Fluid Inclusions in VC-2B

Fluid inclusions were studied in fluorite from depths of 1273
and 1507 ft. and in calcite from 4293 ft. All of the inclusions
studied were liquid-rich at room temperature. Vapor-rich
inclusions were observed in the sample from 4293 ft. The presence
of these inclusions, and the variable ice-melting temperatures of
inclusions in this sample suggest that boiling may have occurred.
No solid phases were observed in any of the inclusions. Only
secondary inclusions were observed in the samples of fluorite. The
inclusions in calcite form small isolated three dimensional arrays
suggesting that they are primary.

Homogenization temperatures range from 144° to 274°C. No
temperatures were obtained on the vapor-rich inclusions. The ice-
melting temperatures of these inclusions range from -0.0° to -1.7°.
Two distinct generations of inclusions with distinctly different
homogenization temperatures and salinities are present in the
fluorite from 1507 ft. One generation 1is characterized by
homogenization temperatures that range from 144° to 149°C; the
second by temperatures that range from 180° to 191°C. This latter
group has similar homogenization temperatures but slightly higher
apparent salinities than inclusions found at 1273 feet. No
freezing measurements could be made on the lower temperature
inclusions from 1507 f£ft. In every case, the bubble froze out
during cooling and failed to renucleate before complete melting of
the ice had occurred. The low temperature behavior of these
inclusions suggest that their salinities are extremely low.

Inclusions from a depth of 4393 ft. display variable ice-
melting temperatures ranging from -1.0° to -1.7°C. The generally
similar homogenization temperatures (refer to Tm vs Th plot)suggest
that the differences in ice-melting temperatures results from
variations in the CO, content of the fluids rather than from
variations in the NaCl content of the fluids. This difference in
the ice-melting temperatures (0.7°C) corresponds to a CO, of 1.6 wt.
percent. percent. The presence of the vapor-rich inclusions in
this sample suggest that CO, was lost during boiling. Thus the
actual salinity of these fluids may be closer to 1.7 wt. percent
(computed in terms of NaCl).

Variations in the apparent salinities of the shallow fluids
are also evident in the Tm vs Th plot. This data suggests that
the salinity of the shallow fluids is very low and that the fluids
are enriched is CO,. Variations in the CO, of these fluids may also
reflect gas loss due to boiling. The temperatures and salinities
of these fluids suggest that they are steam-heated groundwaters.




WELL VC-2B
VALLES GEOTHERMAL AREA

HaCl Density
Depth{ft) {(ThiL o wti (g/co) mineral comments
1273 178 5 Fluorite along healed fracture
1273 179 0.0 0.0 0,89 g Fluorite aleng healed fracture
1277179 -0,0 0 4.2 0,89 5 Fluorite along healed fracture
277 133 a0 0.0 0.88 g Fluorite along healed fracture
1272 194 -0,2 0.4 0.88 5 Fluorite along healsd fracture
73 194 0.0 0.0 0.87 5 Fluorite along healed fracture
1273 194 0.2 0.4 .88 £ Fluorite along healed fracture
1273 495 -0.1 &2 0.87 3 Fluorite along healed fracture
1272 195 0.0 0.0 0.87 8 Fluorite along healed fracture
1273 200 0.4 0.7 0.87 g Fluorite along healed fracture
1773 205—0.0 0.0 (.86 = Fluprite along hzaled fracture
15(0/4,/5‘;/-{1.4 4.7 5 Fluorite along healed fracture
1507 144 5 Fluorite along healed fracture; bubble froze-out on
1507 144 = Fluorite along healed fracture; bubble froze-out on
1507 144 s Fluorite along healed fracture; bubble froze-out on
1507 145 = Fluorite along healed fracture; bubble froze-out on
1507 146 5 Fluorite along healed fracture; bubble froze-out on
1207 145 5 Fluorite along healed fracture; bubble froze-out on
1507 147 = Flugrite along healed fracture; bubble froze-out on
1507 147 & Flugrite along healed fracture; bubble froze-out on
{507 148 5 Fluorite along healed fracture; bubble froze-out on
1907 149 = Flugrite along healed fracture; bubble froze-out on
1507 148 77 5 Fluorite along healed fracture; bubble froze-oub on
1507 a6 0.4 0.7 0.590 8 Fluorite along healed fraciure
1507 Bt -4 07 0,89 g Fluorite along healed fracture
{507 182 -0.3 .G .89 5 Fluorite along healed fracture
{507 483 -0.4 07 (.89 5 Fluarite along healed fracture
1507 188 -4 07 .89 g Filuorite along healed fracture
1507 184 -0.4 0.7 0.89 5 Flugrite alang healed fracture
{507 484 -0.4 4.7 .89 5 Fluprite along healed fracture
507 486 -0.4 0 0.7 (1,89 g Fluprite along healed fracture
1507 186 -0.4 0.7 01,89 5 Fluprite along healed fracture
1507 4B 0.4 0.7 0,89 g Fluprite along haaled fracture
1507 491 -0.4 0 0.7 (.58 g Fluorite along healed fracture
4393 7% -1.5 2.4 p Lalcite isolated thres-dimensional array
33 mey -L7 LY .81 p Calcite isolated thres-dimensional arvay
259 ~f.e L7 0,80 o Calcite izolated three-dimensional
P Calcite icnlated three-dimensional array
.78 o Calcite isolated thres-dimensional array
.78 r Calcite ienlated thres-dimensional
4,78 P fal isplated three-dimensional a
4,78 p al i H
.77 o ] icolated the il




UCZB RDOTY TEMPERA

DATE DERPTH TEMP. F TEMP. C
8g/7 715 186 8
B/7 720 170 77
8/7 743 180 g7
8/7 768 200 93
8/8 778 230 110,
8/8 818 gt
8/9 870
/15 b33
e

B/17 1687

8/17 1633 2
8/18 1648 235
8/18 1653 180
g/18 1678 190
/18 1698 230
8/148 1713 20
8719 1723 275
g/18 1728 23E0
8/18 1733 230
8/19 1738 275
8/18 1743 230
8714 1763 240
B/20 1797 200
B/20 1802 230
B/20 1823 240
g/21 1828 250
B/21 1833 250
g/21 1838 230
8/21 1863 2HA
8/21 i ! 2650
8/21 29p
8/21 290
B/ 200
B/21 790
g/21 200
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A reconnaissance study of fluid inclusions in vein quartz,
fluorite, and calcite was conducted to better characterize
temperature and compositional relationships within the reservoir.
Samples were collected from depths ranging from 1273 to 57561,
All of the inclusions studied were liquid-rich, and contained two
phases at room temperature. The inclusions in fluorite and
quartz were secondary in origin, occurring along healed
fractures. Primary liquid and vapor-rich inclusions which define
isolated three dimensional arrays were ohserved in coarse-plates

of calcite (fish-scales). Because of the small size of the
vapaor-rich inclusions (less than microns), it was not possible
on them. Their

to make reliable microthermometric measurements
presence, however, and the morphology of the calcite crystals
suggests that mineral deposition occurred as a result of boiling,

The results of the microthermometric measurements are shown
in Figure . The homogenization temperatures of the inclusions
ranged from 144 to 274°C. With the exception of fluorite from a
depth of 1507 feet, individual crystals displayed little
variation in homogenization temperatures. In contrast, two
distinet generations of secondary inclusions were observed in the
fluorite. UOne generation is c¢characterized by homogenization
temperatures that ranged from 180 to 191°C, the second by
temperatures bhetween 144 and 149°C, No freezing measurements
were conducted on the group of lower temperature inclusions
because in every case, the bubble froze out and failed to
renucleate before complete melting had occurred. Thug, while it
was not possible to compare the composition of the two sets of
inclusions, the temperature behavior of these inclusions
indicates that they had low salinities.

lce-melting temperatures of the inclusions ranged from 0.0
to ~1.7. Despite thelr narrow range of  homogenization
temperatures, several of the samples displayed large variations
in their freezing point depressions. For example, the ice-
af  inclusions in calcite from 43893 feet

melting temperatures
tion temperatures

~1.0 to ~1.7°C while the homogeniz:

ranged fronm

varied by only 21°C.
in ice-melting temperatures cannot be

The large range
readily explained solely in terms of variations in the salinities
of the inclusion fluides since this would imply salinities that

.9 eqguivalent weight percent NaCl during
lcite (Potter et al., 1978). Alternatively
largely to

A

ranged from 1.7 £ O
formation of the c¢ca
the variations in ice-melting temperatures may be due
contents of  the fluids (Hedenguist and
this sample, the differences in ice-melling
inclusions (0.7°C) corresponds to a CG

ot

in CO, may be

[
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ice-melting temperature (gas-free) of -0.92 and a quartz
geothermometer temperature of 248°C,

The relationships between the homogenization and ice-melting
temperatures suggest that the inclusion fluids in different

samples can be related to each other by dilution. The high
temperature endmember was sampled at a depth of 5751 feet. The
fluid has a temperature of 290°C, a salinity of 1.7 esquivalent

weight percent NaCl, and a CO0, content of 0.84 weight percent.
The low temperature endmember was trapped in fluorite in the
upper part of the well. Thig fluid has a temperature of about
190°C, 8, low salinity, and & variable gas content. These
relationships suggest that the fluid represents a steam-heated
lowering of the water table may be responsible

groundwater. A
the fluorite

for the formation of lower temperature inclusions in
(Sasada, 1888)
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BACA prin. (p)
NaCl Density or

Depth(ft) Th Te wt% (g/cc) sec.(s) wmineral
3283 248 -1.0 1.7
3283 254 -0.9 1.8 0.80 p? Ce
3283 267 -1.0 1.7
3283 248 -1.0 1.7
3263 261 p? Ce

3283 245 -0.1 0.2 0.80 ] Ce
3283 244 -0.6 1.0 0.81 [} Ce
3283 242 -0.7 1.2 0.682 8 Cc
3283 246 -0.4 0.7 0.81 ] Ce
3283 245 s Ce
3283 246 -1.1 1.9 0.82 ? Cc
3283 237 8 Ce
57514 201 -1.2 2.1 0.74 ] Qtz
5751 291 -1.0 1.7 0.74 ] Qtz
5751 291 -1.4 1.9 0.74 § Qtz
5754 289 -1.1 1.9 0.74 s gtz
5751 289 -1.0 1.7 0.74 8 Qtz
5754 280 -1.2 2.1 0.75 ] Gtz
5751 288 -1.3 2.2 0.75 8 Qtz
5751 288 8 Qtz
5751 289 -1.0 1.7 0.74 8 Qtz
5751 289 -1.0 1.7 0.74 8 gtz
5751 201 -1.2 2.1 0.74 ] Qtz
5751 294 -1.2 2.4 0.74 8 gtz
5751 201 -1.3 2.2 0.75 ] Qtz
57514 201 -1.3 2.2 0.75 8 Qtz
57514 292 ] Qtz
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