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Resumen 
Usando un programa de elemento f i n i t o  (Dey, 

1976) para e l  modelado bi-dimensional de pseudosec 
ciones de r e s i s t i v idad  aparente usando diversos 
arreglos ,  se han modelado cuatro p e r f i l e s  de pseu- 
doresis t ividad aparente medidos usando e l  arreglo 
Schlumberger por personal de l a  CFE (Razo, 1978). 
Tomando 10s datos geolbgicos (Puente y de l a  Peiia, 
1978) y l i tolo 'gicos (Diaz, et  al., 1981) de l a  
regibn geotgrmica se han obtenido modelos que mueg 
t r a n  claramente que para las resis t ividades reales 
presentes en l a  zona, la  informacibn dada por las 
pseudosecciones medidas proviene de l a  estructura  
supe r f i c i a l ,  no mostrando l a  presencia n i  d e l  ya- 
cimiento geo thn ico  n i  d e l  basamento granl t ico.  

Introduccibn 
. En el  CICESE se ha adaptado a una minicomputa 

dora Prime 400 e l  programa de elemento f i n i t o  (De?, 
1976) para l a  interpretacibn d i r e c t a  de pseudosec- 
ciones de r e s i s t i v idad  aparente usando modelos de  
dos dimensiones. 
con una gran cantidad de informacibn geofis ica  so- 
b r e  e l  campo geotdrmico de Cerro P r i e to  y con las 
mediciones elgctricas real izadas por el  grupo de 
geofis ica  de l a  CFE (Razo, 1978) (arreglo Schlum- 
berger con un equipo SCINTREX de 15 kW, semiaper- 
t u ra  &xima de electrodos de 5 km y tiempo de con- 
mutacibn de co r r i en te  de 16 segundos). En e l  pre- 
sente  t rabajo se hicieron modelos bidimensionales 
de var ios  p e r f i l e s  geoelLctricos proporcionados por 
la  CFE, con e l  objet ivo de evaluar el  d t o d o  de rg 
s i s t iv idad  de co r r i en te  d i r e c t a  (arreglo Schlum- 
berger) como herramienta de prospecci6n g e o t 6 d c a  
en l a  zona geotermal d e l  V a l l e  de Mexicali, B.C. 

Adema's de este programa se cuenta 

Geologla 

Valle de Mexicali est5 c o n s t i t d d o  en pa r t e  por 
sedimentos cuaternarios de p i e  de monte provenien- 
tes de l a  S ie r r a  Cucaps y por o t r a  pa r t e  de sedi- 
mentos del t5icos depositados en forma l e n t i c u l a r  
y con contribucibn i r r egu la r ,  debido a las c o r r i e i  
tes cambiantes d e l  E o  Colorado. 

D e  acuerdo con Puente y de l a  Pe6a (1978) el 

D e  las perforaciones se ha podido establecer  
l a  l i t o l o g f a  d e l  Lrea, l a  que consta de 3 pa r t e s  
principales:  

a) La  supe r f i c i e  est5 compuesta de sedimentos del- 
tCicos no consolidados (arenas y a r c i l l a s ) ,  cuyo 
espesor v a r i a  de 600 a 3,000 metros y con resisti- 
vidad de 0.7 a 5 ohm-metro. 

b) La zona intermedia est5 formada de sedimentos 
consolidados como l u t i t a s  y areniscas,  fracturados 
y metamorfizados. 
coma en e l  cas0 an te r io r ,  i r regu1ar .y  se desconoce. 
Por l a  informacibn que se t i ene  de 10s pozos p e r f 2  

E l  espesor de esta capa es, 

rados, se estima que f l u c t h  e n t r e  1,500 y 2,000 
metros. 

c) En l a  pa r t e  i n f e r i o r  se encuentra e l  basamento 
grani t ico,  que se supone ha tenido una accibn in- 
t ru s iva  (horst)  en algunas pa r t e s  y se ha profundi 
zado en o t r a s  (graben). Como ejemplo de este at& 
mo cas0 estg e l  pozo PRIAN I (ver Pig. 1) en el  que 
se llego' a 3,500 metros y no se toea e l  basamento. 

E l  campo g e o t h n i c o  de Cerro P r i e t o  se local& 
za en e l  patro'n tectbnico de San Andrss, d e l  cual 
se derivan las f a l l a s  de  rumbo NO-SE y de m o v i m i c  
t o  lateral derecho como son las f a l l a s  de Cerro 
Prieto,  Imperial y Cucapii, con echados a1 Oeste y 
a1 Este .  A d d s ,  se encuentran evidencias d e  cen- 
t r o s  de dispers i6n en l a  act ividad volc&ica, en- 
jambres de temblores, y por supuesto la act ividad 
geotLrmica de la regi6n. 

Por o t r a  p a r t e  existe un sistema de fallas 
normales a l a  f a l l a  de  Cerro P r i e to ,  a1 que se ha 
denominado sistema secundario Volcano con echados 
al Noroeste y Sureste. Los dos sistemas combina- 
dos forman l a  topografl'a i r r egu la r  delbasamento 
ya mencionada 

Modelado 
Para modelar se tomaron d e l  reporte d e l  grupo 

de Geofl'sica de l a  CFE las pseudosecciones de res* 
t ividad aparente a l o  largo de l a s  lheas 2, 6, 8 
y 11 distribul'das en la zona corn se muestra en el  
plan0 de l a  f igu ra  No. 1. 

En l a  f igu ra  2b, 3b, 4b y 5b se presentan en 
l fnea continua las secciones de r e s i s t i v idad  apa- 
r e n t e  que se han tomado para este estudio de mode 
lado. En las f igu ras  2a, 3a, 4a y 5a se muestran 
10s m d e l o s  r e su l t an te s  correspondientes. Las 
pseudosecciones de r e s i s t i v idad  aparente calcula- 
dos a p a r t i r  de e s tos  modelos se presentan en 
l l n e a  punteada en las f igu ras  2b, 3b, 4b y 5b. 

En todos 10s modelos estudiados se observa 
un comportamiento similar; un aumento en l a  resis- 
t ividad d e l  e s t r a t o  presente a1 aumentar l a  profuq 
didad, variando de 1 a 12 ohm-m en 10s primeros 
1,500 m. Esto concuerda con l o  presentado por 
Diaz et  al.,  (1978) y r e f l e j a  l a  exis tencia  de 
una compactacibn paulat ina de 10s sedimentos. 

En l a  supe r f i c i e  se encuentra un e s t r a t o  coz 
ductor 1 ohn-m con espesor dx imo  de 1.5 km cons- 
t i t d d o  principalmente por a r c i l l a ,  de acuerdo a 
l a  geologla de l a  regibn ya presentada. Igualmen 
t e  se observan, intercaladas en 10s e s t r a t o s  con=-. 
ductores, l en t e s  de un material &s r e s i s t i v o  a s - u  
ciadas quiz& a un contenido mayor de arenas y 
gravas. 
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Las discontinuidades v e r t i c a l e s  presentes en 
las  secciones de r e s i s t i v idad  aparente no implican 
necesariamente la  presencia de f a l l a s .  
l a s  bajas  res is t ividades encontradas, estas discon- 
'inuidades son producidas por un cambio lateral  de 

r e s i s t i v idad  real en un m i s m o  e s t r a to .  Podrla 
ser ocasionado por cambios en e l  f ac to r  de forma- 
cio'n, en e l  metamorfismo l o c a l  o en l a  sal inidad 
presente. 

Debido a 

E l  s u s t r a t o  d s  profundo se presenta en 10s 
modelos con r e s i s t i v idades  de 10 a 12 .ohm-m, a l o  
largo de cada uno de 10s p e r f i l e s  estudiados. La 
regio'n Sur-oeste representa sedimentos consolidados 
con bajo contenido de flufdos,  y seccio'n Nor-este 
sedimentos no consolidados con prominencia de 
arenas. 

Tambibn se observan conductores de 1 ohm-m 
sumergidos en e l  s u s t r a t o  intermedio de 7 a 8 ohm-m 
como en e l  cas0 de las l i neas  2 y 8 y m& e x p l i c i t 5  
mente en l a  l l n e a  11. 
pueden asociarse  a l a  presencia de cuerpos sal inos.  

No'tese que 10s p e r f i l e s  de las l lneas  2, 6 y 
8 no contienen informacio'n r e l a t i v a  a1 basamento 
cuya profundidad estimada en l a  ZOM de estudio es 
de 2 a 6 km (Puente y de la Peiia, 1978), e l l o  a 
pesar de 10s 5 km de semi-apertura electro'dica que 
se us6. 

E s t a s  bajas  res is t ividades 

Conclusiones 
La al ta  conductividad y e l  espesor d e l  sedimez 

t o  no consolidado ex i s t en te  en la  zona d e l  campo 
Geotbrmico de Cerro P r i e t o  forma una capa conducto- 
ra que no permite que l a  co r r i en te  i n y p t a d a  pene- 
tre. Esto impide de tec t a r  variaciones de conducti- 
vidad debidas a 10s e s t r a t o s  profundos. 

Hemos demostrado, mediante simples modelos 
bi-dimensionales la exis tencia  de dicha capa conduc 
tora .  Corn ejemplo relevante  podemos mencionar 
10s resul tados obtenidos para l a  l k e a  6 (Figura 
3), la cual  pasa directamente sobre l a  ZOM geotsr- 
m i c a  de Cerro Prieto.  La simplicidad de nuestro 
modelo contrasta  radicalmente con e l  modelo para la 
l fnea E-E' presentada por W i l t  et al., (1978). 
Sin embargo, hacemos notar que las condiciones bajo 
las cuales se l levaron a cab0 10s levantamientos 
han s ido diferentes ,  a d e d s  de  que elpi5todo direc- 
t o  de interpretacicn es no-iinico. 
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Consideramos que en modelado directo,  e l  paso 
m5s importante para l a  interpretacio'n de datos de 
r e s i s t i v idad  radica en e l  diseiio d e l  modelo i n i c i a l .  
Una vez establecido bste ,  es posible  generar una 
pseudoseccibn de r e s i s t i v idad  a base de a jus t e s ,  
en general pequeiios, que razonablemente se h a r h  
concordar cou 10s resul tados obtenidos en el  campo. 
Por l o  tanto e l  modelo i n i c i a l  deberg de s a t i s f a c e r  
r equ i s i to s  indispensables como; ser el d s  s e n c i l l o  
posible  y contener el  d x i m o  de informacio'n d i r e c t a  
adicional  ya sea de l a  geologfa, r e g i s t r o  de pozos 
6 bibn evidencia proveniente de o t r o s  mbtodos geof4- 
sicos.  S i  se desea proponer l a  exis tencia  de anoma- 
lfas r e s i s t i v a s  no observables por o t r o s  medios, 
dentro de un modelo plausible ,  Lstas debersn de 
producir en l a  pseudoseccio'n de r e s i s t i v idad  aparen- 
t e  un efecto c l a ro  que denote su presencia. 
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Yigura 1. Mapa de l a  regi6n de es tudio .  
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Figure 1. Map or the  region under study. 
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Figura 2. 
(b) Pseudosecci6n d e  r e s i s t i v i d a d  aparente.  
a p a r t i r  de  mediciones de campo. 
a1 modelo m s t r a d o  en la p a r t e  (a).  

Figure 2, (a} Model for line No. 2. R e s i s t i v i t y  i n  ohm-m. (b) Apparent 
r e s i s t i v i t y  pseudosection. 
ments. 

(a) Modelo para l a  l i n e a  No. 2. Res is t iv idad  en  ohm-metros. 
La l i n e a  continua f u e  obtenid$ 

L a  l f n e a  punteada f u e  c a l c d a d a  en base 

The s o l i d  l i n e  was  obtained from f i e l d  measure- 
The dot ted  € h e  w a s  computed on t h e  b a s i s  of t h e  model shown in (a). 
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Figura 3. 
(b) Pseudasecciih de resistividad aparente. 
a partir de m d i  
a1 modelo mostrado en la parte (a}. 

(a) Modelo para la linea No. 6- 

nes de campo. 

Resistividad en ohm-metros. 
La linea continua fue obtenida 

La linea punteada fue calculada ea base 
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Figura 4. 
(b) Pseudosecci6n de  r e s i s t i v idad  aparente. 
a p a r t i r  de mediciones de campo. 
a1 modelo mostrado en la  p a r t e  (a).  

(a) Modelo para la  l i n e a  No. 8. Resistividad en  ohm-metros. 
La l i n e a  continua fue  obtenida 

L a  l i n e a  punteada fue  calculada en  base 

Figure 4. (a) Model f o r  l i n e  No. 8. R e s i s i t i v i t y  i n  ohm-m. (b) Apparent 
r e s i s t i v i t y  pseudosection. 
ments. 

The s o l i d  l i n e  w a s  obtained from f i e l d  measure- 
The dot ted  i i n e  w a s  computed on t h e  bas i s  of t h e  model shown i n  (a ) .  
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Pigura 5. 
(b) Pseudoseccidn de resistividad aparente. 
a partir de mediciones de campo. 
a1 modelo mostrado en la parte (a). 

Figure 5. (a) Model for line No. 11. Resistivity in ohm-m. (b) Apparent 
resistivity pseudosection. 
ments. 

(a) Modelo para la lfnea No. 11. Resistividad en ohm-metros. 
La linea punteada fue obtenida 

La linea punteada fue calculada en base 

The solid line was obtained from field measure- 
The dotted line was computed on the basis of the model sham in (a). 

.TWO-DIMENSIONAL MODELING OF APPARENT RESISTIVITY 
PSEUDOSECTIONS IN THE CERRO PRIETO REGION 

ABSTRACT 

Using a finite-difference program (Dey, 1976) 
for two-dimensional modeling of apparent resis- 
tivity pseudosections obtained by different measur- 
ing arrays, four apparent resistivity pseudosec- 
tions obtained at Cerro Prieto with a Schlumberger 
array by CFE personnel were modeled (Razo, 1978). 
Using geologic (Puente and de la Pena, 1978) and 

uothermal region, models were obtained which show 
clearly that, for the actual resistivity present in 
the zone, the information contained in the measured 
Psueudosections is primarily due to the near- 

fthologic (Dfaz, et al., 1981) data from the 

surface structure and does not show either the 
presence of the goethermal reservoir or the grani- 
tic basement-which underlies it. 

INTRODUCTION 

A finite-difference program (Dey, 1976) for 
the direct interpretation of apparent resistivity 
pseudosections using two-dimensional models.has 
been adapted for CICESE’s Prime 400 computer. In 
addition to this program, we have a large amount o f  
information about the Cerro Prieto geothermal field 
and the electrical measurements carried out by the 
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geophysics group of CFE (Razo, 1978). 
measurements, Razo used a Schlumberger array with a 
15 kW Scintrex system which had a current electrode 
half-spacing of 5 km and a 16-second-period square 
wave signal. In the present study, two-dimensional 
models of several geoelectric pseudosections fur- 
nished by CFE were prepared with the purpose of 
evaluating the dc-resistivity method (Schlumberger 
array) as a tool for geothermal prospecting in the 
geothermal zone of the Mexicali Valley, Baja Cali- 
f ornia . 

For these 

GEOLOGY 

According to Puente and de la Pefla (19781, the 
Mexicali Valley is composed in part by Quaternary 
piedmont sediments from the Cucapa Range and by 
lenticualr and irregular deltaic sediments .depo- 
sited by the changing course of the Colorado River. 

The geology of the area has been established 
from the well data and shown to consist of three 
main units: 

a. The surface is composed of unconsolidated del- 
taic sediments (sands and clays) whose thick- 
ness varies from 600 to 3000 m and which have 
resistivities of 0.7 to 5 ohm-m. 

b. The intermediate zone is formed by consolidated 
sediments, such as shales and sandstones, which 
have been fractured and metamorphosed. The 
thickness of this layer is, as in the case of 
the unit above, irregular and unknown. Based 
on information obtained from wells, the thick- 
ness is estimated to vary between 1500 and 
2000 m. 

has been assumed to have been lifted (horsts) 
in some parts of the region and to have dropped 
in others (graben). An example of the latter 
is the Prian I well (see Figure 1) which 
reached a depth of 3500 m without reaching 
basement. 

c. The lowest unit is a granitic basement which 

The Cerro Prieto geothermal field is located 
within the San Andreas fault system. Deriving from 
this system are faults striking NW-SE, such as the 
Cerro Prieto, Imperial, and Cucapa faults. These 
faults are right-lateral, strike-slip faults with 
minor vertical displacements to the west and east. 
There is also evidence of the existence of spread- 
ing centers, judging by the volcanic activity, 
earthquake swarm, and, of course, by the geother- 
mal activity in the region. 

There also exists a system of faults, which 
are perpendicular to the Cerro Prieto fault, called 
the secondary Volcano fault system, with vertical 
displacements to the northwest and southeast. 
These two systems of faults cause the irregular 
basement topography already mentioned above. 

For the purposes of modeling, the apparent 
resistivity pseudosections along lines 2, 6, 8, and 
11 were taken from the CFE Geophysics group report 
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on their survey of this area. Figure 1 is a map 
showing the location of the survey lines. 

Figures 2b, 3b, 4b, and 5b show the apparent 
resistivity pseudosections used in this study. 
sections are indicated by solid lines. Figures 2 
3a, 4a, and 5a show the corresponding models which 
were obtained. 
tions computed on the basis of these models are 
shown as the dotted lines in Figures 2b, 3b, bb, 
and 5b. 

T$-, 

Q 
The apparent resistivity pseudosec- 

A similar behavior can be noted in all the 
models studied. There is an increase in resis- 
tivity with depth, with a variation from 1 to 12 
ohm-m in the upper 1500 m. This agrees with the 
results presented by Di'az et al. (1978) and 
reflects the gradual compaction of the sediments. 

At the surface there is a conducting layer 
with a resistivity of 1 ohm-m and a maximum thick- 
ness of 1.5 km composed mainly of clays, based on 
the geology of the region described above. Inter- 
bedded with the conductive strata, lenses of a more 
resistive material are observed. These may have a 
higher content of sands and gravels. 

The vertical discontinuities present in the 
apparent resistivity sections do not necessarily 
imply the presence of faults. Due to the low 
resisitivies encountered, these discontinuities are 
the result of lateral changes in the true resisi- 
tivity within a layer. They may have been caused 
by changes in the formation factor of the layer, in 
the local metamorphism, or in the salinity of the 
interstitial pore water. The deepest substrata 
present in the models has resistivities of 10 to 12 
ohm-m along each of the profiles analyzed. The 
southwestern region represents consolidated 
sediments with a low fluid content whereas the 
northeastern section contains unconsolidated sedi- 
ments rich in sands. 

In lines 2 and 8, and more explicitly in line 
11, one also observes 1-ohm-m conductors within the 
7- to 8-ohm-m intermediate layer. These low resis- 
tivities may be associated with the presence of 
saline bodies. 

Note that profiles 2, 6, and 8 do not have any 
information about the basement, whose estimated 
depth in the region under study is from 2 to 6 km 
(Puente and de la Pena, 1978). This occurred in 
spite of the 5 km current electrode half-spacing 
used in the survey. 

CONCLUSIONS 

Because of their high conductivity and large 
thickness, the unconsolidated sediments in the 
Cerro Prieto geothermal field region do not permit 
the deep penetration of the injected current. 
prevents the detection of conductivity variations 
due to deeper strata. 

This 

Using simple two-dimensional models, we have/' 

9 demonstrated the presence of this conductive lay 
As a relevant example, we cite the results obtaine 
for line 6 (Figure 31, which passes directly over 
the Cerro Prieto geothermal zone. The implicity of 



our  model differs  r a d i c a l l y  from the  model *for l i n e  
E-E' presented by W i l t  e t  al. (1978). However, we 
note  here t h a t  the condi t ions  under which both sur- 
veys were made were d i f f e r e n t ,  and, furthermore, 

a t  the  direct i n t e r p r e t a t i o n  method of so lu t ion  LL ed is non-unique. 

We be l ieve  t h a t ,  f o r  direct modeling of resis- 
t i v i t y ,  t h e  most important s t e p  f o r  the in t e rp re t a -  
t i o n  of  t he  r e s i s t i v i t y  data is t he  design of  t he  
i n i t i a l  model. Once t h i s  model is es t ab l i shed ,  i t  
is poss ib l e  t o  genera te  an apparent r e s i s t i v i t y  
pseudosection by making small adjustments t o  the  
model t o  make t h e  r e s u l t s  agree w i t h  t he  data col-  
l e c t e d  i n  the  f ie ld .  Therefore, the i n i t i a l  model 
must s a t i s f y  some e s s e n t i a l  requirements, such as 
t o  be as simple as poss ib l e  and to  conta in  the  max- 

i m u m  amountAof d i r e c t l y  applicable information, 
whether geologica l ,  well logs,  o r  geophysical data. 
I f ,  within a p laus ib l e  model, it is desirable to 
propose t h e  ex is tence  of r e s i s t i v e  anomalies which 
cannot be observed through o ther  means, these 
should produce a clear e f f e c t  denoting t h e i r  pres- 
ence i n  t h e  aomputed apparent r e s i s t i v i t y  pseu- 
dosections.  
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