
Memorandum 

UNOCALe 

November 30, 1987 

TO: Alex Schriener 

FM: Daniel L. Carrier 

RE: ANALYSIS OF MINE OGY AND FLUID INCLUSION DATA 
FROM GLASS MOUNTAIN AREA TEMPERATURE BOREHOLES 

,. 

EXECUTIVE SUMMARY 

A high-temperature hydrothermal system probably exists in the 
eastern half of the Medicine Lake Basin: This is the most 
significant conclusion of a study on mineralogy and fluid 
inclusion data obtained from boreholes drilled in and around ~> 
the Glass Mountain Federal Unit. Alteration that occurs on the 
northwestern margin of the Basin is old and not in thermal 
equilibrium with observed temperatures. Weak argillic 
alteration of uncertain age is found about 1-2 miles outside 
the Basin to the west and southwest. 

The best evidence for an active system is observed in GMF 28-32 
located on the eastern flank of Mt. Hoffman. The pattern of 
alteration in the temperature borehole varies systematically 
from zeolite-smectite (2480') to argillic (2680') to propylitic 
(3460' to 4500'). In addition, fluid inclusion data indicate 
that vein mineralogy at 4022' in GMF 28-32 was probably formed 
at temper.atures of 464-500°F by hydrothermal fluids with a 
salinity of <20,000 ppm. The geothermal system possibly exists 
at shallower-depths in the vicinity of boreholes GMF 44-33 and 
GMF 87-13, and is evidenced by the shallower occurrence of 
argillic alteration. However, the total depths of the two 
boreholes are not great enough to confirm the presence of 
propylitic alteration in those areas. 
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Mineralogical data indicate a 410 to 455°F geothermal system 
has existed as shallow as 1500-2500' near the northwest margin 
of the Medicine Lake Basin. However, fluid inclusion data from 
vein minerals in boreholes GMF 56-3 (1786' TD) and GMF 45-36 
(4000' TD) indicate the geothermal system has declined. It is 
uncertain whether a high-temperature resource still exists in 
the area at depths greater than the two boreholes. Evidence 
for the hydrothermal event is characterized in GMF 56-3 by the 
occurfi'nce at 1426' of chlorite-smectite clays that typically / 
have formation temperatures of 390° to 455°F. The hydrothermal 
event in GMF 45-36 is evidenced by propylitic mineral 
assemblages at 2500' to 3430' and 3720' to 4000' TD. The upper 
propylitic assemblage in GMF 45-36 is sandwiched between two 
zones of argillic alteration, and is probably a relic of 
hydrothermal outflow. Fluid inclusion data suggest the outflow 
occurred at a temperature of at least 410° to 445°F. 

Anomalous argillic alteration is observed in ML 36-28 at 1820' 
and ML 62-21 at 2115'. ML 36-28 is located about 2 miles 
outside the Medicine Lake Basin in the Little Glass Mountain 
Structural Zone. ML 62-21 is located about one mile outside 
the southwestern margin of the Basin. It is not clear if the 
observed alteration in either area is caused by localized 
hydrothermal activity, or if the alteration is linked by upflow 
or outflow to activity that has existed on the Basin margin. 

RECOMMENDATIONS 

The results of this study lead to the following recommendations 
conce'r~ing potentially beneficial studies: 

1. A detailed mineralogy and fluid inclusion study similar to 
this one should be completed for exploratory wells GMF 68-8 
and GMF 17A-6. This study will contribute to the 
understanding of the Glass Mountain prospect, and will 
assist future exploration in the Glass Mountain Unit. 

2. Mineralogy and fluid inclusion studies can be used in other 
prospects with intermediate temperature boreholes for 
locating areas of enhanced permeability. It is recommended 
that such studies be completed for the Lassen and Konocti 
prospects. 
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Broadscale alteration zoning has been mapped in 24 temperature 
boreholes drilled in and around the Glass Mountain Federal Unit 
{Figure 1). The purpose of characterizing and outlining the 
alteration mineralogy observed in the boreholes is to help 
focus exploration efforts on the potentially hottest and most 
permeable areas. Fluid inclusion temperatures have also been 
measured on select samples to quantify the formation 
temperatures of the mineralogy. 

Several factors affect the formation of hydrothermal minerals 
including temperature, pressure, primary lithology, 
permeability, fluid composition, and duration of the 
hydrothermal activity {Rose and Burt, 1979). The influence of 
primary lithology diminishes as formation temperatures are 
increased, and becomes insignificant when temperatures exceed 
536°F {280°C) {Brown, 1978). In the case of Glass Mountain 
boreholes, the rock types drilled in the area range the full 
spectrum from basalts to rhyolites, and measured borehole 
temperatures are significantly less than 536°F. It is, 
therefore, likely primary lithology has some influence on the 
distribution of alteration observed in Glass Mountain 
boreholes. This possibly results in minor irregularities in 
the distribution of low-temperature alteration that are caused 
by lithologic differences rather than temperature or 
permeability. · 

Borehole depths must be considered when interpreting the 
mineralogy data in this report. The total drilled depths of 
the boreholes varied from 918'-4500'. This variability could 
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potentially result in the unequal evaluation of each borehole. 
Therefore, care has been exercised to insure that the absence 
of alteration zones in a shallow borehole is not the single 
criteria used to evaluate an area. 

Methods and Data 

Rock samples from 24 boreholes were sent to Dr. Jeff Hulen at 
the University of Utah Research Institute for bulk x-ray 
defraction analysis (Appendix 1). Thin sections were prepared 
and examined for 17 boreholes. Core and cutting samples were 
relogged in detail for five boreholes (ML 29-1, GMF 28-32, GMF 
45-36, GMF 17-6 and GMF 44-33), and the scanning sets for 
several boreholes were examined as well. 

Twelve samples from five temperature boreholes were sent to Dr. 
T. James Reynolds of Fluid Inc. for fluid inclusion analysis. 
The five boreholes sampled were ML 36-28, ML 65-26, GMF 28-32, 
GMF 45-36 and GMF 56-3. GMF 28-32, GMF 45-36 and GMF 56-3 
contained a total of five samples with usable fluid inclusions. 

Borehole Stratigraphy 

Drilled stratigraphy broadly mirrors the surface geology mapped 
by Hausback (1984), although more lithologic detail is 
contained in the borehole data. Individual units of volcanic 
rock are difficult to correlate in Glass Mountain boreholes. 
Therefore, the rocks are classified into the following broad 
groups that are listed here in order of increasing age: 
bimodal rhyolites and basalts, shield-building mafics, 
flow-banded rhyolites and pyroclastics, and older mafics. In 
addition, the rock groups are sometimes discontinuous and the 
contacts between rock groups are not always sharp. For 
example, the transition the from;flow-banded rhyolite to the 
overlying and underlying mafic rocks is marked by a variable 
zone of interlayered mafic flows and pumaceous lithic tuffs. 
Similarly, a possible silicic horizon occurs only in boreholes 
drilled in and around the Medicine Lake Basin. This silicic 
horizon is found at depths of 300' to 1000'; and possibly 
correlates with the 0.10 + .01 m.y. old dacitic rocks mapped on 
the eastern flank of Glass Mountain (Mertzman, 1983). Geologic 
cross-sections that show some of these relationships will be 
presented in a later section. Additional stratigraphic 
analyses and correlation of rock types are needed before the 
rock groups can be further subdivided. 

Alteration Zoning and Mineralogy 

Hydrothermal alteration is classified into three distinctive 
types or zones: zeolite-smectite, argillic, and propylitic. 
This classification is a modification of those presented by 
Rose and Burt (1979) and Kristmannsdottier (1982). The 
classification is based on observed mineralogy and does not 
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directly utilize temperature or lithologic data. The 
zeolite-smectite alteration zone is defined by the presence of 
either low-temperature zeolites, such as mordenite, stilbite 
and clinoptilolite, or of smectite as 3-15% (designated as 
"minor concentrations" by Hulen) of the XRD samples. The 
argillic alteration zone is characterized by the presence of 
hydrothermal quartz and 15-50% hydrothermal clay (designated as 
"major concentrations" by Hulen) in XRD samples. The clays 
used to characterize the zone include smectite, illite, 
chlorite, kaoline and the mixed layered clays illite-smectite 
and chlorite-smectite. Rocks are considered to be in the 
propylitic alteration zone when two of the following three 
secondary mineral groups are present: sodic plagioclase, 
chlorite and epidote or calcite (replacing feldspar). The 
distribution of alteration zones in each borehole is summarized 
in Appendix 2. 

The occurrence of zeolite-smectite alteration is shallowest in 
boreholes located near or inside the Medicine Lake Basin. The 
distribution of the alteration is shown in Figure 2. Since the 
width of the intervals sampled for XRD analysis range from 200' 
to 700', the contours shown in the figure actually only outline 
broad trends in the data. The zeolite-smectite zone occurs at 
the shallowest depths in three boreholes located near the 
margins of the Basin, GMF 56-3, GMF 87-13 and GMF 44-33. A 
second trend towards shallow zeolite-smectite alteration is 
measured in boreholes located along the Little Glass Mountain 
Structural Zone. The alteration zone in this area occurs at 
depths of 800'-1500' in boreholes ML 57-11, ML 75-6, ML 36-28 
and ML 14-23. Only four boreholes in Figure 2, ML 27-27 
(southeast), ML 65-26 (south), MLl-81 (southwest), and ML2-81 
(west), do not contain zeolite-smectite alteration. The only 
alteration in MLF 51-2, located in the very southwestern part 
of the area, is zeolite-smectite alteration and it occurs in 
the 900' to 1150' interval. The borehole is unaltered from 
1150' to 1836' T.D. 

Argillic alteration occurs in eight area boreholes including 
all five boreholes drilled in the Medicine Lake Basin (Figure 
3). The alteration zone is shallowest in boreholes GMF 56-3, 
GMF 87-13 and GMF 44-33, and only two boreholes completely 
penetrate the zone, GMF 28-32 and GMF 45-36. The greatest 
thickness of argillic alteration is found in GMF 17-6, where at 
least 1000' of argillic alteration is observed before the 
borehole reaches total depth. Boreholes ML 62-21 and ML 36-28, 
located on the outside margin of the basin, are only weakly 
altered. The absence of argillic alteration in GMF 84-17, and 
ML 75-6 is possibly due to the shallow depths of the boreholes 
relative to the local trends in the argillic zone. Both 
boreholes are located in areas of shallow zeolite-smectite 
alteration and contain zeolite-smectite alteration to total 
depth. 
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GMF 28-32 and GMF 45-36 are the only two boreholes to contain 
propylitic alteration. The alteration zone occurs at a depth 
of 3460' in GMF 28-32 and 2500' in GMF 45-36. The boreholes 
are located within the Basin at its northern margin. 

General Stratigraphy and Alteration Patterns in Cross-Section 

The pattern and intensity of alteration in the Glass Mountain 
KGRA appears to be generally independent of rock type. This is 
demonstrated in the two cross-sections shown in Figures 4 and 5 
that integrate the alteration zoning and general geology 
observed in several of the deepest boreholes. Cross-section 
A-A' trends roughly north-south and extends through the eastern 
half of the Basin (Figure 3}. Cross-section B-B' trends 
roughly east-west and includes boreholes located on the 
northern margin of the Basin. The alteration zones observed in 
the cross-sections are well developed, and transitions between 
zones are systematic and not marked by abrupt hiatuses. 

Cross-section A-A' (Figure 4} clearly illustrates the trend of 
shallowing alteration with increased proximity to the Medicine 
Lake Basin. Argillic alteration is observed only in bor~holes 
located in the basin, and is shallowest at the margins in GMF 
28-32 and GMF 87-13. Propylitic alteration is observed only in 
one of the deepest boreholes, GMF 28-32. 

cross-sect ion B-B' (Figure 5} is not as clear as A-A' in 
demonstrating a trend towards shallowing alteration with 
increased proximity to the Medicine Lake Basin. The shallowest 
argillic alteration is actually found just outside the basin in 
GMF 44-33, which is located near the Hot Spot. Argillic 
alteration is found in boreholes GMF 28-32, GMF 45-36, and ML 
36-28 at depths that vary by only about 500'. Propylitic 
alteration is observed in boreholes GMF 45-36 and GMF 28-32. 
Borehole GMF 45-36 shows the pattern of reverse mineralization 
that is suggestive of lateral flow. The direction of lateral 
flow is unknown and is arbitrarily drawn. 

Fluid Inclusions 

Fluid inclusion data are presented in Table 1 for samples from 
the three boreholes that contained minerals with measureable 
inclusions, GMF 45-36, GMF 28-32, and GMF 56-3. The 
characteristics of fluid inclusions and the several techniques 
and problems specific to fluid inclusions are detailed in 
Roedder (1972} and Bodnar and others (1985}, and are only 
briefly discussed below. All the inclusions surveyed are of 
primary origin and formed during the growth of the secondary 
host crystals. The minerals surveyed include quartz, calcite, 
calcium zeolites (wairakite and laumontite}, vein prehnite(?} 
and wallrock prehnite(?}. The salinities observed varied from 
<1-2 wt% NaCl equivalent in the vein minerals. A salinity of 
<3.5 wt% NaCl equivalent was measured for the samples of 
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Table ·1. Fluid inclusion data obtained on samples from three temperature boreholes 
drilled in the Glass Mountain area. Analysis were made by T. James 
Reynolds of Fluid Inc. 

Sample No. Inclusions Homogenization Weight-~ N'aCl 
Bor-ehole Denth Measured Mineral* Temperature Equivalent 

GMF 28-32 4022' 12 Calcite 464-500"F <1.5 
8 Quartz 464-477"F 

GMF 45-36 2757' 17 Calcite 410-446"F <1.5 
8 Quartz 437-446"F <2 

3448' 10 Wallrock Prehnite 347-365"F <1 
8 Quartz 338-356"F <1 

10 Calcite 320-347"F <l 
:3905' 18 Wallrock Prehnite 347-365"F <:3.5 

11 Quartz 356-374"F <l 
7 Prehnite 338-356"F 

17 Calcium Zeolite 374-428"F <1 

GMF 56-3 1723.5' 4 Calcium Zeolite I 286-300"F <:3 
3 Calcium Zeolite II Zl2-24l"F <3 
5 Quartz 235-26l"F <1.5 

*All minerals are vein minerals unless otherwise stated. 

-12-



wallrock prehnite found in GMF 45-36. A salinity of 1 wt% NaCl 
equivalent is approximately the same as a TDS of 10,000 ppm. 
The principal assumption made is that the salinity of an 
inclusion is due solely to dissolved sodium, potassium and 
calcium chlorides. However, if C02 is trapped in an 
inclusion, then measured salinities will be too high (Bodnar 
and others, 1985). 

Fluid inclusion geothermometry is useful in determining the 
temperatures at which the secondary mineral formed (also called 
homogenization temperatures). These temperatures are best 
thought of as the minimum formation temperatures for the 
minerals. Because hydrothermal systems are dynamic, it is not 
appropriate for fluid inclusion temperature data to stand 
alone. Therefore, the geothermometry data are discussed below 
in conjunction with the petrological data. Measured 
temperature data are not integrated into this discussion due to 
an upcoming lease sale. 

Case Study of Mineralogy, and Fluid 
Inclusion Data for Three Boreholes 

GMF 28-32 

Fluid inclusion temperatures and mineralogy correlate well for 
GMF 28-32, and indicate the likely occurrence of an active 
hydrothermal system in the vicinity of the borehole (Figure 
6). The sequence of alteration in GMF 28-32 is straight 
forward and begins with the occurrence of zeolite-smectite 
alteration near a depth of 2480'. Argillic alteration begins 
in the borehole at 2680' and is followed by weak propylitic 
alteration at 3460'. The essential secondary minerals present 
at this depth are calcite, which is replacing plagioclase, and 
chlorite. The grade of alteration becomes stronger with depth 
and is distinguished by the first occurrence of epidote at 
4330'. Other secondary minerals found in the borehole samples 
include prehnite, pyrite, wairakite and hematite. 

Homogenization temperatures measured on a sample from 4022' in 
GFM 28-32 are 464-476°F for secondary quartz and 464-500°F for 
secondary calcite. These are the highest homogenization 
temperatures observed in samples from any of the boreholes and 
are reasonable temperatures for propylitic alteration. 
Salinities of ~2 wt% NaCl equivalent (approximately 20,000 ppm) 
are measured in the inclusions and are possibly indicative of 
the local salinities expected for the active hydrothermal 
system. 

GMF 45-36 

The integration of the fluid inclusion and mineralogical data 
sets indicate the observed alteration in GMF 45-36 is old, and 
that more than one hydrothermal event has probably occurred in 
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the area. The pattern of alteration in GMF 45-36 (Figure 7) 
suggests that high-temperature hydrothermal outflow has 
probably occurred in the area. Secondary mineralogy in the 
borehole is initially straight forward with the occurrence of 
the zeolite-smectite zone at 1000' and the argillic zone at 
1820'. The distribution of secondary mineralogy becomes more 
complicated with depth, as evidenced by the occurrence of two 
layers of propylitic alteration at 2500' to 3430' and 3720' to 
4000' T.D. It is likely that the propylitic alteration in the 
2500' to 3430' interval is the result of hydrothermal outflow. 
The two propylitic alteration zones are separated by a thin 
zone of argillic alteration. The essential secondary minerals 
in the upper layer of propylitic alteration are chlorite, 
albite, and from 3220' to 3430', calcite. The essential 
secondary minerals in the lower layer are chlorite, calcite and 
epidote. Other secondary minerals that are present in either 
of the propylitic layers include prehnite, pyrite, hematite, 
laumontite and possible K-feldspar and wairakite. 

The relationship between the fluid inclusion and mineralogical 
data is not straightforward. Homogenization temperatures of 
secondary minerals in the upper propylitic layer at 2757' are 
410-445°F and in the sandwiched argillic zone at 3448' are 
320-365°F. These homogenization temperatures are probably 
consistent with the observed pattern of propylitic to argillic 
alteration. However, temperatures measured on fluid inclusions 
obtained from 3905' are complex and probably not indicative of 
the bottom hole propylitic assemblage. Vein quartz, vein 
prehnite and wallrock prehnite are all in equilibrium with a 
hydrothermal event of 338-374°F and not the 392°F+ event needed 
to form the epidote in the host rocks (Bird and others, 1984). 
Sampled veins are also filled by a calcium zeolite (probably 
wairakite) with a higher homogenization temperature of 
374-428°F. These data suggest that two hydrothermal events are 
probably recorded in the mineralogy of GMF 45-36 at 3905'. The 
first event probably caused the propylitic alteration of the 
host rocks. Later, as this hydrothermal system declined, 
secondary quartz and prehnite were formed in the fracture at 
338-374°F. A second thermal event followed that resulted in 
the filling of the still open fractures by calcium zeolites at 
374-428°F. The probable source of the thermal events is either 
a single growing system, in which temperature slowly increased 
over time, or two distinct hydrothermal systems. 

GMF 56-3 

Fluid inclusion data collected on vein minerals indicate the 
observed bulk-rock secondary mineralogy in GMF 56-3 is out of 
thermal equilibrium, and that the causative hydrothermal system 
has declined. Alteration in GMF 56-3 begins with 
zeolite-smectite alteration at a depth <205' and extends to 
1031'. The argillic zone begins at 103l' and is the best 
developed sequence of argillic alteration (Figure 8) in any of 
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the area boreholes. secondary mineralization in the alteration 
zone consists of the characteristic minerals quartz, smectite 
and intermittent kaolinite. As the depth of the borehole 
increases, the mineralogy evolves toward the higher temperature 
minerals of chlorite-smectite, and wairakite (1426'-1459' and 
1727'-1760'). This assemblage is indicative of the higher 
temperature end of the argillic alteration zone (Brown, 1978; 
Bird and others, 1984), and is approaching propylitic 
alteration. Chlorite-smectite clays are mapped in Iceland by 
Kristmannsdottier (1982) as a separate alteration zone that 
occurs in mafic igneous rocks at temperatures of 390• to 455°F 
(2oo• to 23o•cJ. 

The fluid inclusion data from secondary vein minerals in GMF 
56-3 record the decline of the hydrothermal system in two 
generations of inclusions. These fluid inclusions are observed 
in quartz and calcium zeolites that are contained in a sample 
collected at 1723.5'. Homogenization temperatures in these 
inclusions systematically vary from 285-300°F and 212-260°F, 
and are probably the remnants of a slowly cooling system. The 
latest vein-filling mineral is calcite, which is barren of 
inclusions and probably deposited.at temperatures less than 
212°F. 

CONCEPTUAL MODEL 

Integrated mineralogy and fluid inclusion data are used to 
construct a conceptual model of the geothermal system in the 
Glass Mountain area. The completeness and accuracy of the 
model is limited by the variability in temperature borehole 
total depth. This variability makes borehole to borehole 
correlations difficult and incomplete, and probably impacts the 
observed distribution of argillic and propylitic alteration. 
However, this limitation not withstanding, it is believed that 
the general trends presented below are probably correct. 

Four areas in the Glass Mountain Unit area are found to contain 
anomalous hydrothermal alteration. The locations of these four 
areas are shown in Figure 9. It is uncertain whether the 
alteration observed in each area is the result of a distinct 
hydrothermal event, or if any or all the areas outlined result 
from the same geothermal event. Nevertheless, the data do 
establish the occurrence of widespread hydrothermal activity in 
the area. The salient features of each area are discussed 
below. 

Area 1 

A high-temperature geothermal system probably exists along the 
eastern margin of the Medicine Lake Basin. The most direct 
evidence for a system is contained in GMF 28-32 drilled along 
the eastern flanks of Mt. Hoffman. Fluid inclusion and 
mineralogical data are probably in thermal equilibrium, and 
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that hydrothermal fluids associated with the alteration 
probably have a salinity of <20,000 ppm. Argillic alteration 
is also found at 900' in GMF-87-13, located near Telephone 
Flats, and at 1350' in GMF 44-33, located near the Hot Spot. 
The argillic alteration in the two boreholes occurs at depths 
that are shallower than the same alteration in GMF 28-32 
(2680' ). aecause GMF 87-13 and GMF 44-33 are shallow, no 
propylitic alteration is observed in the boreholes. 
Nevertheless, the available data suggest that the hydrothermal 
system is found at shallower depths at GMF 87-13 and GMF 44-33 
than at GMF 28-32. 

Area 2 

High-temperature hydrothermal activity has occurred and 
possibly is still occurring along the western and northwestern 
margin of Medicine Lake Basin in the vicinity of GMF 56-3 
(1788' TD) and GMF 45-36 (4000' TD). Estimated temperatures 
from bulk-rock secondary mineralogy and measured fluid 
inclusion temperatures are not in equilibrium and suggest that 
hydrothermal activity has declined in this area. It is 
uncertain whether it still exists at depths greater than the 
total depths of the boreholes. 

Area 3 

Moderate-temperature hydrothermal activity has and is possible 
still occurring in the vicinity of the Little Glass Mountain 
Structural Zone. The highest grade of alteration is observed 
at 2084' in GMF 36-28, and consists of weak argillic 
alteration. It is uncertain whether the alteration is the 
result of a distinct hydrothermal event associated with 
volcanic activity in the Little Glass Mountain Structural Zone, 
or if it is related to high-temperature hydrothermal activity 
in Area 2. 

Area 4 

Moderate-temperature hydrothermal activity has and is possibly 
still occurring in the Red Hill Structural Zone located about 
one mile southwest of the Medicine Lake Basin. The activity is 
characterized by weak argillic alteration observed at 2115' in 
ML 62-21. It is uncertain whether the alteration is the result 
of a local hydrothermal event, or possibly related to 
high-temperature activity in Area 1 or Area 2. 

DLC/dis 
4120I 

-20-



REFERENCES 

Bird, D. K., P. Schiffman, w. A. Elders, A. E. Williams, and 
s. D. McDowell (1984), Calc-Silicate Mineralization in 
Active Geothermal Systems; Economic Geology, val. 79, pp. 
671-695. 

Bodnar, R. J., T. J. Reynolds, and c. A. Kuehn (1985), Fluid 
Inclusion Systematics in Epithermal Systems, in Geology and 
Geochemistry of Epithermal Systems, Reviews in Econ. 
Geology, val. 2, B. R. Berger and P. M. Bethke, Ed., pp. 
73-97. 

Brown, P. R. L. (1978), Hydrothermal Alteration in Active 
Geothermal Fields, Annual Review of Planetary Science, val. 
6, pp. 229-50. 

Hausback, B. P. (1984), Surficial geology of the Medicine Lake 
Highland, in house report, Unocal Geothermal Division, 12 p. 

Kristmannsdottier, H. (1982), Alteration in the IRDP Drill 
Hole Compared with Other Drill Holes in Iceland, Journ. 
Geophysical Res., v. 87, pp. 6525-6531. 

Mertzman, s. A. (1983), An Addendum to "K-Ar Results for Silicic 
Volcanics from th~ Medicine Lake Highland, Northeastern 
California-- A Summary, ISOCRON/WEST, No. 38, Dec., pp. 
3-5. 

Roedder, E. (1972), Composition of Fluid Inclusions, in Data 
Geochemistry, Sixth Edition, M. Fleischer, Tech. ed.~72, 
164 p. 

Rose, A. W. and D. M. Burt (1979), Hydrothermal Alteration, in 
Geochemistry of Hydrothermal Ore Deposits, H. L. Barnes, 
ed., Second Edition, pp. 173-235. 

-21-



APPENDIX 1 

-22-



" UNIVERSITY OF UTAH RESEARCH INSTITUTE 

Alex Schri ener 
Area Geo 1 ogi st 
Union Geothermal Division 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5263 

Union Oil Company of California 
2099 Range Avenue 
Santa Rosa, CA 95406 

Dear Alex: 

Apri 1 16, 1984 

The 34 geochemical pulp samples you submitted earlier this year have been 
mineralogically analyzed by qualitative X-ray diffraction (XRD). Preliminary 
results for 13 bulk samples, and for clay fractions extracted from seven of 
these, were reported to you in my letter of March 5. The present report 
documents analyses for the entire sample suite, and briefly discusses 
implications of these analyses for geothermal exploration. 

Bulk samples can be grouped broadly into two categories: 1) those 
dominated by plagioclase and 2) those containing sanidine and cristobalite 
with minor tridymite and a trace of quartz. These two sample types probably 
correspond, respectively, to intermediate to mafic volcanic rocks and felsic 
volcanic rocks. 

Plagioclase in type 1 rocks is a variety more calcic than albite, 
probably andesine or labradorite; it may be accompanied by trace to minor 
clinopyroxene and apatite, but the X-ray signatures of these phases, if 
present, are obscured or concealed by the strong, numerous, crowded peaks of 
the overwhelmingly dominant plagioclase; petrographic examination is suggested 
for definite identification. Ilmenite, pyrite or marcasite and hematite are 
other probable trace constituents of many plagioclase-rich samples. 

Cristobalite-sanidine rocks are probably rich in devitrifed felsic 
glass. In several of these rocks, such as well no. 3, 750-800', 
devitrification may not have proceeded to completion; a prominent, broad glass 
"hump" is apparent between about 18 and 34°29. Alternatively, but less 
likely, the "hump" could reflect the presence of opal. 

Zeolites occur only in wells 1 and 2. In well 1, mordenite is a major 
constituent of the sample spanning 1900-1950'. In well number 2, zeolites are 



.. 

zoned with depth; clinoptilolite occurring above 1145' and analcime or 
wairakite (too little of this phase for a definite identification) below this 
footage. 

Clay minerals occur in all wells, but are most abundant in wells 1 and 
(particularly) 2. Smectite, the most common, is found in 16 of the 34 bulk 
sa~ples; it is a major component of three. With a basal spacing of about 
1411, , the smectite probably contains calcium and/or (less likely) magnesium 
as the principal interlayer cation(s). Illite occurs only in well no. 1; at a 
depth of 1900' in this well it is accompanied by a trace of randomly-ordered, 
mixed-layer illite-smectite. Chlorite or kaolinite occur in two samples--one 
each in wells 2 and 4. 

Well number 2 displays a distinct layer silicate zoning which mirrors the 
zoning of coexisting zeolites. Smectite occurs .in the four samples above 
1145'; in two of these samples it is accompanied by clinoptilolite. The two 
samples below 1145' contain conspicuous mixed-layer chlorite-smectite--an 
ordered variety with about 55% chlorite (Reynolds, 1980}. This phase is 
accompanied in both samples by analcime or wairakite. 

Of the five wells investigated, number 2 would appear to be the most 
encouraging for discovery of a concealed geothermal resource. Its well­
developed zeolite and clay mineral zoning may indicate progressively higher­
temperature, hydrothermal fluid circulation with increasing depth. Ordered, 
mixed-layer clays such as those of well 2 almost always develop at relatively 
high temperatures under conditions of deep diagenesis or hydrothermal 
alteration (Dunoyer de Segonzac, 1970}. Mixed-layer, ordered chlorite­
smectites were found in cuttings above productive reservoir at the Tiwi 
system, Philippines (UURI/ESL reports to Thomas Powell; Nov. 21, 1983 and Feb. 
14, 1984}, and in cuttings from your Geysers well KC88-24 (UURI/ESL report to 
Barbara Gallinatti; April 2, 1984}, strengthening speculation that an active 
geothermal system could be present below the sampled depths of well 2. In 
research well Y-1 at Yellowstone (Honda and Muffler, 1970} clinoptilolite in 
less altered, high-level rocks gives way to analcime in deeper, more highly 
altered rocks; this zeolite zoning sequence is very similar to that observed 
in well 2. Of course, the alteration of well 2 could be entirely 
paleohydrothermal, so all other downhole data should be compared with the 
alteration assemblages to determine the probability of a concealed thermal 
resource at this site. 

Thank you very much for submitting these rocks for X-ray analysis. I 
realize you've had to wait quite a while for the results, and appreciate your 
patience. The analyses are intriguing; I hope they enable you to bring in a 
new field. 

Sincerely yours, 

Hulen 

JBH/jp 
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WELL No.? MINERALOGY, APPROX. WT.%[ ] (or)RELATIVE ABUNDANCE IE'] 
~ULK CUTTINE!S 

/d ~ '$'. to fJJ;jllo/v .:;- ~-....0 « -../ f-1(/ /!! IU. I!! "' ]'!_ v, 'i'!f. 
/!! ro" ,% ~ 0° h ' t.:~ h "lti.f -5",; 'J' VI 

ML. SI-L J: !? I{ l<_d 0: .f? i:< I!!! t:-0 JJ ili ~~';_,ttl 
.:J ' v: ' <t: -../ -.J 0 ' 

SAMPLE NO. Gl &' ,« ~ IJ..-..1 ':fl. .-::(;It~ « t{ :,:-~~"{t'j:y >/POTHER. NOTE5 f'Ht-7E:7 

1'70-200' :w M 7k M -

700-770' 7k M M M 

7'70-BOO' M 7k M 1'1':0!>""1.> I>.I:>LIN171>.NT 
GLA.$ 

900-Cf?O' 1?1 I.MM M 

11zo-120o' lMM ~? -

'zoo-!zl?o' »1 T!r? Tlr? 

IB00-1540' .10M 7-f.' $? 

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

~ SUMMARY OF X-RAY DIFFRACTION ANALYSIS 
UNIVERSITY OF UTAH RESEARCH INSTITUTE, EARTH SCIENCE LABORATORY 
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WELL No.-1 MINERALOGY, APPROX. WT.%[ ] (or)RELATIVE ABUNDANCE~ ' 

' "BULK CUTT 11'-197 ' 
' 

'!'., .r ff!JA I f'A: lrlitf , M L S2-3o 1 ,. , ~ , l ,! !' t;.~ " :1}/r·/l.;;fJ 
i 'J" /r- tf iiJ W ~ tJ ~--."' (/ -0 lrY OIJ( ~ ~ i? t{ qf 

.::; ~ ~ ~ " ' it' -J " ,./ 1/j 1-0 

SAMPLE NO. G -&-- ~ ~ tJ." 'tfi ~l ;tlf:'i' .Y 11~ J}j,{J~tJ NOTE~~~~ 
- - -

2'70-?00' MM 171 7l( 7k I --
' 

-- -
700-770 M P[l>I>AI>'-1 .b.I>Uf-WAA'f 

(;iL- ss -- --

600-570 M m M ~? 

! 
I 

~ 
1100-1170' MM -, 

Iff I 

-- -
147<?-1700' 7ir M Hi" M M Iff 

i 

.),. 1700-1770' M Hi" M Tlr? 7)(? . 

--- --
1900-1970' Tlr M m M 

-

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

~ SUMMARY OF X·R.AY DIFFRACTION ANALYSIS 
UNIVERSI1Y OF UTAH RESEARCH INSTITUTE, EARTH SCIENCE LABORATORY 
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Yilt 5'/-1~ -----· MINERALoGY, APPRox. W:r.% []cor> RELATivE ABuiWAiicE:~ .. _, WELL }.Jo. ~ 
13ULK eUTTIN6\:? 

I ML-54-\~ · 1Y ~-- ~~' L/ fr j;Jtfl ~-_Itt rJ".t $'/!! jtf OJ t-It; ~~ it~ (fl t/fj lj!t f!' ;l;;~/fpJ'J 
:l l 5- ((Iii ..f ,i tJ: ~f f &;alllj)J; ~O.Ji, 

SAMPLE NO. G & k ~ 11." Jl "'~ « b( a~$t:r ~)(__.J NOTE::5/ OTl-\El'.. 1'HI'.~ i 

- -

._1'70-2'00 ' MM 1if.? 
! 

-

-

\\' - -
zoo-z?O' MM. ~ /{, <":;: 

') \-~ 
,,, ~) \ '"I' 

8'70-900' MM. Iff· '(!~.. (_ . 
- ,O.L50 u~t<>PWN 7A'4);: 

r",o..,;e 
1?00-1770' MM 111 ~r 

., 
LA~ 

1'700-1'7701 Ml4 ;li'.? lir? 

1'7'70 -1600' ~ K? 

1']00- 19?0' ~ 7/(? IT/ 

21'70- zzoo' MM m 

- -

-- ;o __ 

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

~ SUMMARY OF x-RAY DIFFRACTION ANALYSIS 
UNIVERSI1Y OF UTAH RESEARCH INSTITUTE, EARTH SCIENCE LABORATORY 
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~w,;_~~~-~~95 ~~~PPfot~}AfNnANCr 
~~lA f j ~ k ~$,fl 771 , 5 ~ .f-, q_ lf ~ .f ¥ _:; J !o..)~~~-0 r-JOTE5 011-\ER.. 

SAMPLE NO. 0: 8' ;: ~ 'rl ! t:( I~ IY ~ f'~~CJ:~Jf;i I I I PKt-.i~? 
- --· -- ------ - -- - - - - - =!"'-~; "'"' -- - - - - -- -- -- - - -' 

WELL t.Jo. -~-- __ -I-

111L ?.r- ' 1-- ---,-
~ ___ __2_2Q -400 -1-- ---

71(? 
--- 1--~ --- - - ---- -

·- -·--·---
G?00-670' ~ fl\'? 

' . 
·------ ·--- -- -1-- -·-f--- - --

500-570' ~ 1/7 7li? -
I I 

~-
-

_lQ'ZO- I I oo' -I-
;ll'? llll' m ! - ·-- - - -----

I 
' 

---- --1-- - - - ----
--B.zo-tozoo 1/7 7i<? //7 m i\Elll!-ll7At·JT <SLII. '7.7 --
------- lMP. - ------
- 1770-1800' -- ~ 111 

t--1-- -- - -I- 1---
. 

- -

~ t~7o-zood 111 
-1--- -- 1-- f---

-- --- -·-- -- ---1-- ---
____ .tru.:.J.diL.- --- --- -I- - --- ·- 1--- -- ---
--YY~\..1.. h!Q L - -- - -----1-·-·- - -·- --· f.----·--------

'" m 1-- - 1·- 1-· 
___:rgo =I1'd 7i( /If 1?1? 71( 

1--- ---· --
---

--------------- - -- -·-1-- --· --- ·-- 1--- --- ·-- -- ·--- -- - ~- -· -·-1--- ------
-- 1---f- ---f- ---

-- '"---= ·- ··--- .. ·;;·,;;;;--·- =- - --
MM =PREDOMINANT }..{=MAJOR m==¥INOR Tr= TRACE ? = TENTATIVE IDENTIFICATION ......... ~~. .. i¥U4 , ..... ··- ' ...... ..,..1!11:------llt d ... ........... liNUi'll .... l""llll.rl-t- b :"'•-- A .... JUD#it!A_, 
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------1 
---~£:i~=.ZZ Jl-1-­
flo_,_~ 
_ 710-IC?'id II IM' 

BT0-"1"20 -. ~~II ~-i4 lffiiH-11 llJIEII~~ I // 

I ITO -1'2:"20 --f-­
._L440 -141o' ~--?" 1--

1710-1740' IIML-?i' 
-l.~ZO- 1"170' O"Mlf,7 
___ .2,ZQQ_-:2,Z2S:i_ II M I ITT 

~,~ 0i 1Milli--t=i=1 j 0++-=t;t-=1 I t-± I I II ~ I 
-•lH'' I I_Jlt·t=HJq;l t--l!fjj-1 I t1 tttt I 

I . I - ·r-·-~- -ML ,S?-11 · ;· - --r-- - --- _ 
~11 '?CXJ-2'p m I 
. '22Q::.(QQQ IJ\< "'.> !k.? . • 
,. ~ e:.: 111 r-· 
l .J3QQ- =r-. / . IJliJP'. m r-· · I _ _L]QC2=.Jl'2.u. lJ)!.l m 71i'? . ~ "'~ . ~ 
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•-- ~ t:t:J I I 1 I_ I I L. I -~-·t-1--t-tt=LJ I J=~*ORM~~-re rm:-. 
MM = PREDOMINANT M = MAJOH m = MINOR Tr = TRACE ? = TENTATIVE IDENTIFICATION 

m-..- - \----"--J-... .. ,___ ---~-· .;:.- -· -~~-- l :::... - ... -·· 
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WELL~l.~ c:'u1T 1~67 MINERALOGY, APPROX. WT.%( ] (or> RELATIVE ABUNDANCE0 

!! /! rf l ~ ~ /! /! t;;,n; dro/; I 
G-1 F I,_ b l i % N .l " if " " I ... 'l!fi,f(rt ;!/'/;;~ v~ff 0w f ~ $~~ ~ N~ 

SAMPLE NO. ci' 'tf .« l ~« /iJJ tf: f{ t( 'if ~vff& t} v f an4ER ~"~s 
'1..70- ?70' m - - -

Tl( Tl( .R . 

r-- -- ·- t---- ---
4~0-410' ?if'? rm· tt Tl( R 

-- . - -
720-750' .M 7X M- 7k 

960-toro' Mi0 Tl( 7k 

. 1'260-I?BO/ IMM 171 m 11'1 I 
I 

17TO-IB60/ 111M 7,{ Ill 

tMM --
'ZZB0-2?00/ 111 

Z~f.O-Z0BO' tM&1 ?if' 111 

7040-?IOC/ tMM /?/ R m 

?"100-~f,O' IM Iff." tMl0 lk? Tl( /17 ·--- -
--

?'160- ?6 70' /?/ m /?/ 1?1 --1--· 
--

?crtO- ?9'10' /11 m Tl( 1?1 7/(li f' - IJ(A&;A:<{T$ - ,.~ 1--1-· 
;Jf' Olf KAO./../N/}"1!:; 

--
MM =PREDOMINANT M= MAJOR m=MINOR Tr= TUACE ? = TENTATIVE IDENTIFICATION -.. --·· 1 SUMMARY 01=" X-RAY DIFI-.. RAC~riON ANALYSIS 

fj!.. UNIVERSI1Y OF UTAH RESEARCH INSTITIJTE, EAR1ll SCIENCE LABORATORY 



• i"IL C. s--.z.r:. 
SAMPLE NO. 

~~-· - ·- - . 
I WI= I I ll,-, 1'7 

4170-?oO rwr-
_:J_2fr{";()() [N" Tm 
_10;20-11 no' _ ltV. I !;«>"' 

1220-t4nn' M \.1 ;?(' 1!1 

IC,On-tC:.,:;n' ;?(' i.1 7K !/!~ 

'i"""\_:-_lql ' v1 --

I ~&-~ _bl _zt()Q-:ZI'7Q 

= -

.......______......___,_ __ 

I I 1=-~-·-

~ --

~-

.. 

·- ·-· 

OTHE!Z 

I"H/1..'5E~O'H:::s 

I 

~~-:ri~ !_1 ±J_ttJ_J ,--t8=1-t I I I I I ·I I I lb~i ~UAP;j 
%z1:_-w

7 
FfMi' - --F=i-~ BZ9- BICi~~. _ }t; 

1178 -I.ZOB' , . 7k 

~]"! -1113.:..+-t I I I I Ml I 1!1 
..J!ZBB-1017' M M 

1M 
111 

111 

.-- II I I I I I I I I I I I I l--1 I I I I 1-+ I II I 
111111 11111111111-1--111 --1 

·------· -11- ~-1- l I I I I I 1--1- l--1-1----l---1--1- --
-- II I I I 1--f--f I I I I I I I 1--f--111---1-l -ll--1-1 -lli--------1 

1- ll· I I -1-1· I I I I I I I I I I I I I I I I 1-11'-------1 
.. -l I I I L-..1 ~--·' .L _L__!I I 

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

~;. SUM1'4ARY OF X-RAY DIFFRACTION ANALYSIS 
UNIVERSI'IY OF UTAH .RESEARCH INSTITUTE, EARTH SCIENCE LABORATORY 



·, 

* MA.Y UJC.LL!DE OTHER, A}.Aq:t.pHQ.J<? Pl--\AS£9- SUCH b..S Q7AL 

MINERALOGY, APPROX. WT.%( (orlRELATIVE ABUNDANCE! vl 

" .~ .Q ~ ~ {<; 1:: ' ~ 1': 'J9 ~t '" & ~rfi- If 0'~ 0 ~ # (f~ cJ ~t I fDS?IBL: ~-
5El--l'l' n.l 'T'Rt>.c.E. 

SAMPLE NO. 

"fjP ~;fl;., #'l/fiX1J~1if! 
Q;;/tf ~fi>. J ff/ >:;(~ ~ ~ j'-< d r.!' tf &"" :9 fl cf 

1/;~~,~n~ 
Mit-lOR. AM''J?. 

WELl 62-21 l . I / ,,/ ./ 

' 
530' Mf..J 411 <m L/lf m: Cf')( ' 0")(' />.? 

1035' tviM !Lm M m. !Lm ~'·' 
1700' 1N M .C//1 Ill . CfY ,N' 

1973' lM L/1! <m. M !Lm. 1/i? 1--<m ci')(,N' 

2132' ;?/. L//1 M 1/1? C.PX,N' 

WELL 68-16 . 
.' l,/ . 

508' IM II. ft.! 111 L/1! 

1039' M. 1!-. 1M 111 ~111 !Lm. 
1338' 111 ~ 
1740' IM 1'111 M C,f')(, 

1857' /11 1'111 4/l . . IMM 
???7' lMM !em. /11 1!1? CYf_, N' 

2599' MN. 117 :M !Lm •. 

2936' w M f<:'m <1!1 

WELL 86-23 I .. . , ,I ... .. 
694' M jLII! LJ11 f?!? CJ")(, N' 

1085' M f:m L/!1 fw? c'f')(' crt:, N' 

1554' 11\'\1 m II! WI-" &, N' 

2258' lt-.M L11f f<:'m lm'·' CJY, N' 

3157' fMt'.i f:m IM W;? CP)(, Of}(, N' 

3497 I IM IM Vff.~ ..:m Cf'l(,W 

MM = PREDOMINANT M =MAJOR m=MINOR Lm = <5wr.% ? =TENTATIVE IDENTIFICATION 

~ SUMMARY OF X-RAY DIFFRACTION ANALYSIS 
UNIVERSITI OF UTAH RESEARCH INSTITUTE, EARTH SCIENCE LABORATORY 
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* MAY 1/JCLUPE OTHER t>-MORPHOJ5o PHASE5 SUCH !..? <YAL 

MINERALOGY, APPROX. WT.%0 (orlRELATIVE ABUNDANCE[ZJ 

~ I} ({- t;j ~ 0 "( :;> (J lq (?, (; '.!{1 ;..:_ tm-lE.~I-lA ?E$ 
551 PRE-

:56-l'T' Il-l ~ 
SAMPLE NO. 

i!Jt"' ~ /.v !_; 1/f i}' £<~ ~~0 • ///; /!1 ro $ ~ Cl'$ 10 0. ro ;til!:' 0 V 
'dv ~ ll? !<: v ~ tJ ;p: J! :;~";{ 'd. VI "' ~r;-4? · 

tt>~ '* t~," ~ I$ ~ Oj .:(~ ~ t.i 0 MJ!-JOR., 1J,1 "TP. 

WELL 45-36 
100' JvlM L/lf L11f 111.? crx.ax, />.f' 

480' Itt M 111 IMM Ll1f 

1000' MM L/lf Itt 11/? c_ f'>( ' C(')(' "" 

1470' MM L/Jf Ll1f Itt 111? CPl. 0'><, />.f' 

1860' w.IM !«m Itt 1v1 m-r w 

2390' l1f -<;W M ..em f'!1? />.f' 

2780' IM M m "'111? L/11 L/lf 

3100' M M VI:. L11f. L/lf "'lliM'ffif'-Jli' "' PK L LB<lE 

3600' m 1M L/11. M 1!/? c'Pf,W 

4000' m 1'1/ :vlv. 4/Jf It! 1/1? AMPH 

WELL 57-13 I • 

781' ..c.l11 }.1lvl Cf'i 

1423' 111 ~ . 
1637' L/ll IMM 
2079' m L/11 M INM L/11 L/11 L/ll 

2426' f.Cm IMM 
2929' w IM m~ Cf'i 

MM = PREDOMINANT M =MAJOR m=MINOR L//7 = < :5W'r.% ? =TENTATIVE IDENTIFlCATION 

~ SUMMARY OF X·RAY DIFFRACTION ANALYSIS 
UNTVERSI1Y OF UTAH RESEARCH INSTITUTE, EARTH SCIENCE LABORATORY 

- -- -·-- - -----



·, 

l¥ MA.Y ltJC.L.UPE OTH~ A.MO~PHOlJS 1'$.-iA.SE5 $'-IQ-1 A,_ O'.O.L 

MINERALOGY, APPROX. WT.%( ] (or)RELATIVE ABUNDANCE(Z] 

4~~~Q;~ if;{q; &0£#/t-l:!W~!! ~.r{llfi! ~~ I j 
%~~d w rff f' Y/0& cr~ v- '!J/;'Wlv; fqrH~ T? 

SAMPLE NO. riiff.R/.:,.~ /(//#.#.f. tf' :Jbt AfJ!li~ 
WELL 28-32 

440' M m iMMJLmi L/11 

860' m M m if'W Lll/ 

1280' M M m !Lm 
1500' m M M m !em. Llll 

1950' Lm. Lm.t],1N M JLm IQ!? crx,,., 
2480' IM M !Lm. m """'" 4> .. "'""'" 
2950' M w Ll/1 
3 53 2 ' m !Lm. IMN £111 Lllf t-cm ·I M '1!1. 111 ~ CR:<, o.P 

3968' IM m? M m m "'-m 
4500' m jm."' :M ""m M !-em Ll?! m 

WELL 29-1 

467' 1MM IM "" 
1297 • M m ~~ JLm 
1951 • m IM u f."m 
2375 • f.",?! 1MN ,., 
2803' Ll/1. !L111. Lm! f"'m. M m. ~>.P 

3088' f"'m. m m? cn.,AY 

. 

MM =PREDOMINANT M =MAJOR m =MINOR Lm- <:.;?WT. '7o ? =TENTATIVE IDENTIFICATION 

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



1..7-'2.7
1 

-,ceo':-- :f 2.71 ~. PEAK (NOT P'{. OR W-PC.) MA.'f &E. IMPURE. HEMATITE. 
:* MA.Y I~CLUPE Oll-IE~ J>J...10'.PHCUS PHASE~ SUCH A? CPAJ.... 

MINERALOGY, APPROX. WT.%0 (orlRELATIVE ABUNDANCE! VI 

SAMPLE NO. 

~ ~"'~$!'~~~,~ cf ).._0~~ t!; 0 !r $ (j ~~$ V)t1 
"( .!(! ' '<( ~ ~ 0 0 ' o-.1 '< 

(i tY ~~ .t.f ~ " $ ~ ll{ :;f' J'~ ~ &' 
/f~Lm"! ~If-! 

'10 Mlf-!Of<: MA'~· 

WELL 14-23 
444' .::m w .qn f-o/1.' f71?' CYX' eN. ' N" 

816' M-41! IM N", 8:JE 

lA62' ~ I'm! m jm?' N" 

1903' 111 111 IMN. 
2325' <:llf If'!! m IM m <:/If 

2599' ~ f..:m. f<'Hi M N" 

2998' ~ f<llf. .</If mr N' 

WELL 18-34 
583' \MW,<:Ilf mr llf, OLV 

1289' w 
1983' //1 M m fvi !em .CIIf ~/If. 

2507' M M. m illf? 
2932' 1M <111 i-"111 111 m? N' 

3498' 1M c11f i<m. 111 II!? C1i'J' ' "" 

WFII 27-?7 
619' mf CPl<, N' 

1266' i"'1fJ /l!f w, a...v 
1635' M 11-J 0-'1 

2145' lfv<ll! f.<llf. lm1' cF)(, 1-f', OL'I 

2543' 1/; -</11 f<m. f4'!!~ I!! I' CN.,J:.P,a...V 

3000' If, ~!"+ 1-<m m? W, OLV 

MM = PREDOMINANT M =MAJOR m=MINOR L./lT = <~% ? •= TENTATIVE IDENTIFICATION 
-~----

~ 
~- ~--- --·-- --
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Appendix 2 

The distribution of alteration zones observed in temperature boreholes drilled 
in the Glass Mountain Area. 

. 
Well Name Total Sampled Depth ('!.D.) Alteration Zones Interval 

GMF 56-3 1760' Zeolite-Smectite <205'-1058' 
Argillic 1058'-T.D. 

GMF 45-36 4000' Unaltered 0 -1000' 
Zeoli te-Smec ti te 1000'-1820' 
Argillic 1820.-2500. 

3430'-3720' 
Prophylitic 2500.-3430. 

3720'-T.D. 

GMF 28-32 4500'. Unaltered 0 -2480' 
Zeoli te-Smec ti te 2480'-2&80' 
Argillic 2680'-3460' 
Propylitic 3460'-T.D. 

GMF 44-33 2263' Unaltered 0 -300' 
Zeolite-Smectite 300'-1350' 
Argillic 1350'-T.D. 

GMF 1,7-6 4009' Unaltered 0 -1280' 
Zeolite-Smectite 1280'-2680' 
Argillic 2&80'-T.D. 

G:1F 84-17 163&' Unaltered 0 -1419' 
Zeolite-Smectite 1419'-T.D. 

GMF 87-13 91&' Unaltered 0 -242' 
Zeolite-Smectite 242'-900' 
Argillic 900'-:r.D. 

ML &8-16 2939' Unaltered 0 -2227' 
Zeolite-Smectite 2227'-:r.D. 

ML 57-13 2929' Unaltered 0 -2928' 
Zeolite-Smectite 2929'-:r.D. 

ML 14-23 3003' Unaltered 0 -1462' 
Zeolite-Smectite 1462'-:r.D. 

ML 29-1 3088' Unaltered 0 -2803' 
Zeolite-Smectite '2803'-T.D. 

-39-



Appendix 2 (Cont.) 

Well Name Total Sampled Depth (T. D.) Alter-ation Zones Interval 

ML 36-28 2246' Unaltered 0 -1500' 
Zeolite-Smectite 1500'-2084' 
Argillic 2084'-T.D. 

HL 75-6 1998' Unaltered 0 -1050' 
Zeolite-Smectite 1050'-T.D. 

HL 57-ll 3002' Unaltered 0 -800' 
Zeolite-Smectite 800'-T.D. 

MI. 2-81 740' Unaltered 0 -T.D. 

HL 86-23 3503' Unaltered 0 -1554' 
Zeolite-Smectite 1554'-3503' 

ML 54-19 2201' Unaltered 0 -1900' 
Zeoli te-Smec ti te 1900'-T.D. 

ML 62-21 2142' Unaltered 0 -1035' 
Zeolite-Smectite 1035'-2115' 
At"Killic 2115'-T.D. 

HL 65-26 2180' Unaltered 0 -T.D. 

' 
MI. 52-30 1972' Unaltered 0 -1100' 

Zeolite-Smectite 1100'-T.D. 

HL 27-27 3000' Unaltered 0 -T.D. 

MI. 1-81 640' Unaltered 0 -640' 

MI. 18-34 3500' Unaltered 0 -2932' 
Zeolite-Smectite 2932'-T.D. 

MLF 51-2 1836' Unaltered 0 -900' 
1150'-T.D. 

Zeolite-Smectite 900'-1150' 

-40-


