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Rhyolite in shadow (background); and Mesa Basalt (on the horizon).



TABLE OF CONTENTS

INTRODUCTION ... i tecaaretie i ceetteieseesstveraassia s s aasas s bas s st sbasns e rs b bebonanse e e en e ssssrbesassrnnsensnnsseas 1
METHODS ... e cr e e s s et et eese e e et et st e neben s assasraresss v eeeetesnsnsnnsnsanssossstesessorarenns 1
McDERMITT CALDERA, OREGON AND NEVADA . ........uoiii ettt et ce e e e e e eeb e e e erns e 12
GEeneral gEOIOGIC SEHING ... . uiieiri ittt beerereeeeeeetts s arerareeeeresea e ennaeseaseenesnraesrnnan 12
HYAroloGiC SEHING ...ttt ee e et r e e e s e s e st resnsaraeeesesbeessaeserabeesns 12
KNGS RIVET QISIICT.....eieieicieiiiie ettt ee ettt e e e e e e e seesasbe e s e beee e entsae e nnnsssernssesneaesraran 15
BEOIOOY et e e e s taaatts s e ateeeseeabae s rnraeresan 15
ROCK CREIMISIIY .t reerte e ee e e e ee e e et tetessseneteaetassesbesbbeereeesassastesseasnsunes 20
MiINeral @sSEMDIAGES ........cciiiii ittt r e e e et abe e teteeeeesresrensanaesesnareseaeaeenrnens 23
Bretz-Opalite GISICt . .ot ee s e et e e a b s 24
GBOMOGY e ettt e e ae e e e e e e ber e e eaarae s e e tnree e areaataeereeareaeneshaeeernaets 26
ROCK CheMISHIY ...coovvviiiiiiiice et e J A OUPRIOPI 26
MinNEral @sSEMBIAGES .......oo et ettt e e eae e ee e s b ae s e s an st assn e e resaraes 27
VIRGIN VALLEY, NEVADA.....ccotiriiiiieiite st cceeeertestteeeeasraeesstas e eesaassesesassesesesssessssasarasessssesnsasssnins 27
General GeolOGIC SEHING ... c.ciiiiiiiiiiitiicieeciie e e cr et et e e s steeecetreeeessarasaeseasseesesessasaesrneereesasnesrnnen 27
IdBNO CaANYON TUI. ... ettt e e e e st eeeeeseeatsseessreseseeasrestneaesneeeas 28
Rhyolite Lavas of Virgin ValIey..........ccouiiiiii it ccsitie e ver e e saae e e e s eraeesaesvaessasanns 28
Virgin Valley FOMAtION ........coiiiiiiiciieieciieae s cctte e et ee e eca et e e e eatseeeeennneeesaneeernneesnras 28
Thousand CreeK FOMIALION ...........eiiiiiiie et ce e e e eeeeerabveseesseseeeesetaesseeeseneseens 33
MESABASAN ......oiiiiiiiiiiic e e e a e e e e s nree s et beeaeebeaaresaasnees 33

The VIrgin Valley CalAOIa.......coouvviiiiieeeceee e ettt et e seae s enss e 33
Geology of Uranium MINETAHZALION ........c.coviiiiiie et ee e et e e e teee s et aeerresaseaaeas 34
ROCK CBIMISIIY . e ittt ettt te it e e e e e earareeeeaeaeeenreseaansteeesasarbessseaeeneenns 36
MiNEral @SSeMDIAgES .....coeeciiie et r e e e te e e e et arbeesaebene s sanbes 36
HYAIOIOGIC SEEING...ceie ottt et ee e e e e e e eeeeeaaeeesentnsaeaeetsesrasaesersaee 40
LAKEVIEW URANIUM MINING DISTRICT, OREGON ......ccoiuiiiieiiieeeeiiee et et estre e ereebeesvesennes 40
[C1=To] (o e TSR UTTRRRORRRTOO 42
ROCK CREIMISIIY «ecoeee ittt sttt ae s srataa e e e e eeeeesneae s eentasaessreeinsaeenesaead 45
Mineral @SSemMDIAGES .....ci it e e e e e et ae e e et be e tae e abn e ens 45
HYAIOIOGIC SEHING ...eeeiii ittt ee v et ae e ee et araeseetaaeeae e enaseeeeteeesnnne s eres 47
STEENS MOUNTAIN, OREGON. .....cciuitieiieitiececiee sttt e etetee e et ee st as e eeeeesaesesaaeaeetnneeessessessseesenneas 47
L T=Te) (o o 1 U USRS TSRO PR 47
ROCK CREMISITY ... ettt ettt st ae e e e erba e eeeeeese s snbees e nnraeaessbsesnbeeseesaens 48
MiINeral @sSemMbDIAGES .........uiiiiiii et r e e e et be e s ee e b e et r e e eraeas 48
HYAroloGiC SEHING ...cciiie it e er b e e e e e arae s eraeesabaa e eaes 48
BOTTLE CREEK, NEVADA ...ttt ettt etae e et e e et e e anassaeaeeestsesassaeasesasaseseessssasnsessnens 48
GBOIOGY oo eeieeiitie it ie et ettt et ee e e e e e e — et ee et —t et e etaetaeaeereeerteentte s eres 48
ROCK CREIMISIIY ...ttt et e e ee e ee e e e s e s e et e saeasrnraeeeserssesaresenseens 50
MiINeral @SSEMDIAGES .........viieciiie ettt er ettt e e e ertre e e e e rnnae e er b e taeeearnean 50
HYAIOIOGIC SEEING ....cieeie ettt e e et ae e e e e ee s nbeeseennraeesebaesneeesenenens 50
PAINTED HILLS AREA, NEVADA. ...ttt ee ettt e et e e e eaasssenae e eaaeeensebeennnesaees 50
GBOIOGY i iier it ie ettt ettt ce e e e e s et e et ae e e et e ee et e ataeee s n et nnarte e satentae e earteeheeanaree e ree 51
ROCK CRBIMISIY <ottt ettt et eeeaaebe e ee e eeeteeesereaatnseeeenneatsessansanas 53
MINEral @SSEMBDIAGES ..... . i ittt ettt e cetear e et eeee et e e e esentbae s e bt esnne e staen 53
HYAIOIOGIC SEHING...ceiiiiieeiiii e e et et eceetae s e eeebae s e e erseerneeesanras 53
DOGSKIN MOUNTAIN, NEVADA ...ttt ettt e et e e setae e e et abea e eeasaessebaeseesaseenresseesnrseneas 53
L€ T=Te ) oo OO TS U USRS R PSP 55
ROCK CHEIMISITY ....coiiiiiiii ittt ettt et e e e et e e et b s e e e eaneeeesseaesbaesesaeesaessanesnsan 55
MINEral @SSEMDIBGES ..coe et et ae s e s ae e e eereetae s tranaseind 56
HYArologic SEHING .....ci it e ce et r e et s e e e ae e rae s etas e s se s aes 56
PETERSEN MOUNTAIN, NEVADA AND CALIFORNIA..........ooiiiiiiiiiec ettt 56
LCL=TeT (o o P ST RSP ST RUU TSRS 56
ROCK CREIMUSITY ...ttt ettt et ae e e et e tese e e e e e s eaeaeseasssaeeeaeaabeesreeen sareeans 57
MiINeral @sSSeMBIAGES .......uvviiiieeeece et e ettt e ere e ae e e an 57
HYAIOIOGIC SEEING . ..ceii ittt a e e e e et e e e e etaraeesearsenbaseesranas 57



ORIGIN OF VOLCANIC ROCK-HOSTED URANIUM DEPOSITS, NORTHWESTERN NEVADA AND

SOUTHEASTERN OREGON....cooiiiiiiie ittt ereersctr sttt ae et saaan s s aeaerareeeessnasbsensnnererossssbbnssens 57
COMPARISON OF THE SETTING OF NORTHWESTERN NEVADA AND SOUTHEASTERN OREGON
URANIUM DEPOSITS WITH THAT AT YUCCA MOUNTAIN ...oiiiiiiiiiireen et 63
GONETAl GEOIOGY +vrvvriiie it iieiertni e rrrrtatreteeretsassesesassnes sasaanes s atannsssesstanansnesersinnenesssssereseasanessnnse 83
ROCK CNEIMISITY ..vivieeeiiiii it iierceee e e e e e ee et e ereses e e eeaeesaae s e aaasessaansaneaesesensneesaesesannnsntenseassanaiin 64
Mineral assemblages . ... .. ..o e e e ettererrae et eaaeas e 65
HYArologGic SEIHNG ...eveeeeiie ettt ettt e s s e e seeneeeeee s s s sansesbe s st menese s 66
DISCUSSION OF NATURAL ANALOGUE POTENTIAL AND RECOMMENDATIONS .......cooovviiiiienennn 68
ACKNOWLEDGMENTS ... . ittt cr e rtecee s e rtnraesesee s smaases e et sneeasseasssaneeseasasasaassssssatesaasassesees 72
REFERENCES. ...ttt ettt et et e et ts e e e ta ettt eaaeaeesaeaanesasnnseeansesnnneneseassssnnessns 73
TABLES
Table 1. Analyses of NBMG control samples con 1, con 2, Sampson, and GoodsSpring.......c.cececvervrnninens 4
Table 2. Selected elemental contents of samples from areas in northwestern Nevada and
southeastern Oregon that contain volcanic rock-hosted uranium depositsS........cccvvvervviienveniniiisincennn 5
Table 3. Major oxide and trace element contents of non-mineralized samples from the Virgin
Valley, Kings River, and LakKeview Greas ... ccrerticrriciasressicrseseesscesssmsanseressnes sossssnnens 9
Table 4. SEM/EDX analyses of major chemical components of U minerals ........ccoceeecniiiiivnnnnninn, 10
Tabie 5. Hydrologic data sites used for this StUAY ....c.eeeviirieiii e, 11
Table 6. ““Ar/*Ar dates for rocks from the Virgin Valiey and Kings River areas..........cc..cceveeeerercrreneececnnn. 12
Table 7. Summary of trace element concentrations in waters in Virgin Valley, near McDermitt, ,
and at YUCCa MOUNIAIN oottt e e sttt ee e e e e e e s e e e e e e teeseeer e eeeseessnneressranesesarnns 16
Table 8. Summary of NURE trace element concentrations in stream waters in three areas......c...ooveuevue. 16
Table 9. Summary of NURE trace element concentrations in well waters inthree areas ... 17
Table 10. Summary of NURE trace element concentrations in spring waters in three areas ................... 17
Table 11. Charactersistics of uranium occurrences and rock types at Virgin Valley, Nevada .................. 35
Table 12. Comparison of the main hydrologic features in the study areas .....cccocvvvecceviiiivcncnniiniens 68
Table 13. Summary of charactersistics of uranium deposits in northwestern Nevada and
southeastern Oregon, and comparison with the geologic setting at Yucca Mountain, Nevada ............... 69
FIGURES
Figure 1. Map of northwestermn Nevada and southeastern Oregon showing mining districts with
Uranium ProduCHION OF OCCUTTEIICES. .. .ueeeiiiieeciiee et ercte et ssieiceessrsaeeeeaesseeereerartatsssaessassssresstnnessrsssrans 2
Figure 2. Generalized geologic map of the McDermitt caldera as modified from Dayvault and others
L o215 T USSP OO P PP UP OO 13
Figure 3. Piper diagram for McDermitt caldera area Waters.......ccococvovvreimnciinii et 14
Figure 4a. Geologic map of the Kings River diSIFCt ...t 18
Figure 4b. Geologic cross section of the Moonlight MiNe ......ccccccoiviiiiii et 19
Figure 5. Scatter plots of selected elements for samples with more than 20 ppm U............covvcrecnnan 21

Figure 6. Backscattered SEM image of a layer of uraniferous zircon that shows finely crustiform
texture in quartz-adularia breccia matrix, Moonlight mine ... 24



Figure 7. Backscattered SEM image of metazeunerite crystals (bright) with pharmacosiderite

lining a cavity in breccia, Moonlight MINE .......cccueoiiriiiiieeie et sae et a et 25
Figure 8. Backscattered SEM image of pyrite framboids in silicified rhyolite with sulfide, sample

MLT 4S, HOrse Creek Area....cccccovviiviiriiririiceieiinieesceerseenee et esresvasertesessas s vessesa e sessaesesssesaeaseesressrenns 25
Figure 9. Regional geologic map of the Virgin Valley area.........ccceveeeiriieeccieceeiciececssere e 29
Figure 10. Detailed geologic map of the Virgin Valley uranium district...........cccoovvveeivinvrneenieenrecnene 30
Figure 11. Volcanic stratigraphy in the Vargm Valley caldera as determined by “°Ar/°Ar dates

rEPOrted iN TADIE B....cooviiiiiiiiiiie et e e st ste e e et e e e ebas srbesebeabae s b e teeernreaan 31
Figure 12. Backscattered SEM image of acicular radiating weeksite crystals in opal, Virgin Valley ........... 37
Figure 13. Secondary electron image of mata-ankoleite and carnotite in lignite, Virgin Valley ................ 38
Figure 14. Backscattered SEM image of pyrite framboids in uranium-rich petrified wood, Virgin Valley....38
Figure 15a. Photomicrograph, crossed polars, yellow camotite on fracture plane, Virgin Valley.............. 39
Figure 15a. Photomicrograph, crossed polars, yellow carnotite spheroids in tuff, Virgin Valley............... 39
Figure 16. Piper diagram showing water chemistry data from the Virgin Valley area........cc.ccooeveeverrenene. 41
Figure 17. Geologic map of the Lakeview uranium district from Castor and Berry (1981) .....cccccceervrenen. 43
Figure 18. White King mine pit from the ast .......cccooviiereiie e e reve e ere e 44
Figure 19. Lucky Lass mine pit from the @aSt ... e e nreend 44

Figure 20. Backscattered SEM image of galena (large bright grain), U- P silicate (small bright to
light gray grains), arsenopyrite (irregular gray grains associated with galena and U- P silicate),

and pyrite (isolated gray grains) in quartz (black). Sample C95-73, White King mine..........cccooeeerrvrcen. 46
Figure 21. Backscattered SEM image of spheroidal U-P silicate (gray) with tiny cinnabar crystals

(bright) in quartz (black}, sampie C85-72, White KiNG MINE ...ooiiiiieiiii ettt eseeeses et e saseanes 486
Figure 22. Pike Creek Canyon U occurrence, Steens Mountain ............ccoeeemerecnienieecreceseneeseeneneenns 49

Figure 23. Backscattered SEM image of autunite in fracture at Pike Creek Canyon (sample C95-85)......50
Figure 24. Geologic map of the Painted Hills uranium district modified from mapping in

CUPP AN OLNEIS (TO77).ueiievieiiiieite et cetrett et re s ste e s st e sate srtsae st e e s et asesssseesssaessesnessesshesssesnsesnnesaseeas 52
Figure 25. Photomicrograph of autunite (bright) in fracture in limonitized tuff, Garrett prospect,

Painted Hills (SAMPIe CO5-132. ) ...eoioiiiercerecree ettt st s e sneae et e r e s ans 54
Figure 26. Radioactive rock along the footwall of a mafic dike in a prospect (sample sites

C95-126-130), Painted Hills QISIICE)......ccccrreiiirienrieiiiiescerte e eee et eesre s et et are s sesesssebeeresaeenesnaes 54
Figure 27. Piper diagram showing the general chemical nature of Yucca Mountain groundwater............ 67



INTRODUCTION

Studies of natural analogues constitute a necessary and respected approach to understanding problems
in the physical sciences and are particularly critical to evaluating the effectiveness of potential nuclear
waste isolation sites and strategies (e.g., Brookins, 1984; Krauskopf, 1988; Pearcy and Murphy, 1991).
Several uranium deposits, for example, at Oklo (Gabon), Pogos de Caldas (Brazil), and Cigar Lake
(Canada), are being studied as analogues for waste isolation sites (Cramer, 1986; Curtis and others, 1989;
Chapman and others, 1992).

The geologic, hydrologic, and climatic setting of the potential nuclear repository site at Yucca Mountain,
Nevada, differs substantially from that of other potential repositories and natural analogues that are
currently being studied. The Yucca Mountain site is in tuffaceous volcanic rocks containing assemblages
of devitrification products and diagenetically formed zeolites and clay minerals, is in an oxidizing
environment above the water table, and is in the tectonically active Basin and Range province in an arid
climate. Processes of alteration of the repository and migration of radionuclides are likely to be markedly
different from those in other settings, such as the three areas cited above. Although no single uranium
deposit can exactly match the characteristics of Yucca Mountain, uranium deposits hosted by similar rocks
in similar geologic-hydrologic-climatic settings would be among the best geologic natural analogues. The
complete range of lithologic, mineralogic, geochemical, structural, and hydrologic characteristics of
potential analogues needs to be considered because it is the interplay of these features with the
technological system of a nuclear repository that will govern processes such as radionuclide migration.
Therefore, studies at a number of sites will be necessary to provide a comprehensive natural analogue for
Yucca Mountain.

Uranium deposits at two locations, Pefia Blanca in Chihuahua, Mexico, and the McDermitt caldera area of
Nevada and Oregon, are most commonly cited as appropriate analogues to Yucca Mountain (Murphy and
others, 1990; Alexander and Van Luik, 1991; Pearcy and Murphy, 1991). It is important to recognize that
the McDermitt caldera, which is within the area addressed by our study (Fig. 1), contains several uranium
deposits with distinct characteristics. Additionally, uranium deposits occur in voicanic rocks in other areas
within the Nevada-Oregon region studied.

Available data suggest that the uranium deposits in the Nevada-Oregon region could serve as good
analogues for the interplay of the natural environment with nuclear waste storage at Yucca Mountain. All of
these deposits are in volcanic rocks within the Basin and Range province, in geologic-hydrologic-climatic
settings that are grossly similar to those at Yucca Mountain. However, additional data are necessary to
characterize them more thoroughly, to determine whether processes active at these deposits would be
similar to processes at Yucca Mountain, and to evaluate their potential as analogues. This report
addresses those needs.

METHODS

The literature was searched for information on uranium deposits and occurrences in volcanic rocks in
northwestern Nevada and southeastern Oregon. Selected deposits were examined and sampled during
the Spring and Summer of 1995. During field work, y radiation was measured using a Mount Sopris model
132-SC scintiliometer. Radioactivity measurements are reported in the following text as “x background,”
the ratio of site radioactivity against that measured on unmineralized rock in the surrounding area.

Samples were collected in the field for chemical analysis, petrographic study, and “°Ar/°Ar dating. Sample
preparation was done by the Nevada Bureau of Mines and Geology (NBMG). Chemical analyses were
performed using instrumental neutron activation analysis (INAA) by the U.S. Geological Survey, Denver,
Colorado, and inductively-coupled plasma atomic-emission spectrometry (ICP-AES) by USML
Laboratories, North Highlands, California. Blind submittals of NBMG control samples along with project



Figure 1. Map of northwestern Nevada and southeastern Oregon showing mining
districts with uranium production or occurrences.
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samples were used to determine accuracy and reproducibility of analyses by contracted laboratories
(Table 1). Analytical data for project samples are reported in Table 2.

INAA is a relatively low cost method used to provide accurate analyses of many elements , including U and
Th. However, because preanalytical irradiation of U produces elements such as Mo and Zr, analyses for
these elements in samples that contain large amounts of U must be interpreted with care (Hoffman, 1992).
Mo analyses by ICP-AES are available from USML and were used instead of INAA Mo analyses. Despite
corrections for Zr measured in samples with high U, some samples were judged to have erroneously high
Zr contents. Selected samples were analyzed for Zr by XRF at NBMG; these analyses are reported in lieu
of INAA values and are so noted in Table 2,

USML Laboratories uses organic extraction techniques to avoid interference problems in ICP-AES
analyses between some common elements, such as Fe and Te. The company reports precise analyses of
15 elements that are particularly applicable to epithermal mineral deposits. In addition to data from the
USGS, INAA data for samples that were collected from the McDermitt caldera prior to this study were
obtained from Bondar-Clegg, Inc., Denver, Colorado.

Major oxide and trace element analyses of 15 samples of rhyolitic rock from the Virgin Valley, Mooniight
mine, and Lakeview areas were done using XRF techniques by Washington State University. Results of
these analyses are reported in Table 3. Approximately 30 samples were analyzed by powder X-ray
diffraction (XRD) methods using a Philips XRD system at 30Kv and 20mA at NBMG. Mineral phases were
identified on XRD scan charts using JCPDS files and standard search methods.

Petrographic work was done on selected samples using a combination of optical petrography and
microbeam analysis. The latter work was performed using a JEOL JSM-840M scanning electron
microscope (SEM) with a KEVEX Quantex 6 EDX microanalysis system. All SEM work was performed at 15
kv on polished thin sections or rock chips following gold coating. Metal and mineral standards were used
for SEM/EDX mineral analyses performed during this study, which are reported as oxide contents of major -
components in Table 4. In most cases, SEM/EDX analyses are reported with raw totals; however, in some
cases it was necessary to report normalized values. Because SEM/EDX does not yield information on
hydroxyl ion content, ali analyses are reported as if they are for anhydrous minerals. The analyses

reported in Table 4 are meant to be used as comparative data rather than as full mineral analyses.

Water chemistry and water level data from the study sites were sought through a search of the University
of Nevada NEON on-line library search catalog. The federal and state government catalogs were
searched, as well as the northern and southern Nevada libraries located at the University of Nevada, Reno
and Las Vegas. Each search was conducted using the site name (e.g., Petersen Mountain) as part of a
title or subject. Although numerous references to the geology of the mineralized areas within some of the
study areas were located, very little relevant information on hydrogeology or hydrogeochemistry appears
in published reports. The only site for which any hydrologic data reports were available was the McDermitt
area. Data were also requested from Washoe County (Mike Widmer, Department of Public Works) for the
area denoted as the Pyramid area below. Although considerable data have been collected and archived
by the Washoe County office, hone of the data within Washoe County were collected from the areas of
Petersen Mountain, Dogskin Mountain or Painted Hills. Data on surface waters and groundwaters were
also obtained from NURE files. Radon data from NBMG files and reports were also compiled. It was found
that the majority of water data for the study sites were located in the EPA STORET database, which
incorporates data archived in the USGS WATSTORE database. Hence, geochemical data for the areas of
latitude and longitude noted below were obtained from the EPA STORET database, retrieved using the
commercial sofiware produced by Earthinfo (1993), and exported to a dBase file format which was later
manipulated and viewed using Excel 4.0.

The number of analyses of water samples and the degree to which they are complete varies widely within
and among the areas searched. This information is summarized for major element data in Table 3 below
where # Records indicates the total number of analyses available for all sites and all dates of sample



Table 1. Analyses of NBMG control samples con 1, con 2, Sampson, and Goodspring.
Recommended values determined by averaging commercial round robin analyses.

* standard analysis by Bondar-Clegg. < element analyzed by USML. Analyses in ppm
except as noted.

Standard U Fe% Ca% Na% K% Rb Sr Cs Ba Th La Ce Sm Eu
cont 4 140 13.10 0.78 160 &0 397 2 1200 64 311 49 55 086
con 4 1.57 1270 0.78 142 &8 4% 2 1310 62 312 51 54 097
con i 4 1.39 1290 082 1.93 73 515 2 1410 65 296 50 54 098
con1* 4 1.60 048 57 2 1100 50 170 31 36 <1.00

recom, values 3 090 13.00 0.57 147 42 460 2 1100 39 180 R 3.1 0.70
con2 1 392 406 274 1.18 5 75 1 813 25 176 31 38 104
con2 2 445 353 3.12 1686 0 744 1 931 26 205 K<) 44 1.10
con2 1 432 359 297 0.71 0 833 1 jece] 30 177 38 40 1.05
con2* 1 430 258 31 1 1100 29 150 3 37 <100

recom. values 1 410 400 295 1.45 kK *] 780 1 80 27 180 34 31 1.20
Goodspring 7 477 186 0.02 068 1 <50 0 208 03 4.1 1 03 0.19
Goodspring 7 546 1.0 007 NA 3 <0 0 8 04 43 4 07 0.13

recom. values 6 470 180 0.00 NA NA 61 NA :] NA 40 NA 03 050
Sampson 137 6.13 10.10 0.01 085 1 <50 0 125 0.1 38 4 09 031
Sampson 123 596 964 0.08 NA 3 &0 0 121 0.1 40 3 06 0.3

recom. values 112 580 900 0.00 NA NA B NA 7B 04 80 g 23 040
Standard Tb ¥b Lu Zr Hf Ta w Sc Cr Co Ni Zn As Se
cont 082 228 037 143 34 0861 20 8.2 72 47 23 125 8 <10
con i 0.75 255 0.41 161 34 062 17 a8 ;e 53 27 146 8 <10
coni 0.79 273 041 144 36 071 37 100 8 42 30 119 4 05
con 1* 0.70 <2.00 040 <200 20 <050 10 6.1 41 80 B <10 3 <50

recom. vaiues 080 180 0.30 20 o441 70 73 45 42 81 4 06
con2 - 041 1.06 0.17 122 30 035 15 115 153 16.2 &4 e ¢] 2- <10
con 2 044 117 0.22 122 30 040 16 1381 18 180 &8 108 3 <10
con2 045 1.1 0.17 137 32 041 1.1 129 154 174 67 43 2 01
con2* <0.50 <200 <020 <200 30 050 <10 120 130 180 68 <100 4 <50

recom, values 040 0.80 0.14 30 044 1286 10 200 5 70 2 0.1
Goodspring 0.13 0.19 0.03 43 03 025 103 04 2 321 140 100k 1390 1100
Goodspring 0.18 017 0.03 134 06 017 126 05 M4 36 1% 113k 1720 1580

recom. values NA 0.30 NA <200 10 NA 80 NA 13 370 116 118k 132 NA
Sampson 0.13 027 0.02 164 01 004 151 0.1 24 113 938 9,580 433 69
Sampson 0.16 044 005 [22] 01 005 244 01 23 108 1070 7860 486 87

recom. values NA 0.40 100 <200 NA NA 190 NA > 123 1,151 9,151 387 NA
Standard BW Cd  Cu  Gal Hgl Moy Pby Sty S Ted TN Agl  ppb
con 1 056 058 22 363 0.1 98 58 12 139 <050 104 019 20
con i 052 058 218 347 0.11 6.2 54 11 050 050 087 020 13
con i 038 049 193 315 <0.10 49 45 07 <050 <050 067 012 6.9

recom, values 035 040 21.0 0.10 9.0 48 09 100 019 0.1 0.7
con2 043 <0.10 239 248 <0.10 12 29 05 <100 <050 107 008 42
con 2 041 <0.10 2.1 225 <0.10 12 26 04 051 <05 08 007 22
con2 027 <0.10 243 260 <010 13 18 03 054 <050 05 005 13

recom. values 0.20 004 240 0.02 30 21 03 100 015 0.04 09
Goodspring 1.01 2523 1212 490 1020 426 >9780 244 050 <050 <050 248 146
Goodspring 082 2486 183 456 1020 425 >8350 244 <050 <050 <050 268 165

recom. values 350 2615 1230 NA NA 530 21083 253 NA NA 270 155
Sampson 130 180 7888 622 704 151 3256 544 050 05 06 1080 47
Sampson 124 &8 7531 587 6.85 147 3183 8520 201 <050 <050 1110 87

recom. values 170 221 7314 NA NA 146 2063 60 200 NA NA 1153 NA



Table 2. Selected elemental contents of samples from areas In northwestern Nevada and southeastern Oregon that contain volcanic rock-hosted U deposits.
Latiiude  Longitude

Semple {d:m:9) {¢:m:e} Deseription 13} Fo % Cs% Na % K% Rb 8r Cs Ba Th La Ce Sm Eu Tb Yb Lus
Kings River distriot
Pole Creek
C05-96 414351 118:01:16 Umonitc flow-banded rhydlite us 1.07 1.60 1563 3.10 141 <20 4 148 11.0 165 37 75 0.85 3.01 28,60 479
C95-97 41:43:51  118:01:16 Flow-banded rhyolite 18 1.81 028 138 297 115 23 4 218 124 403 83 117 0.71 155 525 0.90
C95-98 41:43:51  118:01:16 Ash-flow tutf {?) 32 1.38 052 268 4.59 185 37 5 511 14.3 26.7 51 106 1.41 152 8.28 130
C95-99 41:43:03  118:00:44 Limoniic non-welded ash-flow tuff (7) 162 228 5.39 113 4.37 148 76 2 595 17.3 278 62 110 2.00 2986 2430 4.15
Moonlight mine
€95-102 41:47:24 118:08:44 Intermediate volcanic rock 4 3.69 3.01 2,73 270 in 237 5 990 9.8 349 87 74 1.57 113 308 048
€95-104 41:47:19  118:09:28 Altered rhyolite 12 0.46 058 1.73 5.90 283 79 5 1260 14.6 50.8 135 9.9 1.51 111 3.77 059
C95-105 41:47:17  118:09:31  Limonitic altered rhyolite 25 1.4 0.34 041 9.16 320 95 2 1210 13.6 35.8 69 64 0.66 0.67 352 051
C95-107 41:47:20 118:09:11  Peralkaline flow-banded rhyolite, devitritied 7 177 0.14 117 6.16 321 35 5 15 18.8 51.5 112 132 0.48 226 8.67 1.36
Co5-118A 41:47:16  118:09:33 Unoxdized to partly oxidized breccia vein 1,200 22 3740 008 3.97 228 358 35 374 115 315 74 78 116 1.80 884 1.21
Co5-1188 41:47:16  118:00:33  Unoxidized to partly oxidized brecda vein 088 223 20.60 0.09 323 126 290 1 408 6.6 46 16 4.1 1.38 1.38 1390 224
C95-120 41:47:16  118:09:33 Oxidized brecda 1,840 AL 842 013 5.24 230 273 1 895 107 59 31 63 1.50 1.26 865 142
Co5-121 41:47:31 118:09:37 Limonitc brecda 1.030 11.10 312 0.79 9.59 182 365 3 1030 7.6 29 36 57 207 1.32 873 1.28
He5-82 41:43:30  118:07:42 Ash-flow tuff, hydrated vitrophyre ] 216 0.30 200 346 282 105 76 143 17.7 504 111 135 on 1.97 784 123
M.T 8* 4147116 118:09:33 Oxidized breccia from portal of incline 4,420 2.90 1.30 180 <t 100 130 2000
AAL484* 41:47:16  118:09:33 Oxidized brecda 2,830 7.00 0.17 200 <t 88 <0.50 19.00
Horse Creok
€95-122 41:48:00  118:0945 Flow-banded rhyoliite 25 157 0.08 0.77 8.04 278 3 2 244 16.8 472 107 119 1.08 224 8.13 1.33
C95-123 41:50:28  118:09:14 Rhyoiite with sulfide 200 1.63 0.80 1.20 8.09 193 <20 [3 84 15.8 40.5 111 115 0.53 221 1270 1.82
M.T 4% A41:50:117  118:09:30  Brectia with siica and sulfide(?) In mavix 183 29 170 160 2 15.0 18.0 43 2400
MLT 48° 41:50:17  118:08:30 Rhyolite with suiide 097 3.00 0.19 <20 <t 455 230 52.00
MLT 6A* 41:59:21  118:09:13 Breccia with limonite and hematite 351 6.40 0.76 220 3 100 16.0 83 2.00 1.80 14.00
MLT 167 41:48:23  118:09:47 Drill core, breccia with sulfide 171 4.30 0.18 370 2 10.0 18.0 33 5.7 120 10.00
MY 17T 41:48:23  118:09:47 Drill core, quartz - sulfide vein 219 4.00 0.14 27¢ 3 1290 170 23 58 1.20 12.00
MLT 18° 41:48:23  118:0947 Dxill core, suifide veins in brecciated rhyolite 488 4.20 0.14 300 3 16.0 25.0 35 2.00 1.60 14.00
MLT 19* 41:48:23  118:0947 Drill core, breccia with sulfide 291 4.40 0.14 330 14 6.2 220 50 53 1.00 0.70 3.00
MLT 21" 41:48:23  118:09:47 Drill core, suifide - fiuorite veins 127 6.20 150 300 48 1200 A8 400 83 8.1 2.00 080 200
MLT 22° 41:48:31 118:09.50 Brecciated rhyolite with hematite 131 210 043 280 4 18.0 36.0 82 115 2.10 1300
MLT 22 41:48:32 118:09:50 Brecdated thyolile with limonite €8 5.80 0.74 260 3 170 40.0 80 104 1.70 16.00
Bretz-Opaitte district
Aurora depoelt
C95-89 42:01:59  117:54:23 Arglized end oxidized scoria IN 3.44 0.84 062 211 76 32 Al 1330 7.0 11.6 23 49 2.61 084 5.01 078
C95-90 42:01:50  117:54:23 Argillized scoria 139 051 03¢ 205 382 107 106 8 2300 6.8 438 80 8.2 3.09 0.58 237 0.41
Bretz mine
C95-91 42:02:46  117:53:56 Silicified rhyailte 34 0.17 0.34 0.02 0.31 2 <20 1 28 28 1.5 ] 1.3 0.13 0.67 5.26 0.94
C95-92 42:02:50 117:54:07 Limonitic scorda 192 9.67 0.33 0.06 1.12 10 103 5 596 4.4 24 7 16 0.24 0.79 3.14 0.52
C95-93 42:02:53 117:54:11  Silicifled rock with sulfide 103 0.92 043 015 Q.77 18 39 1 428 20,9 314 37 28 0.14 0.74 4.18 073
Cottonwood Craek :
C95-94 42:02:59  117:55:16 Silicified shale with petrified wood fragments 193 125 084 048 0.70 48 103 27 200 23 8.7 14 27 0.49 047 4514 0.82
Opalite mine
C85-95 42:03:09 118:02:02 Silicified brecda 175 0.24 048 0.02 046 1 23 0 217 14.0 05 5 34 0.87 209 18.30 336
Virgin Valley . :
C95-110 41:47:52  119:06:17 Canyon Rhyolite, highly radicactive 2,680 221 5.68 199 3.37 156 118 7 243 20.0 179 37 10.1 0.37 1.84 1150 1.87
Co5-111 41:47:45  119:06:33 Canyon Rhydlite 10 0.33 0.10 251 3.20 170 «20 5 33 20.0 333 111 64 0.25 0.20 4.03 060
C95-112 41:47:37 119:06224 Bedded W with U minera on fracture 188 0.73 1.38 088 1.27 113 92 12 140 1.5 412 96 23 0.78 1.7¢ 8.41 128
C95-113 41:47:53  119:06:03 Lignite 2,250 0.81 286 0.60 2.10 i1 40 12 184 14.7 158 47 204 2.00 561 3360 8.11
Co5-114 41:47:53 119:06:04 Alr-fall tuff with opal 1 zeclite 426 1.18 113 0.76 3.69 262 a3 20 203 4.2 295 71 2.0 0.70 173 8.11 1.22
Co5-115 41:47:00  119:05:45 Opalized alr-fall uff 20 1.15 0.13 1.16 3.50 166 45 11 100 17.3 484 108 114 0.66 1.62 7.18 113
Co5-115 41:47:00  119:05:45 Opaiized air-fail tuff 37 1.09 0.08 1.01 2.35 144 28 12 58 158 414 80 9.6 .57 144 6.59 1.06
Co5-116 41:44:18 1100830 Perad hyolite, flow-banded, devitrified 14 139 028 3.01 334 248 20 ] 97 279 369 78 13.8 0.94 253 12.10 1.89
Co5-116a 41:44:18  119:08:30 Peralkaline rhyolite, non-hydrated glass 12 1.28 048 3.19 4.08 28 37 9 35 261 33.9 85 136 0.85 198 10.00 1.60
C95-124 41:47:48  119:06:05 Opalized wood 1 suifide 755 0.77 288 0.18 0.38 46 21 10 71 7.0 0.4 2 1.1 0.11 0.18 0.72 0.18
-2 41:47:46  119:06:06 Brown opal 1,380 0.3t 443 0.21 0.29 31 24 8 86 21 1.7 4 30 0.27 0.83 4.81 0.64
w5 414750 119:06:05 Argliized tuff 845 1.24 3.72 123 2.86 85 108 8 216 8.0 149 22 88 0.66 158 8.88 0.97
AAZ] 41:47:56  119:06:12 Zeolitized tufl 6 240 0.83 0.99 4.03 147 159 11 240 155 286 65 68 0.76 0.75 1.80 0.32
w7 41:47:58  119:.06:16 Highly radioactive breccla In rhyolite 9,740 1.41 18.00 1.74 2.97 150 <20 4 274 i2.1 4.1 45 59 0.37 1.08 7685 118
-9 41:47:01 119:05:47 F opal replacing di 1 657 0.58 1.82 0.08 0.21 3 40 3 178 05 19 L] 16 0.13 0.25 1.44 0.25
VV-11 41:47:00 119:05:45 Florescent opal with Mn oxide 1,180 0.30 3.96 0.08 0.19 1 23 1 266 [ R i1 4 8 0.14 0.23 189 028
HO5-57 41:31:18 119:07:36 Late porphyritic rhyolite, hydrated glass 14 1.35 0.20 3.05 3.91 256 24 ] 32 259 517 111 157 0.21 263 1350 210
Ho5-68 41:51:64  118:58:12 Canyon Rhyolite, hydrated vitrophyre 9 0.91 0.20 179 508 224 <20 § 48 19.6 495 96 10.0 0.29 1.21 6.16 1.02
H5-75 41:49:24  119:03:18 Virgin Valley Fm,, reworked tuff with clay & zeolite 4 312 1.85 185 238 82 366 4 1050 10.6 455 88 10.5 1.62 140 §57 0.81
HO5-77 41:50:18  119:0448 Virgin Valley Fm,, reworked tuff with clay 3 4.15 1.78 1.24 1.08 65 251 5 323 10.3 38.1 74 86 186 102 398 063
H95.78 41:50:18  119:04:48 Virgin Valiey Fm, hydrated glassy reworked tuff ] 233 0.7% 1.4 3.20 178 90 5 847 176 §7.1 136 126 1.02 1.26 5.70 0.90

Unmarked = INAA (USGS), 1 = GFAA (USML), ¥ = ICP ES (USML), * INAA by Bondar Clegg
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Tabls 2 (continued)

Aut
Semple Ir Hi MoV Ta W So Cr Co Nl Zn As Se Agy BIY cad Cuv GeV Mgy ucal Sby Sav Yol IN peb
Kings River distriot
Pole Creek
C95-96 3,550* 714 48 124 7.9 125 150 07 17 3 21 <10 0.06 041 0.06 4.6 112 <0.08 77 208 129 017 1.04 05
Co5-97 280 8.3 846 0.96 57 14 121 0.8 3 66 52 <10 0.07 160 0.1 37 109 0.08 16.7 B2 220 0.30 1.02 18
Co5-98 461 16.8 214 1.57 13.3 26 9 0.8 9 42 106 <10 0.10 0.64 0.13 6.2 1.05 067 30 14.9 1.91 0.29 115 12
€95-69 1,270 38.1 523 0.98 148 16.3 18 08 2 112 281 <1.0 0,08 114 0.14 6.6 052 061 188 244 155 039 8.53 5.9
HMoontight mine
€95-102 208 73 1.7 122 20 143 57 164 a7 101 13 <1.0 0.07 0.50 0.06 58.9 3.00 0.03 37 22 144 o.18 1.10 13
€95-104 289 79 5.1 147 56 42 7 0.4 8 30 73 <1.0 0.08 054 0.06 32 053 0.01 94 24 037 o022 1.02 27
€95-105 382 89 66 148 82 38 158 0.8 5 15 657 <1.0 0.23 049 0.10 104 107 1.24 182 55.4 069 0.2 1.42 403
€95-107 621 14.9 0.6 362 04 1 30.1 4 153 84 <10 0.10 016 0.34 37 1.09 0.79 18.9 75 237 0.15 0.66 20
CO5-118A 6,600 422 1000 124 323 89 15 08 15 165 12200 6.0 279 1230 108 2560 721 183 7120 917 264 1030 1860  504.0
€95-1188 13,500 037 97.9 0.29 228 16.2 143 38 17 77 8600 26 121 27 044 86.8 440 069 722 938 209 4.28 405 4780
€95-120 30,100 1130 104 0.89 16.9 4.2 51 0.6 16 137 2240 <10 209 1.14 053 1100 1.88 1.63 39.1 88.1 1.60 051 184 1,500
€95-121 6,080 51.2 349 0.83 19.1 156 88 35 3t 307 9930 <1.0 270 0.92 0.75 303 379 133 106 2570 095 0.9 877 1400
HO5-82 408 128 1.8 257 08 < 17.7 6 130 14 <10 0.07 0.33 0.18 2.8 135 <004 84 0.2 055 0.08 0.33 1.0
M8 49500 203.0 883 <050 320 33.3 50.0 140 3210 4.11 1.21 154 1600 <050 042 275 1810 182 4720 2900
AAl484° 20,000 720 M8 <050 120 10.0 95 6290 36.0 1.95 075  223.0 395 194 355 846 709 1230 2000
Horse Crosk
€95-122 461 12,0 105 1.75 13.0 1.6 232 13 14 72 156 <10 0.28 0.70 0.37 59 131 1.90 208 212 132 0.23 3.49 75
€05-123 526 14.1 30.3 177 134 0.9 244 12 1" 88 10800 <1.0 0.49 0.62 0.30 72 072 0.24 76 1360 122 0.12 3.62 983
MLT 4° 3,300 @0 3540 <050 13.0 17.0 60 >9000 204 203 188 531 <050 271 48 1330 <0.50 2030  565.0
MLT 48" 8,000 90 19250 <050 <50 17.0 79 7830 1140 1520 <0.10 678 <050 479 89 1450 110 8260 >9000.0
MLT 6A* 2,200 1.0 2800 <050 320 73 36 2160 1.43 239 2.39 279 <050 107 86 843 <0.50 5.63 <1.0
MLT 16* 400 40 1530 0.0 430 9.2 63 18.0 61 1150 0.75 1.51 0.14 835 <050 102 332 821 <0.50 822 1200
MY 7 490 30 9100 <050 64.0 12.0 87 15.0 51 837 104 7.62 2.81 948 <050 053 546 687 130 2440 450
MLT 18° 810 90 10070 0.80 430 9.2 73 100 55 784 742 9.5 1.07 879 <050 0.81 347 80.9 085  27.30 46.0
MLT 197 40 554 <050 50.0 1.0 100 15.0 67 115 127 0.70 0.58 ar7 0.69 0.26 13.3 14.9 <0.50 272 17.0
MLT 21° <10 67.3 0.80 320 130 180 14.0 52 255 137 0.89 0.36 29.1 580 0.38 241 1.9 <0.50 1.81 74.0
WLT 22° 540 120 213 1.60 120 1.3 3 480 0.27 0.25 0.33 256 <050 0.65 123 6.3 <0.50 0.82 56.0
MLT 23° 670 7.0 80.8 1.30 8.0 0.9 65 a2 1540 0.18 068 0.42 231 <050 443 135 2279 <0.50 1.62 1100
Bretz-Opalite district
Aurora deposit
C05-89 159 69 385 098 2390 277 3 09 <15 34 490 <10 0.08 097 009 86 276 096 73 177 146 0.23 2.15 11
C95-90 108 59 "7 102 2130 218 19 10 <15 35 95 <t.0 0.10 0.60 0.05 20 213 047 66 66 124 0.23 1.07 28
Bretz mine
C95-91 350 105 1.4 149 182 1.0 141 05 3 8 34 <1.0 0.06 0.39 0.09 5.0 024 0.82 86 248 0.25 0.24 1.01 16
C95-62 811 126 206 169 45.8 17 86 19.9 13 466 800 1.2 0.07 132 074 250 058 989.00 87.5 7 215 0.21 1.06 37
C95-93 609 209 23.0 320 37 1.6 234 12 4 62 151 <10 0.18 0.83 0.12 83 058 6520 40.0 338 147 022 2.69 19
Cottonwood Creek
Co5-94 0 a0 526 0.24 15 23 ¥ 08 3 33 190 <1.0 0.09 125 0.58 122 241 178 74 12.8 062 0.28 1.55 20
Opallte mine .
Co5-95 1,620 35,0 1.8 548 447 140 191 65 7 65 25 <1.0 0.07 0.74 0.02 1.9 032 141.00 18 34 142 0.18 0.85 88
Virgin Valiey
C95-110 <5 7.0 67.3 1.84 77 2.4 9 13 42 408 134 <10 0.3 162 1.10 87 187 0.13 18.7 202 341 0.35 2.19 <20
C95-111 164 6.8 0.8 1.67 38 24 ] 05 7 24 18 <10 0.1 048 0.07 16 0.40 0.01 127 13 179 0.16 1.12 08
Co5-112 70 82 <1.0 138 <15 6.2 i) 0.9 8 75 7 <1.0 0.1 058 0.05 8.3 292 0.03 17.3 20 1.70 0.26 143 19
C95-113 276 9.4 308 135 11.2 7.8 7 07 25 87 a7 35 03 170 0.12 146 248 615 356 87 401 1.14 3.62 <20
C95-114 104 134 3.8 232 20 55 30 11 1 114 13 <1.0 0.1 0.80 0.05 1.7 375 0.02 109 34 263 0.20 2.54 25
C95-115 354 123 7.7 1.90 5.8 <1 1330 9 417 a8 <10 0.1 105 312 04 085 0.01 25 13 <027 0.28 0.67 20
C95-115 315 10.6 50.5 158 17 5.1 2 04 1" 364 17 <1.0 0.1 120 1.08 04 086 0.13 25 13 050 0.21 118 18
Co5-116 565 16.7 16 272 2.1 6.1 ” 0.6 3 144 10 <1.0 0.1 108 0.08 1.7 040 0.02 12.8 0.7 1.20 0.22 1.20 16
Co5-1168 492 186 0.1 3.20 59 1 16.9 1 126 18 <10 0.1 020  0.04 05 042 <0.02 04 0.2 0.14 0.10 048 06
C05-124 80 23 2660 049 16 1.8 3 03 18 19 193 24 04 412 0.04 37 153 0.04 136 425 127 064 1270 <20
V-2 574 11 30.8 023 93 29 29 24 18 149 23 32 0.1 054 228 43 094 0.0 73 45 1.33 0.23 1.95 4.1
w5 45 52 05 084 128 0.8 ] 28 8 150 263 26 0.1 0.60 0.67 144 1.84 0.14 18.9 158 204 0.22 174 1.8
V-6 121 10.0 0.4 149 6.0 7.3 26 0.7 1 104 19 <1.0 0.1 057 0.31 87 147 020 159 66 224 0.24 1.38 20
-7 338 37 09 113 6.0 28 48 1.9 19 578 75 <1.0 0.2 075 8.40 9.3 0.78 0.20 199 8.4 748 0.78 4.61 <2.0
w9 45 03 1.9 0.07 2.7 05 66 04 6 65 13 <1.0 0.1 044 1.98 12 042 0.07 09 37 036 026 1.23 <20
w1t L] 03 1.8 0.1 28 12 17 03 8 67 3 <10 0.1 048 0.11 29 0.38 0.04 07 37 017 o2t 1.05. 4.1
HP5-57 507 194 0.6 363 05 1 19.2 3 129 13 <1.0 0.0 0.23 0.08 0.8 060 <0.01 2.1 0.2 045 0.1 052 40
HY5-68 223 92 05 288 4.0 <1 27.0 5 60 6 <1.0 0.0 0.24 0.09 06 047 0.01 07 02 o027 0.15 074 07
HP5-75 300 10.3 06 1.83 123 11 274 12 92 4 <10 0.1 048 0.09 84 4.22 0.00 164 04 340 0.15 0.70 08
Hp5-77 366 87 1.3 137 178 14 1386 1 57 10 <1.0 0.1 057 0.22 201 420 <0.04 132 05 170 019 148 08
H95-78 408 1.3 1.0 243 5.8 1 38.7 6 82 6 <10 0.1 0.49 0.21 4.2 173 <002 53 0.4 114 .11 0.59 04

Unmarked = INAA (USGS), + = GFAA (USML), ¥ x ICP ES (USML), * INAA by Bondar Clogg



Teable 2 (continued)

Auf
Sample Zr He Moy Ta w So Cr Co N n As Se AgV B co¥ cuy GaV HgV  pol sty snv Teo¥ IN ppb.
Lakeview district
White King mine
C95-70 76 35 1.4 277 13 3.1 40 0.4 1 25 238 <1.0 0.09 0.73 0.07 13 0.53 047 75 7.6 0.32 0.13 1.13 28
c95-71 44 3.8 90.6 143 127 35 38 24 4 67 979 <1.0 0.20 397 1.00 2.1 147 41.50 187.0 175.0 0.78 0.31 5.83 63
€95.72 700" 1.8 173.0 1.00 476 104 17 1.0 27 120 1380 <1.0 154 398 240 630 1.38 381700 176600 853.0 0.99 0.52 2120 8.6
C95-73 449 27 9.6 155 85 36 34 05 21 26 10500 <1.0 0.33 0.88 017 3.1 116 103.00 122.0 226.0 123 0.21 203 <2.0
€95-74 171 3.0 122 196 104 33 24 23 1 54 7070 <1.0 0.48 124 0.13 72 1.51 69.20 339.0 81.0 0.75 0.27 1.18 <2.0
Lucky Leas mine
C95.76 470 17 0.3 27 24 25 25 26 <1 107 8 <10 0.95 0.36 0.04 4.0 0.06 <049 1.7 0.7 0.38 0.25 1.1t 0.1
C95-78 213 4.8 58 0.68 20 228 223 143 41 €8 77 <1.0 0.12 047 0.15 s 181 0.02 204 20 0.76 0.20 296 5.3
C95-80 286 38 35 0.62 16 268 224 84 44 65 86 <10 0.11 0.50 0.07 700 1.82 0.33 26.0 23 075 622 236 33
Thomas Creek
€95-81 49 34 0.4 137 10 29 20 0.2 7 17 3 <1.0 0.12 0.37 0.03 04 0.66 0.11 1.8 0.3 <0.01 0.17 0.99 <2.0
€95.82 163 3.3 0.4 050 15 28 59 293 62 108 1 <10 0.07 0.34 0.03 61.9 226 0.01 12 03 0.22 0.19 0.91 1.8
€95-83 85 3 0.2 3.05 1.0 44 28 02 2 44 5 <1.0 0.13 0.29 0.02 06 0.34 0.00 1.0 03 <0.03 0.19 0.84 18
C95-83 105 42 0.1 3.84 5.1 <1 28.7 7 41 5 <1.0 0.03 0.19 Q.08 02 0.24 <0.02 0.7 0.1 035 0.18 0.55 08
Bottle Creek
C-95-147 209 9.4 15 6.54 56 28 56 0.5 5 65 122 <1.0 0.0 0.32 0.04 22 247 0.05 15 14 336 017 1.28 4.3
C-95-148 183 4.9 1.9 4.00 38 38 52 0S5 8 44 4 <1.0 0.0 0.31 0.39 22 148 0.06 42 05 261 0.18 1.05 1.1
C-85-149 88 27 0.5 254 36 22 21 04 4 32 5 <10 0.0 036 0.06 05 0.24 0.09 87 02 046 0.18 0.71 17
C-95-150 133 a1 744.0 203 126 17 140 9.2 223 16 85 <1.0 0.2 9.98 0.22 1.7 0.52 051 804 5.7 3.08 0.85 14.30 «<2.0
C-95-151% 54 24 <12 234 15 2.3 14 04 ] 35 3 <1.0 01 0.65 0.05 27 0.96 0.13 13.7 03 0.85 0.23 087 37
G-95-182 63 28 1.3 1.84 52 1.8 128 08 7 24 2 <1.0 04 045 .05 15 045 0.08 18.3 06 0.28 0.20 .68 6.1
C-95-153 2 0.0 8.7 0.04 0.9 0.1 148 08 6 2 10 <1.0 14 0.43 0.05 1.9 0.02 0.02 5.0 0.5 0.37 0.15 0.88 724
C-95-154 14 0.2 0.9 0.07 1.5 15 188 1.0 § [ 64 <1.0 4.6 0.31 0.01 1.9 0.44 0.11 0.3 1.2 0.21 0.14 0.87 308.0
Steens Mounteln
C95-84 305 6.9 46 0.80 3.0 141 58 70 23 122 19 <1.0 0.12 0.51 0.33 75.1 1.89 0.05 315 2.7 0.89 0.25 0.91 15
C95-85 501° 104 10.6 212 9.1 34 56 2.0 38 22 106 <1.0 0.21 0.70 0.06 39 0.61 0.74 16.1 1.6 1.25 g.22 1.37 «<2.0
C95-86 475 10.6 8.0 252 4.9 24 102 38 26 29 37 <10 0.1 0.59 0.11 39 0.65 6,20 254 1.2 1.19 0.27 1.23 4.4
C95-87 234" 6.7 0.7 219 32 14 77 04 3 14 8 <1.0 0.08 0.42 0.04 1.1 0.84 9.68 28 4.7 1.88 0.28 122 3.7
C95-88 618 74 4.3 215 4.2 1.8 135 0.7 16 14 87 <1.0 0.13 059 0.08 2.2 044 0.30 14.8 0.7 1.20 0.21 1.3t <2.0
Painted Hilla
C95-126 65 4.7 4.1 1.50 36 2.0 76 1.1 8 35 198 <1.0 0.1 062 .08 1.0 152 0.01 9.4 52 149 0.26 1.35 <20
€95-127 155 59 04 193 24 27 22 1.3 2 63 52 <10 02 052 0.23 05 1.32 0.00 17.1 11 0.44 0.14 0.74 0.7
C95-128 37 23 0.5 0.33 29 221 163 125 14 157 9 <1.0 0.1 033 0.05 441 448 0.03 51 0.5 0.76 0.18 0.82 03
C95-130 131 52 0.1 171 22 25 28 1.1 2 50 3 <1.0 0.0 057 0.04 0.7 1.36 0.02 8.0 L X 0.66 0.22 0.96 2.0
€95-132 392¢ 1.6 2.0 1.58 331 05 8 1.8 12 158 430 <1.0 0.2 056 5.28 36 221 0.34 275.0 89.6 747 0.27 4.45 <2.0
C95-133 809 8.0 0.2 273 17.8 0.6 12 1.6 § 136 107 <1.0 02 0.80 0.56 37 283 0.19 625 75 6.52 0.34 328 «2.0
PH-2 39 50 54 1.31 8.0 14 173 230 27 61 83 <10 04 046 0.74 123 0.84 088 42 19 1.17 0.17 3.36 1.7
PH-3 1,060 4.0 0.9 1.44 17.1 33 88 1.8 38 52 21 <10 0.1 0.62 0.62 50 0.73 0.95 204 1.2 367 0.27 265 <20
Peterson Mountain distriot
C-95-134 58 78 14 159 0.8 53 17 05 8 €0 44 <i.0 0.0 033 0.14 32 14.90 0.44 8.9 55 0.69 0.19 0.79 77
C-95-135 16¢ 7.2 17 148 8.7 52 17 0.9 10 51 33 <1.0 0.2 045 0.15 55 16.00 096 13.2 116 1.82 0.17 127 7.5
C-95-136 453 74 0.4 1.20 116.0 59 12 13 <1§ 30 33 <10 0.2 047 0.04 4.0 244 553 116 123 326 0.11 228 <2.0
C-95-137 274 82 38 1.20 1.7 6.0 20 33 4 7 4 <10 0.1 0.34 0.18 56 1.84 0.00 45 08 0.88 0.10 0.87 <2.0
C-95-138 212 6.9 0.2 1.24 35 5.7 14 1.6 3 72 1 «<1.0 0.0 0.50 0.04 1.5 213 <0.02 13.2 0.7 117 0.10 113 «<2.0
Dogskin Mountain distriot
C-95-13¢9 118 1.1 25 279 48 51 hi 57 7 100 17 <1.0 0.0 1.06 0.54 0.7 0.82 0.07 143.0 27 088 0.18 124 52
C-95-140 75 4.3 0.2 1.83 54 37 20 33 10 77 8 <1.0 0.0 0.72 0.05 2.8 0.57 0.06 221 1.0 0.62 017 0.68 <2.0
C-95-141 14 4.5 9.4 116 4.8 28 36 14 2 28 18 <10 0.1 1.08 0.07 09 0.23 0.03 261 05 0.30 0.18 0.83 50
C-95-142 39 28 0.7 0.61 4.8 1.1 87 0.7 8 11 25 <1.0 0.0 0.87 0.04 0.9 .11 4.0t 124 12 041 018 0.79 23
C-05-143 301 8.7 1.8 21 36 6.9 34 1.2 5 17 14 <1.0 00 0.28 0.32 11 047 0.04 104 27 132 0.15 0.52 3.2
C-85-144 258 1.9 53.3 .27 123 54 18 127 51 151 105 <i.0 04 128 0.67 95 212 3.20 18.3 8.7 204 0.27 in 249
C-96-145 110 63 35.0 098 0.7 4.4 13 175.0 2 213 234 <i.0 0.1 0.94 3.83 251 1.39 1.35 519 7.7 059 0.24 2.82 62
C-95-148 42 62 11.2 0.82 1.1 4.3 16 69.2 7 103 48 <10 0.1 062 292 44 113 1.07 220 1.7 059 0.1¢ 209 22

Unmarked = INAA (USGS), + » GFAA (USML), Y = ICP ES (USML), * INAA by Bondar Clegg



Tabie 3. Major oxide and trace element contents of non-mineralized samples from the Virgin Valley, Kings River, and Lakeview areas.

Virgin Valley area Kings River district Lakeview
Sample HO5-68 H95-110 C95116A H95-112 H95-57 C95-115 H95-108 H95-106 H95-75 H95-77 H95-78 H95-82 C95-107 H95-103 C95-83
Map unit Ter Ter Tpr Tpr Trp Tva Tva Trv Tw Twv Twv Td Tp Td

Longitude 11858.2 11906.3 11908.5 119253 11907.6 119058 119064 11859.2 11903.3 119048 119048 11807.7 118090.2 11808.6 12033.4
Latitude 41519 41489 41443 41554 41313 41471 41456 41476 41494 41503 41503 41435 41473 41473 4220.2

Major oxides (wt. %)

Sio2 76.87 77.20 77.01 76.21 77.30 82.46 76.21 71.54 65.95 65.22 73.86 76.16 76.16 72.77 76.80
Tio2 0.15 0.13 0.24 0.26 0.11 0.21 0.28 0.31 0.99 1.08 0.46 0.27 0.20 0.39 0.05
Al203 12.23 11.85 11.54 11.70 11.40 9.22 11.83 14.85 19.80 20.65 13.94 11.40 11.53 12.55 13.16
FeO* 1.1 0.93 1.51 1.83 1.78 1.51 1.90 2.07 3.94 5.70 3.35 2.88 2.1 4.03 0.49
MnO 0.06 0.06 0.11 0.12 0.04 0.10 0.12 0.05 0.02 0.05 0.05 0.06 0.02 0.13 0.11
MgO 0.07 0.17 0.00 0.10 0.00 0.03 0.24 0.72 0.43 0.80 0.39 0.00 0.06 1.14 0.00
CaO 0.28 0.28 0.14 0.16 0.17 0.15 0.21 1.92 2.22 2.84 1.36 0.98 0.20 0.14 0.53
Na20 2.63 2.79 4.67 4.75 4.39 1.69 2.44 3.56 2.79 1.89 1.72 3.10 1.74 4.09 4.47
K20 6.57 6.48 477 4.86 4.80 4.61 6.73 4.87 3.79 1.58 4.83 5.13 7.95 4.71 4.40
P205 0.01 0.01 0.01 0.01 0.00 0.01 0.03 0.11 0.08 0.09 0.03 0.02 0.03 0.05 0.00
Total** 98.68 99.01 100.66 100.83 99.30 97.30 98.34 99.29 94.69 94.28 95.40 96.89 99.89 98.33 100.71
Na+K/Al 0.94 0.97 1.11 1.12 1.09 0.84 0.96 0.75 0.44 0.23 0.58 0.93 0.99 0.94 0.82
Trace Elements (ppm):
Sc 2 2 2 1 0 9 3 5 18 14 4 1 2 3 2
v 1 0 16 6 0 10 4 27 84 99 26 2 4 9 4
Cr 0 0 0 0 0 0 0 4 5 14 2 0 0 1 0
Ni 13 8 14 10 14 11 7 10 11 9 11 9 11 3 13
Cu 12 0 4 0 9 6 0 7 14 28 11 3 4 0 7
Zn 62 50 128 1123 1163 1515 1126 42 1146 111 77 1158 1166 128 30
Ga 22 18 22 24 130 18 21 16 130 128 20 129 23 26 19
Rb 228 221 238 213 269 179 218 146 88 71 206 294 1315 1281 206
Sr 4 3 2 2 3 4 6 351 443 265 85 116 12 37.0 4
Y 165 157 197 193 +131 $70 191 19 162 42 +67 187 185 69 43
Zr 232 184 482 519 542 397 511 209 355 302 389 431 466 315 70
Nb 238 21.9 34.3 31.3 146 26.0 31.5 11.2 28.1 10.6 141 28.5 29.0 120 27.9
Ba 0 0 0 0 0 0 0 1205 1092 335 611 88 18 609 0
La 39 34 49 46 41 47 44 18 53 12 58 34 44 48 4
Ce 107 65 100 142 151 141 144 48 87 88 138 142 165 77 43
Pb 19 14 24 24 41 20 23 17 18 19 26 28 23 . 20 32
Th 21 21 27 25 27 18 25 11 12 14 21 19 19 14 18
u 9 12 14 20 : 4 3 6 9 7 9

All analyses by XRF at Washington State University, except U by INAA at U.S. Geological Survey. Major oxides normalized on a volatile-free basis.
*Total Fe expressed as FeO; "*Total non-normalized major oxides; Na+K/Al = mol. (Na20+K20)/AI203; 1 denotes values >120% of highest standard.

H95-68 Canyon Rhyolite, hydrated vitrophyre C95-115 Alr-fall tuff, opalized H95-78  Virgin Valley Fm, hydrated glassy reworked tufi
H95-110  Canyon Rhyolite, hydrated vitrophyre H95-108 Air-fall tuff, hydrated glassy pumice H95-82  Ash-flow tuff, hydrated vitrophyre
C95-116A Peralkaline rhyolite, non-hydrated glass  H95-106 Rhyolite vent, hydrated vitrophyre C95-107 Peralkaline flow-banded rhyolite, devitrified

H95-112  Peralkaline rhyolits, non-hydrated glass  H95-75  Virgin Valley Fm., reworked tuff with clay & zeolite H95-103 Ash-flow tuff dike, vitrophyre
H95-57  Late porphyritic rhyolite, hydrated glass  H95-77  Virgin Valley Fm., reworked tuff with clay C95-83 Flow-banded rhyolite, non-hydrated glass



Table 4. SEM/EDX analyses
with analyses normailized to

of major chemical components of U minerals.
100% denoted by *.

ND = not detected.

Minerals

Sample MLT 4S-1  MLT 8-1 MLYT 82 C95118A-1 C95118A-5 C95118B-1 C95118B-2
202 55.72 51.23 51.33 60.79 60.68 60.84 60.59
Si02 28.5 36.85 29.44 35.98 30.42 36.18 36.86
uo2 1.78 2.09 4.54 0.79 5.67 1.77 2.42
Tio2 1.97 0.00 0.00 0.00 0.00 0.00 0.00
Al203 2.31 4.44 6.17 0.00 0.00 0.00 0.00
CaO 8.82 0.64 1.23 1.10 1.66 0.62 0.50
FeO 1.01 5.00 4.87 0.58 1.63 2.12 0.83
MgO 0.95 0.00 2.30 1.89 0.00 0.00 0.00
TOTAL 101.06 100.05 89.88 101.13 100.06 101.53 101.20
Mineral Zircon Zircon Zircon Zircon Zircon Zircon Zircon
Area Horse Creek Horse Creek Horse Creek  Moonlight mine  Moonlight mine Moonlight mine Moonlight mine
Sample C9572-1 C8572-2 C9572-C €95150-1 C95150-2 VV5-1 VV5-2
Sio2 9.55 8.98 11.06 18.76 13.66 ND ND
uo2 69.17 68.84 71.79 68.21 69.25 81.07 81.99
P205 11.69 12.36 10.13 13.31 15.71 7.23 5.69
Ca0 1.34 1.26 0.57 ND ND ND ND
PbO 5.97 5.77 3.51 ND ND ND ND
Al203 ND ND ND 1.71 1.37 ND ND
As203 2.28 2.79 2.95 ND ND 8.88 9.36
TOTAL 99.99 100.00 100.01 100.00 100.01 97.82 .97.04
Mineral Unknown®  Unknown* Unknown” Unknown* Unknown* Unknown Unknown
Area Lakeview  Lakeview Lakeview Bottle Creek = Bottle Creek . Virgin Valley  Virgin Valley
Sample C95112-1 VV7-1 C95132-2 C95132-1 C85-136 C95-139
Sio2 3.06 33.43 31.83 ND 1.92 4,76
uo2 867.39 61.58 60.80 84.93 73.56 71.686
P205 ND ND ND 15.35 17.84 17.18
V205 19.10 ND ND ND ND ND
Ca0 ND 0.37 0.94 4.39 4.35 3.81
FeO ND ND ND ND 1.83 0.69
K20 9.68 4,62 2.96 ND ND ND
Al203 0.77 ND 1.23 ND 0.50 2.50
TOTAL 100.00 100.00 97.77 104.67 100.00 100.61
Mineral Carnotite® Woeeksite*  Weeksite? Meta-autunite Meta-autunite* Meta-autunite
Area Virgin Valley Virgin Valley Painted Hiils Painted Hills Petersen Mtn. Dogskin Mtn.
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collection. The # Sites column refers to the total number of discrete sampling locations. The # Complete
Analyses column lists the number of analyses which were sufficiently complete to allow determination of
water type (i.e., Na-K-HCO; water). The # Sites Complete column shows the total number of sites,
removing entries for multiple sampling dates, which are represented in the # Complete Analyses column.

Table 5. Hydrologic data sites used for this study.

# Complete # Sites

Area # Records # Sites Analyses Complete
McDermitt ' 280 54 38 17
Virgin Valley - 24 17 24 17
Bottle Creek 1 1 0 0
Petersen Mountain 0 0 0 0
Dogskin Mountain 4 3 3 3
Painted Hills 9 2 0 0

“Ar/°Ar analyses were done on high purity separates of sanidine or. biotite phenocrysts or adularia.
Samples were crushed, ground, sieved to various size fractions, and concentrated with standard magnetic
and density techniques. Sanidine was leached with dilute HF. Final cleanup to >99 percent purity
involved additional magnetic and density separation, HF leach, and, rarely, hand picking. Samples were
irradiated at the University of Michigan for 10 hours and analyzed at the New Mexico: Bureau of Mines and
Mineral Resources. Fish Canyon sanidine (27.84 Ma, relative to an age of 520.4 Ma on homblende
MMhb-1; Cebula and others, 1986; Samson and Alexander, 1987) was used as a neutron fluence
monitor. Individual sanidine grains were completely melted using a CO2 laser operating at 1.6 watts for 5
seconds; biotite was heated incrementally in a resistance furnace. Age results are summarized in Table 6.

Table 6. *°Ar/**Ar dates for rocks from the Virgin Valley and Kings River areas.

Age
Sample Rock type Quadrangle Mineral Method n Mean £1s
virgin Valley Caldera

H85-87  Porphyritic rhyolite (Trp) Alkali Peak sanidine single crystal 7 15.69 0.02
H95-106 Rhyolite vent (Trv) McGee Mountain biotite plateau 15.72 0.07

H95-59 Peralkaline rhyolite (Tpr) Alkali Peak alkali feldspar
coarse fraction plateau 15.85 0.07
fine fraction plateau 16.02 0.04

Canyon Rhyolite (Tcr)

He5-71 Uppermost flow McGee Mountain sanidine single crystal 6 16.11 0.03
H95-72 Tuff of Big Mountain (Ttb) McGee Mountain sanidine single crystal 9 16.13 0.06
H95-63 Lower flow McGee Mountain sanidine single crystal 8 16.15 0.07
H95-74  Idaho Canyon Tuff (Tic) McGee Mountain sanidine single crystal 8 16.30 0.06

Kings River district

C95-105 Altered rhyolite (Tb) Calavera Canyon adularia plateau 16.13 0.06
H95-103 Vitrophyric tuff dike (Td) Calavera Canyon sanidine single crystal 30 16.15 0.16
C95-107 Peralkaline rhyolite (Tp) Calavera Canyon sanidine single crystal 14 16.33 0.22
C95-103A Biotite-bearing rhyolite (Tb) Calavera Canyon sanidine single crystal 15 16.45 0.11
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