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RE: EVALUATION OF S BSURFACE TRACE-ELEMENT AND WHOLE-ROCK 
OXYGEN-ISOTOPE DATA FROM THE MEDICINE LAKE HIGHLAND, CA 

SUMMARY 

The analysis of temperature borehole and deep exploration well 
trace-element mercury and arsenic and rock-oxygen isotope data 
successfully establishes that high-temperature hydrothermal activity 
has and possibly still is occurring at Medicine Lake Highland. Three 
principal areas of significant hydrothermal activity are the : (1) Mt. 
Hoffman - Hot Spot area, (2) Telephone Flat area, and (3) Schonchin 
Spring- Grouse Hill area. Since deep (>3000') drilling has only been 
attempted near Mt. Hoffman, that area alone shows direct evidence of a 
well-developed, high-temperature geothermal system. Nevertheless, the 
'<eochemical data suggest that high-temperature geothermal activity has 
probably been widespread. Whether the geochemical anomalies result 
from current or extinct hydrothermal activity can not be determined 
from this data set alone. Therefore, geochemical, mineralogical and 
the proprietary subsurface temperature data must be synthesized to 
correctly evaluate the potential geothermal resource at Medicine ~ake 
Highland. . 

RECOMMENDATIONS 

The comprehensive understanding of hydrothermal activity and alteration 
assemblages have been shown to be essential for geothermal resOurce 
development and management in the Philippines and Indonesia. 
Therefore, the following studies are recommended on the thermal 
borehole and exploration well samples from Medicine Lake Highland: 

1. Detailed petrographic and XRD data should be collected and 
integrated in order to (a) classify and describe alteration 
mineral assemblages and (b) identify any relationships between 
the assemblages and general stratigraphy. This study should 
include GMF 68-8. 

2. Hydrothermal quartz and calcite should be sampled for fluid 
inclusions and oxygen isotopes. These data are useful for 
approximating the temperature, salinity, and oxygen isotopic 
composition of the fluids in equilibrium with .the alteration 
mineral assemblages. The wells recommended for sampling are 
GMF 28-32, GMF 44-33, GMF 45-36, GMF 17A-6, GMF 56-3, GMF 68-8, 
and ML 36-28. · 
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INTRODUCTION 

Medicine Lake Highland (MLH) is a basaltic to rhyolitic volcanic 
complex located in the southern part of the cascade geologic 
province in Siskiyou County, California. Volcanic rocks at MLH are 
primarily lava flows that range in age from 1.18 m.y. to 1,000 years 
(Luedke and Smith, 1981; Mertzman, 1982). Surface hydrothermal 
manifestations consist of argillic alteration and weak fumarolic 
activity (l68°F) at the Hot Spot (Figure 1), and argillic alteration 
and local silicification in the Schonchin Spring and Crystal Spring 
areas (Hausback, 1984). Unocal has actively leased competitive and 
non-competitive federal land at MLH. The majority of the Unocal 
leases were incorporated in 1982 into the Glass Mountain Federal 
Unit. Unocal operates the unit and Santa Fe Geothermal and Geysers 
Geothermal are active participants. 

This report integrates whole-rock oxygen-isotope and trace-element 
mercury and arsenic data from 24 temperature boreholes and one 
exploration well (GMF 17A-6) drilled at MLH. The purpose of this 
study is to {a) develop a conceptual geochemical model for the MLH 
geothermal system, (b) select borehole and well intervals for fluid 
inclusion sampling, and (c) determine in which boreholes warrant 
detailed mineralogical studies. 

METHODOLOGY 

A. OXYGEN ISOTOPES 

Whole-rock oxygen-isotopes are effectively used to map the 
coincidence of high temperatures and high water-to-rock ratios. 
Oxygen-18 isotopfg exchange between rocks and water is systematic 
and varies fromo 0 enrichment of the rock at low temperatures to 
depletion at high temperatures. The •crossover• temperature between 
errichment and depletion is dependent upon rock mineralogy and the 
o 8 o of unaltered rocks and the geothermal fluids. Since the 
oi~o of the geothermal fluids at MLH have not been measured, the 
o 0 of local meteoric water (Gallinatti, 1984) is used to 
estimate a •crossover• temperature that ranges from 60° to 130• C 
(or 140• to 265°F; Brian Smith, personal comm.). 

B. MERCURY AND ARSENIC 

Elemental mercury (Hg•), being volatile and having a relatively high 
water solubility, is an extremely mobile element in the geothermal 
environment. When a Hg•-bearing geothermal fluid mixes with cool 
oxygenated water, or with low-pH oxidizing water, Hg• is oxidized 
and precipitated as HgS. If a geothermal fluid develops a vapor 
phase, Hg• is strongly partitioned with the vapors and migrates away 
from the high-temperature area. The mercury vapor is then either 
(1) precipitated as HgS when steam condensation and fluid 
acidification occurs, (2) adsorbed on the surface of clay, organic, 
and organometallic compounds, or (3) lost to the atmosphere. The 
end result is generally a halo of mercury enrichment around the 
geothermal system (Varekamp and Buseck, 1984). 
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Memorandum 

UNOCALe 

April 26, 1989 

TO: David Sussman 

FM: Daniel L. Carrier 

RE: GLASS MOUNTAIN AND WELL DATA 

l2_AVIo'sb'ssMAN 

MAY l 2 1989 

This memo contains summary data from temperature boreholes and 
exploratory wells drilled in and around the Glass Mountain 
KGRA, Medicine Lake Highland, California. Principal facts for 
the boreholes and deep wells are presented in chronological 
order in Tables 1 and 2, respectively. Included in the tables 
are information on completion dates, total depths, bottom hole 
temperatures and gradients, and mineralogy. In addition, 
production and casing information are included for the wells in 
the "comments" section of Table 2. By convention, those 
boreholes and wells drilled inside the Glass Mountain Federal 
unit are designated as "GMF", and those drilled outside the 
unit are designated as "ML" or "MLF". These data were all 
obtained from Unocal files. The information presented here is 
current through March, 1989, and will be updated as new wells 
are added. 

A location map for the boreholes and wells is shown in 
Figure 1. Figures 2 to 7 contain composite temperature-depth 
profiles for all the wells and groups of the boreholes. 
Individual temperature-depth profiles are presented in 
Appendix 1. Principal facts for boreholes and wells are shown 
on a summary map in Plate 1. 
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i'.pdl 26, 1989 

TO: David Sussman 

FM: Daniel L. Carrier 

RS: GLASS MOUNTAIN $OREHOLE AND WELL DATA 

' 
This memo contains summary data from temperature boreholes and 
exploratory wells drilled in and around the Glass Mountain 
KGRA, Medicine Lake Highland, California. Principal facts for 
the boreholes and deep wells are presented in chronological 
order in Tables 1 and 2, respectively. Included in the tables 
are information on completion dates, total depths, bottom hole 
temperatures and gradients, and mi~eralogy. In addition, 
production and casing information are included for the wells in 
the "comments" section of Table 2. By convention, those 
boreholes and wells drilled inside the Glass Mountain Federal 
unit are designated as "GMF", and those drilled outside the 
unit are designated as "ML" or "MLF". These data were all 
obtained from Dnocal files. The information presented here is 
current through March, 1989, and will be updated as new wells 
ore aOded. 

A location map for the boreholes and wells is shown in 
Figure 1. Figures 2 to 7 contain composite temperature-depth 
profiles for all the wells and groups of the boreholes. 
individual temperature-depth profiles are presented in 
Appendix 1. Principal facts for boreholes and wells are shown 
on a summary map in Plate 1. 
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Table 1: Principal facts for temperature boreholes drilled in the Glass Hountaln KGRA 1981-1984. See Flture 1 for locations. 

TEHP. 
BOREIIOLES 

HL 1-81 

HL 2-81 

1 GHF 56-J 

CHF H-J3 

... GHF 87-13 

· CIIF 84-11 

I CHF 17-6 

' HLP 51-2 

,.,.- HL 52-JO 

_,..HL 36-28 

l HL 75-6 

HL 54-19 

HL 65-26 

CHF 45-36 

H~ 29-lA 

~,D 
ELEV. 
(Ff:ET) 

5640 

6-400 

6800 

6940 

6720 

6960 

6720 

5413 

6380 

6700 

6600 

6200 

6230 

6960 

6640 

TD 

1FEffi 

600/ETO 

l~:;. ...... 
764 

725/ETO 

1788 

2263 

918 

1636 

400~ 

1836 

1972 

2146 

}g98 

2201 

2180 

4000 

3080 
(2800) 

811T("F) 

.{DEPTH) 

40.4 
(600) 

39.7 
(725) 

134.5 
(1788) 

371.2 
(2232) 

309 
(918) 

239.9 
(1636) 

478.5 
(3980) 

49.6 
(1836) 

84.0 
(1972) 

192.7 
(2132) 

110.4 
(1983) 

98.4 
(2191) 

150.1 
(2111) 

369.9 
(3961) 

158.6 
(2800) 

BIIG (•11/100') 
INTERVAL (FEET) 

0.2 
400-600 

0 
675-725 

10.1 
1425-1788 

-1.64 
1900-2200 

28.0 
650-918 

11.7 
1500-1636 

11.5 
3940-3980 

-.4 
1575-1780 

6.8 
1150-1972 

19.3 
1658-2121 

8.6 
1775-1983 

13.8 
1940-2180 

2.1 
2025-2171 

2 •• 
3560-3967 

9.8 
2640-2800 

THAX ("F) 
(DEPTI]~ 

44.2 
(SO) 

54.0 
(125) 

134.5 

396.3 
(1580) 

309 

239.9 

478.5 

64.2 
(1025) 

84.0 

192.7 

ll0.4 

98.4 

150.1 

369.9 

158.6 

*Depth is shown lf different from the depth used for 8IfT. 

OLC/nvnb/5198T 
.::tit;. No.: UCA50.0401 

COHPAN'Y 

Uno cal 

Unocal 

Unocal 

Santa P'e 
Phillips 

Unoca1 

Unoeal 

Santa Fe 
Phillips 

Unocal 

Unoeal 

Phillips 

Unocal 

Unocal 

Uno cal 

Santa Fe 

Anadarko 

QATE 

10/81 

11/81 

09/82 

COMMENTS 

Unaltered; isothermal to TO. 

Unaltered; isothermal to TO. 

Zeollte-smectlte alteration from <205'-1058' j ar~;llllc nll Pt·nt I on 
1058'-TD; isothermal to 500'. 

09/82 Zeolite-smectite 300'-1350', arElllic 1350'-TDi e1Enlf1cnnt Hater 
ent~y@ 2260', isothermal to 775'. 

10/82 Bottom hole temp. exceeded tool capabillties, and a maximum l"eadln 
thermometer was used to measure the temperature. Zeolite--:>mect1tr· 
242'-900', ar~;illic 900'-TD; no isothermal section. 

10/82 Zeolite-smectite alteration 1419'-TO; isothermal to 175'. 

11/82 Zeolite-smectite 1280'-2680', arr;llllc 2680'-TOj isothermal to 12~> 

08/03 Zeolite-smectite 900'-1150', isothermal to 675', possible zono of 
lateral fluid flow 900'-1100'. 

08/83 Zeolite-smectite 1100-TD; isothermal to 1375', 

09/03 Zeollte-smectlte 1500'-2084'; arr;illlc 2084'-TD; isothermal to 14~·' 

09/83 Zeolite-smectite 1050'-TD; isothermal to 1050'. 

10/83 Zeolite-smectite 1900'-TD; isothermal to 1250'. 

10/83 Not altered; isothermal to 1175'. 

10/83 Zeollte-smectlte 1000'-1820', •~tllllc 1820'-2500', and 3430'-3720' 
propylltic 2500'-3430' and 3720'-TD; isothermal to 1150'. 

10/93 Zeolite-smectite 2803'-TD; isothermal to 1250'. 
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Table 1 Cont'd. 

t 
r ~'I~ ·7).-1? 7Lf"' TEHP. f.:LEV. TO BIIT("F) BHG (•F/100') THAX (•F) '-C I 0 __. ':/? 

BOREHOLES (FEET) (FEETl_ {DF.PTIQ INTERVAL {FEF.T~ ~DEPTH~* COHPAN! QAT!;; COHMEIITS ;_t,~C ~ ~ _. 
1\ ~ ~'YcJ" 

__.. GHP' 28-32 1240 (OIU3460 Santa Fe 11/8] Zeolite-smectite 800'-TD; isothermal to 1500'. 
(OP)~500 528.2 9.0 528.2 PhllllJlS 10/84 

(U95) 4182-4.1,95 

HL 57-11 6100 (011)1982 Unocal 11/81 Zeolite-smectite 2929"-TD; isothermal to 950'. 
(RD)3002 117.8 5.5 117.8 Phillips 10/84 

(3002) 2500-3000 

; HL 57-13 6140 3002 136.5 10.9 136.5 Phillips 07/84 Zeolite-smectite 1035'-2115', artllllc 2115'-TD; isothermal to 1250' 
(2968) 2740-2860 

~ HL 68-16 6130 2939 140.8 5,5 140.8 Phillips 07184 Zeolite-smectite 2227'-TOi isothermal to 1800', possible fluid flow 
(2935) 2844-2935 in the 2500' -2900' interval. Located in Section 21 and not 

Section 16. 

v HL 62-21 6590 2142 311.4 8.8 31L4 Phillips 08/84 Zeollte-amectlte 1S54'-J50J'; isothermal to 24SO'. 
I (2125) 1921-2124 w 
I 

\ HL 86-23 60.1j0 3503 163.1 6.5 163,1 Phllllps 09/84 Zeolite-smectite 2932'-TD; lsothe~a1 to 2000'. 
(3502) 3320-3.92 

..:---HL 18-34 5860 3500 137.4 15.6 137.4 Phillips 10/8" Unaltered; isothermal to 2500'. 
(3415) 3351-3415 

HL 27-27 5800 3000 88.0 5.5 88.0 Phillips 10/84 Z~ollte-smectlte 1462'-TD; Isothermal to 2350". 
(2995) 2655-2969 

HL 14-23 6560 3000 174,9 11.4 1H.9 Uno cal 11/B.Ij Zeolite-smectl te 2480' -2680', ertlllle 2680' -3460', p1·opyll tlc 
(3000) 2600-2949 3460'-TD; isothermal to 1250". 

*Depth is shown if different from the depth used for BHT. 

OLC/nunb/5198T 
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Table 2. PrinCipal facts- for deep exploratory wells drilled in the Glass Hountaln Unlt 1981!-1988. See Figure 1 for locdtlons. 

DrRP EXPLORATORY WELLS 

TEKP. RLKV. 
BOREHOLES .{fEET) 

GHF 17A-6 67~0 

TO 
(FOET) 

9620 

BIIT("F) 
(DEPTH) 

U9.~ 

(9436) 

CHF 68-8 6991 (OH)6571 540 
(6525) 

(DP)BU7 556 
(8100) 

CHP' Jl-17 1000 8787 5U.5 
(8400) 

BGH ("'F/100') TKAX 
INTERVAL {FEE!l._ (DEPTH)* 

s .5 499 
8964-9436 ( 435 7) 

],6 

6000-6525 
0 

7900-8100 

5,8 

8000-8400 

5<0 
(6525) 
~~6 

(7900) 

541.5 

* Depth is shown if different from the depth uaed for DHT. 

DLC/nunb/5200T 
Ctl&. No.: UCA05.0401 

CO!fPANY 

Santa Fe 
Phllllps 

Uno cal 

Unocal 

Unocal 

DATE 

08/84 

08/85 

07/88 

09/88 

STATUS 

SUSP. 

POTEN. 
PROD. 

POTEII. 
PROD. 

COHMEPITS 

Caslnf): 20" from 0-577', 13 l/8" from 0-3750', 12 1/4'' 
open hole to TD. History: • partlnt occu£Ted ln tho lJ 
J/8" casing at 3612' -3629'. A 9 ~/8"' liner was run From 
0-3104' (cemented) and a 9 5/8'' JJner was hunr;. 3554'-4240' 
(cemented); a bridge plug was placed at ~800' ond top of 
plug is at ~650'. The 3250'-3350' and 3~50'-3550' 
intervals were perforated and tested. No slgnlflcanl: 
prodliction was found. BHT is from a temperahn·e survey 
run to TO two days after an injection test and prior to 
placing the cement plug. Maximum temp. is from surv~y to 
4550' taken after the cement plug was in place and tho 
well was shut ln lor 252 days. Granitic rocks wero 
drilled from 7760'-TD. Propylltlc al-teration from 
3900'-TD. 

Casing: 13 3/8 .. from 0-1084', 9 5/8" from 912'-3515', 1" 
perforated liner hung from 3377'-8410'. Liner plugged 
from 8100'-8410'. Hultlpla productive zones: 5000 lo 
5600' and at 6500 !.200'. Produced JOOK 1/hr TIIF and IlK 
1/hr STH at 102 psla and at an estimated 500 BTU/I/. 
Propy11tic alteration from 3000' to TO. 

Casing: 13 J/8'' from 0~1123', 9 5/8" from 911-3074', 7" 
perforated llner from 2890' to 8777'. Liner plugged to 
8400'. Productive interval: 3760' to 3920"; produce(! 
4BOK #/hr THP and 78K #lhr STH at 102,psla and at an 
estimated 425 BTU/#. Hult:lple s;renltic dikes observed 
from 8110' to TO. Propylitlc alteration from 2700' to TO. 
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