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ABSTRACT 

A hydrogeologic model of t h e  Cerro P r i e t o  geo- 
thermal f i e l d  has  been developed based on geophysi- 
c a l  and l i t h o l o g i c  w e l l  logs ,  downhole temperature, 
and w e l l  completion d a t a  from about 90 deep wells. 
The hot  b r i n e s  seem t o  o r i g i n a t e  i n  t h e  e a s t e r n  
p a r t  of t h e  f i e l d ,  flowing i n  a westward d i r e c t i o n  
and r i s i n g  through gaps i n  t h e  sha ly  layers  which 
otherwise a c t  as  p a r t i a l  caprocks t o  t h e  geothermal 
resource.  

INTRODUCTION 

The Cerro P r i e t o  geothermal f i e l d ,  located 
about 20 mi les  south of the  US-Mexico border i n  
Baja C a l i f o r n i a ,  Mexico (Figure 11, has approximate- 
l y  100 w e l l s ,  some as  deep as 11,600 f t .  These 
w e l l s  provide a vas t  amount of d a t a  f o r  t h e  study 
of t h e  f i e l d ' s  subsurface geology (Figure 2) .  
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Figure 1. Regional geology of t h e  Sal ton Trough and 
l o c a t i o n  of t h e  Cerro P r i e t o  area. 

Figure 2. Location of wells and of the  two f a u l t s  
which have t h e  g r e a t e s t  impact on geo- 
thermal f l u i d  flow at  Cerro P r i e t o .  

Based mainly on t h e  ana lys i s  of geophysical 
and l i t h o l o g i c  w e l l  log d a t a ,  a geologic model of 
the  f i e l d  has been developed. By i n t e g r a t i n g  down- 
h o l e  temperature d a t a  and depth of producing i n t e r -  
v a l s  i n t o  t h i s  model, flow paths  for  t h e  geothermal 
f l u i d s  have been i d e n t i f i e d .  The r e s u l t s  presented 
i n  t h i s  paper are cons is ten t  with those of o ther  
geological ,  geophysical, and geochemical s t u d i e s  
c a r r i e d  out i n  t h i s  a rea  (Lawrence Berkeley Labora- 
t o r y ,  1981). 
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GEOLOGICAL SETTING 

The Cerro P r i e t o  f i e l d  i s  located i n  a sedimen- 
t a r y  environment r e s u l t i n g  from t h e  southwesternly 
progradation of t h e  Colorado Del ta  i n t o  the  Sal ton 
Trough (Lyons and van de Kamp, 1980). 
t h e  th ick  sedimentary column c o n s i s t s  e s s e n t i a l l y  
of Pl iocene and Ple i s tocene  mater ia l s  deposited i n  
a l l u v i a l ,  d e l t a i c ,  e s t u a r i n e ,  and shallow marine en- 
vironments ( I n g l e ,  1982). The s t r a t i g r a p h y  i s  dom- 
inated by inter tonguing sandstone-shale sequences 
which have been grouped i n t o  two main u n i t s  (Units 
A and B) by Puente and de l a  Peiia (1978) based on 
d r i l l i n g  da ta .  E s s e n t i a l l y ,  Unit A c o n s i s t s  of un- 
consol idated sediments, while Unit B c o n s i s t s  of 
consolidated or indurated sediments. Elders  e t  a l .  
(1978) consider t h a t  t h e  t r a n s i t i o n  from unconsoli- 
dated t o  consol idated sediments may occur i n  d i f f e r -  
en t  ways i n  d i f f e r e n t  p a r t s  of t h e  system ( i . e . ,  
compaction, cementation, and methamorphic r e a c t i o n s ) .  
They suggest t h a t  t h e  t r a n s i t i o n a l  contact  between 
Units  A and B i s  post-deposi t ional  caut ioning on 
i ts  use f o r  s t r a t i g r a p h i c  c o r r e l a t i o n s  or f o r  s t ruc-  
t u r a l  i n t e r p r e t a t  ions. 

I n  t h i s  a rea ,  

NW 

07-0 
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Two liquid-dominated r e s e r v o i r s  have been 
i d e n t i f i e d  i n  Cerro P r i e t o .  The shallower one, 
designated A by Pr ian  (1979) and 01 by SQnchez and 
de l a  Peiia (19811, i s  r e s t r i c t e d  t o  the  western 
p a r t  of t h e  f i e l d .  
designated B (6) by the  same authors ,  is found a t  
d i f f e r e n t  depths throughout t h e  f i e l d .  

The deeper and h o t t e r  r e s e r v o i r ,  

S t r u c t u r a l l y ,  t h e  Cerro P r i e t o  f i e l d  is  lo- 
cated between two major NW-SE s t r i k e - s l i p  f a u l t s ,  
the  Imperial  and Cerro P r i e t o  f a u l t s  (Figure 1 ) .  
The f i e l d  i t s e l f  has  been pos tu la ted  t o  be located 
over a pul l -apar t  bas in  (e.g. Lomnitz e t  a l . ,  1970). 

GEOLOGIC MODEL 

A geologic model of t h e  f i e l d  has  been devel- 
oped by Halfman e t  a l .  (1982) based mainly on the  
i n t e r p r e t a t i o n  of gamma-ray, spontaneous p o t e n t i a l ,  
deep induct ion r e s i s t i v i t y ,  compensated formation 
dens i ty  gamma-gamma, and l i t h o l o g i c  well logs.  

Various f a u l t s  were i d e n t i f i e d  based on v i s u a l  
wel l  log c o r r e l a t i o n s .  The l o c a t i o n  of t h e  two 
f a u l t s  bel ieved t o  have t h e  g r e a t e s t  impact on geo- 
thermal f l u i d  flow a r e  shown i n  Figure 2. The 
buried f a u l t ,  t e n t a t i v e l y  named "H", e x h i b i t s  a 
1500-foot downthrow toward t h e  southeast  (Figures 
3 and 4). 
a path f o r  geothermal f l u i d s  t o  flow upward. The 
othef major f a u l t ,  the  Cerro P r i e t o  s t r i k e - s l i p  
f a u l t ,  corresponds t o  t h e  western boundary of t h e  
f i e l d  and does not seem t o  c a r r y  f l u i d s  from grea t  
depths .  

It plays a s i g n i f i c a n t  r o l e  i n  providing 

Based on t h e  logs and depths  of geothermal 
f l u i d  production, the  s t r a t i g r a p h i c  column has been 
subdivided i n t o  a number of formations having d is -  
t i n c t  l i t h o l o g i c  and hydrologic c h a r a c t e r i s t i c s .  
Figure 3 presents  a northwest-southeast s e c t i o n  
across  t h e  e a s t e r n  p a r t  of t h e  f i e l d  i l l u s t r a t i n g  

SE 

T-366 

Figure 3. Simplif ied s t r a t i g r a p h y  of t h e  e a s t e r n  
p a r t  of the  Cerro P r i e t o  f i e l d .  The 
t r a c e s  correspond t o  gamma-ray logs.  

t h e  c o r r e l a t i o n s  used t o  e s t a b l i s h  t h e  var ious  for- 
mations and t o  i d e n t i f y  f a u l t s .  This f i g u r e  shows 
t h e  gamma-ray logs of th ree  w e l l s  (M-150, M-107, 
and "-3661, although o ther  types of logs  were a l s o  
used i n  the  c o r r e l a t i o n s .  

Formation 2 i s  comprised of some well-devel- 
oped sandstone beds (some more than  70 f t  th ick)  
interbedded with sha le  beds and conta ins  t h e  deeper 
r e s e r v o i r  (B or B ) .  Formation 3, comprised of very 
thinly-bedded sandstones and s h a l e s ,  a c t s  as  a 
l o c a l  caprock t o  t h e  lower r e s e r v o i r .  West of the  
r a i l r o a d  t r a c k s ,  Formation 4 conta ins  t h e  shallower 
geothermal r e s e r v o i r  (A or a). I n  t h a t  region,  t h i s  
formation c o n s i s t s  of r a t h e r  t h i c k  sha les  (up t o  
100 f t  th ick)  and sandstone-shale sequences. Forma- 
t i o n  5 ,  comprised of a l t e r n a t i n g  sandstones and 
s h a l e  u n i t s  (average thicknesses:  30-60 f t ) ,  over- 
l ies most of t h e  producing i n t e r v a l s  of t h e  wel l s  
completed i n  t h e  Reservoir A (or a). 
e r n  p a r t  of the  f i e l d ,  Formation 7 ,  which has  sever- 
a l  t h i c k  sha le  u n i t s  near i t s  base,  a c t s  as t h e  lo- 
c a l  caprock t o  t h e  shallower r e s e r v o i r .  

I n  t h e  west- 
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Figure 4. West-east cross-section of t he  Cerro P r i e t o  f i e l d  showing a schematic 
diagram of geothermal f l u i d  flow through t h e  f i e l d  ( ind ica ted  by arrows). 

GEOTHERMAL FLUID PATHS 

Figure 4 shows a west-east s ec t ion  across the  
e n t i r e  f i e l d .  It i s  a schematic ve r s ion  of one of 
the  cross-sections presented by Lyons and van de 
Kamp (19801, who defined var ious  l i t h o f a c i e s  c l a s ses  
a t  Cerro P r i e t o  using geophysical w e l l  log da ta .  

The s impl i f ied  l i t ho logy  shown i n  Figure 4 was 
obtained by grouping these  authors‘ l i t h o f a c i e s  
c l a s ses  i n t o  mostly sandstone and mostly sha le  
u n i t s ,  he rea f t e r  r e fe r r ed  t o  as  sand and sha le  
un i t s .  Shale Unit 0 approximately c o r r e l a t e s  with 
Formations 3 and 4. Shale Uni t s  N and M a re  wi th in  
Formation 7 .  Superimposed on t h i s  s ec t ion  a r e  the  
temperature p r o f i l e s  f o r  wells M-29, M-110, and 
NL-1 (from Bermejo e t  a l . ,  1979, and personal commu- 
n i ca t ion ,  19821, and t h e  loca t ions  of t h e  contac t  
between Units A and B (A/B con tac t )  f o r  wells M-29, 
M-150, and NL-1. The producing i n t e r v a l s  (not shown) 
are located within Shale Unit  0 i n  t h e  v i c i n i t y  of 
M-29. These i n t e r v a l s  s t r a d d l e  and l i e  below t h e  
base of Unit 0 i n  the  reg ion  east of M-10. 

Some important f ea tu re s  are not iceable  i n  Fig- 
ure  4: (1) The A/B contac t  i s  loca ted  a t  t h e  top 
of Shale Unit 0 i n  wells M-150 and NL-1, and at the  
bottom of Shale Unit N i n  M-29, (2) The producing 
i n t e r v a l s  a r e  deepest near NL-1, and gradually be- 
come shallower toward t h e  w e s t ,  and (3)  The temper- 
a tu re  p r o f i l e s  show sudden increases  i n  temperature 

g rad ien t s  a t  depth near NL-1; these  sharp inf lec-  
t i o n s  i n  t h e  temperature p r o f i l e s  appear a t  shal-  
lower depths toward t h e  west. 

By comparing t h e  temperature p r o f i l e s  a t  M-110 
and NL-1 with t h e  l i t ho logy ,  i t  can be noted t h a t  
t h e  increase  i n  temperature grad ien ts  occur near 
t h e  boundary between Shale Unit  0 and t h e  over ly ing  
sand u n i t .  On the  o ther  hand, i n  M-29 t h i s  in- 
c rease  i s  observed near t h e  boundary between Shale 
Unit N and t h e  underlying sand u n i t .  The increase  
of thermal grad ien t  suggests t h a t  t he  sha le  u n i t s  
must be b a r r i e r s  t o  convective hea t  t r anspor t ,  i . e . ,  
they e s s e n t i a l l y  a r e  ac t ing  a s  l oca l  caprocks. 
Furthermore, t he  maximum temperatures measured i n  
these  wells a re  h ighes t  near NL-1 (335OC1, and de- 
c rease  gradual ly  toward t h e  w e s t  (24OoC, i n  M-29). 

Based on t h e  d i s t r i b u t i o n  of sand and sha le  
u n i t s ,  l oca t ion  of producing i n t e r v a l s ,  and tem- 
pera ture  p r o f i l e s ,  a flow path fo r  t h e  geothermal 
f l u i d s  can be pos tu la ted .  The f l u i d s  a r e  believed 
t o  be heated a t  depth by a swarm of d ikes  intruded 
i n  the  eas t e rn  por t ion  of t h e  f i e l d  (W. Elders ,  
personal communication, 1982). The f l u i d s  a re  
thought t o  e n t e r  t h e  f i e l d  from t h a t  d i r e c t i o n  
through t h e  sands underlying Shale Unit 0, then 
moving westward toward Faul t  H ( t h e  f l u i d  flow path 
is  ind ica ted  with arrows i n  Figure 4). As t he  
f l u i d s  flow up t h e  f a u l t ,  encountering once again 
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t h e  bottom of Shale Unit 0, they cont inue t o  flow 
westward below t h i s  sha le  u n i t .  This flow continues 
u n t i l  i t  reaches t h e  gap i n  Shale Unit 0 between 
wel l s  M-10 and M-110. There, t h e  geothermal f l u i d s  
flow upward through the  gap and westward under 
Shale Unit N ,  which a c t s  as  a shallower l o c a l  cap- 
rock. Eventually, some of t h e  f l u i d s  leak  t o  the  
sur face  through the  Cerro P r i e t o  f a u l t  zone, and 
t h e  r e s t  of t h e  f l u i d s  mix with t h e  co lder  waters 
which surround t h e  geothermal anomaly. 

CONCLUSIONS 

The flow of geothermal f l u i d s  through t h e  sub- 
sur face  of the  Cerro P r i e t o  f i e l d  i s  cont ro l led  by 
both s t r a t i g r a p h i c  and s t r u c t u r a l  f e a t u r e s .  Many 
of the  mineralogic, thermal, r e s e r v o i r  engineer ing,  
and geochemical c h a r a c t e r i s t i c s  of t h i s  geothermal 
system can be explained with re ference  t o  t h e  hydro- 
geologic  model described here .  
finement of previous s t u d i e s  (e.g. Mercado, 1976; 
Elders  e t  a l . ,  1981). A s  new d a t a  i s  gathered and 
analyzed i t  w i l l  be poss ib le  t o  f u r t h e r  extend the  
model t o  r e f l e c t  t h e  complex l i t h o l o g y  and s t ruc-  
t u r e  of the  Cerro P r i e t o  f i e l d .  

This model i s  a re- 
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