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j)UMMARY 

Petrologic, geochemical and temperature data from three 
exploratory wells indicate a well-developed geothermal system 
exists in the Glass Mountain area of the Medicine Lake 
volcano. Wells GMF68-8, GMF31-17 and GMF17A-6 penetrate a 
sequence of interlayered volcanic, contact metamorphic, and 
granodioritic intrusive rocks. The interlayered volcanics are 
the principal reservoir rocks for the Glass Mountain system. 
Alteration zoning is well-developed in all the wells and 
generally follows a sequence from zeolite-smectite to argillic 
and finally to propylitic with increasing depth. Strong 
argillic alteration and boiling temperatures observed in 
GMF68-8 and GMF3l-l7 suggest the upwelling of geothermal 
fluids. and correlate well with low-resistivity anomalies 
observed in time-domain electromagnetic and magnetotelluric 
data. The occurrence of only weak to moderate argillic 
alteration in GMF17A-6 is consistent with temperature data 
which indicate the well was not drilled in an area of upwelling 
and boiling. Strong propylitic alteration occurs in each well, 
and is primarily found along subvertical fractures and the 
brecciated tops and bottoms of ava flows. The association of 
fractures and lithologic boundaries with strong propylitic 
alteration suggests that these features are the preferred 
pathways for fluid flow. 

Mineralogical data suggest that multiple hydrothermal systems 
have existed in the Glass Mountain area. Caution is therefore 
needed in using the first occurrence of epidote to identify the 
top of the reservoir. In addition to epidote, other 
significant hydrothermal minerals present include actinolite. 
wairakite, and clinopyroxene. Smectite and chlorite are the 
most common hydrothermal clays observed. Smectite occurs in 
trace amounts at 556°F in GMF68-8, roughly l50°F in excess of 
its equilibrium temperature stability range, suggesting that 
low matrix permeability exists in portions of the reservoir. 
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INTRODUCTION 

The Glass Mountain Federal Unit is formed from Unocal and 
Freeport-McMoran geothermal leases located at the summit of 
Medicine Lake volcano. Three deep exploratory wells have been 
completed in the Glass Mountain Federal Unit since 1984: 
GMF68-8, GMF31~17 and GMF17A-6 (Figure 1). This report 
discusses the general lithology and hydrothermal mineralogy of 
these wells. The objective is to describe the relationships 
existing at depth among rock-type, alteration, subsurface 
temperature, and permeability. 

Mineralogy of the deep wells will be presented in two reports. 
This report discusses hydrothermal alteration and lithologic 
data. A subsequent report will discuss fluid inclusion data 
obtained on hydrothermal minerals. The ultimate goal of these 
studies is to develop a three-dimensional model of the Glass 
Mountain geothermal system. These reports follow an earlier 
study by Carrier (1987) which dealt with hydrothermal 
alteration and fluid inclusion data from Glass Mountain 
temperature boreholes. 

GEOLOGIC SETTING 

Medicine Lake is a Quaternary shield volcano situated in the 
southern part of the Cascade Range about 35 miles (56 km) 
east-northeast of Mount Shasta. Lavas attributed to the 
volcano are found over a 780 mi2 (2000 km2) area, and have 
an estimated volume of 145 mi3 (600 km3) (Donnelly-Nolan, 
1988). Although Holocene volcanic rocks are principally 
bimodal ~asalt and rhyolite, the upper slopes of the volcano 
are dominated by andesite lavas of Pleistocene age. Silicic 
lavas account for 5 to 10% of the surface lavas on the volcano 
(Figure 1). The silicic lavas occur in four age groups based 
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on K-Ar age dates: 1.25 to 0.95 m.y., 0.61 to 0.43 m.y., 0.33 
to 0.24 m.y .• and 0.1 m.y. to about 1,000 years (Mertzman. 
1982; Mertzman, 1983). 

several small volcanic centers of basalt, andesite, dacite and 
rhyolite coalesce to form a constructional rim on the summit of 
Medicine Lake volcano, enclosing a 4 x 6 mile oval depression. 
The topographic depression has been called a caldera by several 
authors (Anderson, 1941; Heiken. 1978; Donnelly-Nolan. 1988). 
However, there is no evidence on the surface for ring faults or 
massive tuffs, and no evidence for massive tuffs in the 
subsurface (Carrier. 1987). 

Five silicic eruptive centers, all less than 2,000 years in age 
(Donnelly-Nolan. personal communication), are located in a 4.5 
x 12 mile band across the upper flanks, topographic rim and the 
summit depression of Medicine Lake volcano (Figure 1). Glass 
Mountain is the youngest of these silicic centers. The three 
deep wells were drilled in the topographic depression, and each 
is located less than 3 miles from the Glass Mountain dome. 

No basement rocks are exposed in the Glass Mountain area. 
Granodioritic xenoliths have been found in the young silicic 
lavas shown in Figure 1. Hausback (1984) suggested the 
xenoliths were fragments of a sierran plutonic basement; 
however textures in the granodiorites indicate they are 
subvolcanic equivalents of Glass Mountain lavas. The oldest 
rocks exposed in the vicinity of the volcano are Tertiary 
basalt and andesitic pyroclastic rocks belonging to the 
Cedarville Series (Anderson. 1941). These are exposed in 
several small fault-block mountains north and east of the 
volcano. Overlying the Cedarville Series are high-alumina 
olivine basalts of Miocene to Pleistocene age that have been 
collectively lumped together into a group called the Warner 
Basalts. Xenoliths of high-alumina basalts have also been 
observed in the young silicic lavas on the Medicine Lake 
volcano. 

METHODS AND DATA 

Data presented in this report have been collected through 
several methods of study. Drill cutting samples were collected 
at 10 or 20-foot intervals. and spot cores were taken from 
depths of 6580 to 6603 feet and 8399 to 8417 feet in GMF68-8 
and 8416 to 8436 feet in GMF31-17. The samples were logged 
using a binocular microscope. Representative samples were then 
selected for further analysis by thin section, x-ray 
diffraction (XRD) and whole-rock chemistry. The XRD analyses 
were done at the University of Utah Research Institute by Jeff 
Hulen and susan Lutz. The basic data are reported in Appendix 
1. Whole-rock chemical analyses data were done by Chemex Labs, 
in Sparks, Nevada. The data are presented in Appendix 2. In 
addition to the sample analyses. each well has been at least 
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partially logged with a gamma ray tool. 
Schlumberger and Welex logging companies 
different intervals of the wells. 

Dresser Atlas. 
have run logs over 

All well depths mentioned in this report are measured depths 
unless stated otherwise. Elevations. as determined by using 
true vertical depths. are displayed in the cross-sections. The 
surface elevation of GMF68-8 is 6991 feet. GMF31-17 is 7000 
feet. and GMF17A-6 is 6733 feet. GMF68-8 is drilled as a 
vertical hole to 6603 feet. and as a directional hole to the 
measured total depth of 8417 feet and true vertical depth of 
8394 feet. GMF31-17 is drilled as a vertical hole to about 
2010 feet. and as a directional hole deviated to the measured 
total depth of 8787 feet and true vertical depth of 8518 feet. 
GMF17A-6 is drilled as a vertical hole to a measured total 
depth of 9620 feet and a true vertical depth of 9605 feet. 

LITHOLOGY 

Rock types and thicknesses have been determined for each well 
by integrating data obtained from drill cuttings. spot core 
samples. interpretation of gamma ray logs. and whole-rock 
chemical analyses. Generalized lithologic logs are presented 
for the wells in Figure 2. Rocks penetrated by the wells are 
assigned to one of three groups: interlayered volcanics. 
contact metamorphics, and granodioritic intrusives. The 
metamorphic rocks and the granodioritic intrusive rocks are 
found only in GMF3l-17 and GMF17A-6. 

The majority of the rocks drilled are interlayered volcanics. 
The volcanic group generally consists of calc-alkalic to 
slightly alkalic mafic. intermediate, and silicic lavas. 
Thinly bedded lithic tuffs. scorias. volcaniclastics. and 
sandstones occur in minor amounts. Mafic lavas are present in 
the greatest abundance and are dominated by clinopyroxene
bearing amygdaloidal basalts and basaltic andesites. Although 
the mafic rocks in general vary from aphyric to porphyritic. 
they become coarser grained at about 4600 feet measured depth 
(2500 feet in elevation). and contain microdiabase textures in 
trace to major amounts. These coarser grained mafic rocks 
possibly mark the base of the lavas related to the Medicine 
Lake volcano. That places the base of the volcano in the Glass 
Mountain area at an elevation which is 1500 feet lower than is 
evident by the flank exposures of Medicine Lake lavas. 
Rhyolite to dacite silicic lavas are second to the mafic lavas 
in abundance. Silicic lavas are more abundant in the wells 
than on the surface. accounting for 27% of the rocks drilled in 
the upper 4600 feet of the wells. and 20% of the volcanic rocks 
drilled below that depth. These rocks are typically 
microcrystalline to fine-crystalline. and are almost entirely 
composed of quartz. plagioclase, and potassium feldspar. 
Granophyric and spherulitic textures are common and well
developed. Micropegmatitic and axiolitic textures are also 
found in many of the silicic rocks. Dacitic rocks at 1750 to 

-6-



i 

1}Jc;L 0 

11~1 M-':>L-1000 I 

fl;ll 'tf .,.:;£-

' 2000 
f -)-t\ 
~~ 

Q) 

Q) 
._ 3000 

N"' t-->i'+' 
l j )'71 

.c: 
~ 

5;'oi Q. 4000 
,Q) 

r··'· ~-->he 

r:; -·{-'!! 't:J 
Q) 5000 ... 
::. 

I ., 
" I .. 

'l 
Q) 

~ 
11000 

'Z'L 7000 

8000 

1000 

GMF 17A-6 

ElEVATION 
0

r;·z t•"l 

6733 FEET l-

ANDESITE, SCORIA 
AND BASALT 

RHYOLITEIOACITE * 
SCORIA AND ANDESITE 
DACITE 
BASALT, LAHAR, 
RHYOLITEIDACITE * 
DACITE AND 
SILICIC TUFF 

BASALT, BASALTIC 
ANDESITE, 
SILICIC TUFF 
AND SANDSTONE 

RHYOLITE/DACITE-r. 

BASALT, 

BASALTIC ANDESITE 

AND ANDESITE 

RHYOLITE AND 
MAFIC DIKE 

GMF 31-17 

ELEVATION 
7000 FEET 
IT70 .. ,._ \\ ,.. .... 
~ ~ .• ·,·_,t 

'10 ::;. 4- •• I. . • • • . '" 1 • ) 

~~~ 
... + • -?' ~ .. ~ ... 
.. o ·- 0---
.!!-----...!.__!_~-

"' .... '= .f' . . . . . • . . • • • • 
~~ 
.~ "+. 'd ~ . ,, ~~~ ........ ..... 

·, .. ""II# 

•t•;·~·~ 
~ .... - " 

"+ # t I" 
• "" ~ '- I ..-. .,~ 
'}:I•~,. .. "'l· At" 

!:_:,· .. 
•• • . -

... : ""' .. , 
r.""=' "' ... ...... .,. .. 

... ' ._.. .. 
~ . ~ 
+ .. z:."' """-.,..,. 

SCORIA, 

BASALT, BASALTIC ANDESITE 

AND DACITE/RHYOLITE* 

ANDESITE 

BASALT AND 
BASALTIC ANDESITE 

RHYOLITE AND SILICIC TUFF 
BASALT 

RHYOLITE 

BASALT AND RHYOLITE 

BASALT, 

BASALTIC ANDESITE AND 
SCORIA 

DACITE AND BASALT 

BASALT AND BASALTIC 
ANDESITE 

ANDESITE, RHYOLITE AND 
MAFIC DIKE 

BASALT, 

BASALTIC ANDESITE 1 

RHYOLITE AND 

SILICIC TUFF ~~ 
• • "i ••. 
II • ~ 4' t. 

~ --..:::J HORNFELS ANO METAVOLCANIC& 

~-~II h ·-·-a--
qtp} t- .. -. t-

1 ... ,.,"1 
fl!1Ji :::!:I 111 f1 t-tl METAVOLCANICS, HORNFELS 

t- -t t- t- t-j GRANODIORITE 
t- .. t- t- t-

1 •..!..!..!.! .., POSSIBLE INTRUSIVE 
J t- :!J_4"J B.OUNDARY 

••••• ....... 
9820 FEET 

TOTAL MEASURED 
DEPTH 

~~ AND GRANODIORITIC DIKES 

11787 FEET 
TOTAL MEASURED 

DEPTH 

LEGEND 

GMF 66-B 

ELEVATION 
6991 FEET 

'.> /' .. "! "!'· 
... ·-"" 

·~-s""' .. ~ "'.,. .. .. .. . 
::: ... -_ >= 

-, v ., " 

< r ... •· • v ... . . . 
II II II II ..•.. ·--. . . . . . . . . . . . .. . . . . . . . 
~ ........ " ",..If II~ 
~ "",;<.it 
~-·~.,. 
• -+It, 
..,''~::? 

4' II II" 
l\\jj.,.~\1 . . . . 
._,-""' '. 
1 jO., 1 ... 

~~~-' 
""_,.::. 

:~ .•. \\ ."' ..... 
I( ••• 

~ . . . .. 
<lt" ,. II 

N ._, 11 "",_ 4 

-~-":.\-' .......... " 
\ >JJ' ... ~< 
1 " ,. "' 

F'*"•'l . . . . 
~ • "'" 9 . ~ 
"'- """ ~ .t " ~ 
.. • I( 111 

I"' • t. .t 

SCORIA, 
BASALT, BASALTIC ANDESITE 
AND DACITE/RHYOLITE* 

ANDESITE 

BASALT 

RHYOLITE AND SILICIC TUFF 

BASALT AND 

BASALTIC ANDESITE 

BASALT, ANDESITE 
AND DACITE 

ANDESITE 

BASALT AND BASALTIC ANDESITE 

DACITE 

BASALT, ANDESITE, 

RHYOLITE AND 

SILICIC TUFF 

1417 FEET 
TOTAL MEASURED 

DEPTH 

* UNDIFFERENTIATED 

~ BASALT AND 
BASALTIC ANDESITE ~ . • 

DACITE! AND 
RHYOLITE El 

[3]] 

SILICIC TUFF r.::"'' 
lo:Q MAFIC DIKE ~ 

l\IT] 

HORNFELS AND 
METAVOLCANIC& 

v· ·/J ANDESITE 

Figure 2: 

D SCORIA LAHARS ~ 
~ 

GRANODIORITE SANDSTONE 

Generalized lithologic profiles of CMF17A-6, GMF31-17, and 
GMF68-8. 

O.L.C. 7/89 

UCA07.2701 



2160 feet in GMF17A-6 contain fine-crystalline granodioritic 
xenoliths. Although andesite and trachyandesite lavas are the 
most common lavas exposed on the volcano (Hausback, 1984), they 
are the rarest of the lavas observed in the deep wells. The 
andesites drilled are orthopyroxene or clinopyroxene bearing, 
are commonly flow banded, and contain aphyric to porphyritic 
textures. 

Contact metamorphic rocks are found at 7345 to 7690 feet in 
GMF17A-6, and at 8060 to 8787 feet in GMF31-17. The 
metamorphic rocks are in general meta-volcanics and 
hornfels. The hornfels, as sampled in GMF17A-6, is 
essentially fine-crystalline quartz-plagioclase-biotite rock 
containing minor hornblende and clinopyroxene. Near the base 
of the GMF17A-6 sequence at 7680 feet, the metamorphic rocks 
are moderate-to well-foliated, and appear to be intermediate 
between a hornfels and a phyllite or a fine-crystalline 
schist. Contact metamorphic rocks in GMF31-17 consist of 
meta-andesites, meta-dacites, and hornfels, all of which are 
intercalated with granodioritic dikes or sills. The 
meta-andesite and meta-dacite rocks have poorly defined 
textures, and the hornfels rocks contain well-developed 
granoblastic textures. 

Granodiorites occur as shallow plutonic rocks at 7690 to 9620 
feet in GMF17A-6 and as multiple thin dikes or sills at 8110 to 
8787 feet in GMF31-17. The granodioritic rocks are fine
crystalline and contain biotite and hornblende. Exsolution 
textures are common in the potassium-rich portions of the 
granodiorites. The granodiorites are similar in composition 
and texture to the xenoliths of plutonic rocks contained in 
surface exposures of the young silicic rocks. Abrupt 
variations are observed in the percentages of potassium 
feldspar and mafic minerals in the granodiorite in GMF17A-6, 
and are possibly due to the drilling of multiple intrusive 
bodies. The more mafic zones have compositions that approach 
quartz diorite. The rapid change from volcanics to 
meta-volcanics to fine-crystalline granodiorite without 
intervening erosional events indicates that the granitic rocks 
have been intruded into the older Tertiary volcanics. Thus the 
granodiorite rocks probably represent intrusive phases related 
to late Tertiary or Quaternary silicic lavas and not Sierran 
plutonic rocks. The thickest granodioritic dike in GMF31-17 
has an apparent measured thickness of 280 feet. 

ALTERATION MINERALOGY 

Alteration minerals present in the well samples are generally 
the same as those observed in other well-documented geothermal 
areas. The types and distribution of the minerals are shown as 
a function of depth in Figures 3, 4, and 5. Temperature, rock 
type, and permeability are the three main factors controlling 
the style and intensity of alteration in the Glass Mountain 
wells. A diagram summarizing the distribution of selected 
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hydrothermal minerals with temperature is shown in Figure 6. 
Although the influence of rock type on an alteration assemblage 
is greatest at lower temperatures, it becomes an almost 
insignificant factor when formation temperatures exceed 500•F 
as in GMF6B-B {Figures 3 and 6). Permeability controls the 
intensity of the alteration, and determines the degree to which 
equilibrium between rocks and reservoir fluids is approached. 

Most secondary minerals in the Glass Mountain samples are 
readily assigned to one of seven hydrothermal mineral groups: 
silica, carbonate, calcium silicate, phyllosilicate, 
non-calcium silicate zeolite, feldspar, and oxide-sulfate
sulfide. Members of each group and their mode of occurrence 
are shown in Table 1. Two of the most diagnostic hydrothermal 
mineral groups are calcium silicates and phyllosilicates, and 
they are discussed in further detail below. 

Calcium Silicates 

The calcium silicate minerals observed include epidote, 
actinolite, prehnite, clinopyroxene, sphene, and the zeolites 
wairakite, laumontite, and mordenite. Epidote and actinolite 
are the most common calcium silicate minerals, and wairakite is 
the most common zeolite. A cross-section depicting the 
distribution of epidote, actinolite and wairakite in the three 
wells is shown in Figure 7. Prehnite and hydrothermal 
clinopyroxene are found in the wells, but are rare. Sphene is 
problematic since the mineral can occur as both a primary and 
an alteration mineral. In addition, the XRD patterns of sphene 
and leucoxene, which is an iron-titanium-oxide alteration 
product of ilmenite, are difficult to distinguish. 

Epidote is the most important calcium silicate for two reasons: 
its occurrence in active geothermal fields is frequently 
associated with the top of the reservoir, and it is easily 
distinguishable with a binocular microscope. Epidote is first 
observed in GMF6B-B and GMF17A-6 at temperatures exceeding 
495•F, which is higher than the 460•F onset for epidote in 
several other fields {Brown, 1978). However, hydrothermal 
epidote is also observed to exist in an equilibrium assemblage 
with other alteration minerals at temperatures as low as 430°F 
in GMF31-17. Epidote occurs as open space fillings in 
fractures and vugs and as a replacement of primary 
plagioclase. Epidote becomes the dominant hydrothermal calcium 
silicate at 2740 feet in GMF31-17, 4120 feet in GMF68-8, and 
4520 feet in GMF17A-6. The mineral is most abundant in 
GMF31-17, where XRD data show concentrations as great as 26 
weight percent of the rock at 3760 to 3900 feet and 5230 to 
5240 feet, and 23 weight percent of the rock at 5780 to 5840 
feet. Anomalous traces of hydrothermal epidote were identified 
in lavas of GMF31-17 at BOO and 1100 feet in a 
lower-temperature assemblage consisting of zeolites and 
smectite clay. The epidote is not in equilibrium with the 
zeolite-smectite assemblage. 
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TABLE 1 Hyd~othermal mineral groups and their mode of occurrence as observed in Glass Mountain Wells GMP60-8, GMFJI-17 and ----- GMF'l?A-6 

Mineral Group 

1. SILICA 
Quartz {QTZ) 

Cristobalite 
(CRIS) 

Chalcedony (CHAL) 

2. CARBONATE 
Calcite (CAL) 

Aragonite (JI.RAG) 

3. CALCIUM SILICATE 
Epidote (EP} 

Actinolite (ACT) 

Wairakite (WAIR) 

Prehnite (PREH) 

Clinopyroxene 
(CPX) 

Sphene (SPH) 

Laumontite (LAU) 

Mordenite {MOR) 

Mode of 
Occurrence 

veins & replacement 
vugs 

X 

X 

X 

X X 

X X 

X X 

X X 

X X 

X 

X 

X 

X 

X 

Associated 
Veinlet 
Minerals 

CAL, EP, ACT, WAIR, 
PREH, SPH, CHL, ILL, 
PHG. BTE, KF, OLIG, PY, 
MAG, HEM, ANH 

CHL, PHG 

QTZ, EP, WAIR. CHL 
PHG, PLAG, HEM 

QTZ, CAL, ACT, WAIR. 
PREH, CHL, PGH, BTE, 
AB, KF, ANH, HEM 

QTZ, EP, PREH, SPH, 
CHL, BTE, TLC, KF, 
~G 

QTZ, EP. CAL, CHL, 
AB, KF 

QTZ, EP, ACT, CHL, 
PGH, KF, ANH, HEM 

QTZ, OLIG 

QTZ, EP, ACT, KF, 
~G 

Primary 
Minerals 
Replaced 

(glass) 

plagioclase 

pyroxene. 
hornblende 

plagioclase 

Comments 

most common hydrothermal 
mineral 

devitrification product 

rare in occurrence 

replace vein EP & WATR at 
2840/60 ft. in GMf)l-17 

replaces secondary cristobalite. 
usually in vugs 

includes clinozoisite 

Fe content increases with depth 

zeolite 

relatively rare in G.M. rocks 

also occurs as a contact meta
morphic mineral 

also occurs as a primary mineral 

zeolite 

zeolite 

i 
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TABLE 1 Continued 

Mineral Group 
Mode of 
Occurrence 

veins & replacement 

4. PHYtLOSILICATE 
Smectite (SM) 

vugs 

X 

Kaolinite (KAO) X 

Chlorite (CHL) 

Illi te/Phengi te 
(ILL/PHG) 

X 

X 

Chlorite-Smectite X 
(mixed-layer) (C-5) 

Illite-Smectite X 
(I-S) 

Biotite (BTE) X 

Muscovite (MUS) X 

Talc (TLC) X 

S. NON-CALCIUM SILICATE ZEOLITE 
Analcime (ANAL) X 

Clinoptilolite 
(CLIN) 

6. FELDSPAR 
Albite {AB) 

Oligioclase 
(OLIG) 

Adularia (KF) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Associated 
Veinlet 
Minerals 

ANAL, PY 

QTZ, CHAL, CAL, EP, 
WAIR, PREH, ILL. PHG, 
HEM, LEU 

QTZ, CHAL, CAL. EP, 
WAIR, CHL, PY, HEM 

QTZ, ACT, TLC 

ACT. BTE 

SM 

QTZ, WAIR, KF 

QTZ, CPX 

QTZ. EP, ACT, WAIR, 
PREH, SPH, CHL, AB, 
MAG, LEU 

Primary 
Minerals 
Replaced 

pyroxene, amphibole, 
biotite 

amphibole 

feldspars 

plagioclase 

plagioclase 

Comments 

most common low-temperature clay 

most common high-temperature 
clay 

differentiated in thin section 
but not in XRD 

chlorite content increases with 
temperature 

illite content increases with 
temperature 

low-temperature zeolite 

low-temperature zeolite 

gives way to anorthoclase 
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!ABL~ Continued 

Mineral Group 

,, 

7, OXIDE-SULFATE-SULFIDE 
Pyrite (PY) 

Anhydrite (ANH) 

Magnetite (MAG) 

Hematite (HEM) 

Geothite (GEO) 

Leucoxene (LEU) 

DLC/jmf/536BT 

Mode of 
Occurrence 

veins & replacement 
vugs 

X 

X 

X 

X 

X X 

X 

Associated 
Veinlet 
Minerals 

QTZ, EP, CHL, 
ILL. KF, LEU 

QTZ, EP, PREH 

QTZ, EP, ACT, 
Kf' 

QTZ, CAL, CHL 

HEM 

QTZ, EP, WAIR, 
KF, py 

SM, 

SPH, 

CHL. 

Primary 
Minerals 
Replaced 

primary magnetite 

Comments 

also a common primary 
mineral 

also a weathering product 

indistinguishable from sphene 
in XRD 



I 
~ 

"' I 

TEMPERATURE "F 
'----r--- .-~--.----.---.----.---,.--.,.---.---,-----, 

ALTERATION ZONES 

·~ HYDROTHERMAL MINERALS 

QUARTZ 

CALCITE 

EPIDOTE 

WAIRAKITE 

ACTINOLITE 

PREHNITE 

CLINOPYROXENE 

ADULARIA 

100 200 300 400 500 600 
ZEOLITE-SMECTITE - ARGILLIC 

PROPVLITIC 

·---------------------
------------ -· -- • •• 

--------- ---------
SMECTITE ----------------------------------
CHLORITE/ SMECTITE --
CHLORITE --------
ILLITE/SMECTITE - --
ILLITE -------
BIOTITE ---

100 200 300 
I I I I I ---· l 

TEMPERATURE "C 

COMMON--• TRACE---

Figure 6: Temperature ranges for the occurrence of hydrol:hermal minerals 
and alteration zones in Glass Mountain deep wells. No 
temperature data are available for depths greater than 4550 
feet in GMf17n-6. 

O.L.C. 7/89 

UCA07.2701 



~ ,, 
I 

8000 NW SE 

1ooo-l GMF17 A-6 

sw 
GMF31-17 

NE 
GMF68-8 

-
4So·F-----

0 2000 
EPIDOTE DOMINANT 
CALCIUM SILICATE 

FJ.gtH·e "7: 

Foot . L --:-":t .' WAIRAKITE 
·I· . ·I. ZONE 

g~!'!''"t,ltm~n~~J 4)<}7/\'fi).-::·; _ _-, "-: '''""Jl.&~-~\;;_.;;b .:;1,;1 

liii\WJ 
ACTINOLITE DOMINANT 
CALCIUM SILICATE 

Cross-section showing the distribution of calcium silicate 
minerals epidote, actinolite and wairakite and subsurface 
temperatures as observ~ ln Glass Mountain deep wells. 

:: 
• • "-

z 
0 ,_ 
< > 
"' ..J 
IU 

D.L.C, 71 

UCA07.2?0' 



Actinolite is the second most common hydrothermal calcium 
silicate mineral observed in the wells, and is observed at 
temperatures greater than 480°F. The mineral first occurs at 
depths of 4220 feet in GMF31-17, 6400 feet in GMF68-8, and 4620 
feet in GMF17A-6. It occurs as an alteration product of 
pyroxene and hornblende, and in veins commonly containing 
quartz. adularia and epidote. Actinolite replaces epidote as 
the dominant calcium silicate at depths below 7460 in GMF31-17, 
6940 feet in GMF6B-B, and 5950 feet in GMF17A-6. Below 8030 
feet in GMF31-17, actinolite is also observed in veins 
containing talc and biotite (Table 1). 

The calcium silicate zeolite, wairakite, is observed only at 
depths between 2800 and 6400 feet and at temperatures between 
479 and 535°F. The mineral occurs in veins with quartz, 
epidote, adularia, and chlorite, and as an alteration product 
of plagioclase. As much as seven weight-percent of wairakite 
is observed at 2840 to 2860 feet in GMF31-17; however calcite 
is replacing both wairakite and epidote at this depth. The 
zeolite is least common in GMF17A-6, where it has only a spotty 
occurrence at 5400 to 6200 feet. 

Most of the secondary clinopyroxene observed in GMF31-17 and 
GMF17A-6 formed as contact metamorphic minerals. Hydrothermal 
clinopyroxene does occur as a vein mineral in association with 
quartz and oligoclase at 8090 feet and 8421 feet in GMF3l-17. 
It is uncertain whether the veins formed as part of a 
hydrothermal event closely following the metamorphic event, or 
as part of the present hydrothermal system. The veins of 
clinopyroxene in GMF31-17 are found at present-day temperatures 
as low as 5l5°F. Reported occurrences of clinopyroxene in 
other active geothermal systems are at temperatures in excess 
of 572•F (Bird. and others, 19&4). 

Phyllosilicates 

The phyllosilicate group of alteration minerals consists of 
micas, clays, and talc. Hydrothermal micas observed in the 
wells include both biotite and rare muscovite. The clay 
minerals include smectite, chlorite, illite, phengite, 
kaolinite and mixed-layer chlorite-smectite and 
illite-smectite. Illite and phengite are both 
potassium-bearing clays that have similar x-ray diffraction 
patterns and have not been differentiated in this study. 
Illite and biotite also have similar x-ray diffraction 
patterns. and have been distinguished by using thin section 
analysis. 

The hydrothermal clays are hydrous minerals and their formation 
is temperature-dependent. Temperature stability ranges for 
clays and other phyllosilicates are shown in Table 2. Clay 
minerals in the wells (Figure 6) occur at temperatures 
generally consistent with their stability ranges. The 
exception is smectite, which is observed at temperatures as 

-18-



~ 

"' I 

TABLE 2 Temperatures of occurrence. reported formation temperatures. and temperature stability ranges 
for selected hydrothermal phyllosilicate minerals 

REPORTED FORMATION 
HYDROTHERMAL TEMPERATURES OF TEMPERATURES AND 
PHYLLOSILICATE OCCURRENCE AT TEMPERATURE STABfLITY 
MINERAL§ GLASS MTN. (oF) RANGES {of'} REFERENCE 

Smectite 70 to 556* 86 to 284** Browne (1984) 

Kaolinite 190 to 300 122 to 302 Browne (1978) 

Chlorite 483 to 556 >446 Browne (1978) 

Illite/Phengite 450 to 535 >428 Browne (1984) 

Chlorite-Smectite 375 to 542 392 to 518 Browne (1978) 

Illite-Smectite 375 to 494 284 to 428 Browne (1984) 

Biotite 511 to 556 >428*** Hulen and Nielson (1986) 

Talc 485 to 546 no data 

* maximum temperature recorded in any of the wells 
** does not include saponite (see Eberl. and others. 1978) 
***more commonly above 572°F (Elders. and others. 1981; Hulen and Nielson. 1986). 

DLC/jmf/5368T 

1 



high as 556°F in GMF68-8. Only the magnesium rich smectite 
saponite is stable at these temperatures. If the smectite 
identified in GMF68-8 is not saponite. then the existence of 
the smectite at such high temperatures suggests the rocks have 
low matrix permeability. and there is insufficient water for 
the smectite to react and form higher-ordered clays. 

Smectite and chlorite are the most common clays observed in the 
wells (Figures 3, 4, and 5). Hydrothermal smectite forms 
primarily as a low-temperature alteration product of rocks high 
in magnesium and calcium and low in potassium (Deer. and 
others. 1975). Mafic lavas containing minerals high in 
magnesium and calcium alter readily to smectite at low 
temperatures and under saturated conditions. The alteration of 
high-potassium silicic rocks. however. tends to yield kaolinite 
and illite clays rather than smectite. The occurrence of 
smectite in the wells therefore generally follows the 
distribution of mafic rocks. Smectite is the most common clay 
observed at lower temperatures and in the upper 3000 feet of 
GMF68-8 and GMF31-17 and in the upper 4000 feet of GMF17A-6. 
At greater depths and temperatures. hydrothermal chlorite 
becomes the dominant clay. Chlorite formed at Glass Mountain 
as an alteration product of primary ferromagnesian minerals 
such as pyroxene, amphibole and biotite. Mixed-layer 
chlorite-smectite formed as an intermediate mineral between 
cnlorite and smectite. The percentage of chlorite in the 
mixed-layered clays is observed to increase with temperature. 

Hydrothermal biotite first occurs at 8409 feet in GMF68-8. 7900 
feet in GMF31-17. and 7400 feet in GMF17A-6. The biotite 
occurs in GMF3l-17 as a vein mineral together with actinolite 
and ta 1 c. In GMF17A-6 the biotite occurs as a ragged 
replacement of metamorphic mafLc minerals in the hornfels. and 
in well-defined cross-cutting veinlets. 

ALTERATION ZONES 

Alteration zoning is well-developed in the Glass Mountain 
wells. Diagnostic assemblages of hydrothermal minerals are 
tlassified into three distinctive types·or zones: 
zeolite-smectite, argillic, and propylitic. The classification 
is a modification of those presented by Rose and Burt (1979), 
Kristmannsdottir (1982). Guilbert and Park (1985), and Carrier 
(1987), and is based on observed mineralogy. Zeolite-smectite 
alteration is defined here by the presence of either 
low-temperature zeolites or hydrothermal smectite clay in 
concentrations greater than three percent of the whole-rock. 
Argillic alteration is defined by the presence of hydrothermal 
quartz and either hydrothermal smectite or kaolinite. 
Propylitic alteration begins when any two of the following four 
secondary minerals are present: albite, epidote. calcite 
(replacing plagioclase). and chlorite (greater than smectite). 
A cross-section showing the distribution of alteration zones in 
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the wells is presented in Figure B. The boundaries between the 
alteration zones are not always sharp. A transition zone is 
observed in GMF31-17 and GMF17A-6 between the argillic and 
propylitic alteration zones. Rocks in the transition zone have 
diagnostic minerals of both alteration assemblages. 

The zeolite-smectite zone is found at 380 feet in GMF31-17, 700 
feet in GMF6B-B, and 1280 feet in GMF17A-6. The top of the 
zone is probably determined by lithology and the pre-existing 
water table in the area. At 1280 feet in GMF17A-6, the 
zeolite-smectite zone is anomalously deep relative to the 
present static water level in the well of about 1100 feet. 

The argillic alteration zone occurs beneath the zeolite
smectite zone at 1320 feet in GMF31-17, 1640 feet in GMF6B-B, 
and 2680 feet in GMF17A-6. Well-developed argillic alteration 
zones are found in GMF6B-B and GMF31-17, and coincide with 
observed boiling-point formation temperatures (Figures 3 and 
4). Only weak to moderately developed argillic alteration is 
found in GMF17A-6. a well in which formation temperatures are 
considerably less than boiling (Figure 5). Argillic alteration 
in GMF68-8 becomes moderate to strong in intensity at 2080 to 
2780 feet, and persists to 3000 feet. Argillic alteration in 
GMF31-17 occurs at 1320 feet, becomes moderate to strong in 
intensity at 1780 feet, and persists to at least 2100 feet. A 
zone of weak argillic alteration occurs in GMF31-17 at the 
anomalously shallow depth of 260 to 380 feet, and is possibly 
related to ancient hot spring activity. Argillic alteration in 
GMF17A-6 begins at 2680 feet, does not progress beyond weak to 
moderate in intensity, and persists to 3900 feet. 

The propylitic alteration zone is first observed at 2740 feet 
in GMF31-17, 3000 feet in GMF68-B, and 4500 feet in GMF17A-6, 
and extends to the total depth of each well. Propylitic 
alteration is well-developed from its first occurrence in 
GMF31-17 and GMF17A-6, and becomes well-developed at 4120 feet 
in GMF68-B. Strong propylitic alteration is often observed in 
cutting samples to be associated with the brecciated zones at 
the tops and bottoms of lava flows, and in intervals of known 
production. In the spot cores, strong propylitic alteration is 
observed to line subvertical fractures and open spaces. 

Transition zones are observed in GMF31-17 and GMF17A-6 between 
argillic and propylitic alteration. The transition zone in 
GMF31-17 occurs at 2100 to 2740 feet in silicic rocks, and is 
characterized by mixed-layered clays and the spotty occurrence 
of poorly crystallized epidote and chlorite. The occurrence of 
the transition zone is probably due to lithology. Silicic 
rocks as a whole are not as conducive as mafic rocks to the 
formation of epidote or chlorite. The transition zone in 
GMF17A-6 occurs at 3900 to 4500 feet. Although temperatures in 
the zone exceed 450°F (Figure 5) and chlorite is present, the 
chlorite remains subordinate to smectite. The transition zone 
in GMF17A-6 probably results from low matrix permeability which 
allows the smectite to exist at higher temperatures. 
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A good correlation is observed to exist between alteration 
zones and modelled low-resistivity anomalies {Figure 9). The 
resistivity data are compiled from one-dimensional inversions 
of time-domain electromagnetic {TDEM) and magnetotelluric {MT) 
data. Modelled low-resistivities in general coincide with the 
zones of argillic alteration and are believed to be associated 
with smectite clay {Nordquist, 1986). The lowest resistivities 
are modelled for the GMF31-17 and GMF68-8 areas, at which 
moderate to strong argillic alteration and boiling-point 
formation temperatures exist. Modelled resistivities in the 
GMF17A-6 area are not as low as at GMF31-17 and GMF68-8. In 
GMF17A-6. only weak to moderate argillic alteration and less 
than boiling-point formation temperatures are observed. 

CONCLUSIONS 

The deep well data show that reservoir rocks at Glass Mountain 
are dominantly layered volcanics. Primary permeability 
therefore probably has a much higher horizontal component than 
a vertical component. The thick sequence of volcanic rocks 
indicates that the area has had a long volcanic history. 
Further work is needed to substantiate the preliminary 
conclusion that the coarser grained volcanics observed at 
depths of 4600 feet mark the base of Medicine Lake volcano. 
The apparent depression of the pre-Medicine Lake lavas can be 
attributed to some combination of three factors: 
paleotopography, volcanic subsidence, or isostatic 
compensation. The absence of massive tuffs underlying the 
caldera floor indicates no catastrophic eruption of pumice and 
ash has occurred. Any subsidence is therefore probably the 
result of isostatic compensation. 

The mineralogical data suggest that either multiple 
hydrothermal systems have existed in the Glass Mountain area, 
or that temperatures in the present geothermal system have 
declined. This is evident by the occurrence of epidote at an 
anomalously low temperature of 430°F at 2840 to 2860 feet in 
GMF31-17. Caution is therefore needed in using the first 
occurrence .of epidote to identify the top of the reservoir. In 
addition, the replacement of epidote and wairakite by calcite 
at 2840 to 2860 feet in GMF31-17 is indicative of boiling and 
co2 exsolution. These processes are consistent with the 
boiling-point temperatures currently observed at those depths 
{Figure 4). In addition to epidote, hydrothermal clinopyroxene 
also appears at lower-than-expected temperatures in GMF31-l7. 
The clinopyroxene-quartz-oligoclase and biotite-actinolite-talc 
veins in the contact metamorphic rocks in GMF31-17 and GMF17A-6 
possibly record high-temperature hydrothermal alteration that 
closely followed the metamorphism. Fluid inclusion data will 
be useful in resolving these relationships further. 
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The systematic pattern of alteration zoning in the wells 
indicates a well-developed geothermal system has existed in the 
Glass Mountain area.· Strong argillic alteration in GMF31-17 
and GMF68-8 is due to the upwelling of thermal fluids in the 
area to levels where boiling occurs (Figures 3, and 4,). 
Similar upwelling or boiling of thermal fluids do not appear to 
have occurred in the GMF17A-6 area (Figure 5). TDEM and MT 
have been shown to be useful in the Glass Mountain area for 
predicting the occurrence of strong argillic alteration. The 
anomalously shallow weak argillic alteration at 260 feet in 
GMF31-17, together with the occurrence of epidote and wairakite 
at 2840 to 2860 feet, suggests that past hydrostatic water 
levels in the area have been shallower than the current 1100 
feet. The occurrence of strong propylitic alteration along 
fractures and the brecciated tops and bottoms of lava flows 
suggests that these areas are a preferred pathway for 
geothermal fluids. 

DLC/jmf/5285T 
Ctlg. No.: UCA07.2701 
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KEY FOR XRD ANALYSES 
PRESENT IN APPENDIX I 

WELL SAMPLE NO. DEPTH (FEET) 

GMF17A-6 6-1 7690-7700 
6-2 7160-70 
6-3 6820-30 
6-4 5710-20 
6-5 5260-70 
6-6 4620-30 
6-7 4910-20 
6-8 8230-40 

GMF68-8 8-1 6460-80 
8-2 6140-60 
8-3 5840-60 
8-4 5400-20 
8-5 4660-80 
8-6 4120-40 
8-7 3200-20 
8-8 2660-2680 
8-9 6940-50 
8-10 7070-80 
8-11 7300-10 
8-12 7700-10 
8-13 7890-7900 
8-14 8060-70 
8-15 8160-70 
8-16 6593 
8-17A 8409 
8-17B 8413 
·8-18 FLOW LINE 

SAMPLE 

GMF31-17 17-1 800-10 
17-2 1100-10 
17-3 1300-10 
17-4 1790-1800 
17-5 2100-20 
17-6 2300-20 
17-7 2840-60 
17-8 3240-60 
17-9 3870-80 
17-10 4220-30 
17-11 4480-90 
17-12 4940-50 
17-13 5230-40 
17-14 5320-30 
17-15 5780-90 
17-16 6080-90 
17-17 6560-70 
17-18 7020-30 
17-19 7450-60 
17-20 8030-40 
17-21 8090-8100 
17-22 8250-60 
17-23 8787 
17-24 8420 
17-25 8422 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

lJUFJ 
EARTH SCIENCE LABORATORY 

391 CHI PET A WAY, SUITE C 
~ALT LAKE CITY, UTAH 84108-1295 

TELEPHONE 801-524-3422 

Richard Gunderson, Geologist 
Union Oil Company of California 
Union Geothermal Di vision 
2099 Range Avenue 
Santa Rosa, CA 95406 

Dear Richard: ;,·,~-

January 23, 1985 

/~ L:_~. 
The 31 Gaysers area cuttings samples you recently submitted to our lab 

have been mineralogically analyzed by qualitative X-ray diffraction (XRD). 
Results of the analyses, a summary of methods by which the analyses were 
obtained, and all corresponding diffractograms accompany this letter • 

.,,~:..;: .. r ~) r:: .. l 
Well 17A-6, from which 30 of the samples were obtained, is shown by XRD 

to be distinctly zoned mineralogically. Smectite is confined to the interval 
between 1400 and 4330 feet (depth). Four samples in this interval contain 
trace to minor clinoptilolite. The lower part of the smectite zone overlaps a 
chlorite zone which extends from 3940' to the deepest sample at 9590'. 
Epidote accompanies chlorite between 4750' and 7720'. Amphibole appears at 
4750' and persists to the deepest sample. Mica (probably mostly biotite) is 
prominent below 7550'. 

The upper part of well 17A-6 apparently penetrates interlayered basic and 
felsic volcanic rocks; the former mostly plagioclase, the latter composed 
principally of sanidine and cristobalite. These volcanics overlie probable 
metasedimentary rocks, in turn intruded by mica-amphibole quartz diorite(?). 
Much of the mineralogic zoning revealed by XRD, therefore, reflects rock type 
rather than alteration. Smectite, chlorite and epidote, however, are clearly 
secondary, as is the minor pyrite between 4750' and 6920'. Petrographic 
examination and clay-fraction XRD might reveal additional alteration phases. 

Thank you for submitting these cuttings, and please call if I can clarify 
any aspect of their XRD mineralogy. 

Sincerely, 

-f.:11!i~ 
JBH/ j p 

Geologist 
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UNIVERSI1Y OF UTAH RESEARCH INSTITUTE, EARTH SCIENCE LABORATORY 

I 



.--------

SEMI-QUANTITATIVE 
MINERALOGIC ANALYSIS 
BY X-RAY DIFFRACTION 

-Methods and Procedures-

Bulk Analysis: Representative one-gram splits of bulk samples are ground in 
acetone in an agate mortar to <325 mesh (< 45 ~) then scanned 
at 2•2g per minute from 2-65°2Q. Diagnostic peaks of 
minerals identified on resulting diffractograms are re
scanned on duplicate samples. Approximate weight percentages 
of the minerals are determined by comparing diagnostic peak 
intensities with those generated by standard pure phases 
mixed in various known proportions. 

Clay Analysis: Bulk samples, at least 35 grams if possible, are sonically 
disaggregated in deionized water, allowed to settle 
sufficiently to yield the desired particle size fraction 
(generally < 2 ~ or < 5 ~), decanted and centrifuged. The 
resulting slurries are smeared on glass slides and X-rayed at 
1°2Q per minute following air-drying (2-37"), vapor 
glycolation for 24 hours at 60"C (2-22•), heating to 250"C 
for one hour (2-15") and heating to sso•c for one hour (2-
150). Approximate weight percentages of the layer silicates 
identified on diffractograms corresponding to these treat
ments are determined by comparison of diagnostic peak 
intensities with those generated by pure reference clays in 
appropriate mixtures. 
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diffractometer using CuKa radiation at the following instrument settings: 

accelerating voltage - 40 kv; tube current - 40 rna; full-scale deflection -

2500 counts per second; time constant-one second. All samples were irradiated 

·at 1°2Q per minute after the following treatments: air-drying (2-37°2Q), 

vapor glycolation at 60°C for 24 hours (2-22°2Q), heating to 250°C for one 

hour (2-15°2Q) and heating to 550°C for one hour (2-15°2Q). Approximate 

amounts of layer silicates identified on corresponding diffractograms were 

determined by comparing diagnostic peak intensities with those generated by 

reference standards. 

Results and Discussion 

The 16 samples analyzed comprise principally basalt and andesite, with 

two samples listed as "tuff or volcaniclastic", one dacite, and one altered 

silicic flow rock. As expected, plagioclase is the main component of the 

intermediate- to basic-composition rocks. The plagioclase is accompanied by 

minor magnetite, ilmenite and hematite, and probably pyroxene. The few and 

poorly-developed peaks of both clino- and orthopyroxene are masked by the 

strong and numerous reflections of the abundant plagioclase, and so are 

difficult to identify reliably; petrographic confirmation is necessary. Above 

5000', the intermediate-composition rocks contain minor smectite; below 1200', 

minor quartz and chlorite and sporadic K-feldspar and calcite are present. 

Possible traces of analcime or wai rakite occur below 4400', and 3% epidote is 

present in all samples below 4800'. 

The rock field-named dacite at 1600' contains appreciable alkali feldspar 

and may actually be quartz latite or rhyolite. This sample also contains 2% 

mordenite and 10% smectite, and is probably hydrothermally altered. The 

altered silicic flow rock at 2200' is very rich in quartz and contains, in 

addition to minor smectite, 5% illite and 2% chlorite. The "tuff or 

ALEX SCHRIENER 

NOV191985 
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volcaniclastic" at 5000' is shown by XRD to be an intermediate-composition 

rock which has been moderately propylitized. 

The clay fractions extracted from the bulk cuttings samples show well

defined layer silicate zoning, probably in response to increasing temperature 

with depth, either presently or at some time in the past. Smectite and kaolin 

are strongly concentrated above 1900', below which depth chlorite and minor 

illite predominate. The rock at 1900' contains smectite-rich interstratified 

smectite-chlorite; three samples below 1900' contain mixed-layer chlorite

smectite which is much richer in chlorite. If the clay mineral zoning 

revealed in well 68 reflects the present thermal regime, it may be possible to 

establish vectors toward heat centers using layer silicate assemblages in 

combination with other available surface and downhole data. 

ALEX SCHRIENER 
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WELL 

GMF17A-6 

WELL 

GMF68-8 

KEY FOR XRD ANALYSES 
FROM MARCH 16, 1988 

SAMPLE NO. DEPTH (FEET) 

6-1 7690-7700 
6-2 7160-70 
6-3 6820-30 
6-4 5710-20 
6-5 5260-70 
6-6 4620-30 
6-7 4910-20 
6-8 8230-40 

KEY FOR XRD ANALYSES 

SAMPLE NO. 

8-1 
8-2 
8-3 
8-4 
8-5 
8-6 
8-7 
8-8 

DEPTH (FEET) 

6460-80 
6140-60 
5840-60 
5400-20 
4660-80 
4120-40 
3200-20 
2660-2680 
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MAR 2 3 1988 

Uf·i-·/Er···:=-i.t::y D.; Ui:.a..J-1 Pese.=-.r"'c~ Inst:itu-::e 
3;!-~ Chipeta Way 
Salt L2ke City! Utah 84108 

Dr. Daniel Carrier 
Unoca! Geothermal Division 
Uncc-~ l Cor·p·~t""'a.t i.on 
3576 Unocal Place 
B-?r~t2 r:c.sa, Ca.liTor··nieo. 954<)6 

At~dched are tabulated re~~lts of XRD an~lysis and 
reconnaiss2nce petrographic 
samPl~s which you submitted 

examinatior for 16 drill cuttin93 
in mid-Novembe~ 1987. These 

resul~s~ initially mailed to y~u late in December, and which 
we d!~c~tssad ~or several hours by telephone early in 1988, 
~re re1tera~ea and further interpreted in the te~t which 
To l ~ c~·r=- ~ 

Eight samP~es c~ the ''6''-series sroup ar~ domina~ec by 
three prin~ipal rGck typ2s: hornfels and 2llied intermediate-
com~os1tian metavol~ani~ rock; q~artz latite or rhyodacite; 
and altered basic to inte~mediate-composition volcanic rocks. 
The hornfels, restricted to sample 6-1, is eEsentially a 
flne-ct,y~t~lline ~uartz-plagicclase-biotite rock witn m~nor 
hot-·riblende a::d clinopyt"'o;.~ene. Well-developed gr·anoble.stic 
texture is locally present, and a few of the clinopyroxene~ 
ar~ sieve-te~tured~ Many chips~ however, althoush 
mineralosically similar, lack these well-defined textures, 
an~ perhaps could be termed intermediate-composition 
met2volcaric rocks. Yet other chips are moderately- to well
~oliatEd, and appear to be intermediate between hornfels and 
phy~lite o~~ fine-crystalline schist. Regardless of texture, 
hc~Jever, all ~hese rocks appear to have been metamorphosed to 
a~F~lCDllt? sYade. HyQrothermal biotite and amPhibole are 
a~=·D locally pr-·esent in :.ample 6-1, but these tend to occut .. 
as ragged replacements c~ metamorphic mafics or in weli
tiefined cross-cutti~s veinlets. It's possible that sample 6-
1 rscurds co~tact metamorphism closely fGllowed by high
te:rq::·,-;2,--·a:.tu;---e hydt""othe;"'m~l a.l t;Et .. a.tion. 

Samples 6-2 and 6-3 contain principally chiFS of quartz 
latite or rhyod2cite~ consisting almost entirely of quartz, 
plagioclase a11d potassium feldspar (in d~=reasing order of 
~bwnd~nce~. This rock type is typically microcrystalline to 
fine-c~y~t~lline 

nticrcpegmatitic, 
ar:C disFl.a.ys:: well-dev~lC•PEd 8t"'anophyt--i-:=~ 

axiolitic and spherulitic t2xtures~ I've 
textures in the sranophyric2lly crystall:zed 



Valles caldera, Eve~ where intensely recrystallized~ 
~ov~e'~_.~:--... '1 t;-:>:~e ig:-,ifrb:-··it-=s r-ete.in at },?2.St vest:ge-=.: c-f 
Et-~t-::?_;:;i-::i= -te.:<tur~e -- -2-ppe.r'"e.::t.iy ab·3ent in the 6-2 anc 6-3 

The spher~!itic an~ axiolitic textures of tnese 
inci i -=e. t-= that th~ origi~al reck was at 

s;..tt·sequs-ntly devitrified. From 
tne t~in-sections alo~e, I can't say for certain if the rock 
r~p~e53nts a hypabyssal o~ subvolca~ic intrusive, an 
extrusive Come, sr a thick flow. 

Sam:-=-le·;:. 6-3 tfH ... ough 6-7 a.t ... e mostly vat ... i8US textur-··e.l 
v~riEties cf aitere~ 1 intermediatE to basic csmpositicn 
vc l c .:..r;- i c -3.nc F et"'i-:e.ps SLtbvc l ·=2.r: i c i nt ;-··L::.i ve rocks (dikes·-;:· j • 

~phyric cl1nopyroxen~ basalt or basalti~ andesite is the most 
c:::J;r,:r,cn r---cct:. t~:'·pe; P'~r--phyr-"itl.C: va!"··iar.ts ar·e- also prese:;t, a.nd 
microdio~it~ ano m1~rodiabase account for trace to major 
ame<;_tr;t·;;;. Dr-·igLTe.j, ;·:;.3-f:.c-:- ar--e largely ccnvEr"ted to se-·=onC:ary 
phases (discussed in more detail below>. 

C:,=,rnc·le A-Cr. i...:: Lln;C!;·e .;,, thi.r; G'" ... O'tJ:· -c;Jc~c:: .... in--
entir"';l";' c-F .__ 7;~~.-~ .. ;s~·a.li.ine bicJ~~t~· ~t .. :n~~i;r-~-it~ 

a lmos.t 
with 

miner biotite microsranodiorite (possibly a chilled 
phase or a dike rock>. B~salt and andesite chips 
accc2p~nyine the qranodiorite in t~is sample cculd represent 

Altered. basic- to intermediate-composition volc2nic 
rocks (basalts and basaltic andesites> are also the principal 
lit;Jclce_ie::. t"'E?t"''=.s2nted in s~.oples B--1 thr-ough 8.-7 .. These 
rocks are vi~tually identical to their counterparts in the 
u6n-·:-er"'ie-:; ~"'oct<s. S'2.mples 8-3 a.nd 8-'4, in addition, also 
contain porphyritic quartz latite or rhyodacite. Sample 8-8 
1:- the se.r.te t"'ock type as 6-2 and 6-3. 

The rocks of all these cuttings samples are more or less 
hydro~he~mally altered and cut by hydrothermal veinlets; 
d1sct·ete hydrcthermal veinlet fragments are also common. 
Intensity cf alteration appears to reflect principally 
or1sinal chemical composition -- the more basaltic rocks tend 
to oe the most thoroughly altered. Principal 2lteration 
products in these basic rocks are chlorite (and chloritic 
mixed-layer clay>, epidote and leucoxene <probably mostly 
micrccryst2lline sphene>; illite (with or without phengite>, 
potassium feldpspar, actinolite, and leucoxene are a!so 
pr .... es-enc. Illite and phengite pt'"edominate a: secondat'"Y phases 
i~ the mor~ felsic rocks in these samples. For example, the 
quartz latite of 6-3 contains about 11% illite plus phengite. 
Most of the coarser-crysta!line quartz and orthoclase 
obs~r~ved i:-: these f:.?lsic r---acks i= believed tc; be primary 
ratner thar hydrothermal; these pl1ases probably c~ystallized 
as m~crcresr1atitic ir1t~rgro~1ths late in ~he cooling ~istory 
of the hcst rock. hydrot~erm2l biotite is con~ined 
p~i~Cl?2lly to t~1e hor~fel3 of s2mpl~ 6-l~ and may have 
fot·med wi~~1 act1rol1~e s~ortly after contact metanor~hism. 



Hycrcther~al vein-forminE m1nerals i~ these s~mples 
cc~L·r ··n numercu~ ccmc1n2tions. The princip~: vein-for~ing 
mi~er~~ls are quartz, c2:c:te, epidote, chl~rite (with mixed
laysr chlcJrite/~mecti:e·?J and illit~ cr phensite~ Important 
5~bc~dlnate pnases compr~isE potassium fsldspar, actinolite~ 
prsh~Ite ard wairakite. Vein bictite occurs cnly in sample 
6-1~ Fer o·ther vein min~ra!s occ~ri~s only locally or in 
trace ~mounts, please re~~r to the attached table~. 

Tne altaratiOil and vein assemolasas detected during this 
stucy p~ov~de 92ner2l infcrmatio~ about the te~peratures Cf 
t.he hy·•.Jt--;::,1::;;-;e~-·;r,~·.l .;. ~;_tid·-= -?~~;::;m which ·:.;hese :.e!::~nd.a.r-·y phases. 

24C~c; prenn:t~ abave 215~c; waira~ite abcve 210~c; 
Etc:tirrc·l.ltE: 2 .. bo···...'E 25(J~c; 2.~.d b!otite -2-bc·..,.•e 220cC (mo!"··e 

in clay-f~ac~io~s (especially from the ••s••-series samples>, 
if si~ilar to that occurring in analogous rocks in Icelandic 
.se•.:·::.r:e~""'m2l -r.H?lC3'; cc;_d.j ird:c.?.te f8f'iTli':tion tetnper·at:_ires 

se~~hermcme~ry based only on alteratio~ mineralosy is at best 
an ~mprecise techni9ue~ it seems certa~n that the reeks 
r---er=·~·;?s.;?r;te:::i b~ ... · t-,~ u..-." ..=:nd li8H sample set-·ies:. were cr,ce 
e;.~-i .. e~-:·.=.i'./e~y .:;·;vad:~c !.:·~~ h)-'dt""'"ot:her·r:Jal -Fluids e:{ceedr~s 2(,0c:>C 
2.nc lc·cally hott=t"'" th..=-,n 300=C~ 

lhanKs vsry mucn for the opportunity to work with these 
pat'tlcul2rly int2restins drill cuttinss. Ii you have fu~ther 
guastions conce~nins the x-~ay or p~~rcsraphic signatures cf 
these rocks~ or if I can further assi~t you in your 
secthermal e:{plorat:on and development work, please write or 
telephone me a-r (801)-524-3446. 

Sincet ... ~ly, 

:iZ.!I=f/~ 
;:;A~Y B. Hu!e:; 

FEFEF~ENCE~ 

Brcwn~, P~R~L~, 1978, Hydrothermal alteration in ac~ive 
geothermal frelds: Ann. Rev. Earth Pl2net. Sci., ~' 229-
...,~-··· . ...::;..._·,_,. 

Browne, P.R.L., 1978, L9ctures on seothermal geolcsy and 
petrology: United Nations Univ~, Eeoth. Training Pros., 
Rept. 1964-2~ 92 p. 

~~:En~ J.B., and Nielsen, D.L~, 1966, Hydrcthe~ma~ alter~tion 

:n ~he Bac2 gecthe~mal system, Reoondo do~e, Valles 
c...:::-. .ide:-·-~,.,. Ne·,-.~ r·1e>~icc: J. Geophs. r:;.:::?~ .. , '72, 1E;.~7-18S6.~ 
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CLAY f'RAC'f!ON MINERALOGY, APPROX. WT.%[7 (orlRELATIVE ABUNDANCE0 

~QJ /v ~Vt~ t~i 
J:: J.f! Ai i_; f! l !? 

' 
t:J 'J 'J, 0 ',, '>.! 

~0 "'r{,:jp_~ ;:' :j ~!! ,p 
SAMPLE NO. Ill ~~'~"" ~J: tl "i ~~ ~ 

68-400 JGD 
6R-ROO !CO 
68-1200 97 ? 
68-1600 95 7 
68-1900 40 ~ 7 7 
68-2200 17? JO .?7 
68-3000 90 JO 
68-3400 ?7 I?J :3 
68-3800 w ~w 
68-4400 ? 9'7 
68-4800 ? 9?> 4 
68-5000 'lk <;e z 
68-5200 ~ z 
58-5500 7 180 17 
68-6000 Jq; 17!3 17 
68-6400 7® 8J J5 

([)>7?% SME<-TITE. 

@ 'J07o CHLORITE 

@ >eD7o ILLITE 

® ~X...&f'i.\-12': 
<5) "'P7o CHLORITE 

MM = PREDOMINANT M =MAJOR m=MINOR Tr= TRACE ? =TENTATIVE IDENTIFICATION 

~ 
- - -----··- --

SUMMARY OF X-RAY DIFFRACTION ANALYSIS 
UNIVERSITY OF UTAH RESEARCH INS1 ITE , EARTH SCIENCE LABORATORY 

-- -·- -----·- -

ALEX SCHRIENER 

NOV1'0d!b 



J?ULK MINERALOGY, APPROX. WT.%[7 (orJRELATIVE ABUNDANCE0 

' 

SAMPLE NO. 

p ~(1ii~~ ~&~ ~~ ~~; #; J /llf/;l;l:Jr/J'!j~l~lfiJ.i~'! :tl' 
Q~~~U ~~ ~ 0 0~U~H 

68-400 162 z-;; t I t ??> 
68-800 ~~ I z i>P? j7 6 <:Z~ 

6U-1200 7B I I >10' j'? 9 ~lD 

68-1600 8 t7 40 IZ z I 10 TR' TR~ IZ 
68-1900 17 7 45 I z ;, >?~ 7 z j.Z. 

68-2200 40 ~,z 17 I 7 7 z 
68-3000 14 z ~ 7 4 p~ z 2 6 <B 

6B-3400 10 I~ -46 ;5 4 >jO. 7 ? <:18 

68-3800 B 4B 2. z 
' 

>-P- " 14 7 ~B 

68-4400 8 48 B t 4 1 to ~ B cjO 

68-480Q l4 z 7? z ::2.' ';' z TK 7 'f~<_. '2[) 

68-5000 I? z -48 I z ? ll 20 
68-5200 9 77 I . z '7 9 1..'? 
68-SfiOO II 2 47 ? ':> ? 4 I" -~6 
68-6000 I I l 7Z ~ ? 7 ? I' 21 
68-6400 !1 z 175' 4 . '? z ? • 7 Tr<.' 14 

« ~~LUOE5T•~O~PHOU~ 
t..se9- -{OSE. etLPW 

~~'~j'~;,"~~' 
TlOU, M:E M,\,St'"-EP U"( 
PL~610CLJ..'5E F'EJ!,.K"7• 

~~~~!~1~E M~~~T 

MM = PREDOMINANT M =MAJOR m=MINOR Tr= TRACE ? =TENTATIVE IDENTIFICATION 

~ SUMMARY OF X-RAY DIFFRACTION ANALYSIS ALEXSCHRIENER 

UNIVERSITY OF UTAH RESEARCH INSTITUTE , EARTH SCIENCE LABORATORY NOV l!! 1985 

' I 
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VI""'-'',_. U"_l_VIIl\..A...,.fllll(/ v·• ,~,.._..-.- ..._..,,.,..._,,d 
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MINERALOGY, APPROX. WT.%~ (orlRELATIVE ABUNDANCE0 : 

~~t~~ ~~L ~ 8-1 ~ B-IB \v II: ~It; ~ ~':!_) ~ ~'' !<J <!,~~~" 
1 .t:; ~ ~ ~ .... \J ~ .$' <:\Q_>~ . "'-.~ j;y $_ _(-~ 3t'1 ~~ ~I ~ Q:-

h~ IS W' !)II LK y.R. D ~~ ~ ~ # "~ ~~ .s ~~ I~~'& ~f{:~ ~ t ~I~ 
SAMPLE NO. ~ '\'j ~ '-' ~ '{;\J l;J ~ ~ ~ ~ ~ ~ ,.':' ~ .t ':! ~ \j /.:. ~ 

8-1 ltfXO ;;o' t L/) r; T~ 3 1'~ 'I 'I 1. q I Tt{ s T1.. <;lf,f(tJTttJf 

t'l -ro 7070-w I./I 3'l rr Tr< TIZ l I Trt.. _? I I 
li - l I ??CO-lO 8 38 5' I I~ r ~ 1 J.. f. I I Til. 5" I TIZ. ~(f<((NfiNt 

\J • (2 770:HO LJ If~ r Til. 3 Bt (,' TR 'l 1"1< rrz t I TR. 8 I 
~ - r 3 7'0;'J!Ji•oo I LJ1 (, ).. /0 5" Tf<. 10 f)!. 1- I I =!-

\1-J'{ ~o' 3 5"1 3 ). ?l 3 13 TIZ :r I lw. B 
II - r( 6':7o' ). 5"'1 3 nt 2. /0~ 3 10 If-. G I fit 'I 
8- (b 10?5'g 1/ l{j, t 'l t '"' I I q 
Sl -IT fJ &fiB I I{ I 3 ~ /1 t:; IO I 1- TR II " fl - r il FJfl.~L't /9 '/( 18 1 m (; 1 

:f. ~:~!4":,;,,J~J'1~1::.'M!, 
IJO(illlf«NO!o 

r-~ 

..• 

MM = PREDOMINANT M =MAJOR m=MINOR Tr= TRACE ? =TENTATIVE IDENTIFICATION 

~ SUMMARY OF X-RAY DIFFRACTION ANALYSIS 
UNIVERSI1Y OF UTAH RESEARCH INSTITUTE, EARTH SCIENCE LABORATORY 

<;. Lvf-l: 
If- 21- 8B 
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~ 0 ~ ~-"' :.; ·'> ~~ s,.,,., .~,· ·~.@ 
5·1T1Y1rQ AJo • t!f ~ ~· ~'-~ Cl ~"It"/ ~ ~ ~~ ~ ~ ~.) 

e-~ JYJM m- "h~ #1. 
R -10 lrt rY11~ TP.. #<. 

PJ -rr f}lrt] 111.. i\1..- Tt<. 
ll ~ (2. Mfl -t\1..- If<. 11<- 1rL 

8 -r3 mt»' "»1.- *' 1t<-- *" 
8 -r lf ! 111- MM M 111- I,._ 

8 -r~ lr\111 M nz T/1. 
S- r& lr~M 
~ -r'tA r\lM 
~-rH lrYJM 
',j -r£ MM @ (t,j fl Ui fli.•YIW1 

IIT1?. vs rli E vJffil 

@,@ 4 (Cj([o/Jrir,L1 
J<l' r OrH:t!if.AJT 
~ ~TI\f'Miii!I{C£nES 

OF $1\Tli!. li'oc~ 111ft. 
li T't lA-nlE -
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t..tl/rtlofHklre- t! 
r., rcRoi''( •'111-TfTTc 

1lrru~s. 

/0 t.II!Tri\J(,<; 'iA.-mPU5: t~cc~ Tl1ft~ ~(j5[!LvtD DtJr?.t1'!6 KUJJrJrvtrrsrtrrJc~ ~EIFU~f!Ar'ii'll 
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for: Unocal Geothermal Division, Unocal Corporation-- Daniel Carrier 

MINERALOGY, APPROX. WT.% x (orlRELATIVE ABUNDANCE0 

6-1 7 8 fY-' 2 
6-2 lk~ 1701 l:V 
6-3 2 9?'1 I .7 
6-4 ~ 7 I 1?1 
6-5 llW 
6-6 ~~ B'r 
6-7 i Zl 191 
6-8 17 10 7 ~ 

8-1 e ~ 1441 16 
8-2 7 171 1771. I 7 
8-3 ~ 161 ln.l 1'7 
8-4 f "' 1et.r 10 
8-5 f 4'11 ,, I ITR" 
8-6 4 HI 172.1 I I~ 
8-7 ~ ~~~llti 
8-8 ~ 4nl~ 

*1\i'.~MitJdt 

~~t!: !JlE. 

MM =PREDOMINANT M = MAJOR m =MINOR Tr = TRACE ? = TENTATIVE IDENTIFICATION 

-~ SUMMARY OF X·RAY DIFFRACTION ANALYSIS 
UNIVERSI1Y OF UTAH RESEARCH INST~JTE, EARTH SCIENCE LABORATORY 
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for: Unocal Geothermal Division, Unocal Corporation -- Daniel Carrier 

Bulk XRD 

/G-]{))71i1P '11t:Off"Fl !?t 1<. I ?> I £l ~ I f ~ l ~ if( 2 llR. 
1 6-2®7'ro-1J' 1-4£ l~IZZ lR 1fZ 1R 

\ 6-3@bW-~' 0-417 I:ZII 101 lTR 12 1fZ I""Jl.... llR. 11?. I I 
GMF F6-40)57lO-!rtT4-I ~~ I 2T7 l ~ b !? llR 1R I B 
!7At?"'\6-S@rmo-7o'lll I ]-4!? I I I I I~ l 2 7 I 1111- 1IZ I B 

T6-6iD1~-w01TI~I 9 I II~ I"?' 7 I f l I I 9 
I 6-7@41IO-£Dilt91~1 tOI1RI 1~12 ~12 I f I B 
\ 6-B@st~-1D U ~ l-10 I tr I1R I I f I I I1R ~llR 

78-1 !AfD-8:> 10 '" 9 2 f) f ~ 2 7 8 
1,8-2 GKO-w II 71- 7 ~ ~~ 2 4 2 7 1k 9 

8-3 ~-t:O 17 ~ It_ f 1Q 2 f 11. ~ €J 
lr_IJtc }8-4 ?-fD?--10 ~~ ~ 8 I 7 !' T"- I ~ i B 
~GB:e"\B-5 -4UO~&> 2:? ro 7 f 7 4 "F.. 4 2 6 

8-6 41f0-40 lib ~ !' 9 ~ j(q f ~ 2 4 ~ "! 
1s-7 MJXJ-fD r I~ 2 w ~ 9 6 
\., B-8 2WJ-f'D "17 'E) _!! ~ ~ 2 

I 
TR'! 
-m.'! 
7 

f 

T~ 

lR. 

'.2. 

Q I 101 ?> lllZ 
-4 111':2 1 :2 
HTit<.~ ?> 
i I I fl 

~~ 
~~ 

T~ I II?' 

-----

lR- LiiJtjjijJ6f Hf(iij" N HIG.H Re
LIEF, LON ~~FRJtJ&m.!Cli. 

I I~ I f I .!5- I I 

111. "k f> 0 l l _fi!T<. u~~~H1611 ~ ':':;,>;_·Hl<lllll!< 
____ ~REFRifo.JC.aJT ~lilA· 10 biJII'It:RilF 

11:. 1t. 2 10 
~ 111. ?> f01 
lR 1"- ~ 91 15 
1k. 1R 0 10 
~ *ttl. ?> 711j{O 
lR 11\ 4 ~l 112 
I 2 2 

1--r1.®r. a>JQ>lbl- II I I I I I I I I I I I I I I I I I I I I I 11~~.1~~~~-
,.,,.J"'...!;rtE e ~10 
'm'~ IRO.I::RJQI-tirt£ 

N-WJ>i1.1E 

~ !UT Wfl~CLINl'!' 
~/IJ.-t:T/OfJ 

I
@ MPFfi!Clt" I'El.DN I£1EC· 

TICN LIMIT : MA.'{ 11-J<!L~ 
MET'-5ME ~-

MM = PREDOMINANT M = MAJOR m = MINOR Tr = TRACE ? = TENTATIVE IDENTIFICATION 

~ SUMMARY OF X-RAY DIFFRACTION ANALYSIS 
UNIVERS11Y OF UTAH RESEARCH INSTITUTE, EARTH SCIENCE LABORATORY 
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Sample No. 

6-1 
6-2 
6-3 
6-4 
6-5 

_6-6_ 
6-7 
6-8 

8-1 
8-2 
8-3 
8-4 
8-5 
8-6 
8-7 
8-8 

M m'M 
M If! ?J:Imlm 

M M 7i? ~ 
f.,J. If! m l/11 

M I?! II?! M 
M 1-71 7R 171? II/ 
M !M 71?. "li('r 

tMM m -

111 'JJM 
17.i MM. 

·"-""'-

1?11?1 

111 

111 [lli' ~ U.TJOJ 
_u~«:u· 

!/11 

I~ lf1 oiJP 
11! N 

,1?1 11<~ Rc:iO< 

7k 
7/? II?! ~-<j'TZ-

71?. 171?. 
. 

[®*® _,J_uo;r 

~:.,=-
1"-' & '"" ""' NX)"". 

~-~ 
cl , •• ~~~~+-~~-r-+~--~+-4-~-+-+~bT=-~=<~ 
~-, I ~,.=+-+--~+-~-r-+-+~--+-+-4-~-+-+--------~ 
:.."1:-:&e--CCt. 1?'4:-!50 

~c;:; ~I";; ' ""' 
·""" _... JoCEP 

~":);, I ~ 
. - ' 

16 Cuttings Samples: Rock Types Observed During Reconnaissance Petrography 
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Veinlets 

~l(jj% ~ f ~~ li~~~ll:&~ 
Samole No. ! ;f l l f ; j/ifJ6fJ Q}' 'f ~~ 

6-1 y y' i/ y CP!<>J 

6-2 v "'r y' 

6-3 i/ "r r v... _y i/ ;)U.!1E-?001E 

6-4 y i/ y v CH=nE~lE 

6-5 y y"" i/ i/ i/ CHL -5P-1.ELJC041 

6-6 v v~ y v v v v . " ",1~: W!'tl-1 p.( It IC1"5f' -"' .-

6-7 Jl v r" i/ y v ~~- ~>K.h,.~ ~IG!-1 LOW 1 . /lllNERL.. 

6-8 
~ -

8-1 t/__ v i/ i/. v i/ CAL;f:H~PHSJ61~ i 
IJ)-CAL ~ji..LITE. -CHL. 

8-2 r y y y i/ WJ:.JRU.rl'E.- C!J.lLC~.r('E-

"~ 
8-3 v v v ( v PH~o&-C!HL..- C!AW!.rn= 

8-4 v i/ i/ v y,._ //,., • c:H-EP-L.EU::.-4 

8-5 v v I v ( v y -""----~ FHEtJG. -WAJRAJ41E 

8-6 v v (CAl. v v y OiL.-~-HS·', I OiL.-EP-
C!.HL.. ~- Q7!':C. LEl..lCO:.' 

8-7 v v 
8-8 ( l"'v 9'10'-"""""Tm;: 

PRO""",:! ~OI.Cl'EGM>.-'* TITII! (j)- I~-
CiROW!H 

®~~.B-1 W't"'~ 

11\-~ 

"""-l5'1E=r~ oo =""' I ~~!Tra? 
Lr8-l!J' n'!:::.J-~tgt 
~L'"re. b,•lbll""'>'ii :e. 

' 

. 

16 Cuttings Samples: Veinlets Observed During Reconnaissance Petrography 



Bulk Analysis: 

Clay Analysis: 

SEMI-QUANTITATIVE 
MINERALOGIC ANALYSIS 
BY X-RAY DIFFRACTION 

-Methods and Procedures-

Representative one-gram splits of bulk samples are ground in 
acetone in an agate mortar to < 325 mesh (< 45 u) then scanned 
at 2°2Q per minute from 2-65°2Q. Diagnostic peaks of minerals 
identified on resulting diffractograms are rescanned on dupli
cate samples. Approximate weight percentages of the minerals 
are determined by comparing diagnostic peak intensities with 
those generated by standard pure phases mixed in various known 
proportions. 

Bulk samples, at least 35 grams if possible, are sonically 
disaggregated in deionized water, allowed to settle suffi
ciently to yield the desired particle size fraction (generally 
< 2 u or < 5 u), decanted and centrifuged. The resulting 
slurries are smeared on glass slides and X-rayed at 1°2Q per 
minute following air-drying (2-37°) vapor glycolation for 24 
hours at 60°C (2-22°), heating to 250°C for one hour (2-15°) 
and heating to 550°C for one hour (2-15°). Approximate weight 
percen~ages of-the layer silicates identified on diffracto
grams corresponding to these treatments are determined by 
comparison of diagnostic peak intensities with those generated 
by pure reference clays in appropriate mixtures. 
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KEY FOR XRD ANALYSES 
FROM NOVEMBER 21, 1988 

SAMPLE NO. 

8-9 
8-10 
8-11 
8-12 
8-13 
8-14 
8-15 
8-16 
8-17A 
8-17B 
8-18 

DEPTH (FEET) 

6940-50 
7070-80 
7300-10 
7700-10 
7890-7900 
8060-70 
8160-70 
6593 
8409 
8413 
FLOW LINE 

SAMPLE 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

November 21. 1988 

['t. Daniel Carrier-

UUFJ 
EARTH SCIENCE LABORATORY 

391 CHIPETA WAY, SUITE C 
SALT lAKE CITY, UTAH 84108-1295 

TELEPHONE 801-S24-3422 

Unocal Geothermal Division 
Unocal Corporation 
3576 Unocal Place 
Santa Rosa CA 85406 

Dear Dr. Carrier. 

Attached are the revised results of 1 XRD analysis and 
reconnaissance petrographic analysis of cuttings from the "8"
series group. These results, initially mailed to you in mid
October, are further interpreted in the text that follows. 

Most ot these samples from the ''8"-series group texcept tor 8-10 
and 6-18! are dominated by porphyritic to aphyric basalt to 
bas~ltic andesite and similar but slightly more coarsely
crystalline microdiabase. All or most appear to have contained 
primary pyroxene and are altered to a variety of secondary 
phases. Actinolite has replaced some of the pyroxene and all the 
primary hornblende, although traces of the latter may stilI be 
present in a few chips. 

Sample 8-10 is quartz latite to quartz monzonite, essentially 
identical to that documented for previously analyzed samples 6-2 
and 6-3. Well-developed spherulitic, granophyric and 
micropegmatitic textures are locally present. The lithology and 
devitrification textures of sample 8-10 may represent either a 
thick flow. or an extrusive dome, or possibly a shallow 
<hypabyssal or subvolcanic) intrusive. 

s~mple 8-18 is a rhyodacite to microgranodiorite with a sub
trachytic texture. It exhibits more flow texture than 8-10 but 
could also represent a dome or shallow intrusive. 

Sample 6-17A may be a hydrothermal breccia; subrounded and 
altered clasts are present within a fine-grained matrix. The 
clasts are composed of fragments of porphyritic to aphyric 
basaltic andesite. Quartz-filled fractures crosscut the clasts 
within the breccia. Fragments of lineated rock lacking 
phenocrysts may represent minor amounts of gouge or microbreccia 
m&terial in samples 8-9 to 8-15. 



.---------------

Like the 6-series rocks, samples 8-9 tc 8-17 host a variety ot 
secondary minerals indicative of formation at relatively high 
temperatures. For example. actinolite generally forms at 
temperatures above 280°C; biotite forms above 220 ~ (more 
commonly above 300°C>; and epidote forms above 24~ C (e.g. 
Bro~o~ne. 1972, 198Ll; Hulen and Nielson, 1986J. Other secondary 
altera.tion phases in these samples (such as chJoriteJ are 
ambiguous as geothermometers. Some of th8 actinolite could be 
deuteric in origin. as could the chlorite and epidote. but the 
common occurrence of these minerals as well-developed veinlets 
strongly argues in favor of a fairly high-temperature 
hydrothermal origin. Minor amounts of discrete smectite in these 
samples are probably saponite; trioctahedral srnectites that are 
more s~able at higher temperatures than their dioctahedral 
counterparts <Eber I. Whitney and Khoury. 1978). 

Traces of subordinate phases such as prehnite and serpentine 
identified petrographically in samples 8-11 and 8-12 also suggest 
a fairly high-temperature alteration of these rocks. Prehnite is 
believed to form bet~o~een 250° C to 3Sd C (e. g. Bird et a!., 1984!. 

Thank you for the opportunity to work with these interesting 
cuttings and for sending another core chip of sample 8-17. 
Diffraction of the "17"-series group is nearly completed, so 
those results should be forthcoming in the next few wee],s. Please 
cal I me at <BOll 524-3Ll25 if you have any further questions 
concerning the x-ray or petrographic signatures of these rocks. 

Sincerely, 

'ira~ (.0Fc 
Susan Lutz 
Manager, 
X-ray Diffraction Laboratory 

References: 

Bro~o~ne, P.R.L., 1978, Hydrothermal alteration in active 
geothermal fields; Ann. Rev. Earth Planet. Sci. .• v. 6, p. 229-
250. 

Browne, P.R.L., 1984, Lectures on geothermal geology and 
petrology; United Nations Univ., Geoth. Training Prog., Rept. 
1984-2, 92 p. 

Eber 1, D., Whitney, G. and Khoury, H., 1978, Hydrothermal 
reactivity of smectite; American Mineralogist. v. 63, p. 401-409. 

Hulen. J ;·B., and Nielson, D.L., 1986, Hydrothermal alteration in 
the B2ca geothermal system, Redondo dome, Valles caldera, New 
Mexico; J. Geophs. Res., v. 91, p. 1867-1886. 



\JrJ o tfrt- 0E.o't11ll'< 1Yl/t1- - DA:rJUL UrR~Ifr~ 
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~ SUMMARY OF X·RAY DIFFRACTION ANALYSIS 
UNIVERSI1Y OF UTAH RESEARCH INSTITUTE, EARTH SCIENCE LABORATORY 

s. Lut-e 
11- 2-1· I? 1> 



!'-----~-

vurJur> I 

~~~~~/; 
/.;_ 1.(; "' (j (f 1... 

0 * ~· ~ '"' J, ,, ;,:"' "" "' 
1::1 ~ ~· ~- Qr-"' .·;; ~ ~ ., '"!;' 
\i-"-t><. -<,'1~<' &!':."(.) 

~ltTYlPU Alu. ~ ~ ~I~ ~~~~~~lfr~ $ •l t-"' 
~-'I 'If< f( ./ .,/ .,/ ./ /K ~F, ,~J/f~t"~rn. 

8 -(o .,/ "'I ./ .,/ 

5 -rr / .; I ./ / ri'Z. : tr:!'l"lil:! ~ tiL .... , 
8 -[1. / fl< .,/ I .,/ ./ rre. Tf/.. rr<- / ........ /tC"f 

~,.p :U.-JH~u,J< 

s -r:s ./ rr<- ./ ",/ ,/ I rrz "ZTI1 ,/ ~~fL.7!:f_V~~.._;~ 

P,-(1( ./ / / ./ If.. n<. "'.!.~.~~~·-·· '"' ""•"" 
B- f'> I -rt( / ./ v rR :i;.i'- kl"-1\cr 

H-16 .; I / t.HL- l.'R 1\JOL.i~:) 

8 -r=rA j / 
5 -{:J-6 ,/ ,/ .h ,/ IAtr-Q- ~" ·HI/rt,·IPH. -

p, -rp, ""J / E p. lJ:r.>. ''.~~~,S • 

~ 

!< mrutoPWt\ltifTlc 
G.-KF IIJTt~ 

0 ~frtQ!hf\f'1 

~_w111-< ~Pf.luv~ 

~- ~cFI'TltAi~ Dnz11<H 

• VJ m1 l'rNt!~ Drtr~ 

jO tVITIIIl 6 S ~rtmfu~ \l£.f~c C.{ n; v 6~c,(vtD (){![ r<. rN ~ (Z.t ('.91\J NA1 c s ltfvc e ft-TI\:tXJ/-rtr~ 'j 



WELL 

GMF31-17 

KEY FOR XRD ANALYSES 
FROM DECEMBER 28, 1988 

SAMPLE NO. 

17-1 
17-2 
17-3 
17-4 
17-5 
17-6 
17-7 
17-8 
17-9 
17-10 
17-11 
17-12 
17-13 
17-14 
17-15 
17-16 

~ 17-17 
17-18 
17-19 
17-20 
17-21 
17-22 
17-23 
17-24 
17-25 

DEPTH (FEET) 

800-10 
1100-10 
1300-10 
1790-1800 
2100-20 
2300-20 
2840-60 
3240-60 
3870-80 
4220-30 
4480-90 
4940-50 
5230-40 
5320-30 
5780-90 
6080-90 
6560-70 
7020-30 
7450-60 
8030-40 
8090-8100 
8250-60 
8787 
8420 
8422 



December 28. 1950 

Dr. Daniel Carrier 

UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 

391 CHIPETA WAY, SUlTE C 
SALT LAKE CITY, UTAH 84106-129S 

TELEPHONE 601-S24-3422 

Unocal Geothermal Division 
Unocal Corpora~ion 

3576 Unocal Place 
Santa Rosa. California 95406 

Dear Dr. Carrier, 

The x-ray diffraction analysis and reconnaissance petrographic 
analysis of cuttings from the "17"-series group are complete and 
appended to this Jetter. The results are further interpreted in 
the text that follows. 

Rock type and mineralogy-

The "17''-series group is predominantly andesite and dacite. 
Compositional and textural variations of the andesite are 
orthopyroxene or clinopyroxene •ndesites, porphyritic or aphyric 
andesites, amygdaloidal basaltic andesites, microdiabase and 
meta-andesite and meta-diabase. Dacitic composition rocks include 
the varieties, dacite and rhyo-dacite, both porphyritic and 
aphyric. The lowest part of this group is granodiorite, which 
may or may not be genetically related to the overlying dacite. 

Samples 17-1 through 17-3 exhibit relict perlitic and other 
devitrification textures preserved in cristobalite which has 
partially altered to aragonite. Most of the original mafic 
content of the groundmass has altered to hematite. Aragonite, 
smectite and traces of analcime a~e present as amygdule fillings. 
Hematite has also replaced the aragonite in some of the 
amygdules. Orthopyroxene phenocrysts are also common in the more 
phyric andesites. This interval of rocks seems to represent an 
originally glassy andesite flow. 

Samples 17-4 through 17-6 are predominately dacite. Granophyric 
and spherulitic texture is well developed. Sieve-textured 
feldspar phenocrysts are also common in this interval. Sample 
17-6 is.partia!Jy silicified and partially granophyric. It could 
represent the originally glassy border of a shallow dacite 
intr-usive. 



Samples 17-7 through 17-16 are predominately flow-banded 
andesites and clinopyroxene andesites. Rare orthopyroxene 
phenocrysts subophitically enclose plagioclase phenocrysts in 
some chips. Microdiabase is common below sample 17-12 where it 
probably represents a slightly coarser-crystalline variant of the 
and~sites. This interval is characterized by the alteration 
minerals: epidote, leucoxene and chlorite-rich chlorite-smectite. 
Subordinate anhydrite and wairakite are also present. The 
leucoxene outlines amygdu!es where it probably replaced primary 
magnetite. Quartz veins are common in samples 17-14 through 
17-16. 

Samples 17-17 through 17-20 are mostly porphyritic andesites and 
samples 17-22 and 17-25 are coarser-grained granodiorites. The 
granodiorites contain primary phenocrysts of hornblende and 
biotite. Sample 17-19 contains clasts of sandstone Cnow hornfels) 
with grains of rounded guart= that exhibit overgrowths. It may be 
possible that this granophyric-textured sample represents a basal 
flow which has picked up some grains of country rock during its 
deposition. Alternatively, if this dacite represents a shallow 
intrusive, the hornfels may be xenoliths. 

Below sample 17-20 and above the granodiorite of sample 17-25~ 

there is a zone of contact metamorphism. Granoblastic 
recrystallization ot the original micro-diorite is locally 
evident in sample 17-24. The rocks is this zone are better termed 
meta-andesite and meta-diabase, metamorphic equivalents of the 
igneous rocks. Samples 17-22 and 17-25 probably represent the 
granodiorite intrusive responsible for the metamorphism. 

Minor amounts of actinolite are present in samples 17-12 through 
17-16 where it is associated with epidote and possibly crosscut 
by chorite-guartz veins. In other chips, the formation of epidote 
seems to post-date chlorite formation. The iron content of the 
tremolite-actinolite increases with depth, at the depth of sample 
17-20 it appears pI eochroi c and gre_en in pI ane 1 i ght. 

Some of the amphibole in samples 17-17 and 17-22 may be primary 
hornblende but most is altered to actinolite. In samples 17-18 
and 17-19, the actinolite does not appear to have altered from 
primary hornblende and occurs in irregular veins. By the depth of 
sample 17-20, veins and nodules of actinolite and fine-grained 
veins of biotite-actinolite-talc become common. Sample 17-25 
contains both primary hornblende, and primary and secondary 
biotite. 

Most of clinopyroxene in the zone of contact metamorphism 
(samples 17-21, 17-23 and 17-24l is probably metamorphic in 
origin. It appears polygonal and equigranular. and is enclosed in 
potassium feldspar, triple-junction guart=. or more rarely. 
biotite fn an incipient granoblastic texture. Although some of 
the clinopyroxene may be primary, it does not occur in the usual 
interstitial manner of igneous pyroxene. 



ThE presence of secondary biotite in samples from the bottom of 
this well is also associated with thermal metamorphism of the 
granodiorite: the biotite occurs in fine-grained aggregates or 
poorly defin~d veinlets. However, the overlying volcanic tlow 
rocks contain well-defined crosscutting veins of biotite
actinolite-talc that are more positively hydrothermal in origin. 

Alteration zoning-

The rocks penetrated by this well clearly show well-defined 
mineralogic zoning which is related to increased temperatures 
with depth. The problem is distinguishing hydrothermal alteration 
from ccntact metamorphism. 

The origin of high-level smectite. quartz and calcite. and mid
level epidote. wairakite and prehnite is almost certainly 
hydrothermal becaus~ these minerals occur in veinlets (and in 
some amygules). Some of the deeper biotite. actinolite <and rare 
clinopyroxene?) also occur in veins and arB probably 
hydrothermal. However, much of the biotite and especially 
cl incpyroxene in the zo'-ne of metamorphism is metamorphic, the 
rock is trying to become a hornfels. 

The v~!n a~semblages de provide information about the 
temperatures of the hydrothermal fluids from which some of the 
secondary phases were deposited. Epidote tends to form above 
240"C; prehnite above 21~ C; wairakite above 210 C: actinolite 
above 280°C; and biotite above 220aC (more commoniy above 30a C) 
<e.g. Br·owne. 1978. 1984: Hulen and Nielson. 19;36.J. 

The layer silicate mineralogy of this well also reflects zoning 
related to temperature. Samples 17-1 through 17-4 contain 10% to 
20% smectite. The air-dried basal spacing of the smectite at 14A 
suggests that calcium and/or magnesium are the principal 
interlayer cations. Because these smectites are high-level and 

they occur in rocks that contain analcime rather than wairakite. 
probably formed at low temperature~. below 160°C <Hulen and 
Nielson. 1986J. 

Samples 17-5 through 17-15 contain discrete chlorite and some 
mixed-layer chlorite-smectite. Some samples in this interval also 
contain mixed-layer illite-smectite. The amount of illite 
interiayers in the illite-smectite is about 70-90%. These low
expandability mixed-layer clays usually form between 175"C and 
220"C <Browne, 1984) from precursor smectites. so they could have 
been generated during incipient to low-grade metamorphism as well 
as subsequent hydrothermal alteration. 

Below sample 17-16. the chlorites are either discrete forms or 
they occur in mixed-layer chlorite-smectite. This variety of 
chlorite-smectite is ordered and contains about 60 to 90% 
smectite as indicated by a superlattice peak at about 29A Cin 
~ir-dried samplesJ. Mixed-layer chlorite-smectites are stable 
between 200°( and 270°C <Browne. 198~l, a temperatu1·e a!sc 



permitting a low-grad~ metamorphic origin. 

Samples 17-19 through 17-25 contain two varieties of mixed-layer 
chlorite-smectite. one with about 50% chlorite and the other with 
about 80% chlorite interlayers. The occurrence of the unordered. 
50% chlorite variety with clinopyroxene~ epidote and biotite, may 
indicate a cooli~g trend at depth since the higher temperature 
phases were formed. 

Discussion-

Traces of the high-temperature alteration phases. actinolite and 
epidote, are present in a few fragments from the highest levels 
in this well (samples 17~1 and 17-2>. The unusual occurrence oi 
these high-temperature alteration phases in lower-temperature 
argillically-altered rocks may possibly represent lithic 
fragments of alLered rock in dacite dikes at this level. 

Veins containing in~ergrown calcite and quartz are common in 
sample 17-4. Calcite is replacing both wairakitc and epidote in 
sample 17-7. Both these occurrences of calcite suggest that 
boi!ing (and CO: exsolution) has occurred at these levels at some 
time. 

Below the depth of samples 17-16 and 17-17, a change in 
alteration occurs. Samples 17-14 and 17-16 are partially 
silicified. Samples 17-17 to 17-24 contain less epidote, 
anhydrite and leucoxene. and more actinolite, biotite. talc and 
ordered chlorite-smectite as alteration minerals. Perhaps the 
change in mineralogy reflects the change from a vapor-dominated 
upper zone to a water-dominated reservoir zone. 

To conclude, the alteration in this well is zoned as a result of 
both metamorphic and hydrothermal processes. A shallow argillic 
zone contains abundant smectite, illite-smectite and hem~tite, 
possibly as a result of hyd~othermal alteration. Cristobalite 
occurs as a devitrification product and aragonite, a low 
temperature alteration of the glass. The andesitic flow rocks in 
this interval may be locally cut by dacite dikes. Underneath this 
zone is a hydrothermal, propylitically-altered zone containing 
abundant epidote. chlorite and wairakite that probably formed at 
moderately high temperatures. Subordinate amounts of anhydrite, 
prehnite and illite-smectite are also present as vein-forming 
minerals. A silicified interval at the base of this zone may mark 
the transition into the lower. higher-temperature, more potassic. 
alteration zone. This interval is characterized by hydrothermal 
veins of actinolite-biotite-talc. The hydrothermal alteration in 
this zone seems to be superimposed on an alder contact 
metamorphic zone characterized by biotite and clinopyroxene, 
which may represent a pyroxene-hornfels facies of metamorphism. 
The chlotite-poor chlorite-smectite in this zone may be the 
result of a much later, and cooler, hydrothermal system. 
Intrusive rocks are penetrated in the lowest p~rt of the well. 
Some of the secondary biotite in the granodiorite appears to be 



of metamorphic rather than hydrothermal origin. This intrusive 
body may represent the source of thermal metamorphism. 

Thanks for the opportunity to work with these interesting 
cuttings. I realize that this interpretation of the origin of the 
clinopyroxene at the bottom of the well differs from yours. 
However, Jeff Hulen and I both looked at the thin-sections and we 
are fairly confident that most of this pyroxene is 
neither igneous nor hydrothermai. If you care to discuss this 
further or if you have any more questions about the x-ray or 
petrographic signatures of these rocks, please call. 

Sincerely. 

~M~ w~ 
Susan Lutz 
Manager. 
X-ray Diffraction Laboratory 
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~·.t. l£:-34-2507 

18-34-3498 
::6 27-27-1260 
'tE 27-27-2145 
... ~. 27-27-2725 
.b 2B-32-4S~ 

t. 28-3~·-1J61 

G 28-32-1497 
6 28-32-2258 
D 28-32-2514 
5 2e.-32-3187 

(, 28-32-3968 
6 23-1-467 
:. 29-:-872. 
; 29-1-2375 
:. 2?-1-3088 

; 45-86-1419 
:: 45-36-2379 
:. 45-36-2~:42 

; 57-13-781 
:, 5€.-13-1423 

. 57-E-162.7 
7-13-2929 

C.2-2! -170C 

,;:-2G-388 

LN!7S 
Si02 

Of"·"!" ..... , 

66.5D 
54.00 
ir, ,.,~, 

I \1 '~·~· 

57.CO 

70. ~c: 

64' [!(i 

66.% 
68.50 
74.5G 

53.5D 
56.00 
53.50 

67.50 

69.00 

72.00 
67.50 
72.00 

58.00 
70.00 
60.00 
70.00 
55.50 

ss.sn 
48.00 
46.50 
.,~ !\(\ 
I i. oVV 

70.50 

:.4 .50 
49.5(: 
68.5(1 

Al208 Fe2G3* 
PCT PC: 

14.50 
15.00 
13.00 
15.50 
15.00 

16.00 
1·;- nn 
'"'"''"''"' 

15.(<[1 
14.0C 

15.50 
14.0G 
13.00 
15.50 

17 .oc 
17.00 
17.00 
16.50 
14.50 

14.5(! 
14.00 
1£',50 
13.00 
13.00 

13.00 
14.00 
15.00 
12.00 
1~ ~.·, 
.;,o,J,,. .. _. 

1S.CU 
15.50 
18.00 
13.50 
12.::0 

12.50 
17 .co 
16. :c 
14.00 
l4' 50 

3.40 
0<0 .,,.o,v 

1.70 
8.20 
5.2(; 

8.?0 
1.00 
7.10 
3.60 
2.90 

5.00 
4,4(' 

3.00 

4.20 

7.50 
6.50 
7.00 
8.50 
3.10 

3.20 
2.4G 
2.50 
2.20 
1.00 

6.50 
2.50 
c; en .... ~.~ ... 
1.40 
7.50 

7 .:,(! 
9.0~ 

9.20 
2.50 
1.30 

1.30 
6.1 (\ 
i ,,,., 
! '"V 

2.~(! 

5.20 

BONDAR-CLEGG 

Mr.C 

0.07 
0.14 
0.04 
0.13 
0 .lf. 

0.14 
0.01 
0.07 
0.06 

o.cs 
0.08 
0,[!7 

0.04 
0.08 

0.14 
0.12 
0.12 
0.15 
0.10 

0.06 
0.04 
0.05 
o.o::. 
0.04 

0.25 
0.06 
0.15 
0.03 
0.13 

0.16 
0.17 
0.18 
0.05 
0.03 

0.03 
0.12 
0.14 
0.06 
0.11 

MgO 
PCT 

CoO 

o .eo 2.50 
3.90 8 .GO 
0.60 !.50 
3.20 6.80 
2.80 6.2.{1 

4.50 9.4\) 
o.:.o 1.% 
3.50 8.10 
1.80 4.20 
0.80 2.50 

1.60 4.2.1) 
1.30 3.SG 
o.so 2.60 
0.40 1.30 
·1.20 3.5(! 

s.oo 9.50 
4.'::.0 8.30 
5.40 9.2~ 

5.40 9.50 
1.10 2.80 

0.90 2.~0 

0.70 2.00 
c.so 1.50 
0.40 1.50 
0.20 1.20 

l.iO 4.50 
0.60 2.30 
3.00 6.5\i 
0.20 !.20 
3.90 8.00 

2.50 5.!)(1 
5.50 . 10.00 
4.00 7 .oo 
0.60 1.80 
0.30 1.20 

0.30 1.20 
4.50 s.:.o 
6 .?C 10 .oe 
l,:jO 2.BG 
1.80 4.5(1 

PCT 

4.'50 
4.00 
4.00 
4.30 
4,4(1 

4.l\D 

4.0G 
4.20 
4,50 

4.Sl! 

4,00 
4.00 
4.30 

3.50 
3.50 
3.50 
3.80 
4.00 

4.50 
4.00 
4.00 
3.50 
3.50 

4.GiJ 
4.~-~ 

3.80 
3.30 
3.70 

4.50 
3.30 
4.50 
4.30 
4.00 

4.00 
4. oc~ 
3.DL: 

5.JD 

K20 
PCT 

4.30 
l.~C 

4.50 
1.60 
1.8G 

0.70 
4.60 

3.80 
3.80 

2.80 
3.10 
3.50 
4.00 
3.80 

0.90 
1.40 
1.1\1 
1.00 
3.30 

3.SO 
4.10 
3.Z~ 

4.10 
3.90 

1.50 
3.40 
2.M 
4.50 
1.20 

1.40 
0.50 
1.20 
4.20 
4.50 

4.30 
1 .00. 
0.40 
4 .!(\ 
2.71} 

Ti02 
PCi 

0.65 

0.3 
1.35 
1. 70 

1.30 
0.10 
1.G:. 
0. 70 
0.30 

0.90 
o.s:; 
0.65 
C.25 

1.10 
1.05 
0.95 
1.45 
0.50 

0.55 
0.40 
0.50 
0.115 
0.05 

1.35 
0 .:.s 
0.9~ 

0.25 
1.30 

1.50 
1.70 
l.~~o 

0.45 
0.15 

0.2D 
0.3(i 
O.SD 
{!. :.:. 

P20:: 

(f .14 
0.30 
0.04 
0.30 
0.50 

0.25 
o.o~ 

0.25 
0.17 
0.09 

0 .3:. 
(r .2C 

... '"•!:"_ 
i.•.t..-.· 

0.20 
0.25 
0 .2:, 
0.4C 
0.10 

0.12 
0.09 
0.11 
0.11 
0.01 

0.65 
O.lS 
0.20 
0.04 
0.25 

0.30 
0.40 
0.3:. 
0.04 
0.03 

0.04 
0.20 
O.lD 
(! .11 

PAGE l 

LCI 
PCT 

0.50 
2.10 
2.::;0 
0.95 
1.50 

1.40 
O.f.O 
0 .~~-
o.:o 

(i.E.~ 

0.45 
O.S5 

O.bO 

a.t: 
0.30 
0.25 
o .e~ . 
2.35 

0.40 
0.30 
1.7Cl 
5.7C 
2.45 

7.30 
0.30 
0.30 
4.25 

1.35 
3.85 
4.£:. 
0.25 
4.20 

3.80 
1.45 
... .~= 
"'! .... ~· 

1).2:: 
c .3~ 



Bonda:r..Cieg, Inc. 
l?.98V West Cedar Dr. 

BONDAR-CLEGG Geochemical Lakewood, Colorado 
U.S.A. 80228 Lab Report 
Phone: f303J 989-1<104 

1ex: 45-693 

AL!!X SOl !P.IE~1 EB 

j J.\ I~ 2ti 1985 
RE."DRT: 155-0321 PROJECT: RG-01 PAGE 2 

SA"!FLE ELEM8·n· Si02 Al203 Fe203* HnO MsD CaQ Na2D K20 Ti02 P20~ LOI 
NU""!BER lNiiS PCT PCT PCT PCT PCT PCT PCT PCT PCT pr-T .. P'~ , .. 

- -·-- ... -·-----·-···-· ····- . - ··-· ·-··-·---·- ·--· --·--------- -·· 

R6 65-2£-1764 71.00 13.00 1.50 0.03 0.2C 1.00 3.5\1 5.0U 0.15 0.02 3.95 
R6 68-16-504 71.50 13.50 2.2D 0.0~ 0.50 1.80 4.00 4.90 0.35 0.10 0.20 
Rt 68-16-1338 72.00 12.50 1.20 0.04 0.35 LSD 4.50 4.50 0.30 0.01 1.50 
R6 68-16-1857 73.~0 12.:::0 1.40 0.03 0.20 1.10 4.00 4.50 0.15 0 ,(\5 1.~5 
R6 68-16-2227 57.00 16.0C 5.80 0.10 3.90 7.80 3.80 1.70 0.80 0.20 ' '0 ........... 

R6 68-16-29~;6 72.50 13.50 1.50 0.04 n.2o 1.10 4.~.o 4.80 0.08 (0.01 0.35 
R6 86-23-103~ 55.50 18.50 6.00 0.10 4.10 8.50 3.50 1.00 0.65 0.15 1 1 n ........ 
R6 86-23-2103 55.00 17.00 7.50 0.12 3.90 S.20 3.50 1 ·'"1!'1 .ou 1.00 0.45 0 .,~ 

''" R6 86-23-3197 51.50 15.50 10.00 0.16 4.20 8.00 4.00 1.80 1.40 0.70 1.30 



Chemex Labs Inc. 
Anal1llcal Chamlsls • Geochambls • Ragbtered A:ullyara 

9?4 \VEST HI.F.N1V,I.~ AV~ . S111Tf. 7, SI'ARKS. 
NHVAIJA. ti.S A. 119411 

I'IIONE t7111) J'l\-1191 

CIIEMEX 
DILLING INFORMATION 

Da I e : 29-SEP-88 
Project 
P.O. I 480926 
Account CDN 

Oil !ins : For anAlysis performed on 
Ce r I i ( i c a I c AS 8 2 4 0 9 2 

Terms : Net parment In )0' Days 
I. S% per monlh 118% per annum) 
charaed on overdue accounts. 

Please remll paymeniS to: 

'--

CHEMEX LABS, INC. 
99~ West Glendale 
Suire 
U.S.A. 

7, Sparks, 
8 94 J I 

Ave. , 
Nevada, 

CODE 

Gil -
Sample 

2 I 7 -
2 J 2 -

T NION OIL COMPANY OF CALIFORNIA 
UNION GEOTHERMAL DIVISION 
J576 UNOCAL PLACE, P.O. BOX 6854. 
sANTA ROSA, CALIFORNIA 
95406 

tJAN I 

OCT.2 0 1988 

I · - * INVOICENUMBER-. Ts82 40 92- * I 

ANALYSIS SAMPLI!S UNIT 
DESCRIPTION ANALYZED PRICI! AMOUNT 

A-12 W.R.A. 16 16.00 256.00 

prcparal ion and other charses 

Geochem - RING ONLY 16 2.50 40.00 
Tot a I ICP diseslion 16 0.00 o.oo 

To1al Cos r $ 296.00 

TOTAL PAYABLE tU. S. I $ 296.00 

----- --· 



Chemex labs Inc .. 
Analrllc•l Cheml~l~ • Geochemists • Repl~lered Asaayera 

994 W~~T Ul.f.NIJAI.I! AVH. ·• SIIITP. 7. SPARKS, 
NF.VADA, II.S A. A94ll 

I'HONF. f7111) H6-D9S 

CERTIFICATE A8824092 

tiNION OIL COMI'ANY OF CALIFORNIA 
l'ttO.If.CT 

L1-lf·:MF.X I NIIMJWR 

L"'I>f. SAMI'I-~SI 
4 A II 9 J fi 

Sample• &ubmi tted 10 our lab In Spart&, NV. 
Thi& report was printed on 2~-SEP-88. 

---------------------- -------
SAMPLE PREPARATION 

-- ·-r ----
j LltJ-1\fFX J N1MIU:R ~ l C~I>E I ":"''~~1. J>HS~1ll PT I Oil 

2 I 7 J I 6 :Geochem:Rins onl~.no crush/&pU t 
1 J 1 r I 6 ! Total ICP diseuion 

'----· 

I 
L __ j 

---------------

• Nai1! I : 

Code 1000 Ia used for repeat sold analyse• 

lr lihows typical sample varlabiliiJ' due to 

coarse sold effec11. Each value it 

correct for irs particular aubtamplc. 

' 9 2 I 6 
l94 I 6 
l86 I 6 
$ 9 .1 I 6 

' .. I 6 
s •• I 6 
8 2 I I 6 

' 9 s I 6 
s 9 7 I 6 

'9 6 I 6 
s. 2 I 6 

4 7 ' I 6 
l40 I 6 

. vNION OIL COMPANY OF CALIFORNIA 
UNION GEoTHERMAL DIVISION 
3576 UNOCAL PLACE, ·P.O. BOX 6854 
SANTA ROSA, CALIFORNIA 
95406 

Cnrnnent~: ATTN: (IAtfiF.I. CARRIF.R 

A882409 2 

------- ------·- ----· ·--------

ANALYTICAL PROCEDURES 

DF.T~LI I ON l!PI'fR 
()f.SCRIPTION' MP.THOO LIMIT UMIT 

----· ·- ·--- --·----- ----- ---- -- --------------- -- ------ ·--

Si02 %: Whole roct ICP-AES 0.01 99.00 
AI20J Cb: \Vhole roct ICP-AES 0.01 99.00 
Fe20JflotaH co: \Vhole roct ICP-AES 0.01 fJ9.00 
MsO ~o: Whole roct ICP-AES 0.01 <J9.00 
CaO ~o: Whole roct ICP-AES 0.01 99.00 
Na20 ("•· Whole roct: ICP-AES 0.01 99.00 •· 
IC20 %: Whole roct ICP-AES 0.01 99.0 
Ti02 t(!: Whole roct ICP-AES 0.01 99.00 
P20$ co: Whole roct ICP-AES 0.01 fJ9.00 

MnO <·· Whole roct: ICP-AES 0.01 99.00 •· 
BaO C•· Whole roct JCP-AES 0.01 99.00 .•. 
L.O.I. %: Lose on ie;nitlon FURNACE 0.01 99.00 
Toul 'b CALCULA TlON 0.01 N/A 



SAMPLE: 
DESCRIPTION 

Jl-3180 
Jl-.1660 
.11-~_100 
.11-~510 
Jl-~600 

. - .. --
JI-H80 
Jl-~%0 
Jl-5020 
Jl-5160 
JI-5J~O 

-------
J)-(,280 
.1 J-(,5-tO 
Jl-60~0 
.11-72-tO 
Jl-7(100 

To ION OIL <XM'ANY OF CALIFORNIA 

·. Chemex · Labs Inc . uNION GEOTilERMAL DIVISION 
ll76 .IJNOCAL· PLACE, P.O. BOX 68!4. 
SANTA ROSA, CALIFORNIA 

Pose No 
To I. ·rases: I 
Dale ;19-SEP-11 
Invoice I d-li24092 An•lyllc•l Cheml!tls • Goochomtsts • na.,.tstared As,.yara 

9')4 WF.ST <ii.F.NIIAU~ AV~., SIIITI! 7. SI'ARKS, 
NF.VAUA, II.S A. 11')411 

9!406. . ~ . 
rrnjecl : . . 

·P.O. I ;410926 

I'HON'F.. (71111 Jt,-\19' 
Ctotnnenla: ATTN: f)ANIF-1. CARI\IP.I\ 

I CERTIFICATE OF ANALYSIS A8824092 I 
! 

PRE. p ISI01 
CODE c;o 

AI20J 
% 

IFe::!O.l 
j% I~ CaO 

% 
/

Na10 
'1J 

K20 
% 

Ti02 
% 

P205 
~b 

M.o 
% 

BaO 
% 

I 
1LOI 
'% 

"IUI"AL 
% I 

I l 
55.77 17.601 7.81 4.021 7.891 ).95 1.10 0.93 0.21 0.12 0.04 1.84 101.301 
55.19 18.05 7.97 3.72 8.19 3.60 0.78 1.00 0.29 0.12 0.05 1.65 100.<•0 
M.l6 15.76 4.16 1.~9! 3.79 ~.65 2.26 0.60 0.22 0.09 0.09 1.66 98.94 
51.56 17.501 9. 77 5.ZI 1 9.15 3 . .10 0.67 1.14 O.H 0.1~ 0.04 1.83 I00.55i 
50 . .17 17.91 9.10. ~.9~1 9 .. 11 3.66 0.38 1.18 0.28 0.14 0.04 1.31 99.631 

-··-- .. __ j ---· --- ---·· --- -~- 1---- --·· -- ------·--··. ---·---.. - ----- .. -------·· ---·····-------------~--- ---
50.38 11.11, 9.<·<·

1 

5.56

1 

9.14 ).78 0.5)

1 
1.4! 0.35

1 
0.15 o.oJ

1 
•. 91 100.05. 

~9.31 17.?8. 10.15 3.!7 IO.IJ 3.~8 0.12 1.13 O.H, 0.15 0.03 3.M ??.OJ, 
5~ . .18 18.<·~! 7.?01 ).651 7.11 3.5~ 0.7)1 1.05 0.191 0.12 0.051 1.?9,100.~5 
71.11 1~.54'1 1.31 0.~5 1.24 4.76 4.4~ 0.37 0.111 0.02 0.0? 0.80 101..151 
55.61 17.0J 6.61 3.88 8.c.o J.o~ 1.0~ 0.51 o.HI 0.10 o.oJ· 1.~8 9?.o?, 

----------- .. ---- :----- ···- --------.. --·-!··--·- ··------ --.,----- --- -----··-· ··-----·······--- --··---r·----·-··;·-----------·· 
51.07 18.591 8.451 5.<•41 9.09 J,f,.·, 0,561 0.90 0.25 0.13 0.0.1. 1.7. 100.05. 
50.51 19.16 1 8.72 4 . .14 9.45 .l 51 0.20 1.03 0.22 0.13 0.0.1

1 
I.e.~ 98.96' 

48.94 1?.8Ji 8.581 5,191 9.87 3.H 0.07 0.'>~ 0.17 0.14 0.021 1.46 98.S6j 

217 232 
217 232 
21 7 232 
21 7 1.12 
217 :!.12 

117 2:12 
217 2)1 
117 2.12 
117 2.12 
217 232 

-23i 217 
21 7 2.12 
217 232 
117 232 
217 232 

-' i :..:s o9o·----~-- ---fi-i -i Ji · 

~9.31 18.00 ?._18 6.10 9.0~, _1.40 0.~6 1.1~ 0.29 0.16 0.03t 1.50 98.821 

_4~:_~: __ '7:~7L-~--''_:_'7_t···-8~82--~~2 <o.~l _!~~~--·~H 0.15 ~:~~--~~3l .':_~'._~+-----
51.10 18.29 9.JJ 5.58 8.66 ).89 o.l9 1.06 o.J2 o.l4 o.o~. o.4sr-99.06 

1 i 1 I . : 
I I I t 1 ; 

. I I I I I ! 
i I I I I I I 

_,..-- I ...tJ. 

CHOTIPICAT'b ( CtA/~ 
·v 



I ,ON OIL C<M'ANY OF CALIFORNIA Pase N 

• Chemex · labs · Inc . iNION GEOlliERMAL DIVISION Tol . . ,,"' .. -"': 1 

Analytical Chemists • Geochemi.Jts • Retlstored Auayers 

9')4 WF:ST <OI_FNUAI.H A\'1!: .• SIIITI! 7. SI"ARKS, 
NF.VADA, tt SA. 119411 

Jl76 .UNOCAL PLACE, P.O. BOX 68l4. 
SANtA ROSA ,.CALIFORNIA 
9l406 

Date ,z9-SEP-!8 
Invoice I d-8824092 

·P.O. I ,480926 
l"toject : 

l'rtONP- f 701) 1 't'l-5 191 
Cnmmnts: ATTN: llANIFI- CARRIP.R 

[ CERTIFICATE OF ANALYSIS A8824092 l 
SAMPLE 

DESCRIPTION 
PREP 1Si02 
CODE % 

Al203 1Fe203 
% % 

11'410 
% 

CaO 
% 

Na20 
% 

K20 
% l~i02 /r2o5 

l~b 
MtO 
% 

BaO 
% 

:LOI 
'% 
I 

1UTAL I 
% 

31-3180 217 232 55.77 17.60 7.81 4.021 7.89 3.95 1.10 0.93 
.11-.16(•0 217 232 55.19 18.05 7.97 3.72 8.19 3.60 0.78 1.00 
.11-~.100 217 232 64.16 15.76 4.16 1.~9, 3.79 ~.65 2.2<• 0.60 
.11-~510 217 232 51.56 17.50. 9.77 5.11 9.15 J.JO 0.67 1.1~~ 
Jl-~600 .. . _2'.!: 232 50.37 17.91 .. 9.10~ .. 4_:94.1 ... 9.31

1 
.... 3.66' O.J8J .. 1.18 

Jl-4780 217 2J2 50.38 17.111 9.6(>, 5.561 9.14 3.781 0.531 1.42 
.11-~9~0 ;11 2JZ ~9.32 17.98,10.15 3.27 10.1~ .1.~8 0.12 1.1.1 
31-oo.o .17 232 54.38 18.6~ 7.90/ 3.65

1 

7.1. 3.54 0.7.1

1 

1.05 
31-5160 217 232 72.22 1~.54 2.31 0.~5 1.24 ~.76 4.H 0.37 
Jl-5.120 217 2JZ 55.61 17.03 6.61 3.88 8.60 3.0~ 1.0~ 0.52 

----------- --~ ---- -- - r-- -- .... -------!- - - _ .. ---- i 
3 1-6 2 8 0 2 I 7 2 32 51 . 07 18. 591 8. 45 5. 641 9. 09 .l 6 2

1 
0. 561 0. 90 

.11-65~0 217 232 50.51 19.16 8 72 4 . .14 9.45 3.52 0 20 I OJ 
Jl-6?·10 217 232 49.31 18.00: 9 . .18 6.10 9.04 J ~o! 0.46 I H 
11-72~0 217 232 48.94 19.831 8.58 5.2~ 9.871 J.2~~ 0.07~ O.'H 
JI~~<~Oo ______ ~~ _2J! --~ ... 4~_1?:~7~_9.17 __ 6_:_17 --~~82 --~~2 ~~o_1_ 108 
Jl-80?0 217 232 51.10 18.29:· 9.331 5.58 8.66 ].89 0.19 1.06 

o.n 0.12 
0.29 0.12 
0. 21 0.09 
O.H 0.1~ 
0.28 0.14 

- I - .. 
0.351 0.15 
O.H 0.15 
0.19 0.12 
0.11 0.01 
0.1~ 0.10 

o.o4i 
0.05,. 
0.09 
0.04 
0.04 

O.OJ 
o.oJ! 
0.051 
0.0? 
0.0.1 

1.84 101.30 
1.65 IOO.CoO 
I. 66 98. 9~ 
I .8J 100.551 
2.31 99.631 

··1- --··-- ... -~--
1.91•1 100.05 
J.O:! 9?.oJ; 
1.?91 100.~5! 
0.801 101.)51 
2.-18 1 91J.OQi 

··-- j· ------. ------- -·-- ~----------- ---

0 2 51 0. I 3 0 0.1 , I. 72 I I 00. 05 ·I 

0 22 1 0. I 3 0. OJ I. Ct4'' 98 . % 
0.291 0.16 O.OJ, 1.50 98.821 
0.17 0.14 0.021 1.46 98.56 _ ~~~r~ _ ~~5 -~·06 ___ .'_:4~,- ~7~~l-
O.J2 0.14 0.04, 0.45

1 

99.06
1 

' : . I 

! I 
I I 
I 

I 
I 

_......- I ..L2 

mm•m•t5 ( Cvo ~ ''fl'' . /) 

. .:, 



Chemex Labs Inc .. 
Analyllc•l Chemllll:t • Gaochaml:tl3 

99-4 WF.ST CU.fNHAI.V.. A\'JI:., 
NHVAIJA, II.~ A 

• Ra(fl3tored An_arert 

:0:111Tit 7. ~I'AkKS, 
11')411 

I'HONH (71111 1ft.-,_19f 

CERTIFICATE A8 8 2 4092 

\INIOt" Oil. COMI'ANV OF CALIFORNIA 

I'RO.I HCT 

I' n 1 : 4 A n 9 I 11o 

.plea IUbmltted to our lab In Sparta. NV. 
Thi& l"eport wa& printed on 29-SEP-IU, 

SAMPLE PREPARATION 
I ; , 

l
, L111 .. fl'Xi NIMIIPR, 

--~~llf.: +~~I'I.P.~~ f JI-::Klll rT I ON 

·--------- -----·-· -···-·---- -----------------
2 I 7 ! 
2 J 2 

I 
I 
! 

6 

I 6 

. L.~~-·· 

•NOTE 1: 

Geochem:Rins onl,.-.no 

i Total ICP disenlon 

I 
I 
' 

cru&h/&pll t 

_l_~·----------~-----·~·-·-····-~·------

Code 1000 II used for repeat sold anal1••• 
It &how& t,..plcal &ample variability due to 

coar&e sold errectl. Each value i1 
correct for 111 particular &ubtample. 

ntt-MJ-:x 
L"OUI! 

---· 
l9 l 
, 9 4 ... 
, 9 J ,. . 
, 9. 

B 2 I 
, 9 , 
, 9 7 
, 9. 
, 4 2 
4 i ~ 
!40 

I 

To. uNION OIL COM I' ANY OF CALIFORNIA 
UNION GEOTHERMAL DIVISION · 

N1Mf1F.R 

SAMI•U·:s 

---~-

I 6 
I 6 
I 6 
I 6 
I 6 
I 6 
I 6 
I 6 
I 6 
I 6 
I 6 
I 6 
I 6 

3576 UNOCAL PLACE,··P.O. BOX _6854 
SANTA ROSA, CALIFORNIA 
95406 

Cmnn• n ••:. ATTN: HANII!L cARR I HI\ 

ANALYTICAL PROCEDURES 

IU~SCI\IPTION MF.THOO 

-~ --·-·------·--------------------- .. 

SI02 %: Whole roct ICP-AES 
AI20.l %: Whole roct ICP-AES 
Pe20J(Ioull t:'f,; Whole roct ICP-AES 
MoO ~b: Whole roct ICP-AES 
CaO %: Whole roct ICP-AES 
N~20 {";,: Whole roct ICP-AES 
KlO %: Whole roct ICP-AES 
Ti02 <·· •· Whole roct ICP-AES 
PlOS co: Whole roct ICP-AES 

MnO ~o: Whole rocl ICP-AES 
BaO ~o: Whole roct ICP-AI!S 
L.O.I. %: Lou on lanhlon PURNACI! 
Total <o CALCULATION 

-- ··-----

A8824092 

UP.TIK.IION ttrt•e:R 
LIMIT LIMIT 

0.0 99.00 
0.0 99.00 
0.0 CJ9.00 
0.0 ')9.00 

0.0 99.00 
0.0 99.00 
0.0 ()9,0 

0.0 99.00 
0.0 IJ9,00 

0.0 99.00 
0.0 99.00 
0.0 99.00 
0.0 N/A 



~ Chemex labs Inc . 
Analytical Chemists • Geochemists • Regl.ster&d A.narer a 

994 WEST OLeNOALE AVF.., S111TE 7, SI'ARKS, 
NEVA()A, li.S.A. &9411 

l'tiONJ! {702) JS6-Sl9S 

.ION OIL aM'ANY OF CALIFORNIA 
UNION GEOTIIERMAL DIVISION 
3l76 UNOCAL PLACE, P.O. BOX 68l4 
SANTA ROSA, CALIFORNIA 
9l406 

Project : 

Comnenu: ATTN: OANIF.L L. CARRII!R 

··\. 

' Pose I 
Tot. Pases: I 
Date , 4-JAN-89 
Invoice I ,J-8829139 
P.O. R ,480926 

[ CERTIFICATE OF ANALYSIS A8 8 2 913 9 [ 

SAMPLE 
DESCRIPTION 

PREP 1Si02 
CODE % 

A1203 /Pe20J /fvtO 
% % % 

CaO 
% 

NalO 
% 

1(20 
% 

Ti02 
% 

P205 
% 

MlO 
% 

BaO 
% 

1.01 
% 

1UrAL 
% 

6-1090-00 217 232 65.17 15.17 5.37 2.03 ).96 4.02 3.6) 0.68 0.19 0.08 0.06 
6-2020-JO 217 232 65.91 15.31 5.09 1.28 3.20 4.88 3.J1 0.77 0.28 0.08 0.07 

< 0.01 
0.86 
2.73 
I. 84 
l. 72 

100.35 
101.05 
98.44 

100.30 
99.45 

6-4630-40 217 232 52.79 15.1J 9.85 2.81 6.58 4.14 2.0) 1.56 0.48 0.17 0.06 
6-5010-20 218 232 58.70 16.59 6.51 2.J6 6.7J 4.35 1.74 0.99 O.JI 0.1J 0.05 
6-5220-JO 218 232 54.JJ 17.77 7.24 3.51 7.65 J.95 1.90 0.96 0.25 0.12 0.04 
···------- -- -- ----- ~-- ---· ---·--+---·· --·-·- -
6-5560-70 218 232 61.59 16.73 5.40 1.74 4.69 5.54 2.17 0.82 0.22 0.12 0.06 1.26 IOO.J5 
6-6110-20 218 232 52.49 16.52 9.88 ).66 7.40 4.46 0.81 1.43 O.J5 0.16 0.04 I.JJ 98.54 
(•-6)60-70 218 232 50.51 16.48 10.12 5.60 9.18 J.45 0.89 1.47 0.4J 0.17 0.03 1.28 99.62 
6-6650-60 218 232 76.18 12.79 1.)8 0.16 0.56 4.02 4.44 0.09 0.06 0.02 0.01 0.)7 100.10 
6-7010-20 218 232 76.07 13.21 1.27 0.20 0.65 4.20 4.29 0.10 0.05 0.01 0.01 0.)8 100.45 

.. ------- ....... - ----- !-- --
6-7430-40 218 232 so.o9 17.45 9.47 6.18 8.64 J.47 o.n 1.01 o.26 o.12 o.o2 1.3J 98.84 
8-200-20 217 232 50.92 17.54 9.76 5.32 9.2J 3.5(> 0.86 1.10 0.2.1 0.15 0.02 0.05 98.75 
8-420-40 217 232 50.40 17.17 9.61 5.25 9.07 J.SJ 0.91 I.IJ 0.24 0.15 0.02 1.6J 99.12 
8-1000-20 217 232 55.65 17.)0 7.48 ).70 6.66 J.80 1.57 0.94 O.JJ 0.12 0.05 1.5J 99.14 
8-1280-00 217 232 55.96 16.87 7.36 3.25 6.77 4.1J 2.10 0.90 0.36 0.15 0.05 0.97 98.88 

0.13 0.03 2.60 98.84 
0.04 0.07 0.52 100.95 
0.16 0.04 3.25 99.11 
0.13 0.04 1.04 100.45 
0.13 0.06 1.10 100.10 

--a·::.ljs·o oo 211 232 51.1J i6.89 9.64 4.14 7.54 4.1o 1.01 1.21 o.35 
8-1740-60 217 232 70.50 14.10 3.49 0.35 1.81 4.J5 4.89 0.54 0.24 
8-)140-60 217 232 51.70 16.95 9.16 J.J9 7.92 3.43 1.(>3 1.07 0.40 
8-3940-60 217 232 56.28 17.20 8.10 3.16 6.91 4.10 2.12 0.99 0.39 
8-4860-80 217 232 60.32 16.43 6.48 1.88 5.02 4.76 2.49 0.95 0.48 

-·----.......... ------1-----
0.05 0.08 0.81 99.26 
0.08 0.07 1.07 98.86 
0.05 0.01 1.00 99.49 
0.12 0.05 l.;il 101.15 
o.11 o.os 2 .n 98.6J 

s::.5·s6o~8o 211 2.12 67.901---rus --4-.l,-i o.81 Tzo 4.5j--3-.-5o-o.:t6 o.tj-
8-741o-2o 211 232 61.14 15.74 6.oo 1.95 4.47 4.61 2.48 o.88 o.26 
8-7050-60 217 232 73.40 12.94 2.75 0.88 1.80 2.67 3.68 0.19 0.11 
17-1010-20 JJ) 217 232 57.37 17.72 7.27 ).52 6.78 3.97 1.52 0.96 0.35 
17-1200-10 ® 217 232 54.95 17.45 7.26 3.00 6.371 3.86 1.52 0.96 0.37 

17-IJIO 20 I 217 232 
17-1600-10 217 232 

53.22 16.06 8.26 2.45 4.91 ).65 
48.22 16.)2 9.74 4.23 8.02 3.60 

I. OJ 
0.91 
0.85 
2.30 
4.53 

I .37 0.45 O.IJ 0.04 6.86 98.44 
1.31 0.33 0.16 O.OJ 2.50 95.38 

17-2100-20 217 232 
17-4300-10 217 232 
17-5160-70 217 232 

I 7-69~0::.5()-~ 21 7 23 i 
17-7420-JO ~ 217 232 
8-P.L. 205 232 

49.27 16.79 9.78 4.26 8.17 3.74 
63.62 15.69 4.21 1.57 .1.85 4.57 
72.35 14.54 2.41 0.32 1.21 4.77 

- -·--· --------- ---------------
49.15 17.85 9.20 5.91 8.84 3.40 
70.48 14.05 2. 71 0. 7J 1.82 J.8J 
65.95 15.25 4.67 1.61 2.99 4.55 

0.44 
3.87 
2.60 

1.29 0.31 0.16 0.03 3.0.1 97.69 
o. 58 0. 25 0.09 0.08 1.50 98. J2 
0.35 0.10 0.02 0.09 0.68 101.40 

1.07 0.28 0.16 0.02 1.54 97.87 
0.43 0.12 0.04 0.07 0.57 98.73 
0.72 0.21 0.06 0.09 1.12 99.8) 

l"" I ./'l 17 . 
nRTIFICATI075 ( CU/ fC 

: . • f 



Chemex labs Inc. 
Analyllcal Ctuunl.sts • Geochemlsls • Registered A.s:u.yera 

99 .. WEST GLENDALE AVE., SUITE 7, SI'ARKS, 
NEVADA, li.S.A. 19-411 

I'HONI! {702) lS6-Jl9J 

~RTIFICATE A8829139 I 
liNION OIL COMPANY Qp CALIFOI\NIA 
I'ROJECT 

I'. 0 • : 4AU9l6 

S•mplc& aubmlttcd lo our lab Ia Sparta, NV. 
Tlli& report wa& prlatCid on 4-JAN-19. 

I 
SAMPLE PREPARATION 

,-----
Lllt-MEX NtMIIHk 

COIJI! SAMPLES DRSat.l PT I ON 

l 0 ' I 1 koct ·Geocbem: Crucb.cpllt.rlna 
l I 7 l 4 10eocbem:Ria1 ODI)".DO crucb/cpll t 
l I I • Pulverize oalr - •• cru&b/•pllt 
l J l J J Total ICP dlseatlon 

• NO'TI! I : 

Code 1000 lc uced for repeat aold aaalr••• 
It &howa typical &ample varlabllltF due to 
coane aotd effect a. Eacb value It 
correct for It& particular aubaample. 

CIIEMI!X 

coo• 

'9 2 
>94 

' .. 
' 9 J ' .. 
'9 9 
I 2 I 

' 9 ' 197 
'9' 6 
,. 2 

4 7 ' 
140 

To: UNION OIL COMPANY OF CALIFORNIA 
UNION GEOTHERMAL DIVISION 

lfl.MDER 

SAMI'LHS 

J l 
J J 
J J 
J J 
J J 
J J 
J J 
J J 
J l 
J J 
J J 
J J 
J J 

3576 UNOCAL PLACE, P.O. BOX 6854 
SANTA ROSA, CALIFORNIA 
95406 

Comments: ATTN: DANIELL. CARRIER 

ANALYTICAL PROCEDURES 

r>P.SCRIPTION MHTHOil 

Si02 %: Wbole roct ICP-AES 
Al20l %: Wbole roct ICP-AES 
Pc20J(1otal) %: Whole roct lCP-AES 
MaO %: Whole roct ICP-AES 
CaO %: Whole roct: ICP-AES 
Na20 %: Whole roct ICP-AES 
IC20 %: Whole roct JCP-AES 
Ti02 %: Whole roct ICP-A~S 

P205 %: Whole roct ICP-A~S 

MoO %: Whole roct ICP-AES 
BoO %: Whole roct ICP-AES 
L.O.J. %: Lo11 •• lsnhloo PURNACE 
To1al % CALCULATION 

A8829139 

DI!TELII ON lii"P~R 

LIMIT LIMIT 

--
0.01 99.00 
0.01 99 .. 00 
0.01 99.00 
0.01 99.00 
0.01 99.00 
0.01 99.00 
0.01 99.0 
0.01 99.00 
0.01 99.00 
0.01 99.00 

i 0.01 99,00 
0.01 99.00 I 
0.01 N/A 

I 
I 
I 



SAMPLE 
DESCRIPTION 

6-10?0-00 
6-2020-JO 
6-4630-40 
6-5010-20 
6-5120-JO 

-----------
6-5560-70 
6-6110-10 
6-6360-70 
6-6650-60 
6-7010-20 
. --·-~--·---
6-HJ0-40 
8-100-20 
6-420-40 
8-1000-20 
8-1280-00 

-----·--·-
8-1380-00 
8-1 H0-60 
8-J 140-60 
8-39~0-60 
8-4860-80 

------ -----
8-5560 80 
8-7410-W 
8-7050-60 
17-1010-20 
17-1200-10 

17-1310 20 
17-1600-10 
17-2100-20 
17-~300-10 
I 7-5160-70 

---------
17-69~0-50 
17-7410-JO 
8-F.L. 

Chemex Labs Inc 

PREP Si02 AI20J Fc20J ~ 
CODE % % % % 

217 232 65. 17 15.17 5.37 2.03 
217 232 65.91 15.3 I 5.09 I. 28' 
211 232 52.79 15. I J 9.85 2.81 
218 232 58.70 16.59 6.51 2.36 
218 232 54.33 17.77 7. 24 3.51 

218 232 61 .59 16.73 5.40 1.74 
218 232 52.49 16.52 9.88 3.66 
218 232 50.51 16.48 10. 11 5.60 
218 232 76.18 12.79 I. 38 0.16 
218 232 76.07 I J. 21 1.27 0.20 

218 232 50.09 11.45 9.47 6. 18 
217 232 50.92 17.54 9. 76 5. 32 
2 I 7 232 50.40 17. 17 9.61 5.25 
21 7 232 55.65 17.30 7.48 J. 70 
217 231 55.96 16.87 7.36 3.25 

21 7 232 51.13 16.89 9.64 4. 14 

"' 
To. ~AION OIL COMPANY OF CALIFORNIA 

UNION GEGnniERMAL DIVISION 
3l76 UNOCAL PLACE, P.O. BOX 68l4 

I CERTIFICATE OF ANALYSIS 

CaO · Na20 K20 Ti02 P205 M.o BaO 
% % % % % % % 

3.96 4.02 3.63 0.68 0.19 0.08 0.06 
3.10 4. 88 J. J I 0. 77 o. 28 0.08 0.07 
6.58 4.24 2.03 I .56 0.48 0. 17 0.06 
6.73 4.35 I. 14 0.99 o.JI 0. 13 0.05 
7.65 ).95 1.90 0.96 o. 25 o. 12 0.04 

4.69 5.54 2. 17 0.82 0. 22 o. 12 0.06 
7.40 4. <J(, 0.81 I .43 0. 35 0.16 0.04 
9.18 3.45 0.89 1.47 0.43 0.17 O.OJ 
0.56 4.01 4.H 0.09 0.06 0.02 0.01 
0.65 4. 20 4. 29 0.10 0.05 0.01 0.01 

----· ---· ------ ---------------
8.64 3.47 0. 73 I .07 0. 26 0.12 0.02 
9. 23 3.56 0.86 1.10 0.,2 J 0. 15 0.02 
9.07 3.53 0.91 I .13 0. 24 0. 15 0.02 
6.66 3.80 I. 51 0.94 0. JJ 0. 12 0.05 
6. 77 4.1 J 2. 10 0.90 0.36 0. 15 0.05 

7.54 4.10 1. 07 1. 21 0.35 0. 13 0.03 
217 232 70.50 14. 10 ).49 o. 35 . 1.81 4. 35 4.89 0.54 0. 24 0.04 0.07 
217 232 51.70 16.95 9. 16 3.39 7.92 3. 43 I. 63 1 .07 0.40 0.16 0.04 
217 232 56.28 17.20 8.10 3. 16 6.91 4.10 2. 12 0.99 0. 39 0. IJ 0.04 
21 7 232 60.32 16.43 6.48 I. 88 5.02 4.76 2.49 0.95 0.48 0. 13 0.06 

1-:-·-t--·-- ----· 1--217 232 67.90 14.15 4.03 0.81 2.20 4.53 3.50 0.46 0.13 0.05 0.08 
21 7 232 61.24 15.74 6.00 I. 95 4.41 ~.61 2.48 0.88 0.26 0.08 0.07 
217 232 73.40 12.94 2.75 o. 88 1.80 2. 67 3.68 0.19 0.11 0.05 0.01 
217 232 57.)7 17.72 7. 27 3.52 6.78 3.?7 I. 52 0.96 0. 35 0. 12 0.05 
217 232 54.?5 11.45 7.26 3.00 6.J7 3.86 I. 52 0.96 0.37 0. 11 0.05 

217 232 53.22 16.06 8.26 2.45 4.91 3.65 I. OJ I. 37 0.45 0.13 0.04 
217 232 48.22 16.32 9.74 4. 23 8.02 3.60 0.?1 I. J I 0. 33 0. 16 O.OJ 
217 232 4?.27 16.79 9. 78 4.26 8. 17 ).74 o. 85 1. 29 0.31 0. 16 O.OJ 
217 232 63.62 15.69 4. 21 I. 57 3.85 ~.57 2.30 0.58 0.25 0.09 0.08 
21 7 232 72.35 14.54 2. 41 0.32 1 ,2( 4.77 4.53 0.35 0.10 0.02 0.09 

9.20" 1-:--- r----o.:j':J t---;- . -f----21 7 232 49. 15 17.85 5.91 8.84 3.40 1.07 0.28 0.16 0.02 
21 7 232 70.48 14.05 2. 71 0. 73 I. 82 3.83 ).87 0.43 0. 12 0.04 0.07 
205 232 65.95 15.25 4.67 I. 61 2 .9? 4.55 2.60 0. 72 0.21 0.06 0.09 

l~ 

£ t:F-RTIFICATIO . 
• 

Pase No. , I 
To I. Pa&cs: I 
Da I c , 4-JAN-8 9 

A8829139 I 
LOI 1UI'AL 
% % 

< 0.01 100.35 
0.86 101.05 
2.73 98.44 
f. 84 100.30 
1.1Z 99.45 

---. 
I. 26 100.35 
I.JJ 98.54 
I. 28 99.62 
0. 37 100.10 
0. 38 100.45 

- ----- 1---
I. JJ 98.84 
0.05 98.75 
1.63 99. 12 
I. 53 99.14 
0.97 98.88 

------
2.60 98.84 
0.5:! 100.95 
J. 25 99. 11 
I. 04 100.45 
1.10 100.10 

----,,- 1----- -!--. --·-
0.81 99.26 i 
1.07 98.86 
1.00 99.491 
I. 51 101. 15. 
2.72 98.63' 

6.86 98.44 
2.50 ?5. 38 
).OJ 97.69 
1.50; 98.32 
0.68 101.40 

-----
I. 54 97.87 
0.57 98.73 
1.12 99.83 

/ k7. 
( CiA/yl . - fl 

1 

' 

·--



BILLING 

Date 
Project 
P .0. I 
Account 

Comnents: 

Bllllns 

Terms 

Chemex labs Inc. 
Anal»"tlcal Chamlst:s • Geochamlsl:s • Registered Asuyara 

994 WEST GI.ENI>ALH AVE., SUITE 7, SI'ARK.S, 
NEVAI>A, U.S.A. 19411 

l'fiONE f701, JS6-JJ9J 

CIIEMEX 
INFORMATION 

4-JAN-89 

4809 26 
CDN 

AFE 1480926 

For analysis performed on 
Certllicate ABB29IJ9 

Net payment In JO Day1 
I .l% per month liB% per onnum) 
charaed on overdue accounts. 

CODE 

Gl2 -
SamPle 

205 -
232 -
2 I 7 -
2 J 2 -
2 I 8 -
232 -

Please remit payments to: 

CHEMEX LABS, INC. 
994 Wcs t Glenda I c .Ave., 
Suite 7, Sparks, Nevada, 
U.S.A. 89431 

. 
----··-

T, JNION OIL COMPANY OF CALIFORNIA 
UNION GEOTHERMAL DIVISION 
3576 UNOCAL PLACE, P.O. BOX 6854 
SANTA ROSA, CALIFORNIA 
95406 

~- * INVOICE NUMBER I 8 8 2 9 1 3 9 * -] 

ANALYSIS SAMPLES UNIT 
DESCRIPTION ANALYZED PRICE AMOUNT 

A-12 W.R.A. JJ 16.00 52 s. ·oo 

preparation and other charges : 

Rock Gcochem - RING I J. 00, J.OO 
Total lCP digestion I o.oo o.oo 
Geochcm - RING ONLY 24 2.50 60.00 
Total JCPdifcstion 24 0. 00 o.oo 
Pulverize on y -no crush 8 J. 2 5 26.00 
Total ICP digestion 8 o.oo o.oo 

Total Cost $ 617 .oo 

TOTAL PAYABLE (U.S. I $ 617.00 

' 

. 



Cheme.x Labs ··Inc . 
An•lyllcal Chemists • Geoch&m~a's • Ratlsle~ad·Anayera 

994 WEST OLENOAI.E ~VfL-, SUITE 7, SI'ARKS, 
NEVAUA, li.-S.A. &94)1 

(•HON£ ft~U J S6-Sl9:~ 

I C~RTIFICATE AS 8 2 9139 

IINION OIL COMrANY OF CALIFORNIA 
I'ROJ F-CT 

I' U II : 41Hl9!4\ 

Samples submitted to our Jab in Sparta, NV. 
This report was printed on 4-JAN-89. 

SAMPLE PREPARATION , __ 
-----------~---~--~-

t.liJ.MF.X I NliMUIH\ 

(."'01)£ SAMI"'LF.S m~.SCR I PT I ON 

2 0' 
2 I 7 

2 I 8 
2 J 2 

2 4 
8 

J J 

•NOTE 1: 

i Roct Geochcm: Crush.apllt.rins 

r
eochem:Rios only.no crush/split 

Pulverize only - no crush/split 
Total ICP diseuion 

l ______ _____J 

Code 1000 it u&ed for repeat sold analytea 
It shows typical aamplc variability due to 
coarse sold effectt. Eacb value i1 
correct for Ita particular sub1amplo. 

rne..rnx 
(_''()()I! 

s 9 2 

'9 4 

' 8 6 
s 9 J 
J!8 

'9 9 
8 2 I 

' 9 ' 
' 9 7 
s 9,6 

'4 2 

4 7 ' 
J40 

To: UNION OIL COMPANY OF CALIFOR'·NIA 
UNION GEOTHERMAL DIVISION 

N1M8ER 

SAMI~I.ES 

J J 
J J 
J J 
J J 
J J 
J J 
J J 
J J 
J J 
J J 
J J 
J J 
J J 

3576 UNOC,\L PLACE, P.O. BOX 6854 
SANTA ROSA, CALIFORNIA 
95406 

Cornnents: ATTN: -llANIHL L. CARRIER 

ANALYTICAL PROCEDURES 

rmSCRIPTION METHOO 

·--

Si02 %: Whole roct ICP-AES 
AI20J %: Whole roct ICP-AES 
Pe20J(loral) %: Whole roct ICP-AES 
M•o %o Whole roct ICP-AES 
CaO %" Whole roct ICP-AES 
Na20 %: Whole roct ICP-AES 
lt20 %: Whole roct ICP-AES 
Ti02 %: Whole roct ICP-AES 
P20S %: Whole roct ICP-AES 

MoO %o Whole roct ICP-AES 
BaO %: Whole roct ICP-AES 
L.O.I. %: Lo11 on ianltlon PURNACE 
Total % CALCULATION 

• 

A88291J9 

DI::TECTION tiPPFR 

LIMIT I.! MIT 

·~-

0.01 99.00 
0.01 99,00 
0.01 99.00 
0.01 99.00 
0.01 99.00 
0.01 99.00 
0.01 99.0 
0.01 99.00 
0.01 99.00 
0.01 99.00 

I 
0.01 99.00 
0.01 99.00 
0.01 N/A I 


