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April 16, 1984

Alex Schriener

Area Geologist

Union Geothermal Division

Union 0il1 Company of California
2099 Range Avenue

Santa Rosa, CA 95406

Dear Alex:

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* ts apparent between about 18 and 34°26, 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
saﬁples; it is a major component of three, With a basal spacing of about
14A, , the smectite probably contains calcium and/or {less likely) magnesium
as the principal interlayer cation(s). I1lite 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 c¢linoptilolite. 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.

0f 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 (UVURI/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. 1In
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. 1
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. o :

Sincerely yours,

jker

Jef fTey B, Hulen
Geologist

JBH/jp
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1035 | M V% B A _
1700" M <7 | 7 CPK, AP
1973" <7< f M L7 A 17 7] <77 cpx, AP
2132" M(%”éﬁ M Y da OPX, AP
WELL 68-16 1
508’ M M 7 <17
1039" M AN ZA I i
1338 Y VM
1740" <77 M| A,
1857" 7 Py VL
2227" ‘ <l |7 s Hc:r«.w
2599 MM 77 | M 177 ' '
2936 M <p7| <
WELL 86-23 ,
694" 7| |< 7 2 or%, AP
1085’ /7 Vg4 7 7 apX, OFY, AP
1554 Yook 77| V77 CPX, AP
2258" MMl || e /77 7 i arx, AP
3157 /77 M V7 7 dpx, OFX, AP
3497 M M i P\ <r aPY, AP
MM = PREDOMINANT M =MAJOR m=MINOR <# = <Bwr% ? = TENTATIVE IDENTIFICATION

&_ SUMMARY OF X-RAY DIFFRACTION ANALYSIS
? UNIVERSITY OF UTAH RESEARCH INS TUTE , EARTH SCIENCE LABORATQRY




Mo S\ -1

WELYL No. 2

BULK. AATTINGS

MINERALOGY, APPROX. WT.%

ML-54-19)

SAMPLE NO. /¢

150-200

NOTES /OTHER. PHASES |

500-5%0

G l
.

B850 -900°

\200- 13507

1500 - 1550

cd

2

1550 -1600’

%7

o —— - —

Vo

i 1900~ 1950’

LG%- 72700°

2R R EEE R

a7

—e —

4 'oN TI3aM

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

é.. SUMMARY OF X-RAY DIFFRACTION ANALYSIS
: UNIVERSITY OF UTAH RESEARCH INSTITUTE , EARTH SCIENCE LABORATORY



GME 553

TWELL. No. 2.
| BULK CUTTINGS

SAMPLE NO.

MINERALOGY APPROX WT% .

() RELATIVE ABUNDANCE

taoe: Sez2”

2 aavl

787 - 886

1O -1 1457 | VIV ?

426 -1459° 77 M »

1727 - 17607 7”7 M. 77 7 7

fo:z,|+cm IO SE Giga ‘<|

e e e

T .
e fl—

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

i

SUMMARY OF X-RAY DIFFRACTION ANALYSIS
UNIVERSITY OF UTAH RESEARCH INS _UTE , EARTH SCIENCE LABORATORY

Z O TTTTI=EM



r K MAY INCILUPE OTHER AMORPHOUS PHASES aSUCH AS OPAL.
MINERALOGY, APPROX. WT.%| ' l (or) RELATIVE ABUNDANCEM.HA
COTHER,
SENT ‘I%L?R%EEE;
SAMPLE NO. FMINOE, AM'TS.
WELL 62-21 :
530’ </ </ <47 Vo8 CPY,OF%, AP
1035 =4 M E <77
1700 M M Al | h CPK AP
1973' <77\ <l M | il <77 dex, AP
N 2132 <A< M 77 dPX, AP
WELL 68-16
508' 7 <
1039" M 7 s/ <177 7
1338" N MM "
1740" j%! <177 M o,
1857 7 177 | <7 MM
2227 _ <A 7 777 CPX, AP
2599' MM 77 13 7
2936 M (M a7l <
WELL 86-23 ) )
694" AT <47 P CPX, AP
1085 o4 < rad AP, OFK, AP
1554 777 77 V77 7 AL, AP
2258' MM e /77 7 apx, AP
3157’ e 177 ™M A apx, OFK, AP
3497" M 1Y% i P <7 P, AP
MM = PREDOMINANT M = MAIJOR m=MINOR <« = <SBwr% 7? =TENTATIVE IDENTIFICATION

éi. SUMMARY OF X-RAY DIFFRACTION ANALYSIS
£.  UNIVERSITY OF UTAH RESEARCH INSTITUTE , EARTH SCIENCE LABORATORY




