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ABSTRACT

Filuid inclusions from 6 wells in the Geysers geotherma] fielg,
previously studied by fluid dinclusion microthermometrny, | were
analyzed for there volatile contents. Volatiles were analyzed|by
bulk methods of crushing-fast-scan (CFS) and thermal-decrepith—
tion-cryogenic-gas-separation (TFCGS) methods. Sample Tocatigns
were divided by reservoir temperature, alteration minerall assem-
blage, location and fluid inclusion microthermometry data into
zones of high temperature reservoir, normal reservoir], disfgal
reservoir, and external to the reservoir. :

CFS data indicates fairly homogeneous gas compositions, |whilch||iis
remarkable in light of the heterogeneous microthermometry dataon
the contained fluid inclusions. The water to gaseous specie |rafio
is higher in the fluid inclusions than the present steam reser- g
voir, which agrees with the fluid inclusion observations that the §
reservoir contained a liquid phase in the past. The gas composi—
tions are similar to the reservoir today containing more methlane i
and hydrogen than other geothermal fields. Gaseous spec1es|of i
high temperature samples are principally Cg, No, Ho and Hi,
organic species are mostly of low molecular mass-and a]ken%s.
Gaseous species in the external sample are pr1nC1pa11ﬁ CHQ;
organic species are mostly alkanes that have a higher p*oportipn .
of C4~Cg compounds than volatiles from high temperature samp]es. o
N1trogen argon rations are well above 1000 in samples |from |the i
main reservoir indicating a magmatic component,’ whereﬂs the BE3
external and distill samples have N,/Ar ratios near air|saturnat- K&
ed water (ASW) indicating a crustal source. Calculated oxygen |
fugacities based on fluid inclusion gas analyses indicate reser- [
‘voir fluids were more oxidized than the external sample |fillid &
that lies on the C buffer line. ‘ w o

Plots of data are compatible with three sources of gaseous [
species, magmatic, crustal, and meteoric. The reservoir ghsebus ]
species are interpreted to be a mixture .of magmatic and evo]ved .
crustal fluid sources with a deceasing magmatic contributlfion B
go1ng outward from the high temperature part of the reservdir. B
'Ternary plots of CHy, He, No, and Ar indicate the distal sample
i from southern part of the field ‘appears to have a contriputlion||.of

:volatiles from shallow circu]ating“meteoric-water;““

}At the time fluid inclusions were trapped the reservoir appears
'to have had contributions from evolved crustal fluids rich|in B
,methane from interaction with carbonaceous wall rock and a mag-
zmat1c derived gas. Helium isotopic data, ratios of Nu/A” we 1l

' above ASW in the reservoir steam, , and anomalous concentrlatilons
"of CHy in the reservoir indicate this is true today as well. |
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ABSTRACT

F%uid inclusions from 6 wells 1in the Geysers geothgrma] field,
previously studied by fluid inclusion microthermometr lg‘were
analyzed for there volatile contents. Volatiles were ana]y?ed by
bh1k methods of crushing-fast-scan {(CFS) and thermal—decqepita—
tion- cryogenic-gas—separation (TFCGS) methods. Sample logations
were divided by reservoir temperature, alteration mineral| assem-
b]age location and fluid inclusion m1crothermometry datja into
zones of high temperature reservoir, normal reservoir, Mista]
reservoir, and external to the reservoir. ; ‘

—~—

CLS data indicates fairly homogeneous gas compositions,| which is
remarkab]e in 1ight of the heterogeneous m1crothermometqy Qata on
the contained fluid inclusions. The water to gaseous specie‘ratio
i's higher in the fluid inclusions than the present steam‘reser—
voir, which agrees with the fluid inclusion observat1kns th?t the
reservoir contained a liquid phase in the past. The ga§ clomposi-
tions .are similar to the reservoir today containing morie methane
and hydrogen than other geothermal fields. Gaseous spegi
h1gh temperature samples are principally CQ, N,, Ho anq HQS;
organ1c species are mostly of low molecular mass and a]&enes.
Gaseous species in the external sample are pr1n01pd11x CHy s
organic species are mostly alkanes that have a higher proport1on
of C4-Cg compounds than volatiles from high temperaturé éamp]es
4
Nitrogen-argon rations are well above 1000 in samp] es’fu?m the
ma1n reservoir indicating a magmat1c component, |whereas the
externa] and distill samples have N,/Ar ratios near aiﬁ saturat-
ed water (ASW) indicating a crustal source. Ca]culated'bxygen
fugaC1t1es based on fiuid inciusion gas ‘anaiyses ino1cate Ireser—
voir fluids were more oxidized than the external samb]a‘f1uid

that lies on the C buffer line. i

I :

ﬁ]ots of data are compatible with three sources of'qaseous
species, magmatic, crustal, and meteoric. The reservoilr daseous
speC1es are interpreted to be a mixture of magmatic| and eNo]ved
crusta1 fluid sources with a deceasing magmatic uontr1but1on
going outward from the high temperature part of thie resielrvoir.
Ternary plots of CHy, He, Ny, and Ar indicate the istal||sample
from southern part of the field appears to have a coﬁtr1bupion of
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At the time fluid inclusions were trapped the resenvoir ||appears
to have had contributions from evolved crustal fllids [tich in
methane from interaction with carbonaceous wall rock éndwa mag-
matic derived gas. Helium isotopic data, ratios of N'/Ar well
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Sample

L'ESP -2
MLM -3
NEGU - 17
OF27A -2 ST1
TH-7

Abbreviations:

Th (l-v)
(L +V)

269 - 363
211 -320
257 - 340
238 - 343

212 -276

Fluid inclusion characteristics. See footnote for abbreviations.

Ave. (no Salinity Ave. (no

(L +V)
326 (26) 0-16.8 14.2 (6)
249 (82)0.2-6.9 3.2 (87)
299 (29)1.2-6.9 3.6 (15)
306 (87)

251 (34) 0-3.5 1.3(19)

Th (t)

(L+V+H)

319 -333

238 - 308

326 (2)

322 (8)

29-31

34-43

30 (2)

38 (38)

-2462
-676
-1699
-2203

226

Ave. (no Salinity Ave. (no Depth (msl Dis fel.
(L+V+H)

282
1306
1145
236

1598

T Trap.

329 - 438
220 - 325
273 - 354
290 - 409

216 - 278

Th (I-v) (L+V); temperature in degrees Celsius of vapor disappearance in two phase (liquid + vapor) inclusions;
Ave. (no): average and number of analyses;

Salinity: expressed as weight percent NaCl equivalent;

Th(t) (L +V + H): total homogenization temperature in degrees Celsius of three phase (liquid + vapor + halite) inclu

Depth (msl): depth in meters relative to mean sea level;

P (bars): trapping pressure in bars based on a surface elevation of 940 m above sea level.
Pressures calculated for L'ESP-2 and OF27A-2 ST1 assume lithostatic conditions; pressures calculated for the

remaining samples are based on hydrostatic conditions;
Dis fel. m.: vertical distance from the felsite in meters;

T Trap.: trapping temperature in degrees Celsius.
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