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SUMMARY

Petrologic., geochemical and temperature data from three
exploratory wells indicate a well-developed geothermal system
exists in the Class Mountain area of the Medicine Lake
volcano. Wells GMF68-8, GMF31-17 and GMF17A-6 penetrate a
sequence of interlayered volcanie¢, 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 seguence from zeolite-smectite to argillic
and finally to propylitic with increasing depth. Strong
argillic alteration and boiling temperatures observed in
GMF68-8 and GMF31-17 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 CMF17A-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 _sva 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. 1In addition to epidote, other
gignificant 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 150°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.

GEQOLOGIC 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 miZ (2000 km2) area, and have

an estimated volume of 145 mi3 (600 km3) (Donnelly-Nolan.
1988). Although Holocene volcanic rocks are principally
bimodal basalt 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., 0.6} 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

- Xxenoliths 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 B436 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. 1In
addition to the sample analyses. each well has been at least




partially logged with a gamma ray tool. Dresser Atlas,
Schlumberger and Welex logging companies have run logs over

different intervals of the wells.

All well depths mentioned in this report are measured depyhs
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 GMF31-17 and GMF17A-6.

The majority of the rocks drilled are interlayered volcanics.
The volcanic group generally consists of calc¢-alkalic to
slightly alkalic mafic, intermédiate, 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 volcanc. 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
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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 B0O60 to B787 feet in GMF31-17. The
metamorphic rocks are in general meta-volcanics and
hornfels. The hornfels, as sampled in GMFl7A-6, is
essentially fine-crystalline quartz-plagioclase-biotite rock
containing minor hornblende and clinopyroxene. Near the base
of the GMF17A-% 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 GMF1l7A-6.
and are possibly due to the drilling of multiple intrusive
bodies. The more mafic zones have compositions that approach
gquartz diorite. The rapid change from volcanics to
meta-volcanics to fine-crystalline granodicrite 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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temperatures for GMF17A-6. No stabilized temperature data are
available for depths greater than 4550 feet.




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 GMFé68-8 (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. 1In 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 GMFé6B-8 and GMF1l7A-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 eguilibrium 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 GMF6B-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 S78B0 to 5840
feet. Anomalous traces of hydrothermal epidote were identified
in lavas of GMF31-17 at 800 and 1100 feet in a
lower-temperature assemblage consisting of zeolites and
smectite clay. The epidote is not in equilibrium with the
zeoclite-smectite assemblage.
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TABLE 1 Hydrothermal mineral groups and their mode of occurrence as

GMF17A-6

Mode of
Qeeurrence
replacement

Mineral Group
. veins &
vugs
1. SILICA
Quartz {(QT2Z) X
Cristobalite
(CRIS}

Chalcedony (CHAL) X

2. CARBONATE
Calcite {CAL) X

Aragonite (ARAG) b ¢

3.  CALCIUM SILICATE

Epidote (EP) X
Actinolite (ACT) X
Wairakite (WAIR) X
Prehnite (PREH) X
Clinopyroxene X
{CPEX)

Sphene {SPH) X
Laumontite (LAW) X
Mordenite {MOR) X

Associated Primary
Veinlet Minerals
Minerals - Replaced
CAL, EP, ACT, WAIR,
PREH, SPH, CHL, ILL,
PHG., BTE, KF, OLIG. PY,
MAG, HEM, ANH

{glass)
CHL, FHG
QTZ, EP, WAIR, CHL
PHG, PLAG, HEM
0TZ, CAL, ACT, WAIR, plagioclase
PREH, CHL, PGH, BTE.
AB, KF, ANH, HEM
QTZ, EP, PREH, SPH, pyroxene,
CHL, BTE., TLC, KF, hornblende
MAG
QTZ, EP, CAL, CHL, plagioclase
AB, KF
QTZ, EP, ACT, CHL,
PGH, KF, ANH, HEM
QTZ, OLIG
QTZ, EP, ACT., KF,
MAG

observed in Glass Mountain Wells GMF68-8, GMF31-17 and

“

Comments

most common hydrothermal
mineral

devitrification product

rare in occurrence

replace vein EP §&§ WAIR at
2840/60 ft. in GMP31-17

replaces secondary cristobalite,
usually in vugs

includes clinozoisite

Fe content increases with depth

zeolite

relatively rare in G.M, rocks
also occurg as a contact meta-
morphic mineral

also occurs as a primary mineral

zeolite

zeolite
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TABLE 1

4.

5.

6.

Continued

Associated

Mode of Veinlet
Mineral! Group Occurrence Minerals
veins & replacement
vugs
pHytLosILICATE
Smectite (SM) X X ANARL, PY
Kaolinite (KAO) X
Chlorite (CHL) X X QTZ, CHAL, CAL, EP,
WAIR, PREH, ILL, PHG,
HEM, LEU
Illite/Phengite X X QTZ. CHAL, CAL. EP,
(1LL/PHG) WAIR, CHL, PY, HEM
Chlorite-Smectite X X
(mixed-layer) (C-5)
Illite-Smectite X X
(I-5}
Biotite (BTE) X X QTZ, ACT, TLC
Muscovite (MUS) X X
Tale {TLC) X ACT, RTE
NON-CALCIUM SILICATE ZEOLITE
Analecime (ANAL)} X SM
Clinoptilolite X
(CLIN)}
FELDSPAR
Albite (AB) X X QTZ, WAIR, KF
Oligioclase X QTZ, CPX
{(OLIG)
Adularia (XF) X X OTZ, EP, ACT. WAIR,

PREH, SPH, CHL, AR,
MAG, LEU

Primary
Minerals
Replaced

pyroxene, amphibole,

biotite

amphibole

feldspars

plaglioclase

plagioclase

Comments

most common low-temperature clay

most common high-temperature
clay

ditferentiated in thin section
but not in XRD

chlerite content increases with
temperature

ill1ite content increases with
temperature

low-temperature zeolite

low-temperature zeolite

gives way to anporthoclase
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TABLE 1! Continued
Mode of
Mineral Group Occurrence
veins & replacement
b vugs
7. OXIDE-SULFATE-SULFIDE
Pyrite (PY) X
Anhydrite (ANH) X
Magnetite (MAG) X
Hematite (HEM) X
Geothite (GEO) X X
Leucoxene (LEU) X
DLC/ jmE/5368T

Associated
Veinlet
Minerals

QTZ, EP, CHL, sSM,
ILL. KF, LEU

QTZ, EP., PREH

QTZ. EP, ACT, SPH,
KF

QTZ, CAL, CHL
HEM

QTZ, EP, WAIR, CHL,
KF, PY

Primary
Minerals

Replaced

primary magnetite

Comments

also a common primary
mineral

also a weathering product

indistinguishable from sphene
in XRD
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temperature data are available for depths greater than 45%0
feet in GMF170-6.
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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 GMFl7A-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 GMF68-8, and 5950 feet in GMF17A-6. Below 8030
feet in GMF31-17, actinolite is alsc 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. Eydrothermal
clinopyroxene does occur as a vein mineral in association with
quartz and oligoclase at 8090 feet and 8421 feet in GMF31-17.
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 515°F. Reported occurrences of clinopyroxene in
other active geothermal systems are at temperatures in excess
of 572°F (Bird. and others, 1984).

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~




-6‘[-

TABLE 2 Temperatures of occurrence,

reported formation temperatures,

tor selected hydrothermal phyllosilicate minerals

HYDROTHERMAL
PHYLLOSILICATE
MINERALS

Smectite
Kaolinite
Chlorite
Tllite/Phengite
Chlorite-Smectite
I1lite-Smectite
Biotite

Tale

TEMPERATURES OF

OCCURRENCE AT

GLASS MTN.

(°F)

7G to 556*
190 to 300
483 to 556
450 to 515
375 to 542
375 to 494
511 to 556

485 to 546

REPORTED FORMATION
TEMPERATURES AND

TEMPERATURE STABILITY

RANGES (°*F)

86 to 284~
122 to 302
>446

>428

392 to 518
284 to 428
>42Q4

no data

» maximum temperature recorded in any of the wells
** doee not include saponite (see Eberl, and others, 1978)

*** more commonly above 572°F {(Elders, and others, 1981: Hulen and Nielson,

bLC/jmf/5368T

and temperature stability ranges

REFERENCE

Browne
Browne
Browne
Browne
Browne

Browne

(1984)
(1978)
(1978)
(1984)
(1978)

(1984)

Hulen and Nielson (198§)

1986}.




high as 556°F in GMF68-8. Only the magnesium rich smectite
saponite is stable at these temperatures. If the smectite
jdentified 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 kaclinite
and illite ¢lays 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 GMFl7A-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 GMF31-17 as a vein mineral together with actinolite
and talc. In GMFl7A-6 the biotite occurs as a ragged
replacement of metamorphic mafic 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
¢classified 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 8. 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 GMF68-8, 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 GMF68-8,
and 2680 feet in GMF17A-6. Well-developed argillic alteration
zones are found in GMF68-8 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 GMFé8-8 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 GMF68-8, and 4500 feet in GMFl7A-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 GMFé68-8. 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 GMF1l7A-6 between
argillic and propylitic alteration. The transition zone in
GMF231-17 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 (Figqure 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 GMFé68-8 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 reservolir rocks at Glass Mountain
are dominantly layered volcanics. Primary permeability
therefore probably has a much higher horizontal component than
a4 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. 1In
addition, the replacement of epidote and wairakite by calcite
at 2840 to 2860 feet in GMF31-17 is indicative of boiling and
CO, 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 GMF31-17.
The clinopyroxene-quartz-oligoclase and biotite-actinolite-talc
veins in the contact metamorphic rocks in GMF31-17 and GMFl7A-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 28B40 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/)mf/5285T
Ctlg. No.: UCAQ07.2701
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APPENDIX 1

XRD ANALYSES
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WELL

GMF17A-6

GMF6B-8

GMF31-17

KEY FOR XRD ANALYSES
PRESENT IN APPENDIX I

SAMPLE NO.

DEPTH (FEET)

OO
L
Wb W

| I |

"

I
i AWODS] N UB W N

OO O@ODEEDMDD
!

7690-7700
7160-70
6820-30
5710-20
5260-70
4620-30
4910-20
8230-40

6460-B0
6140-60
5840-60
5400-20
4660-80
4120-40
3200-20
2660-26B0
6940-50
7070-80
7300-10
7700-10
785%0-7900
8060-70
8160-70
6593
8409
8413
FLOW LINE
SAMPLE

800-10
1160-10
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




UNIVERSITY OF UTAH RESEARCH INSTITUTE

UURI

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

January 23, 1985

Richard Gunderson, Geologist
Union 017 Company of California
Union Geothermal Division

2099 Range Avenue

Santa Rosa, CA 95406

Dear Richard: AL

The 31 Geysé?srgfea 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.

i ooared

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 overiie 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,

Jeffpey B, Hulen
Genlogist

JBH/ ip
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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 y) then scanned
at 2°2Q per minute from 2-65°26. 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. :

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 y or < 5 y), decanted and centrifuged. The
resulting slurries are smeared on glass slides and X-rayed at
1°28 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 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,




ool el

GM 65}"2 (F'TEOWL \ﬁ?’f)

diffractometer using CuKa radiation at the following instrument settings:
accelerating voltage - 40 kv; tube current - 40 ma; full-scale deflection -
2500 counts per second; time constant-one second. A1l samples were irradiated
“at 1°28 per minute after the following treatments: air-drying (2-37°28),
vapor glycolation at 60°C for 24 hours (2-22°28), heating to 250°C for one
hour {2-15°28) and heating to 550°C for one hour {2-15°26). Approximate
amounts of layer silicates identified on corresponding diffractograms were
determined by comparing diagnostic peak intensities with those gererated 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 probab1y 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 reiiably; petrographic confirmation is necessary. Above
5000', the intermediate-composition rocks coﬁtain minor smectite; below 1200',
minor quartz and chlorite and sporadic K-feldspar and calcite are present.
Possible traces of analcime or wairakite occur below 4400', and 3% gpidote js
present in all samples below 4800°. - .

The rock field-named dacite at 1600' coqtains 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 3111£1c 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
NOV 191885




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
i11ite predominate., The rock at 1900' contains smectite-rich interstratified
smectite-chlorite; three samples below 1900 contain mixed-layer chlorite-
Vrsmectite 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 towafd heat centers using layer silicate assemblages in

combination with other available surface and downhale data.

ALEX SCHRIENER
NOV 19 1985 3



KEY FOR XRD ANALYSES |
FPROM MARCH 16, 1988 |

WELL SAMPLE NO. DEPTE (FEET)
GMF17A-6 6-1 7690-7700
6-2 7160-70
6-3 6820-30
6-4 §710-20
6-5 5260-70
6-6 4620-30
6-7 4%10-20
6-8 B230-40
KEY FOR XRD ANALYSES
WELL SAMPLE NO. DEPTH (FEET)
GMF&8-8 8-1 6460-80 S
8-2 6140-60 :
8-3 5840-60
8-4 5400-20
8-5 4660-80
8-6 4120-490
8-7 3200-20
8-8 2660-2680



AN CAARER
MAR 2 3 1988

for ié drlll cuttings

Y"eé'—seriss group ars CominaTtes by
thi T ! hornfels and 2llisd intermsdiate—
C o 3= 112 rock; guaritz latite oF rhyvodacite:s
ans =1 intermediate—composition volcanic rocks.
T 1 tricted to =zample &1, 1= essentially a
Time—Ccrys i quartz—plagicclase-bictite rock wiitn minor
horntlende and clinorpyrouane. Wgil-develop=d granoblizstic
texture is locally present, and a few of the clinopyroxsnes
ares sieve—testuwred. Many chips, however, althoush
minerziogically gimilar, lack these well-defined textures,
anc pzrhaps could be termed intermedistz—composition
meEtawvn 11 i ks, Yet other chips are moderatelv- to well-

{ mear to be intermediate betwesn hornfelz and
crystalline schicst. Recardless of textures,
g rocks appssyr to have besn mﬁtamﬁ“PhD=Ed to
.  Hyorothermal bictitie and amehiibole are
sant 1n sample &-1, but these tend To occur
ments o metamovrphic matics or In weli-
ting veimnlsis. It'= possibls that sample &-
metamcrphism ClDEElJ followss by high
thermal alzsratio

and &—3 contain principzally chirs of Quartz
its, consiseting almest entirsly of gquartz,
ctassium felcdspar (in decreasing order of
rock typs is typically microcrystalline to
arngd displaveE well-developsed granophyric,
axioclitic and spherulitic tasxtures=, I've
textures in the grancphyricslly orystallized
mains intracslidsers ash—+icow snests of th=




] 2=
"gV'—zgries rocks.
contain porphyritic
1= the =same tpck typ

The rocks of ai
Fydraothermally aloer
discrete hydrothsrma
Intensity cf alterat
oricinsl chemigsl com
to e the most thoro
products in thess ba
Mmixsd—lavyer Cclavi,
microory=talline sehn
potass=ium feidpegar,
present. Iiliite and
im the mors fgisic r
quartz latits ot &7
Most or the cosrsst—
chserved in thesse
rather thar hydrot!

Mmizrop atitizc :
the ho rock. =
Tl W1 to the n
msd W vl S atulih]

ot
m
a
th
i)
Y

I,

-
a
L
ot B
1]
0
I

ef -

1]
Ccoarr
L )|

i

[N

o
ﬂ]

4
[wH
(¥
I'

mn
o I3 ot 2

[ I

i
it

11

o et
. -

From
the rock

o
T R TR ]
ot

1]

2

[ BT =1

N
W
1N
fu
"3

1
L
rr
-,
)
o
[}
i
g
[
[0

i
)
n

4
[N
ot
i}
o o
[
"
1]
|~

[
L

/1]

<
-f-ls

Sre mos

(3
1
a

(W N |
b=

“n
0

— i
0, -
I =

1~
a]

i
oot

= m
A

m
J~
Ty
¥
]

.

g
o
R

Nr
[
rn
ot
mn
[WH
b
it
fu CL 3
n}
m N u
t lm
B
n

A

Zn

most
and

o+t
1
1
Y
ot K
[N
1
T}
o
pa
ot N
it}
[*H
M

or

[ g O o S B T}

=

1
s
1
+

[T}

3
[ oy S

L Y
T in

I

(E]
n
<
5}

in

present,
To major

to secondary

i
i
I
K}
[

B
i}
~
10
[ |

g U 1]
D

He bt

o m
il
113
iy
m

b

T

Cr o

ﬁ
L
L}

[¥H

-
o ok M

H

o e
¥

pud e

el

1
l
e o

[Th
m

compasition voloanic
RIS =l=D thw principal
These

Am

=t

vodacite.

= )
wln

n
I

additicn,
Samp

~ M

i these tuttings samplec are more or less
=d and cut by hydrothermal veinletss
i veinlet fragments are alsc common.
ion appeats to reflect principaily
Frosition —— the more basaltic rocks tend
uchly altered Frincipal a2lteratiocn
=ic rocks are CthFitE (znd chleoritic
pidote and leucoxene (probably mosily
gen=iy illite (with or without phengiter’,
actineclits, and leucoxenes are also
phengite predominats as secondary phases
ocks in these samplss. For example, the
contains atcout 114 1llite plus phengite.
crystalline quartz and orthoclase
=ig rocks 1g believed toc De primary
mal; thess phassse probably coyetzllized
ntergroviths late in the cocling history
vidrotrermal bictifts is condtined
ornrels oF samplse &—1. and may have
L= e tul aftsr contact metamorshism.




mingrals in thess samglos
T incipsl veln—vT
larite iwith
hengite,. Im
dzpar, actin

n

o
-

i
b
[
[} \.(_
s
a

lv Ipocally o
sd t=zplis=,

1
m
it

i
11}
oD
l;of
1]
[n}
jn}
e
3
=
|
X¥|
et
e ¥
=
n

wn
b
4+ W
m
"3
L
o
3
m
m
n
4

s=condary
: ds ko o
i = 3 EREE L Re-

d tite =b 2ol (more
Hrowne, (%7 ivlen and
layvsr chlor e detected

i1iv from ths = Ssampliez},

ng in anslogous rock in Icelandic
ndicate furmastion tempsratures
=7GeC (Browns, 1334). Althouch

on alisration mineralogy is &% best
szems Ccerta that the rocks

2l =zrics wers oA
i fivids exceesding

it cpportunity to work with these
parciou cuttings. i wou have further
(=R T— vl . . - .
uUEsTio —ray or patrographic signaturses of
En%f? " Fer aszi=t you in your
gecther velopment work, plzass write or
telepho

lter

Hydrothermal & ati
r Ann. REev. Earth Fl=

et. Eci., &, ZE29-




pd
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o UNIVERSITY OF UTAH RESEARCH INST,_ ITE , EARTH SCIENCE LABORATORY
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for: Unocal Geothermal Division, Unocal Corporation -- Daniel Carrier

16 Cuttings Samples
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for: Unocal Geothermal Division, Unocal Corporation -- Daniel Carrier
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16 Cuttings Samples: Rock Types Observed During Reconnaissance Petrography




A 5
7 %y
¢ 2 0% ‘@«@f
A ‘i{g WCS\- ‘VQ 75( (é«\ﬁ\éé”\ N 6&/
Sample No. &/ /4 &, /3 ﬁ&%‘ 4 4 g
6-1 v ) Vvl ) 4 o
£-2 v *y 17
6-3 v *T 7T 0d 7 7 - PRI
6-4 v v P | CHLORME~QALCITE
6-5 V] e v 4 GHL-EP-LEUCOM
6-5 VIl VT VYT v o € |
6-7 ANAYdN4 Vv v R TR B
ea B . 2ri
8-1 VIV Iv]vl 18 ST e
8-2 rlv |4 Vv NTRRAETT CHIRITE -
8-3 Vv v v v PHENS - CHL - GALCTTE
8-4 V0| v v Y| v ¢cH-er-LE L
8-5 l/ /, / ‘/ '/ / ‘/ ﬁ%T:WAI_RAKJTE
8-6 V] 7 [l V aya TS A
8-7 24
- 8-8 V v TR - HEMETITE
* T Bt e
&ROWTH

[eTEEl o

R= %E"’

PHELGITE = GREEN T EROWN
' T (TRENSMITTED

“LIEHT) s IRON-RICH]

LLITE ANALOGLE.

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 y) then scanned
at 2°20 per minute from 2-65°29. 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
< 2y or < 5y), decanted and centrifuged. The resulting
slurries are smearad on glass slides and X-rayed at 1°20 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
percencages 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.

B-9
8-10
8-11
g-12
8-13
B8-14
8-15
8-16
8-17A
8-17B
B-18

DEPTH (FEET)

6940-50
7070-8B0
7300-10
7700-10
7890-7900
8060-70
8160-70
6593

B409

8413

FLOW LINE

SAMPLE




UNIVERSITY OF UTAH RESEARCH INSTITUTE

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

November 21, 128&

Ir. Daniel Carrier

Unccal! Geothermal]l Division
Unocal Corporation

3E7% Unozal Place

Santa Rosa CA 95406

Dear Dr. Carrier.

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

Most orf these samples from the "8"-series group (except far 8-10
and 8-18) are dominated by porphyritic to aphyric basalt to
basaltic andesite and similar but slightly more coarsely-

crystalline microdiabase. All or most appear to have contained
primary pvroxene and are altered to a variety of secondary
phases. Actinolite has repiaced some of the pyroxene and all the

primzry hornblende, although traces of the latter may =till be
present in a few chips. ’

Sample 8-10 iz gquartz latite to quartz monzonite, essentially
identical to that documented for previocously analyzed samples 6-2
and 6-3. Well-developed spherulitiec, granophyric and
micropegmatitic textures are locally present. The lithology and
devitrification textures of sample 8-10Q0 may represent either a
thick flow, or an extrusive dome, or possibly a shallow
(hypabyssal or subvcicanic) intrusive.

Sampie B8-1& is a rhyocdacite to microgranodiorite with a sub-
trachytic texture. [t exhibits more flow texture than 8-10 but
could aiso represent a dome or shalilow intrusive.

Sample B8-17A may be a2 hydrothermal breccia; subrounded and
altered clasts are present within a fine-grained matrix. The
clasts are compeosed 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
material in samples 8-8 to 8-15.




Like the 6~series rocks, sampiss 8-8 tc £-17 host a variety of
condary minerals indicative of formation at relatively high
ratures. For example. actinolite generally forms at
ratures above 280°C; biotite forms above 220 °C (more
nly above 300°C); and epidote forms above 240 C (e.g.
Browne, 187&, 13584; Hulen and Nielcson, 19E86). Dther secondary
alteration phases in these samples (such as chlorite) are
rambiguous as geothermometers. Some of the actinolite could be
deuteric in origin. as could the chlorite and epidote. but the
common occurrence of these minerals as well-developed veinlets
strongily argues in favor of a fairly high-temperature
hydrethermai origin. Minor amounts of digecrete smectite in theze
sampies are probably saponite; triocctahedral smectites that are
more stable at higher temperatures than their dioctahedral
counterparts (Eberl. Whitney and Khoury, 1978).

Traces of scbordinate phases such as prehnite and serpentine

identified petrographically in samples &-11 and 8-1Z also suggest
a fairly high-temperature alteration of these rocks. Prehnite is
believed to form between 250°C to 358 C (e.g. Bird et al., 19384).

Thank you for the opportunity to work with these interesting
cuttings and for sending another core chip cf sample £-17.
Diffraction of the "17"-series group is nearly completed, so
those results should be fortheoming in the next few weeks. Please
call me at (801) 524-3425 if you have any further guestions
concerning the x-ray or petrographic signatures of these rocks.

Sincerely,
%M\ (=
Susan Lutz

Manager,
X-ray Ditffraction Laboratory

References:

Browne, P.R.L., 1978, Hydrothermal alteration in active
geothermal fields: Ann. Rev. Earth FPlanet. Sci., v. B, p. 228-
250.

Erowne, P.RK.L., 188¢, Lectures on geothermal geology and
petrology: United Nations Univ., Geoth. Training Prog., Rept.
1984-2, 92 p.

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

Hulen, J.+B., and Nizlson, D.L., 1386, Hydrothermal alteration in
the EBEazca gecthermal system, Redondo dome, Valles caldera, New
Mexicw: J. Geophs. Res., v. 91, p. 1887-1886,
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KEY FOR XRD ANALYSES
FROM DECEMBER 28, 1988

WELL SAMPLE NO. DEPTH (FEET)
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 B420

17-25 8422




UNIVERSITY OF UTAH RESEARCH INSTITUTE

EARTH SCIENCE LABORATORY
397 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

December ZE, 1938

Dr. Daniel]l Carrier

Unocal Geocthermal Division
Unccal Corporazion

3376 Unoca! Flace

Santa Rosa, California 85406

Desr Dr. Carrier, .

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

Eock type and mineralogy-

The "17"-series group is predominantly andesite and dacite.
Ccmpositicnal and textural variations of the andesite ars
orthopyroxene or clinopyroxene andesites, porphyritic or aphyric
andesites, amygdaloidal basaltic andesites, microdiabase and

metz-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 mot be genetically related to the overlying dacite.

Samples 17-1 through 17-3 exhibit relict perlitic and other
devitrification textures preserved in ¢ristobalite which has
partially altered to aragonite. Most of the original matfic
content of the groundmass has altered to hematite. Aragonite,

smectite and traces of analcime are present as amygdule fillings.

Hematitie has also replaced the aragonite in some of the
amygdules. Orthopyroxene phenocrysts are also common in the more
phyric andesites. This interval aof 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-partially silicified and partially granophyric. It could
represent the originally glassy border of a shallow dacite
intrusive.

T



Samples 17-7 through 17-16 are predominately flow-banded
andesites and clinopyroxene andesites. Rare orthopyroxene
phencecrysts subophitically enciose plagioclase phenocrysts in
some chipe. Microdiabase is common below sample 17-12 where it
procbably represents a slightly coarser-crystalline variant of the
andecites. This interval! is characterized by the alteration
minerals: epidote, leucoxene and chlorite-rich chlarite-smectite.
Subordinate anhydrite and wairakite are also present. The
leucoxene outiines amygdules where it probably replaced primary
magnetite. Quartz veins are common in samples 17-14 through
17-18.

Samples 17-17 through 17-20 are mostly porphyritic andesites and
samples 17-22 and 17-25 are coarser-grained grancdicrites. The
grancdiorites contain primary phenocrysts of hornblende and
biotite, Zample 17-18 contains clasts of sandstone (neow hernfels)
with grains of rounded gquartz that exhibit overgrowths. It may be
possible that this granophyric-textured sample represents & basal
flow which has picked up scme grains of country rock during its
deposition. Alternatively, 1if this dacite represents a shallow
intrusive., the hornfels may be xenoliths.

Eelow sample 17-20 and above the granodicrite of sample 17-25,
there Is a zone of contact metamorphism. Grancblastic
recrystailization of 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 amountis of actinolite are present in sampies 17-12 through
17-18 where it is associated with epidote and possibly crosscut
by chorite-quartz veins. In other chips, the formation of epidote
se=ms to post-date chlorite formation. The iron content of the
tremolite-actinclite increases with depth, at the depth of sample
17-20 it appears pleochroic and green in piane light.

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
sampie 17-20, veins and nodules of actinolite and fine-grained
veins of biotite-actinolite-tale 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-~24) is probably metamorphic in
origin. 1t appears polygonal and egquigranular, and is enclosed in
potassium feldspar, triple-junction quartz., or more rarely,
biotite in 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 zlso associated with thermasl metamorphism of the
grancdiorite:; the biotite occecurs in fine-grained aggregates or
poorly defined veinlets. However, the overlying volcanic rlow
rocks contain well-defined crosscutting veins of biotite-
actinclite-talc that are more positively hydrothermal! in crigin.

Alteration zoning-

The rocks penetrated by this well clearly show well-defined
minerazicgic zoning which is related to increassd temperatures
with depth. The problem is distinguishing hydrotherma! alteration
from contact metamorphism.

The orizin of high-level smectite, guartz and calcite, and mid-
leve]l epidote, wairakite and prehnite is aimost certainly
hydrothermal beczusa2 these minerals occur in veinlets {and in
scme amygules). Some of the deeper biotite., actinolite (and rare
clincpyraoxene?) also occur in veins and ar=s probably
nydrothermal. However, much of the biotite and especiaily
clinopyroxene in the zdne of metamorphism is metamcrphic, the
rock is trying to become a hornfels.

The vein azsemblages ¢c provide informatiocn mbout the
tempzratures of the hydrotherma! fluids from which some of the
secondary phases were deposited. Epidote tends to form above
240°C; prehnite above 215 C; wairakite above 218 C: actinolite
above 280°C; and biotite above 220°C (more commoniy above 308 ¢
{e.g. Browne, 1378, 139&84; Hulen and Nieison., 1936&..

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
interlaver cations. Because these smectites are high-level and
occur in rocks that contain analicime rather than wairakite. they
probably formed at low temperatures, beiow 160°C (Hulen and
Nielson, 1%986).

Samplaes 17-5 through 1Y-15 contain discrete chlorite and some
mixed-layer chlorite-smectite. Scme samples in this interval also
contain mixed-layer illite-smectite. The amount of illite
interiayers in the iilite-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 aiteration.

Below sample 17-16, the chlorites are either discrete forms or

they cccur in mixed-laver chlorite-smectite. This variety of

chloritev-smectite is ordered and contains about 60 to S0%

smectite as indicated by a superlattice peak at about ZBA (in

air-dried samples). Mixed-layer chlorite-smectites are stable
2

between 200°C and 270°C (Browne. 139E8&), a temperature alsc




permitting 2 low~grade metamorphic origin.

Samples 17-19 through 17-2E5 contain two varieties of mixed-layer
chiorite-smectite. one with about 50% chlorite and the other with
about &0% chiorite interlavyers. The occurrence of the unordered,
50% chlorite variety with elinaopvroxene, epidote and biotite, may
indicate & cooling trend at depth since the higher temperature
phases were formed.

Discusgsion-

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 cccurrence of
these high-temperature alteration phases in lower-temperature
argillically-altered rocks may possibly represent lithic
fragments of altered rock in dacite dikes at this level.

Veins containing intergrown caicite and gquartz are common in
sampie 17-4, Calcite is replacing both wairakite and epidote in
sample 17-7. Both these occurrences of caicite suggest that
beiiing (and €0° exsolution) has occurred at these levels at some
time.

Eelow the depth of samples 17-16€ and 17-17, a change in
alteration occurs. Samplies 17-14 and 17-18 are partially
silicified. Samples 17-17 to 17-24 contain less epidote,
anhydrite and leucoxene. and more actinolite, biotite, talec and
ordered chlorite-smectite as alteration minerals. Perhaps the
change in mineralogy refliects the change from a vapor-dominated
upper zone to a water-dominated reservoir zone.

To concliude, the alteration in this well is zoned as a result of
both metamorphic and hydrothermal processes. A shallow argillic
zone contains abundant smeciite, 1llite-smectite and hematite,
possibly as a resuit of hydrothermal alteration. Cristobalite
occurs as a devitrification product and aragonite, a low
temperature alteration of the glass. The andesitic flow rocks in
this intervali may be locally cut by dacite dikes. Underneath this
zone is a hydrothermal, propylitically-altered zone containing
abundant epidote, chleorite and wairakite that probably formed at
moderately high temperatures. Subordinate amounts of anhydrite,
prehnite and illite-smectite are also present as vein-forming
minerzals. A silicified interval at the base of this zone may mark
the transition inte 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 tc be superimposed oen an older contact
metamorphic zone characterized by biotite and clinopyroxene,
which may represent a pyroxene-hornfels facies of metamorphism.
The chlorite-pocr chlorite-smectite in this zone may be the
result of a much later, and cocler, hydrothermal system,
Intrusive rocks are peneirated in the lowest part of the well.
Some of the szecondary biotite in the granodiorite appears to be



0t metamorphic rather than hydrothermal origin. This intrusive
body may represent the source of thermal metamorphism.

Thanks for the opportunity tc work with these interesting

cuttings. | realize that this interpretation of the origin of the
clincpyroxene at the bottom of the wel] differs from yours.
However, Jeff Hulen and | both looked at the thin-sections and we
are fairly confident that most of this Pyroxene is

neither ignecus mnar hydrothermal. If you care to discuss this

further or if you have any more questions about the x-ray cor
petrographic signatures of these rocks, please call.

Sincerely,

oam, (Ut )

Susan Lutz
Managsr.
X-ray Diffraction Laboratory

Keferences

BErowne, P.R.L., 1878, Hydrotherma! alteration in active
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Browne, P.R.L., 1984, Lectures on gecthermat geclogy and
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Hulen, J.B. and Nielson, D.L., 1988, Hydrothermal alteration in
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ULTI ATID - MIBK L.0. Plasms
ULTD a00D - MIEK 0.0, Plasms
CLTT ACID - MiBx b0, Flasms
ULTT AQID - Migk Sravimerric
IMEER SAMPLE BRISARATIONS NULMEER
43 PREP A% 2E7 157 44
REPOGRT IN gfRlEs 49
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Bondar-Clegg. Inc.

12980 West Cedar Dr.

Lakewood, Colorado

U.5.A. 80228

Phone: (303) 989-1404
lex: 45-693

BONDAR-CLEGG

RESCAT: 195-0321
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T NION OIL COMPANY OF CALIFORNIA

HAN !

CHEMEX LABS, INC.

904 West Glendale Ave.,
Suite 7, Sparks, Nevada,
U.S.A. 89431 :

' UNION GL‘OTHERMAL DIVISION _ ( '
Chemex Labs InC. ot mind: vo hox asss 0CT 2 0 1988
Analytical Chemists * Geochemista * Raglaiered Aasayers . qANTA ROqA CALIFORNIA . ) N .
904 WEST GLENDALE AVE. . SUITE 7, SPARKN, - 95406 . L
NEVADA, 1.8 A, K941 .
* INVOICE_NUMBER __ 18824092 * ]
CHEMEX ANALYSIS SAMPLES UNIT
ﬁlLLING INFORMATION CODE DESCRIPTION ANALYZED PRICE AMOUNT
Date 29-SEP-38 GI? - A-t1 W.R.A. 16 l16.00 256.00
Project
P.O. 4 : 480026 Sample preparation and other charges
Account : CDN 217 - Geochem - RING ONLY 16 2.50 40.00
’ 23 - Total ICP digestion 16 0.00 0.00
Billing : For analysis performed on Total Cost % 206.00
Certificate AB&240910 .
TOTAL PAYABLE (U.S h 296.00
Terms : Net payment in 30 Days
l.5% per month (!18% per annum)
charged on overdue accounts,
Please remit payments (o!




P

Chemex Labs Inc.

Analytlcatl Chamlists * Gaochemlsis * Rapisterad Aaa_ayau

-uNION OIL COMPANY OF CALIFORNIA
UNION GEOTHERMAL DIVISION -

3576 UNOCAL PLACE, P.O. BOX 6854
SANTA ROSA, CAL[FORNIA

994 WEST GLENDALY AVHE,. SUITE T. SPARKS,
NEVADA, U .8 A. Ro41y
FHONE (762) 156-%310%§
CERTIFICATE A8824092
CHPMEX | NIMBER
UNION OI1. COMPANY OF CALIFORNIA ooDE SAMPLES
PFPROITECT
L} 488091} 6 IR
’ 592 16
Samplet ¢ubmitied to our lab in Sparks, NV, 504 16
This report was printed on 29-SEP--§8. 586 16
591 16
588 16
599 16
821 16
SAMPLE PREPARATION 593 | 16
o e 597 | 16
CHIMEX mmm-n’ 596 | 16
CODE  (SAMPLES DESCRIPTION 542 1 16
| 473 16
T ' 7 40 16
217 16 Geochem:Ring only.no crush/split
232 'Toul ICP digection
. .
* NOTE |:
Code 1000 it wted for repeat gold analyses
fv shows typical sample varfiability doe to
coarse gold cffects. Bach value is
c¢orrect for its particular subsampte.

ABB2409)

25406
Comments: ATTN: DANIEL CARRIER
ANALYTICAL PROCEDURES

DETECTION UPIER
DESCRIPTION METHOD LiMIT LIMIT
Si02 %: Whole roct ICP—-AES 0.0! £9.00
AlZOY 40 Whole rock ICP—-AES 0.01 99 .00
FelOMiotall < Whole rock ICP—-AES 0.01 9% .00
MgO < Whole rock ICP-AES 0.01 49.00
Ca0 % Whole rock ICP-AES 0.01 49 .00
Na20 ¢ Whole roct ICP—-AES 0.01 99 .00
X210 S Whole rock ICP-ARS 0.0l 99 .0
TiO> % Whole rock 1CP-AEBS] 0.01 99 00
P20S5 ¢ Whole rock ICP—AES 0.01 946 _ 00
MnO ©: Whole rock ICP-AES 0.01 99 .00
BaO ¢: Whole rock ICP-AES 0.01 99 .00
LOIl % Lois on ignition FURNACE 0.01 99.00
Total % CALCULATION 0.0} N/a




994 WEST GLENDALE AVE., .

NEVADA

.5 AL

-~ Chemex Labs Inc.

Aralptical Chemists * Geochamists * Raglstered Assayoers

RITE 7. @
A4

ION OIl. COMPANY OF CALIFORNIA
unTON GEOTHERMAL DIVISION
- 33576 UNOCAL- PLACE, F.0. BhOX 6854
g?;fl‘A ROSA, CALIFORN!A
. 06 - .

Projecr :

-P.O. 1

Page No*

Tot. Pages:. |

Date - : 29-SEP-38
Invoice N :1-3324092
: 430926

.

PHONE (T01) 34A~5104 Comnenits; .ATTN: DANIEL C.;\R.ll PR A . ]
CERTIFICATE OF ANALYSIS A8824092 ]
]
SAMPLE PREP |S5i02 Al1203 FelO3 Ca0 Na 20 K20 TiO? P205s MhO BaQO | 1LO1 TOTAL

DESCR1PTION CODE |% % % % % % % % % % : % i
. {
31-3180 217 | 2321 ss. 17.60| 7.81| 4.02{ 7. 3.95 1.t0| o. 0.221 o.12] o.04] 1.84! 101.30
11-1660 217| 232} 55, 18.05| 7.07] 3.72| 8. 3.60] o0.78| 1. 0.20| o0.12] o0.05] 1.65| 100.060
31-1300 27| 232 eal 15.76] 4.16| 1300 3. 165 2.26] o, 0.22{ ©0.09| 0.09] 1.66| 98.04l
31-4510 M7 32| sie 17:50) 9.77] sl B! 330 ole7| 1. 0.21| o.14| o.04] 1.83| 10055
AI1-4600 217 212 50, ] 17.91 0.10! 4.04| 9.1 3.606 0.8 iI. 0.28 0.14 0.04 2.1 99.635

_ . S P e R I S et O PR A . - e e e
I1-1780 217 232 so. 1711, 9.66, 5.5 0. 378y 0.5 T, 0.35] 0.15{ 0.03, 1.91] 100.05
11-1960 217 232] 0. 17.08! 10.15| 3.27] 10. .48 0.12 1. 0.23]  o0.15| 0.03] 3l02] 99.03;
31-502 17| 2] se 13.64! 7.00!  31l6s! 7. .54 0,73 1. 0.29{ ©0.12| ©0.051 2.95] 100.45'
I1-5160 M7y 23| 72 11,54, 2.31|  o0.45] 1. 176!  4.43] o, 0.111 0.02] 0.0 0.80] 101.35]
Ji—-5320 217 2312 55. |7.0JI 6.61 1.88 B. 3.04 1.04 0. 0.4 0.10 0.0J: 1.8 99,09;

e —_— . e v S, [N e e M L [P Y
31-6280 7171292 "sior) 18 500 T8 as] T s 64 0. 3. 0.56] ©. 0.25) 0131 e.0%! 172 100.05.
A1-6510 217 132 50.5] 19, i 8.72 4.4 9. 3.5 0,20 1. 0.22 0.13 0.0) I.64 098,961
=640 217 212 49,11 18.00° 9, 18 6.10 9. . 0.4306 . 0.29 0.16 0,01, 1.50 08.82|
3=7240 Nz 2312 48 .94 19.8) B.58 5.29 O, ). 0.07 0. 0.17 0.14 0.02 .46 08, 56
31-7600 207] 232| 49.49| 17187 9l17] .17} 8. 3.12| < 0.01 1 0.24[ ©0.15| ©0l06] 1l43] 9718
y=s090 | 17| 232} sti.to] 18.297 9.33 5.58 8. 3. .19 1.t 0.1 o.14]  o0.04 0.45 99'.'06! T

CHRTIFICAT)




T ON OIL COMPANY OF CALIFORNIA Page N

' N : ot. Py
‘ Chemex Labs : Inc . | 1576 UNOCAL: PLACE. 10 UBOX 6854 L Date " 2o —~SEP-33

Analytical Chemists * Gecohémlats * Reglsterad Aasaysrs 3?!‘1'0]‘2 ROSA C‘“‘IFORNIA . ) . . n Invoice # :1-8824092
994 WEST GLENDALE AVE. | SUITE 7. SPARKS, E— . ; ) : : ~P.O. ¥ :480926
NEVADA, 15 A0 K041t Prajeer : ' :

Commenta. ATTN: DAN]EL (‘ARR PR
PHONE (701) 156-530%¢ ) 'R1

| _CERTIFICATE OF ANALYSIS A8824092 |

SAMPLE PREP [SiO2 |A1203 [Fe203 MO  |Ca0  [Ma20 [x20  [Tio2 |P0s [mMo  |Bso  LOI TOTAL |
DESCR I PTION CODE |4 % % % 9 % % % B % % % % l
I1-3180 217| 232 ss.77) 17.60! 7.81| 4.02] 7.89] 3.9s| 110 o0.030 o0.22| o2 o.04l 1.24] 101,30
31-3660 217| 232| 35.19( 18.05] 7.97] 3.72| s.191 360l o 78] 1.o00] 6.20] 0.12] 0.05] 1.65] 100,60
Y1-1300 217 2321 edl16| 15.76] 4.t6] 1.49, 1.79| 36s] 2.26] o0.60| 0.22] o005 009 1.66] 08 01
I1-4510 27| 232 siise| 17.s50] 9.77| s 2| ol1s| 330! o067 114l o3 0.14] o0.04] 1.83] 100 551
11-4600 217 232 50370 1701 9l1e] 304, 9.31| 3ee| o0.380 1.18 025 oli4} o4 2. 9963
. )T R s S e IO SO )
I1-4780 217 | 2321 500381 1710y 9661 T ST56) 0.4 3781 0053 42T 035] 0 15| 0.03 1011 706.05,
11960 217 | 232 9.32f 17.081 1e.1s|  3:27| to.r3|  y.asl o.az| 13l 023 ois| eledl o2 99.03!
31-5020 217} 2321 s4.38) 18.64] 7.900  3lest 7112|3541 o0.73  1e5) 0.29, ©0.12] 0.05 1.99] 100. 45!
I1~3160 7] 23| 72:72| adisal 23] elas| 124] 376l 443 637 o.11] o002 oo0d o680l 10135
31-5320 217| 232 ssiel| 17.03| e.e1| 3.8 B0 3odf 104 o0.52] o014l ollo| oer 248 9000
a—6280 ) 217} 2321 5107 18050 T8 asl s 64 "0l09) T 362 T 0.56] " 0.90;  6.25] o0 131 o003 1 ."I"I “100.05:
316540 2171 232 s0.51{ 1916l s 720 434 ol4s| 352 o020 teaf o022 o0.13] 0.0  l.o1 95.90l
1-6540 217] 232| 39.3| 100! 9.38] 6.10] o9.0d4] 31.30] o.46! 1.14] 0.20] o0.isl 6.0); 1.50| o8 82
11-7240 217 232| 48.04] 10/83) 8.58| s5.20] o087l 3.24{ o0.07f o.04] 0.17| o.14| o02f 1.36| 98.56
31-7600 217) 232} 49.49| 17.87| o.17] .17 .82 332l <o.0t] t.08] o.24] o.i1s| 0.06] 1.43} 07.92
"31-8090 T 217 232] st 10f 1820 9.11 5.58 8.66] 1.80] 0.19[ 1.06| ©0.32] 0.14] ©.04. 0.45| 99 06 o

p el 2,

cusﬂmcn/';\ oLt/ p/C—-"'—’“ .
LS - /




To. NION OIL COMPANY OF CALIFORNIA

Chemex Labs ' lnc . . UNION GEOTHERMAL DIVISION

Analtyitcal Chemlists * Gaochemiata * Ragiatersd Aas‘uon 3576 UNOCAL PLACE-.'P'O' BOX -685.4. o . . - . . o
994 WEST GLENDALE AVE.. SUITE 7. SPARKS, ) . SANTA ROSA, CALIFORNIA S A SR
NEVADA. U.5% A K9411 95400 : A8824002

FHONE (701) 194-5)103%

Commenis: ATTN: DANIEL CARRIER

CERTIFICATE A8824092

ANALYTICAL PROCEDURES

CHEVEX | NUMDER DETECTION UPPER
UNION Ot COMPANY OF CALIFORNIA cone [samreres ‘ DESCRIPTION METHOD LIMIT LiMIT
rROJECT
roo s NILLEY T - — N T
5912 16 Si0? ¢ Whole rock ICP—AES o.01 99 .00
ples submitted 1o our lab In Sparktc. NV, 594 | 1o Al20) o Whole rock ICP-AES 0.01 99 .00
This reporl wse printed on 29-SEP-138. 586 | 16 Fc20Xiotal) 5 Whole rock ICP~AES 0.01 99 .00
59) 16 MgO <3 Whole roct ICP—AESR 0.01 19.00
S8 16 Ca0 % Whole rock ICP=AES 0.01 9% .00
509 [ Na20 < Whole rock ICP—ARS 0.0l 99 .00
! s T T T T m e i e S e e e 321 I 6 K20 €£a Whole reckt ICP-AES 0.01 99 .0
! SAMPLE PREPARATIO 595 ) te |Tior <5 Whele rock 1ICP~ABS 0.0l 99 .00
. . S e ema eem e e e e e e e e i e e 597 16 PlOS % Whole rock ) ICP—-AES 0.0l 99,00
| L1|l-‘M!-:X—; N‘Mlll—‘n: $ : 6 16 Mno :o ::r’lio:e roc: :CP—AEi 0.0l 99 .00
CONE | SAMPLES) DESCRIPTION :1: :: anol fo: Whele 1oc : CP-AE: 0.0 99.00
i | , .01, %: Loss on ignition FURNACE 0.0l 99 . 00
e - o s40 16 Towal CALCULATION 0.0l N/aA
207 i 16 Geochem:Ring oniyv.no cruchfeplit
1112 I 16 iTolal ICP digetiion
b
.
e e ]
4
* NOTE I
Code 1000 (s tsed for repeat gold anatyses
It shows typlcal ctample variabllity due to
coasse gold eflects. Bach wvalue is
correctl for l1e partlcular gcubsample.




Chemex Labs Inc.

Analylical Chemiata * Geochemlats + Reglstared Assayera
994 WEST GILENDALE AVE., SUNTE 7, SPARKS,

NEVADA, U.5 A. 89411
PHONE (701) 156-5195%

JON OIL COMPANY OF CALIFORNIA
UNION GEOTHERMAL DIVISION

3576 UNOCAL PLACE, P.C. BOX 6854
SANTA ROSA, CALIFORNIA

95406

Projecy :
Conments: ATTN: DANIEL L. CARRIER

Page 1}

Tot. Pages: |

Date : 4—-JAN-39
Invoice A :1-88291)9
P.O. I 1480926

CERTIFICATE_OF ANALYSIS A8829139 |

SAMPLE PREP {Si02 |AI1203 [Fe20) [MgO |CaO  [NMa20 [K20 |TiO2 [P205 [MWO  [BaO  [LOIL TOTAL
DESCRIPTION CODE |% % % % % % % % % % % % %
6—1090-00 2171 2323 65.17| 15.17|  5.37| 2.03] 3.96] 4.02| 3.63| o0.68] 0.19] o0.08! o0.06| <o0.01| 100.35
6-2020-30 217 232 e5.91| 15.31| 509 1.28| 3.20{ 4.88( 3.31| o0.77] o0.28) o0.08| o0.07] 0.86| 10i 05
6-4630-40 217( 2321 52.79| 15.13/ 9.85| 2.81! 6.58 4.24] 2.03] 1.56) o0.48| o0.17| o0.06] 2.73| 08.44
6-5010-20 2181 2321 58.70| 16.59( 6.51 2.36} 6.73 4.35{ (.74 0.99] .31 o.13] o.05| 1.84] 100.30
6-5220-30 218 232 s4.33 17.77(  7.24| 3.51| 7.65| 3.95| 1.90| o0.96] 0.25{ o0.12] o0.0i| 1.72| 00.as
6-5560-70 2181 2321 61.59] 16.73| s.40] 1.74] 4.69] s.54] 2.17| 0.82 o©.22| 0.12] 0.06} 1.26] 100.35
6-6110-20 2181 2321 52.49| le.52| 9.88] 3.66f 7.40{ d.46{ 0.81| 1.43] 0.35| oO.le] o0.04] 1.33| 98.53
6-63160~70 2181 232 s0.51f l6.48) 10.121 5.60| 9.18 3.45| 0.89| 147 o0.43| o0.17] o0.03| 1.28 9962
6~6650—60 218 232| 76.18f 12.79] 1.38[ ©.16| o0.56] 4.02f 4.44 0.09[ o0.06] o0.02] e01| 0.37 100.10
6-7610-20 218 232] 76.07| 13.211 1.27] 6.20( 0.65| 4.20[ 4.29| o0.10] o0.05| o0.0f] o0.01| 0.38| 100.45
6~7430—40 218 232| s50.09] 17.45| 9.47] 6.18] 8.64| 3.47| o0.73] 1.07] 0.26] 0.12] 0.02| 1.33] 98.84
8-200-20 217( 2321 s0.92f 17.54] 9.76| 5.32| 9.231 31.56! o0.86| 1.10] o0.23] o.15| o.02| o.05| o8.7s
8-420-40 2171 232| so0.40| 17.17| 9.el| 5.25| 9.07f 3.53] 0.9 1.13] 0.24] 0,15 ©.02( 1.63| 99.12
8-1000-20 2171 232 35.65 17.30| 7.48( .70 .66 3.80| 1.57] o0.94| 0.33] o012 o0le5| 1.53] o914
8~1280~00 217| 232 55.96 t6.87| 7.36{ 3.25( 6.77| 4.13| 2.16| o0.90] 0.36| o.15[ o0.05| o0.57| 08.88
8—1380-00 2171 232| st 13b le.sol 9.ed| 414  7.54] 410 1.07] 1.21| 0.35] 0.13] 0.03] 7.60] 98.84
8-1740-60 217 2321 70.50( 14.10 349l e.3s| 1.B1| 4.35| 489 o0.54] o0.24] o0.04| 0.07| 0.52] 10095
8-3140-60 217] 2321 s1.70| 16.95| 9.16| 3.39) 7.92{ 343 1.63] 1.07| o0.40] o0.16| ©0.04] 3.25] 99 11
8-3940-60 2171 2321 s6.28{ 17.20f 8.10| 3.16| 6.91| 4.to| 2.12] 0.99| ©0.39 o0.13| ©0.04| 1.04] 100.45
8~4860-80 217| 232] 60.32] 16.43] 6.48( 1.88[ 5.02( 4.76| 2.49 0.95| o0.48] 0.13| o.06| 1.l0| t00.10
8-5560-80 217|232 | o7 o0 Ta s des[ ousi| zde| 4.5 3.50| o0.46] 0.13] o0.05 o.08 o081 99.26
8-7410-20 217 232] el.24] 15.74] 6.00{ 1.95| 4.47| d.6l| 2.48] 0.88] 0.26| ©0.08] 0.07| 1.07| 98.86
8-7050-60 217| 232 73.40/ 12.94] 2.75| 0.88{ 1.80( 2.67| 3.68{ ©0.19 o0.11] 005/ o0.01| 1.00| 99,40
17-1010-20 % 2171 2321 s7.37( 17.72f 7.27| 3.52| e.78| 3.97] 1.52| ©0.96| o0.35] o0.12] o0.05| 1.51| 101.15
17-1200~10 2171 2321 s4.95) 17.45] 7.26| 3.007 6.37, 386l 1.52] o0.96] 0.370 ol11] oles| 2.72] 0863
17-1310-20 217 2329 53.22 16.06] 8.26] 2.45] 4.91 3.65| 1.03] 1.37] 0.45| 0.13| 0.04| 6.86| O08.44
17-1600-10 2171 232 48.22| le.32f 9.74| 4.23| 8.02| 3.60| 0.9 131! 0.33] o.16] o©.03| 2.50| 05 38
17-2100-20 217 232 49.27| 16.79) 9.78| 4.26] 8.17| 3.74] 0.85] 1.29] 0.31| o0.16] 0.03] 303] 97.69
17-4300-10 217] 232| e3.62| 15.69 d.21| 1.57| 3851 570 2.30] o0.58) 0.5 009 o008 1.50| 98 32
17-5160-70 207 2320 72.35) 1454 2.4} o032 1.21) 477) 453l ol3s) o.1ol o0l02] o0.09] oles| iol.10
17-6940-50 217 2321 40.15] 17.85] 9.20] 5.9t 8 84| 3.d0f o0.44| 1.07] 0.28] 0.16| 0.0% 54| 97.87
17-7420-30 217 232| 70.48| Id4.05| 2.71| ©0.73] 1.82| 383} 3.87| o0.43] o1z o0.04| o0.07] o0.57| 9873
8-F.L. 205 232 65.95| 15.25| 4.67| l.e¢l] 2.99| 455} 2.60| 0.72] o0.21| o0.06] o0.00] 1.12] 99 83

CERTIFICATION




_ To:UNION OIL COMPANY OF CALIFORNIA
Chemex Labs Inc . UNION GEOTHERMAL DIVISION
Anatylical Chamiats * Geochamials * Raglatared Assayers 3576 UNOCAL PLACE, P.O. BOX 6854
994 WEST GLENDALE AVE., SUITE 7, SPARKS, SANTA ROSA, CALIFORNIA
NEVADA, U.S.A. 3943 95406 A88291190
PHONE {701} )56-—-519%
Commenis: ATTN: DANIEL L. CARRIER
CERTIFICATE A8829139 ANALYTICAL PROCEDURES
_ CHEMEX | NUMBER " DETECTION UPPER
UNION OIL COMPANY OF CALIFORNIA CODE  |samrLes DESCR1PTION METHOD LIMIT LIMIT
PROJECT
r.o.x 480018 1
592 1) 8i02 % Whole rock ICP—-AES 0.0l 99 .00
Samples submitted to our lab In Sparks, NV, $94 1) A120) % Whole rock ICP—AES 0.01 99.00
This report wase printed on 4-=JAN-39, 586 1) Fe20Mtotal) %: Whole rock ICP—AES 0.01 %9 .00
591 1 12 MsO %: Whole rock ICP—ARS 0.0l 99 .00
588 33 Ca0 %: Whole rock ICP-AES 0.01 99.00
599 33 Na20 % Whole rock 1CP—-AES 0.01 99 .00
{ 821 L | X20 %: Whole rock ICP—-AES o.0l 99.0
SAMPLE PREPARATION 595 | 33 | Tio? % Whole roct ICP-AES 0.01 99.00
— 397 1) P205 % Whole rsock ICP-AES 0.01 9% .00
CHIMEX | NUMBDER $96 [ 33 MnO %: Whole rock ICP-AES 0.0l 99.00
covk |sampLes! DESCRIPTION. 542 | 2 BaO %: Whole soct ICP-AES 0.01 99.00
475 11 LO1 % Los on iganition FURNACE 0.01 99 .00
540 3] Tonal % CALCULATION 0.01 NiA
209 1 Rock Geochem: Crushapltring
2t 7 24 Geochem:Ring only.no crushfsplit
218 1 Pulverize only = no crush/split
2312 )} Total ICP digestion :
¢ NOTE I:
Code 1000 is used for repont gold analyses
11 shows typical saople variabillty due teo R
coxrse gold effecta. Each value 1
correct for ite particular subsample.
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ATTN: DANIEL L. CARRIER

Comments:

,[

SPARKS,

, SUITE 7,
S.A. K941
PHONE (702) 354-5195

U

NEVADA ,

|

CERTIFICATE OF ANALYSIS A8829139
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CERTIFICATION




T. JNION OIL COMPANY OF CALIFORNIA
Chemex Labs Inc UNION GEOTHERMAL DIVISION
» 3576 UNOCAL PLACE, P.O. BOX 6854
Analyticat Chamlsis * Gaochamials * Reglatersad Asaayara SANTA ROSA. CALIFORNIA
994 WEST GLENDALE AVE, ., SUITE 7, SPARKS,

NEVADA, LS. A. 194)1 95406
PHONE (701) 3$6-5395
[ * INVOICE NUMBER___ 18829139 * |
: CHEMEX ANALYSI1S SAMPLES UNIT
BILLING INFORMATION CODE DESCRIPTION ANALYZED PRICE AMOUNT
Date H 4-JAN-39 Gt2 - A~12 W.R.A. 33 16.00 528.00
Project . .
P.O. ¢ : 430926 Sample preparation and other charges :
feconnt T 293 I Botk,Sqeghem, NG L 308 350
- ota igestion 0. .
Commenis: AFE F#430926 317 - Geochem — RING ONLY 24 2.50 60.00
2122 - Total ICP digestion 24 0.00 0.00
2|8 — Pulverize only ~no crush 8 1.15 26.00
212 — Total ICP digecstion B 0.00 0.00

Billing : For analysls performed on
Certificate AB829119

Total Cost % 617.00

TOTAL PAYABLE (U.S5.) § 617.00

Terms : Net payment in )0 Days
1.5 per month (18% per annum) .
charged on overdue accounts.

Please remit payments to:

CHEMEX LABS, INC.

994 West Glendale Ave.,
Suite 7, Sparks, Nevada,
U.S.A. 894231 )




To:UNION OIL COMPANY OF CALIFORNIA

Chemex Labs lnc . UNION GEOTHERMAL DIVISION

Analytical Chamists * Gaochemists * Reglstared Assayara 3576 UNOGCAL PLACE, P.O. BOX 6854
994 WEST GLENDALE ‘AVE... SUITE 7, SPARKS, SANTA ROSA, CALIFORNIA
NEVADA, 1 .5.A. 89431 05406 ABB20110

PHONE (78%) 3156-519¢
R Comments: ATTN: DANIEL I.. CARRIER

CERTIFICATE A8829139 ANALYTICAL PROCEDURES
. CHEMEX | NUMBER " DETECT10N UPPFR
UNTON OJL COMPANY OF CALIFORNIA CODE  |SAMPLES DESCR [ PTLON METHOD LIMIT LIMIT
PROTECT
PO TARNDLG - 7
592 11 Si02 9% Whole rock ICP—AES 0.01 2% .00
Samples ¢ubmitied to our lab in Sparks, NV, 5904 | 33 Al203 %: Whole rock ICP-AES 0.01 99 .00
This report was printed on 4-JAN—-89. 588 313 FelOltotal) %: Whole rock ICP—AES 0.01 99 .00
593 13 MO %: Whole rock ICP—AES 0.0| 99 .00
588 13 Ca0® % Whole rock ICP—-AES 0.0} %% .00
599 13 NalQ %: Whole rock ICP-AES 0.0l 99 00
r 21 1 K20 9%: Whole rockt ICP-AES 0.01 99 .0
SAMPLE PREPARATION 595 | 13 TiO2? %: Whole roct ICP-AES 0.0! 99.00
| =y e - - 1 597 3 P205 %: Whole rock 1CP-AES 0.0 99 .00
anmex | Nmnkr so6 | 2 MnO %: Whole rock ICP-AES ©.01 99.00
COLE |sAMPLES DESCRIPTION 542 313 BaO %: Whole rock ICP—-AES 0.0l 99 .00
475 32 LOIL % Loss on ignition FURNACE 0.01 99 .00
B 540 1) Total % CALCULATION 0.01 N/A
205 1 Rock Geochem: Crushaplitring
117 24 |[Geochem:Ring only.no crushfeplit
218 8 Pulverize only — no erush/split
2132 k0 Total ICP digestion
¢ NOTE 1
Code 1000 is used for repeat gold analyscs
It shows typical sample variability due to %
coarse gold effecta. Bach wvalue s
correct for jts particular subsample.




