. Emerick

Company drilling

The following drilling on land to be mined prior to 1965 was
carried out by phosphate companies, on their own property, under contract

with the AEC:
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Holes drilled Footage Contract
Tast Total Last otal percent
report to date report to date completed
American Cyanamid 93 139 3,293.0 }4,588,0 100
Company
Davison Chemical 0 26 0 982,6 100
Company

Samples from the aluminum phosphate and calcium phosphate zones
were collected from drill holes by the companies for analyses of U, PZOS’
A1203, and Ca0. The gamma~-ray logging unit of the Geological Survey logged
all of the holes on the AEC contracts with the companies.

Mobile drilling

A mobile drill was used intermittently during August and September
for exploratory drilling to delimit zones of aluminum phosphate. The
drilling was recessed for an indefinite period in September.

Radioactivity loggi_._r_;g of drill holes

A total of 18L holes aggregatbing 6,128 feet were logged by the
gamma-ray unit. The cumilative total for the gamma-ray unit is 3,473 holes
'bO'bS.lling 123’}40,-‘- fee'bo

Economic geology of the land-pebble phosphate deposits
by J, B. Cathcart

Most of reporting period was spent in compiling data and writing
reports on the economic geology of the aluminum phosphate zone on lands
owned by each of the companies active in the field. The series of reports

should be finished by the end of the calendar year 195L. Although the

work is incomplete, it is possible to make certain generalizations regarding
the distribution of the aluminum phosphate zone and of the uranium in the zone,
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The zone is thickest and most persistent in the flatwoods area
and on the flanks of the ridge area, whereas in the ridge area itself it
is thin, discontinuous, or absent. It is not present in economic amounts
in the valley zone (see fig. L6). The outline of the ridge area on figure
L6 is the 1LO=-foot contour line, and the east flank of the ridge, toward
the Peace River, is underlain by possibly economic material., Conversely,
the west side in the flatwoods area, particularly in Tps. 30 and 31 S.,

R. 23 E., is underlain only in part by economic aluminum phosphate zone,

Vertical variation in uranium content in the zone, shown by
gamma~-ray logs (fig. L7), seems to follow several patterns:

(1) Two or more high peaks separated by a barren zone. Overburden
is generally thick, with loose sand at the top, followed by slightly clayey
sand that is higher in radioactivity than the loose sand, but is question-
ably economic. This condition is characteristic of the central ridge area.

(2) A high peak at the top of the zone, just below the contact with
the barren quartz sands of the overburden. The uranium content decreases
with depth until it reaches a level equal to the radioactivity of the
matrix, This is characteristic of the east flank of the ridge and part
of the flatwoods,

(3) Uranium content low at the top of the zone, and the wupper part of
the zone questionably economic. Radioactivity rises to a peak at the base
of the zone, at or near the contact with the underlying matrix. This is
characteristic of the flatwoods area, A variation of this profilé has a
broad high peak close to the center of the zone, with the top and bottom

of the zone lower in radiocactivity.

342684 O - 55 - 13
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FIG. )6 INDEX MAP, LAND-PEBBLE PHOSPHATE DISTRICT, FLORIDA,
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(L) No zone present, and weanium conbant of the matrix much lower
than in the ridge or flatwoods areas. Characteristic of the valley area.
Geolegic study of phosphate deposits and their "leached zones®
in the ncorthsrn half of Florida
by G. H. Espanshade
A geologic study of +hs phosphate deposits and phosphatic sedi--
ments in Florida outside of the land-pebble phosphate district was begun
in July 1954, The objentlves ars to investigate the nature, exitent, and
origin of the depoz2i*s, ard o cbtain information on the distribution of
wraniom in these deposits and thelr sc-callad "leachad zones"™ or aluminum
phosphate zones, The folleowing dlzcussion, and previous studiss of the

occurrsnce of weranium in them outlines the naturs and scope of the problem,

Distribution and nature of deposits
D

The deposits are distributed throughout an area of several
thousand square milss in the northern half of the Florida peninsula and
appear to be of several geclegic types (Mansfield, 1942, USGS Bull. 93L).
The best known type is ths hardrock phosphate deposits, which occur near
the western side of the peninsula in a narrow northwest-trending belt more
than 100 miles long., They are irregular discontinmous bodies that generally
have been thought to bs of replacement origin., They are overlain by an
extensive cover of phosphate-cemented sand, which has some similarities to
the "leached zone" overlying the matrix in the land-pebble district., The

phosphate=cemented sand appears to be more widely distributed than the harde

rock deposits, The other phosphate deposits to the east, north, and north-

west of the hardrock belt axe not so well knownji the principal types are
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land-pebble and river-pebble deposits, phosphatic sediments of the Hawthorn

formation, and the highly weathered residuum of phosphatic sediments,

Previous studies

A preliminary investigation of the distribution of uranium in the
phosphate~cemented sand of the hardrock belt was made by Ketner (TEM-168,
1954). Phosphate deposits in the southern half of the hardrock belt have
been prospected by the Tennessee Valley Authority during the past L years,
Some of the phosphate deposits‘to the east and north of the hardrock belt
have been covered by airborne radicactivity surveys of the USGS (Moxham,
195L, USGS Circular 230). Several of the anomalies discovered by these
surveys were drilled and sampled recently (Cathcart, 195L, USGS open-file

report),

Current work

The current geologic study of these deposits is mainly reconnais-
Sance in nature because of the large area involved. Representative areas
and deposits will be investigated in some detail, however, by physiogrephic,
stratigraphic, and petrographic studies., A mobile auger drill is being
used to obtain samples and to gather stratigraphic data., Hore precise
methods of sampling by means of drilling may be used later if necessary.

Field work began in October, Work so far has consisted mainly
of getting acquainted with the hardrock phosphate belt and of experimenting
with the operation of the mobile drill, Data on the extent, thickness, and
uranium content of the phosphate-cemented sands in the hardrock phosphate
belt will be gathered from phosphate pits and auger drill holes along

several east-west sections taken at appropriate intervals across the
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northwest-trending belt, This information will be supplemented by TVA
drilling records where they are available, It is hoped that this work
also will revsal clues to the geologic fsatures that controlled the locali-
zation of the phosphate deposits.

Occurrence of uranium in phosphate deposits
by Z. S. Altschuler, R. S. Clarke, Jr., and E, J. Young

Geochemistry
The most relisble analyses for UH" in apatite have been obtained

by a modified cupferron precipitation method, Recent work by AEC con-
tractors indicates that cupferron enhances the reduction of U“'6 by ferrous
iron, This raises the question of whether U+h values obtained from natural
apatites are the result of reduction during the course of analysis, par-
ticularly as requlsite amounts of ferrous iron are present in the sedi-
mentary apatites tested. Accordingly, to test the validity of the pre-
viously obtained vth data synthetic fluorapatite was spiked with 0,12 per-
cent of Fe*? and 0,015 percent, of U1'6 (approximately the percentages of
total iron and total uranium found in previously run sedimentary apatite)
and the mixture was analysed for UH-‘ by the cupferron method. Only 0.0003
percent of Uﬂ* was recovered, proving that the appreciable percentages of
U"'Ll obtained from natural materials are inherent to the samples rather
than the analytical procedures. Thus, in natural samples more than 50 per=
cent of the uranium shows wp as Uﬂ‘, whereas in the above experiment only

2 percent of the original uranium was reduced by the analytical procedure,

FPield studies

The relations between topography and the deposition of the upper

Bone Valley formation and its mantle of loose quartz sands were studied
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by making mechanical analyses éf sands and plotting the resulis on a topo=-
graphic map., A definite relation was found to exist between the distri-
bution of median diameters and first and third quartile values and the
regional topography of the Land Pebble field, Isograde maps of each of the
above parameters were found to conform to the topographic contour map of
the district, These relations can serve as a basis for discussion of the
influence - f regional structure on the depositional history of the Bone

Valley formation,

Petrology
Samples of apatite of unusually high uranium content were studied

by autoradiographic and nuclear emulsion methods to obtain knowledge of the
distribution of uranium within them. One specimen, consisting of apatite
cement in an arkose, had 0.7L percent U3 another, a fossil bone from South
Dakota, had 0,083 percent U, In both specimens the uranium was found to be
uniformly distributed on a micrcscopic scale and not localized or concen=
trated in inclusicns. Concenitraticn of uranium occurred only on a macro-
scopic scale, peripheral arsas of the bone being much richer than intermal
areas., 1t is interesting to note that uranium in these highly enriched
materials occurs in the same manner that it does in normal sedimentary
spatite of much lower grade (0.01-0.02 percent U), revealing that the lower
grade aspatites are far from saturated with uranium,

In study of well cubtings from the Clark-James tract, in the Land
Pebble Field of Florida, it was found that the uraniferous material is iron
stained and impregnated apatite. Although this area may have been second-

arily altered and enriched in uranium, it is not analogous to the aluminum
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phosphate zone of the Psace River basin, as it lacks the secondary aluminum-
and calcium=-aluminum phosphates., In addition, an appreciable part of the
uranium in the Clark-James tract is associated with goethite and limonite.
This is revealed by anaslyses of magnetic and specific gravity splits in which

it was found that uranium paralleled iron more closely than it did phosphorus

or calcium.
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URANIUM IN PLACER DEPOSITS

Central Idaho placers
by Do L. Schmidt

Uranothorite placers in the
Camp Creek-Rock Creek area, Hailey, Idaho

The Camp Crsek-Rock Creek area is in south-central Idaho, 10 to
15 miles southwest of Hailey, Uranothorite-bearing gravel deposits were
drilled by the U, 8. Burecau of Mines in 1954 to determine the grade and
yardage available for mining. The purpose of the geologic study outlined
here is to investigate the origin of the uranothorite and of the placer de-
posits., The field work consisted ofs (1) investigation of the distribution
of uranothorite in the bedrock, (2) mapping of the extent of the various
gravel deposits, (3) mapping of the Tertiary and Quaternary volcanic rocks
in search of possible interbedded placer gravels, and (L) reconnaissance
investigation of radiocactive gold-quartz veins in the granitic rock. Approx-
imately 500 pan samples of bedrock, soil, and gravel were evaluated for radio-
activity, but quantitative mineralogical study has been completed on only
gbout one quarter of the samples.

Geologically the Camp Creek-Rock Creek area is in the southeastern
border zons of the Idaho batholith. The batholith consists locally of a
younger quartz monzonite and an older diorite; both intrusive into the Wood
River formation of Pennsylvanian age. The granitic rock and the Wood River
formation are overlain unconformably by a sequence of Tertiary and Quaternary
volcanic rocks,

It is evident from thelr distribution that the placers were formed

by streams heading in the granitic rock, and that the acocumlation of placer
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deposits was in part controlled by blocking of the drainage lines by flows
of Snake River basalt,

The uranothorite occurs as an accessory mineral disseminated in
the quartz monzonite. Thorough examination indicates that little or no
uranothorite occurs in pegmatite, aplite, or alaskite bodies which occur
with the quartz monzonite and that no uranothorite occurs in lamprophyre
dike rocks, older diorite, Carboniferous rocks, nor in any of the younger
volcanic sequence., As there is no visible difference between uranothorite-
bearing and uranothorite-free quartz monzonite, the distribution of the
uranothorite must be determined by panning methods,

Camp Creek drains the portion of the quartz monzonite containing
the largest amount of uranothorite per unit of area, The richer Camp Creek
placer deposits are of two types: old dissected bench gravels, and recent
(?) flood-plain gravels, The bench deposit is an aggradational fill caused
by blocking of Camp Creek by a basalt flow in middle Pleistocene time,

The recent (?) Camp Orsek flood-plain deposit is richer than the bench
deposit because it is recelving uranothorite from the bedrock and additional
heavy sands from dissection of the earlier bench deposits. The Rock Creek
and Poverty Flat placer deposits are lower in grade than those of Camp Creek,
reflecting the difference in uranothorite content in the drainage basins of
these streams., Some of the large gravel areas downstream from the Camp
Creek placer deposits are also of lower grade because of dilution by adjacent
streams,

Stream gravel deposits occur in valleys buried beneath the Tertiary
and Quaternary volcanic units, but none of these gravels contains sufficient

uranothorite to be of economic significance.
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Gold-quartz veins of the Hailey gold belt, within the zone of
uranothorite-bearing quartz monzonite, locally show anomalous radiocactivity.
The veins do not contain uranothorite and have contributed nothing to the
stream placers., The principal uranium-bearing mineral (perhaps uraninite},
is almost wholly destroyed by surface weathering, Surface samples contain
torbernite and other secondary uranium minerals., The samples contain too
little uranium to be of minable grade, but may not be representative of

the grade at depth because of downward leaching of uranium,
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RECONNAISSANCE FOR URANIUM IN THE UNITED STATES

Nortggast district
by Harry Kiemic

Approximately 31 months of this report period were spent in the
field. Regular field work was recessed September 3, but several brief field
investigations were made during September, October, and November, Most of
the time in the office was spent in compilation of field data, in laboratory

studies of samples, and in preparation of reports.
Phillips mine area, Putnam and Westchester Counties, N, Y.

The geology of an arsa about 4,500 feet by 1,800 feet in the
vicinity of the Phillips mine was mapped on a scale of 1:2,4,00, A dip-
needle magnetic survey and a scintillation-counter radiocactivilty survey of
the area indicated a close, but net constant, spatial relationship between
magnetic anomelies and radioactivity anomalies., Uraninite occurs in a

mafic pegmatite and in hornblende gneiss near the pegmatite-gneiss contacts.
Pennsylvania

Geologic mapping and detalled radiocactivity reconnaissance were
done in the vicinity of the wranium occurrences in Carbon County., The
mapping showed that all known cccurrences in ths Catskill formation of
Devonian age are at approximately the same stratigrephic position. Water
samples were taken from ten streams that drain the Pocono Plateau near Jim
Thorpe. An airborne survey was made over an area of approximately 320 square
miles in Carbon and Monroe Counties., No new occurrences of uranium or

significant radiocactivity anomalies were discovered.
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Prospectors discovered four occurrences of uranium in Devonian
rocks in Fulton and Huntingdon Counties, and one in Dauphin County. Uranium
was found in Mississippian rocks in Luzerne County and in Triassic rocks in
Bucks County. The occurrence in Bucks County has not been examined. All of
the other occurrences are small and spotty, but are of interest because they

are the first reported occurrences of uranium in these counties,

New Jersey

A zircon crystal from the Scrub Oaks mine in Morris County was
determined by the Larsen method to be about 525 million years old. The
zircon occurs as coarse dark-brown crystals in a coarse-grained rock com-
posed of milky gquartz, magnetite, zircon, and a mineral rich in yttrium.

The yttrium mineral is believed to be a new species.
Maine

Two radioactivity anomalies, in Aroostook Gounty near the DeBoullie
Mountains and near Eagle Lake, were discovered by airborne methods. The

source of these anomalies has not been determined.

North-central district
Y H, Co cKers

Northern Black Hills, South Dakota

Belle Fourche arsa

Detailed geologic mapping of about 3 square miles surrounding the
Kling-Bonado uranium occurrences, secs. 23, 2L, 25, and 26, T, 8 N,, R, 1 E,,

Butte Co., S. Dak,, has shown that all the known uranium occurrences are near
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the horizontal change from pink or red sandstone to gray or buff sandstone
within the lower unit of the Fall River formation., A scintillation-counter
survey along the contact between pink and buff sandstone located four pre-
viously unknown carnotite deposits and numerous radiocactivity anomalies.,
Ground reconnaissance northwest of the mapped area showed additional radio-
activity anomalies along the strike of the color change in the sandstone.
Southwest of the mapped area the contact between pink and buff sandstone
was not observed in outcrop and is presumed to be down dip.

Deteiled mapping of the structure in the area (structural contours
at 5-foot intervals) shows that in detail the pink to buff contact cuts
across the minor structures but in general parallels the regional strike of
the beds. Some of the carnotite deposits appear to be localized at the
pink-buff contact where there is favorable structure, such as local flattening
or reversal of the dip and local upward flexures., Because the carnotite
occurrences seem related to local structural features, and because of the
small size of the known ore bodies (less than 500 tons), the possibility
of finding larger ore bodies seems remote.

It is noteworthy that, in the mapped area, sbnormal radiocactivity
was detected at almost all exposed contacts between pink and buff sandstone
of the lower unit of the Fall River formation. This suggests that uranium
mineralization probably occurred along the sinuous contact everywhere in the
mapped area, a total distance of about 5 miles, and may extend for a con=-

siderable distance outside the area,

Lamberton uranium occurrence

During July, a detailed geologic study was made of part of the

Lanberton propertys sec. 30, Te 5 Noy Re 6 E., Meade Co,, S. Dak. Anomalous



radioactivity over a large area (about 1800 feet long and from 900 to 1800
feet wide) is caused mainly by residual boulders and large blocks of Fall
River sandstone partly covering a dip-slope surface of a hogback. In con-
trast to the unmineralized friable light«buff fine-grained Fall River sand-
stone, the radiocactive rocks at this locality is a well-cemented medium-
grained dark-gray rock containing carbonate and is partly silicified on
weathered surfaces. Uranium analyses are estimated to range from 0.02 to
0.08 percent.

Owing to the lack of outcrops, the limit of the occurrence down
dip from the residual boulders is not known,

Because of the large tonnage of radioactive material present--
possibly more than 50,000 tons--and because of the low costs in mining the
residual rock, the occurrence may have economic significance,

The area is of interest because it is on the northeast flank of the
Black Hills uplift where no uranium has been previously reported., A smaller
similar radioactive occurrence in the lower sandstone of the Lakota formation

is about 3 miles to the northwest,

Bear Butte

Small areas of abnormal radiocactivity are near the base of the
Sundance formation about 1 mile west of Bear Butte in secs. 13 and 24, T. 6
N., R, 5 E., and adjacent secs, 18 and 19, T. 6 N,, R, 6 E, Abnormal radio-
activity \is present in both fine-grained sandstone and in impure silicified
(?) limestone. Some of the samples contain about 0.03 percent eU,

Although these occurrences of uranium are not of economic im-
portance, they extend the stratigraphic limits of uranium mineralization in

the northern Black Hills and suggest that under suitable conditions the
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Sundance formation might be a suitable host rock for uranium elsewhere,
Geologic mapping and a scintillation-counter survey show that the radio-
activity anomalies are distributed around the flanks of a structural dome
about 1 mile in diameter and that this structural feature may have localized

the uranium deposition.

Bald Mountain mining area

Abnormal radioactivity on the Revenue Claim, near the center of
sec. 1, T. 4L N,, R, 2 E., Lawrence Co., S. Dak,, was found by geologists of
the Bald Mountain Mining Company. The radioactive material, exposed in one
small prospect pit, consists of altered Deadwood formation of Cambrian age
containing limonite and secondary manganese minerals. A grab sample con-
tained more than 0.5 percent eU, but much of the radiocactivity may be caused
by thorium. The prospect pit is only a few hundred feet from an area of
radiocactive material in an adit on the Dark Horse (%) claim, described in
USGS Circular 351 (195L4). Both occurrences may be along the same set of
mineralized fractures and have similar mineral assemblages, inciuding rare-

earth minerals,
Michigan

Greens Creek

A shallow trench dug across an area of abnormal radiocactivity near
Greens Creek, sec., 19, T. U6 N., R, 26 W., Marquette Co., disclosed the
presence of meta-torbernite (?) which occurs as disseminations in interbedded
carbonaceous slate and quartzite of upper Huronian (%) age. The radiocactive
Zone is about 8 feet wide where exposed by the trench, and abnormal radio-

activity ic detectzble for abont 30 feet along the strike of the slate
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and quartzite. Most of the meta-torbernite is in a zone about 1 fool widej
selected samples contain as much as O.L percent eU, No minerals suggestive
of a hydrothermal source for the uranium were observed. In addition to meta-
torbernite, much of the uranium appears concentrated in carbonaceous pellets

and thin seams.

Cwinn district

Radiocactive iron ore was found by scanning drill core from the
Gwinn district, Marquette Co. Two 3-inch specimens from an underground
drill holel in an abandoned mine contain 0.2l and 0,068 percent €U and 0,12
and 0,08 percent U, respectively. As only a small percentage of the core

was available, the specific subsurface location and thickness is not known,

! South-central district
| v L. P. Beroni

/

/ /
Reconnaissance in Missouri, Arkansas, Louisiana, Texas, and
Oklahoma iisclosed 15 uranium-bearing localities not previously reported
(fig. L8). In addition, new oscurrences were found in seven previously

reported ﬂreas.

e

Oklahoma

Permian Red-Bed deposits, southwestern Oklahoma

iThe most promising known uranium-bearing localities in Oklahoma
are in the Permian Red Beds in Tillman, Cotton, and Jefferson Counties,
south of the Wichita Mountains. Limited private exploration on a deposit
in sec. 30, T. 5 Soy Re 12 W., southwest of Randlett, Cotton Co., showed

the deposit to be in a sandstone lens approximately 300 feet wide, 25 feet

342684 O - 55 - 14 .
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thick and 600 feet long which trends approximately TN' 20 E, The lens pro-
Jjects into the underlying sandy shales to a depth df approximately 10 feet.
Bulldozing of the cliff face revealed a uranium-bedring zone 25 feet long
and 2 to L feet thick. The lower 10 feet of the lgns contains the minerali-
zed zone, which is characterized by torbernite, autunite, uranophane, carno-
tite, and bayleyite (?) associated chiefly with malachite and azurite in
heavily iron- and manganese-stained rock, Small amounts of uraninite also
are associated with copper sulfide minerals replacing woody fragments.
Analyses of samples indicate a uwranium content ranging from 0.0L to over 1
percent, _

According to G. W. Chase (Oklahoma Geol. Survey Mineral Report 26,
195L), the most favorable horizen for uranium in Southwest Oklahoma is the
Garber formation of Permian age. Figurs L9, which is based on a map in
Chase's reporh, shows the distribution of the Garbgr formation as well as
other formations in the vicinity of the uranium—be#ring localities of south-
west Oklahoma. EBquivalent copper-bearing Permian Red Beds are present in
the Vernon=-Wichita Falls area of northern Texasj tiaese also may be favorable
for the occurrence of uranium.

Limited private trenching in sece 1, To 1 S.; Re 15 W., 9.5 miles
east of Manitou, Tillmen Co., showed uranium-bearihg material in an “arkosic
sandstone® of the Permian Red Beds, 5 to 10 feet thick, which is heavily
stained with iron, manganese, and asphalt. Selected samples from this area
contain as much as 0.3 percent uranium. Analyses of channel samples indi-
cate a uranium content from 0,06 to 0.1l percent.

It may be significant that the majority of the wranium deposits in
southwest Oklahoma are on or near the flanks of a large anticline from which
a large amount of helium gas was produced in the 381}1“015.&Q Texas, field,

i
h
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! Texas

i
I

Permian deposits, Trans-Pecos region

jn the Trans-Pecos region, carnotite and tyuyamunite have been
found con bédding planes and coating fractures in the Hueco limestone of
Permian age., All the deposits are approximately within the same horizon in
the doloxrﬁ.tj.ic limestone, Preliminary reconnaissance shows that playa lake
beds near ’c:he deposits are appreciably radiocactive. Many carnotite and

tyuyamunite localities currently are being discovered in or near areas
characteriz}ed by major fault zones within the Hueco Mountains., These de-
posits are §near Tertiary intrusive and extrusive rocks. The geology of
this area ﬁas been described in USGS 0il and gas investigations map 36,
"Geology of the Hueco Mountains, El Paso and Hudspeth Counties, Texas," by
P. B. King,j} R. E. King, and J. B. Knight, 1945,

Anaiyses of selected samples from this area indicate an equivalent
I
uranium content from 0.0LL to 0.20 percent. The uranium content of the

samples rar‘uges from 0.018 to 0.20 percent, Additional information con-

|
cerning thé deposits in the Heuco Mountains is given in ®"Sedimentary rocks

of Texas" in this report.(p. 16L).
|

& Arkansas
|
|

Ozark Dome region

in the Ozark Dome region of northern Arkansas, the Pitkin lime-
stone of Mississippian age and the Atoka formation of Pennsylvania age con-
tain apprecisble uranium-bearing asphaltic material, The geologic setting

of the asphaltic material is not completely understood. Some samples from

the black marblc quarries in northern Arkansas contain wp to 0.075 percent
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uranium in the oil ash, Fresk pellets extracted from the asphaltic Pitkin
limestone contain up to 0.S percent uranium,

There are numercus blacsk marble quarries in northern Arkansas in
Searcy, Stone, Cleburne, and Indeperdence Counties, The black marble beds
crop out south of the White River in a nsrrow belt commonly less than 10
miles wide, which extends along the north slope of the Boston Mountains
escarpment for approximately 70 miles from T. 12 N,, R, 5 W., to a few
miles south of Marshall, irn T. 14 N., R, 26 W. (See locality 17 on fig. L8).
Additionzl asphaltic sandstones crop oub in Newton, Madison, and Washington
Countises,

by Fo L, Wels

During the past six monthe, more thar 350 callers with questions
on urarium were Lnterviswed, more than 30C letters answered, and more than
200 samples tested for radioactiviiy. Of the samples tested, specimens
from 16 localities showed equivalent uranium content equal to or greater
than the minimum required for commercial ore. 8ix of the localities have
been examined, and work on several othersis contemplated, Some samples came
from localities that are now inaccessible or where the discoverer has not
yet obtained control of the property.

Two important new uranium deposits have been discovered., One is
the Surprise claims, near Gibbonsville, Lemhi Co,, idaho. The claims are
on a quartz vein that strikes N. 60 W. and dips steeply to the northeast.
The vein has been traced for more than 1,400 feet along strike, It ranges
from 10 to more than LO feet in thickuess, and is radiocactive along a hori-

zontal distance of aiy least 1,200 feet. The most intense radioactivity
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appears confined to the footwall. Autunite and metatorbernite have been

|

recognized; and several samples collected from bulldozer trenches assayed

well above,?'bhe minimum commercial grade. The deposit is of particular in-
terest bec;use it lies only sbout 3% miles from the Garm-Lamoreaux mine,
where pitcﬂblende and zippeite have been recognized in dump material., The
possibi_limjr of additional discoveries in the area appears favorable, and
further req;onnaissance will be done,

@e second deposit was discovered near Wellpinit, Stevens County,

Washingt-on; where autunite occurs as fracture fillings and impregnations
\
along and on both sides of the contact between the Loon Lake granite and the

Deer Trailfargillite. Anomalous radioactivity has been detected for more

than a mile along the contact. The owners expect to begin shipping ore

within a few months. The possibility of other deposits along the granite-
|

argillite contact will be investigated,
|

New Mexico and southeastern Colorado
by E. H. Baltz, Jr.

| ,
Carbonaceous shale of the Magdalena group of Pennsylvanian age and
carbonaceojns beds in the Sangre de Cristo formation of Pennsylvanian-Permian

age were examined in parts of Tacs, Colfax, Mora, and San Miguel Counties,
norbheasteL'n New Mexico. Only traces of radiocactivity were detected.
hadioactivity estimated to be as much aB 0.01 percent eU was
detected in carbonized plant remains in stream chLmel deposits of the Chinle
formation jof Triaseic age near the settlements of La Liendre and Trujillo

in San Migfuel County. No concentrations of radioPc'bive material of probable

economic importance were discovered in this arvea., However, uranium deposits

ol possible economic value have bsen discovered :ﬁn the Chinle formation near
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Sabinoso in eastern San Miguel County. Selected specimens of arkosic sand-
stone from a prospect in sec., 29 (?), T. 17 N., R. 24 E,, contain 1.0 to
2.78 percent urenium., A 3,2-fooct channel sample contains 0,22 percent
uranium, High radioactivity was detected for a radius of at least 150 feet
from the prospect. Several mors recent discoveries are in secs. 1, 23, and
2Ly T. 17 Ney Re 24 E., and in secs, 18 and 19, T. 17 N,, R, 25 E, A pros-
pect in sec. 24, T, 17 N., R, 24 E,, disclosed a bed of limestone pebble
conglomerate 2% to I fest thick containing an estimated 0.1 percent eU.
Selected specimens of carbonized logs from this zone contain as much as 0.5
percent uranium, Eighteen holes have been drilled near this prospect but
information on results of the drilling is not available.

Igneous sills of intermediate composition were examined in the
Chinco Hills, Colfax County, New Mexico., Small amounts of radiocactive
material, estimated to be as much as 0.007 percent eU, are present over wide
areas in the intrusive rocks, but nc anomalous radioac’oivity was detected
in the enclosing shales of the Colorado group of Cretaceous age.

Anomalogs radicactivity was detected in beds of the Permian Cutler
formation in the northeastern part of the Jemez Plateau, Rio Arriba County,
north-central New Mexico, At least six prospect pits have been opened in
copper-bearing arkosic sandstone and shale in T, 21 Nuy R 2 E. A repre-
sentative sample of copper-bearing arkosic sandstone collected from a
prospect in NW% sec. 23, T. 21 N., R. 2 E., contains 0,011 percent uranium.
A similar sample of sandstone collected from a prospect in NE} sec. 3L,

T. 21 N.y Ro 2 E., contains 0,004 percent uranium., A 2-foot channel sample
of conglomeratic, highly carbonaceous arkosic sandstone collected in NE%

sec. 1L, Ts 21 Ney Re 2 E., contains 0,050 percent uranium, Beds containing
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|
highly radi:%active material at this prospect are at least 5 feet 3 inches
thick, and #adioactivity was detected on the surface in an area of about
11 acres. Abnormally high background radioactivity was detected in Pleisto=
cene Baridelij.er tuff which is present about one~quarter of a mile east of the
prospect, 'i’wo samples of highly ferruginous sandy clay shale collected from
a prospect :f.n the NE} sec. 8, T. 22 N,, R, 3 E., contain 0,095 and 0,10 per=-
cent uranium., These samples were collected from two lenses each about 2%
inches thic# and 3 feet long which are enclosed in a massive arkosic sand-
stone of thie Cutler formation,

A‘ 3-foot bed of impure coal exposed on the north side of Cerro
Blanco Canyon in sec. 4, T. 23 N., R, 1 E,, contains an estimated 0.05 per=
cent e, A: black shale bed 2 feet thick cropping out in a small canyon in
sec. 27, T.; 24 Ney R. 1 E,, contains an estimated 0,007 percent eU.,

Tiraces of radioactivity were detected in sediments of the Mesaverde
formation at two localities in Archuleta County, Colorado, and northern Rio
Arriba Coquby, New Mexico. Thin beds of carbonaceous and coaly shale near
the middle joi‘ the Mesaverde formation north of Amargo Arroyo (NW:, sec, 15,
T. 31 N., Q. 1 E.) in Rio Arriba County, New Mexico, contain an estimated
0.00L percefn'b eU. Thin beds of carbonaceous shale in the middle of the
Mesaverde i‘iormation on the west side of the Navajo River (NEi, sec. 6, T.

32 N,, R, l E.) in southeastern Archuleta County, Colorado, contain an
estimated 0;.00)4 percent eU.

Fj’ermian and Quaternary sedimentary rocks and Tertiary intrusive
rocks were jexamined in Lincoln and Otero Counties, central New Mexico.
Radioactiv:{.ty three or four times background count was detected in granite

wash at the base of the Permian Abo formation in sec. 36, T. 13 S., R. 10 E.,
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in the Sacramento Mountains, Otero County. Abondoned workings of the Virginia
mine in sec., 25, T. 13 S,, R. 10 E., were examined but only traces of radio-
activity were detected in copper-bearing Abo sandstone and in a dike of
diorite porphyry exposed in the mine. Radioactivity two times background
count was detected in Quaternary peat beds in the valley of Spring Creek
in sec. 29, T, 15 S., R, 13 E,, in the Sacramento Mountains.,

A brief reconnaissance examination was conducted in the Huerfano
Park region of southeastern Colorado, Uranium has been recently discovered
near Cuchara Camp, Huerfano County in sec. 33 (?), T. 30 S., R. 69 W., in
copper-bearing sandstone of the Sangre de Cristo formation. Selected speci-
mens from a tunnel on the prospect may contain more than 1.0 percent uranium,
Extent of the deposit has not been determined. Radioactivity estimated to be
0,008 percent eU was detected in a thin bituminous limestone of the Wanakah
formation in a road cut in the Nwk, sec. 35, T. 30 S., R. 69 W.

Radioactivity estimated to be about 0.005 percent el was detected
in acidic volcanic tuff of Tertiary age in sec. 21, T. 24 S,, R. 70 W,,
Huerfano County, Colorado. The béds of tuff may be more than 1,000 feet
thick and overlap the truncated edges of older sedimentary rocks on the west
flank of the Wet Mountains in Huerfano County. Carbonaceous rocks of the
Dakota formation, Graneros shale, Greenhorn limestone, Carlile shale, Nio-
brara formation, and Pierre shale are overlapped by these tuffaceous beds

:'Ln .bhe WeS‘b par‘b Of To 25 S.’ R. 70 Wo
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Colorado-Wyoming district
by P. K. Theobald and R, U. King

|
|
i
[ Colorado
|

|
|
Colorado Front Range

E#ght sbnormally radiocactive areas in Boulder, Jefferson, and
Gilpin Coun%ies were examined during the report period. Reconnaissance
napping is in progress at the F,M.D. mine., The localities are briefly
described b#low.

Diamond Lake,--Near Diamond Lake in sec, 2, T. 1 S., R. 7L W.,

high radioagtivity is associated with pegmatite, coarse biotite-enriched
zZones, sheaf zonses, and hornblende gneiss along the contact of the Boulder
Creek grani%e with the Idaho Springs formation. At one place visible sec=-
ondary uran#um minerals are mixed with coarse biotite in pegmatite., A
sample of p%gmatite contains 0,035 percent Us a sample of granite gneiss
contains O.%l perzent U.

|
FM.D, mine,~=At the F.M,D, mine, sec, 25, T« L S.y R. 7L W,, a

group of prLSpthS are along a mineralized zone that trends N. 50° to 65° W.,
parallel t& metamorphic banding. Iron, copper, and zinc minerals are visible
in this zone which follows the contact of biotite granite gneiss with horn-
blende gne#ss. An increase in radioactivity in the granite gneiss (0.025
mr/hr) ovef that in the hornblende gneiss (0.,01=0.02 mr/hr) is accentuated
by abnormally high radicactivity along the mineralized zone (0.04=l, mr/hr).
idledale.-—A radicactive deposit in sec. 32, T. L S.; R 70 W.,
on the nor#h side of Bear Creek Canyon, half a mile west of Idledale, is
being proséected. A breccia reef trends N. 50° W, across the crest of a

spur. Hormblende gneiss that trends N. 50° to 60° W, is radioactive where
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cut by north-trending fractures south of the reef, A maximum radicactivity
of 0.7 mr/hr was observed in a shallow shaft, and radioactivity of L mr/hr
has been reported from this locality.

Silver Hill.--On Silver Hill, about half a mile north of Blackhawk,
Gilpin Co., Ssecondary fluorescent uranium minerals coat fracture surfaces and
are disseminated in weathered biotite schist in a lead-zinc-silver vein de-
posit.

Maximum radiocactivity recorded at the face of a partly caved adit
was 3. mr/hr. The vein is moderately radioactive at the surface for a dis-
tance of over 500 feet.

South Platte River area,--High radioactivity is associated with

brecciated and bleached hornblende gneiss in the southern part of Jefferson
County, along the South Platte River. Uranium minerals have not yet been

identified, but ore-grade material is reported from the area.

Wyoming

Park Range and Sierra Madre Mountains

Fair-U claims,-=Since the examination in 1950 of the Fair-U claims

on Fish Creek (Beroni and McKeown, TEI-3084), a 210-foot adit and 1LO-foot
drift were driven to intersect radioactive zones at depth. Maximum radio-
activity of 0.8 mr/hr is in the drift in coarse biotite-enriched zones
along contacts of hornblende gnelss and pegmatite., This contrasts with a
maximum radioactivity of 1.2 mr/hr at surface exposures. Two samples from

the adit and drift contain 0.06 and 0,07 percent U.
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Wind River ﬁountains

E;L%Lskey Mountain.--Secondary uranium minerals are associated with
purple fluo;:‘ite and clay minerals in cavernous silicified rocks of probable
Cambrian age on Whiskey Mountain, 6 miles south of Dubois, Fremont Co.,
Wyo. Radiogfactive material from near surface exposures contains from 0,015
to 0.030 peircen'b el,

Mogn Lake.==Radioactivity is associated with biotite-rich zones
in granite :gneiss near Moon Lake, 7 miles scuthwest of Dubois. A sample
of biotite-%rich rock contairs 0,015 percent eU, Nearby copper-bearing

quartz veins are not noticeably radicactive and contain 0.003 percent eU,

Laramle B,_:u_%‘ ©
i
Esterbrook.=-Pitchblende (?) has been found in a vein in Trail
|
Creek, 6 miles north of Esterbrook. Moderate radioactivity was noted in a
northeast—tjrendjng reef-type structure one-fourth mile south of the Trail
|

Creek deposﬁ.t'. The reef consists of granite breccia in a jasperoid matrix.

Owl Creek Mountains

De Pass mine,--At the De Pass mine, sec. 1k, T. LO N., R, 92 W.,

a group of copper veins occur in granite and hormblende gneiss. A maximmum
radioactivﬂ.‘Lt,y of 0.15 mr/hr is in chlorite schist, an alteration product
from the ho&*nblende gneiss, A selected sample of the chlorite schist con=
tains 0.00J.E percent eU, The combination of rock units is similar to those
considered ;favox’able for uranium deposition in other parts of the pre=-
Canbrian inj the Rocky Mountains. Although the area of exposed pre-Cambrian
rocks in the Owl Creek Mountains is relatively small, the proximity of ore

deposits in clastic sediments and intensely weathered granite along the
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south edge of the mountains suggests that other primary uraniferous zones
may be found in the pre-Cambrian rocks,

Rock Springs Uplift

Two radioactive localities in clastic sediments were examined in
the vioinity of the Rock Springs wplift. Near Superior in sec, 35, T. 21
N., R, 102 W., a tuffaceous, conglomeratic sandstone is exposed in what
appears to be a channel type of deposit. The channel filling is radio=
active (0,05 to 0,15 mr/hr); one grab sample of the material contains
0,045 percent U, The radicactive sandstone is in Cretaceous rocks that
underlie the alkalic flows of the Leucite Hills,

In the vicinity of Little Mountein, T, 13 N,, R, 105 W,, several
strata of intertonguing Green River shale and Wasatch sandstone are radioce
active, Radioactivity of 0.1 mr/hr is fairly common in red sandy clay-
stones that alternate with buff conglomeratic sandstones, Gray to blue=-
gray calcareous sandstones that form intermediate strata between the buff
and red units are also radioactive. One of these gray sandstones is radioe
active (0.05 to 0,15 mr/hr) for 600 feet along the strike and through a
thickness of 12 to 18 inches, Maximum radioactivity of these gray sand-
stones is 0.5 mr/hr. A selected sample of the most radioactive material

contains 0,018 percent U.

wmggiver Basin

Along the south flank of the Owl Creek Mountains and the north
edge of the Wind River Basin (Tpse. 39 and 4O N., R. 92 W.) the Wind River
formation and later tuff beds lap unconformebly on the weathered, irregu-

larly eroded surface of pre-Cambrian granite. Uranium minerals occur in
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sandstone arj;d conglomeratic claystone of the Wind River formations in tuff
and agglomeff'ate that overlap the Wind River formation, and in the weathered
granite ’cha%. is overlapped by all of these rocks, The zones of greatest
radioac'hivi‘l‘?y follow valleys below the older unconformity. The granite

is so dter%d as to affect migrating solutions as would an arkose, and the
valleys on 'l,}',he old granite surface may provide the same structural effect
as breached ;!and overlapped anticlines in other areas.

Om? channel sample across a 2-foot stratum of sandy claystone con=-
tains 0,09 I}bercent U; two grab samples from weathered granite and tuff con-
tain 0,005 Jand 0,02 percent U, Several tons of material, reportedly of ore
grade, have Ijbeen stockpiled at one property.

Shirley Mountains
by J. D. Love

\

Uranium occurs in the Tensleep sandstone of Pennsylvanian (7) age
as a yellowJ crystalline non-fluorescent mineral associated with calcite
veins that ;cut vertically through the sandstone, in sections 30 and 31, T,
25 N., R. 81 W., and sec, 36, T. 25 N., R, 82 W. The sandstone is gray,
fine-grﬁneb, cross=bedded, and composed almost entirely of quartz grains,
The calcite; veins range in thickness from a feather edge to 2L feet, with
an average thickness of three feet., The length of some veins is more than
1000 feet aind some cut vertically through the Tensleep sandstone escarp-
ment for mor#-e than 500 feet, Yellow mineralization occurs in places in
the higher }parts of some veins and in the lowest exposures of others.

T_he area is one of complex minor faulting but the veins appear
to be related not to the faults but to later tensional disturbance in the

Shirley Mountains, which caused large fissures to open and to stay open



228

for long intervals., These fissures were filled with crystalline calcite.
This is an artesian structure and active springs now emerge at the foot of
the Tensleep escarpment, from the lowest exposures of the calcite veins,
Calcium carbonate is being deposited along some of these streams,

Two wranium minerals appear to be present, One is yellow, crys-
talline, and non-fluorescent. The other is green, crystalline, and non=-
fluorescent.

Physical exploration in the area is confined to several shallow
test pits. A channel sample from one of these pits, through a vein width
of two feet, contained 0.03 percent U, A selected sample from one pit con-
tained 0,11 percent eU, 0,089 percent U, and less than 0.1 percent V,0g. A
selected sample from an adjacent pit contained 0,35 percent eU, 0.39 per-
cent U, and 0,25 percent V0g.
| The uranium minerals may have come from pre-Cambrian rocks at
higher elevations to the northwest, where some radiocactivity was observed,
and were deposited by ground water flowing along fissures that opened in
late Tertiary or Quaternary time. Some of the fissures are still open;
others are filled with loess soil., The adjacent Madison limestone (Miss-
issippian) shows evidence of extensive solution and is thought to have furn-
ished much of the calcite that was deposited in the veins. Occurrences of
copper minerals are commor in the Madison limestone of this area and small
amounts of radiocactivity have been observed in association with the copper

minerals,
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Pedro Mountains
by Jo Do Love

A uranium deposit associlated with graphite occurs in pre-Cambrian
rocks in trfe Pedro Mountains, NWi NE} SE} sec. 1L, T. 27 N., R. 8L W,
Uranium appLaars to have concentrated in the vicinity of the graphite in
much the sa@e way that uranium in sandstone concentrates in the vicinity
of carbonacieous material. The graphite layer was followed for several
hundred yards and both uranium mineralization and spotty radioactivity were
cbserved al%on.g this outcrop, in the granite on the under side of the graph-
ite layer. An adit driven along the layer for about 30 feet shows that it
is somewhat more than six feet thick, underlain by a thin gray quartzite
(?), and in;truded and surrounded by gray and brown granite.

Wﬁithin the weathered zone, which extends downward for about 15
feet from 'bjhe ground surface, yellow uranium minerals are abundant along
fractures and disseminated through the granite within four to six feet of
the graphi'ée bed. A lesser amount of mineralization occurs in the quartzite
(2) and the graphite shows some finely disseminated fluorescent mineral,
Below the weathered zone is a concentration of sulfides, chiefly pyrite,
but there cioes not seem to be more radiocactivity where the sulfides are
more abmda}ntg The unweathered granite is bluish-gray, with large crystals
of biotite jand other ferromagnesian minerals and some finely disseminated
black’ mineil'al that appears to contain uranium. A small shipment of ore
has been méde from the one operating mine.

In view of this occurrence of uranium concentrated in the vicinity
of graphite, in pre-Cambrian rocks, it is suggested that perhaps other
uranium deposits may occur in the vieinity of the six occurrences of

|
342684 O - 55 - 15
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graphite in the pre-Canbrian rocks of the Laramie Mountains, five in the
Hartville uplift, one in the Medicine Bow Mountains, one in the Sierra
Madre Mountains, and one in the Wind River Mountains.

Pinedale area

by J. D. Love

Extensive masses of pre-Cambrian granite in the vicinity of
Fremont Butte, on the southwest flank of the Wind River Mountains show
radioactivity that is several times background., One area more than one-
fourth mile in extent shows radiocactivity of 0,07 mr/hr or higher, within
which are small localities where radiocactivity reaches a maximum of 0.8
mr/hr. A sample of granite from N} SE} sec. 17, T. 32 N,, R, 107 W., con-
tains 0,015 percent eU and 0,002 percent U, A sample from the NWd sec,
2l, T, 32 N.y Re 107 W., contains 0.030 percent eU and 0,002 percent U,

A spectrographic analysis of this last sample shows O.x values for titanium,
cerium, lanthanum, neodynium, thorium, and zirconium.

The pre-~Cambrian rocks were not examined along the remainder of
the 100-mile length of the southwest flank of the Wind River Mountains
except for a few localities east of Tabernacle Butte, 35 miles southeast
of Fremont Butte, where pre-Canbrian granite shows readings of 0.03 to
0.08 mr/hr, with a background of 0.015 mr/hr.

Sandstones and conglomerates in the Wasatch formation adjacent to
these areas of radiocactivity in pre-Cambrian rocks show some localities
where radiocactivity is double background but they have not been examined

in detail.
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Nevada=Utah district
Y J. ¥'e Powers

{ Nevada

A %xraniwn deposit and a low=-grade uranium occurrence along the
western fla%xk of the Double H Mountains in northern Humboldt County were
sampled and mapped, The Moonlight Mine has the only record of production
in the area} and the most extensive development program. Uranium minerals
at this progerty are erratically distributed along an eastward-dipping
fault that displaces Tertiary volcanic rocks. Uranium mineralization is
spotty, but.; ore-grade material is present in the vein, Samples taken
v.nderground‘1 and on the surface show a range of from less than 0,02 percent
U to 0.L40 percent U. A recent examination of the property revealed a
change of wjall rock type from an altered volcanic rock to a granitic in-
trusive roc’k at a depth of 185 feet. At this stage, the outlook for the
deposit seém promising.

During reconnaissance examination of the intrusive rocks of Eureka
|

County, abn“tormal radicactivity was detected at one prospect in the Maggie
Creek mining district, ten miles northwest of Carlin, Nevada, A sample
taken at this prospect contains 0,05 percent equivalent uranium,

|

1 Utah

Geologic mapping and compilation of maps of the Wah Wah Range and
|
Western Tu#har Mountains, Beaver Co., were completed during the report
period. Mi(pping shows that the most favorable places for uranium minerali-

\
zation in these areas are close to shallow rhyolitic intrusives. Prospector
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interest in these areas is intense; however, the deposits that have been
discovered are generally of marginal grade and probably contain only small
tonnages,

In southern Iron County and Washington County, an area comprising
twelve square miles was mapped. Here the uranium deposits are in breccia
pipes of Kaibab limestone aleng the Hurricane fault. The pipes are at the
intersection of a smaller set of faults with the main Hurricane fault.
Sampling indicates that in four places along the fault there is a fair
amount of ore-grade material. Twenty-eight tons of ore recently were shipped
from one of the properties., Results of the settlement are not available

at this time.
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RECONNAISSANCE FOR URANIUM IN ALASKA
by J. J. Matzko

[
Areas investigated for radioactivity during the 195l field season

are shown in figure 50, and a brief summary of the results are shown in

table 2).Lo

i
I
I
\

Table 2], ~~Summary of reconnaissance for uranium in

Alaska, June 1 - November 30, 195

Region | Designation
Locality | on figure Remarks
West-central
Candle anomaly DZ Airborne radiocactivity anomaly caused by a
! granitic talus with 0.005 percent eU,
East-central
Tofty area EG Geochemical water sampling did not reveal
‘ any anomalies, Maximum uranium content
| 0,004 ppm from Manley Hot Springs.
Southwesteﬁp
Kodiak Island ow Ground investigation did not duplicate sam-
; ples of metatyuyamunite and meta-autunite
‘ received from prospector. Maximum radio-
| activity of samples was 0.003 percent eU on
ﬁ granite., Airborne radiocactivity traverses
of the island did not detect any anomalies,
‘ A few water samples collected for uranium
| analysis did not indicate any anomalies.
!
Southern }
Tyonek ; csS Airborne radicactivity traverse of the Fowler
| Carnotite area did not indicate any anomalies,
] See TEI-390, p. 223.
Yakatagé DU Airborne radioactivity traverse of beach from

Cordova to Juneau did not reveal any anomalies,
Ground traverses in part of the area substanti-
ated the airborne data, Water samples col-
lected for uranium analysis did not show any
anomalies and maximum obtained was 0,002 ppm
U.
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| Table 2l,~~Continued

Region ‘ Designation
Locallty on figure Remarks

Southern (Continued)
Fairbanks- EF Road tra%erse from Fairbanks to Anchorage
Anchorage _ via Alaska Tok cut-off and Glenn highways

did not reveal any new anomalles, See

€ USGS Cires. 18L, 331, and 335,

Slme&I'y of laboratory work at College, Alaska
during field season 195}
|

Detemnﬂtl@ns, equlvalen'b UranitiMessssosessscosssscssassessssscnses

MiNneral cecesseesessssscesssssccccssossoossnsossnsns

SpectroSCOPiCesssesssssssscsscssesssocssssscsssncss

Heavy liq‘uid SGparatlonSocoo.o..-aooc-coooooccoocooo-oooto.oocoootso
\

Alpha pla'ber S8tudieSceeseovocesoscsesesscssecssscsscescescsscscccnsnne

Taxpayers, T.LSltorS and lettersSeeceeasscessseccsssscccsessscsssscnses

305
100
315
200

15
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ANALYTICAL SERVICE AND RESEARCH ON METHODS

Sample control and processing
by J. J. Rowe

*

On July 1, 195L, a new "Request for Analysis" form was adopted
for fleld and laboratory use. The form provides for return of an acknowl=
edgment, of receipt of the samples at the laboratory, and an estimate by the
laboratory of the completion date., It also provides for more detailed in-
formation concerning the analytical problems involved, thus permitting the
laboratory to furmish more efficient and complete service to the field
projects. The form is in use in both USGS and AEC units served by the
USGS laboratories.

Adjustments were made in the distribution of work loads between
the laboratorles to prcmote more efficient operations through the equitable
distribution of service requests.,

Sample storage warehouses were provided by the USGS in Beltsville
and in Denver, This will permit the orderly storage of the more than
250,000 samples that have baen analyzed in the USGS laboratories.

Although the overall number of samples received from several of
the large drilling and sampling programs decreased, there was no appreciable
reduction in work load. This was caused by the change in type of work re-
quested, from routine determinations on large nunbers of samples to fewer
but more difficult types of determinations on a greater variety of materials,

The analytical services for the AEC programs for the six months

covered by this report are summarized in table 25.
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Radioactiviqg

Analysis and services
by ¥, J. Flanagan

Routine radiocactivity determinations are continuing and 12,889
such determinations were made during this period. Analytical data for both
the chemical and radicactivity determinations of uranium in southeast and
northwest phosphates were collected but calculations have been temporarily
deferred because of higher priority of other work. Routine calculations
of standard deviations of iths differences between chemical and radioactivity
determinations of uranium in southeast phosphates is continuing., W"Tables
for evaluating Bateman equation coefficients for radiocactivity calculations"
was published in the October 195l issue of Analytical Chemistry.

A statistical design for testing the efficiency of three sample
splitting methods was set up and calculations wers made (see Research on
methods and techniques in mineralogy and petrology). Radioactivity measure-
ments were made on a suite of granites from the red and green quarries at
Redstone, New Hampshire (see Distribution of uranium in igneous complexes)
and it was shown that differences betwezn the red and green granites occur.

Calculations involving radiocactivity determinations of eighty~-seven
duplicate samples of a Chattanooga shale using the coaxial tube and sample
holder show that the experimental standard deviation, 27 counts, is lower
thaﬁ the expected value, 35.5 counts., The latter value is obtained from

the square root of the msan number of counts as the distribution of a
series of counts of a large nunber of incidents fits the Poisson distribu-
tion which has the interesting property that the mean and the variance are

equal,



| 239

|
| Research - Washington
! by W. R. Champion

|

Thorium anaj.ysis

E?cperimental work on the photographic alpha-star method of thorium
analysis pr;aceeded slowly. Because of eye strain, several hundred stars
only can be; counted under the microscope per day. The distribution of stars
will be studied to see if the theoretical and experimental numbers agree
and also toj check thorium analysis using this msthod. Over a thousand L~

and S-pron;g stars were counted during the last six months and the ratio of
L= to S-projng stars is about 1,48, The theoretical ratio should 1.62. A
s’oa'bistical’[ analysis is being made of the data.

]ievelopment work continued on the thoron method of thorium analysis,
The greatest effort was expended in building a high temperature furnace for
the very hifgh temperat.ui'e minerals, A furnace was designed and constructed
using a cazjibon tube as the heating element and sample holder. It maintained
a more than satisfactory temperature of 2600° C for several hours under op-

|

erating conditions, It is plamned to allow more time on this project in the
|

future as qj‘oher projects are completed.
\

Metamictization of zircons

I\#o bombardments were made during the past six months, as the
Oak Ridge National Laboratory!s Cockcroft-Walton accelerator is being re-
built, In the meantime three new targets were constructed for use on the
new Oak Ridj,ge accelerator. As the particles accelerated by this machine
have a ver;?r short penetration range in zircon, the targets were made as

thin as poésible to permit production of ar Xray pattern that could be

used to observe the metamictization. The samples were prepared by grinding
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in a mortar and sized by allowing them to settle in alcohol. The grain
size was determined by electron diffraction, The targets were prepared by
forcing the grains into a copper backing with a hydraunlic press and con=-

sisted of a single layer of zircon grains approximately 2 microns in diameter,

Activetion analysis

The mass spectrometric analyses of copper in the copper-silver
"half-breed" given in TEI-LLO werse confirmed on the mass spectrometer., Two
methods of activation analysis were attempted at Oak Ridge National Labora-
65

torys (1) Measursment of the activities of Cu6h and Cu ~ and determination
of the sbundance ratios by extrapolation back to zero time, and (2) weighing
the total copper, measuring the amcunt of the 12-hour isotope by calibration
with a standard, and finally obtaining the abundance ratio by difference.
Prelimirary tests indlcate that method (2) 1: more accurate and suitable
for routine analysis. Samples are being prepared for further tests.
Analysils and research, Denver
by J. N. Rosholt, Jr.
The laboratory made 6,119 eU determinations during the last half-
year period., In addition, 78 radiochemical determinations of various daughter

products were made including analyses for Th232, Th230, Ra226, Rn222, and

szlo.
As a special project the Ra226 content of a lB8-year-old (1906)
thorium nitrate salt was analyzed with an accuracy of 15 percent using the
radon train method., This salt will be used later for a redetermination of
the half-life of thoriwm. A preliminary value for the half-life of Tho 2

was determined. A value approximately 10 percent higher than that described
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in the literature was obtained., The primary purpose of this determination
is to provide an independent check for the half-life measurement by the
ionization g;':hamber method being performed by F. E, Senftle, More accurate
determinatiéns are now being made,

T]%le paper describing the radiochemical analysis of Th232,Rn 222
and Pp2l0 wa;s published as "Quantitative radiochemical method for determina-
tion of majér sources of natural radioactivity in ores and minerals," by

Jo N. Rosholt, Jr., Analytical Chemistry, Vol. 26, p. 1307, August 195k.

Spectrography

Spectrographic methods - Washington
!

Emission spectrography, by C. L. Waring

A} revised table of standard sensitivities for the elements deter-
mined by thp semiquantitative spectrographic analysis resulted from improved
techniques ;and spectral line studies initiated during the reporting period.
The new senjsitivities are shown in table 26,

Additional progress was made on the spectrographic, microphoto-
metric scam project which is a modification of the semiquantitative
method of a:nalyz:mg mineral, rock, and ore samples. The method has been
applied to ilignite ash samples, being based upon evaporated liquids and
solid syn’ch}etic and naturally occurring materials as standards, The re-
sults are z%eported to one decimal place for most of the 68 elements covered
by the met.hjod, which is also being standardized for other types of materials,

The American Soclety for Testing Materials has suggested that
the proceduj.re for determining lead in zircon and other minerals, as used in

the Larsen method of calculating ages of rocks, be submitted for publication
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Table 26.--Standard sensitivities for the elements
determined by the semiquantitative method
(washington Laboratory)

% Z
Ag ~ 0,00001 Nb - 0,001
Al - 0,0001 Na% - 0,003 (0.,01)
As - 0.0 Nd - 0,006
Au - 0,001 i = 0,005
B - 0,005 0s = 0.1
Ba - 0,001 P =~ 0,07
Be - 0,00005 Fb - 0.001
Bi - 0.005 Pd - 0,003
Ca = 0,01 Pr - 0,01
cd - 0,005 Pt - 0.003
Ce - C.03 Rb* = 0.007 (7.)
Co = 0,008 Re - 0,04
Cr - 0,006 Rh - 0,004
Cs¥* ~ 0,01 (0.8) Ru - 0,008
Cu = 0.00005 Sb - 0,01
Dy - 0.006 Se¢ - 0,00L
Eu - 0,003 Si - C,005
Er - 0,003 Sm -~ 0,008
Fast = 0,08 Sn - 0,004
Fe =~ 0,0008 Sr - 0,001
Ga - 0,004 Ta - 0,1
Gd bt CoOOé Tb bt 0.0l
Ge - 0,COL Te - 0,08
Hf - 0,03 Th - 0,08
Hg - 0,08 Ti - 0,0005
Ho - 0,001 T1 - 0,04
In - 0,000L Tm - 0.001
II' bl 0003 U had 0008
K# = 0,005 (0.3) Vv - 0,001
La - 0,003 W - 0,07
Li* - 0,00003 (0.0L) Y - 0,003
Lu - 0.005 Yb had 000003
Mg =~ 0.00003 Zn - 0,008
Mo - 0,0005 Zr - 0,0008
Mn - 0.,0007

#* A second exposure is required for the high sensitivity listed.

#% A third exposure is required for the fluorine estimation,
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in Methods ffor Emission Spectrochemical Analysis., The method was applied
to 125 swpﬁ.es.

A quantitative spectrographic method for the determination of
strontium in phosphate rock was developed and applied to 32 samples.

Tihe spectrograph was found to be an excellent tool for calibrating
light filters., In cooperation with other chemical research projects, a num-
ber of Cornjb.ng filters were calibrated. The transmission peaks were located
in ﬂuorime?‘ber filters to be used in making uranium determinations, The
data providjed should aid in improving fluorimetric methods for determination
of ura.niwno

Sfpectrographic studies of the hafnium-zirconium ratio were com-
pleted. Thje rapid method was designed to provide data to aid in further
geochemical% and radioactivity studies. A total of 168 samples were analyzed,

Approximately 50,000 spectrographic qualitative, semiquantitative,
and quan‘bif%tive determinations were completed on 865 samples during the

report period.
|

Infrared Spbctroscgpl, by R, G, Milkey

Mm the report period the versatility of the infrared spectro-
photometer lwas increased by addition of (1) the cesium bromide prism, which
more than dbubles the usable range of the infrared spectrum compared to that
obtained wiith the sodium chloride prism, (2) the calcium fluoride prism,
which has ; resolving power, in some regions of the infrared spectrum, of wp
to three tﬂnes that obtained with the sodium chloride prism, and (3) the
infrared po‘iarizer, which provides polarized infrared light and thus is of
great use :L‘n ascertaining the direction of bonds and spatial arrangements
in cryst.alsj.

|
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The performance of the infrared spectrophotometer was tested
with the calcium fluoride prism installed, and spectra thus obtained were

compared with those of the sodium chloride prism. The calcium fluoride
prism proved chiefly valuable in resolving the sharp rotational spectra of
gases, For the broader absorption bands of the liquid and solid samples,
acceptable resolution generally was obtained with the normally used sodium
chloride optics.

Procedures for analysss were improved, particularly the method
of sampling by use of potassium bromide inbedding windows, and additions
were made to the library of infrared standard data. On hand are close to
3,000 standard spectra of organic and inorganic substances, several thousand
abstracts of the current literature, and approximately 150 reprints of the
most pertinert articles in the literature.

A wide variety of samples were analyzed, both in support of the
objectives of other projects and for purposes of research and analyses of
interest to the infrared spectrography program. Organo-uranium extracts
from lignites, coals, black shales, and oil-impregnated sandstones, were

analyzed in order to determine ‘the unit structures of the extracted
material, and to compare similarities of structure in the different ex-
tracts. Highly complex in structure, all of the organo-uranium extracts
show the presence of substltuted benzene rings or vinyl type of carbon-
carbon double bonds, and several carbonyl bonds such as aldehydes, ketonses,
or esters, Other unit structures variously present include hydroxyl (both
hydrogen-bonded and unbonded), the carbon-hydrogen bond (both aromatic and
aliphatic), and carboxylic groups. Additional spectra of such samples will

be obtained in the continuing study of uranium-bearing carbonaceous rocks,
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Hectorite samples from Hector, California, were analyzed for

the type of lithium bonding in the crystal, The spectra indi-

¢ 1ithium does not substitute into the silicate layer, as they

contain absorption peaks that are known to arise from unsubstituted silicate

layers as with the absorption spectra of montmorillonite and nontronite.

ijaalyses were made to determine the structural identification of

synthetic zircons, thorites, and huttonites, the determination of possible

hydroxyl suk
glass sample
structure ac

increased hy

A

stitution into silicate structures, and to investigate polished
35S, The last study was made to ascertain whether changes in
scompanied changes in the index of refraction resulting from
rdration of the samples.

comprehensive study to obtain spectra of all available vanadium

compounds and minerals was begun, with the objective of correlating the

absorption
far obtainec

the waveleng

the vanadates,

minerals.,

D
tions were
Raw Materia]

As

group of samp

peaks of vanadium compounds in various forms. The spectra so
1 indicate that at least two significant absorption peaks in
rth interval from 9.8 to 12,0 microns are characteristic of all

A similar study will be made with uranium compounds and

Spectrographic methods - Denver

by A. T. Myers
uring the past six-months period, a total of 62,50) determina-
made on 1,182 samples submitted for analysis by projects of the
s Program,
5 & part of an investigation on quality of analysis, a selected

les was analyzed quantitatively for thorium. The precision

and probable accuracy of the spectrographic analyses are shown in table 27,

342684 O - 55 -1

6
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have been c
a reproducil
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tandard deviation(S. D), and coefficient of variability(Cs VJ,

alculated. The precision of the spectrographic method includes
ility study where each measurement represents successive deter-

de on the same sample ground to less than 100 mesh. X-ray

fluorescent| and radiochemical results on the same samples are also shown in

table 27 for comparison.

methods of
volves weig

agate with

ditions and

0

in the USGS

Excellent agreement between these three independent
alysis is indicated. The spectrographic method in biief in-
ing 30 mgms. of the minus-100-mesh sample previously ground in

wo times its weight of pure carbon powder., All the other con-

|
details of the method are described in TEI-179, p. 29.
ne result of the use of the semi-quantitative method as developed

laboratory at Denver is a preliminary report on the "Distribu-

tion of elements on the Colorado Plateau,” by E. M, Shoemaker, W. L, Newman,

A. T, Miesc

on element

|
h, and R, G, Havens. This study shows that significant studies

distributions in geologic provinces are now possible by the

application of this method.

A

laboratorie

sensitiviti

s a result of a study being undertaken in the spectrographic
s of the Geological Survey, to investigate the limits of element

es, the element sensitivity chart for the Denver laboratory

was modii‘iqd. This is the result of a change in the photographic developing

technique f
T
but severel
by the comp
quantitativ

or spectroscopic plates.,

he three-meter Hilger grating spectrograph delivered July 1953
y damaged in shipment was repaired and installed for operation
any representative, This instrument is now ready for routine

e analysis.
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TEI-179 and TEI-}17 dealt with grinding of rock samples by a
vertical type grinder, first with steel plates and then with ceramic plates.
Quantitative spectrographic analysis was used for determining the amount of
contamination introduced into the sample from steel alloying elements in
the steel plates. Finally, when the alumina ceramic plates proved a success-
ful substitute for steel plates, further spectrographic analyses were made
on experimental samples (quartz and quartzite), ground by alumina ceramic
plates. The results showed the effectiveness of the ceramic plates in pre-
venting rock sample contamination (TEI-417). As a result of these studies
of contamination a separate grinding laboratory was installed to keep metal
contamination at a low level while grinding a large number of rock samples
for spectrographic and chemical analysis; a bucking board and muller made
of similar ceramic material was obtained and found to be a very satisfactory

substitute for steel for this method of grinding,
Chemistr

Analysis of raw materials - Washington
by Irving May

The level of analytical activity remained substantially the same
as that of the previous report period, Samples now being analyzed tend to
be in smaller lots and of a more varied nature, and an increasing number
of requests for analyses involve deadlines, These factors have made it
difficult to apply mass production techniques,

The accompanying table (+able 28) presents a breakdown of the
determinations completed. It should be noted that approximately one-third

of the determinations are for other than chemical U‘and ash.
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|
|
|
Table 28,—Breakdown of completed determinations, Washington Trace
ements Laboratory, June 1 - November 30, 195k.

Completed the

Determination Past Six Months
U 4562
Ash 260
A 53
Fe 59
Cf 280
P 636
T 9
s L9
F 270
0i 134
Loss on ignition 62
Total Solids 173
Acid Insoluble 60
Organic Matter 124
Miscellaneous 303
‘ R——
‘ Total 7034

|
U#GS Bulletin-1006 entitled "Collected papers on methods of

analysis fo# uranium and thorium," compiled by F. S. Grimaldi, Irving May,
Mary H, Flchher, and Jane Titcomb, was published. A paper "The effect of
ashing temp*ara‘bure on the volatility of germanium in low-rank coal samples,™
by C. L. Wahg and W, P, Tucker (TEI-267) was published in Analytical
Chemistry, le. 26, no. 1198, 195L.

The study of the determination of small amounts of zinc in rocks,
initiated in the pr"evious report period, was completed. No new analytical

|
methods werp evolved.
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Determination of selenium in pyrite and marcasite was studied.
Changes were made in the method and distillation apparatus to improve the
determination in such samples.

A chemist was trained to perform micro-organic carbon and hydrogen
determinations,

Three visitors from universities visited the laboratory for con-
sultation on methods for determining uranium.

Analysis of raw materials - Denver
by L. F. Rader, Jr., and Wayne Mountjoy

A total of 11,604 determinations were made on 9,315 samples.
Approximately half of the determinations were for uranium, about 12 per-
cent each were for vanadium, calcium carbonate, and heavy metals, and the
remainder were for miscellaneous determinations., Rapid analytical service
for the drilling operations conducted by the Denver AEC office and the USGS
Colorado Plateau Program is still the most important function of the labora-
tory. Of the 9,315 samples, 9,123 were routine and 192 were special samples,
The distribution of service for the routine samples was 28,3 percent for
the Denver AEC, 22,2 percent for the USGS Plateau Program, 22,5 percent for
the Marysvale, Utah program, and the rest for miscellaneous projects in-
cluding taxpayer samples. The Ceochemical Prospecting Laboratory, which
is not supported by AEC funds, made several hundred analyses in support of
the AEC geological program.

Laboratory work on the study of ashing procedures prior to the
determination of uranium in plants, coals and other carbonaceous materials

was completed.
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A |[series of studies on the use of low grade schroeckingerite from
Lost Creek, Wyoming to form solutions from which the uranium could be
absorbed by low rank coals were madse.

Studies on the use of citric acid-ammonium citrate solutions to
remove the carbonate cement characteristic of many sandstone samples are
under way. The ammonium citrate solution at a pH of 5-6 dissolves relatively

large amounts of calcium carbonate,

Research on analytical methods

The determination of fluorine in silicate rocks, by Blanche Ingram and

|
Fo S. GrimaJ-di

A

method for the determination of fluorine in silicate rocks was

developed is in general use.

The method incorporates the use of a ZnO-Na2003 flux which ine
sures the elimination of about 99 percent of the S:i.o2 as insoluble zinc
silicate.

imination of the interference of aluminum, which in the usual
procedure retards the distillation of fluorine, was accomplished by com-
plexing the aluminum with HBPOLL'
application|of this method to Florida leached zone samples, Many pre-

This modification allowed the routine

viously available methods were faulty when applied to samples that contain

alumimim as a major constituent.

The procedure as developed also was applied successfully to
micro amounts of fluorine and even to silicate rocks containing small
amounts of fluorapatite, The microtitration technique, the alizarin colori-

metric, and the thorin colorimetric procedures for measuring the fluorine
content WerT in good agreement,
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Analytical chemistry of thorium, by Mary H. Fletcher and R, @, Milkey
Work is continuing on the study of the analytical chemistry of

thorium with attention focused on the fluorescence of the thorium=morin
system. Laboratory tests were made to accumulate more data and clarify
several points, A paper entitled "A fluorimetric study of the thorium-
morin system," being prepared by R. G, Milkey and M, H, Fletcher, will

give the results of the fluorimstric study, evaluate the fluorescent system

as a basis for the guantlibtative determination of thorium, and present

some of the theoretical and mathematical relationships between fluorescence

and light absorption as exkibited in the thorium-morin system.

Determination of uranium by the specirophotometric method, by H, I, Feinstein

Laboratory work on the thiocyanate method for the determination
of uranium is practically romplete. Early in the study it was found that
the stablility of the system s a furction of both the acidity and the
thiocyanate concentration. Consequently, these two factors were investi-

gated simultanecusly and optimum conditions were established for the devel-
opment of the uranyl thiscyanate color.

The application of the method to uranium ore samples necessitated

a study of the ethyl acetate extraction of relatively large amounits of
uranyl nitrate from aluminum nitrate-nitric acid solution. It was found
that amounts of uranium wp to 100 mg, could be quantitatively extracted and
that by a combination of washing and re-extraction the interference of
vanadium could be eliminated, Results showed excellent agreement with
AEC values on standard samples and with results by conventional volumetric

methods.
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De'hernﬂ.na'bicin of lead in monazite, by R. A. Powell

Past experience in the determination of lead in monazite indicates
that results obtained by chemical and spectrographic methods are not in close
enough agreement for certain applications., In order to check the accuracy
of chemical methods, lead is being isoclated from spiked monazite samples
for independent lead determinations by the Isotope dilution method.

In order to meel the contimuing need for the isolation of several
milligrams of lead, as iodide, from small samples of monazite, several
methods for recovering lead are being used concurrently for a comparison of
efficiencies.,
Lead determinations on monazite samples from various sources are

being made chemically and spectrographically as a further check.

1l determination, by Irving May

1L

Separation of carbon from fossil bone for C

A method was developed for isclating carbon (for ¢ determina-
tion) from fossil bone by pyrolizing the sample in a nitrogen atmosphere
and then removing extraneous material from the carbon by treatment with

HC1 and HF.

An apparatus for the multiple fusion of uranium flux pads, by Ce A. Kinser
|

A$ apparatus for the multiple fusion of uranium flux pads, con-
sisting of a battery of six bunsen burners assembled with standard pipe
fittings on an asbestos covered base was constructed, I% is enclosed on
three sides and vented at the top with an aluminum hood. Two pieces of
vycor tubing are mounted so that they support flux dishes over the flame,
This apparatus proved to be very helpful in multiple fusions by
maintaining steady flames which are necessary at this critical step in

uranium analyses.




A pipette drying davice, by H., I, Feinsteln and I. H, Barlow

A simple and practicsl pipette drier was constructed, by use of
which pipettes can be dried in 3 to 5 minutes., This represents a consider-
able saving in time over tha wusual one oy two days requived for pipettes
to dry when inverted in a drying basket or the ssveral hours required to

dry them in a large drying oven,
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GEOCHEMICAL AND PETROLOGICAL RESEARCH €N BASIC PRINCIPLES

Distribution of uranium in igneous complexes
by E. S. Larsen; Jr.

Research was continued on all aspects of the problems concerning
the distribution of uranium in igneous rocks. Chemical, mineralogical,
sampling and field studies were conducted on rocks and minerals from the

following areas:

Chemical Investigations

Modoc Lavas, Californias

These lavas which underly an area of nearly 100 square miles,
are relatively young,ranging from Miocene to Recent in age., Their

chemistry and field relationships have been described (Powers, H., Amer.

Min. v. 17, 1932).

Table 29.~~Uranium Content of the Modoc Lavas, California.

Rock types No. of samples Range of U Average U
content (ppm) content (ppm)

Obsidian 7 L8 - 7.3 5.6
Rhyolite L 1.3 - k.9 2.8
Dacite 2 3.9 3.9
Basalt 8 0.22- 3.6 0.88
Andesite 3 2.0 - 6,0 L.0
Pumice 1 he? ho?

Slag 1 86.0 86.0

Boulder Batholith, Montana:

Field, chemical, and petrologic studies of this batholith are
nearly completed. Underlying an area of approximately 1200 square miles,

the batholith is composed essentially of quartz monzonite.
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Table 30.~=-Uranium content of the Boulder bathelith and associated rocks

Rock type No. of Samples Range of U Average U
content (ppm) content (ppm)

Quartz monzonite 33 0.8 = 15.0 3.5
Andesite 7 1.9 - 3.bL 2e7
Rhyolite 5 2.5 = 12,7 L8
Dacite 5 2,0 = 3,1 2.6
Quartz porphyry 1 1666 16.6
Glassy dike rock 1 .20.0 20.0
Gabbro 1 . 1.0 1.0
Basalt 1 » 0eT3 0.73

Highwood and Bearpaw Mountains, Montanas

The Highwood Mountains are one of a group of highly mafic and
highly potassic rocks énd occupy an area of about LOO square miles.
Similar rocks lie to the northeast in the Bearpaw Mountains and elsewhere
in Montana. In the Highwoods, the oldest igneous rocks are the quartz
latites, They underlie the mafic phonolites with a time difference between
the eruption of the two groups of rocks. The quartz latites have about the
same uranium content as the Potosi volcanic rocks of the San Juan Mountains
of Colorado.

The potash-rich mafic rocks afe not very high in uranium, but
considering their mafic character they might be so considered. In such a
series granites might have a high uranium content.

Table 31.-=Uranium content of rocks from the Bearpaw Mountains

Average U
Rock type ‘ No. of samples content (ppm)
Biotite apatite pyroxenite 1 1.1
Mafic monzonite 2 1.8
Monzonite 1 Le5
Porphyritic §yenite 1 1.9
Mafic nepheline shonkonite 1 L.8
Nepheline shonkonite 1 5.3
Mafic nepheline syenite 1 5,0
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Table 32,-~Uranium content of rocks from the Highwood Mountains, Montana

Rock type No. of Range of U Average U
samples content (ppm) content (ppm)

Quartz latites 2 2.9 = L.2 3.6
Mafic phonolites

dark lavas and dikes 17 1.5 - 3.2 2.4

light lavas and dikes 1 Ll b1
Aanit‘e 2 39}-‘- = 3-7 3-5
Shonkonites and related rocks 11 1.5 ~ h.6 2.6
Nilingongite 1 6028 0.28
Syenite 3 2.2 = 5.5 3.5
Contact rock of Shonkin Sag 1l 7.1 Tel
Transition rocks I 1.9 - 6.1 L2

Sierra Nevada, Bishop, Californiac

Table 33.--Uranium content of the rocks from Bishop, California

Rock type No, of Range of U Average U
samples content (ppm) content (ppm)

Orthoclase-albite granite L 1.4 - 3.8 363
Lamark quartz-monzonite L 3,0 = 5.6 L.6
Basin Mountain gqtzemonzonite 7 1.4 - 6.1 362
Pine Creek qtz. monzonite 3 1.5 - 7.8 Lol
Wheeler Crest qtz. monzonite 2 1,9 = 3.3 2.6
McMurray qtz. monzonite 2 1.8 - 2,6 262
Tinemaha qtz. monzonite L 301 = L8 L6
Palisades granodiorite 2 1.7 = 2.7 2.2
Rock Creek granodiorite 1 2.9 2.9
Tungsten Hills granodiorite 1 8 1.8
Hornblende gabbro 2 0.3 = 0.54 0.42
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Table 3li.--Uranium content (ppm) of minerals
from rocks from Bishop, California

: Palisade
Rock type Albite Pine Creek  Lamark Basin Mt, grano-
granite qtz. monaz. qtz. monz. Qqtz., monz. diorite

Orthoclase 1.3 1.6 0,64 0.68 0.l
Quartz 2.3 2.3 1.1 2.4 1.8

Plagioclase 1.3 1.1 1.5 0.80
Biotite 16.0 16.0 2.0 60,0 hols

Hornblende 14.0 2.7 L.7

Augite 16,0

Monazite 61,0.0

Zircon 710.0 180.0 730.0 1200,0

Sphene 660.0 1130,0 160.0

Apatite 38.0 60.0

Allanite 50.0 78.0

Magneti‘be 9.0 609 loo 1100 203

Epidote 180.0

Table 35.--Alkalic rocks, Sussex County, New Jersey

Rock type No. of Range of U Average U
samples content (ppm) content (ppm)
Nepheline syenite N 13,0 = L46.0 20.0
Porph. nepheline syenite 1 33,0 33.0
Nepheline porphyry 1 20,0 20,0
Bostonite 2 18.0 = 25,0 22,0
Bostonite porphyry 1 19.0 19.0
Ouachitite 1 6.0 6.0
Tinguite 1 8.0 860
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Table 36.--Uranium content of rocks from the Idaho Batholith

Rock type No. of  Range of U Average U
samples content (ppm) content (ppm)
Granite L 1.5 = 6.3 2.8
Quartz monzonite 5 Ok = 3.4 1.7
Cranodiorite 7 0.5 = 4.8 2,0
Quartz diorite L 1.4 - 3.1 2,0
Gneissoid rocks 8 0.5 = 3.3 1.8

Table 37.--Uranium content (ppm) of minerals from
rocks of the Idaho Batholith

Rock *type Muscovite Porphyritic Porphyritic Quartz  Grano-

granite granodiorite gneiss diorite diorite
Quartz 0.80 0.7k 0.62 Oel1l
Orthoclase 0,36 0.9 0.63 0.18
Plagioclase 0.96 1.3 5.0
Hornblende 3.0 0,06
Biotite 2.9 0.3L 1.9 58,0 7.0
Apatite 28,0 Lh1.6 15,0 35,0 0.18
Magnetite 0. 36 1.8 11.0
Muscovite S.h 2.2
Garnet 6oly
Monazite 1070.0 27k,
Zircon 21,00.0 400.0
Xenotime 7630,0
Sphene 170.0 108,0 300,0
Flourite 0.49
Epidote 63.0

Ilmenite 10.0 1.6
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Field investigations

Boulder Creek Batholith, Colorado

Previous wranium analyses on rocks from this batholith indicated
a ten-fold enrichment in rocks from the western border facies., The uranium
content of the rocks ranges from about 1 ppm to 1L ppm U near the border,
The distribution of rock types and their spatial relationships were mapped
during the past fleld season. The batholith is complex with a northern
and western margin of gneissic quartz diorite. Away from this border the
rocks are transitional to granodiorite, quartz monzonite, and small bodies
of granite. The predominant rock type is quartz monzonite, Thus, the
uranium is higher in the more mafic rocks and low in the most siliceous
rocks, One hundred and fifty rock samples were collected for petrographic,
mineralogic, and uranium studies from the representative rock types and
from critical areas to ascertain the effects of assimilation of the various
intruded rock types and its effect on the distribution of uranium in the
batholith. In numerous outcrops of the more siliceous rocks allanite is
very abundant with crystals ranging up to two inches in length.

A reconnaissance was made of the Mt. Evans batholith, Colorado,
which is correlated petrographically with the Boulder Creek batholith., In
this batholith an unusual opportunity was presented for cbtaining samples
from elevations of nearly 7,000 feet to over 14,000 feet, The main mass
of the body is a coarse quartz monzonite. A well foliated quartz diorite

was found around the southern and eastern margins of the batholith.
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Conway granite of the White Mountain Magma Series

A detailed collection of the Conway granites was made preliminary
to an intensive investigation of the distribution of uranium in the rocks
and minerals, Study of the radicactivity of the red and green phases at
Redstone, New Hampshire showed a large amount of local variation within
small areas, Weathered rock showed higher radioactivity than fresh. Sta-
tistical studies showed significant differences between the red and green,
and between the fresh ard weathsred phases. The radiocactivity and the Th:U
ratio was found to be higher in the weathered rock than in the fresh. The
red phase has consistently higher radicastivity and uranium content than
the green phase. Uranium, rather than potassium or thorium, is proving to

be the prinecipal variant in acecounting for differences in radiocactivity,
Research cn methods and techniques

Investigations have continued on the use of the gamma ray specs
tremetry for obtaining thorium to uranium ratios., Several rocks on which
the thorium and wranium content2 are known will be used to test the new
technique, Other samples of average igneous rocks on which the uranium
and potash contents are known will be tested for their thorium content.

Weathering, transportation, and redeposition of uranium
by R. M. Garrels

Chemical work was completed on a channel sample from the Mineral
Joe mine, Jo Dandy mining area. The results show that oxidation is super-
imposed upon the original mineralization. Apparently oxidation in this

mine occurred through the agency of meoist air because there is no indication

342684 O ~ 55 ~ 17 -
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from the samples of any migration of uranium or vanadium. The boundary of
the mineralized zone, as revealed by chemical analyses and semi-quantitative
spectrographic analyses, is extremely sharp. With the exception of a very
small and constant uraninm and vanadium anomaly the unmineralized sandstone
is similar to "average unmineralized Salt Wash sandstone". In the ore zone
there are strong positive anomalies for uranium, vanadium, iren, lead,
barium, and strontium, and weak positive anomalies for molybdenum and
copper. The overall picture is entirely consistent with a primary low
valent mineral assemblage that has been oxidized in situ by atmospheric
oXygen.

Mineralogic work on the channel sample is being continued.

The Eh-pH apparatus ran almost continuously during the report
period. Work was done both on the oxidation state of the channel samples
from the Mineral Joe mins and on oxidation-reduction studies of pure
vanadium compounds. Results to date give a rough check on the theoretical
diagram for the stability of the vanadium oxides (Some thermodynamic re-
lations among the uranium cxides, and their relation to the oxidation
states of the Colorado Plateau,. Robert M. Garrels, Am. Min., v. 38, nos.
11 and 12, pp. 1251-1265, Nov.-Dec,, 1953.). It also was demonstrated
that vanadium in solubion oxidizes and reduces with ease even at 25° C,
This suggests that natural oxidation processes take place at high rates
and are dependent chiefly on *the presence of an oxidant.

Crystallographkic work on various vanadium compounds was con-
tinued to help in the understanding of the mechanics of the oxidation pro-
cesses. The most important contribution to date is the demonstration that

all paramontroselte (vgoh) must be derived from oxidation of original
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montroseite (V203oH20). Paramontroseite is very common in the "blue-
black ores",

Work continued on the vanadifsrous clays. From the rate of re-
leage  (by acid treatment) of various cations it can be demonstrated that
most of the vanadium is in the structure of the clay minerals, The valence
state of the vanadium is elther V3 of V"'ll in the relatively few samples
studied., There are probably three vanadium-bearing silicates: roscoelite,
or true vanadium mica; vanadiferous hydrous mica; and vanadiferous (?)
chlorite,

The work will continue chiefly on (1) experimental checks on the
validity of the theoretical stabilihy diagrams of the uranium-vanadium
oxides; (2) preparation of vanadium and uranium compounds under controlled
oxidation conditions to check the interpretation of the oxidation pro-
cesses from mineralogic and chemical studies of the ores; and (3) further
studies of the vanadiferous clay minerals in an attempt to decipher their
chemical characteristics and their role in the genesis of the ores,

During the report pericd, TEI-L55, "Some thermodynamic relations
among the uranium oxides, and thelr relation to the oxidation states of
the Colorado Plateaus™ was issued and a manuscript on "Weathering of
uranium ores" was sent to the American Mining Congress for publication.
The material in this paper was presented at the September meeting of the
American Mining Congress,

Mineral synthesis
by G. J. Jansen

The detailed work on the CaOAVQOS-HQO system under atmospheric
conditions is almost finished. The system was not investigated above pH 9
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owing to the difficulties caused by the precipitation of Ga(OH)Z(?) and
CaC0y (CO2 entered the solution from the atmosphere). At 30°C and pH

values of less than 9, the following phases occurs

3 2 1
Colorless 20a0+ V705 °2Hp0 pPH9 to 8
Colorless to yellowish (rossite) Ca0°*V,0¢°LH,0 pH 8  to 6.2
Orange (pascoite) 30a0°§V505°36H20 pH 6.2 to 2.3
Reddish to black (hewettite) Ca0° 3V 8 *9H,0 PH 6.2 to 2.3
Dull brown, green, or black Véos“xﬁzé 2 pH 2.3 to O

At higher temperatures, some of the phase boundaries are changed
in respect to pH, and new phases (pyrovanadates?) appear. The exact bound-
ary between pascoite and hewettite phases is hard to determine. The for=-
mation of pascoite may depend on the rate of evaporation and thus pascoite
may form in the hewettite stability ranges if the solution is concentrated
rapidly by evaporation., Under usual evaporation conditions at 30°C, pas=
coite will crystallize from pH 6.2 to 2.3 but occasionally hewettite will
form between pH 3 and 2.3. At higher temperatures the hewettite becomes
increasingly stable until at 80°C the pascoite no longer forms, except when
the rate of concentration is exceedingly fast., It is possible that under
equilibrium conditions hewettite instead of pascoite is the stable phase
between pH 6.2 to 2,3 at 30°C.

Progress was made in determining the solubility of carnotite under
various controlled environments. A new procedure was devised that almost
eliminates equipment failure, eases the operator's work, and insures more
accurate results, Data were collected on ten solubility determinations,
These determinations, using synthetic carnotite, were conducted under a
controlled atmosphere and at temperatures of 30°C and 50°%C. To vary con=

ditions of pH and solubility, NOB“, sou‘, OH™, and CO2
dividually, for various determinations., The pH ranged from nearly 8 to 3.2.

were introduced, in-
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From the work now completed, it seems that the solubility of
carnotite is very low, of the order of 0.l to 0.2 ppm in distilled water.,
A more acid or basic environment increases the solubility. When the pH is
as low as 3.3, the amcunt of carnotite which will dissolve is increased by
about 20 fold or more, depending on whalt anions are present, Various anions
may form complex ions with the uranium, increasing the solubility of the
carnotite, An increase in the temperature alsc increases solubility in
distilled water; thus, a rise of 20°C causes the concentration of uranium
to increase nearly 50 percent. In the next few months, the effects of
other common anions and cations in the solubility of carnotite and tyuyamunite
will be studied,
0 system at 500°C, A

Work was continued on the Na 0°Si02°2r02'H

2 2
total of 75 runs were completed in an attempt to delineate the stability
regions of the four stable solid zirconium continuing phases, The regions,
Na20 (3-15%), 3102 (0 to 15%) and Zroz (0 to 5%) were investigated, To
date, zircon has not appeared as the stable phase in this section of the
diagram. It would thus seem that zircon is unstable with respect to sodium
zircono-silicates in the presence of Na20 at 500°c, Elpidite is one of the
solid phases encountered and its stability is still under investigation,

It was determined that hastalloy C high preassure bombs do not
Astand up well with long runs at SOOOC. Half of the bombs failed, and the
project has been slightly retarded pending the completion of replacement
bombs,

Attempts to synthesize zircon from HF solution were successful.,
Crystals large enough for X-ray identification were grown. Experiments in

large bombs were made in an attempt to duplicate earlier runs where zircon
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was grown on a large zircon seed., In all thess runs difficulties occurred
with bomb leaksge and failure., These experiments will be repeated with

additional equipment that is now available.

Isotope geology and nuclear ressarch, Washington

Geochronoiogy
by L. R. Stieff

The 6-inch mass spectrometer used for lead isotops analysis con-
tinues in routine cperation., Following discussions with the National Bureau
of Standards! Statistical Laboratory and members of the USGS, a sample con-
trel system was set up to follow the performance of the mass spectrometer,
A method of lead=-ratio calculations suggested by menmbers of the Statistical
Laboratory is being used, I represents a simple least square solution for
all of the isotopic data obtained, On a series of duplicate analyses of
lead iodides previously run by the Mass Assay Laboratory, Oak Ridge,
Tennesgsee, agreement was cbtained in all cases within 1,0 percent and
usually within 0.5 percent of the lead-ratio reported. Approximately
twenty analyses on USGS samples were completed.

The age studies on the Colorado Plateau are nearing completion,
As part of this program, 18 specimens of black, unaltered Plateau uranium
ores were prepared, and analytical work was completed on 12 of these speci=-
mens, Ninty-seven specimens of galena from the Plateau and surrounding
arsas were prepared in conjunciion with the Plateau age studies and iso-
toplc analyses were completed on 22 samples, Three age determinations on
two specimens of high-grade carbonacecus uranium ores and one sample of

asphaltic pellet ore from Temple Mcuntaing, Utah, are of particular interest
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as they indicate ages of 76, 65, ard 60 million years respectively. During
October, supplementary specimens of galena and primary uranium ores, which
had not been studied previcusly, were collected from a number of localities
on the Colorado Plateau,

In addition to age wocrk on Plateau uranium ores, a number of age
studies were undertaken in cooperation with other USGS projects., Insofar
as possible the laboratory geologists participated with the field geologists
requesting the age determinations in collecting samples for analysis. Under
these circumstances specimens were cbtained from Mauch Chunk,Pennsylvania,
the Wet Mountains, Colorado, the Chico Hills, the Raton area, New Mexico
and the Globe district, Arizona. Age determinations also are being made
on uraninite from the Peekskill Quadrangle, New York and from the Coeur
d'Alene districht, Idaho,

As part of the USGS contribution itc the Mass Standards Program of
the Nationsl Bureau of Standards, a large sample of Ivigtut galena was
obtained from the Pennsylvania Salt Manufacturing Company. Twelve hundred
grams of purs. galena cleavage Iragments were hand picked, crushed and
thoroughly mixed, This sample and an additional 1,L00 grams of relatively
pure Ivigtut galena to be used in the preparation of lead were made avail-
able to the National Bureau of Standards.

Steble isotopes
by Irving Friedman

A new laboratory in Washington for the study of stable isotopes
was completed toward the end of this raport ﬁeriod, and the hydrogen-deuter-
ilum mass spectrometer was set up. Work on the portable mass spectrometer

for volcanic gas analysis progressed to the point where it has been possible
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to make preliminary tests of 1ts operation. The electronics and gas inlet
systems are being revised and it is expected that this instrument will be
ready for field operation by spring.

Nuclear geology

by F. E. Senftle

The extraction of chromium from uranium-vanadium ore proved to
be exceedingly difficult in view of the small quantities present., After
considerable effort, 10-15 mg. of chromium hydroxide was extracted and is
presently being prepared for mass spectrographic analysis.

To test the possible fractionation of isotopes by natural dif-
fusion processes a number of copper-bearing specimens were picked for
isotopic analysis. It is hoped that under certain conditions of diffusion
a change in the abundance ratioc will be evident. Samples are being pre-
pared for this study.

137

The study of adsorphion of radiocactive Cs ions on natural
and synthetic quartz was terminated, 1In general, adsorption was greater
on the faces of natural quartz crystals rather than on synthetic crystals,
This appears to be partially caused by unidentified differences in surface
texture. In some cases a strong spot adsorption tock place at the center
of spiral growth patterns, and this would seem to confirm the theory that
centers of spiral growth patterns are elongated cavities perpendicular to
the direction of growth., Some correlation between crystal imperfections

and adsorption were demonstrated.
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y R. 0. Cannon, Jr.

Did the composition of lead in the earth at one time resemble the
primitive sort of lead that C. C, Patterson succeeded in isolating from
two iron meteorites? This problem is fundamental to understanding the
variations in isotopic composition of the lead that occurs in rocks and
minerals of the earth's crust. It is possible to calculate how the iso-
topic composition of lead in the earth may have evelved through geologic
time, measuring backward from the kinds of lead now found, and using what
evidernce ‘here is of the present abundance of lead, uranium, and thorium
in the earith!s crust. One hypcthesis that can reasonsbly be drawn from
such caleculations is that earth-lead something like L.6 billion years ago
may have resembled the kind of lead now found in msteoritic troilite,

Even the most primitive sample of earth-lead reported o date, in galena
from the Transvaal, Scuth Afvica, does not approach very closely in compo=-
sition the lead frcm iron meteoritss (4able 38), Byt if this hypothesis

of evolution of lead in the esarth is more or less correct, it should be
possible to find in the lithosphere some more direct evidence., A quest for
such evidence is in progress in cooperation with Patterson and associates

in the geochemical laboratory of the California Institute of Technology.

Table 38,--Illustrative isctope analyses of lead

Fb composition (atomic ratios)
/20

Ref. Sampls 206/20L 207/20L  208/204
1. Canyon Diablo meteorite (troilite) 9.1  10.27 29,16
2. Galena, Rossetta mine, Transvaal, S, Afr. 12,65  1L.27 32.78
3. Olivine bomb, Hawaii, #PO-52HL 19.29  15.L45 37.95
L. Basalt, Shoshone, Idaho, #Id-5L-Sbf 18.12  15.L5 38,08

. Galena, Uintah Co,, Utak, #U-U-VBC 25.96 16,45 L6.38
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One can investigate the traces of lzad pr2sent In those few
kinds of rocks that can be suspscted of having formed as integral parts of
an original crust or manitle of a primitive earth., Among such materials
currently under study are (1) an clivine bomb from Hawaii, carried up from
the interior of the earth by an oubtpouring of basaltic lava, (2) a felds-
pathic bomb (troctolite) from the same Hawaiian lava flow, (3) a second
olivine bomb from Peridot cinder cone in eastern Arizona, (L) a sample of
Marcy-type anorthosite from the Adirondacks, N, Y., and (5) troilite from
northern California, the only locality where this kind of iron sulfide has
been reported to occur as a terrestrial mineral, Patterson extracted and
analyzed lead from the terrestisl troilite and from the Hawalian olivine
borb (table 38). These leads do not resemble lsad from iron meteorites in
isotopic composition-erather they are similar tc lead in some samples of
galena-=but, their significance cannot be interpreted satisfactorily until
the ratio of lead to uranium and thorium in these samples can be measured.
To obtain a nearly independsrt line of evidence on the geologic history of
anorthositic rocks, efforits ars heing made to concentrate enough zircon for
age determination by the Larsen method from anorthosite, both from the
Adirondacks and from the San Gabriel Mountains, California,

A search also can be made from earth-lead of primitive iscotopic
composition in crustal rocks known to be of extreme antiquity, from the
combined evidence of stratigraphy and lead/uranium ags determinations,
Analyses of rather primitive lead in galenas from Wycming and Southern
Rhodesia were previously reported; subsequent work was concentrated on
rocks of the Bulawayan series of Southern Rhodesia, The latter were shown

to be older than 2,65 billion ysars in a recent paper by Holmes (Nature,
April 195L4). At present, work continues on thres rocks collected by
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Dr. A. M, Macgregor of Southern Rhodesia from the Bulawayan series, They
are a pillow basalt, an algal limestone, and a pyritic graphitic slate.
Recently, Patterson cbtained an isotopic analysis of lead extracted from
the pillow basalt. This lead waz not of primitive composition, but its
significance cannot be interpreted until the ratio of lead to uranium and
thorium in the sample has been determined,

Lead in the earth evolved during geologic time by the generation
of new atoms of lead from radicactive decay of uranium and thorium. As the
evolution of lead must have prcceeded at different rates in different geo-
logical environments, so the kind of lead today in one environment can be
expected to differ from that in another enviromment, Yet almost as little
is known about the isotopic composition of preseni-day lead in various
environments on the earth as about the composition of primeval lead from
which the evolubtion supposedly started some billions of years ago. In
this direction some progress iz being made on the composition of lead in
modern basaltic magmas by study of samples from recent lava flows, Work
is in progress on the basaltic matrix that encloses the dunite and trocto-
lite bombs from Hawaii (1800-1801 flow, Hualalai Volcano) and from Arizona
(Peridot lava flow). Study of a third recent basalt, from the Snake River
Plains of Idaho, was completed, and the isotopic composition of lead ex=
tracted from it is reported in table 38.

These studies of *races of lead in rocks are complemented by cone
current studies of lead in lead minerals and ores. Chemical work on galena
samples has been done in the Washington USGS laboratory and the lead iso-
tope analysis at the Mass Assay Laboratory, Oak Ridge. A recent analysis

of considerable interest is one of lead from a sample of galena from
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Mississippian limestone on the south flank of the Uinta Range, Uintah
County, Utah. This lead has isctopic characteristics similar to the
"anomalous™ lead from Joplin galenas but exhibits an even more extreme
abundance of the three radiogenic isotopes. Although the geologic signifi-
cance and origin of lead of this type is still unknown, continuing geologic
evaluation of data like this should give a clue, This analysis is listed
in table 38 together with other illustrative analyses.

Crystallography of uranium and associated minerals
by He T. Evans, Jr.

Significant advances were made in crystal chemistry and structure
studies of uranium and vanadium as it applies to the Colorado Plateau.

Outstanding results are described briefly in the following sections,
Crystal structure of liebigite

I+ has been known for a long time that the fully oxidized uranyl
ion will form a very stable soluble complex with carbonate, When uranium
is dissolved and carried in ground waters, it probably is in the form of
this complex. By a crystal structure study of liebigite, Ca2U02(C03)3--
10H,0, vwhich is one of several soluble carbonates found in the Plateau,
the constitution and structure of the complex ion U0, (COB);mﬁgve been
derived, It consists of the linear U02H group in association with three

triangular CO, groups in a plane perpendicular to the 0-U-0 axis, so that

3
two oxygen atoms from each Cogngroup are bonded to the uranium atom to
form a hexagon around it, The carbonate groups lie in a crystallographic

mirror plane in the liebigite crystal,
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Crystal structure of rutherfordine

The crystal structure of rutherfordine, U0 003, was determined.

2
groups lie in parallel aline-

3
groups inserted in the hexagonal holes so

It has a layer structure in which all the CO

++
2

that they are perpendicular to the plane and joined to two oxygens in each

ment in a plane, with the U0

of two carbonate groups and one oxygen in each of two others. The bonding
configuration for the Uoz’f" jons is identical to that found in the isolated
ion group in liebigite, and it is inferred that the sheet structure is built
up by a condensation process from the U02(003)3—~-- complex ions under
oxidizing hydrothermal conditions., Therefore, rutherfordine is common in
oxidized Belgian Congo specimens where such conditions existed, and the
soluble carbonates are rare, whereas in the Colorado Plateaus where

weathering processss prevail, soluble carbonates are more common and

rutherfordine is very rare.
Crystal structure of nggqlé

The crystal structure of artificial K2v6016 was solved. The ine
soluble orange crystals of this substance are formed when the potassium
decavanadate solutions are heated or aged. The structure is a sheet arrange-
ment containing elements of the five-fold coordinated metavanadate chain
found in KVOB'HZO, whose structure was determined in detail a year ago,

The vanadium-oxygen coordination is more assymmetric in KbVéOlé, one type

of vanadium being five-fold, the second type approaching six~-fold as in

V2 So
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Other vanadate struciture situdies

The composition of the decavanadate complex, represented by the
Colorado Plateaus minerals hummerite and pascoite, was firmly established
by crystallographic studies, but its structure, which is being studied
through a crystal structure analysis of humerite, has not yet been ascer-
tained,

A new vanadium mineral from the Peanut Mine, Colorado was re-
ceived, Studies indicate that it has a layer structure, and is apparently

related to several other minerals by an interesting series of ion substitu-

tions:
New mineral CaV 0g° SI-I 0
Sincosite 2010 SH
Meta-aubunite 2P2 12 O
Metatyuyamnite Ca02 2012°5-7H

The relation of the new mineral (which contains only tetravalent vanadium)
to the oxidation sequence in the oxide ores is of great interest. Studies
are being continued,
Radon and helium studises
by A. P. Pierce

New occurrences of uranium-bearing asphaltite, considered to be
a source of radon, have been noted in drill cuttings of rocks ranging
from lower Pennsylvanian to upper Permian in age, and extending along the
entire length of the Amarillo-Wichita wplift, as shown in figure 51.

An occurrence of wranium-bearing asphaltite in outcrops of the
upper Permian Seven Rivers formation near Carlsbad, New Mexico is being in-
vestigated. Asphaltite pellets, together with "live o0il" and asphalt, are

found in secondary openings such as fractures, bedding planes, stylolites,
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and in pore spaces resulting from recrystallization, These observations
strengthen the conclusion that the asphaltite pellets of the Panhandle
field are of epigenetic origin, and are probably a petroleum derivative,

A study in polished section of asphaltite pellets from the Pan-
handle field indicates that ths major part of the trace metal content (ap-
proximately 5 percent) can be accounted for by inclusions of mineral arsen-
ides and sulphides, Fragmental patterns of these mineral inclusions dise
tinetly show that their formation preceded solidification of the asphaltite
phase of the pellets, Conversely, this evidence also shows that the asphal-
tite passed through a liquid phaze and could not have formed directly by

pelymerization of a natural hydrocarbon gas,
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MINERALOGIC AND PETROGRAFHIC SERVICE AND RESEARCH
Sexrvices

Mineralogic services, Washington
by E. J. Dwornik

Pyblic sample program

Approximatsly 1350 samples were analyzed for radicactivity during
this raport pericd., About twenty percent of these samples required more
detailed analysss, sush as mineralogical, chemical, X-ray, and spectro-
graphic. There has been an incrsase of approximately 70C submitted sam-

ples since the last report pericd.

Special sample program

Twenty-one reports entalling mineralogic and petrologic analyses
were prepared for field geologlists engaged in radlioactivity reconmaissance.,

A1l analyses wers completed on a sample of ytiriume and ceriume
earth=-bearing apatite from Essex County, New York and a draft of a paper
reporting results preparsd for publication.

A report is in preparation concerning a new yttrium mineral from
Dover, New Jersey. A spectrographlic analysis detects yttrium as the only
element present in quantity greater than 10 percent,

Apparatus for vacuum differential thermal arnalysis was con-
structed in collaboratior with the project on ¥Geochemistry of uranium=-
bearing cartonacecus rocks.,¥ This squipment has the following operating
parameters: rate of rise of temperature of the furnace (O-hooc/min);
sample size (0-150 mg.); amplification of differential curve; operation

under vacuumm, airyor inert or controlled atmosphere, Standardization of
the apparatus is nearing completion and it socn will be available for

- routine and research work,

342684 O -55 - 18
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Mineralogical services, Denver
by L. B. Riley

During the report period 210 samples were processed in the Denver
mineralogy laboratory. As the majority of these samples were finegrained
aggregates, many of which were secondary uranium and vanadium minerals,
X-ray techniques were generally needed for identification, Three hundred
and fifty-seven X-ray powder diffraction photographs and 58 X-ray diffrace
tometer analyses were made, Optical and other mineralogical study tech-
niques were used, mainly in the differentiation and separation of the
various minerals in the submitted specimens prior to applying X-ray pro=
cedures.

Liebigite and uraninite from the Gas Hills, Wyoming area, and .
uraninite and paramontroseite from the Pumpkin Buttes, Wyoming area were
identified. In both of these occurrences the uraninite was closely asso=
ciated with pyrite., Native bismuth, possibly associated with uraninite,
was identified in specimens from Ralston Creek, Jefferson County, Colorado.
A high-uraniam lignite sample submitted from the Cave Hills, South Dakota
area contained tyuyamunite. The same mineral, with autunite, has been
tentatively identified in a siltstone from Dawes County, Nebraska,

Analysis for thoxium X-ray fluorescence demonstrated that this
is a very practical method; the range studied was from 0.0l percent thorium
to 1,00 psrcent thorium., In the 0,01 to 0,03 percent thorium range the
reproducibility shows a standard deviation of 0,003 percent thorium., Ten
samples in the 0,25 to 1,00 percent thorium range, submitted by the Denver

AEC office, gave very close agreement with percent »Th results., In antici-
pation of extending the use of the X-ray fluorimeter, extensive tables were

calculated for use with LiF analyzing crystals,



X=ray services, Washingtorn
by Ganrgs Ashby

During the repor+ing pericd 670 determinatiors were made on 513
samples, In the szame interval the existing methods of indexing powder
data wewe reviewed and a progrvam of evaluation of these methods were started,

Two cameras, a Philips miero-camera for very small samples and a
de Wolff focussing camera for high resolution in the forward reflection
region, were used for the first time.

Electron microscopy
ty B. J. Dwornik

The electren microacope lakoratory has undertaken routine examin-
ation and identification of fins-grained materials as well as several
special research projects,

The study of metamist minerals was directed beoward gaining addi-
tilonal Information regarding +hs nature of the metamlet state, Initial
sxaninabion shewed that orystalline regions do exist in metamict zircon
and that good electreon diffraction patterns could be obtained, This study
was extended to include cther metamict minerals,

A study of 22 species of venadium- and uranium<besaring minerals
was continued., Electron microgrsphs and electron diffraction patterns
using both the selected area diffraction attachment and the electron dif-
fraction unit were obtained, In instances where morpbology and size of
individual crystals were faveorable, reciprocal lattice patberns were photo-
graphed for referance in structure work,

The determination of the ascuracy and precision obtained in

atberna was carrisd on., Tentative values
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were obtained for errors inherent to the photographic reproduction of
patterns and also for the degree of accuracy in measuring the diffraction
rings with the modified measuring microscope.
A total of 380 electron micrographs and 180 diffraction patterns
were added to the reference library.
Research

Research on techniques in mineralogy and petrology
by E, J. Dwornik

Statistical studies of sample splitting using the microsplit, the
cone splitter, and hand quartering were continued in cooperation with the
radiocactivity analysis and services program. DBecause preliminary statis-
tical analysis indicated significant differences among the methods, pre-
cision and accuracy of the three methods were compared. Calculations in
enumeration statistics were carried out using the statistic chi square
(Xz) to rank the three methods for both precision and accuracy. These
tests show that the microsplit is the least precise and least accurate, and
that cone splitting is most precise and most accurate.

Tests are being conducted to obtain information concerning the
comparative mineral composition of micro-splits of a sample having extremely
small percentages of one constituent. The purpose of this study is to
determine, if possible, the optimum size of a split required to assure a
mixture representative of the whole sample.

The results of grain counts on heavy mineral separates commonly
are converted to weight percent by assuming that all grains in a given
sieve fraction are the same size, and that the weights of individual grains
are directly proportional to their density. A check on the assumption of

uniform size was made by determining the average weight per grain of a



281

number of minerals by direct measurement, then comparing the weight per
cent of each mineral in various mixtures determined by the "density® method
with that obtained by using samples with measured weights per grain., Statis-
tical methods show that the results cbtained from using the average weight
per grain give a much better estimate of the known composition, and that
results by the "density" method may be seriously in error.

Models of the cone sample splitter have been used by the Denver
Laboratory of the USGS, the Gsochemlstry Department of the California Insti-
tute of Technoclogy and the Beach Erosion Board of the U, S. Corps of Engineers,
A rapid uniform method of sampling a slotted cone sampler was designed and
constructed, This instmeﬁt is a hollow stainless steel 60° cone having
four narrow slots, Approximately 10 percent of a sample drops through
these slots into standard carton containers as the whole sample is poured
onto the apex of the cone, Sampling tests are now being designed to estab=-
lish the accuracy and precision of the method.

A successful method for removal of barite from zircon has been
found., These minerals are not separated by standard heavy mineral separa=-
tion techniques because of virtually identical specific gravities, resistance
to acids, and lack of magnetic response. To study the radicactivity and
lead content of zircon, all barite must be removed. Barite (l) may contain
alpha activity produced by radium and its daughter products and (2) may
contain Pb?* substituted for Ba**, Thus, alpha activity and lead measure-
ments of zircon concentrates may be completely invalidated by the presence
of small amounts of barite. To separate barite from zircon, the sample is
treated in boiling 2N Na2003 to change barium sulphate to carbonate, which

is readily dissolved in concentrated HCl.
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Removal of =400 mesh fines from ground samples is effected by
elutriation with distilled water in a Jones reductor. Approximately 90
percent of the fines removed will pass a 40O mesh sisve, The method has
been used for removal of fines prior to mineral purification of mica,
amphibole, magnetite, and pyroxens,

Properties of uraniume<bearing minerals
by Alice D. Weeks
UStudies of ursnium minerals: Rutherfordine, Diderichite, and
Clarkeits,® by Clifford Frondel and Robert Meyrowitz was issued as TEI-LTL.

Thrae vanadium minerals associated with uranium in the Colorado
Plateau cres wers analyzed chemically by Robert Meyrowltz., These include
volborthite Cu (voh) *3H 0, corvusite (2) V h 5 5 -8H 0, and a new cal=-
cium bypovanadate, Cth 9°5H20. Analysis of gymthetic ®voglite® showed
it to be a mixture,

| At the American Chemical Society mesting in September 195L,
Rovert Msyrowitz presented a paper entitled "Immersion liquids of high

index of refraction containing arsenic tribromide as the solvent,."
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GEOPHYSICAL PROSPECTING AND RESEARCH

Development and maintenance of radiation detection equipment
By W. W. vaugnn

Research and development

A highly sensitive gamma-ray logger using a 13" x 2" sodium
iodide orystal and DuMont photommltiplier tube was comstructed, The equip-
ment is mounted in a Jeep station wagon. The instrument is capable of
logging holes 2,000 faset deep at logging speeds uwp to 30 feet per mimute,
the principal parts of the unit being the scintillation probe, reel,
British type N522 counting ratemeter, and Esterline-Angus one milliampere
recorder. Preliminary tests of this equipment in the Black Hills region
showed that a difference of 0,001 percent equivalent uranium content of the
strata could be easily distinguished on the recorded graph. mcperimental.
measurements are presently being made in order to prepare a calibration
chart of counting rate versus percent equivalent uraniun,

Construction of a core scammer (TEI-LNO) utilizing a liquid
phosphor is nearing completion. Considerable difficulty was experienced
in obtalning proper sealing of the phosphor. Plastic phosphors which have
recently become available will be used in the future.,

A modification of the carborne scintillation counter circuit to
provide total intensity counting was tested., The statistics were very
poor, which would indicate that in this type of circuit the random pulse
height combines in some manner with the random occurrence of radiation to

adversely affect the statistics of the counting rate.
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An instrument was constructed to be used as an "emanation dif-
ferentiator®, The instrument is pulse-height sensitive and is basically a
device for timing and identifying pulses relative to their occurrence in a
decay chain,

A mixing circuit to channel the output of photomultiplier tubes
connected in parallel is under test., This circult incorporates silicon

diodes for loading and decoupling the various phototubes in the combination.
Modification and maintenance of equipment

A Tracerlab automatic sample changexr is being mcdified for use
as an automatic sampling device, A phototube and phosphor arrangement will
be used to view the sample, replacing the conventional GM tube. The number
of samples the instrument will accommodate will be reduced from the original
25. However, the features of predetermined time and count, as well as auto~
matic sample positioning with relation to the phosphor, will be retained,

Preamplifiers to be used with ionization chambers for alpha
counting are being redesigned and modified., The modifications will bring
about uniformity, eliminate undesirable oscillations and in general render
the equipment more serviceable for the application.

A test program for screening and categorizing G=-M tubes for X-ray
apparatus used by the Geological Survey was set up. Modification of the
present equipment so as to use a scintillation head as the sensitive element

is being studied,
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Airborne radioactivity surveying
by R. M, Moxham

Airborne radiocactivity surveys totalling 35,622 traverse miles

were undertaken in eight states and the Territory of Alaska, as follows:

State Coun Area Traverse miles
Alaska Candle Creek 100
Buckland-Kiwalik 220
Yakataga Beach 300
Tyonek 3ko
Nutzotin 320
Nixon Fork 190
Arizona ' Mohave Arizona Strip 680
Colorado Moffat Washakie Basin 5320
Maine Aroostook Devonian Belt 3170
Piscataquis Devonian Belt 800
Montana ~ Blaine North Bearpaw 3100
Oklahoma - Caddo Wichita Mountains yn
 Comanche 2660
Greer 15
Kiowa 2533
¢ Tillman 380
Pemnsylvania = Monrce Mauch Chunk 565
Carbon Mauch Chunk 750
Utah ~ Kane Arizona Strip 2730
Washington  Arizona Strip 160
Uintah Myton 765
. Duchesne Myton 620
Wyoming - Natrona Pine Mountain 1910
- Converse West Pine Ridge Escarpment 1095
. Niobrara East Pine Ridge Escarpment 1770
Sweetwater Washakie Basin 745
Converse Tisdale 215
Natrona Tisdale 2525
Johnson Tisdale 600
Total 35,622

The Alaskan surveys (fig. 52) included areas of widely variant

geologic conditions ranging from beach placer deposits (Yakataga beach) to
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vein deposits (Nixon Fork). The results were not encouraging., Abnormal
radiocactivity was detected at only one locality in Alaska, near Candle, in
the Candle Creek area, Ground reconnalssance revealed only an arsa of
granite floa.‘b;

No anomalies were detected in the Arizona Strip survey in Arizona
and Utah (fig. 53), which is underlain mainly by the Chinle and Shinarump
formabtions. The survey was seriously hampered by irregularly distributed
fall-out.

Surveys in the Washakie Basin area (fig. 53) of Colorado were
designed to extend previous coversge of the Browns.Park (Miocene (7), form.
ation,. Uranium mineralization in this formation was first noted as a
result of an airborne survey in Novenber 1952 (TEM-606). The area was
extended by a survey in November 1953 (TEM's 7L3=7) which resulted in the
discovery of additional mineralization in the Browns Park, Surveys during
the present reporting period indicate additional mineralized localities
in an area of about 150 square miles north of the Yampa River between Maybell
and Craig., The anomalies are for the most part in areas underlain by the
Browns Park formation. Preliminary field investigation of approximately
half of the airborne radioactivity anomalies indicate the existence of
several oreegrade deposits of significant tonnage.

Rocks of Tertiary and Eocene age occupy the Myton area, Utah
(fig. 53). Abnormal radioactivity was recorded at several localities in
an area of aboul 25 square miles 8-10 miles south of Myton.

The Pine Mountain, Tisdale and Pine Ridge Escarpment areas (fig.
5L) are underlain chiefly by Cretaceous and Tertiary sedimentary rocks.

Four widely scattered anomalies were detected in the East Pine Ridge
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Fig. 53
AIRBORNE RADIOACTIVITY SURVEYS IN ARIZONA, COLORADO AND UTAH
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AIRBORNE RADIOACTIVITY SURVEYS IN MONTANA AND WYOMING
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Escarpment area, three in the Lance formation, the fourth in the Mowry or
Bell Fourche formation. One anomaly was recorded in the Tisdale area,

on the southeast flank of the Salt Creek-anticline, apparently produced by

a radioactive zone in a basal sandstone of the Lance formation, The material
appears to be less than ore grade. One anomalous area was found in the
southern part of the Pine Mountain area. No anomalies were recorded in

the West Pine Ridge Escarpment or Washakie Basin areas.

The North Bearpaw area, Montana (fig. 5L) includes chiefly the
Bearpaw and Judith River formations (Upper Cretaceous). No anomalies were
recorded.

The Maiine Devonlan belt (fig. 55) is underlain chiefly by volcanic
rocks, meta-sedimentary strata and grenitic intrusive rocks. The Devonian
belt extends northeastward into Canada, and contains pitchblende deposits
at Campbellton, New Brunswick. An anomalous area was detected in the sur-
veyed area near Three Brooks Fire Tower., Slightly radiocactive meta-volcanic
rocks were found at this locali‘t;y during a brief ground investigation, but
do not appear to be entirely responsible for this anomaly. Exposures are
poor and additional ground work is required.

The Mauch Chunk area (fig. 55) is underlain by sedimentary rocks
ranging in age from Devonian to Pennsylvanian, Uranium deposits occur in
the Catskill formation at Penn Haven Junction, and in the Pottsville fore
mation at Mauch Chunk (USGS Circular 350). The airborne survey was not
successful in finding new deposits., A few very small anomalies were de-
tected but nothing of significance was found on the ground.

Granitic intrusive rocks form the core of the Wichita Mountains,

which intrude Permian rec)ibeds (fig. 56). Uraniferous asphaltite pellets
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ATRBORNE RADIOACTIVITY SURVEYS IN MAINE AND PENNSYLVANIA
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occur in northeast trending belts north and south of the mountains. In
addition, carnotite mineralization occurs in similar rocks in the valley of
the Red River, south of the surveyed ave:.. The purpose of the survey was to
obtain information on the distributicn of the asphaltite and to make a recon-
naissance for pcssible carnotite deposits, WNo anomalies were recorded which
would indicate carnotite depositicn., The flight data have not yet been

evaluated with respect to the asphaltits distwribution,
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Gamma-ray logging studies
by C. M. Bunker

Calibration of the gamma-ray logging equipment was completed and
minor mechanical and electronic difficulties were eliminated., A study was
made to determine the statistical error and the error created by the instru-
ment resulting from differing response in the ratemeters, tubes and recorders,
calibration drift, field abuse, voltage variation, and temperature variation.
The standard deviations determined from this study are $11 percent, £10 per-
cent, and 3 percent respectively for range factors 1,000, 10,000, and
100,000 counts per minute. A recent cursory examination of chemical analyses
of core and estimations of percent eU308 from the gamma-ray log of the cored
zone indicate that the anticipated error was realistic. The calibrated ra-
temeters and a calibration chart from which the grade of the radioactive
material is estimated were released for service on July 1, 195k,

A jeep-mounted, scintillation logging unit has been field tested
and is presently undergoing pre-calibration tests to determine what range
factors, time constants, cable speed, and voltage will give the most accu-
rate and useful information. During the next few months the instrument will
be calibrated to give grade and thickness information about radicactive strata.

One of the factors required to interpret gamme-ray logs in terms
of percent eU308 is the thickness of the mineralized zone., 'The thickness
mist be estimated at some point between the base and the peak of the curve
made on the recorder chart. In order to determine the percentage of the
peak at which the true thickness is measured 1,100 gamma-ray anomaly curves
recorded on an Esterline-Angus strip chart recorder were analyzed. The

records were derived from simulated ore for which the true thicknesses

342684 O - 55 - 19
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were known. A variation of 61 to 91 percent was indicated for a range in
thickness of 2.0 to 0.l feet. To determine an average value which best
applies to the deposits of the Colorado Platean, 675 anomalies from the
formation most frequently logged with USGS gamma-ray logging equipment were
anaiyzed, The study indicated that the majority of mineralized zones are
from 0.8 to 1.l fest thick. The thickness measured at seventy percent of
peak value is very close to the true value for the 0,8-to<l.L ft. range.

Gamma-ray and electric log data ars now being obtained from
closely spaced drill holes in Bull Canyon, Montrose County, Colorado.
Isoradiocactivity combour maps will be constructed and an attempt will be
made to correlate the electric log data with them. Correlations will also
be attempted on two cther projects from which data were obtained during the
past field season.

Physical behavior of radon
by L. 8. Rogers

A study ls being mwde of the radon content of well waters in an
area of unconsolideted valley fill and lake sediments from North Salt Lake
City to Bountiful, Utah. The srea under investigation (about ki by 2 miles)
roughly parallels the Wasatch Mountains, which are from 1 to 3 miles east,
and includes the north-trending Hot Springs fault. Thermal springs (Becks
Hot Springs) occur along the fault about two miles south of the area. The
following are the results to dates

1. Beginning at a point aboub two miles north of Becks Hot
Springs, the radon concentration in well water increases from about 350
micromicrocuries per liter to 1L0OO micromicrocuries per liter within four

miles to the north. This is bselisved to reflecl a change in the source
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rock for the valley fill sediments. In the southern part of the area, the
surface rocks of the adjacent Wasatch Mountains are primarily Tertiary con-
glomerates which are presumsbly low in uranium content. Three springs from
these conglomerates in the City Creek area contain from 60 to 250 micro-
microcuries of radon per liter. In the northern part of the area the source
for the sediments is the pre~Cambrian Farmington complex of gneisses, schists
and granitic rocks. These rocks are known to contain some uranium mineraliza-
tion. Springs from the Farmington complex in the Weber River area contain
from 380 to L,L430 micromicrocuries of radon per liter.

2. In general, the radon concentration of the ground water does
not vary greatly in an east-west direction psrpendicular to the mountain
front.

3, Little change is noted in radon concentration of the ground
waters with changes in depth of the wells,

L. In the southern part of the area, closest to Becks Hot Springs,
the radon content of the ground water increases rapidly from a general level
of about 350 micromicrocuries per liter to 775 micromicrocuries per liter
at the fault., This is believed to be due to an underground mixing of the
thermal waters with the ground waters., Becks Hot Springs contains a mini=
mm of 1,350 micromicrocuries of radon per liter.

A brief study of the radon content of plants of the Salt Lake
City area was made. The radon was extracted by vigorously boiling the
plant material in distilled water and flushing the evolved gas into an
evacuated ionlzation chamber. The following tentative conclusions were

reached:
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1., The radon content of plants analyzed during September when the
weather was hot appeared to be on the order of 50~100 micromicrocuries per
liter of plant molsture, The plants used, lilac and pigweed, were assumed
to have a moisture content of 80 percent,

2. The radon content of the plants decreased almost to background
after the weather turned colder in October, which suggests that the plants
do not draw moisture from the soil during cold weather,

3. A large amount of "initial activity" occurred whem radon
measurements of plants were made (5 to 15 times background). This activity
usually has a half«pcriod‘of about seven minutes and in some instances a
series of half-periods were recorded.

Apparently the initlal activity is due to heavy ions which are
boiled from the plants and cause the ionization chamber to discharge, rather
than to the radon contained in the plants. The initial activity due to
heavy ions (?) also decreased (1% to 2 times background) in plants picked
during cold weather, although the plant material picked from the same plant
in September still remained active.

Absorption and scatte of genma radiation
by A. ¥, Sakakura

Expressions have been obtained for the radiation intensity above
a simulated point uranium source - a slab 4O feet by LO feet by 6 inches
thick located at the Grand Junction airport (Colo.). These expressions
have been integrated over various source configurations. The integrations
were performed numerically, and the following conclusions were reached:

1. Slope analysis of the anomalies will not yield any unique

interpretation.
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2+ For any anomalies which show flatteming at the peak, the
boundary, i.e. the exteni, of the source is indicated by
the one-half intensity points. For anomalies which do not
show flattening, the source boundary cannot be determined
in such manner.

3+ Slab sources greater than 1200 feet in width or finite

circular sources greater than 850 feet in radius can be
considered infinite in extent.

lie Slab and line sources greater than 1700 feet in length can

be considered infinite in length.

A method of interpreting anomalies which yields either grade-area
of the source, or grade and area where the anomaly appears on two or more
adjoining flight lines, has been developed.

Solution of the gamma-ray transport equation is now under way with
the cooperation of J. Heller of the AEC Computing Facility at New York
University, using the method of solution developed by Heller for the
analogous neutron problem. It is expected that by the summer of 1955 the
solutions can be turned out in routine manner. It should be noted that
the equation in two media and plane geometry (airborne problem) must be
solved for each of the multitudinous lines of the complex uranium spectrum.
The solution of the problem eventually will yield the following information:
the number of photons of a given energy per unit volume traveling in a given
direction at a given distance from the source of a given spectral composition,

Considerable difficulty has been experienced in obtaining repro-
duceable measurements in the study of gamma-ray distribution in continuous
media within cylindrical cavities. No additional measurements will be

made until a suitable counter is obtained.
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RESOURCE STUDIES
W. S. Twenhofel, W. I. ?gnch, F. W. Osterwald
K. G. Bell and F. W, Stead

Maps showing the location and character of the principal uranium
deposits in the United States were completed and approved for publication
in the near future. The maps are accompanied by a short text outlining
the principal characteristics of the domestic uranium depositse.

Preliminary results of the study of the relationship between
major tectonic elements of the eastern part of the Rocky Mountain region
and the distribution of known uranium deposits suggest that some deposits
may be grouped into three types, according to their structural environments:
(1) deposits near axes of major basins (Pumpkin Buttes, Converse Co., and
Lost Creek, Sweetwater Co., Wyo.), (2) deposits in folded areas along basin
margins, particularly along the flanks of small anticlines (Black Hills,
S.D., Gas Hills and Lance Creek, Wyo.), and (3) deposits along or near
major northwest~trending faults that cut pre-Cambrian rocks (Ralston Creek,
Colo. and Prairie Divide, Colo. ).

Literature pertaining to uraniferous deposits associated with
hydrocarbons and sedimentary rocks exclusive of sandstones, black shales,
and coals occurring in the United States has been reviewed. Several of
these deposits in the Rocky Mountain region have been examined. The w=rk to
date together with results of investigations carried out in connection with
studies of radon and helium, and of mineralogy, petrology and geochemistry
of carbonaceous rocks (summarized elsewhere in this report) indicate that
large deposits of asphaltite, gilsonite, and similar materials in Colorado,
Utah, and New Mexico are not significantly uraniferous. On the other hand,

in some localities asphaltic residues consisting principally of disseminated
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pellets and coatings on joint surfaces are highly uraniferous and uraniferous
dead oil stains and asphalfic residues occur with some uranium deposits in
the Colorado Plateau area., Investigations are being made to determine the
cause for these differences,

As a result of preliminary analytical data on hand pertaining to
the natural radioactivity of rocks, it is known that the distribution of
natural radicactivity at the surface of the earth ranges widelya—i.g.,
from a few ppm of equivalent uranium to possibly 50 ppm. This so-called
"normal® radioactivity is dependent partly upon original distribution of
the radioactive elements (the uranium, thorium, and potassium series), and
partly upon the present geologic environment, Further analysis of the data
should clarify the expectable "normal" variation in radioactivity for a few
limited environments such as the Mancos shale, which ranges from 6 ppm to
LO ppm of equivalent uranium where the total radioactivity of 4O ppm consists
of 20 ppm caused by the uranium series of elements and 20 ppm caused by the
potassium series of elements. It is now apparent that a rather significant
variation in total radiocactivity of some shales can be attributed to
variation in potassium content with no change in uranium content. These

studies are being continued.
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