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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), Pops 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 govem 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 McDemitt caidera 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. I ) ,  contains several uranium 
deposits with distinct characteristics. Additionally, uranium deposits occur in volcanic 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 scintillometer. 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 40Ar/39Ar 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. 



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 inadiation 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, lNAA 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, Moonlight 
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 20rnA 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 SEMIEDX mineral analyses performed during this study, which are reported as oxide contents of major 
components in Table 4. In most cases, SEMiEDX analyses are reported with raw totals; however, in some 
cases it was necessary to report normalized values. Because SEMfEDX does not yield information on 
hydroxyl ion content, all 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, none 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 software produced by Earthlnfo (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 
Recommended values 
* standard analysis by 
except as noted. 

Standard 
con1 
con1 
con1 
con 1" 

recorn. values 

con2 
con2 
con2 
con r 

recorn. values 

-priw 
-prins 

recorn. values 

-psm 
-pson 

recorn. values 

Standard 
con1 
con1 
con1 
con 1' 

recorn. values 

con2 
con2 
con2 
con r 

recorn. values 

-fins 
GooQprins 

recorn. values 

mpson  
Wpson 

recorn. values 

Standard 
conl 
con1 
conl 

recom. values 

con2 
con2 
con2 

recorn. values 

-wns 
-prins 

recom. values 

-pson 
Wpson 

recorn. values 

Bid 
0.56 
0.52 
0.38 
0.35 

0.43 
0.41 
0.27 
029 

NBMG control 
determined by 
Bondar-Clegg . 

Ca% 
13.10 
1270 
1290 

13.00 

4.06 
3.53 
3.59 

4.00 

18.6 
19.0 
18.0 

10.10 
9.64 
9.00 

Lu 
0.37 
0.41 
0.41 
0.40 
0.30 

0.17 
0.22 
0.17 
4.20 
0.14 

0.03 
0.03 
NA 

0.02 
0.05 
1.00 

Cud 
22.2 
21.6 
19.3 
21 .o 
23.9 
22.1 
24.3 
24.0 

1212 
1183 
im 
7888 
7531 
7314 

samples con 1, con 2, Sampson, and Goodspring. 
I averaging commercial round robin analyses. 

d element analyzed by USML. Analyses in ppm 

Rb Sr 
€3 397 
68 436 
73 515 
57 
42 460 

25 725 
33 744 
33 893 
31 
33 780 

1 <50 
3 <50 

NA 61 

1 4 0  
3 <50 

NA 33 

Ta W 
0.61 20 
0.62 1.7 
0.71 3.7 
4.50 1.0 
0.41 

0.35 1.5 
0.40 1.6 
0.41 1.1 
4.50 <1.0 
0.44 

0.25 10.3 
0.17 126 
NA 8.0 

0.04 15.1 
0.05 24.4 
NA 19.0 

Mod Pbd 
9.8 5.8 
6.2 5.4 
4.9 4.5 
9.0 4.8 

1.2 29 
1.2 26 
1.3 1.9 
3.0 21 

42.6 >97EU 
42.5 ~9350 
53.0 21083 

151 3256 
147 3183 
146 2963 



Table 2. Selected elemental contents of samples from areas In northwestern Nevada and southeastern Oregon that contain volcanlc rock-hosted U deposits. 
Lattluda Lmaltude 

9 m d e  (dm:.) 
Klngcr Rlwr dhbkt 

Pok Crwk 
C95-96 41:43:51 
C95-97 41:43:51 
C95.98 41:43:51 
C95-69 41:43:03 

Moonlight m l m  
C95-102 41:47:21 
C95404 41:47:19 
C95-105 41:47:17 
C95-107 41:47:20 

1 1 8 0 8 : ~  lntermaaatevolunlc rock 4 
118:0928 AJtered hydite 12 
11808:31 ~ml t l ca l te red  rhyolite 25 
118.09:ll Peralkaline flowbanded mydite. devibified 7 

C95-118A 41:47:18 1180833 Unoddked to prrtly oddized tr&aveln 1,200 
C95.1188 4147:16 1180833 Unoddbed t o ~ & I v  oxld~zedtiecxiaveAn 988 
C95-120 41:47:16 
C95-121 41:47:31 
H95.82 41:43:30 
K T  8' 41:47:16 
MI 484' 41:47:16 

HON. C r M  
C95-122 41:48:00 
C95-123 41:50:29 
M 4 '  41:50:17 
MLT4S' 41:X):17 
MLT 6A' 41:59:21 
MLT 16' 41:48:23 
MLT 1 T  41:48:23 
M T  18' 41:48:23 
M T  1B' 41:48:23 
M T  21' 41:48:23 

ul 
M T  22' 41:48:31 
M T  23. 41:48:32 

B n t x q n l n e  dhtrlot 
Aume drporn 

C95-80 42:01:59 
C95-90 42:01:59 

RrUz mhb 
C95-91 42:02:46 
C95-92 42:02:50 
C95-93 42:02:53 

c o n m d  Cr& 
C95-94 42:02:59 

Opaln. m l m  
C95-95 42:03:09 

i i a : w ~ 3  o d a z e d t r i a  . 
118.09:37 Llmnltlc brecda 
118:07:42 Ash+flOw Mt. hydrated vibC@rd 
11808:33 Oddfed trecda horn prM 01 lndlne 
118:09:33 Oddled trecda 

11808:45 Flow-banded fhydlte 
11808:14 Rhydlte wim ulfide 
118:09%0 30Brsafa with slica m d  rGMde(7)In rmmx 
118.09:30 Rhydie with addB 
I 1608:13 B r M a  with llmnite and hemaUte 
1 i808:47 a111 me. tiecdawith WInde 
1 18W:47 Drill me.  quartz - wlmde vein 
11808:47 Drill me. sMda veins In brecdatedrhyolite 
1 l8M:47 Drill w e ,  brecda with SUM& 
i18m:47 WII me,  stlnde - nuaite velm 
1 1 8 ~ s  mecdmed rhydite with hemafile 
118.0959 &&ate4 hydlle wih l l d i e  

117:5356 Silldfiedrhydlte 
1175407 UUmoUcacaia 
11754:11 Silldned mdc with SuMdd 

11755:16 Silidled shde wnh petrified w d  lragmenta 

Vlrgh Valley 
C95-110 41:47:52 
C95-111 41:47:45 
C95-112 41:47:37 
C95.113 41 :47:53 
C95-114 41:47:53 
C95-115 41:47:00 
C95-115 41 :47:00 
C95-116 41:44:18 
CS-116a 41:44:18 
C95-I24 41:47:48 
W-2  41:47:46 
W-5  41 :47:50 
W-6 41:47:56 
W - 7  41:47:58 
W - 9  41:47:01 
W-11 41:47:00 
H95-57 41:31:18 
HE-64 41:51:54 
H95.75 41:49:24 
HW-77 41:50:18 
H95-78 41:50:18 

119S:17 Canyon Rhydlte. HgHy rado&ve 
119S:33 Canyon Rhydite 
119M24 Bedded Wil wim U mlned on i r k tue  
t ie~osos Ll&te 
11B:OS:M Alr.tdl Ml wlm opal f zedlte 
1191)5:45 Opelized alr-id w H  
1191)5:45 Opallzed alr-fall bin 
t lB0830 ~erdke t in  rhyolite, now-banded. dwlmned 
1190830 Perdkalln thyolite. nm-hydrated glow 
1 1 9 S 0 5  Opalked wood f sulfide 
1 1 9 . 0 6 ~  Brown opal 
1 1 9 S S  Argllllred Mf 
119S:12 Zeolitbed N H  
119.06:16 Hlghly radioactive breccia h ft~yollte 
ll91)5:47 Fluorescent opal replacing dlatornlte 
119%:45 FborPsCent opal with Mn oxide 
1190724 Late porphyrttk rhyolite, hydrated glass 
118:%:12 Canyon Rhydlte. hydrated vllrophyrd 
11993:18 Vlrgln Valley Fm. reworked Mi with day L zedlte 
11904:48 Vlrgln Valley Fm. reworked M1 wllh day 
119TX:48 Vlrgln Valley F m  hydrated glmsy reworked Mi 
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Table 2 (continued) 

s m p l r  ZI 
Klnge Rlmdlablot  

Poh C r r k  
C95-96 3,550' 
CBS-97 280 
C95-98 461 
C95-Q9 1.270 

Moonllpht mln. 
CBS-102 288 
C95-lo4 299 
C95-105 382 
C95.107 62 1 
CBS-118A 6.690 
C95.1188 13.500 
C95-120 33.100' 
C95-121 6.960 
H95.82 406 
K T 8 '  49,500 
AA1484' 20,000 

none crnk 
C95-122 461 
CBS-123 526 
K T  4' 3.300 
K T 4 S '  8.000 
K T 6 A a  2,200 
MLT 16' 400 
K T  1 7  490 
K T  18' 810 
K T  19' 
K T  21' 
K T  22. 540 
K T  23' 670 

~r4e-op.tn4a1~tm 
Aumra d .paR 

C95-89 159 
CQ5-90 106 

Erbu m h r  
C95-91 350 
C95.92 81 1 
CQ5-93 669 

conanrrrcod C r r k  
C95.94 93 

Opalno mltl. 
C95-95 1.620' 



Bottle Creek 
C-95147 
C-95-148 
C95-149 
C-95150 
C-95151 
C-95152 
C-95153 
C-95154 

Unnurlrd r INAA (USOS), t r QFAA (USML).-f I ICP ES (USML).* I N M  Bondr Ckgg 



Table 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 
Sam~le H95-68 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 
~ a p b n i t  Tcr Tcr 
Longitude 11 8 58.2 119 06.3 
Latitude 41 51.9 41 48.9 

Major oxides (wt. %) 
Si02 76.87 77.20 
Ti02 0.15 0.13 
A1203 12.23 11.95 
FeO" 1 .I 1 0.93 
MnO 0.06 0.06 
Mg0 0.07 0.17 
CaO 0.28 0.28 
Na20 2.63 2.79 
KZO 6.57 6.48 
~ 2 0 5  0.01 0.01 
Total** 98.68 99.01 
Na+KIAI 0.94 0.97 

Trace Elements (ppm): 
Sc 2 2 

co V 1 0 
Cr 0 0 
Ni 13 8 
Cu 12 0 
Zn 62 50 
Ga 22 18 
Rb 225 221 
Sr 4 3 
Y t65 t 57  
Zr 232 184 
Nb 23.8 21.9 
Ba 0 0 
La 39 34 
Ce 107 65 
Pb 19 14 
Th 2 1 2 1 
U 9 

Tpr Tpr Trp Tva Tva Trv T w  Tvv Tvv 
11908.5 11925.3 11907.6 11905.8 11906.4 11859.2 11903.3 11904.8 11904.8 
41 44.3 41 55.4 41 31.3 41 47.1 41 45.6 41 47.6 41 49.4 41 50.3 41 50.3 

All analyses by XRF at Washington State University, except U by INAA at U.S. Geological Survey. Major oxldes normalized on a volatile-free basis. 
"Total Fe expressed as FeO; *"Total non-normalized major oxldes; Na+WAI = mot. (Na20+K20)/Al203; t denotes values >120% of highest standard. 

H95-68 Canyon Rhyolite, hydrated vitrophyre C95-115 Air-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 Peralkallne rhyolite, 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. SEMIEDX analyses of major chemical components of U minerals. Minerals 
with analyses normalized to  100% denoted by *. ND = not detected. 

Sample 
Zr02 
Si02 
U02 
Ti02 
A1203 
CaO 
F a  
MgO 
TOTAL 
Mineral 
Area 

Sample 
Si02 
U02 
P205 
CaO 
Pbo 
A1203 
As203 
TOTAL 
Mineral 
Area 

Sample 
Si02 
U02 
P205 
V205 
CaO 
Feo  
K20 
A1203 
TOTAL 
Mineral 
Area 

MLT 4s-1 MLT 8-1 MLT 8-2 
55.72 51.23 51.33 

28.5 36.65 29.44 
1.78 2.09 4.54 
1.97 0.00 0.00 
2.3 1 4.44 6.17 
8.82 0.64 1.23 
1.01 5.00 4.87 
0.95 0.00 2.30 

101.06 100.05 99.88 
Zircon Zircon Zircon 

Horse Creek Horse Creek Horse Creek 

C951 18A-1 C95118A-5 C95118B-1 C95118B-2 
60.79 60.68 60.84 60.59 
35.98 30.42 36.18 36.86 
0.79 5.67 1.77 2.42 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
1.10 1.66 0.62 0.50 
0.58 1.63 2.12 0.83 
1.89 0.00 0.00 0.00 

101.13 100.06 1 01.53 101.20 
Zircon Zircon Zircon Zircon 

Moonlight mine Moonlight mine Moonlight mine Moonlight mine 

C9572-1 C9572-2 (29572-C 
9.55 8.98 11.06 

69.1 7 68.84 71.79 
11.69 12.36 10.13 

1.34 1.26 0.57 
5.97 5.77 3.51 

ND ND ND 
2.28 2.79 2.95 

99.99 100.00 100.01 
Unknown" Unknown* Unknown* 
Lakeview Lakeview Lakeview 

C95150-1 
18.76 
66.21 
13.31 

NO 
ND 

1.71 
ND 

100.00 
Unknown* 

Bottle Creek 

C95150-2 
13.66 
69.25 
15.71 

ND 
ND 

1.37 
ND 

100.01 
Unknown* 

Bottle Creek 

VV5-1 
ND 

81.07 
7.23 
ND 
ND 
M) 

8.88 
97.82 

Unknown 
Virgin Valley 

C95112-1 VV7-1 
3.06 33.43 

67.39 61.58 
ND M) 

19.10 ND 
ND 0.37 
m ND 

9.68 4.62 
0.77 ND 

100.00 100.00 
Carnotite" Weeksite* 

Virgin Valley Virgin Valley 

C95132-2 
31.83 
60.80 

ND 
M) 

0.94 
ND 

2.96 
1.23 

97.77 
Weeksite? 

Painted Hills 

C95132-1 C95-136 
ND 1.92 

84.93 73.56 
15.35 17.84 

ND ND 
4.39 4.35 

Fg) 1.83 
ND ND 
M) 0.50 

104.67 100.00 
Meta-autunite Meta-autunite* 

Painted Hills Petersen Mtn. 

VV5-2 
ND 

81.99 
5.69 
M 
N) 

fa 
9.36 

.97.04 
Unknown 

Virgin Valley 

C95-139 
4.76 

71.66 
17.18 

ND 
3.81 
0.69 
ND 

2.50 
100.61 

Meta-autunite 
Dogskin Mtn. 



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 - 2 4 17 2 4 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 

@ArPAr 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 hornblende 
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 C02 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. 40Ar/39Ar dates for rocks from the Virgin Valley and Kings River areas. 

Virgin Valley Caldera 
H95-57 Porphyritic rhyolite (Trp) Alkali Peak sanidine single crystal 7 15.69 0.02 
H95-106 Rhyolite vent (Tw) McGee Mountain biotite plateau 15.72 0.07 
H95-59 Peralkaline rhyolite (Tpr) Alkali Peak alkali feldspar 

coarse fraction plateau 15.95 0.07 
fine fraction plateau 16.02 0.04 

Canyon Rhyolite (Tcr) 
H95-71 Uppermost flow McGee Mountain sanidine single crystal 6 1 6.1 1 0.03 
H95-72 Tuff of Big Mountain (Ttb) McGee Mountain sanidine single crystal 9 1 6.13 0.06 
H95-63 Lower flow McGee Mountain sanidine single crystal 8 16.1 5 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 3 0 1 6.15 0.1 6 
C95-107 Peralkaline rhyolite (Tp) Calavera Canyon sanidine single crystal 1 4 16.33 0.22 
C95-103A Biotite-bearing rhyolite (Tb) Calavera Canyon sanidine single crystal 15 16.45 0.1 1 
















































































































































