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

Axel K. Schmitt, Marty Grove, T. Mark Harrison, Jeffrey Hulen, Mark Walters

The Geysers Plutonic Complex (GPC) is a unique example of a Quaternary intrusion that
is exposed at shallow subsurface levels (~0.7 km depth). It spatially overlaps with a
major surface heat-flow anomaly that is associated with one of the world’s largest
geothermal 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 km?. 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
GPC at its eastern margin, but little is known about the relative timing of the intrusive
and related volcanic activities. Age determination of the GPC requires in-situ techniques
due to xenocrystic contamination of drill cuttings that are generally the only available
materials from the GPC. Meaningful ages reported in the literature are limited to four
samples from the GPC granite unit that range from 1.13 to 1.25 Ma (**U/**Pb ages
uncorrected for initial 2*°Th-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 0/ ages (1.52 — 1.74 Ma, 1o 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 GPC penetrated 0.8 km of previously unidentified
biotite-orthopyroxene-hornblende granite that yielded slightly younger **U/**Pb 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 *°Th deficit in zircon results in radiogenic 29pp contents that are on average by 5-
10 % too low, and therefore an average +0.10 m.y. age correction is required. After
applying this correction, 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 corrected 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 GPC ceased at ~1.0
Ma which suggests that the GPC 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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Worksheett

CLEAR LAKE VOLCANICS

Sample# Description symbolcode |age volume
B 1952{ft. Republic Core Boggs 1 thp r
H 72.52 obsid, Borax L rh r 0.09] 0.087
H 73.09/A rhy, Bonanza Spgs tuff thp 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|ft. 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 72.63|C bi rhy, Cole Ck ree r 0.50 0.93
H 73.69/C bi rhy E Kelsey-Cobb Fire [rr r
H 73.31|A rhy pum, N of Mcintyre Cr |rh r
H 75.32|B rhy, Bonanza Spgs, obsid rbp r 1.02
G 173|75 rhy, welded tuff, Sonoma V.|sv I\
H 76.17 rhy, Alder Ck ra r 1.10
CcL 216 bi rhy, Red Hills Rd. rep r 0.50{ 0.066
H 74.61|B bi rthy, 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 rel r 0.50{ 0.016
B 1437|ft. Republic Core Boggs 1 dhf r
CL 4886 rhy, Pine Mtn rpm_ir 2.06 0.02
CL 520 rhy pum nr. Steinhart Lakes|rs] d
H 73.48 dac, Kelsey Ck gorge dke r 0.55 0.47
H 73.64|C dac, Mt. Olive do 7 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 aphigv gv
H 76.46|A dac, Sugarloaf dsl d 0.60 0.31
H 74.63(C dac, Shaul Spg dss? I|d 0.7
H 73.18]A dac, Sulphur Mound Mine dsm |d 0.57 0.78
61 WCL |1 dac, Horseshoe Bend, by CW |dh d 0.35 1.55
CcL 540 dac, xl-rich, NNE Wright Pk |dk d 0.35| 0.097
H 72.51{A dac of Cobb Mt de 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 Fiat? |dhm id 0.90
cL 118igl rhy, Anderson |, glass sep. |dh d 0.40
MH 860 core, dac, Mt. Hannah dhe 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 72.7B dac, Seigler Mt ds d 0.61
H 72.24 dac, Wright Pk dwp id 0.35 0.2
B 1427|ft. Republic Core Boggs 1 dhm |d 0.90
H 72.22{1A 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 dsh d 0.40
H 74.62|D dac, Peacock Point dpp d 0.60] 0.027
H 72.27/B dac, NE Spilit-Top 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 rthy, 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 dce d 0.40 0.12
CL 383 coarse-gr dac, Mt. Hannah |[dh¢ |{d 0.90
CL 407 dacite of Plum Flat dpf d 0.45 1.05
H 73.9146 pyx dac, Boggs L b d 0.98] 0.0839
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Worksheeti

CLEAR LAKE VOLCANICS

Sample# Description symbolcode 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 75.09/8 dac, glassy, Cobb V. dev d 1.08 0.04
H 72.5 dac, Cobb Valley dev d 1.08
H 76.23|B dac, Benson Ridge? dbr d 0.35
CcL 268 Thurston Dac=Cl 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 dem  |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 77.011A incl, schist, Perini aph i
H 72.55|D dac, Mt. Hannah dhm |d 0.90
H 75.4 dac, Clearlake Park dep 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 Pt. df d 0.40 3.7
H 73.81A dac, Wheeler Pt dw d 0.45 0.35
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Worksheet1

CLEAR LAKE VOLCANIC | [ [
Normalized analyses, volatile-free

Sample# SiO2*N [TiO2*N |AI203*N [Fe203*N|FeO*N [MnO*N [MgO*N [CaO*N  [Na20*N |K20*N |P205*N
B 1952|ft. 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 73.09|A 75.9 0.05| 13.75 0.53 0.89 0.03 0.12 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|ft. 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|D-1 75.1 0.21| 13.82 0.10 1.20 0.00 0.29 1.00 3.61 4.61 0.06
H 73.4B 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
R 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|D 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 1437ft. 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 721 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
MH 1006 69.4 0.41| 15.51 0.94 1.84 0.04 1.53 3.37 3.47 3.37 0.13
CcL 118|gl 69.3 0.40| 15.89 0.41 2.24 0.04 1.53 3.36 3.26 3.46 0.15
MH 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 1.61 0.02 1.91 3.81 3.31 2.81 0.15
H 74.62|D 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 0.61| 15.16 0.95 2.44 0.04 2.75 3.87 8.15 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 1.84 3.38 3.48 3.18 0.15
CL 407 67.3 0.54| 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. | I |
Normalized analyses, volatile-free
Sample# Si02*'N [TiO2*N |AI203*N [Fe203*N|FeO*N |IMnO*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 74.741A 66.8 0.46 16.29 1.22 2.14 0.06 2.85 3.87 3.36 2.85 0.18
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 1.85 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]1A 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 77.011A 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 5.186 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 72.551J 64.7 0.58 16.13 1.22 2.84 0.06 3.04 5.17 3.45 2.64 0.15
CcL 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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FROM UNOCRAL S.ROSH 3. 6.1991 13: 46 Pz 2

PELWELLS . XLS i hAIGﬂIELL §

FELSITE WELLS

footage

in wells

Well Sidatrack? Top D ft drilled to atudy

1 angl 11260 11440 180 180
2 baf4233 at2 5720 7021 1301
3 bafd233 5780 7829 2049
4 baf42a33 5560 7250 1650
5 bafd2p33 4380 9113 4733
6 baf§333 5360 9010 3680
1 baf85a28 7680 8446 766
8 bgl2 stl 5900 8183 2283
9 bgl3 5780 8230 2450
10 cmhe2 rdl 7740 9520 1780
11 cmhe3 rdl 8700 9603 903
12 crmhe6 gtl : 7400 8077 677
183 che6 7520 9150 1630

14 ¢mha? J 7460 8713 1283 1253

is curry3 z2 @338 78 78

16 dvl 5040 5113 73 :
37 dvll atl 4760 5932 1172
18 dvl2 5100 5740 640
19 dvis 5900 8765 2865
20 avie 5740 6264 5z4

21 dv2 gtl 3440 8623 5183 5183
22 dv2 3@80 4255 873
23 dv23 4960 8366 3406
24 dv24 5040 8685 3645
25 dv2s stl 2860 8831 5971

26 dv2s 8t2 2860 6849 4289 4289
27 dv3 atl 4160 7406 3246
28 dv3 gt 3760 7111 3381
29 dv3 4160 4455 295
30 dv4 3560 9581 6021
31 dvs atl 6240 7287 1047
32 dv5s 5240 8619 3379
33 dvé 5250 8018 2765
34 dx26 9500 10281 - 781
35 dx71 astl 8040 8392 352
36 dx84 atl 9880 10606 726

37 dx84¢ 10080 11483 1403 1403

38 f£6232 8t2 8840 9185 315 315
39 ££5232 7100 8392 1292
40 gdel 6380 7375 995
41 gdell 8440 7338 1898
42 gdcls 5480 8525 3045
43 gdel19 5980 7602 1622
44 gdc2 at2 6600 7722 1122
45 gdc2029 dpn 5760 8133 2373

a6 gdc2l 3840 8915 507¢ 5075
47 gdc23 5340 5481 141
48 gdc24 §500 7305 1805
49 gdc2s 5840 6128 288

Page 1




LA ) )

dynveno ~« AU 2R

50
51
52
53
854
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
28
99
100
101
102
103
104
105

gdc26
gdc29
gde3618
gdc5

gdc8

gdcé
gde7230
gdc8

gdef
gdefl17ald
gdcf£122319
gdef1427
gdcfl427
gdcfl5a28
gdcf15b28
gdcf15b28
gdcfl5c28
gdef15d428
gdc£3628
gdcf3628
gdcf3628
gdof4428
gdcfdd2s
gdcf44a28
gdcfddn2s
gdcf£6329
gdcf63a29
gdcf63b29
gdcf9419
gdcf9419
gdcf9419
gdef£94al9
gdef94alf
gdcf94bl9
gdc£94bi9
1£T2

1£20

1£23

1£30

1£35

1£36

1£37

1£39

1£4

1£40

1£40

1£42

1£48

1£49

1£6

1£7

1£8
modini?
negu*
neguz*
neagud*

rdl

atl

dpn

at3

atl

at2

atl

atl
at2

Bt4

stl

gtl

stl
at2

atl
atl
rdi

stl
stl

at2
a8t3

dpn
rdl
dpn

stl
stl

FELWELLS.XLS

6060
5620
7200
7160
6680
6260
6620
5000
7180
7960
6200
6860
6540
5100
6740
7220
6200
5460
4100
3960
4160
5360
5240
5780
5100
5220
5640
5620
6440
6370
6680
6100
5900
5940
6300
7140
6500
9180
8680
5960
6000
8500
8160
8240
9380
8700
6850
6300
7540
6300
8360
7840
5180
7610
6160
8740

Paga 2

8442
7056
9700
a08é
8667
7879
8317
6757
8437
8501
8817
8960
8991
7658
8475
8532
6266
7939
6753
9000
8654
7459
9468
6090
6083
7147
8910
8336
6520
8249
9083
7207
7289
7307
6361
7354
6568
9912
8826
8623
8074
9000
8228
9029
92478
9120
8035
8096
7902
6765
9840
8113
8112
7840
6220
8520

382
1436
2500

926
1787
1319
1697
1787
1287

541
2617
2100
2481
2888
17385
1312

66
2479
2653
5040
4454
2099
4228

310

983
1927
3270
2716

80
1879
2403
1107
1389
1367

61

214

68

732

146
2663
2074

500

68

789

98

420
1188
1796

362

469
1480

273
2932

230

40

60

1436

1787

2617

2479

732

420

1796

230
60
80

dike

2

-

o




FROM

UNOCARL S.ROSH

106
107
108
109
110
111
112
113
114
115
116
117
118
119

ocf9618
ncf96lg
of2lcl2
of4512
of4512
of4512
of45al12
o823
sh24
gh25
ab30
ab31
tocher3
tacherd

stl

rdl
rd2

rdl

dpn

Total faelsitae drilled =
Avarage felalte drilled

Total falglite studied =

3.

6.1991

FELWELLS.XL8

7160
7540
8760
8920
7660
7680
8200
7980
6740
6780
7040
6840Q
9220
9840

Page 3

8114
8428
9341
9231
8807
8131
9500
9005
7977
7350
7316
7040
9418
9942

Qr

13:48 P. 4

954 a
688

581 581
311

1147

451

1300
10258

1237 1237
570

276

200

1925

102 - 102

188,205 faat
1,582 faat/wall

29,994 feat
15.9 % of all felsite drld

—~




L4

Unocal Geothermal Division
Unocal Corporation W”——
3576 Unocal Place, P.O. Box 6854 =
Santa Rosa, California 95406

Telephone (707) 545-7600

UNOCAL®

I 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
h
~ VANG-1 11,000-11,440  A#7°
~ AF48 6000-8080 57
— /1F-40 ST3 84009120 7/
— /DX-84 9140-11,460 )
—/FF 5232 ST2 V/ 8600-9135 27,
— ¥CURRY-3 V~ 8000-8320 7,
_DV-2 3200-8600 4
__¥DV-25 812 2300-6800 7%
_—/GDC-21 | ' 3600-8915 54/5°
——¥'TOCH-4 ' 95009942 472
_.— NEGU2ST1 _ 4 6000-8060 2040
— #GDCF123:19 V/ | 6000-8800 2525°,
___rNEGU-8 8600-8840 24
— KOF21C-12 8600-9300 7°
— CMHC-7 _ 7200-8713 /9%
—yGDC29 V 5340-7056 /7/¢
.— #GDCF 15D-28 4440-7920 2760
4 GDC-5 6640-8086 /77
»/1LF-23 RD1 8800-9912 // /%
¥ SB-24 6500-7940//24174
= o ey
’ (2

o P
Signed W Y /g #M %

Title 6@4/05{/54’
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Cobb Mtn.
volcanic

; center
(at surface)

Boundary
of steam
reservoir
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Elev. contour* %,
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Unit 1:

Unit 3:

Unit 2:
Unit 6:

Unit 2,6:

Unit 4:

I,

PROPRIETARY

Key for figures 2b, 3 and ¢4

II

FRANCISCAN UNITS

Tocher Serpentine

MUM -metamorphosed ultramafic

Cobb Mountain
Frandsen Federal
Graywacke /minor Greenstone

Greenstone

Little Geysers Basin Unit
Semischistose Graywacke/Greenstone

PELSITE

Biotite granite porphyry

Biotite granite

Biotite + clinopyroxene microgranite

Biotite + clinopyroxene granodiorite

I: Franciscan
I.

Big Sulphur Creek Fault Zone Re Dt SEa ture zone

Anderson Creek Fault 2
?McLaugh*%n, ?834)
Wellhead locations

Wells included in study

Wellcourse with steam entry locations




Figure2kx Unit 18 & 20 Simplified Geology (from Tepper & Horning, 1984)

(AT

IS =]



PROPRIETA

"

, gn = "BITITE GRAMITE POPHYRY
B

\BIGTITE d.hl‘.;cizial’l‘ e

v - VgomTE GRANITE!
r

‘i~ ©pTITE CLINOPJRETE,

SRMODIORITE"

UNIT 20 MINERALOGY PROJECT

.
.

Figure 3

—

R

e

FEET

T
2000

1 T 1
GOIOO 8000 10,000 12,000

4000

4000

2000

SEA

LEVEL

=2000-

(14) H1d3a v3sens

-4000

=

-6000 —

11




) te

SUBSEA DEPTH (FT)

, WDPR)ETAQ{

Figure 4 : UNIT 20 MINERALOGY PROJECT

aN __o >
] €2 ¢e® ¢ ' i
00 A\ o® <
2000~ B
o §
unIT 4 ||
8EA_ n
LEVEL g
-20004 . i
o~ ) N i
: ;
’ 1
-4000- - T AN L i
. : . : : . L : : * ¥ M ok x LEE 3 ;\ n 1 '—"‘Z
z x L 4 * x x X XK x x x X % x = = . :
- : RO MM XXX MoK oxoxoxomox x x B
x x * X ® X XN x N K K o :;/u LI : : : : :
\-6000 - A x x " L S = * N WM X x L —
T T T T 1
0 4000 8000 8000 10000 12000




B R we B e

WEST : EAST

; 1] w W () w w tad s
o =4 =1 o =3 =] © 13
of =] o © o o o =3 <
° o o o f=3 o o (=1 <
w D ~ @ o o - & r
o o 5 o n [=3 (= o [
~ ~ ~ ~ ~ @ ] © €
- - - - - - - pad v
- obd
PR DNy
e
~.

- 2.000 . : . . )

- T

ERsSTO 17 E

LD 2

* 956A-4
52 DE 8
’11 958-1D|91958
- 958~ i .
74t ¥b73 E\ 5
<
MCK i1 )
L-S‘poo ~
5206-2RD
958-6 8025
7820 .
S 5206-3
= '8 DE
4/ 4+ DE 7
-
. £85 730
~—(ooo N~
5206-1R09206-1 OH
~ G 203 8
@);
~
\ Q—c\ -
S
\&"\‘D
. \\
+ jo,po0” TVD -
952 -/ g Pe
< -300 O i
w w w Lt w w 1) s (73]
§ S 8 3 8 3 S 8 s
o (=] (=3 o o (=] (=1 (=3
i & % > & & S o &
4 2 4 d d SJ 8| g 8
> ~ N ~ 1 ® © 2 e
! L1 TR AR T L MSAND AR T e e s T -~



Wes!

East

1782000E

3000

|o

~2000

1783000E

1784000E

/
J

/.

(2
(=4
<
S

785000E

178gZ;OE
790000E

{

-28 RD

OH

-3000

GDC 14-27 S12

5969
NS

- 4000 -4000,

19 - 15

7009 15 Fopk 7870

GPCF 63-29 [
RD = —
8438 6DC t4-27 ST3 .
-5000 7 5000
=
6DC 14-27 ST
8960
-6000 -e00%
-7000 “7900
\ i
-8000 : w 2009
<3 8 w < 8 W R Y 8
Q (= o o o (=] < 8 b4
= =3 o o 2 o A S & S
v w0 ~

S " 3 4 © © » © e 2
~ ~ NI ':' ~ : . '.: - -1

D)

T laguUveE A



POTZ.

PLAG.
TOTAL FSP

-

[UPPER FELSITE COMPDSITIONS

O W2, SZ

o @pc-2i

© LF-46

© OF2lC-12

® FFo2-%2, S12



TE

Quartz

Figure 7 Classification of Felsite Unit 20-18

Cl1uGS General Classification and
Nomenclature of Plutonlc Igneous Rocks]

Unit designallon based on classification + texture

Quartz Rich

©® A biotite granite porphyry (DV-2)
Granitolds
B biotite granite/granodiorite
Dv2 , FF 52-33RD
unit becomes more maflc with
depth in both wells and uliimately

plols as a grandlorite 60

8 C bic:nltei clinopyroxene granite

v D biotiteiclinopyroxene
granodiorite

A + C samples with »55
Quartz may have
secondary
silicification

Granites

20

Quartz Syenite Quartz Monzonite Quartz Dilorite
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September 8, 1997

L @ g A ” a m @ S E/IESSI—)li geology/Geochemistry

Los Alamos National Laboratory (505) 667-8060
Los Alamos, New Mexico 87545 FAX (505) 665-3285

Jeffrey B. Hulen

ESRI

1515 E. Mineral Square, Room 109
Salt Lake City, UT 84112

Dear Jeff:

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.

B Br Cl F Li S

F91-17  Cobb Va Dacite 26.5 1.3 54.7 301 29.5 10
F92-33  Cobb Mtn Rhyo 712 1.5 476 340 49.2 15
F92-34  Cobb Mtn Dacite  30.2 <0.5 60.5 349 29.6 7
CA-9586 The Felsite 254 1.6 466 745 339 58

Hi to Renata. Ciao for now.

As always,

Fraser Goff

Cy: BUS-4, MSA190
EES-1 Files

An Equal Opportunity Empioyer/Operated by the University of California
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Subject: 13465.csv

mailbox:/C%7C/Program%20Files/Netscape/Na...l/Inbox?id=33DE3ACC.56E7@ibm.net&number=2

Date: Tue, 29 Jul 1997 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),,0.130
F91-17 (DVC),,0.068
F92-33 (RAC),,0.049
F92-34 (DCcM),,0.055
UT/FT-6 (LAM),,0.430
UT/FT-7 (LAM),,0.430

7/29/97 1:24 PM
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ACTIVATION |
ACTLABS LABORATORIES LTD

Invoice No.: 13244
Work Order: 13271
Invoice Date: 30-JUN-97

Date Submitted: 02-JUN-97
Your Reference: 25075
Account Number: 1161

UNIVERSITY OF UTAH
ENERGY AND GEOSCIENCE INSTITUTE

423 WAKARA WAY, SUITE 300
SaLT LAKE CITY, UTAH

USA 84108

ATTENTION: JEFFREY B. HULEN

CERTIFICATE OF ANALYSIS

6 ROCK SAMPLES were gubmitted for analysis.

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

', .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 4R 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

A

PR, E. 1. HOFFMAN

1336 SANDHILL DRIVE, ANCASTER, ONTARIO, CANADA [L9G 4V5 o TEL: 905-648-9611 « FAX: 905-648-9613
E-MAIL: ACTLABA@IBM.NET or 102040.700 @ COMPUSERVE.COM




Lithogecchem {Research Packags) Job #:

Sample R0
CAB858-6 {GRDY |
E91-17 {DCV] |
F92-33 {RAC) 5
&
UT/FT-8 (LAM)
UT/FT-7 {LAM)

p-725 P76
La/ S ¥ zZr .
AT 1919 | 1665 P
27597 20.10 | 22/2 oof.1

55, Minelre

FD

13271
Trace Element Values Are in Parts Per Miilion.

Negative Va
Sb Cs
0.97 10.0
1.42 6.0
1.17 16.2
0.95 5.6
1.46 75

Micaceoks

13244RPT.XLS

Ba
§1.005.6
850.1
694.6
657.0

La
27.98
20.59
23.42
22,75

15,786.6 - 296.49
1.83 5.9 22,051.1.344.96

p-227 | p 77

Vi

75.57 | 15,7066 2.78.7/
35.48 | 22,007 4,6/7.28

Ce Pr Nd Sm
48.71 5.142 20.B8 4.20
32.64 4341 18.49 3.85
4253 4.670 19.74 4.2
43.60 4.834 2071 4.85

(492,79 46.227 157.39 19.19
§71.37 50832 167.72 20.10

ba 2

Limberlite

Page 2 of 3

Eu Gd
1.403 3.81
1416 3.34
0.846 3.76
1.356 4.17
5.832 20.09
6.8B2 23.71

P 573

Z/HF

177 (%)
7

Tb
0.55
0.b4
0.62
0.67
2.42
2.61

Dy
2.98
2.77
3.46
3.86
5.80
6.35

Ho
0.58
0.53
0.71
0.78
0.89
1.08

Er
1.89
1.76
2.21
2.44
2,76
3.18

Tm
0.274
0.257
0.353
0.365
0.191
0.219

9g:9T  LB/0€/90

£T068795061T8

SAVILOV

L00/g00[3



Lithogeschem [Research Package) Job #: 13271

Trace Element Values Are in Parts Per Million. Negative Va
Sample ID:

CA858-6 (GRC)
E91-17 {DCV)
F82-33 [RAC)
F92-34 {(DCM)
UTHT-6 (LAM)
UTHT-7 {LAM)

Yb
1.76
1.84
2.16
2.30
1.12
1.26

Lu Hf
0.274 31
0.244 3.7
0319 2.7
0.328 34
0.218 3.2
0.258 18.9

13244RPT.X

Ta w
0.44¢ Q.5
054 21.9
0.73 2.4
0.69 1.4
9.57 1.1

12.92 2.0

Page 3 of 3

LS

Tl
0.59
0.75
1.39
0.68
0.57
1.19

Pb
17
34
24
a3
37
49

Bi
-0.05
-0.05

0.13
-0.05
0.12
0.16

Th
11.61
8.06
13.89
10.48
25,54
33.48

3.47
3.50
6.10
4.58
3.95
6.25

L6/08/90

9¢:9T

¢T96879506TE

SAYTLOY

L00/9800 [P



Lithogeoschem {Halogen Package} Job #: 13271
Trace Element Values Are in Parts Per Million.
Sampie ID:

CA958-6 (GRD]

F951-17 {DCV)

F92-33 [RAZ)

F92-34 {DCM)

UT/ET-6 (LAM]

UTHFT-7 (LAMY)

Reportd: 132448
Mepative Values Equal Not Detected at That Lower Limit.

cl
1,661
1,775
2,697
2,593
3,754
4,624

Certiffed By.

D. D'Anna, Dipl. T.

Br
7
7
9
-

17
17

/

13244BRP.XLS

Company: University of Utah

|

1
-1
-1
-1
-1
A1

ICPMS Techrical Manager, Aclabs Ltd,

Date:

30

This repovt shall not be repratkuead except in Full wvithout (e ritten approval o the laboratory.
Unless athervdsa instructad, samples will be disposed ol 90 days from the datz of this report.

Page 1 of 1

Contact: Jeffrey B. Hulen

L8/0€/90

9¢:9T

¢T968795068 TR

SEVILOV

L00/L00[p
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Lithogeochem [Research Package) Job #: 13271 Report#: 13244

Trace Element Values Are in Parts Per Million. Negative Values Equal Not Detected at That Lower Limit.
Sample 1D: \ Cr Co Ni

CAS58-6 (GRDY 71 42 8.1 26

ES1-17 (DCV} 64 120 13.6 82

F92-33 [Ral) 42 40 4.3 23

F92-34 (DCM) 38 28 6.6 18

UT/FT-6 LLAM) 198 . 1,170 45,2 222

UTHT-7 LAM) 222 . Bb3 /52.8B 23t

Gr //’%;g 1-2

1 l ﬁ'/

AN

’7
>

W zidis T %

6 2%
% 237

"7-317

s Ro=15] __,Z ot <257

\_., T —

N

V ;/af ﬁ}?ﬁ /Jﬁ/

£ ocales
7 Kb

Cu Zn
35 &4
116 78
21 37
12 60
136 539
170 910

13244RPT.XLS

Ga
18
20
16
17
i€
I8

Client:University of Utah

Ge
1.2
1.3
1.4
1.2
2.5
2.3

INT: Niebium interference on silver by ICPMS.

Gelified By.

D. D'Anna, Dipl. T.
|CPMS Technicat Manager, Actizbs Lid.

e

[

hen
~
?k@d&

Page 1 of 3

Contact: Jefferey Hulen

As Rb Sr
-5 137.1 333,16
32 113.2 327.54
9 186.9 270.16
10 128.94 328.39

20 [456.2\ 2,228.71
27 \546.3/ 4, .

4,673.28

Date; 3 0

This report shak not be repruduced except in full without the written approval of the lahoeatory.
Uriless athenwise insiructed, samples will be dispased aof 90 days fram the datz af this report.

Y Zr
17.7 133.6
16.8 144.1
222 8295
238 132.5

Nb
53
6.3
4.7
6.9

28.7 3552 165.5

32.2 (B!

’ g (/

'+ 221.2

Mo
0.3
0.7
1.3
0.5
4.8
1.9

Ag In Sn

085 0.1 2.1
0.5 -0.1 1.6
-0.5 -0.1 35
0.6 -0.1 3.5
INT 0.9 9.3
INT 2.1 2B.§

ge: 9T L8/0¢2/80

¢T86879508 T8

SAVILOV

L00/F0017



SAMPLE DESCRIPTION

CAS58-6 (GRD)
F31-17 (DCV)
F92-33 (RAC)
F52-34 (DOM)
UT/PT-6 (LAN}
Ur/FI-7 {LAN)

Activation Laboratories Ltd.

D.005
<0.003
0.003
<0.003
0.261
0.505

Work Orxrder: 13271 Report: 13244B

PAGE 1 OF

1

L8/0¢/90

§¢:9T

¢T98879506 T8

sAVILDV

L00/£0003



07/10/97 0g8:12 819056489613 ACTLABS dools007

ACTIVATION r
ACTLABS LABORATORIES LTD

Invoice No.: 13244
Work Order: 13271
Invoice Date: 30-JUN-97

Date Submitted: 02-JUN-97
Your Reference: 25075
Account Number: 1161

UNIVERSITY OF UTAH

ENERGY AND GEOSCIENCE INSTITUTE
423 WAKARA WAY, SUITE 300

SALT LAKE CITY, UTAH

USA 84108

ATTENTION: JEFFREY B. HULEN

CERTIFICATE OF ANALYSIS

- e e e ekl W S mm e Ew e e e b

€ ROCK SAMPLES were submitted for analysis.

The following analytical packages were requested. Please see

~ur current fee zchedule for elements and detection limits.

| REPORT 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 :

A,

DR, E. T. HOFFMAN

1336 SANDHILL DRIVE, ANCASTER, ONTARIO, CANADA L89G 4V5 « TEL: 905-648-9611 » FAX: 505-648-8613
E-MAIL: ACTLABA@IBM.NET or 102040.700 @ COMPUSERVE.COM




13244BRP XLS

Lithogeochern (Halogen Package] Job #: 13271 Report#: 132448 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: al Br I

CAS58-6 [GRD} 1,851 7 1

F91-17 [DCV) 1,775 7 -1

F92-33 (RACH 2,697 9 -1

F92-34 (DCM) 2,533 7 -1

UTAT-6 [LAM) 3,754 17 -1

UT/FT-7 {LAM] 4,624 17 -1

Certified By:

D. D’Anna, Dipl. T.
ICPMS Technical Manager, Acliabs Ltd. Date: 30; Mg Z

This reperd shal no bz reproduced except in (Ul without the written sppegval of the Iaboratory.
Unless ciherwise instrucied, sanples will bz dispased of 80 days Fram whe date of this repart.

Page 1 of 1

¢€T:60 L6/0T/L0

£T196879S06TE

SAVILOY

Lo0/L00[3)



Lithogeochem {Research Package) Job #: 13271

Trace Element Values Are in Parts Per Million. Negative Va
Sample (D:

CA95B-6 (GRD)

ES1-17 (DCV)

F22-33 {RAC)

F32-34 [DCW)

UTIFT-6 (LaM)

UTFT-7 {LAM)

Yb
1.76
1.54
2.16
2.30
1.12
1.25

Lu Hf
0.274 341
0.244 3.7
0.318 2.7
0.328 34
0.218 3.2
0.258 18.5

Ta
0.44
0.54
0.73
0.89
9.57

12.82

0.5
21.8
2.4
1.4
1.1
2.0

13244RPT.XLS

Ti
0.59
0.75
1.39
0.68
0.57
1.18

Page 3 ot 3

Pb
17
34
24
38
37
49

Bi
-0.05
-0.05

0.13
-0.05
012
0.16

Th
11.61
8.06
13.89
10.48
25.64
33.48

3.47
3.50
6.10
456
3.95
6.85

£T:60 L6/0T/LO

£T96879506T8

SEVILIOV

L00/900



Lithegeochem (Research Package) Job #:
Trace Element Values Are in Parts Per Million.

Sample ID:
CAO958-8 {GRDY)
E91-17 {DCV)
F82-33 [(RACQ)
F82-34 (DCW}
UT/FT-6 (LAM)
UT/FT-7 (LAM)

éfj/ Yl

/ézt
.0
9.89

Sb
0.87
1.42
1.7
0.95
1.46
1.83

13244RPT.XLS

Cs Ba
10.0 1,005.6
6.0 850.1
16.2 694.6
5.6 657.0
7.5 15,786.6
5.9 22,051.1

La Ce
27.88 4871
20.59 32.64
23.42 4253
2275 43.60

296.49 482.79
344.86 571.37

Page 2 of 3

Pr
5.142
4.341
4.670
4,834

45,227
50.832

Nd
20.88
18.49
19.74
20.71

187.39
167.72

Sm
4.20
3.85
4.12
4.65

18.19
20.10

Eu
1.403
1.416
0.946
1.356
5,832
5.882

Gd
3.81
3.34
3.76
4.17

20.09
23.71

Tb
0.58
0.54
0.62
0.67
2,42
2.61

Dy
2.98
2.77
3.46
3.85
5,80
6.35

Ho
0.58
0.53
0.71
0.78
0.89
1.06

Er
1.B9
1.76
.2
2.44
2.76
3.18

Tm
0.274
0.257
0.353
0.365
0.191
0.219

£T:60 L6/0T/LO

£T98879506TE

SAVILOY

L00/500 [



Lithogeochem {Research Package) Jab #: 13271

Sample ID:
CA858-6 (GRDJ)
EQ1-17 (BCV)
F92-33 [RAC)
FBZ-34 (DCM)
UT/FT-6 (LAM]
UT/FT-7 (LAM]

Report#: 13244

\) Cr Co
71 42 8.1
64 120 13.6
42 40 A3
38 28 6.6

13244RPT.XLS

Ni Cu Zn
26 35 54
82 116 78
23 2y 37
6 12 60

188 1,170 452 222 136 539
222 853 52.8 231 170 910

Ga
18
20
16
17
16
18

Client:University of Utah
Trace Element Vatues Are in Parts Per Million. Negative Values Equal Not Detected at That Lower Limit,

Ge

NN-—‘.—A-—I_A
Wt kbW N

INT: Nichium interference on silver by ICPMS.

Certified By:

D. D'Anna, Dipl. T.

[

ICPMS Technical Manager, Actiabs Lid.

As
-5
32

10
20
27

Rb Sr
137.1 333.16
113.2 327.54
186.9 270.16
129.9 328.392
456.2 2,229.71
546.3 4,679.28

Date: 3 6

This regort shall not be repraduced exozpt in Fuil without the written approwal of tha laboratary.
Unless athenwise mstrusted, samptes will be disposed of 80 days fram the date #f this repart.

Page 1 of 3

Contact: Jefferey Hulen

Y
17.7
16.8
22.2
238
28.7
32.2

Zr Nb
133.6 8.3
44.1 6.3

92.9 4.7
132.5 6.9
356.2 1655
BB4.1 221.2

Mo
0.3
0.7
1.3
0.5
4.9
1.9

Ag In Sn
0.5 0.1 2.1
¢85 -01 1.6
-0.5 -0.1 3.6
06 -0.1 35
INT 0.9 9.3
INT 2.1 28.5

€T:80 L8/0T/LO

£T96879508TE

SAVILOV

L00/%00(7



SIMPLE DESCRIPTICH

CA95B-6 (GRD) 2.
FIL-L7 (DCY) <D,
F92-33 (RAC) 0.
F92-34 (D(H) <0.
.261
UT/ET-7 (LAM) 0.

UT/PT-6& (LAM)} 0

Activation Laboratories Ltd.

0os
003
003
003

505

Work Order:

13271 Report: 13244B

PAGE 1 QF 1

£€1-60 L6/0T/L0

219687950618

SEVILOV

L00/€00 B




SAMPLE

CAS58-6 [GRD)
F91-17 {DCV)
F92-33 [RAC)
F92-34 (DCM]
UTAT-6 [LAM)
UT/FT-7 [LAM]

i ':’Atl‘hlation Laboratories Ltd. Work Order No. 13271 Report No.13244

<

o/ X
Si02 Al203 Fe203 FeO MnO Mg0 ,CBO~ Naz0 K20 TiDZ P205 H20- H20+ LOI

;
%

67.88
64.72
69.29
66.71
28.56
30.14

%
15.74
17.40
13.79
156.36

8.32
B.43

Pizgative values indicate less than the deteciion frmit

% %
0.76 2.60
1.77 2.00
0.89 1.50
2.09 1.50
5.20 3.10
5.53 2.40

%
0.06
0.05
0.0%
0.07
0.14
0.17

wWer% pH N %
1.79 378 _4.42°219 0.43
241 170 3.19 2.8390.58
116 241 /3.40 417 0.34
1.15 0
5.50 18,60 0.13 7.44 3.30°
4.60 16.96 0.15 7.23 3.85

3.69 3.90 3.28 0.70,

%
012
0.13
0.09
0.18
1,81

‘140

Page 1 of 1°

6127/97

)
0.13
0.22
0.17
0.11
0.14
0.16

%
0.32
2.66
1.48

0.6
0.86
0.66

%
0.12
1.77
0.19
0.41

13.87
12.78

TOTAL Ba St Y Sc  Zr Be

v

% pPM  pPpM ppm ppm ppMm pRM ppm
99.58 986 337 17 12 130 2 69
98.59 B6S 337 16 12 146 2 61
97.00 677 279 21 B 100 _ 2, 45
99,04 659 342 23 §1°133 1 38
95.98 1482112110 27 32 682 ~ 4204
93.94 20247 $282 29 29 894 5 227

t' -
P 4 4
-
[Fy
. ; %
L Y
] T
A 4
Je ey Lo
A = f
j \ .
p Vs 3
o | 8T o 4 ’
- [ o d '
“ -7 ”
-
<o ol
&’ .

Adrienne 1. Rittau, B.Sc., C.Chem

ICP Technical Manager

¢T:60 L6/0T/L0O

£T96879506TH

SAVILOY

L00/200[3



SAMPLE
% %
CA958-6 (GRD) 6788 15.74
F91-17iDCV) e - © 6472 17.40
F92-33 RAC) _ 69.99 13.79
F92-34 [DCM] ¢ W 1536
Lo

UT/FT-6 (LAM) % .28.55 - 8.32
UTFT-7 [LAM) 30.14 * .43

RV 6534

F91-17 pav & 55

RAC. T 65

Mapative values indicate less than (e detecthon linnit

%
0.76
1.77
0.89
2.09
5.20

- 5.53

Activation Laboratories Ltd. Work Order No

%
2.60
2.00
1.50
1.50
3.10
2.40

%
0.06
0.05
0.05
0.07
D0.14
0.17

%
1.7¢
2.41
1.16
1.18
5.50
4.60

%
3.78
1.70
.41
3.68

18.60
16.96

432
3.19
3.40
3.90
0.13
0.15

Si02 Al203 Fe203 FeO MnO MO Ca0 Na20 K20 Ti02 F205

% % % %
2.12 043 0.2
2.8 058 013
4.17 034 0.08
3.28 070 0.18
749 3.30 1.81
7.23 385 1.70

»’é,?ﬁ 7420
75D 2.5

%

<&

A

g 477

Page 1 of 1
6/27/897

. 13271 Report No.13244

H20- HZ0+ LOI
e % %

TOTAL Ba

% ppm

Sr Y St Zr B V

ppM  ppM ppM DpMT pPM  ppm
0.13 032 0.12 9959 8% 337 17 12 130 2z €9
0.22 266 1.77 9853 B69 337 16 12 146 2z 61
017 148 019 8780 677 279 21 8 100 2 45
011 06 0.41 93.04 659 342 23 11 133 1 38
0.14 0.96 13.87 ©5.28 148271 2110 27 32 682 4 204
0.16 0.66 1278 93.94 20247 4282 29 29 894 5 227

Adrienne |. Rittau, B.Sc., C.Chem
ICP Technical Manager

L6/80/L0

ve-oT

£T96878%08T8

SHVLLDY

200/200 3



Activation Laboratories Ltd. Work Order No

. 13271 Report No.13244

SAMPLE Si02 AI203 Fe203 FeO MnO MgO CaDQ Na20 K20 Ti0O2 P205 H20- H20+ LOI TOTAL Ba Sr Y Sc Zr Be V
% % % % % % % % % % % Y % % % 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 2.19 043 0.12 0.13 0.32 0.12 99.59 996 337 17 12 130 2 69
F91-17 (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 9859 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) 66.71 15.36 2.09 1.50 0.07 1.15 3.69 3.90 3.28 0.70 0.18 0.11 0.6 0.41 99.04 659 342 23 11 133 1 38
UT/FT-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 5.563 2.40 0.17 4.60 16.96 0.15 7.23 3.85 1.70 0.16 0.66 12.78 93 94 2024»7~4282-—~2-9:'- 894 5 227
) C, 7 [ a 0
) 0 o, ?1 0,?5 [4M
woy 817 548 2.7 0.5 980 17 A "L ﬂé B o o
% 206 06 177 6 776 4 - A
72'%7 2,06 B K 7 :7 7 T“’L‘)f
67.65 395 293

.68

554 42

- %28 %

=7\ 2/
23 %

B4

Adrienne 1. Rittau, B.Sc., C.Chem
ICP Technical Manager

Page 1 of 1
6/27/97

Negative values indicate less than the detection limit



Activation Laboratories Ltd. Work Order: 13271 Report: 13244B

PAGE 1 OF 1

SAMPLE DESCRIPTION s

%
CA958-6 (GRD) 0.005
F91-17 (DCV) <0.003
F92-33 (RAC) 0.003
F92-34 (DCM) <0.003
UT/FT-6 (LAM) 0.261

UT/FT-7 (LAM) 0.505




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: \2 Cr Co Ni Cu 2Zn Ga Ge As Rb Sr Y Zr Nb Mo Ag In Sn
CA958-6 {GRD) 71 42 8.1 26 35 54 18 1.2 -5 137.1 333.16 17.7 133.6 53 0.3 -0.5 -0.1 2.1
ES1-17 (DCV) 64 120 13.6 82 116 78 20 1.3 32 113.2 327.54 16.8 144.] 6.3 0.7 05 -01 1.6
F92-33 (RAC) 42 40 43 23 21 37 16 1.4 9 186.9 270.16 22.2 92.9 4.7 1.3 -0.5 -0.1 3.5
F92-34 (DCM) 38 28 6.6 16 12 60 17 1.2 10 129.9 328.39 23.8 1325 69 05 06 -0.1 35
UT/FT-6 (LAM) 198 1,170 45.2 222 136 539 16 2.5 20 456.2 2,229.71 28.7 355.2 165.5 4.8 INT 0.9 9.3
UT/FT-7 (LAM) 222 853 52.8 231 170 910 18 2.3 27 546.3 4,679.28 32.2 854.1 221.2 1.9 |INT 2.1 285

INT: Niobium interference on silver by {CPMS.

Certified By:

D. D'Anna, Dipl. T. ‘g
ICPMS Technical Manager, Actlabs Ltd. Date: 3 Oy ?Z

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.

Page 1 of 3




Lithogeochem (Research Package) Job #: 13271

Trace Element Values Are in Parts Per Million. Negative Va
Sample ID:

CA958-6 (GRD)

E91-17 (DCV)

F22-33 (RAC)

F92-34 (DCM)

UT/FT-6 (LAM)

UT/FT-7 (LAM}

Sb
0.97
1.42
1.17
0.95
1.46
1.83

13244RPT.XLS

Cs Ba La Ce
10.0 1,005.6 27.98 48.71
6.0 850.1 20.59 32.64
16.2 694.6 23.42 42.53
5.6 657.0 2275 43.60
7.5 15,786.6 296.49 492.79
5.9 22,051.1 344.96 571.37

Page 2 of 3

Pr
5.142
4,341
4.670
4.834

45,227
50.832

Nd
20.88
18.49
19.74
20.71

157.39
167.72

Sm
4.20
3.85
4.12
4.65

19.19
20.10

Eu
1.403
1.416
0.946
1.356
5.832
6.882

Gd
3.81
3.34
3.76
4.17

20.09
23.71

Tb
0.55
0.54
0.62
0.67
2.42
2.61

Dy
2.98
2.77
3.46
3.85
5.80
6.35

Ho
0.58
0.53
0.71
0.78
0.89
1.06

Er
1.89
1.76
2.21
2.44
2.76
3.18

Tm
0.274
0.257
0.353
0.365
0.191
0.219




Lithogeochem {Research Package) Job #: 13271

Trace Element Values Are in Parts Per Million. Negative Va
Sample ID:

CA958-6 (GRD)

E91-17 (DCV)

F92-33 (RAC)

F92-34 (DCM)

UT/FT-6 (LAM)

UT/FT-7 (LAM)

Yb
1.76
1.54
2.16
2.30
1.12
1.25

Lu
0.274
0.244
0.319
0.328
0.218
0.258

Hf
3.1
3.7
2.7
3.4
3.2

18.9

13244RPT.XLS

Ta
0.44
0.54
0.73
0.69
9.57

12.92

wW
0.5
21.9
2.4
1.4
1.1
2.0

Tl
0.59
0.75
1.39
0.68
0.57
1.19

Page 3 of 3

Pb
17
34
24
39
37
49

Bi
-0.05
-0.05

0.13
-0.05
0.12
0.16

Th
11.61
8.06
13.89
10.48
25.54
33.48

3.47
3.50
6.10
4.56
3.95
6.956




13244BRP.XLS

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: Cl Br |

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:

Y

D. D'Anna, Dipl. T. ﬁz
ICPMS Technical Manager, Actlabs Ltd. Date: 3 OV 77

This report shall not be reproduced except in full without the written approval of the laboratory.
Unless otherwise instructed, samples will be disposed of 30 days from the date of this report.

Page 1 of 1




UNIVERSITY OF UTAH

ACTLABS

ACTIVATION
LABORATORIES LTD

EARTH SCIENCES AND RESOURCES INSTITUTE

391 CHIPETA WAY, SUTIE C

SALT LAKE CITY, UTAH
USA 84108
ATTENTION: JEFFREY B. HULEN

I

AU
CR
IR
SC
U

ND
YB

Invoice No.:
Work Order:

Invoice Date:

Date Submitted:
Your Reference:
Account Number:

CERTIFICATE OF ANALYSIS

\ package, elements and detection limits:

OrrOCOrON

°
°
°
°
°

5

[

0

5

PPB
PPM
PPB
PPM
PPM
PPM
PPM

REPORT 7571B -

1336 SANDHILL DRIVE, ANCASTER, ONTARIO, CANADA L9G 4V5

AS
Cs
MO
SE
W

SM
LU

2

e - e fe

5

R ONORK

0.01
0.01

PPM
PPM
PPM
PPM
PPM
PPM
PPM

BR
HF
RB
TA

EU

.5 PPM
2 PPM

PPM
3 PPM
1 PPM
05 PPM

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

CERTIFIED BY

Ny O

e y
DR. ERIC L.

Y

7571
7652
08-MAR-95
13-FEB-95
67810
U017
Cco 0.1 PPM
HG iIts PPM
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TH 0.1 PPM
CE e PPM
TB 0.1 PPM
v";jll‘ L2LIE A 7TAA /““ s
HOFFMAﬁ

e TEL: 905-648-9611

{7

e FAX:905-648-9613



Report: 7571

7652

Work Order:

Activation Laboratories Ltd.

TB
PPM

sM
PPM

CE
PPM

TH
PPM

sC SE TA
PPM PPM

PPM

SB
PPM

MO
PPM

IR

PPB

HG
PPM

cs
PPM

AS BR co CR
PPM PPM PPM

PPM

AU
PPB

Sample description

PPM

PPM

PPM

PPM

PPM

PPM

PPM

1.8

9.67 2.31

49

111
149

<l 58.8
<l 83.8%
<1 61.9

<1

2.0

4.4

9.5 <0.5
3.4 <0.5
5.1 <0.5
7.0 <0.5
3.9 <0.5

0.1
0.3
0.1

14.4 <1 <1 66
<1

0.7 <0.5 <0.2
0.8 <0.5

0.6

<1l <0.5

<2

AI-B6-102
AI-86-105
AI-86-107

AS--8

0.91

62 12.0

3.3
1.3
2.1
3.9

7.1 11.8

4.8
4.6

99
62
39

<1

15.7

1.0

4.8
1.8
1.2
2 <0.5

<2
<2
<2
<2

1.85
2.92

9.36
8.66

67 13.0

49

115
101
150

8.4

13.7 <1 <1

1.9 «<0.2

1.5

43

54.1

0.2
0.2

<1
<1

11.2 <1
<1

0.5

0.7 <0.5
0.6 <0.5 <0.2

1.11

<1l 83.7

12.0

86 5.8

<2

14.3

GH-1,353

1.3

4.59
2.36
0.33
0.45
0.39

37 7.86
51 10.2

77
115

<l 40.0

1.0
2.0

2.6
4.2
0.9

0.1 17.4 <0.5
9.5 <«<0.5
4.2 <0.5
5.8 <0.5
3.2 <0.5

<1 <l <2 28

7.2
14.7

1.3 6.4 <0.2
<0.5 <0.2
42.4

0.6
2.9

<l <0.5

<l <0.5

<2

GE~5,567
GH~6,69

<1l 60.6

10

63 <0.1

135

<1

<1

2

15 2.99

36
16

16.8

17.5

<1 <1 12 0.8
0.9

<l
<1

GDC-21-1

3.48
3.01

38
47

17.8
8 '25.4

14.5
0.7 18.2

0.9

10 168

<1

4.8 36.5 8.5
8.7

2.5 31.0

2.3

GDC-21~3

0.6

18

7.2

1.8

173

<1

4.6

15

LF~48~H7

0.8
0.6

3.18 <0.05

13
20

36

16.0

12.9 <1

1.2 22.6

0.5
0.5
0.8

<0.5

3.6
11.4 <0.5

<1 <1 <2 292
<1

<1
<1

11.3

0.8

<2

DV-2-B

3 28.5 52 3.97 0.87
<1 24 4.24 0.87

4.0
4.2

12.7

0.4
0.9
0.6

<1 112

3.4

8.9
9.2
<0.2

1.4 8.2 26.4
8.1 25.4
<0.5 88.6 460

2.4

<2
<2

CA-958-6-A

0.6

14.9 31.9 59

10.4 <0.5

137
53.1 <0.5

<1

CA~958-6~B

32 18 4.63 1.50

<1

0.9 <0.1

<2 25

<1

<1

MRG-1-1803




Activation Laboratories Ltd.

Sample description ¥YB LU  Mass

PPM  PPM g
AI-86-102 5.82 0.77 1.522
AT-86~105 7.82 1.03 1.747
AI-86-107 4.91 0.70 1.828
AS5-8 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 1.31%
GDC-21-3 2.53 0.37 1.398
LF-48~E7 1.98 0.30 1.332
DV-2-B 3.20 0.47 1.446
Ch-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

Work Order:

7652

Report: 7571




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

SAMPLE # $i02 Al203 Fe203 FeO Mno Mgo Cao Na20 R20 Tio2 P205 H20+ H20- LOI TOTAL

3 2 % 2 % % % % % % % 3 % % %

AY-86-102 66.28 15.37 4.74 —==w— 0.139 0.10 0.77 6.48 4.51 0.34 0.06 ~——e o 0.25 9%5.09
AT-86-105 66.45 14.14 3.62 —wee 0.15 0.06 0.49 6.13 4.89 0.20 0.04 ~ve—= e 1.60 97.76
AY-86-107 68.80 13.52 4.50 ——we- 0.16 0.13 0.68 6.06 4.25 0.31 0.50 w-een emeee 1.84 100.76
AS-8 65.86 15.68 5.13 ~——mm 0.22 0.24 1.50 6.46 3.20 0.40 0.42 -—oeem e 1.65 100.75
GH~1,353 71.55 14.08 3.23 ———m- 0.14 0.08 0.13 5.72 4.86 0.18 0.02 —eeee oo 0.45 100.44
GH-5,567 64.43 14.71 7.1l == 0.30 0.56 1.55 6.91 3.33 0.79 0.19 w-mew cmeee 0.30 100.18
GH-6,69 67.34 15.41 4.74 ————- 0.20 0.14 1.06 6.53 4.59 0.34 0.05 ——ewe e 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 0.08 0.11 0.25 98.27
LF-48-H7 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
CR-958-6-2A 67.17 15.32 0.69 3.16 0.08 2.01 3.5%4 3.87 2.57 0.44 0.14 0.03 0.05 0.20 95.59

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 # Ba Sr Y Sc

Zr

PPM PPM PPM PPM PPM
AI~86-102 1194 21 65 12 850
AI-86-105 72 2 90 4 861
AI-86-107 312 25 53 5 787
AS-8 828 163 61 ] 708
GH-1,353 196 5 85 4 748
GH-5,567 2162 28 43 20 405
GH-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~H7 684 99 20 4 83
DV-2-B 208 32 33 4 54
CA-958-6-A 1110 352 20 13 147

Ch-958-6~B 1123 338 21 12 143




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

Sample description CcU PB ZN AG NI cD BI v BE
PPM PPM PPM PPM PPM PPM PPM PPM PPM

AI-86-102 2. 5. 142. 0.5 3. <0.5 6. 2. 4.
AI-86-105 4. 8. 139. 0.5 6. 0.5 6. 2. 6.
AI-86-107 3. 6. S5. 0.5 3. <0.5 8. 3. 3.
AS-8 3. 5. 116. 0.5 3. <0.5 i1c. 2. 3.
GH~-1,353 5. 11. 135. 0.5 5. <0.5 <5. 3. 5.
GH~-5,567 2. 10. 117. 0.8 5. <0.5 <5. 3. 2.
GH~6,69 2. 10. 128, 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 i8. 12. 25. 0.5 31. <0.5 <5. 18. 2.
LF-48-H7 52. 8. 45. 0.5 31. <0.5 7. 10. 2.
DV-2-B 7. 16. 10. 0.5 10. <0.5 10. 2. 3.
ChA-958-6-A 43. 13. 62. 0.5 14. <0.5 <5. 60. <2.
CA-958-6-B 37. 17. 75. 0.5 16. <0.5 <S. 57. <2.




SAMPLE DESCRIPTION

GDC-21-~1
GDC-21-3
LF-48-H7
DV-2-B
CA~958~6-A
CA~958~6~B

Activation Laboratories Ltd.

s

%
0.006
0.020
0.007
0.005
0.010
0.008

co2

%
0.221
0.221
0.240
0.259
0.112
0.095

CL

2
0.10
0.13
0.12
0.03
0.04
0.06

Work Order: 7652

Report: 7571D



7652 Report: 7571

Work Order

Activation Laboratories Ltd.

I8
PPM

EU

PPM

SM
PPM

CE
PPM

SE
PPM

sC

PPM

SB
PPM

MO
PPM

IR

PPB

HG
PPM

Cs
PPM

co CR
PPM

PPM

BR
PPM

AU
PPB

Sample description

PPM PPM PPM PPM

PPM

PPM

PPM

PPM

PPM

1.8

49 9.67 2.31

111
149
115

<l 58.8

2.0

4.4

8.5 <0.5
3.4 <«0.5
5.1 <0.5
7.0 <0.5
3.9 <«<0.5

0.1

66
99

<1

<1
<1
<1

14.4

0.7 <0.5 <0.2

<l <0.5

<2
<2
<2
<2
<2

AT-86-102
AT-86-103

0.91
1.85

43 8.66 2.92

62 12.0

83.9
<l 61.9
<l 54.1

<1

11.8

7.1
4.8
4.6

0.3
0.1
0.2
0.2

0.8 <0.5 1.0 15.7 <1

4.8
1.8

1.5

49 9.36

1.3
2.1
3.9

8.4
6.9

62

1.9 <0.2 13.7 <1
<1

0.7 <0.5

0.6

AI-86-107

AS-8

1.5

101
150

39
86

<1

11.2

0.5

1.2
2 <0.5

2

1.11

67 13.0

83.7

<1

5.8 12.0

<1 <1 <2

14.3

0.6 <0.5 <0.2

GE-1,353

77 37 7.86 4.59 1.3
115

40.0

<1

2.6

<1 <1 <2 28 0.1 17.4 <0.5
<1

<l <0.5 1.3 6.4 <0.2 7.2
14.7 <1

<1l <0.5

<2

GH-5,567
GH~6,69

2.36
0.33
0.45
0.39

51 10.2

<l 60.6

2.0
9.0

4.2
0.9
0.9

9.5 <0.5
4.2 <0.5
5.8 «<0.5
3.2 <0.5

69 <0.1
135

2
12

0.6 <0.5 <0.2

2

36 15 2.99

16.8

10

17.5

0.8
0.9
1.8

<1

<1
<1

2.9
2.8

6.0
9.5
8.7

42.4
4.8 36.5
2.5 31.0

2.2 2.9

2.3
4.6

GDC~21~1

3.48
3.01

16

18

38
47

17.8
8 25.4

14.5

10 168
173

<1
<1

GDC-21-3

7.2

0.7 18.2

<1

3.0

15

LF-48~H7

13 3.18 <0.05 0.8

36
52

16.0
3 28.5

12.8 <1

22.6
0.5 12.7
0.5 14.9

1.2
0.8

<0.5

3.6
11.4 <0.5

10.4 <0.5

53.1 <0.5

<1 <2 292

<1

11.3

0.8

<2
<2
<2

DV-2-B

0.87
0.87

18 4.63 1.50

20 3.97
24 4.24

4.0

0.4
0.9
0.6

112
137

8.2 26.4 8.9 <1 <1 2

1.4
2.4

CA-958-6-2

<1l 31.9 59

4.2

<1
<1

<1

<1

9.2
<0.2

25.4

8.1
<l <0.5 88.6 460

CA-558-6~B

0.5

32

<1

0.9 <0.1

25

<2

MRG-1-1803




Activation Laboratories Ltd.

Sample description YB LU Mass

PPM 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
DvV-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

Work Order:

7652

Report: 7571




ACTLABS

ACTIVATION
LABORATORIES LTD

Invoice No.: 7570
Work Order: 7652
Invoice Date: 08-MAR-95
Date Submitted: 13-FEB-95
Your Reference: 67810
Account Number: U017
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
I’ N\ package, elements and detection limits:
AU 2 PPB AS Thas PPM BR 0.5 PPM CO 0.1 PPM
CR 0’5 PPM cs 0.2 PPM HF 0«2 PPM HG 1L PPM
IR 11 PPB MO 2 PPM RB 10. PPM SB 0.1 PPM
SE 0.1 PPM SE 0.5 PPM TA 0.3 PPM TH 01 PPM
U 0L PPM W o PPM LA (6 )8 PPM CE 1138 PPM
ND A PPM SM 0.01 PPM EU 0.05 PPM TB 0.1 PPM
YB 0.05 PPM LU 0.01 PPM
REPORT 7571B - MAJOR ELEMENTS - FUSION - ICP
7571C - TOTAL DIGESTION - ICP
CERTIFIED BY :
-'\" W% -‘/'/: (/‘//L/ /("/‘_{ > & el }/L' &

‘DR. ERIC L. HOFFMAN
( /

YV C |

1336 SANDHILL DRIVE, ANCASTER, ONTARIO, CANADA L9G4V5 e TEL: S05-648-9611 e FAX: 805-648-9613
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- —1 ACTIVATION |
ACTLABS| | nponaTORIES LTD

Invoice No.: , 7571
Work Order: T652
. Invoice Date: 08=MAR-35
Date Submitted: 13-FEB-55
Your Reference: 67810
Account Number: TGO17

UNIVERSITY OF UTAH

EARTH SCIENCEE AND RESOURCES INSTITUTE
381 CHIPETA WAY, SUTIE C

5ALT LAKE CITY, UTAH

Usa 84108

ATTENTION: JEFFREY O. HULEN

CERTIFICATE OF ANALYSIS

D e Yl (D Y W i s e A S W, Wt e v S £ 1 v

INAR package, elements and detection limits:

AU 2a ren RS 1. PEM BR 6.5 PEM €O 0.1 PPM
CR 2.5 PPM cE 0.2 PPM HF 0.2 PEM HG 1. FPH
ir 1. POH MO 2. o RE 10. PPM &B 6.1 FPM
8¢ 6.1 FPHM 8EF 0.5 BpHM TA 0.3 PEM TH 0.1 FPM
u 0.1 BPFM W 1. PPM LA 0.1 PFM CE 1, PP
HD 1. PEY 8M 0.01 PPM i D.05 PPM ‘Th 0.1 PPM

¥8 0.05 PPM LU 0.01 PPM

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

CERTIFIED BY =

’ Fomd A ‘ : :}M_/
= DR; APREC 1. HOFF

o

1HEE SANDHEL DRIE, ANCASTER, ONTARED: CANADA 1S54VS  » TEL BDSE4EHBG11 = rAY SOS-B4B0813
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Work Order: 7652
HREDTE § BiDz Al209 Fe202 Pal Hno LT ] Cal KaZO 20 Pioz  PE0S E204  E20- I0T TOTEL
1 L L] L] i 3 ] % L1 3 ] E 1 L | 3
kI-86-102 55,28 15.37 HaTd  meom— 0.1% 0,10 0.77 6.48 4.51 D.34 008 e —e——— .25 Hh.08
hI-2E-10% 66.45 14.14 2462 me—— .18 Q.06 0. 45 §.13 4.94 0,24 G008 =mewe-—- mmame 1,80 §7.78
AT-86-107 58.80 13.52 .57 —mmemw ©.18 D13 0.E8 B.06 4.25 0,31 (.50 wmwna w—— 1,04 100.75
AS=E 65.B6 15,60 Sull mwm—— d.22 0.24 1.50 .46 3.20 0.40 Dod2 wmwmm i 1.6% 109.75
GH-1,383 71.58 1«.99 3.3 e D14 o.08 B.13 <5712 4.86 a.18 0,02 ———— wm—— AN 100,44
QH=5, 557 64.43 14.71 Tell =wmmm= 0.20 0.56 1.55 £.21 3.33 Q.78 0,18 =em—— mewwe 0,30 100,18
GE-&,53 €7.34 15.41  4Td w-——- 0,20  0.14  3.05 653 de59 034 Q.05 —momm mmee= 0,05 100444
GDCu2l-1 Ji.80 13,81 a.1l4 2. 08 0.03 0.5%& 2.31 3.3 395 .20 0.,0% 0.05 Q.05 0.05% 100.27
GOC-2L-2 70,17 13.97 Q.21 2,40 O0.113 0.3 2.8 3.75 3.92 0.3 0,17 G, 0% g.11 0.25 88.27
LF 437 73.20 11.5F 0.17 2.42 005 0.33 1.3 3.43 .45 .19 0,086 o0& G.14 D.30 58457
D212 T6.7F ll1.71 Q0,13 a.B3 Q.0i 0,08 D15 2.27 S.45 Q.07 U.0% 0.08 0,10 .55 358.1%
C.358=6 -5 £7.17 15.492 Q.63 3,18 a.08 Z.01 3.94 3.87 2.57 D.44 B.14 003 0.08 0.20 93.58
Ch-FHT =B €é6.51 14,93 0.55 3.21 .08 LaB5 3.T73 3.7 2.94 .43 0.13 0.17 .03 .40 100G.52
. WA 13,48 058
ar -1 ?67“4685@ O 28 003 &F 230 29 ZB 0B 00 sHoLE D
G 2)-3 78 WK 02 2.45 003 0.% 222 383 4.00 oz 0.7 w
-
LF-46-H] 74,7;? mﬁ?( or] 248 0.06 9¥ 1,99 &‘gz @ 0.9 0% T
e :
2-p 78,8 017 o0& od 08 o017 273 55 00 o3 oHSH—H%
o 2z
A & s s o
(hB-t GLE 5% op 39 0.8 20k 2.9 33 25) oAF off s
CA ~9B-(P o B 055 32 ot 1B 37 371 2% 048 0.3 o005 T
240 2.7
chiEb Plla o4 lest s — 0@ 200 44 75 #4%0 05l oI
72 2.
Ry dike Pukle  ToAp 2D k081 oo ok OF 7 88 o0 O
- o. 2.2 -2 X 2D
Q&ZQ"‘I 5%/ 71’57 H@(O?)(Uxﬁf) H & - 4 822 406 0.27 0706
| (R G 6B 0% 3R 0T 1.9 78 3% 2.9 046 OB
chIB-O R e o 02 2 07 V& 377 2.0 20 047 oK
e L g ogey o b op LD 1@ 00 0
ctole wme  TRG) 1BEFOF O 008 07 1% Feg 7Ol 02 oM
IF-4B-2 KUt 7647 211 0.7 1.00 0.6 020 .19 222 46 0. 0
w-Z ‘g%?e;zm 72.9% 11.23 0.9 0% 0.0/ 0.07 O.K¥ {6 5] 0.6 <0.00
é{mﬁ r—76.720 V.07 0% 1.98 0.05 0.2 110 3.06 472 O0./9 0.08

Aetivation Laboratories Lid.

Report: 7571B

RUF ===~ 77.09 11.77 0.13 0.7 0.05 0.06 0.6 2.9 b4 O, <0.0/

normalized

7o 1007

wajer—

Z
e
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Activation Laboratories Ltd. Work Order: 7652 Report: 7571

Bample depcription BT AE EE. Cix R <] BP HG IR HO RE 8B AC BE TR TR u W L sid HD 8K B0
PPE PFPM PPH FP¥ PPH PREM PPM PPH PPB PPM IPM PPN TPN FPH PPH PPM FPH FPM PFEH PEN PPM  PEM  PPM

AT-BE=-102 <2 <l «Fu5 0.7 <0.5 «f.3 14.4 <1 <3 2 66 Q.1 5.5 <B.5 4.4 8.1 2.0 <l 38.8 111 48 9,87 2.31
2I-86-20% <2 3 4.8 0.3 <0.5 1.0 15.7 <l <1 5 33 0.3 3.4 «n.5 7.1 11.8 3.3 <l 83.5 145 52 12.0 0.%51
AX-86-167 <2 1 1.3 D.6 1.7 <D.2 13.7 <1 <1 2 §2 0.1 5.1 «<l.5 .8 B.d 1.3 <l 61.9 115 4% 5.35 1.63
AB~§ <2 2 1.2 0.7 «<0,5 0.5 11.2 =<1 <1l 3 W .2 7.0 <b.5 &6 6.8 2.1 <l 54.1 3101 43 B.E6 2.92
GH~1,253 <z 2 «<0.5 0.8 D5 «<0.2 14.3 <1 <1 <2 B 0.2 3.9 «b.5 5.8 12.0 3.% <l 83.7 15¢ 57 13.0 1.21
GE-3,567 <2 <l <0,5 1.3 6.4 «<0.2 7.2 =<l <l <2 28 0.1 1i7.4 <0.53 2.4 3.E 1.0 <1 &0.0 77 37 7.B6 4.53
GHle-§ , 53 2 <l «<f.G 0.6 <=0.5 <02 14.7 <l <1 2 62 <01 R85 0.5 4.2 B.d 2.0 <l 60.6 115 51 10.2 2.08
chC-21-1 ] 4 2.2 2.3 4z2.&¢ .0 2.9 <1 <l 12 135 0.3 4.2 «<3.5 DB.5 17.5 5.0 10 1.8 k13 15 2.98 0.33
CDC=21~3 4 S 2.3 4.8 38.5 9.5 2.9 <l <1 0 16E 0.9 5.8 «0.3 Q.8 14.5 TFa3 2 17.8 3B 16 3.48 0.45
LP-42-a7 L] 15 4.8 2.5 3l.0 8.7 3.0 <1 <1 E 173 1.8 3.2 «0.53 0.7 1B.2  Tad 8 23.4 47 18 3,01 9.39
DVl ~5 <2 B 1.1 0,8 141.3 E.B  J.1 <1 a1 <2 282 1.4 2.6 «<0.5 1.7 22.6 12.9 <l 16.0 A% 13 3,18 «0.05
TR-95E=5mk “2 2 1.4 B.2 26.4 8.5 i.a <1 <% 2 112 0.4 11.4 <B.5 0.5 12,7 4.0 3 28.5 52 20 3.57 D.E7
Th~958-6-R <2 3 2.4 8.1 25.4 2.2 3.4 <l =1 3 437 0.5 10.4 «<0.% D.5 1d.5 4.2 <1 31.9 58 24 2.29 0.87
PEI-1-1203 8 <]l <D.5 H8.6 480 <D.2 3.8 <1 <1 <2 25 0.5 353.1 «0,5 O.8 0.3 <0.3 <l 5.3 32 1B 4,83 1.50
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Aetivation Laboratoriss Lid.

Emmple depcriptien ™ LU Mass

PPH PR q
AI-86-102 5.B2 Q.77 1.522
AI-B6-20% F.82 1.03 1.747
AI-E6-107 .91 .M l.E2B
AB=8 4,81 D.EE L1.747T
GH=1,353 T.25 .98 1.641
GH-5, 567 3,52 D.4%  1.432
GH=5, 82 Z.82 0.B3 1.547
CDC-21=1 2.20 0.33 L.319
GoC=-21-3 .33 0.3F 1.358
LF-48-~87 1.8 0.30 1.332
DV -3 3,20 0.47 1.446
Ch-9 50 =Gab 1.B0 0.9 1.769
Th=-358~6-B 1.75 0.2% 1.748
MAG-1-1E03 .90 0.13 D.5470

Work Crder: 7652

Report: 7571
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BANFLE #

AI-BG=102
AI=BE-10%
BIwB =107
RB=3
GH=-1,253

BH=-%, 567
GH~6,69

GDC=21=3
Gof=21-3
LE=d8 nET

Vw23
CRe-8 5 B
Che-95i B=tiwl

Aetivation Laboratories Litd.

BR
PRH

1194
T2
312
B2E
198

2162
1217
338
431
ER4

08
1120
1123

sr

PEM

21

25
183

28
1%
121
106
88

az
352
338

42
23
2a
20
33

21

Br

PPN

asg
261
TEY
708
748

ans
B28

a6
a3

54
147
143

Work Order: 7652

Report: T7571BB
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JEFF HULEN

GEYSERS GDC-21 ~3866°

5@

ELEMENT CONCENTRATION
NA % O0X. 3.771
K % OX. 4,021
CA % OX. z.261
MG % OX. @. 634
FE1 % OX. o218, 2 55
AL % OX. 14. 415
S1 % OX. 71. 800
TI % OX. Q. &E9
= % OX. 2. 261
SR PR 12@. 252
BA % 0X. @. a3
y R ( 250, 2R
CR FEM &, 4@
MN % OX. @. Q43
co FEM 43, 550
NI FRM ¢ 5. Q0@
cu R ( 5. AR
MO e ¢ 5@, @0
FB PR ( 1@, @un
ZN FEM 8. 250
ch FR ( 5. QAR
AG FEM ¢ 2. oo
AU FEM ( 4, A
AsS FEM 41, @5@
SR FRm ¢ 3Q. @@z
BI FRM ( 1@, a7
u FRM ¢ 500, aRna
TE P ( S50 . Qi
SN FR 6. 6007
W FE ¢ 120@. QR
LI FE 17. 250
BE FEM & o
R PR 236. Do@
ZR R ( 5. 0@
LA R ( 5. Qg
CE PR ¢ 1@, aoe
TH FEM ¢ 150, Q@
Lot 2 @.EE
CL % 7. 1ol

TOTAL 94, 829 T oo




JEFF HULEN

CA-958-6 GGC FELSITE CORE

S

ELEMENT CONCENTRATION
NA % OX. 3. 351
K #* OX. Z.895
cA % OX. 3.794
MG % OX. 1.914
FE1 % 0OX. 2. 253
AL % OX. 16. 005
51 % 0OX. 66.897
TI % 0X. @. 457
P 7% OX. @a. 147
SR PR I21. 450
BA % OX. @. 113
v FPM { 25a. oo
CR FPM 23. 000
MN % OX. a.a7e
co PPM 96. 156
NI FEmM 14, @@
cu PR 48, 800
MO FPEM ¢ S50. @@
FB PHM ¢ 1. 6@
N FEM 97.30@
cD PP 17. 450
AG FPM 2,750
AU FPM { 4, Qad
As FRM 12@a. @0
sB FFM 95. 302
BI FRM ¢ 12, gaa
U FPM < 25Qa. aod
TE FRM ¢ 5@. 002
SN PEM 75. 000
W PREM < 1&0@. 00
LI PREmM 34. 302
BE FEM 2. ca
B PEM ( =0, e
ZR FPM 34. 450
LA FEM 6Q. 70&
CE FEM 30. 02
TH PPEM < 15Q. g
FEO % 3. 11
LOI % @a. 4@
F % 2. a75%
cL % 2.112

TOTAL 99. 995




JEFF HULEN

CA-958-6 (&)
S

ELEMENT CONCENTRATION
NA % OX. 3.073
K % OX. 2.719
cA % OX. 3. 936
MG % OX. 1.852
FE1 % OX. @. 275
AL % OX. 15, 153
SI % OX. 68. 240
TI % OX. @. 464
F % OX.- @. 14
SR FEM 296.550
PA % OX. @.119
v FRM ( £50. 002
CR FRM 33. 400
MN % OX. ?. @66
co PEM 68. 450
NI FEM 16. 20@
cu FEM 42, 400
MO FEM ( S0, @O0
FB PEM 15. 15@
ZN FEM 88. 300
CD PRM 15. 15@
AG R 2. 350
AU FEM ¢ 4, QR
AS FRM 100, 2@
SB FPM 92. 100
BI FEM ( 100, 0O
u PEM ( 2500. Q0@
TE FEM ( S0. PO
SN FEM 72. 500
W FEM ¢ 1200. Q00
LI FEM 35. 900
BE FRM 2. 150
B FEM 31. Q@
ZR FEM 46. 350
LA PEM a7. o
CE FEM 86. 150
TH FRM ¢ 150, Q0@
FEQ % 2.97
LOI % @. 32
F % @. 061
CL % @. 112

TOTAL 99. 500




pv-2

Sa

ELEMENT

NA

cA
MG
FE1
AL
51
TI
ju]
SR
BA

CR
MN
co
NI
cu
MO
FB
ZN
CD
AG
214
AS
SB
BI

TE
SN

LI
BE

ZR
LA
CE
TH
FEO
L.0I

CL

JEFF HULEN

()

% 0OX.
% OX.
% OX.
% OX.
% OX.
% OX.
% OX.
% 0OX.
% OX.
FEM
% 0OX.
PEmM
FPM
%* 0X.
PRM
FEM
PP
FeM
FEM
FrM
PPM
FEM
M
FEm
FPPM
FPM
PEM
PPM
PPM
FPEM
FFEM
FEM
PP
FEM
PEM
FEM
PR
%
%4

AN N NN

~~

CONCENTRATION

1.933
4.912
@. 148
a.@97
7. 299
1@. 866
77. 802
@. 276
Q. a2
27. 80@
2. G623
=50, 02
19.95@
@. @8
139. 850
5. aaa
5. 0@
S5a. b
1G. oG
&27. 2850
6. 2@
2. 0aa
4, Qn
99. 022
52. 75@
100, Q0@
25ea. aag
Sa. va
109. aRa
1200, 0@
35. 152
3. 750
766. QR
Z6. 550
48, S0@
1@. 2@Q
15, qiad
@. 45
.79
@. Q@6
Q. 149

TOTAL 97. 520




JEFF HULEN
GDC-21 (&)
S@

ELEMENT CONCENTRATION
NA % OX. 3.637
K % OX. 4.934
cA % OX. 1.924
MG % OX. Q. 73@
FE1 % 0OX. @. 365
AL % OX. 13. 687
S1 % DX. 71.603
TI % OX. @. 257
P % OX. @. 138
SR FEM 111.65@
BA % OX. a. @57
v PEM { 256, a2
CR PEM 16. Q@2
MN % OX. ' 2. a5
co PPM 125. BSa
NI FEM ¢ 5. aa@
cu PPM 11. 600
MO FEM ( S50. 20@
FB PRM 42,550
ZN FEM 5&. 85@
cDh PEM 8. 002
AG PEM ¢ Z. 002
Ay PPM ¢ 4. 0@
AsS FPM 99. Q@@
SB PPM 9. S0
BI PR ( 12¢. @22
u PEM { 2500, 002
TE FEM ( S50. aed
SN PPM 66. Q2
W PR ( 1E80a, 60R
LI FPM Z@. 95@
BE FPEM 1. 85@
B FEM 824. R0
ZR FEM 27. 450
LA FEM 57.70@
CE FFEM 63. 500
TH PEmM ( 150, oaa
FEO % @. 96
LOI Y 2. 485
F %* a. 234
CL % Z. 204

TOTAL 98.981




JEFF HULEN

LF48 (&)
S@

ELEMENT CONCENTRATION
NA % OX. 3. 246
K % OX. 4.590
cA % OX. 1.167
MG % OX. @. 2%a
FE1 % OX. @. 384
AL % 0OX. i1.848
SI % 0X. 74.8@1
TI % 0OX. @. 195
R % 0X. a. a34
SR M az.350a
BA % 0OX. a. 855
v PEM < 250, 00
CR PPM ¢ 2. 000
MN % 0OX. Q. 042
co FEM 19@. 402
NI FEM 6.0250
cu PPmM 3a. 142
MO FPM < 50. 000
FB FPM 42,902
ZN FFEM 71.15@
cD FPFM 8. 450
AG FPM S. 450
AU PPM ¢ 4, Q20
AS FPM 94.000
Sk PEM 92. 600
BI FPM ( 10@. 002
u FPM ( 2o0n. oo
TE FEM ( 50. 002
SN FPM 59. 202
W FEM ( 1z0a. 00d
LI FEM 22. 100
BE FEM 2. 300
B PPM 92. Q02
ZR FPEM 17.55@
LA PFM S4. 1002
CE PEM 12, 650
™ PEM ¢ 150, 202
FEO % @. 99
L.0I % @. 48
F % g.@lz
CL % 7. 173

TOTAL 58. 308



GE

JEFF HULEN

YGERS DY-& 371@.7°

o

FELEMENT

% OX.
s UX.
% 0OX.
% OX.
1 % OX.
v OX.
% OX.
% OX.
% O
e
% OX.
PR
FEr
% OX.
=y
FEp
(2
e
P
|
[y
R
iyl
FEi
M
P
F
e
[~
i
M
FE i
==
FEm
=
O
]

L.OT %

e 767
5. 606

D 135
A, A7
D74
1. 895
T7. QA
. Q75

G Qi
31. 554
7, BV b2/
ZER. QAR
REp At
.13
H7. DR
v
L1 1v]
SR, QAR
1@, @
15, 7@
5. B
R vatvalvd]
4 QA
3.5
Za.
1@, AR
EEAA, QAR
SR QAR
2E. 390
120, Qag
35, Q50
e 450
SR, QI
5.
5. @G
1@, aa@
1 5@, @i
@, 59
. n4as

o> |

TOTAL Qi T

A

g

A\
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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% S104. The second type of mafic intrusives

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

MAFIC MAFIC INTER. ANDES. FELSIC MOODY FELSITE

#1 #2 INTR. of FF INTR. OBSID. CORE
S5i0, 52.09 46.54 56.25 56.69 74.00 74.03 63.49
TiO, .97 2.32 .73 .83 .15 .14 .50
Al,0, 12.92 13.20 15.20 16.96 12.01 12.00 16.48
Fe,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
Ca0O 6.77 5.73 6.82 8.11 .70 .59 4.02
K,0 .16 2.52 1.51 1.19 5.03 5.23 2.65
Na,O 4.57 2.03 2.78 2.80 3.67 2.99 4.30
P,0g .14 .76 .18 .18 .05 .03 .17
LOI 3.36 5.63 4.11 3.45 2.35 2.76 2.45
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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.

felsite core from the main batholith is dacitic in composition.
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ANALYSES|OF COBB MTN LAVAS
(E| Kluk, EES-1)

Name Cobb Valley Da . Alder Crk Ro CobbMtnDa  Geysers
’ I Felsite

Sample No Fo1-17 ' F92-33 F92-34 CA-9586

Major elements (wt-%) 5

Si02 64.86 S 69.97 66.84

TiO2 0.589 : 0.355 0.716

Al203 17.14 : 14.35 15.89

Fe202 (Tot) 411 5 2.92 3.88

MnO 0.055 : 0.046 -~ 0.060

MgO 2.50 ; 1.27 1.14

CaO 1.69 2.52 3.69

Na20 3.01 : 3.24 3.71

K20 2,79 I 3.91 2.97

P205 0.122 : 0.094 0.161

LOI 2.90 : 1.75 047 0.20

Total 99.77 : 100.23 99.53

Trace elements (ppm) 3

\Y 61.8 : 50.1 459

Cr 114.2 : 15.6 <10

Ni 52.8 f 7.4 4.6

Zn 66.5 ' 39.2 54.6

Rb 102.1 1704 119.0

Sr 326.8 3023 342.9

Y 154 f 21.1 26.2

Zr 158.1 1217 149.8

Nb 7.6 ', 9.2 9.8

Ba R66.3 . 6486 625.4
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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
Fepresent 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 -




PROPRIETARY

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 al,
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). 1In the wells studied, this is the only felsite to
intrude the shallow Little Geysers Basin unit (figure 4).

Biotite granite: Identified 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 zcne (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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