
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 is 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 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 CO2 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 CO2 of 1.6 wt. 
percent. percent. The presence of the vapor-rich inclusions in 
this sample suggest that CO2 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 CO2 , Variations in the CO2 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. 



l4ELL VC-2B 
VALLES GEOTHERMAL AREA pt'im. (p) 

NaCl Density or 
DepthlH) (Th)L Tm Nt!. (g/cc) sec. (s) minet'al comments 
------------------------------------------------------------------------------------------------------------------

1273 '178 s FluDd te aloog healed ft'actut'e 

1273 179 0,0 0.0 0.89 s flUDd te along healed ft'acture 

1273 179 -0.1 0.2 0.89 s Fluod te along healed ft'actur'e 

1273 193 0.0 0.0 0.88 s Fluorite along healed ft'actw'e 

1273 194 -0,2 0.4 0.88 s FluDd te along healed ft'acture 

1273 194 0.0 0.0 0.87 s FluDd te along healed ft'actLlt'e 

1273 194 -0.2 0.4 0.88 s FluDd te along healed ft'actw'e 

1273 H5 -0.1 0.2 0.87 s FluDd te along healed ft'actw'e 

1273 195 0.0 0.0 0.87 5 FluDd te along healed ft'actw'e 

1273 200 -0.4 0.7 0.87 s Fluor-He along healed ft'acture 

;;~~-~:~ 
0.0 0.86 5 Fluod te along healed ft'actw'e 
0.7 s FluDd te along healed ft'actLU'e 

1507 144 s Fluod te along healed ft'actw'ej bubble ft'oze-out on ft'eezing 

1507 144 5 FluDd te along healed ft'achtt'e; bubble ft'oze-out on freezing 

1507 144 5 FluOt'ite along healed ft'actLtt'ej bubble froze-out on ft'eezing 

1507 145 5 Fluorite along healed fracture; bubb I e f t'Oze-out on freezing 

1507 146 5 FluOt'i te along healed ft'acturej bubble ft'oze-out on freezing 

1507 146 5 Fluodte along healed fracture; bubble ft'Oze-out on freezing 

1507 t47 5 Fluorite along healed ft'actLtt'ej bubble froze-out on ft'eezing 

1507 1-47 s Fluot'ite along healed ft'acture; bubble ft'oze-out. on ft'eezing 

1507 148 s FluOt'i te along healed fracturej bubble ft'Oze-out on freezing 

1507 149 s Fluorite along healed ft'actur'e; bubble ft'Oze-out on freezing 

1507 1~ s Fluot'i te along healed ft'actut'ej bubble froze-out on ft'eezing 

Ii&./ 1507 ·180 -0.4 0.7 0.90 s FluDd te along healed ft'actw'e 

~ 
1507 ~8t -0.4 0.7 0.89 s FluOt'i te along healed ft'actw'e 

1507 18:2 -0.3 0.5 0.89 5 Fluot'i te along healed ft'actw'e 

1507 ·IS3 -0.4 0.7 0.89 s FluDd te along healed ft'actUt'e 

~\ 1507 t8:.!. -0114 0.7 0.89 5 Fluot'i te along healed ft'acture 

1507 18.4 -0.4 0.7 0.89 s Fluot'i te along healed ft'actw'e 

1507 1M -0,4 0,7 0.89 s FJuDt'i te along healed fractw'e 

1507 i86 -0.4 0.7 0.89 s Fluod te along healed fractw'e 

1507 186 -0.4 0.7 0.89 s FlUDd te along healed ft'actu["e 

1507 i86 -0.4 0,7 0.89 s FluDd te along healed ft'acture 

1507 -111 -0.4 0.7 (J,88 s Fluot'i te along healed ft'actut'e 

4393 ;glJ(, -1.5 2,6 P Calcite isolated three-dimensional an'ay 

4393 256 -1.7 2.9 0.81 P Calcite isolated tht'ee~dimensional arr'ay 

4393 259· -l~O t .., 0.80 n Calcite isolated three-dimensional at"ray 
~. t r 

li~a{ 273 p Calcite i~.oIJted three-dimensional ar-r'ay 
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4393 273 -1.5 2~6 0=78 D Calcite 
f L _J tht'ee-u ifnensiDnal arTay 
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VC2B ROO11 TEMPERA 

DATE DEPTH TEMP. F TEMP. e 

817 715 180 82 
8/7 720 170 77 
8/7 743 180 82 
8/7 768 200 
8/8 778 230 
8/8 818 170 
8/9 870 160 71 
8/lS 
8117 ··~~104"CC" 

8117 ~L61lJ3 .. 230 11·flr· .~ 

8/17 1633 230 
8/18 1648 235 
8/18 1653 180 
8/18 1678 190 
8/18 1698 230 
8/19 1713 230 
8/19 1723 225 .-.iQW~ 

8/19 1728 230 l1Y 
8/19 1733 230 ~tf{i)·/ 

8/19 1738 225 1.07 
8/19 1743 230 
8/19 1763 240 .116 
8/20 1797 220 
8120 1802 230 
8120 1823 240 
8/21 1828 250 121 
8121 1833 250 
8/21 1838 230 
8/21 1863 230 
8121 1868 260 
8121 1878 290 
8121 1898 29(i) 

8121 1908 300 
8121 1918 290 143 
8/21 1948 280 143 

122 1981 :300 149 
1988 ;~90 143 
19% 300 14C3 
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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 5751. 
AI I 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 observed in coarse-plates 
of calcite (fish-scales). Because of the smal I size of the 
vapor-rich inclusions (less than microns), it was not possible 
to make reliable microthermometric measurements on them. Their 
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 
distinct generations of secondary inclusions were observed in the 
fluorite. One generation is characterized by homogenization 
temperatures that ranged from 180 to 191°C, the second by 
temperatures between 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. Thus, 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. 

Ice-melting temperatures of the inclusions ranged from 0.0 
to -1.7. Despite their narrow range of homogenization 
temperatures, several of the samples displayed large variations 
in trwir free;::i.ng point dc'!pressions. For example, the Ie 
III lLing Lt~rnp(~l'atuI'es of inclusiorls in c Icite from L,t393 f et 
I' a n g e d f (' 0 ID- .1.. 0 t 0 L T' C vi h i let h e h (J rn 0 g e rli (j, t ion t rn per t tll' e s 
v rled by only 21°C. 

Th Ilg ran in c'JIlE!lting tempfH'atures cannot be 
d i I ,"! pIn (~ d ~:; 0 I C! 1 yin t e r 111 s 0 f va I' i a t ion Sill the sal i nit i e s 

,,( 1'1) inclu~lion fluids since this ,<Jould imply salin:ities that 
x'anged feom 1.7 Lu 2,:::1 E1c!uivalent w(.;)ight peI'cent NaCl during 
fu rna-Lion of thE~ calcite (Potter et a.!., 1978). Alternatively 

in ice-m Iting temperatures may be due largely to 
n n h c nten~ of the fluids (Hedenquist and 
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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 equivalent 
weight percent NaCI, and a CO 2 content of 0.84 weight percent. 
The low temperature endmember was trapped in fluorite in the 
upper part of the well. This fluid has a temperature of about 
190°C, a low salinity, and a variable gas content. These 
relationships suggest that the fluid represents a steam-heated 
groundwater. A lowering of the water table may be responsible 
for the formation of lower temperature inclusions in the fluorite 
(Sasada, H)88) 
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BACA prill.(p) 
NaCI Density or 

Depth<ft) Th Til wt" (glee) see.(s) lIineral 
------------------------------------------------------.--------

3283 249 -1.0 1.7 0.81 s Co 
3283 254 -0.9 1.6 0.80 p? Ce 
3283 267 -1.0 1.7 0.78 s Ce 
3283 249 -1.0 1.7 0.81 p? Ce 
3283 261 p? Co 
3283 245 -0.1 0.2 0.80 s Ce 
3283 244 -0.6 1.0 0.81 s Ce 
3283 242 -0.7 1.2 0.82 s Ce 
3283 246 -0.4 0.7 0.81 s Co 
3283 245 s Ce 
3283 246 -1.1 1.9 0.82 ? Co 
3283 237 s Co 
5751 291 -1.2 2.1 0.74 s Qtz 
5751 291 -1.0 1.7 0.74 s Qtz 
5751 291 -1.1 1.9 0.74 s Qtz 
5751 289 -1. 1 1.9 0.74 s Qtz 
5751 289 -1.0 1.7 0.74 s Qtz 
5751 290 -1.2 2.1 0.75 s Qtz 
5751 288 -1.3 2.2 0.75 s Qtz 
5751 288 s Qtz 
5751 289 -1.0 1.7 0.74 s Qtz 
5751 289 -1.0 1.7 0.74 s Qtz 
5751 291 -1.2 2.1 0.74 s Qtz 
5751 291 -1.2 2.1 0.74 s Qtz 
5751 291 -1.3 2.2 0.75 s Qtz 
5751 291 -1.3 2.2 0.75 s Iltz 
5751 292 s Qtz 
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