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well (Dalrymple et al., 1999) 

well (this study) 

inferred extent of GPC at 7000 ft.b .sl. 

approximate outline of steam field 
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compiled (rom Hulen and Wallers (1993), Hearn et al. (1995), Nor/on and Hulen (2001) 
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The Geysers Plutonic Complex (GPC) Cobb Mountain Volcanic Center (CMVC) 

~ hbl-px-bt-granodiorite 1= "': · · 1 Cobb Valley Dacite 

V~ /":;, /1 px-hbl-granite ~==========3 Cobb Mountain Dac,ite 

~ leucocratic biotite microgranite H ~~:~:~:~ I Alder Creek Rhyolite 

well sampled depth (m.b. sl.) sampled depth (m.b.sl.) 

OF21C·12 1793· 1885 9 ANG·1 2425-2428 

5824 1691-1795 10 5F74F·21 21 30-2140 2469-2479 2835-2845 

DX84 2434-2446 11 PDC2 1250-1 256 

GDCF 123·19 1049-1110 1781-1842 12 FF52 1930-1 933 

LF23 2058-206 1 13 DV2 195-1 98 878-881 1566-1569 

LF40·ST3 1793-1 827 14 DV· 25 ST2 61 4-11 33 

GDC·5 1813-1 839 15 NCPAJ5 1983-2227 

LF48 1585-1588 16 NCPA J4 1931· 1989 

17 NEGU 2 1272-1 315 



Intrusive emplacement and thermal history of the Geysers Plutonic Complex, northern 
California: New insights from in-situ U-Ph zircon dating 

Ax;el K. Schmitt, Marty Grove, T. Mark Harrison, Jeffrey Hulen, Mark Walters 

The Oeysers Plutonic Complex (OPC) is a unique example of a Quaternary intrusion that 
is exposed at shallow subsUlface levels (-0.7 Ian depth). It spatially overlaps with a 
major sUlface heat-flow anomaly that is associated with one of the world's largest 
geothelmal fields, known as The Geysers. Based on drill hole penetration, the GPC 
appears as an elongated northwest-trending keel shaped body which has an areal extent of 
-50 lan2

. It has been petrographically subdivided into microgranite porphyry, granite and 
granodiorite and compositional similarities of these subunits linked them to the extrusive 
rhyolites and dacites from the Cobb Mountain Volcanic field (CMVF) that overly the 
OPC at its eastern margin, but little is known about the relative timing of the intrusive 
and related volcanic activities . Age determination of the OPC requires in-situ techniques 
due to xenocrystic contamination of drill cuttings that are generally the only available 
matelials from the OPC. Meaningful ages reported in the literature are limited to four 
samples from the OPC granite unit that range from 1.13 to 1.25 Ma e38Upo6Pb ages 
uncorrected for initial 230Th-deficit). Here we present U-Pb zircon ages for an extended 
sample set that covers all subunits of the GPC and the CMVF. These ages provide new 
constraints on the onset and duration of intrusive emplacement of and eruptive tapping 
from a shallow magma body. 

Apparent 238Upo6Pb ages (1.52 - 1.74 Ma, 10' uncertainty typically <5 % relative) for 
five samples of microgranite porphyry including a microgranitic dike rock exceed the 
ages determined for the granite and granodiorite units (1.13 - 1.25 Ma, 14 samples total). 
One well at the eastern margin of the OPC penetrated 0.8 Ian of previously unidentified 
biotite-orthopyroxene-hornblende granite that yielded slightly younger 238Upo6Pb ages 
between 1.05 and 1.08 Ma (three samples). U-Pb ages from the CMVF (1.20 - 1.24 Ma, 
four samples) closely overlap with the age range of the granite and the granodiorite. 
Initial 230Th deficit in zircon results in radiogenic 20Gpb contents that are on average by 5-
10 % too low, and therefore an average +0.10 m.y. age cOlTection is required. After 
applying this conection, we obtain an average zircon crystallization age for the CMVF 
that is about 0.20 m.y. older than the eruption ages implied by Ar-Ar sanidine ages (1.15 
± 0.01 to 1.01 ± 0.06 Ma). The eruption ages are close to the cOlTected zircon 
crystallization ages of the biotite-orthopyroxene-hornblende granite. 

The data indicate a complex intrusive history for the GPC and a time span of at least 0.8 
m.y. for its formation. Volcanic activity is temporally and spatially linked to the last 
intrusive phase but the erupted magmas appear to consist of remobilized older materials 
of previous intrusions. Intrusive activity within the main body of the OPC ceased at -1.0 
Ma which suggests that the OPC at its presently known extent is unlikely to be the heat 
source for the present-day heat-flow anomaly at the Geysers steam field. 
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. um. i 2 2 2 020a .0 nO .0 020 0 ... 20- 205 otnl ola- i 2"N I02*N 20S*N 02 :3 N • oN nOoN OoN • N Na20· 
M. km3 

Flat " 1.71 58.5 0.72 16.80 1,60 3.50 0.07 4.80 7.40 3.20 1,40 0.59 0.14 0.19 98.91 98.1S 59.58 0.73 17.1' 1.63 3.56 0.07 4.89 7.54 3.26 1.'13 0.19 5.03 
I.t ~ -I!- 1.71 60.0 0.74 16.90 0,97 4.10 0,08 4.70 7.80 3.30 1.30 0.31 0.02 0.18 100.40 100.07 59.96 0.74 16.B9 0.97 4.10 0.08 4.70 7.79 3.30 1.30 0.18 4.97 

1.05 0.37 68.0 0.52 16.80 1.90 1,10 0.06 0.72 2.50 3.50 3.20 1.50 0,82 0.15 99.n 97.45 69,78 0,53 16.21 1.95 1,13 0.06 0.74 2.57 3.59 3.28 0.15 2.88 
1,05 0.37 66.84 0.716 1S.89 3.aa O.OSO 1.14 3,69 3.71 2.97 0.1S1 99.06 99.06 67.48 0.72 16.04 3.92 0,00 0,06 1.15 3.72 3.75 2.99 0.1S 3,53 
1.08 0.04 85.3 0.53 15.70 0.67 2.70 0.05 3.10 3.50 3.80 2.50 0.49 0.05 0,19 98.58 98.04 66.61 0.54 16.01 0.68 2.75 0.05 3.16 3.57 3.88 2.55 0.19 3.37 
1.08 0.04 65.79 0.S1S 17.47 4.1 0 0.055 2.57 1,74 3.085 2.78 0 0 0.13 98.335 98.335 66.90 0.63 17.n 4.17 0.00 0.06 2.61 1.n 3.14 2.83 0.13 3.75 
1.08 0.04 64.7 0.50 16.60 . 1.80 1.90 0.05 2.50 3.20 3.40 2.40 1.40 0.78 0.17 99.40 97.22 66.55 0.51 17.07 1.85 1.95 0.05 2.57 3.29 3.50 2.47 0.17 3.62 
1.10 4.1 69.97 0.355 14. 2.72 0.046 1.27 2.52 3.24 3.91 0.094 98.47 98.47 71.06 0.36 14.57 2.76 0.00 0.05 1.28 2.56 3.29 3.97 0.10 2.40 
1.10 4.1 - 72,4 0.18 15.30 _ 1.50 0.32 0.01 0.25 1.00 2.80 4.00 1.40 0.33 0.04 99.53 97.80 74.03 0.18 15.64 1.53 0.33 0.01 0.26 1.02 2.86 4.09 0.04 1.71 

'de ..{!- -+ 1.11 4.1 66.4 0.48 16.60 2.20 1.20 0.06 1.50 3.30 3.20 2.90 0.52 0.58 0.10 99.04 97.94 67.80 0.49 16.95 2.25 1.23 0.06 1.53 3.37 3.27 2.96 0.10 3.25 
1.10 4.1 74.1 0.22 14.20 1.10 0.52 0.03 0.50 1.20 3.60 4.20 0.67 0.15 0.03 100.52 99.70 74.32 0.22 14.24 1.10 0.52 0.03 0.50 1.20 3.61 4.21 0.03 1.51 
1.10 4.1 71.6 0.25 14.80 1.50 0.60 0.00 0.77 1.60 3.30 3.40 1.20 0.51 0.11 99.64 97.93 73." 0.2. ,5.1' 1.53 0.61 0.00 0.79 1.63 3.37 3.47 0.11 1.99 



Worksheet1 

CLEAR LAKE VOLCANICS 

Sample# Description symbo cod e age volume 
B 195 2 It. Republic Core Boggs 1 rbp r 
H 72.52 obsid, Borax L rb r 0.09 0.087 
H 73.09 A rhy, Bonanza Spgs tuff rbp r 1.02 1.6 
H 75.39 rhy, Hildebrand rh r 0.55 0.001 . Carmichael Bottle R. obsid ro r 
RLS obsid, Manning Flat ro r 0.50 6.2 
B 1756 It. Republic Core Boggs 1 rbp r 
H 75.47 obsid, Napa Glass Mtn sv sv 
H 72.73 D-1 obsid, Camelback Ridge ro r 0.55 
H 73.4 B obsid vent ENE Mcintire rh r 
H 72.53 C bi rhy, Cole Ck rcc r 0.50 0.93 
H 73.69 C bi rhy E Kelsey-Cobb Fire r r r 
H 73.31 A rhy pum, N 01 Mcintyre Cr rh r 
H 75.32 B rhy, Bonanza Spgs, obsid rbp r 1.02 
FG 173 75 rhy, welded tuff, Sonoma V. sv sv 
H 76.17 rhy, Alder Ck ra r 1.10 
CL 216 bi rhy, Red Hills Rd. rrp r 0.50 0.066 
H 74.61 B bi rhy, NE Mt. Olive rpo r 0.55 0.013 
CL 181 rhy, Milky Ck rm r 0.60 0.27 
H 74.65 A bi rhy, Honeycutt rps r 0.54 
H 72.44 C rhyolite, Cobb Mt ra r 1.10 
H 73.75 D rhy, Cobb Mt ra r 1.10 4.1 
H 73.66 E bi rhy 1mi E Mt. Olive rcl r 0.50 0.016 
B 1437 It. Republic Core Boggs 1 dhf r 
CL 486 rhy, Pine Mtn rpm r 2.06 0.02 
CL 520 rhy pum nr. Steinhart Lakes rsl d 
H 73.48 dac, Kelsey Ck gorge dkc r 0.55 0.47 
H 73.64 C dac, Mt. Olive do r 0.53 0.58 
H 75.21 F dac, N of Camel's Hump dch d 0.59 
H 77.01 B sandstone, GV seq under aph gv gv 
H 76.46 A dac, Sugarloaf dsl d 0.60 0.31 
H 74.63 C dac, Shaul Spg dss? d 0.7 
H 73.18A dac, Sulphur Mound Mine dsm d 0.57 0.78 
61 WCL 1 dac, Horseshoe Bend, by CW dh d 0.35 1.55 
CL 540 dac, xl-rich, NNE Wright Pk dk d 0.35 0.097 
H 72.51 A dac of Cobb Mt dc d 1.05 0.37 
H 74.45 dac, Camel's Hump dch d 0.59 0.29 
CL 85 pyx dac, Loch Lomond dd d 0.92 0.47 
MH 1006 core, dac, Harrington Flat? dhm d 0.90 
CL 118 Igi rhy, Anderson I, glass sep. dh d 0.40 
MH 860 core, dac, Mt. Hannah dhc d 0.90 
H 73.52 dac, Seigler Mt ds d 0.61 0.47 
H 72.1 C-1 dac, Loch Lomond, H73-10C d I d 0.90 0.58 
H 75.05 A dac, Rockledge dr d 1.20 0.001 
CL 485 dac, Turner Flat dtf d 2.10 
H 72.7 B dac, Seigler Mt ds d 0.61 
H 72.24 dac, Wright Pk dwp d 0.35 0.2 
B 1427 It. Republic Core BoQ.9s 1 dhm d 0.90 
H 72.22 A dac, South Pk., Konocti dbr d 0.35 
CL 480 dac, Appletree Ck da d 2.10 0.002 
H 72.46 B dac, Soda Bay dsb d 0.40 
H 74.62 D dac, Peacock Point dpp d 0.60 0.027 
H 72.27 I::! dac, N~ Split- I op Ridge dd d 0.92 
CL 203 dac, Soda Bay dome dsb d 0.41 5.1 
H 76.26 B dac, Ely Ridge dko d 0.45 0.41 
H 76.59 rhy, SE Cobb Mt ra d 1.11 
H 73.57 A dac, Henderson PI. dhp d 0.40 0.7 
CL 493 dac, Cache Ck dcc d 0.40 0.12 
CL 383 coarse-gr dac, Mt. Hannah dhc d 0.90 
CL 407 dacite of Plum Flat dpf d 0.45 1.05 
H 73.9146 Ipyx dacl Boggs L db d 0.98 0.039 
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Worksheet1 

CLEAR LAKE VOLCANICS 

Sample# Description symbo code age volume 
CL 543 dacite, Grizzly Pk dg d 
CL 386 dac, Harrington Flat dhf d 0.90 0.25 
H 74.74 A dac E. of Shaul V. dsv d 0.45 0.31 
H 74.9119 dac, Pinkeye Lake dpl d 0.48 0.19 
H 75.09 B dac, glassy, Cobb V. dcv d 1.08 0.04 
H 72.5 dac, Cobb Valley dcv d 1.08 
H 76.23 B dac, Benson Ridge? dbr d 0.35 
CL 268 Thurston Dac=CI 15 dt d 0.45 1.7 
H 76.18 dac, Buckingham Bluffs dbb d 0.40 2.7 
H 72.57 A dac, Chalk Mt dcm d 0.90 0.009 
CL 269 dac, Cache Ck dhi d 0.52 0.12 
H 76.17 D dac, xl-poor, NNE Wright Pk dk d 0.35 
H 77.01 A incl, schist, Perini aph i 
H 72.55 D dac, Mt. Hannah dhm d 0.90 
H 75.4 dac, Clearlake Park dcp d 0.10 0.027 
H 75.01 B dac, Tyler Valley dtv a 0.84 0.003 
H 74.46 C dac in diatreme, Camel's Hu ddb d 
H 72.55 J dac, Mt. Hannah dhm d 0.90 0.093 
CL 267 dac, Konocti Bay dkb d 0.45 1.6 
H 74.5 dac, Vulture Rock dv d 0.44 0.16 
CL 266 dac, Fraser PI. df d 0.40 3.7 
H 73.8 A dac, Wheeler PI. dw d 0.45 0.35 
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Worksheet1 

CLEAR LAKE VOLCANIC I I I 
Normalized analyses, volatile-Iree 

Sample# Si02*N Ti02*N A1203*N Fe203*N FeO*N MnO*N MgO*N CaO*N Na20*N K20*N P205*N 
B 195 2 It. 77 .6 0 .09 13.28 0 .21 0 .66 0 .03 0 .10 0 .90 2 .78 4.32 0 .00 
H 72.52 76 .7 0 .03 12.96 0 .31 0 .72 0.00 0.45 0 .67 3.62 4.52 0 .03 
H 73.0 9A 75 .9 0.05 13.75 0.53 0 .89 0 .03 0 .1 2 0 .81 3 .64 4 .25 0 .03 
H 75 .39 75.9 0.27 13.75 0.51 0.71 0.02 0 .22 1 .04 2.94 4 .62 0.00 . 75.5 0 .26 13.17 0 .19 1.06 0 .03 0.22 1.10 3 .55 4.86 0.03 
RLS 75.5 0.24 13.28 0 .28 1 .04 0 .03 0 .22 1.02 3.53 4.85 0 .03 
B 1756 It. 75 .5 0 .09 13 .83 0.30 1 .00 0 .04 0 .20 0 .92 3 .91 4.21 0.05 
H 75.47 75.4 0.13 13.29 0.65 0.85 0 .02 0 .26 0.63 4 .36 4.36 0 .05 
H 72.73 0-1 75 .1 0 .21 13.82 0.10 1.20 0.00 0 .29 1 .00 3.61 4.61 0 .06 
H 73 .4 B 75 .1 0 .25 13 .55 0.31 1 .22 0 .02 0.33 1.12 3.46 4 .59 0 .05 
H 72 .53 C 75 .0 0 .27 14 .29 0 .48 0.79 0.01 0 .15 1.04 3.21 4.76 0.01 
H 73.69 C 74 .8 0.30 13 .80 0 .10 1.41 0.00 0 .35 1 .21 3 .63 4.33 0.09 
H 73 .31 A 74 .7 0 .25 14 .73 0 .52 0 .96 0.00 0.25 1.04 3 .13 4.39 0 .05 
H 75.32 B 74.7 0 .07 14.87 0 .25 1 .00 0 .02 0 .16 0 .84 3.72 4 .32 0 .07 
fB 173 75 74 .6 0.26 14.33 1.32 0 .24 0 .03 0.11 0 .59 4 .17 4 .27 0 .08 
H 76 .17 74.3 0 .22 14 .24 1 .10 0 .52 0.03 0.50 1 .20 3.61 4 .21 0 .03 
CL 216 74 .3 0.26 14.59 0.41 0.95 0.04 0.12 1.55 3.21 4.55 0 .04 
H 74 .61 B 74.3 0 .23 13 .97 0 .80 0 .96 0.03 0.50 1 .50 3 .39 4.29 0.07 
CL 181 74 .1 0 .14 14.82 0 .77 0.40 0.05 0 .27 1.51 3 .63 4 .24 0 .04 
H 74 .65 A 74.1 0 .28 14.96 1 .32 0 .57 0.00 0.34 1.02 2 .85 4 .58 0 .01 
H 72.44 C 74 .0 0 .18 15 .64 1.53 0 .33 0.01 0 .26 1.02 2 .86 4 .09 0 .04 
H 73 .75 0 73 .1 0 .26 15 .11 1.53 0 .61 0 .00 0 .79 1 .63 3.37 3.47 0 .11 
H 73.66 E 72 .9 0.36 14.93 0.93 1.24 0 .00 0 .58 1 .54 3 .09 4 .33 0 .09 
B 1437 ft . 72.3 0 .35 15 .17 0 .72 1 .23 0.04 0.92 2.46 3.28 3.49 0 .05 
CL 486 72 .3 0.32 14 .43 0 .57 1 .56 0 .03 0.84 1 .77 3 .53 4.57 0.10 
CL 520 72 .3 0.27 15 .68 1 .02 1.03 0.03 0 .28 2 .26 3 .44 3 .65 0 .08 
H 73 .48 72 .2 0 .31 14 .20 1.41 0 .77 0 .04 1 .61 2.42 3.42 3.53 0.08 
H 73 .64 C 71.7 0 .35 14.16 2 .04 0 .57 0.05 1 .73 2 .55 3 .26 3.46 0.12 
H 75.21 F 71.3 0 .37 14.36 1.54 0.90 0.04 2 .77 3 .38 3 .69 1.54 0.11 
H 77.01 B 71 .1 0 .49 12.90 1.42 1.42 0.25 1 .02 7.11 2 .51 1 .64 0 .16 
H 76 .46 A 70.8 0.45 15.10 2.53 0 .41 0 .04 1.11 2.03 3.55 3 .85 0 .10 
H 74 .63 C 70.8 0.41 14 .77 2 .04 0 .73 0.05 1.32 2.44 3.46 3 .87 0.11 
H 73.18 A 70 .8 0.41 15.82 2 .19 0.92 0 .02 1 .25 1.87 3 .12 3.54 0 .11 
61 WCL 1 70 .5 0 .35 15.90 1.44 1.13 0 .05 1 .13 2 .67 3.49 3 .28 0 .11 
CL 540 70 .2 0 .43 15.28 0 .79 1 .86 0 .05 1.34 2 .79 3 .30 3.82 0 .15 
H 72.51 A 69.8 0 .53 16.21 1.95 1 .13 0 .06 0.74 2.57 3.59 3.28 0.15 
H 74.45 69 .7 0.43 14.44 0.82 1.84 0 .03 2 .36 3 .07 3.48 3.69 0 .11 
CL 85 69.7 0 .69 15.20 0.40 2 .21 0 .04 1.61 3 .02 3.62 3.42 0.10 
M1 1006 69.4 0.41 15 .51 0 .94 1.84 0.04 1.53 3.37 3.47 3 .37 0.13 
CL 118 gl 69.3 0 .40 15.89 0 .41 2.24 0.04 1.53 3.36 3.26 3.46 0.15 
M1 860 69 .2 0 .42 15.27 1 .51 1.51 0.03 2 .01 3 .52 3 .31 3.11 0 .12 
H 73.52 69 .1 0 .52 15.57 1.02 2.15 0 .05 1 .64 3 .18 3 .18 3.38 0 .17 
H 72.1 C-1 69.1 0.47 15.49 1.41 1.71 0.03 1.41 3.32 3.62 3 .32 0.12 
H 75 .05 A 69 .0 0 .49 15 .65 3 .15 0 .69 0.02 0.84 3 .15 3 .76 3 .05 0 .18 
CL 485 68 .8 0 .44 15 .61 0 .28 2.45 0 .04 2 .04 3 .57 3.47 3.16 0.19 
H 72 .7 B 68 .5 0 .55 16 .01 1.94 1.43 0 .06 1.73 3 .16 3 .26 3.16 0 .18 
H 72.24 68 .5 0 .50 15 .88 1.42 1.62 0 .04 1 .92 3.44 3.34 3.24 0.15 
B 1427 ft. 68.4 0 .47 15 .84 0 .71 2 .52 0.06 2.22 3 .63 3 .23 2.82 0 .09 
H 72.22 A 68.4 0.44 16.35 1.23 1.75 0 .02 1.54 3 .91 3 .29 2.88 0 .22 
CL 480 68.3 0 .51 15 .59 0 .64 2.46 0.05 2.36 3 .28 3.49 3 .08 0.21 
H 72.46 B 68.2 0 .39 16 .56 1.20 1 .6 1 0 .02 1.91 3.81 3 .31 2 .81 0.15 
H 74.62 0 68.1 0.52 14 .94 1.64 1.84 0.02 2.76 3 .68 3.38 2.97 0.17 
H 72.27 B 68.0 0 .43 15.72 0.61 2.33 0 .01 1 .72 3.45 4 .36 3 .25 0 .16 
CL 203 67 .9 0.43 17 .32 0.82 1 .84 0.05 1 .54 3.48 3 .07 3.38 0.13 
H 76 .26 B 67.9 0.49 15 .10 0 .78 2.30 0.06 2 .90 3.80 3 .50 3 .00 0 .19 
H 76 .59 67 .8 0 .49 16.95 2 .25 1 .23 0 .06 1.53 3.37 3 .27 2 .96 0 .10 
H 73 .57 A 67.5 0 .6 1 15.16 0 .95 2 .4 4 0.04 2.75 3.87 3 .15 3 .36 0 .19 
CL 493 67.4 0 .48 15 .66 0.68 2.46 0 .05 2.46 4.09 3.27 3.27 0.15 
CL 383 67 .4 0 .52 16 .60 1 .64 1.74 0.05 1 .8 4 3.38 3.48 3 .18 0 .15 
CL 407 67.3 0 .5 4 15.76 1 .12 2.03 0 .04 2.64 3.56 3.46 3.46 0 .10 
H 73.9146 67 .3 0.40 14.69 0.40 2 .90 0.00 3.80 4.20 3 .50 2.70 0.15 
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Worksheet1 

CLEAR LAKE VOLCANIC 
Normalized analyses, volatile-free 

Sample# Si02*N Ti02*N A1203*N Fe203*N FeO*N MnO*N MgO*N CaO*N Na20*N K20*N P205*N 
CL 543 67.0 0.26 14.76 1.00 2.09 0.05 5.19 2.69 4.29 2.49 0.14 
CL 386 66.8 0.59 15.85 0.71 2.74 0.05 2.24 4.06 3.15 3.66 0.10 
H 74.74 A 66.8 0.46 16.29 1.22 2.14 0.06 2.85 3.87 3.36 2.85 0.13 
H 74.9119 66.7 0.65 15.67 1.33 2.46 0.04 3.07 3.28 3.48 3.18 0.15 
H 75.09 B 66.6 0.54 16.01 0.68 2.75 0.05 3.16 3.57 3.88 2.55 0.19 
H 72.5 66.6 0.51 17.07 1.85 1.95 0.05 2.57 3.29 3.50 2.47 0.17 
H 76.23 B 66.4 0.55 16.66 0.86 2.44 0.05 2.03 4.27 3.56 2.95 0.19 
CL 268 66.2 0.44 15.35 1.81 2.51 0.06 3.51 3.81 3.21 2.91 0.18 
H 76.18 65.8 0.59 16.68 1.42 2.12 0.05 2.83 4.25 3.44 2.63 0.18 
H 72.57 A 65.7 0.39 14.93 1.52 2.64 0.08 5.58 3.15 3.86 2.03 0.12 
CL 269 65.5 0.48 14.86 0.61 3.05 0.06 5.09 4.48 3.05 2.54 0.22 
H 76.17 D 65.4 0.54 16.96 0.67 2.71 0.05 2.71 4.82 3.41 2.51 0.17 
H 77.01 A 65.4 0.76 17.06 3.86 2.13 0.11 2.44 4.98 1.83 1.22 0.19 
H 72.55 D 65.4 0.47 17.11 1.42 2.43 0.04 3.04 4.25 3.04 2.63 0.18 
H 75.4 64.9 0.86 14.23 0.59 4.44 0.08 3.43 5.05 3.43 2.83 0.18 
H 75.01 B 64.9 0.50 16.92 0.80 2.68 0.06 2.78 5.16 3.61 2.48 0.13 
H 74.46 C 64.9 0.71 15.75 0.79 3.47 0.07 3.37 5.05 3.57 2.18 0.17 
H 72.55 J 64.7 0.58 16.13 1.22 2.84 0.06 3.04 5.17 3.45 2.64 0.15 
CL 267 64.7 0.62 15.83 0.60 3.33 0.07 3.83 5.14 3.33 2.32 0.22 
H 74.5 64.7 0.55 14.72 0.60 3.61 0.06 4.91 5.31 3.20 2.20 0.15 
CL 266 64.5 0.49 16.99 1.01 2.81 0.04 3.42 5.03 3.22 2.31 0.15 
H 73.8 A 64.0 0.55 15.65 0.80 3.11 0.05 4.92 4.61 3.41 2.71 0.18 
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FROt'1 UNOCAL S. R·OSA 3. 6.1991 13:46 P. 2 

t±oMP~'tE- ~PLL ~VEiJ ~ 
TCR.Y ILEP t1"-lD~ 

P'l!!LWELLS.XLS ~ ~~S MI~LL, (/ 
It-J f3/~, 

,r 

FELSITE WELLS 

footaqe 
in wella 

Well Sidetrack? TOp TD ft drillQd to study 

1 angl 11260 1144.0 180 180 

2 bef4233 Qt2 5720 7021 1301 

3 bef4-233 5780 7829 2049 

4 bQf42a33 5560 7250 1690 

5 bef42b33 4360 9113 4733 

6 bfillfS333 5360 9010 36!50 

7 bef85a28 7680 8446 766 

8 bq12 Btl 5300 8193 2293 

9 bq13 5780 8230 2450 

10 cmhc2 rdl 7740 9520 17M 

11 cmho3 rd1 8700 9603 903 

12 cmhc6 IStl 7400 8077 677 

13 cmho6 7520 9150 1630 

14 ¢nWo7 8713 12'3 12'3 

15 curry3 ? QHB 76 78 

16 dvl 5040 5113 73 

17 dvll 8tl 4760 5932 1172 

18 dv12 5100 5740 MO 
19 dv13 5900 8765 2865 • 20 dv16 5740 6264 5Z4 

21 dv2 at1 3440 8623 5183 H8S 

22 dv2 3380 4255 B7S 

23 
\ 

dv23 4960 8366 3406 

24 dv24 5040 86B5 3645 

25 dv25 Btl 2860 8831 5971 

26 dv25 at:2 2560 Q849 4289 4289 

27 dv3 at1 4160 7406 3246 

28 dv3 st2 3760 7111 3331 

29 dv3 4160 4455 295 

30 dv4 3560 9581 6021 

31 dv5 atl 5240 7287 1047 

32 dv5 5240 8619 3379 

33 dv6 5250 8015 2755 

34 dx26 9500 10281 781 

35 dx71 stl 8040 8392 352 

36 dx84 atl 9880 10606 726 

37 dx84 10080 11483 1403 1403 

38 f£5232 .t2 8840 9155 315 315 

39 ffS232 7100 8392 1292 

40 gdcl 6380 7375 995 

41 gdo11 '1440 7338 1898 

42 gdolS 5480 8525 3045 

43 C;dc19 5980 7602 1622 
44- gdc2 st2 6600 7722 1122 
45 gdc2029 dpn 5760 8133 2373 

46 qdc21 3840 8915 '07! 5075 

47 9 dc23 5340 5481 141 

48 qdc24 5500 7305 1805 

49 gdc25 5940 6128 288 

Pa g Q 1 

J 



FROM UNOCRL S.ROSR 

FmLWELLS.XLS 

• 50 gdc26 6060 M42 382 

51 gdc29 5620 7056 1436 1436 

52 Ildc3618 rdl 7200 9700 2500 "'-

53 gdc5 atl 7160 S086 926 

54 gd.o5 6880 8667 1787 1187 

55 gdc6 dpn 6260 7~79 1319 

56 I1da7230 6620 8317 1697 

57 gdc8 5000 6757 17lS7 

58 I1dcf at3 7180 8437 1257 

59 gdcfl17al9 7960 8501 541 

60 gcictl2319 6200 8817 2617 2617 

61 Qdcf1427 stl 6860 9960 2100 

62 qdcf1427 8t2 6540 8991 24H 

63 C]dcfl5a28 5100 7658 2~!58 

64 gdcfl5b28 st1 6740 8475 1735 

65 C]dcfl5b28 7220 $532 1312 
66 gdcfl5c28 6200 6266 66 

67 gdc:f15d.28 5UO 7939 2479 2479 

68 gdcf3628 atl 4100 6753 2~!53 

69 gdcf3628 Qt2 3960 9000 5040 

70 gdcf3628 ""Bt4 4160 8654- 4494-

71 gdof4428 stl 5360 7459 2099 

72 I1dc£4428 5240 9468 4228 

73 gdcf44-.,.28 Qtl 5780 6090 31C 
74 Ildcf44b28 5100 6083 983 

• 75 gdct'6329 5220 7147 1927 
76 gdcf63!l29 5640 8910 3270 
77 Ildcf63b29 5620 " 8336 2716 

78 gdct'9419 stl 6440 6520 eo 
79 qdcf9419 st2 6370 8249 1879 
80 I1dcf9419 6680 9083 2403 

81 gdcf94a19 stl 6100 7207 1107 

82 gdct'94al9 5900 7289 1389 
83 gdcf94b19 Btl 5940 7301 1361 

84 gdcf94b19 6300 6361 61 
85 lf12 rdl 7140 7354 214 
86 H2O 6500 6568 68 
87 1£23 at1 91~O _ 9912 732 7n 

66 1£30 stl 8680 8826 146 

99 It'35 5960 8623 2663 

90 It'36 6000 8074 2074 
91 1£37 8500 9000 500 

92 lf39 8160 8228 68 

93 lf4 6240 9029 789 

94 lf40 at2 9380 9478 98 
95 lf40 at;3 8700 ~Uo 420 420 

96 lf42 6850 8035 1185 
97 lf48 6300 8096 1796 1196 

98 1£49 7540 1902 362 
99 lf6 dpn 6300 6769 469 
100 lf7 rdl 8360 9840 1480 
101 1£8 dpn 7840 8113 273 

• 102 modini2 5180 8112 2932 
103 n.gu2* atl 7610 784.0 230 230 

104 n e gu2"" .tl 6160 6220 ~O 60 dt"~:-

105 negu8~, SHO 8820 80 ao 

Page 2 
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FROM UNOCAL S . R OSA 3 . 6.1991 1 3 :4 8 P. 4 

P'ELWELL9.XLS 

I • 106 oof9618 stl 7160 8114 954 
.-

107 00£96l8 7540 8428 aBe 
108 ot21c12 8760 9341 581 581 

~ 
109 of4512 rd1 6920 9231 3ll 

4 110 of4S12 rd2 7660 8807 1147 

111 o£4S12 7680 8131 451 

112 of45al2 8200 9500 1300 

113 0823 rd1 7980 9005 1025 

114 ab24 6740 7971 1237 1237 

115 sb25 dpn 6760 7350 570 

116 a b30 7040 7316 276 

117 .b31 6640 7040 200 

i 
11B tocher3 9220 9415 195 

1U toohe r4 9840 9942 102 102 

Total falsita drilled ... 1B8,205 fQQt 

H 

I 
Average felsite drillQd - 1,582 feet/well 

Total fQlsite studied - 29,994 feet 

i 
or 15.9 " ot 1111 felBite drld 

I 
I • 

• 
page 3 
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Unocal Geothermal Division 
Unocal Corporation 
3576 Unocal Place, P.O. Box 6854 
Santa Rosa, California 95406 
Telephone (707) 545-7600 

UNOCAL8 
1 acknowledge receipt of the following Geysers cuttings samples on behalf of 
the University of Utah Research Institute from Unocal Geothermal. The 
samples are subject to the conditions of the Unocal/UURI research 
agreement dated April 26, 1991. 

I also acknowledge receipt of a 50% split of Unocal's Geysers NEGU-17 core 
on behalf of the U.S. Department of Energy. The U.S. Department of Energy 
is now full owner of this core split. 

CUTTINGS SAMPLES 

Well Depth Interval 

" 
- J1..NG-1 11,000-11,440 I.#() 

- rLF-48 6000-8080 
1!2~ !tJ 

- rLF-40 STI 8400-9120 71." 

~ nJX-84 V' 9140-11,460 
(It!~ 

- IFF 52-32 S? 8600-9135 YJ!1/ 
--- rCURRY-3 8000-8320 JP.O/ 

..--Y))V-2 3200-8600 !P/tJIJ / 
_~DV -25 S'f2 2300-6800 '1fiP~ / 

- - r'GDC-21 3600-8915 ~ft/9/ 
.-:- YTOCH-4 9500-9942 111 / 

___ NEGU-2 ST1 Y (kes 6000-8060 2061 / 

---- yGDCF 123-19 6000-8800 ~3Cf) / 
~ ..... --rNEGU-8 8600-8840 ~ / 

___ YOF21C-12 8600-9300 700 I 

/7/~ / ..e=- CMHC-7 7200-8713 
---=-YGDC-29 V 5340-7056 /71 6 

;.- rGDCF 15D-28 4440-7920 $Iff 0 

~GDC-5 6640-8086 /11 fP 
r'LF-23 RD1 8800-9912 / / /2-
YSB-24 6500-7940 111fZ 

2,6 tji671 , -

Tit1e_~-=~--",,--f-U-~_.o:....-_______ _ 
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Figure 2a: Key for figures 2b, 3 and 4 

~ Unit 1: 

Unit 3: 

Unit 2: 
Unit 6: 

FRANCISCAN UNITS 

Tocher Serpentine 

MUM-metamorphosed ultramafic 

Cobb Mountain 
Frandsen Federal 
Graywacke/minor Greenstone 

mITil Unit 2,6: Greenstone 

o Unit 4: 

I~Od A 

". D ........ B 

fI8 ~' '- C 

GJ .. D 

BSC FZ I, II 

AC PZ 

• 

• 
/ 

Little Geysers Basin Unit 
Semi schistose Graywacke/Greenstone 

PELSITE 

Biotite granite porphyry 

Biotite granite 

Biotite + clinopyroxene microgranite 

Biotite + clinopyroxene granodiorite 

Big Sulphur Creek Fault Zone 

Anderson Creek Fault Zooe 
(McLaughl~n, 1~74) 

Wellhead locations 

Wells included in study 

I: Franciscan 
II: Recent fracture zone 

Wellcourse with steam entry locations 
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[Fwd: Fluid inclusions in sheared quartz veins] 

TelJ 0113 233 5200 Fax 0113 233 5259 
---l---~-----------------------------------

~ 

I. v 

. , 
.. ~: ~ 

~ :;: : 

, . , , ,,.. 

, . , 
:< 

.~ , . , . , 

, ., 

, . . , 
)I~ , . , 

"", .. , , , , , . 

. , ' '.: , . 

. , ).: 
X 
"0 
T 
ii3 
"'0 

, 
• j , 

- I" _ 

III I" 
, " , 

, 
, ., , 
, .. 

<> I> 

~ \~ "0 "0 -, <1 ::r 
~~ I;:;: 
fiN 
Y, 

. 
.. : ~ : 

" ~ .. 
" . 

I 

K I I 

'Q. 1\ 'Q. 

,:, l~':'e ~ g, .~ 

: ::c : 

. . , 
.. ~:( III 

o 

" ,~ 

I 

'I' .' . 

. . ~, , 
d ',,, 

0 + 
~ co 

3 -=:: I 
'-' 3 

"0 

0 + 
co 

G) 

ii3 
:::J 
o 
Co o· 
:::I. -(l) 

" co 
(J1 

~ 

. 
" ' 

.. .. I " . 
+ 
co 
3 

, 
r 

~ 
j 

<> 
\"0 
~,-

liS y-, 
~.. '>:~"" . , . 
.... : \ 1\ ' " " . p " "" : .. 

1
'1 :.c • , I! 

". " I ' , , ' . , 

-0-1 

T 
"0 ig 
co 

"0 
T 

~ 

,"0 ~ T 3 '"0 ig I 

(~ 
.., 

20f2 

» 
:::J 

, , 

.... " ):~ " 

.. , 

., ; ~ ~ 

Q\ 

~ 
C . .---->"" 

~ 
~ 
v, 

r---
"'T..J 

\ .J 

o 

-v 

s: 

" " 

o .... 

. . 
'~ 

, 
,', " . 

1",/\ 

9/27/99 1:39 PM 



, 
~ ~ .. . , 

L-a 

, ,', 
'" 

',,', 
'" 

, 

E 
OJ 

+ 

e.> 
0. 
..!. 
,:,&. 

0 

, ,. 
~ . 

, '. , ~, 

.... 
0. 
..!. 
~ 

<> 

, ' 

<l.. 
<+ 
---lJ. 

'" ~ 
t 
{ 
c 

> 
--"--

1:\ 
CI.. 
~ 

, , 

e.> .... 
0. 0. 

I I a. 0.. 
0 <> x 

, 
..... ' .. 
.... # ... 

, " 
: -.. , , 

, . , ", , 

." . ' 

to..,"" 
'" 

, , , , 
'" 

, " 
,I, 

" , , 

, 
'j' 
.. ," II 

, " , 
.. : "" ... 

, 
'It lit I, 

,l, 

, 
",I .. 
,~ , , , , 

, ' , . 
,~ , . 

""", .. ., , 

, .. 
','" II 

, , 
," 
'." II 

II t ..... 

'" 

," 
',' 

, , 
" ", 

.+ 
" + 

+ 

c: 
< 

.0 « 



~ 
'>

'""Q 
s;: 
o 

....s;;: 
'U 

--:0-- -

7 
lOO~~--~--------~--~~~~--~----------~------

I 
I 
I 
I 

--G-.. I 
-~ 

? -+--------------------------~--~------------------+ 
iOO~' ~----' 

. . 
GtGY'?E1Z'7 ~l-JOPIOrzJ1E-

~I 
~ I 

10-=1 

f -2r--a~'~~~--~N-d--5~lm---E~~---~~~---T~b---VY~'---H~b---E~'r---Tm~I---Y~b--4~L 



0 ~ 

~ ~ 

0: > U ~ ~ ~ 
CJ u <l: u <l: <l: 

0 0: 0 
...J ...J 

<0 
~ 

~ ~ 

~ ~ 

J 
I"- M '<t 

<0 I"-
CO J J 

LO .- M M I-- I--
(j) J J J LL LL 

<l: 
.- N N -.... -.... 
(j) (j) (j) I-- I--

U UJ LL LL :J :J 

l ~\ I 

t 1 r 1 
f t 

I 
• I I I I I 

nl 

qA 

W.i 

J3 

°H 

M ..... a> .... AO OJ 
ro ro 

:.C a.. 
U 

ql 

P9 

n3 

ws 

PN 

Jd 

8J 

Bl 

0 0 0 0 .... 
0 0 0 
0 0 
0 

al!Jpuo4~ / >/ooH 



Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

Jeffrey B. Hulen 
ESRI 
1515 E. Mineral Square, Room 109 
Salt Lake City, UT 84112 

Dear Jeff: 

September 8, 1997 
EES-l, Geology/Geochemistry 
MS D462 
(505) 667-8060 
FAX (505) 665-3285 

Enclosed at long last are some analyses of "volatile" elements from some of your favorite rocks. I 
hope you can use these in some future publication. 

F91-17 
F92-33 
F92-34 
CA-9586 

Cobb Va Dacite 
Cobb Mtn Rhyo 
Cobb Mtn Dacite 
The Felsite 

Hi to Renata. Ciao for now. 

As always, 

A/. tJ 
/pltt/~c;...........-__ 

Fraser Goff 

Cy: BUS-4, MSA190 
EES-l Files 

B 

26.5 
71.2 
30.2 
25.4 

Br 

1.3 
1.5 

<0.5 
1.6 

CI 

54.7 
476 

60.5 
466 

F 

301 
340 
349 
745 

Li 

29.5 
49.2 
29.6 
33.9 

An Equal Opportunity Employer/Operated by the University of California 
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13465.csv mailbox:/C%7ClProgram%20FileslNetscapelNa ... lIInbox?id=33DE3ACC.56E7@ibm.net&number=2 

1 of 1 

SUbject: 13465.csv 
Date: Tue, 29 Jul1997 14:47:40 -0400 

From: Activation Laboratories <actlaba@ibm.net> 
Organization: Activation Laboratories 

To: "Univ. of Utah-hulen" <jhulen@egi.utah.edu> 

Sample ID"F % 

CA958-6 (GRD)"O.130 
F91-17 (DVC)"O.068 
F92-33 (RAC)"O.049 
F92-34 (DCM)"O.055 
UT/FT-6 (LAM)"O.430 
UT/FT-7 (LAM)"O.430 

7/29197 1:24 PM 



06/30/97 16:55 '6'19056489613 ACTLABS @002/007 

[ACTLABS/ ACTIVATION 
LABORATORIES LTD 

UNIVERSITY OF UTAH 
ENERGY AND GEOSCIENCE INSTITUTE 
423 WAKARA WAY, SUITE 300 
SALT LAKE CITY, UTAH 
USA 84108 
ATTENTION; JEFFREY B. HULEN 

Invoice No _ : 
Work Order: 
Invoice Date: 
Date Submitted: 
Your Reference: 
Account Number: 

CERTIFICAT~ OF ANALYSIS 

6 ROCK SAMPLES were submitted for analysis. 

13244 
13271 

30-JUN-97 
02-JUN-S17 

25075 
1161 

The following analytical packages were requested. Please see 
our current fee schedule for elements and detection limits . 

.. ~PORT 13244 PKG 4B-MAJOR ELEMENTS FUSION ICP/FEO-TITRATION/H20+- GAVIMETRIC 
REPORT 13244 B PKG 4F- S - LECO 

REPORT 13244 RPT.XLS PKG 4B2RE-TRACE ELEMENTS FUSION ICP/MS 
REPORT 13244 BRP.XLS PKG 4B OPT3 FUSION ICP/MS 

This report may only be reproduced in its entirety without the 
express consent of ACTIVATION LABS. If no instructions were received 
or will be received within 90 days from the date of this report, excess 
material will be discarded. Our liability is limited solely to the 
analytical cost of these analyses. 

CERTIFIED BY 

Apt 
DR. E. L. HOFFMAN 

1336 SANDHILL DRIVE, ANCASTER, ONTARIO, CANADA L9G 4V5 .. TEL: 905-648-9611 .. FAX: 905-648-9613 
E-MAIL: ACTLABA@IBM.NETor102040.700@COMPUSERVE.COM 



Lithogeochem (Research Packa.9letl Job If: 13271 
Trae£ Element Values Are in Parts Per Million. Negative Va 

S am pie 111:-.. _.-., 
CA.958-6 [GRD] \ 
E91-17 IDCVl I 
F,92-33 tRAe) i 

~~~Ul:l<::~t._j 
UT/FT-6 (LAMl 
UT/FT-7 tLAMI 

f'?~ 

13244RPT.XLS 

Sb Cs Ba La 
0,97 10,0 1,005.6 27.98 
1,42 6.0 850.1 20.59 
1.17 16,2 694.6 23.42 
0.95 S.6 657.0 22.75 
1.46 7,5 i 5, 7S£.6 296.~ 

1.83 5.9 22,051,1 .344.96 

Ce 

48.71 
32.64 
42,53 
43.60 

492.79 
571.37 

Pr 
5.142 
4,341 
4.670 
4.834 

45.227 
5Q.832 

p.?tG f>- ~~7 f. ?2.? 

7h ~ 

Ncl 
20.88 
18.49 
19.74 
20.71 

157.39 
Hi7.72 

$r -

Sm Eu 
4-.20 1.403 
3.85 1.416 
4.12 0.946 
4,65 1.35£ 

19.19 5.832 
20.to 6.B82 

Gd Tb Dy Ho Er Tm 
3.81 0.55 2.98 0.58 1.89 0.274 
3.34 0.54 2.77 0.53 1.76 0.257 
3.76 0.62 3.46 0,71 2.21 0.353 
4.17 0.67 3.B5 0.78 2.44 0.365 

20,09 2.42 5.80 0,69 2.76 0.191 
23.71 2.61 6,35 1.06 3.18 0.219 

f·7t.~ 

v-/fI-F 
~ 5111 1& :?c -

ol/n -'!C1 ~,7t. 10/,19 l~l)/5 ??~,'2.. 2'5-71 /?/7!t~ 2/221-71 1f!i~) 
~,48 2~{)5/,1 -1/ tb79-28 ~7. 

iIfjFT-7 1!f7,,0/7 '2iJ. to 1.'2//£ B?I.I 

O?~.: Mil1etTe- . 1"." ' r Micaceous 1.1l71uulile..-
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lithoge.oche-m (Re.search Package) Job #: 132.71 
Trace Bement ValLles Are in Parts Per Milli()n. Negative Va 
Sam~Je 10: Yb lLl Ht Ta W TI 
CA958-6 (GHC) 1.76 0.274 3,1 0.44 0.5 0.59 
E91-171DCVl 1.54 0.24~ 3.7 0.54 21.9 0.75 
F9 :/.-3 3 (RAG) 2.16 0.319 2..7 0.73 2.4 1.39 
F92-34 (DeMI 2.30 0.32B 3.4 0.69 1.4 0.68 
VT 1FT -6 I LAMI 1.12 0.21 B 3.2 9.57 1. I 0.57 
VT 1FT -7 (LAM] 1.2:5 0.258 18.9 12.92 2.0 1.19 
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Pb Bi Th V 
17 -0.05 11.61 3.47 
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Uthilgeoch£m (Ha[ogen Package} Job #: 13271 Report#: 132448 Company: University of Utah ContalJt: Jeffrey B. Hulen 
Trace ElemE'.nt Values Are in Parts Per Million. Negative V&lues Equal N{)t De1:ecte<l at That Lower Limit. 
Sample 10: CI Br I 
CA958-6 [GRDJ 1,651 7 1 
F91-17 jDeV) 1,775 7 -1 

F92.-33 [RlAC) 2,697 9 - j 

F92-34 {DeM] 2,593 7 -I 
UT/FT-6 (tAN1] 3,754 17 -I 
UTIFT-7 [LAM) 4,624 17 -1 

Certified By: 

~~~ 
D. D'Anila, Dipf. T. 
ICPMS Tecnrtical Manager, ActJabs ltd. Date: '3(J~9Z 

7 
T~s repM shall not be r-eJXadr'Jce-d -exc~p.tjn full witoout the-written appr.(}'/al o.j the.labDratory~ 

Unl ... <>,h.rv";se instrucre<f, '''''']lIes will be ilisposed n' 90 days Irem 'he <fat~ of 1his "'Pen. 
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lithogeocnem !Research Package) Job #: 1 32.7 i Reportn: 13244 ClierTt:Ul1iversity 01 Utah 
Tra<:€ Ef€tnent Values Are in Parts Per Million. Negativ€ VafLJes Equal Not D€tected at That Lower Limit. 
Sample 10: V Cr Co Ni Cu Zn Ga ue 
CASS8-B (GRD) 71 42 8.1 26 35 54 18 1.2 
E9H 7 [DeV) 64 120 13.6 B2 116 78 2() 1.3 
F92-33 [HAC) 42 40 4.3 23 2.1 37 16 1.4 
F92-34 (o-eM) 38 28 6.6 1 B 12 60 17 1.2 
UTfFT -6lVIMI 198 1,170 45.2 222 136 539 16 2.5 
UTJA-7 lUl,M) 222. 853 52.8 231 17() 910 18 2.3 

INT: Niobium interferrmc:e on silv£J' by ICPMS. 

f _ ?~1-~ld -..... '? lGc.:ier·' 
~ .J. rgi¢eg If/, 

Certified By: 

~fl~ 
IJaDfPtai1.e~ I .. / 'tb -:-'2.~7 D.D'Anna, Dipl. T. 

I CPMS T echnic::a! Maflager, AclIabs Ltd. 

Contact: Jefferey Huren 

As Rb Sr Y Zr Nb Mo 
-5 137.1 333,16 17.7 133.6 5.3 0.3 
32 113.2 327,54 113.8 144.1 6.3 0.7 

9 186.9 270.16 22.2 9VJ 4.7 1.3 
10 129.9* 328.39 23.8 132.5 6.9 <l.S 
20@]52,2.29.71 28.7 355.2 165.5 4.8 
27 546.3 4,679.2:8 32..2 \~~4,r 221.2 1.9 

Date: 36 Lu q7 
f 

(~ f?h/OQCJP//;Yi;) 10 -~~ 
r q, I tv J J{/ /tI iTY#'11_ 3;/ ;' ~ 

This repDft shal nut be repr{JduceU .excePt in full without the wr'ttt~n apprwal o-f the lab~iJrv. 

Unless I>lhel'wise inSlructed, srunl=~e; will 00 disposed ar 9() t:!ays fr~'" the dat~ af this report. 
l fllee;1 {t.bs157~· liP;; 
~,~~ 

?5 
f, C (Jill/are? w! ~~. diJ:e '5 warlff--~;;:feJll--> eS? (I miclZJ;Mllhit I lei r/ 
£, ?;~dv-ci IttV' ~fA~ d.-;!I19' 

ll{aldtf ~ 0r r/~t Ji;05 f~~ 
t, / 

, 
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All' In Sn 
-0.5 -0.1 2.1 
0.5 ·Q.l 1.6 

-0.5 -0.1 3.5 
0,6 -o.r 3.5 
fNT 0 . .9 9.3 
INT 2.1 2B.5 
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SAMPLE DESCRIP'rI01< 

CA958 -6 (GRJC) 

F91-17 [OCV) 

r92-J3 (RAe] 
1"92-34 (nm) 
UT/FT- 6 (LAN)

UT/FT-7 {Ll'IHJ 

Activation Laboratories Ltd. 

S 
t 

0.005 
<0.00] 

0.003 
,,0.003 

0.2:61 

0.50S 

Work Order: 13271 Report: 132448 PAGE 1 {IF 1 
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07/10/97 09:12 '5'19056489613 ACTLABS 

I ACTLABSI ACTIVATION 
LABORATORIES LTD 

I4J 001/007 

Invoice No. ; 
Work Order: 
Invoice Date: 
Date Submitted: 
Your Reference: 

13244 
13271 

30-JUN-97 
0:2-JUN-97 

25075 

UNIVERSITY OF UTAH 
ENERGY AND GEOSCIENCE INSTITUTE 
423 WAKARA WAY, SUITE 300 
SALT LAKE CITY, UTAH 
USA 84108 
ATTENTION: JEFFREY B. HULEN 

Account Number: 

CERTIFICATE OF ANALYSIS 

6 ROCK SAMPLES were sUbmitted for analysis. 

1161 

The following analytical packages were requested. Please see 
~ur current fee schedule for elements and detection limits. 

REPORT 13244 PKG 4B-MAJOR ELEMENTS FUSION ICP/FEO-TIT~TION/H20+- GAVIMETRIC 
REPORT 13244 B PKG 4F- S - LECO 

REPORT 13244 RPT.XLS PKG 4B2RE-TRACE ELEMENTS FUSION ICP/MS 
REPORT 13244 BRP.XLS PKG 4B OPT3 FUSION ICP/MS 

This report may only be reproduced in its entirety without the 
express consent of ACTIVATION LABS. If no instructions were received 
or will be received within 90 days from the date of this report, excess 
material will be discarded. Our liability is limited solely to the 
analytical cost of these analyses. 

DR. E. L. HOFFMAN 

1336 SANDHILL DRIVE, ANCASTER, ONTARIO, CANADA L9G 4V5 II TEl: 905·648-96i1 .. FAX: 905·648-9613 
E-MAIL: ACTLABA@IBM.NETor102040.700@COMPUSERVE.COM 



13244BRP,XLS 

litl1ogeochem (Halogen Package] Job fJ: 13271 Report#: 132.448 Company: Un[v.ersity of Utah Corrtact: Jeffrev B. Hulen 
TraCE EUemerrt Values Are in Parts Per Million. Negative Values Equal Not O<lt<lc;ted at That Lower Limit. 
Sample [0: CI Sf I 
CA9SB-6 [GRDt 1,651 7 1 
F91-17 [OeVI 1,775 7 -1 

f92-33 (RAel 2,697 9 -I 
f92-J4 (OeM) 2,593 7 -I 
UTFFT-6 [LAM] 3,754 17 -1 
UTfFT-7 {LAM] 4,624 17 -I 

Certified By: 

~f)L 
0_ D'Anna, Dipl. T_ 
lCPMS Technical Manager, A<:Ifabs Ltd. Date: "3a~97 

I 
Th-tS repllrl sha'l nG\ ba ("ProD'Joe<! e~~ept in lull wi~hout the writt",,, .p~oval of 1M laboratOf')'. 

Voles. otherwise instruo~ed, somp\"..s v~1I b!! dispos..d of 90 d~ fmrn lhe date at this rePJrt. 

Page 1 of 1 

o 
-.J 

" ....... 
o 
" ~ 
-.J 

o 
~ 

....... 
t.:> 

Cj 
....... 
~ 
o 
01 
C» 

"'" 00 
~ 
C» 
....... 
t.:> 

:> 
() 
>-3 

~ 
to 
Ul 

[§;I 
o 
o 
-.J 

" o 
o 
-.J 



lithogeocilem (Research Packagel Jab It: 13271 
Traoe Element ValrJ-Bs Are il1 Parts Per MiliiDn. Negative Va 

Sami>le lD: Yb Lli Hf 
CA958-6 (GRDI 1.76 0.274 3.1 
E91-17 {DCV] 1.54 0.244 3.7 
F92-33 (RAel 2..16 0.319 2.7 
F92-34 [D eM I 2..30 0.32.8 3.4 
UTlFT-6 HAM) 1.12 0.218 3.2. 
U TIFT -7 [l..AM) 1.25 0.258 l8.S 

13244RPT.XLS 

Ta W TI 
0.44 0.5 0.59 
0.54 21.9 0.75 
0.73 2.4 1.39 
0.£9 1.4 0.68 
9.57 1.1 0.57 

12.92 2.0 1.19 

Page :1 of 3 

Pb Bi Th V 
17 -0.05 11.61 3.47 
34 -0.05 8.06 3.50 
24 0.13 13.89 6.10 
39 -0.05 10.48 4.56 
37 0.12. 25.54 3.95 
49 0.16 33.4!l 6.95 
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132.44RPT.XLS 

Utllageo.:he""i'I {Reseafi:h Pac:ka:ge} Job #: 132.71 
Trace Element Values Are in Parts Per Million. Negative Va 
Sample lD: La/Yb, Sb Cs Sa La Ce Pr 

CA95B·6 [GRDI ...,.. 15,Z 0.97 10.0 t005.6 27.98 48.71 5.142 
E91,17 (DCVl /~,,+ 1.42 6.0 S50.1 20.59 32.64 4.341 
F32-33 [AAC) f!'J,0/ 1.17 16.2 694.6 23.42 42.53 4.670 
F92,34 (DeM) 9-8, 0.95 5.6 657.0 22..75 43.60 4.834 
UT 1FT,S (LAM) 1.46 7.5 15.786.6 296.49 492.79 45.227 
UT IFT-7 (ILA,M) 1.83 5.9 22,051.1 344.96 571.37 50.832 

Page 2 of 3 

Nd Sm Eu Gd Tb Dy Ho Er Tm 
20.88 4.20 1.403 3.tH 0.55 2.98 0.5a 1.89 0.274 
18.49 3.85 1.416 3.l4 0.54 2.77 0.53 1.76 0.257 
19.74 4.12 0.946 3.76 0.62 3.46 0.71 2.21 0.353 
20.71 4.65 1.356 4.17 0.67 3.B5 0.78 2.44 0.365 

157.39 19.19 5.a.32 20.09 2.42 5.BO 0.89 2.76 0.191 
167.72 20.1{) 6.882 23.71 2.61 6.l5 1.063.180.219 
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13244RPT.XLS 

Lithogilochem IReseaTch Package) JOD n: 1J271 Repot1#: 13244 Client:University of Utah Contact: Jefferey Hulen 
Trace Elemell1t Values Are in Parts Per Million. Negative Values Equal Not D-etected at That Lower limit. 
Sample ID: 
CA!358-6 (GAD) 
E91-17 IDCV) 
F92.-33 {RAe) 
F92-34 IDeM) 
UT IFT-6 (LAM} 
UTIFT-1 (UlMJ 

V Cr Co Ni CIJ Zrl Ga Ge As Rb Sr Y Zr 
71 41 8.1 26 35 54 18 1.2. -5 137.1 333.16 17.7 133.6 
&4 120 !3.6 82 116 78 20 1.3 32 113.2 327.54 16.B 144.1 
42 4() 4.3 23 21 37 16 1.4 9 186.9 270.16 22.2 92 . .9 
38 28 6.6 16 12 60 17 1.2 10 129.9 328.39 23.8 132.5 

198 1,170 45.2222 136 539 16 2.S 20 456.2 2,229.71 2B.7 355.2 
222 853 52.8 231 170 910 18 2.3 27 546.3 4,679.28 32.2 80.4.1 

INT: Niobium [nterferem::e on silver by ICPMS. 

Certified By: 

~;C~ 
D. D'Arlna, Dip!. T. 
Ie PMS Technical Manager, Actlabs Ltd. Date: 3lJium 97 

fI 
TIYs (eport shall [lot be r~""Q(llIced """"~t in fell ~.ri.hcllt me 'llrill'" apprD'-.1 uf tltF.llabcra10rl'. 

\),1= oth!>rwise msrru=ted. s3mp!es will be disposed of $0 Ifays from the date <>! tllis rep<lft. 

Page 1 of 3 

Nb Mo Ag In 
5.3 0.3 -{l.5 -0.1 
6.3 0.7 0.5 -0.1 
4.7 1.3 ·0.5 -0.1 
6.9 0.5 0.6 -0.1 

165.5 4.8 INT 0.9 
221.2 1.9 INT 2.1 

Sn 
2.1 
1.6 
3.5 
3.5 
9.3 

2B.5 
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SAKPI.B DESo.U'I'"10n 

CA:9SB-t5 (GIRD) 
F91- J.7 ( DC'l) 

F9:2-33 (RAe) 

F92 - 3-4 tDCM) 
UT/FT-fl (LAM) 
UT:/IT-7 (1)>1) 

Activation Laboratories Ltd. 

S 
t 

j).005 

,,0.003 

I). ()O] 

<IJ .00] 

I) .2:61 

0.5Q5 

Work Order: 13271 Report: 132448 
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I A'!~ation Laboratories ltd. Work Order N.o. 132.71 Report No.13244 

-' , . 
---'. SAMPLE SiDZ AIZD3 Fa203 FeD MnO Mg.O l fJO - NaZO KlO TiOl P205 HlO· H20 + lOI 

% % % % % % ·.l :!}l. /, ;(J % % % -% % % 
CA956-6 [GRD) 6 7.68 15.74 0.76 2.60 0.06 1.79 3.76 _ 4.U' ~.19 0.43 0 .12 0.13 0.32 0.12. 
F91 -17 [[)CV) 54.72 17.40 1.77 Z.OO 0.05 2.41 1.70 :LI ~ 2. !f.l ~_5S 0.13 0.22 2.66 1.77 

F92· 33 [RAe) 69.99 13.79 0.69 1.50 0.05 1 .16 2.41 , 3.4.0 4.17 0.34_ 0.09 0.17 lA8 0.19 
F92·34 (DCM) 66.71 15.36 Z.09 1.50 0.07 1.15 3 .69 3.90 3.28 O . 7~, 0.16 0.11 0 .6 0.41 
llTfFT-S lLAM} 28.55 B.32 5.20 3.10 0.14 5 .50 18.60 0.13 7.44 3 .39 1~ 81 0.14 0.96 13.67 
lJT/FT-7 [LAM] 30.1 4 8.43 5.53 Z.40 0 .17 4 .60 16.96 0 .15 7.2.3 3.B5 . l t O 0.16 0.66 12. .78 

• .. 
• J t 

'--c1..-
• .. .. .-
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, 
.:..J 

~~-= ga t i lJ'.e values. ind it. M-e I~s than (tte detectil)Jl rrnit 

Page 1 of l ' 
Sf27/97 

TOTAL Sa Sr y Sc 7:r j3e V 

, 

% ppm ppm ppm ppm ppm IfPm ppm 
99.59 996 3,17 17 12 l~O .; 69 
98.59 1369 337 16 12 146 ~ ). 61 
97 .90 677 279 21 B 100 2 ., 45 
99 .04 659 342 2.J 11 ' 133 1 38 
95.981482!' l110 27 3Z 682 4 " 204 
93.94 20247 ;'282 29 29 894 5 2]..1 
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Adrienne 1. Rittau. B.Sc .• C.Chem 
ICP TechTlical Manager 
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Activation Laboratories Ltd. Work Order No. 13271 Rep.ort NO.13244 

SAMPLE Si02: AI203 FelO3 FeO MnO MgO CaO 
% % % % % % % 

CA9I58-o (GRD) 67.88 15.74 0.76 2.60 0.06 1.79 3.78 
F91-17 lDCV) .. ""' ..... c. 64.72 17.40 1.77 2.00 0.05 2.41 1.70 
F92.-3 J [RAC) 69.99 13.79 0.89 1.50 0.05 1 .16 2.41 
F92.-34 [DeM] .. ."..,~ ... HL3fj 2.09 1.50 0.07 1.15 3.69 
VTiFT-£ {LAM) .... 28.55 8.32 5.20 3.10 0.14 5.50 lB.60 
UTIFT-7 [LAM) 30.14' 8.43 • 5.53 2.40 0.17 4.-60 16.96 . ". 

A " 

~' 

toJagtltiv-e values in:fH:iHe 1e5.S than Ule tretection limit 

Na20 K20 Ti02 fI205 H2O- HLO+ LOI 
% % % % 

4.12 2.19 0.43 0.12 
3.19 2.8.3 0.58 0.13 
3.40 4.17 0.34- 0.09 
3.90 3.28 0.70 0.18 
0.13 7.44 3.30 1.81 
0.15 7.2.3 3.8:5 1.70 

Page 1 011 
6127f97 

-% % % 
0.13 0.32 0.12 
0.22 2.66 1.77 
0.17 1.48 0.19 
0.11 0.6 0.41 
0.14 0.9£ 13.87 
0.16 0.66 12.78 

TOTAL Ba Sr Y So Zr Be V 
% ppm ppm ppm ppm ppm ppm ppm 

99.59 996 337 17 12 130 2 69 
98.59 869 331 16 12 146 2: 61 
97.90 677 279 21 8 lOa 2: 45 
99.04 659 342 23 1 1 133 1 38 
95.98 14821 2110 27 32 Sa2 4 204 
93.94 20247 4282. 29 29 894 5 22.7 

/ 
Adrienne I. Riltau. B.Sc., C.Chem 
ICP Technical Manager 
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Activation Laboratories Ltd. Work Order No. 13271 Report NO.13244 

SAMPLE Si02 AI203 Fe203 FeO MnO MgO CaO Na20 K20 Ti02 P205 H20- H20+ LOI TOTAL Ba Sr Y Sc Zr Be V 
% % % % % % % % % % % -% % % % ppm ppm ppm ppm ppm ppm ppm 

CA958-6 (GRD) 67.88 15.74 0.76 2.60 0.06 1.79 3 .78 4 .12 2.19 0.43 0 .1 2 0 .13 0 .32 0.12 99.59 996 337 17 12 130 2 69 
F9 1-17 (DCV) 64.72 17.40 1.77 2.00 0.05 2.41 1.70 3.19 2 .83 0 .58 0.13 0 .22 2 .66 1.77 98 .59 869 337 16 12 146 2 61 
F92-33 (RAC) 69.99 13.79 0 .89 1.50 0 .05 1.16 2.41 3.40 4.17 0.34 0.09 0 .17 1.48 0.19 97 .90 677 279 21 8 100 2 45 
F92-34 (DCM) 66 .7 1 15 .36 2 .09 1.50 0.07 1 .15 3.69 3.90 3 .28 0.70 0 .1 8 0 .11 0.6 0.41 99.04 659 342 23 11 133 1 38 
UT 1FT -6 (LAM) 28.55 8.32 5 .20 3.10 0 .14 5 .50 18.60 0 .13 7.44 3 .30 1.81 0 .14 0.96 13.87 95 .98 14821 2110 27 32 682 4 204 
UT/FT-7 (LAM) 30.14 8.43 5.53 2.40 0 .17 4.60 16.96 0.15 7.23 3 .85 1.70 0 .16 0 .66 12.78 93ji-2024-7-4~8.z-2-9~894 

)6, 4.ji. ~O 
5 227 

-------"'-'7jJ.Cf') 13 .77 7,16 5,'1.7 C.lf' 7. 30 I~.GO 0.11 7/01 ?·48 1.~1 c),If7 
72.37 '1.03 7.73 'j))3 0 ,/6 -1.')1 liUZ.1 o. 'rQ 7 .]h -4 .1?> I,B? 0.

17 
1-4.~-------
1'13 .72. 

fo7JCfj 

~~6 bL-J, L} 
J 

'3'1, :3 :v~ -- -. .... ~ 
"" 

Neg ative values indicate less than the detection limit 

3,15 ?·83 

67/2-
11' e .!V~ 
~ . 

Page 1 of 1 
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A:rienne I. Rittau . B.Sc .. C.Chem 
ICP Technical Manager 



Activation Laboratories Ltd. 

SAMPLE DESCRIPTION :s 

CA958-6 (GRD) 

F91-17 (DCV) 

F92-33 (RAe) 

F92-34 (DCM) 

UT/FT-6 (LAM) 

UT/FT-7 (LAM) 

% 

0.005 

<0.003 
0.003 

<0.003 

0.261 

0.505 

Work Order: 13271 Report: 13244B PAGE 1 OF 1 



13244RPT .XLS 

Lithogeochem (Research Package) Job #: 13271 Report#: 13244 Client:University of Utah Contact: Jefferey Hulen 
Trace Element Values Are in Parts Per Million. Negative Values Equal Not Detected at That Lower Limit. 
Sample ID: 
CA958-6 (GRD) 
E91-17 (DCV) 
F92-33 (RAC) 
F92-34 (DCM) 
UT/FT-6 (LAM) 
UT/FT-7 (LAM) 

V Cr Co Ni Cu Zn Ga Ge As Rb Sr Y Zr 
71 42 8.1 26 35 54 18 1.2 -5 137.1 333.16 17.7 133.6 
64 120 13.6 82 116 78 20 1.3 32 113.2 327.54 16.8 144.1 
42 40 4.3 23 21 37 16 1.4 9 186.9 270.16 22.2 92.9 
38 28 6.6 16 12 60 17 1.2 10 129.9 328.39 23.8 132.5 

198 1,170 45.2 222 136 539 16 2.5 20 456.2 2,229.71 28.7 355.2 
222 853 52.8 231 170 910 18 2.3 27 546.3 4,679.28 32.2 854.1 

INT: Niobium interference on silver by ICPMS. 

Certified By: 

kfJ4 
D. D'Anna, Dip!. T. 
ICPMS Technical Manager, Actlabs Ltd. Date: 30~ 92 

(j 
This report shalt not be reproduced except in full without the written approval of the laboratory. 

Unless otherwise instructed, samples will be disposed of 90 days from the date af this report. 

Page 1 of 3 

Nb Mo Ag In Sn 
5.3 0.3 -0.5 -0.1 2.1 
6.3 0.7 0.5 -0.1 1.6 
4.7 1.3 -0.5 -0.1 3.5 
6.9 0.5 0.6 -0.1 3.5 

165.5 4.8 INT 0.9 9.3 
221.2 1.9 INT 2.1 28.5 



1 3244RPT .XLS 

Lithogeochem (Research Package) Job #: 13271 
Trace Element Values Are in Parts Per Million. Negative Va 
Sample 10: Sb Cs Ba La Ce Pr Nd Sm Eu Gd Tb Oy Ho Er Tm 
CA958-6 (GRO) 0.97 10.0 1,005.6 27.98 48.71 5.142 20.88 4.20 1.403 3.81 0.55 2.98 0.58 1.89 0.274 
E91-17 (DCV) 1.42 6.0 850.1 20.59 32.64 4.341 18.49 3.85 1.416 3.34 0.54 2.77 0.53 1.76 0.257 
F92-33 (RAC) 1.17 16.2 694.6 23.42 42.53 4.670 19.74 4.12 0.946 3.76 0.62 3.46 0.71 2.21 0.353 
F92-34 (DCM) 0.95 5.6 657.0 22.75 43.60 4.834 20.71 4.65 1.356 4.17 0.67 3.85 0.78 2.44 0.365 
UT/FT-6 (LAM) 1.46 7.5 15,786.6 296.49 492.79 45.227 157.39 19.19 5.832 20.09 2.42 5.80 0.89 2.76 0.191 
UT/FT-7 (LAM) 1.83 5.9 22,051.1 344.96 571.37 50.832 167.72 20.10 6.882 23.71 2.61 6.35 1.06 3.18 0.219 

Page 2 of 3 
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Uthogeochem (Research Package) Job #: 13271 
Trace Element Values Are in Parts Per Million. Negative Va 
Sample ID: Yb Lu Hf Ta W TI Pb Bi Th U 
CA958-6 (GRD) 1.76 0.274 3.1 0.44 0.5 0.59 17 -0.05 11.61 3.47 
E91-17 (DCV) 1.54 0.244 3.7 0.54 21.9 0.75 34 -0.05 8.06 3.50 
F92-33 (RAC) 2.16 0.319 2.7 0.73 2.4 1.39 24 0.13 13.89 6.10 
F92-34 (DCM) 2.30 0.328 3.4 0.69 1.4 0.68 39 -0.05 10.48 4.56 
UT/FT-6 (LAM) 1.12 0.218 3.2 9.57 1.1 0.57 37 0.12 25.54 3.95 
UT/FT-7 (LAM) 1.25 0.258 18.9 12.92 2.0 1.19 49 0.16 33.48 6.95 

Page 3 of 3 
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Lithogeochem (Halogen Package) Job #: 13271 Report#: 13244B Company: University of Utah Contact: Jeffrey B. Hulen 
Trace Element Values Are in Parts Per Million. Negative Values Equal Not Detected at That Lower Limit. 
Sample ID: CI Br I 
CA958-6 (GRD) 1,651 7 1 
F91-17 (DCV) 1,775 7 -1 

F92-33 (RAC) 2,697 9 -1 
F92-34 (DCM) 2,593 7 -1 
UT/FT-6 (LAM) 3,754 17 -1 
UT/FT-7(LAM) 4,624 17 -1 

Certified By: 

~f)/Jm.,. 
D. D'Anna, DipJ. T. 
ICPMS Technical Manager, Actlabs Ltd. Date: ~~ 92 
This report shall not be reproduced except in full without the written approval of the laboratory. 

Unless otherwise instructed, samples will be disposed of 90 days from the date of this report. 
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I ACTLABS I 
ACTIVATION 
LABORATORIES LTD 

Invoice No.: 
Work Order: 
Invoice Date: 
Date Submitted: 
Your Reference: 
Account Number: 

UNIVERSITY OF UTAH 
EARTH SCIENCES AND RESOURCES INSTITUTE 
391 CHIPETA WAY, SUTIE C 
SALT LAKE CITY, UTAH 
USA 84108 
ATTENTION: JEFFREY B. HULEN 

., 

CERTIFICATE OF ANALYSIS 
----------------- ---- - -

J ~ package, elements and detection limits: 

AU 2. PPB AS 1. PPM BR 0.5 PPM 
CR 0.5 PPM CS 0.2 PPM HF 0.2 PPM 
IR 1. PPB MO 2. PPM RB 10. PPM 
SC 0.1 PPM SE 0.5 PPM TA 0.3 PPM 
U 0.1 PPM W 1. PPM LA 0.1 PPM 
ND 1. PPM SM 0.01 PPM EU 0.05 PPM 
YB 0.05 PPM LU 0.01 PPM 

REPORT 7571B - MAJOR ELEMENTS ~ FUSION - ICP 
7571C - TOTAL DIGESTION - ICP 

~( 
/ 

CERTIFIED BY 

CO 
HG 
SB 
TH 
CE 
TB 

7571 
7652 

08-MAR- 95 
13-FEB-95 

67810 
U017 

0.1 PPM 
1. PPM 
0.1 PPM 
0.1 PPM 
1. PPM 
0.1 PPM 

1336 SANDHILL ORNE, ANCASTER, ONTARIO, CANADA L9G 4V5 • TEL: 905-648-9611 • FAX: 905-648-9613 



sample description 

AI-86-102 
AI-86-105 
AI-86-107 
AS-8 
GH-1,353 

GH-5,567 
GH-6,69 
GDC-21-1 
GDC-21-3 
LF-48·-H7 

DV-2-E
CA-958-6-A 
CA-958-6-B 
MRG-1-1803 

Activation Laboratories Ltd. Work Order: 7652 Report: 7571 

AU AS BR CO CR CS SF HG IR MO RB SB SC SE TA TH U W LA CE NO SM EU TB 
PPB PPM PPM PPM PPM PPM PPM PPM PPB PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM 

<2 
<2 
<2 
<2 
<2 

<2 
2 

5 
4 

4 

<2 
<2 
<2 

8 

<1 <0.5 
3 4.8 
1 1.8 
2 1.2 
2 <0.5 

<1 <0.5 
<1 <0.5 

4 2.2 
5 2.3 

15 4.6 

0.7 <0.5 
0.8 <0.5 
0.6 1.9 
0.7 <0.5 
0.6 <0.5 

1.3 6.4 
0.6 <0.5 
2.9 42.4 
4.8 36.5 
2.5 31.0 

<0.2 
1.0 

<0.2 
0.5 

<0.2 

<0.2 
<0.2 

6.0 
9.5 
8.7 

8' 1.1 0.8 11.3 6.8 
2 1.4 8.2 26.4 8.9 
3 2.4 8.1 25.4 9.2 

<1 <0.5 88.6 460 <0.2 

14.4 
15.7 
13.7 
11.2 
14.3 

7.2 
14.7 
2.9 
2.8 
3.0 

3.1 
3.4 
3.4 
3.8 

<1 
<1 
<1 
<1 
<1 

<1 
<1 
<1 
<1 
<1 

<1 
<1 
<1 
<1 

<1 
<1 
<1 
<1 
<1 

<1 
<1 
<1 
<1 
<1 

<1 
<1 
<1 
<1 

2 
5 
2 
3 

<2 

<2 
2 

12 
10 

9 

66 
99 
62 
39 
86 

28 
69 

135 
168 
173 

<2 292 
2 112 
3 137 

<2 25 

0.1 
0.3 
0.1 
0.2 
0.2 

0.1 
<0.1 

0.8 
0.9 
1.8 

9.5 
3.4 
5.1 
7.0 
3.9 

17.4 
9.5 
4.2 
5.8 
3.2 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

1.4 3.6 <0.5 
0.4 11.4 <0.5 
0.9 10.4 <0.5 
0.6 53.1 <0.5 

4.4 
7.1 
4.8 
4.6 
5.8 

2.6 
4.2 
0.9 
0.9 
0.7 

8.1 
11.8 
8.4 
6.9 

12.0 

3.8 
8.4 

17.5 
14.5 
18.2 

2.0 
3.3 
1.3 
2.1 
3.9 

1.0 
2.0 
9.0 
7.3 
7.2 

1.2 22.6 12.9 
0.5 12.7 4.0 
0.5 14.9 4.2 
0.8 0.9 <0.1 

<1 
<1 
<1 
<1 
<1 

<1 
<1 
10 

2 
8 

58.8 
83.9 
61.9 
54.1 
83.7 

40.0 
60.6 
16.8 
17.8 
25.4 

<1 16.0 
3 28.5 

<1 31.9 
<1 9.8 

111 
149 
115 
101 
150 

77 
115 

36 
38 
47 

36 
52 
59 
32 

49 9.67 
62 12.0 
49 9.36 
43 8.66 
67 13.0 

37 7.86 
51 10.2 
15 2.99 
16 3.48 
18 3.01 

2.31 
0.91 
1.85 
2.92 
1.11 

4.59 
2.36 
0.33 
0.45 
0.39 

1.8 
2.3 
1.5 
1.5 
2.2 

1.3 
1.8 
0.6 
0.8 
0.6 

13 3.18 <0.05 0.8 
20 3.97 0.87 0.6 
24 4.24 0.87 0.6 
18 4.63 1.50 0.5 



Activation Laboratories Ltd. Work Order: 7652 Report: 7571 

Sample description YB LU Mass 
PPM PPM 9 

AI-86-102 5.82 0.77 1.522 
AI-86-105 7.82 1.03 1.747 
AI-86-107 4.91 0.70 1.828 
AS-8 4.81 0.66 1.767 
GH-l,.353 7.25 0.98 1.641 

GH-5,.567 3.52 0.49 1.412 
GH-6,69 5.89 0.83 1.547 
GDC-21-1 2.20 0.33 1.319 
GDC-21-3 2.5:i 0.37 1.398 
LF-48-H7 1.98 0.30 1.332 

DV-2-B 3.20 0.47 1.446 
CA-958-6-A 1.80 0.25 1.769 
CA-958-6-B 1.75 0.25 1.748 
MRG-1-1803 0.90 0.13 0.6470 



Act.ivat.ion Laborat.ories Lt.d. Work Order: 7652 Report.: 75718 

SAMPLE 1/ si02 A1203 Fe203 FeO MnO MgO CaO Na20 K20 Ti02 P205 520+ 520- LOI TOTAL 
% % % % % % % % % % % % % % % 

AI-86-102 66.28 15.37 4.74 0.19 0.10 0.77 6.48 4.51 0.34 0.06 0.25 99.09 
AI-86-105 66.45 14.14 3.62 0.15 0.06 0.49 6.13 4.89 0.20 0.04 1.60 97.76 
AI-86-107 68.80 13.52 4.50 0.16 0.13 0.68 6.06 4.25 0.31 0.50 1.84 100.76 
AS-8 65.86 15.68 5.13 0.22 0.24 1.50 6.46 3.20 0.40 0.42 1.65 100.75 
GE-l j,353 71.55 14.08 3.23 0.14 0.08 0.13 5.72 4.86 0.18 0.02 0.45 100.44 

GE-5,,567 64.43 14.71 7.11 0.30 0.56 1.55 6.91 3.33 0.79 0.19 0.30 100.18 
GE-6,69 67.34 15.41 4.74 0.20 0.14 1.06 6.53 4.59 0.34 0.05 0.05 100.44 
GDC-21-1 73.80 13.51 0.14 2.08 0.03 0.58 2.31 3.91 3.56 0.20 0.09 0.05 0.09 0.05 100.27 
GDC-21-3 70.17 13.97 0.21 2.40 0.03 0.93 2.18 3.75 3.92 0.30 0.17 0.09 0.11 0.25 98.27 
LF-48-57 73.20 12.56 0.17 2.42 0.05 0.33 1.35 3.43 4.45 0.19 0.06 0.04 0.14 0.30 98.49 

DV-2-B 76.77 11.71 0.19 0.85 0.01 0.09 0.19 2.27 5.45 0.07 0.03 0.09 0.10 0.55 98.19 
Cll.-958-6-·A 67.17 15.32 0.69 3.16 0.08 2.01 3.94 3.87 2.57 0.44 0.14 0.03 0.05 0.20 99.59 
CA-958-6-B 68.51 14.99 0.55 3.20 0.08 1.85 3.73 3.71 2.94 0.43 0.13 0.17 0.03 0.40 100.52 



Activation Laboratories Ltd. Work Order: 7652 Report: 7571BB 

SAMPLE it Ba Sr Y Sc Zr 
PPM PPM PPM PPM PPM 

AI-86-102 1194 21 65 12 890 
AI-86-105 72 2 90 4 861 
AI-86-107 312 25 53 5 787 
AS-8 828 163 61 9 708 
GII-l,353 196 5 85 4 748 

GII-5,567 2162 28 43 20 405 
GB-6,69 1217 19 65 12 828 
GDC-21-1 325 121 23 5 97 
GDC-21-3 431 106 28 7 86 
LF-48-B7 684 99 20 4 83 

DV-2-B 208 32 33 4 54 
CA-958-6-A 1110 352 20 13 147 
CA-958-6-B 1123 338 21 12 143 



Activation Laboratories Ltd. Work Order: 7652 Report: 7571C 

Sample description CU PB ZN AG NI CD BI V BE 
PPM PPM PPM PPM PPM PPM PPM PPM PPM 

AI-S6-102 2. 5. 142. 0.5 3. <0.5 6. 2. 4. 
AI-S6-10S 4. S. 139. 0.5 6. 0.5 6. 2. 6. 
lU-S6-107 3. 6. 95. 0.5 3. <0.5 S. 3. 3. 
AS-B 3. 5. 116. 0.5 3. <0.5 10. 2. 3. 
GH-l,353: 5. 11. 135. 0.5 5. <0.5 <5. 3. 5. 

GH-5,567 2. 10. 117. O.S 5. <0.5 <5. 3. 2. 
GH-6,69 2. 10. 12S. 0.5 3. <0.5 <5. 2. 3. 
GDC-21-1 17. 16. 17. 0.5 37. <0.5 6. 12. 2. 
GDC-21-3 IS. 12. 25. 0.5 31. <0.5 <5. IS. 2. 
LF-4S-H7 52. 3S. 45. 0.5 31. <0.5 7. 10. 2. 

DV-2-B 7. 16. 10. 0.5 10. <0.5 10. 2. 3. 
CA-95S-6-A 43. 13. 62. 0.5 14. <0.5 <5. 60. <2. 
CA-95S-6-B 37. 17. 75. 0.5 16. <0.5 <5. 57. <2. 



Activation Laboratories Ltd. Work Order: 7652 Report: 7571D 

SAMPLE DESCRIPTION S CO2 CL 
% % % 

GDC-21-1 0.006 0.221 0.10 
GDC-21-3 0.020 0.221 0.13 
LF-48-H7 0.007 0.240 0.12 
DV-2-B 0.005 0.259 0.03 
CA-958-6-A 0.010 0.112 0.04 
CA-958-6-B 0.008 0.095 0.06 



Sample description 

AI-S6-102 
AI-S6-105 
AI-S6-107 

=-S 
GH-1,353 

GH-5,567 
GH-6,69 
GDC-21-1 
GDC-21-3 
LF-48-H7 

DV-2-B 
CA-95S-6-A 
CA-95S-6-B 
MRG-l-1S03 

Activation Laboratories Ltd. Work Order: 7652 Report: 7571 

~ = ~ = ~ = D ~ m ~ ~ ~ K ~ ~ m U W II ~ 00 ~ ro ~ 

PPB PPM PPM PPM PPM PPM PPM PPM PPB PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM 

<2 
<2 
<2 
<2 
<2 

<2 
2 
5 
4 

4 

<2 
<2 
<2 

8 

<1 <0.5 
3 4.8 
1 1.8 
2 1.2 
2 <0.5 

<1 <0.5 
<1 <0.5 

4 2.2 
5 2.3 

15 4.6 

8 1.1 
2 1.4 
3 2.4 

<1 <0.5 

0.7 <0.5 
0.8 <0.5 
0.6 1.9 
0.7 <0.5 
0.6 <0.5 

1.3 6.4 
0.6 <0.5 
2.9 42.4 
4.8 36.5 
2.5 31.0 

<0.2 
1.0 

<0.2 
0.5 

<0.2 

<0.2 
<0.2 

6.0 
9.5 
8.7 

0.8 11.3 6.8 
S.2 26.4 8.9 
8.1 25.4 9.2 

88.6 460 <0.2 

14.4 
15.7 
13.7 
11.2 
14.3 

7.2 
14.7 
2.9 
2.8 
3.0 

3.1 
3.4 
3.4 
3.8 

<1 
<1 
<1 
<1 
<1 

<1 
<1 
<1 
<1 
<1 

<1 
<1 
<1 
<1 

<1 
<1 
<1 
<1 
<1 

<1 
<1 
<1 
<1 
<1 

<1 
<1 
<1 
<1 

2 
5 
2 
3 

<2 

<2 
2 

12 
10 

9 

<2 
2 

3 
<2 

66 
99 
62 
39 
86 

28 
69 

135 
168 
173 

292 
112 
137 

25 

0.1 
0.3 
0.1 
0.2 
0.2 

0.1 
<0.1 

0.8 
0.9 
1.8 

1.4 
0.4 
0.9 
0.6 

9.5 
3.4 
5.1 
7.0 
3.9 

17.4 
9.5 
4.2 
5.8 
3.2 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

<0.5 
<0.5 
<0.5 
<0.5 
<0.5 

3.6 <0.5 
11.4 <0.5 
10.4 <0.5 
53.1 <0.5 

4.4 
7.1 
4.8 
4.6 
5.8 

2.6 
4.2 
0.9 
0.9 
0.7 

8.1 
11.8 
8.4 
6.9 

12.0 

3.8 
8.4 

17.5 
14.5 
18.2 

2.0 
3.3 
1.3 
2.1 
3.9 

1.0 
2.0 
9.0 
7.3 
7.2 

1.2 22.6 12.9 
0.5 12.7 4.0 
0.5 14.9 4.2 
0.8 0.9 <0.1 

<1 
<1 
<1 
<1 
<1 

<1 
<1 
10 

2 

8 

58.8 
83.9 
61.9 
54.1 
83.7 

40.0 
60.6 
16.8 
17.8 
25.4 

<1 16.0 
3 28.5 

<1 31.9 
<1 9.8 

III 
149 
115 
101 
150 

77 
115 

36 
38 
47 

36 
52 
59 
32 

49 9.67 
62 12.0 
49 9.36 
43 8.66 
67 13.0 

37 7.86 
51 10.2 
15 2.99 
16 3.48 
18 3.01 

2.31 
0.91 
1.85 
2.92 
1.11 

4.59 
2.36 
0.33 
0.45 
0.39 

13 3.18 <0.05 
20 3.97 0.87 
24 4.24 0.87 
18 4.63 1.50 

1.8 
2.3 
1.5 
1.5 
2.2 

1.3 
1.8 
0.6 
0.8 
0.6 

0.8 
0.6 
0.6 
0.5 



Activation Laboratories Ltd. Work Order: 7652 Report: 7571 

Sample description YB LU Mass 
PP!1 PPM g 

AI-86-102 5.82 0.77 1.522 
AI-86-105 7.82 1.03 1.747 
AI-86-107 4.91 0.70 1.828 
AS-8 4.81 0.66 1.767 
GH-1,,353 7.25 0.98 1.641 

GH-5,,567 3.52 0.49 1.412 
GH-6,69 5.89 0.83 1.547 
GDC-21-1 2.20 0.33 1.319 
GDC-21-3 2.53 0.37 1.398 
LF-48-H7 1.98 0.30 1.332 

DV-2-B 3.20 0.47 1.446 
CA-958-6-A 1.80 0.25 1.769 
CA-958-6-B 1.75 0.25 1.748 
MRG-1-1803 0.90 0.13 0.6470 



I ACTLABS I 
ACTIVATION 
LABORATORIES LTD 

UNIVERSITY OF UTAH 
EARTH SCIENCES AND RESOURCES INSTITUTE 
391 CHIPETA WAY, SUTIE C 
SALT LAKE CITY, UTAH 
USA 84108 
ATTENTION: JEFFREY B. HULEN 

Invoice No.: 
Work Order: 
Invoice Date: 
Date Submitted: 
Your Reference: 
Account Number: 

CERTIFICATE OF ANALYSIS 
-----------------------

Ir "\ package, elements and detection limits: 

AU 2. PPB AS 1. PPM BR 0.5 PPM CO 
CR 0.5 PPM CS 0.2 PPM HF 0.2 PPM HG 
IR 1. PPB MO 2. PPM RB 10. PPM SB 
SC 0.1 PPM SE 0.5 PPM TA 0.3 PPM TH 
u 0.1 PPM W 1. PPM LA 0.1 PPM CE 
NO 1. PPM SM 0 . 01 PPM EU 0.05 PPM TB 
YB 0.05 PPM LU 0.01 PPM 

REPORT 7571B - MAJOR ELEMENTS - FUSION - ICP 
7571C - TOTAL DIGESTION - ICP 

CERTIFIED BY 

7571 
7652 

08-MAR-95 
13-FEB-95 

67810 
U017 

0.1 PPM 
1. PPM 
0.1 PPM 
0.1 PPM 
1. PPM 
0 . 1 PPM 

1336 SANDHILL DRIVE, ANCASTER, ONTARIO, CANADA L9G 4V5 • TEL: 905·648·9611 • FAX: 905·648·9613 



03/09/95 16:28 n190564896U AC'I'LABS 

A TLABS 

UNIVERSITY OF UTAH 

ACTIVATI ""N 
B"O T RlES LTD 

Invoioe ~Q.: 7571 
Work" Order: 76S2 

" InV'oice Date= OB-MAR-95 
Date Submitted; 13-FEB-9S 
Your"Referenoe: 67810 
Aocount Number: u017 

EARTH SCIENCES AND RESOURCES INSTI1~TE 
391 CBIPETA WAY, SUTIE C 
~AIl!' LMrn CITY I l1TAiI 
USA 84108 
A'l'Tf:NTIOli::; JEFfR,EY B. BULEN 

CERTIFICATE OF" ,lWAlifSI"S 
~~~-------~.-------~--~ 

INAA package, elements and detection limits: 

AO 2. Pl?S AS , PPM BR 005 ..... 
CR 0.5 PPt-l cs 002 PPM HF 0.2 
IR 1. PPB MO 2~ PPM RB 10. 
Sc 0.1 :PPM. SE DeS PPM TA 0,,3 
U O~l PPM l'l 1. PPM LA 0.1 
ED 1 .. PPM S;M 0 .. 01 PPM EU 0.05 
YB 0 .. 05 PPM LU 0.01 PPM 

REPORT 7571S - MASOR ELEMENTS - FUSION - rep 
7511C - TOTAL DIGESTION - ICP 

PPM 
PPM 
PPM. 
PPM 
PPM 
PPM 

CO 
HG 
SB 
TR 
CB 
TB 

CE~'l'IFIED BY : 

0 .. 1 PPM 
L PPM. 
0,,1 PPM 
0.1 PPM. 
1. PPM 
0 .. 1 PPM 

141001/007 
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Activation Laboratories Ltd. Work order: 7652 Report: 1571B 

aABPL8 f Bf..m Al203 Fe20l !'eO HlvO J.lIgO CaCf II'~O :r..2C1 'n02 P205 go-+- nlO- L01 ~ , • • ~ , , , 
" " 

, • t , , 
U-8i-102 n.28 U.37 4 . 14. 0.19 0 . 10 D.77 6. 46 <I..S~ a.34 0.06 0 . 25 ;9,09 
.r.r- 1!6- 10!o 156 • • 5 1(.14 3. ;;~ CI.1S 0.06 (), ,~ 6.1~ <I.8~ Ct.2Q ".041 1.6C ~7."6 
U-9G-107 n.BD n.52 (.5(1 0.16 0.13 O.ES 15.0~ 4.25 0.31 a.51l 1 .114 100.l'6 
llS-S tiS . B6 lS.6 ~ 5.13 0.22 0.24 l.S,Q 15 .~6 3.20 0.40 0.42 1.n 100.750 
GB-l,3S3 11 .S5 1~.O8 $.23 0.14 0.C8 il.13 ~.'12 4.86 0.18 0.02 ----:~ · (I.4~ 1 00.44 

GH-5.5~1 u..u 14.n 7.11 D.3-0 0.56 1..55 ~. :!l~ 3.33 O.'l~ 0.19 G.20 lOO.!! 
QI!.-6,iS.!I ~7 .34 1.5.41 4.14 0.:1.0 C. lt 1.(115 6.53 ·&.59 0 . 34 C .05 1l .~5, ~co.44 

GllCQU-1 73.80 13.S1 0.14- 2.0a (1. 0 3 0 . 51:: 2.31 l.U 3.!!S D.~O C. C§; 0.0$ a.og 0 . 05 ~ 
GllC-:iU-3 7Ct.17 U.91 il.21 2.411 0.C3 o·.n 2.1111 3.15 3.92 0.30 0.11 o-.Cl!9 a .n 0.25 96.21 
LI'-tEl-li7 7l.20 12.55 0 .11 2.42 i).GS 0.33 1 . lI:5 3.43 ".43 O.1~ ~ . O6 O.Ct I:I.U tI.:30 ~8.o<I9V 

DV-2-~ ".77 11.71 41.19 41.B!o 0.411 u.C!I 0.19 2 . ;n 5.1.5 0 . 417 0.03 i).OS! O.1G Q ... 55 ~ 
CI\.9SA-(o -A. n.n lS. 3:P. 0.1>51 !.1E: O.OS ~ .OR 3.94 3.87 2.51 0.4-6 D.li! 1i.€I3 C.O!! 0.20 99.59 
<=A-9!1S- G-.B ee.51 14. ~:9 0.55 3.2fJ O.OB l.S5 :'.13 3.71. ~.'4 0.4:3 0.13 0.17 0.03 1).40 lCO.52 

err, ~1 ~1 
G~ '2.) --3 
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JEFF HULEN 

GEYSERS GDC-21 ~5866' 

50 

ELEMENT 

NA 1- OX. 
K 1- OX. 
CA 1- OX. 
MG 1- OX. 
FE1 1- OX. 
AL 1- OX. 
t3I 1- OX. 
TI 1- OX. 
P 1- OX. 
SR PPM 
BA 1- OX. 
V PPM 
CR PPM 
MN 1- OX. 
CO PPM 
NT PPtr1 
CU PPtr1 
MO PPM 
PB PPtr1 
ZN PPM 
CD PPM 
AG PPM 
AU PPM 
AS PPM 
BB PPM 
B1 PPM 
U PPM 
TE PPM 
BN PPM 
W PPM 
LI PPM 
BE PPI'r1 
B PPM 
zr~ PPM 
LA PPM 
CE: PPM 
TH PPM 
L.OT 1-
CL 1-

,J 

CONCENTRATION 

3.771 
4.021 
2.281 
0.634 
h21S . 

14.415 
71. 800 
0.229 
0.061 

120.050 
0.030 

250.000 
2.400 
0.043 

43.550 
( 5.000 
( 5.000 

50.000 
10.000 
28.250 

( 5.000 
( 2.000 

4.000 
41.050 
30.000 

100.000 
< 2500.000 
< 50.000 

6.600 

< 1200.000 
17.250 
2.000 

i:::36.000 
5.000 
5.01210 

10.000 
150.000 

o .-,.-, • c:.c. 

it"). 100 

TCnnL 98.829 



JEFF HULEN 

CA-958-6 GGC FELSITE CORE 
50 

ELEMENT CONCENTRATION 

NA 1- OX. 3.351 

K 1- OX. 2.895 

CA 1- OX. 3.794 

MG 1- OX. 1. 914 

FEl 1- OX. 0.253 

AL 1- OX. 16.005 

SI 1- OX. 66.897 

TI 1- OX. 0.457 

P 1- OX. 0. 147 

SR PPM 321. 450 

BA Yo OX. 0. 113 

V PPM ( 250.000 

CR PPM 23.050 

MN 1- OX. 0.072 

CO PPM 96.150 

N1 PPM 14.200 

CU PPM 48.800 

MO PPM ( 50.000 

PB PPM ( 10.000 

ZN PPM 97.300 

CD PPM 17.450 

AG PPM 2.750 

AU PPM 4.000 

AS PPM 100.000 

SB PPM 95.300 

B1 PPM < 100~000 

U PPM < 2500.000 
TE PPM ( 50.000 

SN PPM 75.000 

W PPM ( 1200.000 

L1 PPM 34.300 

BE PPM 2.200 

B PPM ( 20.000 

ZR PPM 34.450 

LA PPM 60.700 

CE PPM 30.000 

TH PPM < 150.000 

FEO 1- 3. 11 

L01 1- 0.40 

F 1- 0.075 

CL 1- 0. 112 
TOTAL 99.595 



JEFF HULEN 

CA-958-6 (2) 
5121 

ELEMENT CONCENTRATION 

NA ~ OX. 3.12173 

K ~ OX. 2.719 

CA ~ OX. 3.936 

MG ~ OX. 1.852 

FE1 ~ OX. 121.275 

AL ~ OX. 15. 153 

SI ~ OX. 68.24121 

TI ~ OX. 121.464 

P 1- OX. 121. 14121 

SR PPM 296.55121 

BA 1- OX. 121.119 

V PPM ( 25121.121121121 

CR PPM 33.4121121 

MN ~ OX. 121.12166 

CO PPM 68.45121 

NI PPM 16.2121121 

CU PPM 42.4121121 

MO PPM ( 5121.121121121 

PB PPM 15.15121 

ZN PPM 88.3121121 

CD PPM 15. 15121 

AG PPM 2.35121 

AU PPM 4.121121121 

AS PPM 1121121.121121121 

SB PPM 92.1121121 

BI PPM ( 1121121.121121121 

U PPM ( 25121121.121121121 

TE PPM ( 5121.121121121 

SN PPM 72.5121121 

W PPM ( 12121121.121121121 

LI PPM 35.9121121 

BE PPM 2. 15121 

B PPM 31.121121121 

ZR PPM 46.35121 

LA PPM 87.121121121 

CE PPM 86. 15121 

TH PPM ( 15121.121121121 

FED ~~ 2.97 

La! 1- 121.32 

F ~ 121.12161 

CL 1- 0. 112 
TOTAL 99.5121121 



JEFF HULEN 

DV-2 (2) 
50 

ELEMENT CONCENTRATION 

NA ~ OX. 1.933 
K ~ OX. 4.912 
CA ~ OX. 0. 148 
MG ~ OX. 0.097 
FE1 ~ OX. 0.259 
AL ~ OX. 10.866 
SI ~ OX. 77.800 
TI ~ OX. 0.076 
P ~ OX. < 0.002 
SR PPM 27.800 
BA ~ OX. 0.023 
V PPM ( 250.000 
CR PPM 19.950 
MN ~ OX. 0.008 
CO PPM 139.850 
NI PPM ( 5.000 
CU PPM ( 5.000 
MO PPM ( 50.000 
PB PPM < 10.000 
ZN PPM 27.250 
CD PPM 6.200 
AG PPM ( 2.000 
AU PPM < 4.000 
AS PPM 99.000 
SB PPM 92.750 
Bl PPM < 100.000 
U PPM < 2500.000 
TE PPM ( 50.000 
SN PPM 109.000 
W PPM ( 1200.000 
LI PPM 35. 150 
BE PPM 3.750 
B PPM 766.000 
ZR PPM 26.550 
LA PPM 48.500 
CE PPM < 10.000 
TH PPN 

, 15121.01210 \ 

FEO ~ 0.45 
Lor ~ 0.79 
F '" 0.006 
CL ~ 0. 149 

TOTAL 97.520 



JEFF HULEN 

GDC-21 (2) 
50 

ELEMENT CONCENTRATION 

NA '}<. ox. 3.637 

K '}<. OX. 4.934 

CA '}<. OX. 1.924 

MG '}<. OX. 0.730 

FEl '}<. OX. 0.365 

AL '}<. OX. 13.627 

SI '}<. OX. 71. 603 

TI '}<. OX. 0.257 

P '}<. OX. 0. 138 

SR PPM 111. 650 

BA '}<. OX. 0.057 

V PPM ( 250.000 

CR PPM 16.000 

MN '}<. OX. 0.025 

CO PPM 125.050 

NI PPM ( 5.000 

CU PPM 11. 600 

MO PPM ( 50.000 

PB PPM 42.550 

ZN PPM 52.850 

CD PPM 8.000 

AG PPM ( 2.000 

AU PPM ( 4.000 

AS PPM 99.000 

SB PPM 92.500 

BI PPM ( 100.000 

U PPM ( 2500.000 

TE PPM ( 50.000 

SN PPM 66.000 

W PPM ( 1200.000 

LI PPM 20.950 

BE PPM 1.850 

B PPM 824.000 

ZR PPM 27.450 

LA PPM 57.700 

CE PPM 63.500 

TH PPM ( 150.000 

FEO '}<. 0.96 

LO! '}<. 0.485 

F ./ 0.034 ,. 
CL '}<. 0.204 

TOTAL 98.981 



JEFF HULEN 

LF48 (2 ) 
5121 

ELEMENT CONCENTRATION 

NA 1. OX. 3.246 

K 1. OX. 4.59121 

CA 1. OX. 1. 167 

MG 1. OX. 121.29121 

FE1 1. OX. 121.384 

AL 1. OX. 11.848 

SI 1. OX. 74.81211 

TI 1. OX. 121. 195 

P 1. OX. 121.12134 

SR PPM 82.35121 

BA 1. OX. 121.12155 

V PPM < 25121.121121121 

CR PPM ( 2.121121121 

MN 1. OX. 121.12142 

CO PPM 19121.4121121 

NI PPM 6.1215121 

CU PPM 38.1121121 

MO PPM ( 5121.121121121 

PB PPM 42.9121121 

ZN PPM 71.15121 

CD PPM 8.45121 

AG PPM 5.45121 

AU PPM 4.121121121 

AS PPM 94.121121121 

SB PPM 92.6121121 
BI PPM ( 1121121.121121121 

U PPM ( 25121121.121121121 

TE PPM ( 5121.121121121 

SN PPM 59.121121121 

W PPM ( 12121121.121121121 

LI PPM 22. 1121121 

BE PPM 2.3121121 

B PPM 92.121121121 

ZR PPM 17.55121 

LA PPM 54. 1121121 

CE PPM 1121.65121 

TH PPM < 15121.121121121 
FEO 1. 0.99 
LO! ~ 0.48 ,= 
F 1. 121.12112 
CL Yo 121.173 

TOTAL 98.31218 
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GEY S ERS DV-2 371121. 7' 
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ELE MENT CONCENTRATION 
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h 1-
[~i 1-
W::J 1-
F- r~~ 1 ;t. 

(' ~)L . -I 
'" 

::JI 1-
T I 'i': 

P i'~ 

SH 
8 A ~I~ 

V 
CR 
ly!I\1 ·f 

'" 
CC! 
1\1 I 
CU 
lylD 

PB 
21'1 
CD 
i=1G 
AU 
i4 E; 
SB 
8I 
U 
TE 
SN 
W 
LI 
BE 
B 
n~ 

U4 
CE 
!" H 
L.O I 
Ct.. 
re-O 

;::: 

OX. 
OX. 
OX. 
OX. 
OX. 
OX-
OX. 
OX. 
OX. 

P Pt'l 
OX. 

PPtvl 
f~'Pt'l 

m:. 
PPl'l 
PPt'1 
PPI·'1 
PPt'1 
Pl='l'l 
PPl'i 
PPM 
PI='1'1 
PPfr1 
ppti \ 

PPtr1 
PPI'r1 
\=. P 1'1 
PPI'l 
PPI'l 
PPM 
I='P\)l 

PPl'ti 
PPt'l 
PP I't1 
PPI·'l 
PPM 
r:,\=·t,j 

1-
. 1 
/ . 

7" 
'l,; 

1 . 7G? 
'3 . GIZ1G 
121. L3~~ 
121. 1217;::: 

0-:-8+ 4- 1 J. 'i?''' 
11/..). E.\g~; 

7"1 . GIZII21 
Q).075 
1{).01Z1 2 

::.; i . 55121 
0.0;:::1Z1 

2:'j0. 0121121 
;:::.11.)1210 
~~.013 

G "1 • . :;~ lZ1iL) 
~; . 0iL)121 
5. iZI1210 
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CH.3 
56 

B) CHEMICAL GROUPINGS 

Four major varieties of intrusive rocks exist in the subsurface 

at Ford Flat (Table 4). A generalized rock classification for the 

Clear Lake Volcanics is based on percent silica and measured on a 

water-free basis (Hearn 1981) where basalt contains less than 54%, 

basaltic andesite 54-58%, andesite 58-62%, dacite 62-71% and rhyolite 

greater than 71%. Two types of mafic intrusive rocks are found which 

occur at different levels in boreholes. The upper mafic intrusive (#1) 

is associated with serpentine and blueschist at shallow levels in the 

PDC wells and averages 52% SiO~. The second type of mafic intrusives 

<#2), averaging 46.5% Si02 , are situated deeper in the PDC/Moody wells 

MAFIC MAFIC INTER. ANDES. FELSIC MOODY FELSITE 
#1 #2 INTR. of FF INTR. OBSID. CORE 

----------------------------------------------------------------------
Si0'2. 52.09 46.54 56.25 56.69 74.00 74.03 63.49 
Ti02, .97 2.32 .73 .83 .15 .14 .50 
Al'l,O?> 12.92 13.20 15.20 16.96 12.01 12.00 16.48 
Fe 2,03 12.05 13.76 5.49 6.07 .78 1.19 4.18 
MnO .16 .23 .09 .10 .01 .02 .08 
MgO 7.87 8.89 6.00 5.56 .45 .40 1.98 
CaO 6.77 5.73 6.82 8.11 .70 .59 4.02 
K20 .16 2.52 1.51 1.19 5.03 5.23 2.65 
Na1. 0 4.57 2.03 2.78 2.80 3.67 2.99 4.30 
P,Os .14 .76 .18 .18 .05 .03 .17 
LOI 3.36 5.63 4.11 3.45 2.35 2.76 2.45 
----------------------------------------------------------------------
SUM 101.05 101.67 99.16 101.94 99.21 99.40 100.31 

N 5 25 28 2 11 3 1 
----------------------------------------------------------------------

TABLE 4. Average whole rock XRF analysis for groups of intrusive and 
extrusive rocks at Ford Flat. Mafic #1 is associated with blueschist 
in the PDC wells. Mafic #2 are mafic intrusives that correlate between 
the PDC/Moody wells. An average of 28 analysis are shown for inter
mediate intrusives <Inter. Intr.) that are similar in composition to 
the Andesite of Ford Flat <Andes. of FF). Felsic intrusives (Felsic 
Intr.) in the PDC wells appear to be similar to obsidian lapilli 
(Moody Obsid.) in an ash flow near the surface in the Moody wells. The 
felsite core from the main batholith is dacitic in composition. 
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ELEMENT 

NA Y. OX. 
K 'j. OX. 
CA 1- OX. 
MG 1- OX. 
FEl 1- OX. 
AL 1- OX. 
8I 1- OX. 
TI 1- OX. 
P 1- OX. 
8R PPM 
BA 1- OX. 
V PPM . ( 

CR PPM 
MN 1- OX. 
CO PPM 
NI PPM 
CU PPM 
MD PPM 
PB PPM 
ZN PPM 
CD PPM 
AG PPM 
AU PPM 
AS PPM 
SB PPM 
B1 PPM < 
U PPtyl ( 

TE PPM < 
8N PPtrl 
W PPM < 
LI PPtr1 
BE PPtr1 
B PPtTl 
ZR PPtr1 
LA PPtr1 < 
CE PPtr1 
TH PPtTl 
LD1 1-
CL 1-
FED 1-

F 

CONCENTRATION 

3.171 
4.737 
1. llZli::: 
o -;; .. = .. =. 

• -...J~l_ 

0.549 
12. 104 
76.500 
0.193 
0.026 

82.200 
0.059 

250.000 
5.750 
0.046 

53.55121 
7.900 

148. 100 
50.000 
60.350 
80.200 

9.800 
7.200 
4.000 

100.000 
108.250 
100.000 

25'410 . 000 
50.000 
38.300 

1200.000 
25. 150 
2.200 

400.000 
7.150 
5.01Z10 

59.550 
150.000 

0.40 
0. 162 
1. 28 
tJ.tJ) lot 

TOTAL i:-01lr. b~ I r "(--(jU, if ") 



JEFF l-jULI:::N 

GEYSERS C-ll ~8479' 
~.'!el 

NA 
1< 
CA 
MG 
FEl 
AL 
81 
T1 
P 
SR 
BA 
V 
CR 
MN 
CO 
N1 
CU 
MO 
PB 
ZN 
CD 
(~G 

r=!U 
ns 
~3B 

81 
U 
TE 
~:;N 

U='! 
CE~ 

TI1 

1-
i'~ 

1-
1-
/~ 

1-
~1. . / 
/. 

1-

1-

/: 

OX. 
OX. 
OX. 
OX. 
OX. 
OX. 
OX. 
OX. 
OX. 

PPM 
OX. 

PPM 
PPt'l 

0>: • 
PPtrl 
PPtrl 
PPtrl 
PPM 
PPM 
PPM 
PPtrl 
PPM 
PPM 
PPM 
PPM 
PPt'l 
PPM 
PPtrl 
PPM 
PPM 
PPM 
PPf'rl 
PPt'l 
PPfYl 
ppr'1 
PPM 
PPi)1 

1-
"/: 

CONCEr,H r<f-l T I ON 

i=:. 858 
5.318 
0.57121 
0.12175 
0.f.&5 / 

11. 558 
75. 7121121 

0 • 113 
0.003 

52. 500 
0. 030 

250.00121 
i:::.00121 
0.030 

205. 751Z1 
5.12100 

38.000 
5121.000 
1121.000 
39.500 

( 5. 01210 
( -::, 

1.-. 000 
4.000 

78. 5(~0 
3121.000 

100.000 
2500.000 

50.000 
~S. IZIIZ10 

692. 1,)00 
~::b. b00 
2.350 

33. 1+121121 

< 5.000 
( 5.121121121 

1121. 121121121 
1 ~50. 1211210 

121. (:::9 
(?I. ;::~ ~:3 ;:2 

TUTf-1L 9fhSS9 



SENT BY:LANL 4-11-97 1:28PM EES-l--l 

ANALYSES IOF COBB MTN LAVAS 
(El Kluk, EES-l) 

I 

Name Cobb Valley Da Alder CrkRo 

Sample No P91-17 F92-33 
Maior elfJ.l&:.l1l.s. O~t-%~ 
Si02 64.86 69.97 
Ti02 0.589 0.355 
Al203 17.14 14.35 
Fe202 (Tot) 4.11 2.72 
MnO 0.055 0.046 
MgO 2.50 1.27 
CaO 1.69 2.52 
Na20 3.01 3.24 
K20 2.79 3.91 
P205 0.122 0.094 
LOI 2.90 1.75 
Total 99.77 100.23 

Traa:. ~lements Cm2.mi 
V 61.8 50.1 
Cr 114.2 15.6 
Ni 52.8 7.4 
Zn 66.5 39.2 
Rb 102.1 ]70.4 
Sr 326.8 302.3 
Y 15.4 21.1 
Zr 158.1 121.7 
Nb 7.6 9.2 
Ba 8fi6.3 648.6 

Cobb MtnDa 

F92-34 

66.84 
0.716 

15.89 
3.88 
0.060 
1.14 
3.69 
3.71 
2.97 
0.161 
0.47 

99.53 

45.9 
<10 

4.6 
54.6 

119.0 
342.9 

26.2 
149.8 

9.8 
625.4 

801 585 3540;# 21 2 

Geyser~ 
Felsite 

CA~9586 

0.20 



, 

1,7-~- ~./ 7 V/rJ 
;.1 - , /,7 Ma 
~,8- /. i- Mtl 
(J,,? - O'b /J1c!1 
0- O'~ tWa 

THE GEYSERS-CLEAR LA GEOTHERMAL AREA . CALIFORNIA 

( 

, , , , , 

, , 

, , , 

, , 

\, , 

pv \ ~ 

FE'l.-?[1I= 
AT E r:Y 
(-) a:xxx:> FT 

o 5 KILOMETERS 
L.l._ L...L....LJ 

, , , 

o 



/ 

FIGURE 1: 

SAMPLES LOCA nON M.<P OF 

fOR POTASSIUM-ARGON DA TlNG. 

ISEE TABLE 11 

5 KM 

4.4 :;.. 0 t/ V" f t'1 
.. "'It£ .. ou.,r.... , 

.' .' J / 
t ~ _ r 

, J ( /--< " ,,). ! / -'-·-f 

I 
-----~\ I 

? '.3'1 b'lj I 
--.--.--- -"-- -- I 

I 

1.11~ 
~lfs H~lF-.c;~'l ---- I 

/. 

I 

\j 
1.91 t~~:;'·'_~ 



,~ 

UUl.l.U.l .. U.Q. ~ Ul.,,(.l.J..llt ... ,';:' \j'VUJ.J.b ...... .;:,lo tJl, .. u.JJ.J.vJ.J."v.. ....... 6\,.,,' _.", _ 'v .... 

m.Y., Mankinen, 1972). m.y. ago. A ~ap may exist at 1.9-1.7 m.y., although it 

SO' 40' 35' 122"30' 
3~'r--------------T~=---~~---,~-4~--------------~D---------------~;---------------~ 

55' 

.34,69 

SO' 

45' 

9,10 
52 .53 

47 •• 38 I 

.73 481.27 
r28 
J 
I '39 
i 

26. .6 ! 
16,17. .<t2 

.45,46 

22,23 . 
'60,61 

55,56' X Mount Hannah 

49 . 
58,59 .57 

""20 

11,12 
'72 

0-
"i>-.: 

62,63,64. .14,15 

36. .24,25 

The Geysers 

'~'-r; o Anderson Springs 

/3?,67,68. 

KILOMETEIlS@ 

.33 

Olower lake 

.50,51 

.43 

~40'L-____________ ~ ________________ ~L-________________ ~ ________________ ~ _________________ ~ 

FIGURE 20.-:-Locations of samples for potassium-argon dating- ,:>Be wbk \:. 

------T -'-- -'"---'-' 
r 
I , 



argillite" is observed elsewhere in the Geysers (Crecraft, 
1983, Gallinatti, 1984a, Sternfeld, 1981). 

2) Argillite which is higher in chlorite and mixed layer 
clays than the surrounding graywacke, with local 
serpentine, occurs within the Little Geysers Basin unit. 
This is similar to "argillite" which occurs along fault 
zones in the North Geysers area (Gallinatti, 1984a) and may 
represent local shear zones within the Little Geysers Basin 
unit. 

3) Hornfels which occurs as a product of thermal 
metamorphism due to felsite intrusion (discussed below) is 
commonly logged as argillite. The initial stages of 
recrystallization during thermal metamorphism results in 
grain size reduction. Dark coloring in these rocks is due 
to biotite formation. Thus, megascopically the sample 
appears similar to argillite. 

Intrusive History 

Felsite in Geysers wells has previously been described by 
Schriener and Suemnicht (1980) and Hetherington (1984). 
Compositionally and/or texturally felsite intrusions 
encountered in the Unit 20-18 wells can be divided into at 
least 4 intrusive units (Figures 3 and 4): 1) biotite granite 
prophyry (DV 2), 2) biotite granite (DV2, FF 52-32), 3) 
biotite + clinopyroxene microgranite and 4) biotite + 
clinopyroxene granodiorite. Classification as granite or 
granodiorite is based on quartz/K-feldspar/plagioclase ratios 
(figure 7), and may be misleading if secondary silica and 
K-feldspar are extensive. 

It is not possible to conclude whether the four intrusive units 
represent variations of the same intrusion, separate phases of 
a single intrusive event or separate intrusive events. 
However, by using limited age dates, spatial relations, and 
alteration zoning, a tentative sequence of events can be 
proposed. This interpretation must be viewed with caution for 
the following reasons: 1) age dates are limited with not all 
units have been dated, 2) felsite is slightly to extremely 
altered thus age dates may be erroneous, 3) cross cutting 
features cannot be observed in cuttings, and 4) the degree of 
fracturing and, therefore, alteration may be a function of 
volatile content and depth of intrusion rather than age. 
Similar alteration may have formed during more than one episode. 

Keeping in mind the above limitations, a tentative sequence of 
oldest to youngest felsite is: 1) biotite granite porphyry, 2) 
biotite granite, 3) biotite + clinopyroxene microgranite, and 
4) biotite + clinopyroxene granodiorite. Evidence for this 
sequence and features of each unit are as follows: 

- 20 -
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Biotite granite porphyry: Core from this unit was dated at 
2.4 + 0.2 m.y. (K!Ar). This should be viewed with caution 
due to the highly altered nature of the sample. The date 
is slightly older than that obtained on the Pine Mountain 
dacite to the SW (2.06 + .02 my) (Donnelly-Nolan et aI, 
1981). This is the oldest Clear Lake volcanic member 
identified. The porphyry is the most highly altered and 
fractured of the 4 "intrusions", with extensive tourmaline 
veining. 

Biotite granite porphyry is identified in DV 2 only (figure 
4), and is the shallowest felsite drilled to date in the 
Geysers (-377 vertical subsea depth)(Schriener, 1983, 
Hetherington, 1984, and Gambill, 1984). It defines the 
upper limit of the Unit 18 dome (Sussman and Thompson, , 
1984). In the wells studied, this is the only felsite to 
intrude the shallow Little Geysers Basin unit (figure 4). 

Biotite granite: Ideritified at depth in DV 2 (figure 4) 
and FF 52-32 Unit of the Clear Lake Volcanics (figure 3), 
cuttings from this unit have been dated (sample from FF) at 
1.7 + 0.2 m.y. Biotite granite is only slightly altered, 
with-minor tourmaline veining. 

Biotite ± clinopyroxene microgranite: This unit has been 
dated at ~.9 M.Y. from a core obtained on GDC 21. 
Alteration is slight with rare tourmaline veining. 
Although not as shallow as the porphyry, this unit forms 
the intermediate level of the Unit 20 dome (Sussman and 
Thompson, 1984). . 

Biotite ± clinopyroxene granodiorite: This unit has not 
been dated in the study area. Alteration is slight with 
rare tourmaline veining. The tourmaline veining appears 
zoned about the granodiorite (see "Alteration") in all 
other felsite and Franciscan units and may, therefore, have 
resulted from intrusion of the granodiorite. Granodiorite 
is interpreted to be the youngest intrusion in the wells 
studied. 

Granodiorite forms the deeper part of the intrusive complex in 
Unit 20 but shallows toward Unit 14 (figure 4) and may form the 
felsite dome in that area. 

Recent Structure 

Tepper (1984) and Tepper et al. (1984) mapped a NW trending 
near vertical structure parallel to the Big Sulphur Creek I 
fault zone (figure 2). The structure (here referred to as Big 
Sulphur Creek II fracture zone) is defined by alteration and 
hot springs and is thought to be much younger than the 
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