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Fault  Intersect ions and Hybrid Transform Faul ts  i n  the Southern Salton Trough 
Geothermal Area, Baja California, Mexico 
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*Earth Sciences Division, Lawrence Berkeley Laboratory, Berkeley, Cal i f .  
t bmis ion  FederaX de Electricidad, Uexicali, B.C., Mexico 

Abstract 

Analysis of 55 w e l l s  d r i l l e d  a t  the Cerro Pr ie to  
Geothermal F ie ld  and a s u i t e  of geological and 
geophysical s tud ies  throughout the southern Sal- 
ton Trough from the Mexican-United S ta tes  border 
t o  the Gulf of Cal i fornia  c l a r i fy  two concepts 
important t o  geothermal development: 1) increased 
na tura l  convective f l u i d  flow and be t t e r  pennea- 
b i l i t y  should occur a t  in te rsec t ing  f a u l t s  both 
regionally and within a producfng f i e ld ,  and 2) 
the Cerro Pr ie to  and Imperial f a u l t s  are bes t  con- 
ceived of as hybrid types having features  of both 
San Andreas s t y l e  wrench f au l t s  and oceanic trans- 
form fau l t s .  

Introduction 

Study of f a u l t  intersect ions 
cepts on San Andreas type wrench fau l t ing  with 
oceanic transform fau l t  theory a i d  i n  explaining 
geothermal resources i n  the southernSalton Trough. 
This wedge shaped region (Fig. 1) from Hexicali 
t o  the present Gulf of Cal i fornia  is bounded on 
the east by the Craton Margin Lineament which 
trends approximately N 30% and on the w e s t  by 
the San Felipe f au l t  zone. 
trends N 150 rl lOOW from the c i t y  of San Felipe, 
along the Ometepec Salina where i t  has 1.5 m of 
recent ve r t i ca l  o f fse t ,  and then follows the 
east s i d e  of the loca l  mountain ranges (Sierra  
Mayor and Cucapa) u n t i l  in te rsec t ing  the Cerro 

and a merging of con- 

The latter f a u l t  zone 

--r- A J 

SALTON TROUGH FAULTING ------ 
Kilomaterr 

GULF OF CALIFORNIA 

XBL 797-7515A 

Figure 1: Compilation of f au l t s  i n  the  Salton Trough showing the Cerro Pr ie to  Lineament 
as a major hybrid transform fau l t  zone. 
trending f au l t s  with much shor te r  in te rsec t ing  f au l t s  of NE-SW trends. 
indicated by l ines ,  dashed where discontinuous o r  subsurface; - ? - indicates  
uncertain location. 
preparation by the authors; S.S. indicates  Salton Sea; C.P. is the  Cerro 
Pr ie to  geothermal area. 

Note the prevalent and long NW-SE 

Cri t ia l  data  evaluation from published work; paper i n  

Faults 
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P r i e t o  Lineament 6 km nor th  of  t h e  Cerro P r i e t o  
Volcano. 
(1977) i n  Sonora has  shown t h e  Cerro P r i e t o  f a u l t  
zone lineament to be a major reg iona l  fea ture .  
Ihe San Fe l ipe  f a u l t  zone and the  Cerro P r i e t o  
tfneament, vhich t rends  WOO 541  are confirmed 
by a e i s d c  r e f l e c t i o n  d a t a  (publ ica t ion  i n  pro- 
g r e s s  by Cerro P r i e t o ,  C.F.E.). The Cerro P r l e t o  
geothermal f i e l d  is c u r r e n t l y  producing 150 mega- 
watts and is 12 km southeas t  of  t h i s  major f a u l t  
i n  tersec t ion.  

Research by Cast11 and Krunrmenacher 
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Figure 2: 
a c t i v e  movemcnt a long the  northwestern terminus 
of the  Cerro P r i e t o  hybrid t ransform f a u l t  and 
the  nor th  t o  n o r t h e a s t e r l y  s h i f t  to t h e  Imperial  
hybrid t ransform f a u l t  (da ta  from Albores and 
o t h e r s ,  1979). 

Microseismic s t u d i e s  i l l u s t r a t i n g  t h e  

Fundamental to t h e  reg iona l  geothermal h i s t o r y  is 
t h e  idea  t h a t  t h e  Cerro P r l c t o  f a u l t  and t h e  Im- 
p e r i a l  f a u l t  e x h i b i t  c h a r a c t e r i s t i c s  of  both wrench 
f a u l t s  and oceanic  t ransform f a u l t s :  hence they 
are informally termed hybrid transforrrr f a u l t s .  
Freund (1974) discussed in d e t a i l  16 d i f f e r e n c e s  
between wrench f a u l t s  and t ransform f a u l t s .  Im- 
por tan t  c h a r a c t e r i s t i c s  of hybrid t ransforms are: 
a) ep isodic  s t r i k e - s l i p  movement, b) obl iaue lv  

i n t e r s e c t i n g  s h o r t e r  n o m 1  f a u l t s ,  o f t e n  i n  c lus-  
ters o f  f a u l t  s h e a r  zones, c )  a tendency t o  be 
l i n e a r  r a t h e r  than curved, d) an a c t i v e  s h e a r  zone 
up to 200 m wide I n  t h e  basement y e t  only 10 m near  
t h e  s u r f a c e ,  e) a l a c k  o f  splayed f a u l t  segments 
a t  t h e i r  terminat ions.  
of  oceanic  f r a c t u r e  zones (1.e. a non-active f a u l t  
ex tens ion) ,  and they do not  l i n k  c l e a r l y  def ined  
spreading  c e n t e r s .  
deep p e n e t r a t i o n  i n t o  t h e  crust to  serve as con- 
d u i t s  for  h e a t  flow. Thickness o f t h e  c r u s t r a n g e s  
from 7 to 11 km in t h e  nor thern  Gulf of Cal i for -  
nia ( P h i l l i p s ,  1964) t o  as g r e a t  as 32 km a t  the  
Hexican-United S t a t e s  border .  (Biehler  and o t h e r s ,  
1964). 

The Cerro P r i e t o  hybrid-transform and its i n t e r -  
section with t h e  San F e l i p e  b a s i n  and range s t y l e  
f a u l t  zone hua t h r e e  important  fea tures :  1) a 
a h i f t  in r e g i o n a l  tectonic a c t i v i t y  f romthe  locked. 
end of  t h e  Cerro P r i e t o  f a u l t  to the  Imper ia l  
f a u l t ,  vh ich  is 11 km t o  t h e  n o r t h e a s t  and t rends  
N 36%. 2) formation of f a u l t  blocks along t h e  
hybrid t ransform as w e l l  as in t h e  region between 
them, and 3) l o c a l i z a t i o n  o f  a major geothermal 
f i e l d  i.e. Cerro P r i e t o  a t  t h e  i n t e r s e c t i o n o f  t h e  
hybrid t ransform and c r o s s c u t t i n g  f a u l t s .  Eiicro- 
seismic s t u d i e s ,  as shown i n  Figure  2, and a s e l f -  
p o t e n t i a l  survey (Cornin and o t h e r s ,  1978) support  
a nor th  to  n o r t h e a s t e r l y  t rending  f a u l t  between 
the  Cerro P r i e t o  and Imperial f a u l t s .  

The 55 w e l l s  d r i l l e d  a t  t h e  Cerro P r i e t o  geother-  
m a l  f i e l d  and t h e  geophysical  i n t e r p r e t a t i o n s  
provide d e t a i l s  on both t h e  role of  f a u l t  i n t e r -  
s e c t i o n s ,  and on t h e  hybrid t ransform f a u l t  
s h i f t  t h a t  is occurr ing  today. Well No. 103 is 
very product ive,  h o t ,  >35OoC, and l ies  a t  t h e  
I n t e r s e c t i o n  of  one of t h e  NE-SW f a u l t s  and t h e  
Cerro P r i e t o  f a u l t  (Figure 4). There are a t  least 
7 similar f a u l t s  i n  t h e  Cerro P r i e t o  F i e l d  spaced 
200 to 300 m a p a r t  with v e r t i c a l  displacements  of 
40 to 250 m. A s i m p l i f i e d g e o l o g i c  s e c t i o n t h r o u g h  
the  f i e l d  (Figure 3) i n d i c a t e s  400 t o  600 m o f v e r -  
t ical  o f f s e t  across the  Cerro P r i e t o  f a u l t .  Ny- 
l o n i t i z c d  g r a n o d i o r i t i c  basement was reached a t  
2547 m and 2722 m i n  two w e l l s  w e s t  o f  t h e  main 
f i e l d  and a t  1478 m i n  one w e l l  to  t h e  southwest. 
Subsurface s t r a t i g r a p h y  g i v e s  c l u e s  t o  t h e  r o l e  
of  f a u l t i n g .  For example, w e l l  No. 757 d r i l l e d  
through a l i t h o l g i c  sequence, a t  a depth between 
600 m and 934 m.that is not  'found i n  t h e  main pro- 
duc t ion  f i e l d  3 km t o  t h e  southeas t .  These u n i t s  
vere: 85 m of  s i l t s t o n e ,  under la in  by 95 m of 50% 
s i l t s t o n e  and 50% s i l t y  sandstone u n i t s  3 t o  9 m 
th ick ,  followed by 145 m of n e a r l y  pure sandstone. 
The upper s i l t s t o n e  was h ighly  d e n s i f i e d  by mine- 
ral p r e c i p i t a t i o n  and the  w e l l  bottom temperature 
in t h e  sandstone was approximately 100°C. 
a sequence sugges ts  a rap id  i n f i l l i n g  of an act- 
i v e l y  rubs id ing  block. 
Earlier i d e a s  of  pu l l -apar t  bas ins  in the S a l t o n  
Trough (see U d e r a  md other., 1972; a l s o  Dibble., 
1977) can thus  be ref ined.  Faul t  blocks between 
t h e  hybrid t ransform f a u l t s  t h a t  occur  en echelon 
appear  to be 1 to 4 km on a s i d e .  Oblique i n t e r -  
s e c t i o n  o f  major f a u l t s ,  such as t h e  Imperial  and 
Cerro P r i e t o ,  with f a u l t  s h e a r  zones may i n d i c a t e  
r i tes for the  most product ive w e l l s .  However, 
these  wells may be loca ted  i n  downthrown blocks 
wi th  a p p r o p r i a t e l y  h o t  product ion zones 1 km OK 

They have no equiva len t  

Such f a u l t s  are capable  of  
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Figure 3: Simplified geologic sect ion across the earliest developed portion of the Cerro 
Pr ie to  Geothermal f i e ld ,  Baja California, Mexico. 
w e l l  logs and geophysical surveys. 

Interpretat ion based on 

more deeper than i n  w e l l s  within a few hundred 
lPeters of the hybrid transform fau l t .  Ongoing 
research and continued d r i l l i n g  between the Cerro 
Pr ie to  and Imperial f au l t s  w i l l  c l a r i f y  ideas 
presented herein. 
major f a u l t  intersect ions with shorter  f a u l t s  
near geothermal areas a t  East Mesa, Desert Hot 
Springs, Cos0 and Roosevelt Hot Springs. 
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