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ABSTRACT 

Isotopic analyses of Cerro Prieto well waters 
collected over the last 10 years indicate con- 
tinued drawdown of cooler, isotopically.lighter 
water from the sides and above the geothermal . 
reservoir. kawdown from above the reservoir has 
been most pronounced along a north-striking normal 
fault that intersects the shallow a reservoir 
in the western part of the geothermal field.. 
geothermal fluid recharges the system from the 
northeast, rising through a major normal fault 
zone and moving out into the surrounding permeable 
reservoir. 
near the a reservoir boundary, a natural region of 
two-phase fluid exists between the 0 reservoir and 
the deeper B reservoir. Comparison of observed. 
isotopic fractionation between steam and water . 
from production separators on Cerro Prieto wells 
with experimental fractionation factors indicates 
steam contamination of most water samples. 

Hot 

In the central region of the field, 

INTRODUCTION 

The Cerro Prieto geothermal system is located 
35 km southeast of Mexicali in Baja California, 
Mexico (Fig. 11, and is associated with one of 
several pull-apart basins along the strike-slip 
boundary of the North American and Pacific plates. 
The basin is bounded to the northeast by the 
Imperial Fault and to the southwest by the Cerro 
Prieto Fault. Thick deposits of Colorado River 
sands and shales have accumulated in the basin, 
and two main geothermal aquifers have been identi- 
fied predominantly in the sand units. The a 
reservoir located in the western part of the 
field (Fig. 2) occurs between 1,000 and 1,500 m 
depth and was originally at temperatures of 260 
to 310 OC. The hotter (320 to 340 "C), deeper 
('1,500 m) B reservoir underlies the entire 
area of exploitation shown in Figure 2. These 
reservoirs are bounded below by low-permeability 
mineralized rocks and above and to the sides by 
discontinuous shale beds and an interface with 
cooler water (Grant et al., 1984). A number of 
northeast-striking faults transect the Cerro . 

Prieto pull-apart basin, and have been mapped-in 
various locations (for example, Puente and Pena, 
1978; Diaz et al., 1981; Rivera et al., 1982). 
Figure 2 shows the faults identified by Halfman 
et al. (1984) as displaying substantial offset. 
These authors suggest that Fault H and Fault L 

have an important influence on fluid flow in the 
system. Exploration of the Cerro Prieto 
geothermal field began in 1958; and the first 
power plant, drawing from 20 wells and generating 
75 MWe, went on line in 1973. At present, there 
are three power plants with a total installed 
capacity of over' 600 MWe. 

Since April 1977, water and steam samples for 
isotopic analysis have been collected approxi- 
mately yearly from all available wells on 
production. The number of wells sampled has 
increased from 15 (all producing from the a 
reservoir) in 1977 to 64 (19 from the a reservoir 
and 45 from the B reservoir) in 1986 (see Fig. 2 
for well ' locations). 
composition of fluids from the a reservoir are 
shown by data from the 1977 and 1982 collections 
(Truesdell et al., 1979, 19841, and are also . 

evident in data from other years with the newer 
data also showing relationships of B reservoir 
fluids. Most significant is the continuing 
drawdown of cooler, isotopically lighter water 
into the a reservoir from the sides and above 
in response to lowered reservoir pressure 
resulting from production. This cooler water 
extracts heat from the reservoir rocks and has 
caused lowered enthalpy and temperature in most 
wells. The 0 reservoir has been tapped e,xten- 
sively since 1982, and the isotope data from 
these wells have supplied new information about 
patterns of recharge in this deeper, hotter, and 
larger reservoir and have revealed a natural 
region of two-phase fluid in the central part 
of the field. 

Changes in the isotope 

OBSERVED VERSUS EXPERIMENTAL FRACTIONATION 

Samples of steam and separated brine were 
collected from production separators using 
sampling ports on the bottom of the separator 
(for brine) and on the steam line as it left the 
separator. 
stainless-steel coils in water and ice baths and 
collected in the usual manner. In order to 
calculate the total fluid isotope composition of 
the discharge we compared observed oxygen-18 
fractionations to fractionation factors calculated 
from an equation (Bottinga, quoted by Friedman 
and O'Neil, 1976) based on experimental isotope 
equilibrium (Bottinga, 1968; Bottinga and Craig, 
1968). Observed deuterium fractionations were 
compared to a curve fit to the same experimental 

Samples were cooled by passage through 
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data (Truesdel l ,  Nathenson, and Rye, 1977). 
Temperatures of s e p a r a t i o n  were c a l c u l a t e d  from 
measured pressures  (CFE, w r i t t e n  commun. , 1977-86) 
using steam t a b l e s  (Keenan e t  al.., 1969). 

Except f o r  samples taken from the  second 
separat0.r o f  double-separator wells, w e  
c o n s i s t e n t l y  found steam-water f r a c t i o n a t i o n s  
smaller  than those p r e d i c t e d  by t h e  experimental  
equations (Table 1 ) .  
more of t h e  following: 
curves are inaccura te  over  t h i s  temperature range 
(150 t o  2OOOC) o r  f o r  b r i n e s  o f  t h i s  concent ra t ion  
(6,000 t o  18,000 mg/kg C l - 1 ;  ( 2 )  the  recorded 
separa tor  pressures  a r e  inaccura te  ( c o n s i s t e n t l y  
too low); o r  (3)  t h e  steam/brine separa t ion  i s  
not  complete and t h e  b r i n e  i s  contaminated wi th  
steam o r  v i c e  versa .  
t h i r d  i s  t h e  most l i k e l y .  
c e n t r i f u g a l  separa tors  i s  uns tab le  and t h e  
separa tors  a r e  g e n e r a l l y  ad jus ted  t o  produce a 
c o n s i s t e n t l y  pure steam f r a c t i o n  by allowing a 
small amount of steam t o  be included i n  t h e  b r i n e  
f rac t ion .  Steam contaminat ion of  b r i n e  i s  a l s o  
ind ica ted  by data  from t h e  double-separator wells 
sampled i n  1986 (see  Table 1 ) .  
secondary separa tors  produce a much smal le r  
f r a c t i o n  of steam t h a n  high-pressure s e p a r a t o r s  
o r  s ingle-s tage s e p a r a t o r s  (steam f r a c t i o n s  a r e  
0.065 t o  0.1 compared t o  0.11 t o  0.91, and t h e  
br ine  f r a c t i o n  is ,  t h e r e f o r e ,  probably contanr 
ina ted  wi th  a propor t iona te ly  smaller amount of  
steam. 
ancy between experimental  and observed deuterium 
f r a c t i o n a t i o n  f o r  t h e s e  wells compared t o  o t h e r  
wel ls ,  (Table 1 ) .  

' 

This  may be due t o  one o r  
(1)  The.experimenta1 

Of these  p o s s i b i l i t i e s  t h e  
The water , l e v e l  i n  

Low-pressure 

This is r e f l e c t e d  i n  t h e  smal le r  discrep- 

Table 1. Differences between 
experimental and observed water- 
steam iso tope  f r a c t i o n a t i o n s  
(10' I n  aexper imenta l  - 10' I n  
a observed; 10 '  l n  41 h a t e r  - 
bsteam). n f number of samples. 

. 

Year , Oxygen n Deuterium n 

1977 ' 

1978 
1979 
1980 
1982 
1984 
1985 
1986 
1986" - 

-309 
.291 
.362 
.346 
.235 
.250 
181 

8.107 
197 

15  1.97 14 
11 
22 1.96 20 
16 2.49 16 
27 2.08 27 
1 7  1.89 1 7  
27 1.65 26 

30 1.08 30 

-- 

27 1.63 30 

=Second separa tor  

Based on the  r e s u l t s  descr ibed above, the  
t o t a l  f l u i d  i s o t o p i c  composition f o r  each wel l  
discharge was c a l c u l a t e d  using t h e  measured steam 
iso topic  composition, t h e  measured steam f r a c t i o n  
(obtained a s  c lose  i n  time t o  t h e  water c o l l e c t i o n  
a s  pos,s ible) ,  and a c a l c u l a t e d  b r i n e  i s o t o p i c  
composition based on t h e  steam composition and 

experimental f rac t iona tcon  fac tors .  T o t a l  f l u i d  
i s o t o p i c  compositions were a l s o  c a l c u l a t e d  using 
t h e  measured b r i n e  composition f o r  comparison. 
Oxygen-18 r e s u l t s  ob ta ined  from these  c a l c u l a t i o n s  
t y p i c a l l y  d i f f e r  by 0.2 o r  0.3 per  m i l  and deute- 
rium r e s u l t s  d i f f e r  by 2 o r  3 per m i l .  
t r e n d s ,  however, remain t h e  same. 

General 

ISOTOPIC CHANGES WITH TIME: 1977-1985 

Although the  i s o t o p i c  compositions o f  f l u i d s  
from Cerro P r i e t o  were not  measured b e f o r e  1977, 
t h e  f l u i d  i n  the  shallow a r e s e r v o i r  was probably 
about -8.0 t o  -8.3 i n  6 l b  based on s e v e r a l  
l i n e s  0.f evidence. T r u e s d e l l  e t  a l .  (1979) found 
t h a t  i n  1977 wells i n  t h e  nor thern  p a r t  o f  t h e  
f i e l d  (comparatively unaf fec ted  by drawdown a s  
shown by constant  c h l o r i d e  and enthalpy) had t o t a l  
f l u i d  isotope compositions between -8.3 and -8.1 
per  m i l .  Wells i n  t h e  south-central  p a r t  o f  t h e  
e x p l o i t e d  f i e l d  produced lower ch lor ide ,  lower 
180 f l u i d s ( t o  -10.1 p e r  m i l )  apparent ly  inf luenced 
by f l u i d  drawdown i n t o  t h e  production a q u i f e r  from 
above. Olson (1979) found t h a t  c a l c i t e  from d r i l l  
c u t t i n g s  appeared t o  have e q u i l i b r a t e d  a t  observed 
temperatures with a r e s e r v o i r  f l u i d  6180 n e a r  -8.3 ' 

wi'th no evidence of l i g h t e r  f l u i d s .  
produced wel l  f l u i d s  were s l i g h t l y  h e a v i e r  (e.g., 
M20 with b l 8 0  = -7.7) b u t  they were a l s o  deeper 
and probably contained some cont r ibu t ion  from the  
B r e s e r v o i r .  F lu id  from M48 (producing from t h e  
a r e s e r v o i r )  when f i r s t '  sampled i n  1979 had 6% 
= -8.0, s i m i l a r  t o  t h e  h e a v i e s t  t o t a l  f l u i d  
composition of  1977. 

. 

A few l a t e r  

Only two wel l s  were sampled i n  1978 t h a t  had 
not  been on l i n e  i n  1977, and the  oxygen i so tope  
p a t t e r n  was v i r t u a l l y  unchan ed (Pig. 3a). Draw- 
down of  low-chloride, low-bl10 water was centered  
on wells M26 and M27 and dropped o f f  s h a r p l y  t o  
t h e  northwest of these  w e l l s ' .  Wells i n  t h e  north-  
w e s t  and south had experienced l i t t l e  o r  no 
d i l u t i o n  by t h i s  t i m e ,  suggest ing t h a t  o n l y  
v e r t i c a l  drawdown and h o r i z o n t a l  flow from t h e  
nor theas t  had occurred. Deuter ium,dis t r ibu t ion  
showed t h e  same genera l  a r e a  of drawdown, but  not 
a s  c l e a r l y  because t h e  t o t a l  spread i n  d a t a  ( 4  
per  m i l )  was small r e l a t i v e  t o  a n a l y t i c a l  e r r o r  
( k  1 per  mil) .  

Oxygen isotope d a t a  f o r  waters c o l l e c t e d  i n  

The c e n t r a l  a r e a  o f  -9 
1979 (Fig.  3b) covered a much l a r g e r  a r e a  t h a n  
t h e  previous two years .  
per  m i l  waters  had expanded and water from M26 
was considerably l i g h t e r  than  -10 p e r  m i l .  Other 
a r e a s  of  pronounced d i l u t i o n  t o  the  n o r t h , a n d  
southeas t  of t h e  c e n t r a l  zone had a l s o  developed. 
These a r e a s  of d i l u t i o n  d e f i n e  a l i n e  which 
co inc ides  with a f a u l t  suggested by Halfman e t  a l .  
(1984) t o  be a major condui t  f o r  f l u i d s  ( F a u l t  L, 
Fig. 2; dashed on Fig. 3b). The coinc.idence of 
i s o t o p i c a l l y  l i g h t  waters wi th  Faul t  L sugges ts  
t h a t  v e r t i c a l  drawdown along t h i s  f a u l t  occurred 
i n  t h e  c e n t r a l  a r e a  and t h a t  v e r t i c a l  and/or  
.hor izonta l  flow along t h e  f a u l t  occurred i n  t h e  
nor th  and south areas .  The a reas  of l e s s  d i l u t i o n  
may correspond t o  l e s s  permeable segments o f  the  
f a u l t  ox t o  a reas  where cross-cut t ing f a u l t s  a r e  
supplying hot  g e o t h e m a l  waters. 
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By 1980 the drawdown of isotopically light 
water in the southern part of the a reservoir 
had nearly caught up to drawdown in the center of 
the field (Fig. 3c). Results from 1982 and 1985 
collections (Figs. 3d and 3e) show continued 
development of these two areas of most intense 
drawdown in the a reservoir. By 1985, waters 
in these two areas had 6180 values well below 
-11 per mil and waters from the rest of the a 
reservoir had 6l80 values that were generally 
less than -9 per mil. In the meantime, the two 
wells to the north that had shown marked dilution 
in 1979 remained constant (M42) or became 1 per 
mil heavier (Mll41, indicating a new influx of 
isotopically heavier water. 

The 1982 collection included the first samples 
taken from wells that tap only the deeper 8 
reservoir (all wells located northeast of the 
railroad tracks plus those shown in parentheses. 
southwest of the tracks). These waters are 
generally isotopically heavier than those from 
a reservoir wells, presumably because they have 
been less mlxed wirh'cooler., isotopically lighter 
waters or have equilibrated with minerals at 
higher temperatures. 8 reservoir waters are 
heaviest in the northeast and get lighter toward 
the a reservoir in the southwest. 

1986 DATA 

Sixty-three wells were sampled and their 
waters nalyzed for isotopic composition in 1986. 
This is more than twice the number sampled during 
any other year, and includes a number of new wells 
producing from the deep (up to 3,000 m) eastern 
part of the B reservoir. 

The oxygen isotope distribution for 1986 is 
shown on Figure 4. With the exception of a few 
wells (discussed below), the entire field could 
be contoured as one system, suggesting some 
communication between the a and 8 reservoirs. 
The narrow, northwest-trending, -8 to -9 per mil 
strip marks the edge of the a reservoir and 
reflects the steepening 61% gradient to the 
northeast of the railroad tracks where only B 
reservoir fluids are produced. 
the a reservoir show a pattern similar to the 
1985 pattern, but with significant expansion of 
the -11 region in the southwestern part of the 
field, which may be a result of increased 
drawdown in response to the opening of a number 
of new deep wells to the east. 

The contours for 

Contours in the 8 reservoir open to the 
northeast and the heaviest waters are found in 
this corner of the exploited area. 
that the hot geothermal brine originates somewhere 
to the northeast of the field in agreement with 
Elders et al. (1984) and Goldstein et al. (1984), 
who suggest that the heat source for the Cerro 
Prieto system might be associated with a swarm of 
dikes intruded into the eastern regions of the 
field. The geothermal brine has apparently moved 
upward and to the southwest, where it mixed with 
lighter, cooler waters and reequilibrated at lower 
temperatures with reservoir rock. 
curvature of the contour in the northeastern part 

This suggests 

The tight 

of the field and the double-bullseye pattern in 
the southwestern part of the field both suggest 
that recharge to the field is controlled to some 
extent by the prominent northeast-striking normal 
faults that transect the pull-apart basin. 
Halfman et al. (1984, 1986) have suggested that 
the geothermal fluids rise from depth and enter 
the 8 reservoir along Fault H, a major northeast- 
striking normal fault (surface projection shown on 
Fig. 2) .  

With only 1986 samples for much of the 8 
reservoir, it is difficult to project back to pre- 
exploitation conditions. If it is assumed, as was 
discussed earlier for the a reservoir, that the 
B reservoir had a uniform composition prior to. 
exploitation and that since it has been diluted 
with isotopically lighter water, then the pre- 
exploitation fluid must have had a uniform 6l80 
at least as heavy as -6.9 per mil (see Fig. 4). 
This seems unlikely for several reasons. 
the a and 8 reservoirs have been demonstrated 
to communicate with one another and originally 
th'ere was probably a gradational change in fluid 
61% (rather than a sudden jump from -8.0 per mil 
in the a reservoir to -6.9 per mil). Also, the 
temperature derived from this oxygen composition 
for 8 reservoir water and the oxygen composition 
of calcite from M127 and M132 (O-4 per mil, from 
Williams, 1982) is 41OoC, unreasonably high for 
the 8 production zone. In fact, even the 1986 
oxygen values for M127 and M132 well waters (-7.9 
and -7.5 per mil, respectively) give unreasonable 
temperatures of 360" and 38OOC with a calcite 
oxygen of -4 per mil. It may be that while draw- 
down of cool isotopically light water is occurring 
in the western part of the field in response to 
exploitation, the eastern fluids are actually 
getting heavier due to increased recharge from the 
deep hot source to the northeast. 
indication of the isotopic evolution of these 
waters in response to fluid production must await 
future collections. 

For one, 

' 

More definite 

Deuterium data for waters collected in 1986 
show a pattern of distribution very similar to 
that of the oxygen. 
oxygen-18 distribution can be explained by 
dilution to varying degrees with cooler ground- 
water (6D = -103, 6l80 = -13; Truesdell.et 
al., 1979) over most of the field (Fig. 5 ) .  Using 
this model, the least diluted waters (found in 
wells M133, M135, and ML37), with 6180 o f  . 
-6.9 per .mil and 6D of -93 per mil, have been 
mixed with 70 percent groundwater (75 percent if 
oxygen-18 data are used) to form the -11.5 per 
mil (61801, -100 per mil (6D) water found in 
the most diluted wells (W5, M50, M90, and M105). 
Mixing calculations based on oxygen-18 are 
probably less accurate because exhange with rock 
oxygen must occur both before and after mixing. 

The fieldwide deuterium and 

Comparing oxygen and deuterium data from a 
reservoir wells in 1986 with data for the same 
wells in 1977 reveals the extent of drawdown and 
dilution by cooler water that occurred over that 
tenyear period. 
period ranges from 10 percent dilution for well 
M19A to 70 percent dilution for well M35. 

Percent dilution over this 

In the 
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southern area of intense drawdown, well M105 
experienced 65% dilution between 1979 and 1986. 

oxygen-18 content of discharged fluids was also 
the year that the flow rate dropped the most. 

ANOMALOUS FLUIDS 

Assuming all variations in the isotopic compo- 
sitions of Cerro Prieto waters are due solely to 
mixing hot brine with a cooler water of constant 
composition works fairly well in general. However, 
if this mixing is the only process involved in 
forming Cerro Prieto waters, then contour patterns 
for oxygen-18, deuterium, and chloride should 
coincide. While this is .reasonably true for the 
a reservoir, these contours diverge somewhat in 
the central part of the 0 reservoir (shaded area 
of Fig. 4). Waters in this area show the highest 
deuterium values (up to -91 per mil) and yet 
relatively low chloride (as low as 500 mg/kg). 

A plot of deuterium versus oxygen-18 defines 
a reasonably clear mixing line with cooler ground- 
water (Fig. 5 ) .  The three points falling farthest . 
off the line are from wells at the eastern edge,of 
the field which may have encountered slightly 
different diluting waters moving in from the east. 
A plot of deuterium versus chloride (Fig. 6) shows 
most waters defining a mixing line with the same 
groundwater shown in the deuterium/oxygen-18 plot 
( 6D = -103, C1 = 500 mg/kg). A number of waters, 
however, all with 6D greater than -96 per mil, 
fall well to the left of this line, indicating 
anomalously low salinity. 
producing these anomalous waters, with the 
exception of well M193, draw from the 0 reservoir 
and fall in the center of the field (shaded area 
on Fig. 4). 

' 

.. 

All of the wells 

Examining patterns of isotopic change over 
time also reveals that these wells are anomalous 
in showing slight increases of 6180 with time. 
Most wells have shown continuously decreasing 180, 
D, and chloride concentrations. A minor number of 
wells show different behavior: 
probably insignificant , fluctuations in 61% 
(c0.3 per mil); others show erratic behavior, 
with large increases in l80 during certain periods 
of their histories probably related to change in 
fluid entry; and some, mostly in the central zone, 
have shown an overall increase in 180 from when 

A few show small, 

'. they first were opened to the present.. 

Wells M20, M45, and M91 are wells that have 
all shown large increases ( > . 5  per mil) in 61% 
in a one-year period, although they are from the 
western part of the field rather than the anoma- 
lous central region. Since the year of increase 
was different for all three wells, these appear 
to be isolated events relating to individual 
wells. Well M20 has been demonstrated to draw on 
fluids from both the a and 0 aquifers (Grant et 
al., 1984; Truesdell and Lippmann, 1986). Wells 
M45 and M91 are deep enough that they too may be 
drawing on both the a and 0 reservoirs. These 
wells may discharge different proportions of a 

. and 0 liquid at different times with lower flow 
rates favoring the hotter (and isotopically 
heavier) reservoir fluid (Grant et al., 1984). 
Note that the year during which each of these 
wells experienced a marked increase in the 

Wells M102, M103, M104, and M114 are from the 
central region and have shown an overall increase 
in oxygen-18 since the beginning of production. 
Ml02 increased by .5 per mil from 1980 to 1986, 
M103 increased by .5 per mil between 1979 and 
1986, well M104 increased by .6 per mil between 
1980 and 1984 (and has decreased by .5 per mil 
since then), and well M114 increased by .95 per 
mil between 1979 and 1985. .These wells all fall 
in the anomalous central region of the 0 reservoir 
and, except for the E-series wells, are the only 
wells in this area that have been sampled more 
than once. 

The wells in the central part of the field 
have shown slight increases in 6180 and 6D over 
time, while the rest of the field has been getting 
steadily lighter. Fluid enthalpies in the central 
zone are high and have increased with time while 
chloride concentrations have shown dramatic 
decreases (for example, M102 dropped from 9,300 
mg/kg C1' in 1980 to 500 mg/kg C1' in 1986, 
M103 dropped from 9,500 mg/kg C1' in 1979 to 
6,300 mg/kg C1' in 1986). 
deuterium, decrease in chloride, and high (and 
increasing).enthalpy of these wells are consistent. 
with excess steam in the well due to boiling at 
temperatures .greater than 220OC. 
enthalpy versus chloride (Fig. 7) also indicates 
mixing with steam in these wells. 
suggested (Lippmann and Bodvarsson, 1983) that a 
natural two-phase zone exists in this region where 
the a and 0 reservoirs connect, and the 
deuterium, chloride, and enthalpy data support 
this suggestion. 
18, however, is contradictory and suggests more 
complicated reservoir processes. A different 
mixing water with heavier oxygen, possibly due to 
more extensive water-rock interaction, may be 
recharging this area to some extent, and may be 
coming up from below the reservoir. Since the 
increases in oxygen-18 are small, however, these 
results may simply indicate localized boiling in 
which essentially all the water is vaporized and 
the isotopic composition is near constant. The 
fact that these waters conform to the reservoir 
mixing line (see Fig. 5 )  suggests that this may 
be the case. 
interest because of its anomalous behavior and 
the indications that it taps a consistently 
two-phase section of the reservoir. It will be 
interesting to see how this area evolves in 
response to continued exploitation. 

The increase in 

A plot of 

It has been 

The general increase in oxygen- 

This region is of'considerable 

CONCLUSIONS 

Isotopic analyses of Cerro Prieto well waters 
collected over the lo-year period from 1977 to 
1986 indicate continuing drawdown of cooler, 
isotopically lighter water from above and to some 
extent from the sides of the geothermal reservoir. 
Infiltration by cooler waters affects both the a 
and 0 reservoirs, but has been most pronounced in 
two areas tapping the shallower a reservoir. 
These areas lie along a north-northwest-striking 
fault, which Halfman et al. (1984, 1986) suggest 
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is a major conduit for fluid recharge into the 
reservoir. Contours in the eastern part of the 
8 reservoir open to the northeast and the least 
diluted geothermal waters are found in this corner 
of the field. 
with the Halfman et al. model, which calls for a 
heat source to the east of the field, with geo- 
thermal recharge moving away from the source, up 
and to the southwest along a major normal fault 
that cuts through the center of the Cerro Prieto 
geothermal field. Deuterium, chloride, and 
enthalpy data for the central part of the field 
indicate boiling and excess steam production in 
this region. 
apparently inconsistent but may reflect localized 
boiling in which essentially all the water is 
vaporized and isotopic composition is near constant. 

This pattern is also consistent 

The small increases in oxygen-18 are 
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Figure 1 .  
Pr ieto  geothermal area (from Halfman e t  a l . ,  1984). 

Regional geology and l o c a t i o n  of  the Cerro 

Figure 2.  
a t  Cerro Prieto .  
surface.  (Modified from Halfman et  a l . ,  1984.) 

Location of wells and princ ipal  f a u l t s  
The f a u l t s  are projected t o  the 
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Fig. 3a-e. 
feeding production wells from 1978 to 1985. 
Numbers shown to the northeast o f  the ra i l road  
tracks and those shown i n  parentheses represent 
8 aquifer wel l s .  A l l  o thers  represent a aquifer 
wells.  Contour interval  i s  1 per m i l .  

Distribution o f  6lb i n  the f l u i d  
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Fig. 4. Dis t r ibu t ion  of 6l80 i n  t h e  f l u i d  feeding  
production wells i n  1986. 
those no r theas t  of t h e  r a i l r o a d  t r a c k s  r ep resen t  B 
aqu i fe r  w e l l s .  
bo i l ing .  

Numbers i n  parentheses and 

Shading ind ica t e s  area o f  aqu i f e r  
Contour i n t e r v a l  i s  1 p e r  m i l .  
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Fig .  5 .  
m i l )  f o r  f l u i d s  c o l l e c t e d  i n  1986. 
wi th  cooler  groundwater. 
from e a s t e r n  edge o f  exp lo i t ed  f i e l d .  
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Fig. 6. 
f o r  f l u i d s  c o l l e c t e d  i n  1986. 
l o c a l  groundwater. 
shaded region o f  Fig. 4. 

Chloride (mg/kg) versus  ~DSMOW ( p e r  mi l )  
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Note mixing w i t h  
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Fig .  7. Chloride (mg/kg) versus  en tha lpy  ( c a l / g )  
f o r  f l u i d s  c o l l e c t e d  i n  1986. Note evidence of 
excess  steam i n  wells from shaded reg ion  i n  Fig.  4. 
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