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ABSTRACT a t i o n  o f  t h e  w e l l s  samp led  i n  t h i s  
s t u d y  and t h e  t e m p e r a t u r e s  a t  a d e p t h  

T h i s  p a p e r  p r e s e n t s  t h e  r e s u l t s  o f  o f  1 8 3 0  m a r e  shown i n  F i g u r e  1. 
c h e m i c a l  a n d  i s o t o p i c  a n a l y s e s  o f  E a s e d  on t h e  t h e r m a l  d a t a ,  James e t  
g e o t h e r m a l  f l u i d s  and m i c r o t h e r m o m e t -  a t .  (1987)  c o n c l u d e d  t h a t  an u p w e l l -  
r i c  m e a s u r e m e n t s  on f l u i d  i n c l u s i o n s  i n g  c e n t e r  i s  l o c a t e d  n e a r  GTW 6, 
f r o m  t h e  Heber  g e o t h e r m a l  system. The w h i c h  h a s  a b o t t o m  h o l e  t e m p e r a t u r e  
c h e m i c a l  a n a l y s e s  i n d i c a t e  t h a t  t h e  199OC. They a l s o  c o n c l u d e d  t h a t  
r e s e r v o i r  f l u i d s  have s a l i n i t i e s  n e a r  i d  f l o w  i s  t o  t h e  n o r t h ,  t o w a r d s  
1 5 0 0 0  ppm t o t a l  d i s s o l v e d  s o l i d s  and t h e  p r o d u c i n g  w e l l s .  
l o w  g a s  c o n t e n t s .  S m a l l  b u t  c o n s i s -  
t e n t  d i f f e r e n c e s  i n  t h e  c o n c e n t r a t i o n s  
o f  t o t a l  C02, 8, L i ,  0-18, and d e u t -  
e r i u m  a r e  f o u n d  b e t w e e n  t h e  f l u i d s  
t h a t  f e e d  t h e  two  power  p l a n t s .  These 
d i f f e r e n c e s  may b e  d u e  t o  d i v e r g e n t  
p a t h s  o f  t h e  t h e r m a l  f l u i d s  as t h e y  
f l o w  f r o m  t h e  sou th .  

F 1  u i  d i n c l  u s  i o n  h o m o g e n i z a t i o n  
t e m p e r a t u r e s  a r e  s i m i l a r  t o  t h e  
p r e s e n t  t e m p e r a t u r e s  i n  a g r a d i e n t  
w e l l  n e a r  t h e  zone o f  u p f l o w  b u t  a r e  
g e n e r a l l y  l o w e r  i n  t h e  o t h e r  t w o  w e l l s  
s t u d i e d .  S a l i n i t i e s  d e t e r m i n e d  f r o m  
t h e  f r e e z i n g  measurements s u g g e s t  t h a t  
t h e  f l u i d s  c o n t a i n e d  w i t h i n  t h e  i n -  
c l u s i o n s  a r e  m i x t u r e s  o f  t h e  p r o d u c -  
t i o n  f l u i d s  a n d  o t h e r  l o w e r - s a l i n i t y  
w a t e r s .  

I N T R O D U C T I O N  

r e s e r v o i r  
f i e l  d h a v e  
and Wasser- 

d s t o n e s  f r o m  5 5 0  t o  1700 m, and 

FLUID CHEMISTRY 

i n s t a l l e d  c a p a c i t y  o f  119 MW f r o m  a 5 2  F l u i d s  f r o m  t h e  e a s t e r n  w e l l s  
MW d u a l  f l a s h  p l a n t  ( e a s t e r n  p r o d u c -  were  sampled d u r i n g  August  and Decem- 
t i o n  i s l a n d )  and a 67 MW b i n a r y  p l a n t  b e r ,  1987. The f l u i d s  were sampled 
( w e s t e r n  p r o d u c t i o n  i s l a n d ) .  The l o c -  p r i m a r i l y  f r o m  sample  p o r t s  on t o p  o f  
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t h e  f l o w - l i n e s  w i t h i n  t e n  f e e t  o f  t h e  
w e l l h e a d .  A l t h o u g h  f l o w  i n  t h e s e  
w e l l s  i s  t w o - p h a s e ,  t h e  phases  were  
f o u n d  t o  be s t r a t i f i e d  a t  t h e  p o s i t i o n  
o f  t h e  p o r t s .  S t r a t i f i c a t i o n  was 
c o n f i r m e d  by t h e  c h l o r i d e  c o n t e n t  and 
pH o f  f l u i d s  t a k e n  d u r i n g  v e r t i c a l  
t r a v e r s e s  t h r o u g h  t h e  p i p e  w i t h  a sam- 
p l i n g  probe.  The l i q u i d  samples  were 
t a k e n  w i t h  t h e  v e r t i c a l  p r o b e  n e a r  t h e  
b o t t o m  o f  h o r i z o n t a l  f l o w l i n e s ,  where 
t h e  c h l o r i d e  c o n t e n t s  a n d  pH w e r e  
h i g h e s t .  The g a s  s a m p l e s  were  t a k e n  
d i r e c t l y  f r o m  t h e  t o p  p o r t  u s i n g  a 
m i n i  - c y c l o n e  s e p a r a t o r .  C h e m i c a l  
a n a l y s e s  o f  t h e  s t e a m  c o n d e n s a t e s  
c o n s i s t e n t l y  showed  l e s s  t h a n  a few 
p p m  o f  C 1 ,  i n d i c a t i n g  t h a t  g o o d  
s e p a r a t i o n s  o f  b r i n e  and  s team were  
ach ieved .  

F l u i d s  f r o m  t h e  w e s t e r n  p r o d u c t i o n  
i s l a n d  were sampled d u r i n g  e i g h t - h o u r  
f l o w  t e s t s  i n  December, 1987. Samples 
w e r e  t a k e n  e v e r y  t w o  h o u r s  f r o m  t h e  
w e i r b o x  a n d  a l s o  a t  t h e  end o f  each 
t e s t  p e r i o d  u s i n g  a m i n i - c y c l o n e  
s e p a r a t o r .  

The c h e m i c a l  c o m p o s i t i o n s  of  t h e  
f l u i d s  p r i o r  t o  b o i l i n g  were  r e c o n -  
s t r u c t e d  f r o m  t h e  g a s  a n d  l i q u i d  
a n a l y s e s  u s i n g  s team f r a c t i o n  v a l u e s  
d e r i v e d  f r o m  measured downho le  temp- 
e r a t u r e s  ( e a s t e r n  w e l l s )  o r  w e l l h e a d  
t e m p e r a t u r e s  ( w e s t e r n  w e l l s ) .  The  
recombined a n a l y s e s  a r e  shown i n  T a b l e  
1. E x a m i n a t i o n  o f  T a b l e  1 shows t h a t  
w h i l e  t h e  c o n c e n t r a t i o n s  o f  Na, K, and 
C1 i n  a l l  o f  t h e  f l u i d s  sampled a r e  
v e r y  s i m i l a r ,  c o n c e n t r a t i o n s  of  S O 4 ,  
t h e  m i n o r  e l e m e n t s ,  t o t a l  C02, 0-18, 
a n d  d e u t e r i u m  d i s p l a y  s m a l l  b u t  
c o n s i s t e n t  d i f f e r e n c e s  be tween t h e  two  
p r o d u c t i o n  i s l a n d s .  

The d i f f e r e n c e s  i n  t h e  c o n c e n t r a -  
t i o n s  o f  t h e  m i n o r  e l e m e n t s  be tween 
t h e  t w o  p r o d u c t i o n  i s l a n d s ,  p a r t -  
i c u l a r l y  w i t h  r e s p e c t  t o  B, L i s  and 
t h e  s t a b l e  i s o t o p e s ,  i n d i c a t e  t h a t  t h e  
w e s t e r n  f l u i d  has m ixed  w i t h  a s m a l l  
amount o f  l o w e r - t e m p e r a t u r e  f l u i d  ( s e e  
T a b l e  1 and F i g .  2 ) .  I n  g e n e r a l ,  l o w  
t e m p e r a t u r e  f l u i d s  e x h i b i t  l o w e r  B and 
L i s  and l o w e r  i s o t o p e  v a l u e s .  

F i g u r e s  3 a  a n d  3 b  s h o w  t h e  
v a r i a t i o n  o f  SO4 a n d  t o t a l  C02 w i t h  
r e s p e c t  t o  Ca. B e c a u s e  c a l c i t e  
s c a l i n g  r e s u l t s  i n  a l o s s  o f  one mo le  
o f  t o t a l  C02 p e r  mo le  o f  Cas t o t a l  C02 
i s  p l o t t e d  t o  p r e s e r v e  t h e  
r e l a t i o n s h i p  be tween t h e s e  components.  
It can be seen t h a t  Ca v a r i e s  d i r e c t l y  
w i t h  SO4, b u t  i n v e r s e l y  w i t h  t o t a l  
C02. F o r  a f l u i d  i n  e q u i l i b r i u m  w i t h  
a n h y d r i t e  and  c a l c i t e ,  Ca, S O 4 ,  and 
t o t a l  C02 w i l l  i n c r e a s e  as t h e  temper -  
a t u r e  o f  t h e  f l u i d  d e c r e a s e s .  The 

p o s i t i v e  c o r r e l a t i o n  o f  Ca w i t h  SO4 
a n d  t h e  h i g h e r  c o n c e n t r a t i o n s  o f  
t h e s e  e l e m e n t s  i n  t h e  w e s t e r n  f l u i d s  
s u g g e s t  t h a t  t h e  w e s t e r n  f l u i d s  have 
e q u i  1 i b r a t e d  w i t h  a n h y d r i t e  a t  a 
s l i g h t l y  l o w e r  t e m p e r a t u r e  t h a n  t h e  
e a s t e r n  f l u i d s .  

F i g u r e  2. I s o t o p i c  c o m p o s i t i o n s  o f  
t h e  H e b e r  g e o t h e r m a l  f l u i d s .  The 
c o m p o s i t i o n s  a r e  c o r r e c t e d  f o r  s team 
l o s s .  The m e t e o r i c  w a t e r  l i n e  i s  t o  
t h e  l e f t  o f  t h e  Heber  c o m p o s i t i o n s .  
W e l l s  f e e d i n g  t h e  e a s t e r n  p r o d u c t i o n  
i s l a n d  a r e  shown w i t h  s t a r s  and t h o s e  
f e e d i n g  t h e  w e s t e r n  p r o d u c t i o n  i s l a n d  
a r e  shown w i t h  squares .  

The i n v e r s e  c o r r e l a t i o n  be tween 
C a  a n d  t o t a l  C02 i m p l i e s  a mass -  
a c t i o n  r e l a t i o n s h i p ,  w h e r e  a n  
i n c r e a s e  i n  t o t a l  C02 r e s u l t s  i n  a 
d e c r e a s e  i n  Ca. As shown i n  F i g u r e  
3b, t h i s  r e l a t i o n s h i p  i s  w e l l  d e f i n e d  
f o r  t h e  e a s t e r n  f l u i d s .  The i n v e r s e  
c o r  r e 1  a t  i o n  b e t w e e n  t h e s e  s p e c i e s  
t h u s  i m p l i e s  t h a t  t h e  e l e v a t e d  l e v e l s  
o f  C02 f o u n d  i n  t h e  e a s t e r n  f l u i d s  
r e s u l t e d  f r o m  e i t h e r  t h e  a d d i t i o n  o f  
C02 o r  m i x i n g  w i t h  a C O 2 - e n r i c h e d  
f l u i d .  

T h e  d i f f e r e n c e s  i n  c h e m i s t r y  
b e t w e e n  t h e  e a s t e r n  a n d  w e s t e r n  
f l u i d s  c a n n o t  b e  a t t r i b u t e d  t o  t h e  
d e p t h  o f  p r o d u c t i o n  because t h e  w e l l s  
a l l  d r a w  f r o m  s i m i l a r  dep ths .  How- 
e v e r ,  t h e  w e l l s  do p r o d u c e  f r o m  d i f -  
f e r e n t  p o r t i o n s  o f  t h e  f i e l d .  F i g u r e  
1 shows t h a t  t h e  t h e r m a l  c o n t o u r s  a t  
1829 m a r e  e l o n g a t e d  a l o n g  t h e  f a u l t  
t h a t  i n t e r s e c t s  t h e  e a s t e r n  w e l l s .  
T h u s  t h e  t h e r m a l  f l u i d  t r a v e l i n g  
n o r t h w a r d  f r o m  t h e  v i c i n i t y  o f  GTW 6 
may  d i v e r g e  p h y s i c a l  l y  and c h e m i c a l l y  
p r i o r  t o  r e a c h i n g  t h e  w e s t e r n  and 
e a s t e r n  w e l l s .  
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I 

T A B L E  1. P r e f l a s h  c h e m i c a l  c o m p o s i t i o n s  o f  f l u i d s  f r o m  t h e  H e b e r  g e o t h e r m a l  
f i e l d .  C h e m i c a l  c o n c e n t r a t i o n s  a r e  i n  p a r t s  p e r  m i l l i o n ,  i s o t o p i c  c o n c e n t r a t i o n s  
a r e  i n  p e r  m i  1 ,  a n d  g e o t h e r m o m e t e r  t e m p e r a t u r e s  ( F o u r n i e r  and T r u e s d e l l , l 9 7 3 ;  
F o u r n i e r ,  1981) a r e  i n  d e g r e e s  C .  NA = not a n a l y z e d  and A C  = a i r  c o n t a m i n a t i o n .  
Gas  a n a l y s e s  w e r e  p e r f o r m e d  by Thermochem, I n c . ,  c h e m i c a l  a n a l y s e s  by UURI, and 
i s o t o p i c  a n a l y s e s  by SMU. A l k .  = t o t a l  a l k a l i n i t y  as  HC03. 

WELL OAT& Na K Ca UP 5102 B LF St Ba - 
5 Qec-87 4019 333 750 1.76 237 4.12 6.64 40.6 4.39 

9 Dee-87 4060 332 717 2.05 243 4.17 6.75 41.1 4.64 

11 Dcc-87 4242 354 655 2.81 221 4.25 6.92 45.4 4.22 
12 Dec-87 4261 349 736 2.42 232 4.35 7.17 42.7 4.42 

14 Dec-87 4091 327 687 2.72 210 4.30 6.91 4 2 . 6  4.20 
16 Dec-87 4 1 4 7  311 617 3.42 207 4.82 7.90 46.0 4.73 

101 Dec-87 3967 366 836 2.72 2 0 7  3.75 6.04  36.9 4.16 
102 Dec-87 3925 347 816 4.83 208 3.64 5.67 35.7  3.83 
103 bcc-87 3766 303 843 1.17 220 3.41 5 .30  37.7  3.55 
100 Dec-87 3840 338 810 1,79 206 3.60 5.53  35 .5  3.78 
105 Dee-87 3683 333 830 1.88 212 3.47 5.38 34.0 3.77 
106 Dec-87 3907 359 794 1.60 212 3.67 5.84 35.3 3.95 
107 Dcc-87 3746 281 985 1.54 233 3.15 4.31 35.1 3 .55  
108 Dec-87 3908 329 839 1.19 249 3.59 5.47 36.6 4.30 

6 Dee-87 4034 340 747 2.12 224 4.12 6.62 (40.3 4.19 

10 Aug-87 4012 342 686 1.96 230 4.02 6.57  39.8 4.05 

13 Aug-87 0140 324 565 2.31 275 4.83 7.89 45.2 6-96 

110 Aug-87 3792 318 709 2.28 248 3.56 5.21 32.3 4.04 

Qtz Na-K-Ca Ltq. Steam 
MLL umi ALK. Cl F SO4 TDS Ceoth. Ceoth. Fract .  Fract. 

5 5.66 30.6 7758 2.04 65.9 13243 192 195 0.93 0.07 
6 5.67 31.6 7738 2.79 63.2 13226 188 196 0.93 0.07 

10 5.53  30.4 7746 2.30 73.7 13136 179 198 0.92 0.08 
I1 6.10 30.1 7835 1-82 62.9 13410 187 198 0.91 0.09 
12 5.70 30.6 7866 2.02 64.4 1359) 190 196 0.92 0.08 

14 5.89 31.3 7801 2.03 59.3 13260 183 194 0.92 0.08 

IO1 3 .51  28.2 8105 2.22 77.8 13632 182 200 0.86 0.10 
102 4.78 31.6 7667 2.16 74.0 13111 183 198 0.90 0.10 

9 5.67 30.2 7815 2.01 64.0 13312 194 195 0.91 0.09 

13 6.9% 30.0 7625 3.49 59.7 13299 203 193 0.92 0.08 

16 7.15 33.9 7758 2.20 5 5 . 0  13195 182 193 0.92 0.08  

198 0.99 0.11 
200 0.91 0.09 
186 0.86 0.09 
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F i g u r e  3 .  V a r i a t i o n  O f S O ,  and t o t a l  C O P  (HCO3 + CO2 i n  T a b l e  1 )  w i t h  Ca i n  r h e  
Heber geo the rma l  f l u i d s .  N o t e  t h a t  t h e  e a s t e r n  p r o d u c t i o n  w e l l s  p r e c i p i t a t e  
c a l c i t e  i n  t h e  w e l l b o r e .  F o r  an e x p l a n a t i o n  o f  symbols  see f i g u r e  2. 

FLUID INCLUSION RESULTS 

C a l c i t e  v e i n s  w e r e  s a m p l e d  f o r  
f l u i d  i n c l u s i o n s  f r o m  w e l l s  GTW 3, GTW 
5 ,  and GTW 6 ( F i g .  1 ) .  Ve ins  r a n g i n g  
up  t o  2 mm i n  t h i c k n e s s  a r e  common 
w i t h i n  t h e  s h a l e s  be low d e p t h s  o f  760 
m i n  t h e s e  w e l l s .  

A l l  t h e  f l u i d  i n c l u s i o n s  examined 
i n  t h i s  s t u d y  w e r e  l i q u i d - r i c h  and 
c o n t a i n e d  a s m a l l  v a p o r  b u b b l e  t h a t  
o c c u p i e d  a b o u t  1 5 %  o f  t h e  i n c l u s i o n  
v o l u m e  a t  room t e m p e r a t u r e .  Most  o f  
t h e  i n c l u s i o n s  s t u d i e d  a r e  secondary  
o r  p s u e d o s e c o n d a r y ,  o c c u r r i n g  a l o n g  
s h o r t ,  h e a l e d  f r a c t u r e s  w i t h i n  t h e  
i n t e r i o r s  o f  t h e  c r y s t a l s .  

F l u i d  i n c l u s i o n  h e a t i n g  a n d  
f r e e z i n g  measurements were  made u s i n g  
a F l u i d  I n c .  h e a t i n g / f r e e z i n g  system. 
A-ll m e a s u r e m e n t s  w e r e  made i n  d u p l -  
i c a t e .  R e p l i c a t e  m e a s u r e m e n t s  were 
w i t h i n  0.2OC. Most o f  t h e  i n c l u s i o n s  
had maximum d i m e n s i o n s  i n  t h e  range  o f  
2 t o  15 m i c r o n s .  No e v i d e n c e  o f  a gas 
phase o t h e r  t h a n  w a t e r  o r  o f  d a u g h t e r  
m i n e r a l s  w e r e  f o u n d  i n  any  o f  t h e  
i n c l u s i o n s .  

The h o m o g e n i z a t i o n  t e m p e r a t u r e s  o f  
t h e  f l u i d  i n c l u s i o n s  f r o m  t h e  t h r e e  
w e l l s  a r e  p l o t t e d  a g a i n s t  d e p t h  i n  
F i g u r e s  4a t h r o u g h  4c. F o r  compar i son ,  
t h e  measured downho le  t e m p e r a t u r e s  a r e  
a l s o  shown. F i g u r e s  4b and 4c show 
t h a t  t h e  h o m o g e n i z a t i o n  t e m p e r a t u r e s  
of  i n c l u s i o n s  i n  w e l l s  GTW 5 and 6 a r e  
s i m i l a r  and range  f r o m  130° t o  202OC. 
H i g h e r  t e m p e r a t u r e s ,  r e a c h i n g  244OC 
a r e  r e c o r d e d  i n  f l u i d  i n c l u s i o n s  f r o m  
GTW 3 .  

I n  many o f  t h e  c a l c i t e  c r y s t a l s  
e x a m i n e d ,  t w o  b r  t h r e e  d i s t i n c t  

g e n e r a t i o n s  o f  i n c l u s i o n s  c a n  be 
d i s t i n g u i s h e d  on t h e  b a s i s  o f  t h e i r  
homo g e n  i t a t  i on  t e m p e r a t u r e s .  F o r  
e x a m p l e ,  a t  1 8 2 0  m i n  GTW 5, t h r e e  
d i s t i n c t  g e n e r a t i o n s  a r e  p r e s e n t .  
These  a r e  d e f i n e d  by  h o m o g e n i z a t i o n  
t e m p e r a t u r e s  r a n g i n g  f r o m  1 3 5 0 -  
1 4 0 O C ,  1 6 0 0 - 1 6 5 O C  a n d  180OC.  
H o w e v e r ,  n o  c r o s s - c u t t i n g  r e l a t -  
i o n s h i p s  were  obse rved  w h i c h  c o u l d  be 
u s e d  t o  e s t a b l i s h  t h e  r e l a t i v e  ages 
o f  t h e  d i f f e r e n t  s e t s  o f  i n c l u s i o n s .  
B r o w n e  ( 1 9 7 7 )  a l s o  r e c o g n i z e d  t w o  
d i s t i n c t  t h e r m a l  e p i s o d e s  i n  h i s  
s t u d y  o f  H o l t z  1 ( r e f e r  t o  F ig .  1 f o r  
1 o c a t  i on) .  

I c e - m e 1  t i n g  t e m p e r a t u r e s  range  
f r o m  -0.3O t o  -0.7OC i n  GTW 3, O.Oo 
t o  -0.8OC i n  GTW 5, and O . O o  t o -  
0.6OC i n  GTW 6. F o r  r e f e r e n c e  a 
f r e e z i n g  p o i n t  d e p r e s s i o n  o f  0.8OC 
c o r r e s p o n d s  t o  a s a l i n i t y  o f  1.4 
e q u i v a l e n t  w e i g h t  p e r c e n t  N a C l  
( P o t t e r  e t .  a l . ,  1 9 7 8 ) .  No s y s -  
t e m a t i c  d i f f e r e n c e s  i n  i c e - m e l t i n g  
t e m p e r a t u r e s  were  a p p a r e n t  w i t h  r e s p -  
e c t  t o  d e p t h  o r  h o m o g e n i z a t i o n  
t e m p e r a t u r e .  

E v i d e n c e  f o r  t h e  f o r m a t i o n  o f  
C O P  c l a t h r a t e  d u r i n g  f r e e z i n g  was 
o b s e r v e d  i n  i n c l u s i o n s  f r o m  a d e p t h  
o f  1072 m i n  GTW 3 .  These i n c l u s i o n s  
d i s p l a y e d  m e l t i n g  t e m p e r a t u r e s  o f  
+0.6OC, and i n i t i a l  f r e e z i n g  tempera-  
t u r e s  n e a r  -3OOC. No o t h e r  examples 
o f  C 0 2 - e n r i c h e d  f l u i d s  were observed.  

DISCUSSION 

The r e s u l t s  o f  o u r  chemica l  and 
f l u i d  i n c l u s i o n  s t u d i e s  can be com- 
b i n e d  w i t h  t h e  g e o l o g i c  s t u d i e s  o f  
James e t  a l .  (1987)  and t h e  m o d e l i n g  
s t u d y  o f  L ippmann and Bovardsson 
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F i g u r e  4. F l u i d  i n c l u s i o n  h o m o g e n i z a t i o n  t e m p e r a t u r e s  and measured t e m p e r a t u r e s  
i n  t h e r m a l  g r a d i e n t  w e l l s  GTW 3 ,  5 ,  and 6. The f l u i d  i n c l u s i o n  t e m p e r a t u r e s  a r e  
shown by  s q u a r e s  and t h e  measured t e m p e r a t u r e s  by s o l i d  l i n e s .  

( 1 9 8 5 )  t o  r e f i n e  t h e  e x i s t l n g  h y d r o -  i n g  f l u l d s  w e r e  d i l u t e d  by  l o w e r -  
g e o c h e m i c a l  mode l  o f  t h e  g e o t h e r m a l  s a l i n i t y  w a t e r s .  T h e  m a x i m u m  
system. The p r i m a r y  f e a t u r e s  o f  t h e s e  s a l i n i t i e s  o f  t h e  f l u i d  i n c l u s i o n s  
p r e v i o u s  s t u d i e s  a r e  t h e  p r e s e n c e  o f  a r e  s i m i l a r  t o  t h e  15000 ppm TOS 
an u p f l o w  zone l o c a t e d  t o  t h e  s o u t h  o f  c o n t e n t s  o f  p r o d u c e d  f l u i d s .  
GTW 6 ,  a n o r t h w a r d - t r e n d i n g  t h e r m a l  However ,  t h e  i d  i n c l u s i o n s  a l s o  
p lume t h a t  f e e d s  t h e  p r o d u c t i o n  w e l l s ,  r e c o r d  s a l  i n i  t h a t  range  downward 
and some r e c h a r g e  t h r o u g h  t h e  c a p p i n g  t o  l e s s  t h a n  1700 ppm, i n d i c a t i n g  
c l a y s .  t h a t  s i g n i f i c a n t  m i  x i  ng has  o c c u r r e d .  

t h e  s o u r c e  o f  t h e  t h e r m a l  
GTW 5, and t h a t  p e r m e a b i l i t  
5 have been reduced  s i n c e  t h  
o n s  formed. 

The s a l i n i t i e s  o f  t h e  f l u i d  i n -  
c l u s i o n s  d e m o n s t r a t e  t h a t  t h e  u p w e l l -  

- 85 - 



CONCLUSIONS 

T h e  f l u i d s  p r o d u c e d  a t  t h e  t w o  
p r o d u c t i o n  i s l a n d s  a r e  s l i g h t l y  
d i f f e r e n t  i n  c h e m i s t r y .  The c h e m i c a l  
c o m p o s i t i o n s  i n d i c a t e  t h a t  t h e  f l u i d s  
w h i c h  f e e d  t h e  w e s t e r n  b i n a r y  p l a n t  
may have m ixed  w i t h  a n o t h e r  f l u i d  and 
c o o l e d  s l i g h t l y  w i t h  r e s p e c t  t o  t h o s e  
t h a t  f e e d  t h e  e a s t e r n  d u a l  f l a s h  
p l a n t .  

O u r  f l u i d  i n c l u s i o n  s t u d i e s  a r e  
c o n s i s t e n t  w i t h  t h e  g e o l o g i c  model of  
James e t  a t .  ( 1 9 8 7 ) ,  w h i c h  i n d i c a t e s  
t h a t  t h e  u p w e l l i n g  c e n t e r  i s  l o c a t e d  
i n  t h e  s o u t h e r n  p a r t  o f  t h e  f i e l d .  A 
c o m p a r i s o n  o f  t h e  measured and f l u i d  
i n c l u s i o n  t e m p e r a t u r e s  s u g g e s t s  t h a t  
t h e  r o c k s  i n  GTW 5 a r e  c o o l i n g .  I n  
c o n t r a s t ,  t h e  measured t e m p e r a t u r e s  i n  
GTW 6 a r e  n e a r  t h e  h i g h e s t  t empera -  
t u r e s  r e c o r d e d  b y  t h e  f l u i d  i n c l u -  
s i o n s .  

C h e m i c a l  a n a l y s e s  o f  t h e  e a s t e r n  
p r o d u c t i o n  f l u i d s  i n d i c a t e  t h a t  t h e y  
a r e  e n r i c h e d  i n  C02 r e l a t i v e  t o  t h e  
w e s t e r n  f l u i d s .  C 0 2 - e n r i c h e d  f l u i d s  
a r e  a l s o  p r e s e r v e d  - i n  f l u i d  i n c l u s i o n s  
i n  GTW 3, b u t  were  n o t  o b s e r v e d  i n  GTW 
5 o r  6. These r e l a t i o n s h i p s  s u g g e s t  
t h a t  t h e  excess  C O 2  i s  l o c a l l y  d e r i v -  
ed. 
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