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INTRODUCTION 

Since 1977 the ComLsi6n Fe Electricidad de M6xFco ( 1  

. Lawrence Berke tory (1978) have cooperatively studied the Cerro P r i e to  

1 f i e ld ,  located appr t h  of the Mexican-American 9e 

border i n  the M e l d  -Salton Trough. 

As part of these studies, geophysical and l i thologic  w e l l  logs from over 

f i f t y  wells have been qual i ta t ively and quantitatively analyzed using both 

manual and computer interpre ta t fon techniques 

make s t ra t igraphic  correlations throughout the Cerro P r i e to - f i e ld  and t o  

in t e rp re t  the deltaic depositional environmen f the f i e l a ' s  l i thologic  

units. 

These logs were studied to 

D i p m e t e r  and seismic data were of g rea t  value i n  makin s t ra t igraphic  

interpretat ions and extrapolations. 

i l l u s t r a t e  l i thofac ies  variations throughout the geothermal f ie ld .  In turn, 

these sections were used to construct a three-dimensional m o d e l  of the Cerro 

Prieto geothermal reservoir. 

C r o s s  sections were constructed t o  

< . .  

Petrographic raicrO6copy# 

t i on  analyses of well-bore cu 

omr and x-ray diffrau- 

zed to-determine the 
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In order fo r  the exploitation of a geothermal resource to be economical, 

the reservoir porosity and permeability must be adequate and the distribution 

of that porosity and permeability must be w e l l  known. This study of Cerro 

Prieto suggests that the role 

mineral plugging i n  the production reservoirs may have been overstated i n  

earlier conceptualizations of geothermal systems (see DiPippo, 1980, f o r  a 

worldwide summary of systems). 

important. 

acture-dominated porosity and authigenic 

role of dissolution porosity is very 

As documented by Schmidt and McDonald 411979) for petroleum reser- 

voirs, diagenetic processes determine porosity types and their distributions 

throughout the l i fe  span of a field. 

bute to the estimation of reservoir porosity dis t r ibut ion and w i l l  assist i n  

Studies of these processes will contri- 

development of a management plan to optimize the u t i l i za t ion  of the geothermal 

resource . 
DISCUSSION 

This report is an updated version of the poster session and oral  presen- 

ta t ion made a t  the 1980 annual meeting of the AAPGSEPM-EMD i n  Denver, Colorado 

(Noble and Vonder Haar, 1980). 

Figure 1 shows the location of the Cerro Prieto geothermal f ie ld  i n  re- 

la t ion to the numerous faults in the Salton Wough 4-e Xkowell .  

1979; Elders, 1979; Vonder mar and Puente, 1979; and 'Iforder mar and &ward, 

1981, for  deta i l s  on faul t ing related to geothezmaldevelopment), 

Sgloes4xir , 

Figure 2 shows * well IrszatiPnS a .aimpUSied werstoa ef .major hzdts 

and f a u l t  zones, There are numerous tectanlc malogs to &e Cerro @&et0 i€%eZt3, 
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a 

Within the Cerro Pr ie to  f ie ld ,  cori as been carried 

(1 c l a r i f y  the deltaic fac ies  of sandstones, s i l ts tones,  shales, and occasional 

conglomerates. to 96%, and d r i l l -  

er's reports of loose sand at*depths of 1200 m or  greater w e r e  the first clue 

Recovery rates haye been variable, from 

that ,extensive dissolution .of cement has occurred. _I Scanning electron micro- 

graphs with 290 t o  5000 times magnification, s shown. in Figure sr prodded 

evidence of dissolution of both carbonate and silicate minerals,. as well as 

precipi ta t ion of clay minerals;in pore throats. 

Figures 6 and 7, derived from wireline density logs, suggest that  the 

ach 15 t o  45% i n  

density are w e l l  below the A/B contact, a gradational cantact which represents 

the tra on lidat&d 

-densified ones. In W e l l  M-93 (Figure 6 )  the divergence of shale and sandstone 

osity. This 



4 

indicate a zone above which there is  extensive dissolution porosity. Below 

this surface, it is suggested tha t  there is less dissolution porosity and a 

relat ive increase i n  microfracture porosity. 

ACKNOWLEDGEMENTS 

This work was supported by the Assistant Secretary fo r  Conservation and 

Renewable Energy, Office of Renewab le  Technology, Division of Geothermal and 

Hydropower Technologies of the U.S. Department of Energy under Contract No. 

W-7405-ENG-48. Special thanks are due t o  colleagues a t  Cerro Prieto and a t  

Lawrence Berkeley Laboratory. G r a t e f u l  appreciation is  due Norman Goldstein, 

Jack Howard, Marcelo Lippmann, and John Noble for their encouragement. 

REFERF=NCES 

Choukroune, P., Francheteau, J., and Le Pichon, X., 1978. I n  s i t u  s t ructural  
observations along transform f a u l t  A i n  the FAMOUS area, Mid-Atlantic 
Ridge. Geol. SOC. America Bull., V. 89, p. 1013-1029. 

Comisio'n Federal de Electricidad, 1979. Proceedings, Second symposium on the 
Cerro P r i e t o  geothermal f ie ld ,  O c t o b e r  17-19, 1979, Mexicali, Baja Cali- 
fornia, Mexico. Comisi6n Federal de Electricidad de M&dco, 640 p. 

Crowell, J. C., and Sylvester, A. G., 1979. Tectonics af the juncture between 
the San Andreas f a u l t  system and the Salton Trough, Scm*eastern Cali- 
fornia. Guidebook for  annual G.S.A. meeting, San Diego, Nov. 1979. Dept. 
Geol. Sci., University of California, Santa Barbara, Callfor&, 193 .p. 

DiPippo, R., 1980. Geothermal energy as a source of electr ic i ty .  U. S. 
Department of Energy Pub., U. S. Government Printing Office, Washingtcn, 
D.C., Stock N u m b e r  061-000-00390-8, 370 p. 

Elders, W. A. (Ed.), 1979. Geology and geothermics of the Salton Trough. 
Univers i ty  of California, Riverside, Campus Museum Contr. No. 5;  G.SIX. 
Annuax Meeting Field Trip Guidebook No. 7, San Diego, CaSifornia, Novo 
1979, 108 p m  



5 

Elders, W. A., Hoagland, J. R., Vallette, J. N e ,  Williams, A., Barker, C., and 
Collier, P., 1981. A comprehensive study of samples from geothermal 
reservoirs: Petrology and geochemistry of subsurface and surface samples 
from the Cerro Prieto geothermal f ie ld ,  Baja California, Mexico. 
Preliminary report prepared by the Ins t i tu te  of Geophysics and Planetary 

* Physics, University of California a t  Riverside, for  =/DOE. 

> Lawrence Berkeley Laboratory, 1978. Proceedings of the f i r s t  symposium on the 
Cerro Prieto geothemkl f ie ld ,  Baja California, .Mexico, September 20-22, 
1978, San Diego, California. Lawrence Berkeley Laboratory Report 
LBL-7098, 445 p. 

Lyons, D. J., and van de Kamp. P. C. , 1980.. Subs -1 and gee- 
physical study of the Cerro Prieto geothermal f ie ld ,  Baja California, 
Mexico. Lawrence Berkeley Laboratory Repo LBL-10540, 95 PO 

Noble, J. E., and Vonder Haar, S. P. 1980. A study of diagenetic processes 
i n  sandstone from the Cerro Prieto Geothermal f ie ld ,  Baja California, 
Mexico. Abstracts volume of AAPGSEPM-EMD annual crnvention, Denver 
Colorado, June 8-11 , p. 99. 

Schmidt, V., and McDonald, D. A., 1979. Secondary reservoir porosity i n  the 
> course of sandstone diagenesis. Continuing Education Course Notes, Amer. 

Assoc. Petroleum Geologists, Tulsa, Oklahana, 125 p. 

Vonder Haar, S., and Puente C., I., 1979. Faul intersection and hybrid trans- 
form fau l t s  i n  the southern Salton Trough geothermal area, Baja California, 

i M  Geothermal Resources -Counci l  Transactions, V. 3, p. 761-764. 

Vonder Haar, S., and Howard, J H e ,  1981 Intersecting fau l t s  and sandstone 
stratigraphy a t  the Cerro Prieto thermal field.  Geothermics , i n  press. 



9 



7 

CERRO PRIETO GEOTHERMAL FIELD 
L 

Figure 2. Map of the tern, aieto geothe- fFeU with a simplified fault  
syateln. 
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0 
XBL 797-7503A 

figure 3. Znterpretive block diagram of tbe oceanic transform fault 'Am in 
the Mid-Atlantic Ridge showing structural  &mains. %e ramps (R)# - 
~ s - f a u l t s ,  and 22oo.bl-wide active zone of strike-slip movement 

i t y  of 

1978). 

aritkfa a 4-km-wide fault trough suggest the possale complex- 

the producing geothermal f i e lds  (after Cboaroune et al.? 
along the Ccrro Prieto and Imperial faults and 
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M-21 185-191m M-ll 700-f05m M-9 818-824m 
14% Recovery 73% Recovery 62% Recovery 
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Figure 5 .  

XBB 797-9450A 

Clay minerals ( A )  clogging a pore throat i n  the d e l t a i c  sandstone 
a t  1215 m depth i n  w e l l  M-38. 
overgrowth (B) i n  the lower center of the figure. 
reduction may be present even when porosity i s  25%. 
across the scanning e lectron micrograph i s  0.1 mm. 

Note also the framework mineral 
Such pore throat 

Field of view 
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