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ABSTRACT 

A hydrogeologic model of the Cerro Prieto g e e  
thermal f i e ld  hrs been developed bued  on geophyri- 
cal and'lfthologic w e l l  logs, dovnhole temperature, 
and w e l l  completion data from about 90 deep n l l r .  
The hot br im8 seem to  originate i n  the  eastern 
part  of t he  f ie ld ,  flowing i n  a vertward direction 
and riring through gaps i n  the rhaly layers which 
otherwire act an par t i a l  caprock8 t o  the geothermal 
re I ource . 

The Cerro Prieto geothe-1 f i t l d ,  located 
about 20 o i l e r  south of the US-Xexico border i n  
Bmjr California, Xexico (Figure 11, h u  approrimatc- 
l y  100 vellr, romc ar deep UI 11,600 f t .  There 
Wells provide a ' v u t  mount of data for  the rtudy 
of the field's subsurface geology (Figure 2). 

XBLO2S-225 

e two f au l t r  Location of w l  
which have the 
t h e m 1  f luid f 

Bared mainly on the .nalyr i r  of geophyrical 
and l i thologic well log data, # geologic model of 
the f i e ld  has been developed. By integrating down- 
hole temperature data m d  depth of producing inter- 
v a l ~  in to  t h i s  =del, flow patha for  the geothermal 
f luids  have been identified. The r t a u l t r  presented 
in t h i s  paper are conairtent v i th  thoae of other 
geological, geophysical, and geochemical st~adier 
carried out i n  th i r  area (Lawrence Berkeley Labora- 
tory, 1981). 

I L W l - W N  

Figure 1. Regional geology of the Salton Trough and 
locatfon of the Cerro Pricto area. 



Halfman et al. 

GEOLOGICAL SETTING NW SE 

dr i l l i ng  dit.. E ~ r e n t i a l l y ,  Unit A consirtr  Of un- 

conrolidated or  indurated r e d h n t r .  Elder8 et a1. 
(1978) consider that  the t ransi t ion from uacousoli- 
dated t o  consolidated redimentr may occur i n  differ-  
ent vayr in  different p u t 8  of the ryrtem (i.e., 
coqaction, cementation, Uld methamorphic reactions). 
They ruggest that  the transit ional contact between 

i t 8  use fo r  rtratigraphic urrrelationr or for  rtruc- 
tural interpretuionr .  

hro liquiddominated rerervoirr  have been 
identified i n  k r r o  Prieto. The rhallover one, 
derigaated A by Prim (1979) Uld a by Slncher and 
de l a  P e b  (19811, i r  res t r ic ted t o  the vertern 
par t  of t he  fieId. 
derignated B (6) by the ame authQt8, i 8  f d  at 
different depths throughout the field.  

Structurally, the Cerro Prieto f ie ld  ir  lo- 
cated between two major ITW-Si? r t t ike-r l ip  f au l t r ,  
the I tpc r i a l  and Cerro Prieto f au l t r  (Figure 1). 
The f i e ld  i t r e l f  ha8 been postulated t o  be located 
over a pull-apart basin (e.g. Lentnit2 et al., 1970). 

consolidated redimentr, while Unit B C o M i 8 t 8  of 

Unit8 A Uld a i 8  port-deporitiOUa1 CaUtiOUiM 

The deeper and hotter reservoir, 

H-150 1-366 me hrro Prieto f i e ld  i r  located hi a redimen- 
tary mviromnent result ing from the routhwcrternly 
progradation of the Colorado Delta into the Salton 
Trough (Lyons and vm de fanip, 1980). 
the thick redkentary colmn consirtr  t s r en t i a l ly  
of Pliocene .nd Pleirtocene ~ t e r i a l r  deposited %n . 
alluvial, del ta ic ,  estuarine, Uld r h a l l w p a r i n c  ea- . 
vironmentr (Xngle, 1982). The rtratigraphy i r  dom- ff 

inated by intertongoing rmdrtonc-rha1e requencer 
which have been grouped in to  two main unit8 (Unit8 
A and B) bi Puente and de l a  Pe?ia (1978) based on 

la t h i r  area, 
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GEOLOGIC MODEL 

A geologic d e l  of the f i e ld  ha8 been devel- 
oped by Halham et  a1. (1982) based mainly on the 
interpretation of gama-ray, rpontaneour potential, 
deep induction r e s i s t i v i ty ,  compensated formation 
denrity gmma-grrrmul, and li thologic w e l l  logs. 

Variour faul t r  were identified based on *irual 
w e l l  log correlations. 
feul t r  believed t o  have the greatert  impact on geo- 
thermal fluid flow are ahow i n  Figure 2. 
buried faul t ,  tentatively named "E", exhibit8 8 
1sOO-foot dovnthrov toward the ruutheast (Figurer 
3 and 4). 
a path for geothermal fluidr t o  flow uprard. The 
other major faul t ,  the Cerro Prieto r t r ike-r l ip  

f ie ld  and doer not reem t o  carry f luidr  from @tat 
depths. 

The location of the two 

The 

It playr a significant role  i n  providing 

faul t ,  correrpondr t o  the V C l t C I P  boundary Of the 

Based on the lags md depth8 of g e o t h e m l  
f luid production, the rtratigraphic column has been 
subdivided into a amber of formations having dir- 
t i nc t  l i thologic and hydrologic charactcrirt icr.  
Figure 3 prerents a aorthvert-routbeast rection 
acrorr the eastern part of the f i e ld  i l l u s t r a t ing  

mas-ua 

Figure 3. Sinplified stratigraphy of the eastern 
part of the Cerro Pricto f ie ld ,  The 
tracer correrpond t o  gmm8-r.p logr. 

the correlation8 ured t o  e r t l b l i r h  the variour f o r  
mations and t o  identify faul t r .  This figure 8howr 
the g8ma-r.y log8 of three wells (X-150, H-107, 
end T-366). although other types of log8 were a180 
ured i n  the correlations. 

Formation 2 ir  comprired of 8 0 ~  well-devel- 
oped randrtone beds (sane more than 70 f t  thick) 
interbedded with rhale beds and coataim the deeper 
n r e r v o i r  (B or 8 1. Formation 3, comprired of very 
thinly-bedded randrtoner and shales,  act8 an a 
local caprock t o  the lover reservoir. 
railroad tracks, Formation 4 contains the rhallover 
geothermal rerervoir (A o r  a 
formation consistr of rather 
100 f t  thick) and randrtone-rhde requencer. 
t i on  5, comprired of alternating randstoner and 
shale mtitr (average thicknerres: 
lie8 mort of the producing intervals  of the well8 
completed i n  the Pcrervoir A (or a ) .  Xn the vert- 
ern part of the f ie ld ,  Formation 7, which ha8 sever- 
a1 thick rhale unit8 near i t 8  base, act8 as the lo- 
ea1 caprock t o  the shallower reservoir. 

Vert of the 

c 

Forma- 

@ 30-60 f t ) ,  e v e r  
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near EL-1; there rharp i n f l e r  
Figure 4 rhws  a n r t - e a s t  section 
e f ie ld ,  
rorr-rectionr presented bv Loons and 
(1980) , who defined various l i thofac 
r r o  Prieto using geophysical well 10 

It is a schematic version 

tmperature profiles at ti-110 
logy, it can be noted that  
ture gradientr occur Mar 
ale Unit 0 mud t he  overlying 
r hand, i n  H-29 t h i s  in- 
the boundary between Shale 

ng rand unit. The increase 

I 

sed on the dir t r ibut ian o f  rand and sha l t  , l O C 8 t i 0 1 i  of producing fnt t rvals ,  and tenr 4 

H-29. There intervale rtraddle md lit below the  perature profiles,  a flow path for the geothermal 
bare of Unit 0 io the region f luids  c m  be postulated. The fluidr are believed 

t o  be heated at depth by a rvarm of diker intruded 
Some kppOfi8nt features e in P i P  Sa the tastern portion of the f i e ld  (V. Elders, 

me 4: (1) The A/a contact i r  located at the top rronal comunication, 1982). The fluids are 
o f  Shale Unit 0 i n  ve l l r  ?f-150 XL-lS m d  at the ought t o  enter the f i e ld  f r m  that  direction 
bottom of Shale Unit Ip in U-29 2) The producing rough the rand8 underlying Shale Unit 0,  then 
ia tervals  are deepest aear UL-1, and padua l ly  be- moving westward toward F8ult E (the f luid flow path 
cane shallover toward the west, and (3) i r  indicated with arrows in Figure 4). As the 
ature profiles r h w  sudden increases i n  temperature f lu id r  f l w  up the fault ,  encountering once again 

The temper- 
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the bottom of Shale Unit 0 ,  they continue t o  f l w  
wstuard bclov t h i r  rhale d t .  This flow continuer 
u n t i l  it tcaChe8 the gap i n  Shale Unit 0 betveen 
well8 M-10 and H-110. There, the geothermal fluid8 
flw upvard through the gap end wertvard d e r  
Shale Unit II, which acta as a 1h.1l-r local c a r  
rock. Eventually, 110m of the f luids  leak t o  the 
surface through the Ctrro Prieto f a u l t  zone, and 
the  rert of the fluid8 d x  with the colder water8 
which rurround the geothermal anomaly. 

mcLusIoNs 

The flov of geothennal f luid8 through the  rub- 
rurface of the Cerro Prieto f i e ld  €8 controlled by 
both stratigraphic .nd st ructural  features. Han~ 
of the mineralogic, thermal, rerervoir cngi=tring, 
and geochemical thuacterirticr of t h i r  geothermal 
ryrtrm can be explained With reference t o  the hydrw 
geologic model described here. Thir model 
finemeat of previous rtudies (e.& Mercado 
Elder8 et  al., 1981). & nev data  i r  gathered urd 
analyzed it w i l l  be possible t o  further extend the 
model t o  r e f l ec t  the complex lithology and r t t u r  
ture  of the Cerro Pricto field.  
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