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lbe subsurface qeology of the arro prieto 
geothermal f i e l d  was analyzed w i n g  qeophysical and 
l i tho logic  logs. Ihe d i s t r ibu t ion  of prmeable 
and r e l a t ive ly  impermeable units and the locat ion of 
f a u l t s  are shown i n  a geologic m o d e l  of the s y s t e m .  
By incorporating well completion data  and downhole 
temperature p ro f i l e s  i n to  the geologic model, it was 
possible to determine the di rec t ion  of geothermal 
f lu id  flow and the ro l e  of subsurface geologic 
fea tures  t h a t  control  th is  movement. 

INTRODUCTION 

To accurately assess the fu tu  
the Cerro P r i e to  f i e l d ,  it is Important to determine 
the c i rcu la t ion  pa t te rn  of the geothermal f l u i d s  
i n  the subsurface. hvdroqeolwic model of the 

t h i s  model can be used in reservoir  engineering 
atudies  of the f i e ld .  Pre methodology used i n  this - 
8tudy should bc applicable +o other geothermal 
6ySttmS 8itua-d in a sedimentary environment, such 
as those of the Salton Rough. 

not geothermal f lu id  a t  C e r m  Prieto is found 
mainly i n  the nearly c i r cu la r  area shown in Figure 
2. In the eastern p a r t  of the f i e l d  (near wells 
W-109, T-328, T-348, and H-1151, f l u i d  is produced 

region (near wells H-26, n-34. and W-lSA), a t  depths 
of about 3400 to 5000 f t .  Along the western edge of 
the f i e l d  (near w e l l  &6), some geothermal f l u i d  
leaks to the surface. In  general, this ind ica tes  
t h a t  f l u id  flows from grea t  depths In the eas t ,  
qradually r i s i n g  as it moves westward, where some 
escapes to the surface (Cog., Henado, 1968; Elders 

at depths Of &Out 7000 to 9500 ft.8 in the Weltern - 

tt d o ,  1981). 

geothermal system has &en developed on the basis of 
data  from over 90 wells tha t  have been dr i l led i n  
the f i e l d  (Figure 1). %e r e s u l t s  obtained fxom 

Figure  10 b c a t i o n  of wells urd f a u l t s  a t  Ccmo Pigura 2. Location of the bulk of the hot geother- 
Prieto. Pal f lu id .  
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A geologic model of thc Ctrro Prieto field was 
f i r s t  constructed based on peOphy8fCd am3 Utho- 
logfCAl w e l l  logs. Downhole temperature profiles 
and w e l l  production tnterval data wete then incor- 
porated i n t o  the geologic model to develop A geo- 
thermal f l u i d  flow model that vould determine the 
actual f l u i d  flow paths. 
then used to ident i fy  the lithologic and s t r u c t u r a l  
features  that cont ro l  the movement of the geothermal 
f luid.  

Geologic Rodel 

Ihe f l u i d  f l o w  model was 

lhe following types of w e l l  logs were used t o  
develop the geologic model of Cerro Prieto: 
ray (a), spontaneous poten t ia l  (SP), h te ro log-8  

shor t  normal r e s i s t i v i t y  (RSN), long normal n- 

gamma- 

(LL8). Qtdfm ~ndUCtfOZl ( I U f r  deep induction ( = ) 8  

- S i s a V i t y  (RLN), m p ! l S A t e d  formation densi ty  
gA~-gaUUM (RHOB), diprncter (DIP), and U t h d O g i C  
(LITH) h g s .  Ihe logs were d i g i t i z e d  A t  1-ft 
intervals .  s tored i n  a computer. and displayed 
graphfCAlly using a 2-ft sampling interval .  
cor re la t ion  purposes, each log (except LfTH and DIP 

deep was reduced from 500 in .  to approximately 13 in .  

For 

1-S) v118 n d u c t d ,  SO that A log f o r  a W e l l  10~000 f t  

TVO methods were used to define the Stratigraphy. 
In  the f i r s t  method, formations were defined on 
basis Of their UthalOpy. In thc second Method, A 
simplif ied version of Lyons md van de Kamp's (1980) 
approach WAS UScd i n  which l i t h o f a c i e s  were defined 
according to thickness of sand (or sha le)  beds &nd 
w e l l  log charac te r i s t ics .  

Definit ion of formations. In the f i r s t  method, 
seven d i s t i n c t  l i t h o l o g i c  formations were defined by 
analysis  of the above-mentioned we11 logs. !&e 
basic Stratigraphy of these formations is i l l u s t r a t e d  
using CR logs in Figure 3. Table 1 d e t a i l s  the 
geologic and hydrologic characteristics of each 
formation. It should be noted that Whereas the 
overa l l  charac te r i s t ics  of the formations are e a s i l y  
correlated ACZOSS the f i e l d  (e.g., Formation 3, 
as i l l u s t r a t e d  i n  f igure  3). individual  kds within 
a formation may be d i f f i c u l t  to correlate from w e l l  
t o  w e l l .  

FAUltS were ident i f ied  on the bsis of signi- 
f i c a n t  differences ln the depth of cozrelatable 
formations ud from the ident i f ica t ion  of 'missing' 
sect ions of some formations. 

Definit ion of l i thofac ies .  In  the second 
method, the beds were grouped i n t o  three l i t h o f a c i e s  
uni t s  on the basis of the w e l l  log analysis criteria 
(Figure 4 )  followed by Lyons and van de Kamp (1980). 

!&e f i r s t  is A sandstone group that roughly 
corresponds ta Lyons ud van de Kamp's units I, 1-11? 
I1 and 11-111. This group cons is t s  predominantly 
of well-defined sandstones (20-150 f t  thick)  in te r -  
bedded w i t h  shales  (most 20-30 f t  thick,  but  some 
50-70 f t  thick).  
appearance, which is a COIpmon charac te r i s t ic  of 
s b c k e d  channels, eol ian  deposits.  and delta f r o n t  

The w e l l  logs have A blocky 

uands or channel overbank sands on a d e l t k i c  
plain.  

Ihe 8e-d is A sandy-shale group that general ly  
corre5ponds to Lyons and van de h p * s  u n i t  111 and 
centsirt. of roughly equal . p ~ ) u n t s  of sandstones 
and shales. The sandstones can bc .B much as 30 f t  
th ick  and cammoniy ham t Z A M & t i O l t a l  h e s .  which 
can be c h a r a c t e r i s t i c  of delta f r o n t  md distri- 
butary overbank deposits in a delta plain.  some 
beds fn this group were d i f f icu l t  to categorise  en 
the reduced log curves. Beds that d id  not fit 
into +he first or t h i r d  g ~ o u p s  were assigned to this 
one. Qonsequently, i t  became characterized ia A 

t r a n s i t i o n a l  group &tween the first 8nd third. 

. 
. . 

Ihc t h i r d  fa  a shale g that corresponds to 
L y a  and be w p ' s  unit8 rff-n?, I!?# m-V8 and 
V. 
sha les  (many less than 10 f t  th ick)  as well  as 
thicker  shales (* 40 f t  th ick)  rith some t h i n  
sandstone in te rca la t ions .  The w e l l  logs show 

swamp, coastal bay, and l a g o o n ~ l  deposits.  

After assigning the beds to the d i f f e r e n t  
l i t h o f a c i e s  groupg, Lithofacies cross-sections were 
constructed incorporating the f a u l t s  i d e n t i f i e d  by 
the f i r s t  method. 

m a  group includes t h i n l y  bedded sandstones/ 

fea tures  typical Of d i s t a l  Overbank, d e l t a  plain, 

Figure 3. Simplified Strat igraphy of the Cerro 
Prieto f ie ld .  The traces wrrespond to 
gama-ray logs. 



d hydrologic charac te r i s t ics  of the  foraat ions ident i f ied  i n  t h e  f i e l d  (Figure 3). 

Fonnation *natal t ao logic  Character is t ics  Hydrologic Character is t ics  

Lower sect ion primarily a sha le  u n i t  overlain 
by a progressively sandier un i t ,  i n  tu rn  . 
overlain by another shale uni t .  

Alternating sandstons and sha le  beds with ~ 

300 f t  or more. 

Relatively unaffected by heat  of gao 

Relatively unaffected by hea t  of geothemal  
sandstofies varying i n  thickness from 10 t b  f luids.  

sandstone and sha le  beds 
t o  60 f t  i n  thickness. 

100 f t  t h i c k ,  some *in sandstone 

most shale  bods act a s  a local cap rock 
t o  the  a reservoir  m a t  of t h e  ra i l road  tracks.  

Contains par t  of the a reservoir,  which is found 
mainly rest of the  ra i l road  t racks  and 
northwest of Faul t  H. 

4 
bedst some interbedded sandstones 8nd sha les  
of varying thicknesses, may be d i f t i c u l t  te 
dis t inguish from Forastion 3 when GR logs 
a r e  not avai lable .  

m i n l y  bedded sandstones and shales  -(sand- 
stones a r e  of ten  less than 10 f t  thick).  

3 Acta as a loca l  cap rock  to  t h e  8 reservoir 
i n  most regions of the  f i e l d ,  in some areas  
west of t h e  ra i l road  t racks,  it contains  
part of t h e  a reservoir i n  its upper SO0 ft. 
8 reservoir  contained i n  t h e  upper section, 
where thicker  sands a r e  present. 

CR has a blocky appearance, sands sanetines 
a s  thick as 70 f t j  lower sect ion has some 
th in ly  bedded sandstones and shales.  

f 
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Pxunples of the l i t ho fac i e s  c lasses  based on t he  SP curve. 

Geothermal Fluid Flow nodel 

To construct the g e o t h e ~ l  f l u i d  flow model, 
downhole temperature p ro f i l e s  urd production in- 
tervals  were superimposed on the l i t ho fac i e s  cross- 
sections.  
depths a t  which tempra tures  of commercial in te res t  
were found (generally 2 280*C), vhi la  the w e l l  
production in t e rva l s  indicated zones of higher 
p rmeab i l i t y  from which hot f l u i d s  a re  produced. 

reservoir engineering data allowed us to determine 
the flow direct ion and paths of the geothermal 
f l u i d s  and the geologic features  control l ing t h e i r  
movement through the f i e l d ,  as described below. 

Ihe temperature p ro f i l e s  i den t i f i ed  the 

'Ihe interpretat ion of these geological and 

CEOLOCIC WDEL 

Formation Cross-Sections 

Five cross-sections were developed ( locat ions 
shown i n  Figure 5 )  and a r e  given i n  Figures 6A-E, 
showing the configuration of the seven l i t ho log ic  
formations ident i f ied i n  t h i s  8tudy. 

typical correlat ion of formations across the f i e l d ,  
including the location of f a u l t s  and producing 
in t e rva l s  i n  the wells. me deep well8 east of the 
ra i l road tracks 1RR between w e l l s  M-10 and kt-123) 
have keen d r i l l e d  i n t o  Formation 2. The E (or  8)  
reservoir (Prian, 1981; Sdnchez and de la &%I, 
1981) is located i n  this forrnation. Ihe reservoir 
temperature ranges from 300.C to  350.C. 

Cross-section A-A' (Figure 6A)  i l l u s t r a t e s  a 

H 

~ 

(After Lyons md Van de m p ,  1980) 

Fagura 5. b c a t i o n  of cross-sections. 

. .  
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Figure 6B. ?ormation cross-section E-E'. 
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Fiqurr 6C. Formation cronn-section C-C'. 
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West of the ra i l road  t racks,  most of the wells 
have k e n  d r i l l e d  as deep as Formadon 3. 
boundary between Formadons 3 and 4 i s  .ometimes 
d i f f i c u l t  to define in thfs region btcaoee of the 
lack of CR logs, Vhich are the easiest to correlate. 
I n  this region, geothermal f l u i d  production CQPCB 
mainly frcm the A (or a) reservoir (Prlan,  1981r 
d n c h e z  and de la P e h ,  1980, which h 
located in Formation 4 md in some places extends a8 
much u 500 f t  into the upper pot+ion of ?omation 3. 
The temperature of this resemoir ranges frcm 150% 
to  375%. 

Ihc 

The #B Contact, shown in Figure 6A and sub- 
sequent figures M 9#B,9 i s  the contact between the 
unconsolidated and conwl ida ted  sediments 8s deter- 
mined from u d l  cu t t ings  (hrurte and da la P e h ,  
1978). The unconsolidated sedtmcnto ( W i t  A)  
cons is t  of elayr, silts. sands, urd gravels. Balw 
this, the consolidated sediments (Unit  B) c o n s h t  OS 
shales,  s i l t s tones ,  and sandstones, soam of which 
are p a r t l y  metamorphosed. 

Previously, some researchers have used the #B 
contact AS a correlat ion lParker (e.g., Puente and da 
l a  P e k ,  1978). According to our w e l l  log 
study. however, the &/B contact  does not appear to 
be associated w i t h  A cor re la tab le  bed. mi. is 
i l l u s t r a t e d  in Figure 7 by the GR logs  from wel ls  

-8- 

Figure 7. Depths of A/B contact  f o r  wel l s  M-25, 
S-3, and M-110. 
t o  --ray logs. 

The traces correspond 

me sandstones and shales above Shale U n i t  0 
s h w  f a i r l y  normal log readings for a sedimentary 
anvironment. Shale Unit 0 and the sand u n i t  
b e l o w  it show uune anolnalous log values because they 

f 

~ 1 2 5 ,  E-)# a d  M-IIO.-- m r  -pie, the A/B contact 
for U-25 b located in a ahale bad at 8 depth of 
2625 f t ,  near the top of ?omation 5. 
contact  were e correl.t.ble marker, it w u l d  be 
associated w i t h  tMs ahale bed throughout the field, 
8s shown in Figure 7 by the me labeled #Bo 
In wel l  t-3, however, the #B contact  b found not 
in +hi. shale bed but  a t  much shal lover  depth 
(denoted by A/B*) within 8 d i f f e r e n t  unit, a t  A 
depth 02 1948 f t  in Formation 7. W l a r l y ,  the 
contact  identified Fn well U-110 does not wrrespond 
to the rhale btd of w e l l  M-25, but  h much deeper 
( indicated by WB.1, a t  3652 f t  near the bot- of 

d t h  weelatable beds and should not be Peed UI a 
marker bed. 

f f  the #E 

. 
? O m t h l  5. =US the #B Contact i. not M60Cb-d 

Elders et al. (1978) suggested that  the trur 
. i t ion  fran the A and B uaits $6 due to induration 
of the B uait CaU6Cd by post-depositional events 
( c a p a c t i o n ,  cementation, urd metunorphic reactions). 
bcmoUnt md tlders (1981) showed t h a t  the &ptb of 
f i r s t  occurrence of thermally altered minerals 
i. general ly  found near +he #B contact. 
t h i s  paper, we w i l l  show t h a t  this contact h 
associated w i t h  8harp temperature hcreues, con- 
firming t h a t  it i s  temperature related. In other 
wid& the h e a t  of the geothemal f l u i d s  has caused 
the induration of the sediments of u n i t  8. QI 
the other hand, the sediments of u n i t  A have remained 
r e l a t i v e l y  unaffected except perhaps near their base. 

&ter 

An unconformftf has been datected, as indicated 
in Figures 6A, C-E. For example, i n  Figure 6A,  
between wel ls  n-9 and n-150, Formation 7 rests 
d i r e c t l y  on Formation 5 (id., Fonuation 6 is 
missing), but  between Fault  H and w e l l  NLl. For- 
mation 7 over l ies  Formation 6 .  ?ormation 6 is 
p a r t i c u l a r l y  i d e n t i f i a b l e  by the high r e s i s t i v i t i e s  
(ILD) of its sandstones, ind ica t ive  of freshwater 
sands. It has been found that throughout the f i e l d .  
Fo'ormation 6 i s  always IPIssing on the upthrown side 
of Fault H (see b e l o w ) ,  but  i s  always present QII the 
downthrown side (Figures 6A-E). 

Lithofacies  h o s ~ - S c c t i o n s  

The three types of l i t h o f a c i e s  i d e n t i f i e d  in 
this 8tudy were correlated along the cross-sections 
shown h rigures 8A-E. 
f o m a t i o n  cross-sections shown in Figures 6A-E. 

They correspond to the 

~ 

Cross-section A-A' (ligure 8 A )  i 8  typical of 
the Lithofacies configuration found across the 
f ie ld .  As mentioned previously, the l i t h o f a c i e s  
rare divided into sandstone, sandy-shale, And sha le  
groups. 
roughly t o  ?omation 21 Shale Unit 0 corresponds 
to Tormation 3 and the lower part  of Formation 41 
and the sand u n i t  above S h a h  Unit 0 correspond to  
?ormation 5 and the upper port ion of ?ormation 4. 
On the southwest side of Faul t  H, ?ormation 7 
corresponds to the sediments (mostly shale) above 
?ormation 5. C h  the northeast  side of ?ault H, the 
~ t h o f a c i e s  corresponding t o  Formations 6 and 7 
cannot k distinguished M c lear ly .  

Ihe  sediments belw Shale Unit 0 correspond 

a 
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F i g u r e  88. Lithofacies cross-section 8-0'. 
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Figure  8C. Lithofacies cross-sectam C - 2 * .  
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have h e n  af fec ted  by the c i rcu la t ion  of gee-1 
f 1uidS 

Shale Unit 0 acts an a barrier to upward 
migration of geothermal f l u f d  and convective heat 

thermal characterimtics, and low porosi ty  readings 
obtained f r a n  the w e l l  b g s .  Ihe &war port ion of 
Shale Unit 0 consis t6  &ly of thinly bedded 
sandstones/ sha les  (general ly  correspondlag to 
Fonaation 3) and lacks any thick pennaable 

confirmed by the sharp rise in tcmpcratura gradient 
observed near the top of S h a h  Unit 0, indicative of 
a region where heat  i s  tranmferred by conduction 
ra ther  than convection &e., f l u i d  flow). nuther- 
more, the unusually high RXOB values found ccmmonly 
near the base of Shale Unit 0, espec ia l ly  b vallo 

l o w  porosi ty  m y  be but to Induration cawed by 
mineral prec ip i ta t ion  (Seamount and E l d e r s ,  1981). 
Thus, the Shale Unit  0 i s  a thick,  frppcmeable, 
low-prori ty  u n i t  tha t  acts an a (local) cap rock. 

flW. T h b  b U U b S t a I l t i A t t d  the I l + h O l O g y ,  

SMd u n i t  that Wuld p r r a i t  f l o i d  .flW. SbfS k 

Southeast O f  F A d t  8,  indicate &W WrOSity. 

The sand u n i t  below shale Unit 0 pemits the 
flow of geothermal f l u i d s  through it. This is 
substant ia ted by l i thology, them1 characttriatics, 
depth of producing in te rva ls ,  and high porosi ty  
readings obtained from the  w e l l  logs. The upper 
p r t i o n  of th is  sand u n i t  cons is t s  of thick sands, 
conducive ta p e m i t t i n g  f l u i d  flow, interbedded w i t h  
some shales (general ly  corresponding to the upper 
portion of Formation 2).  In this unit ,  the tempcrc 
a ture  p r o f i l e s  show A f a i r l y  constant temperature of 
300% or s l i g h t l y  grea te r  (temperatures greater than 
300.C a r e  indicated by the heavier l i n e s  in the 
temperature p r o f i l e s  shown in Figures 8A-E). This 
constant temperature io h d i c a t i v e  of c i rcu la t ing  
f lu ids ,  id., a region where heat  b t ransferred by 
convection rather than conduction. e s t  of the 
producing i n t e r v a l s  f o r  the reservoir are h C A t e d  
in this sand uni t .  The l o w  ILD and RHOB values f o r  
the sand beds within it indicate  high porosity,  
possibly SeCOndAry (dissolut ion)  porosi ty  (Lyons and 
van de IEamp, 1980). lhus,  this u n i t  has thick,  
WrmeAbh, high porot i ty  Sands ud A c t 8  AS A conduit 
for the geothermal f lu id .  

Further descr ipt ion of the l i thofac ies  and the 
ro le  they play i n  control l ing the flow of geothermal 
f l u i d s  w i l l  be given i n  the sect ion on fhothermal 
Fluid FlOV Paths. 

Faults - 
lhree buried f a u l t s  have been ident i f ied  i n  

t h i s  study AS having an important i m p a c t  on geo- 
thermal f l u i d  flow. 
L, And S, and a r e  shown i n  plan view i n  Figure 1. 
Evidence f o r  the existence of these f a u l t s  is 
described &low. 

lhey have been Mmrd Faul ts  8, 

Fault  H. Fault  H has A northeast-southwest - 
strike.  
of several  evidences. 

Its existence WAS established on the basis 

1. A large v e r t i c a l  displacement of formations can 

me lower portion of the f a u l t  ( so l id  l i n e  
bc correlated across the f a u l t  (Figure 6Ap C-E). 

2. 

3. 

4. 

5. 

6. 

port ion of Faul t  H i n  figures 6A-E and EA-E) 
show larqc downthrows to the southcast ,  w i t h  
displacements .B QU& aa 1650 f t  in the north- 
eastern port ion (near w e l l s  W-150 and n-107). 
%ward the southwe8t, displacemen+s are 8ma11er 
(about 1000 f t  near wells n-47 and w-50). 

Logs from wells located i n  the f a u l t  zone have 
portions or whole formations missing, which is 
ind ica t ive  of normal faul t ing.  
thts is i l l u s t r a t e d  by w e l l  ?l-107, i n  which 
Pormation 5 is completely Pfsting, as shown in 
f igure  6A. 

SeisrPic sections across the f i e l d  show t h a t  
Faul t  ?I exis ts  (Hajet and HcEvilly, 1982). 

'Ihc only ava i lab le  
postulated f a u l t  zone (obtained in w e l l  W-1071 
indicates a sudden change in d i p  from the 
normal 0-10. to  dips of up to 30. over a 200-ft 
span, re turning abrupt ly  to normal dips  of 
0-10.. Ihe locat ion of this sudden d i p  change 
correlates w i t h  the posi t ion of Faul t  R. 

Ihe exis tence of L thermal plume between w e l l s  
M-109 and M-107 has been recognized by 
A. Williams (personal communication, 1982). 
l h i s  plume coincides vith the locat ion of Faul t  II, 

acts AS a conduit f o r  the upward flow of hot 

An example of 

pmeter log covering the 

&ich,  incidental ly ,  ind ica tes  that thfS f a u l t  

f l u i d  

The absence of Formation 6 on the upthrown s ide  
of Faul t  H is  related to the movement of t h i s  
f a u l t  (Figures 6A, C-E). Either Formation 6 w s  
deposited k f o r e  f a u l t i n g  began and vas then 
eroded from the upthrown side or it was deposited 
only on the downthrown s ide  of Faul t  H as (or 
after) fau l t ing  occurred. Ihc logs indicate 
that movement along Faul t  H continued as the 
sediments of Formation 7 were being deposited. 

It is i n t e r e s t i n g  to note that the s t r i k e  of 
Faul t  H is A l m o s t  parallel to that Of dikes  and 
surface f a u l t s  found a t  the Cerro Prieto volcano. 
w e s t  of the geothermal f i e l d  (Alonso, 1966 and de 
Boer, 1979). mis suggests t h a t  these fea tures  may 
be the r e s u l t  of the same regional tec tonic  forces.  

Faul t  S. Fault  S trends northeast-routhwest. 
The only evidence f o r  this f a u l t  is a displacement 
Of about 400 f t  k tVeen  wells H-169 A n d  T-388 A n d  
the absence Of part of Formation 6 as indicated by 
the logs of w e l l  14-169. 

Fault  L. Evidence f o r  the northeast-southwest- 
trending Faul t  L was i n i t i a l l y  found by cor re la t ing  
CR and SP logs along severa l  of the formation 
cross-sections (Figures 6A and C ) ,  which showed 
sudden changes in bcd depths, A common indicator  of 
fau l t ing  . 

Further evidence f o r  this f a u l t  comes from the 
temperature logs f o r  several wells in the western 
part of the f i e l d  (M-43, H-11, n-9, W-29, H-181, 
M-105, and 0-413).  The logs,  espec ia l ly  from the 
l as t  f i v e  w e l l s ,  e x h i b i t  unusually pronounced 
temperature reversals (e.g., see Figures 8A and C), 

* 

, 
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which r e f l e c t  the presence of @fer. of d i f f e r e n t  
temperatures . 

, I  

GEoTnpc13AL FLOID Kaw PATHS 

The model 8howing the movement of geothermal 
f l u i d s  in the Cerro Pr ie to  8yotem was obtained by 
analyzing the avai lable  data per ta ining t o  the 
sect ions shown i n  l igures  8A-E md was selected to 
represent  the whole f ie ld .  
ou t1 ined .w Howard (19811, we foMd that the 
ac tua l  f l u i d  flow paths become readily 'apparent when 
downhole temperature p r o f i l e s  (Bermejo e t  ale, 1979t 
personal communication, 1982) .nd well production 
in te rva ls  were superimposed on thc Uthofac ies  
sect ions (Figures 8h-E). The oarious eections and 
the suggested f l u i d  flow paths across them are 

i 

Foolloving the method 

' 

Cross-section A-A' 

Figure 8h shows the lithofacies crosr-eect ion 

Of the f l u i d  e n t e r s  thc 8 O U + h v c S t t M  part O f  Shalt 
U n i t  0, vhfch i s  eandier than i n  the east, and Doves 
westward u n t i l  encountering v a u l t  L. 
fluid flows . p a r d  through th ie  f a u l t  and then 
westward through the sands above Shale Unit 0. 
Fluid that does not e n t e r  Shale Unit 0 continues to 
flow westward through the sands under Shale Unit 0. 
Eventually, some f l u i d  leak. to the eurface +hrough 
the Cerro Prieto Faul t  Zone, which bounds the f i e l d  
to the w e s t  (see Figure 11, and the rest mixes w i t h  
the colder waters that marround the geothermal 

There, the 

anomaly. 

located i n  the eands beneath Shale Unit 0. 
reservoir  is r e s t r i c t e d  to the western port ion 
of Shale Unit 0, west of the ra i l road  tracks. The 
qeothermal f l u i d  flowing westward through the 6 
reservoir is also able to flow i n t o  the o reservoir 
through the randy gap in the v i c i n i t y  of  well H-10. 
Thus our model ind ica tes  tha t  the two reservoire are 
interconnected, contrary to what war postulated by 
Prian (1981 ) and Sanchez and de la Pen. (1981 1. 

Throughout the f i e l d ,  the 8 reservoir i e  
Ihc a 

A-h*, on which temperat& prof i les ,  A/B c o n a c t 8  
(Cob0 R., 1981), and production i n t e r v a l s  were 

Cross-sections E-E' , D-D', C-C!', and B-B' 

superimposed. 
shown by heavy l ines  ind ica te  temperatures of 300.C 
or greater .  
w e l l s  are indicated next to the  corresponding 
curve. 

me par t s -of  the tcmpra ture  p r o f i l e s  

The maximum temperatures of cooler  

From Figure 8h it can k eeen t h a t  the logs 
show sharp temperature increases  mar the A/B 
contact  m d ' t h a t  the A/B contact,  the  producing 
in te rva ls  , and t h e  sharp increases in temperature 
a r e  observed a t  progressively greater depths toward 
the east .  Well n-117 does not  conform to this 
trend, however, and w i l l  be discussed b e l o w .  

A similar pa t te rn  of f l u i d  flow can k seen in 
cross-section &E*. Host of the f l u i d  appears to 
flow from east to west through the sand under 
Shale Unit 0, then up Faul t  H u n t i l  it once again 
encounters the base of Shale U n i t  0. 
the f l u i d  continues flowing up the f a u l t ,  as in- 
dicated by shallower 300.C isotherms and A/B contacts 
in wells n-107, n-117, n-109, and T-328. However, 
m o s t  of the f l u i d  moves westward through the sands 
below Shale Unit 0 ( Lresemir).  

A p o r t i o n  of 

Cross-sections C-C' and D-D' show bas ica l ly  the 
same f l u i d  flow Patterns as shown i n  cross-sections 
A-A' and E-E'. 

Comparison of the temperature p r o f i l e s  w i t h  
l i thology (Figure BA) of wells W-104, H-150, and Cross-section B-B' is somewhat parallel to the 
NL-1 ind ica tes  that sharp increases temperature strike of Faul t  H (Figure 5) .  However, the f l u i d  
gradient  occur near the bouridary between Shale Unit 0 
and t h e  overlying sand unit. 
and M-9, this temperature increase i 8  observ 
near m o t h e r  ehalc bed, uhich F u r s  in w e l l  
the same depth as the A/B contact.  
temperature, therefore ,  suggests t ha t  the shale  
uni t s  m u s t  be b a r r i e r s  to convective heat  
i - e - .  they are essent  as local cap rocke. sponds to the top of the 6 reservoir.  The .postulated.  

rs ( p e n o n a l  communicatl 
19821, the heat  eource f o r  the Cerro P r i e t o  s y s t e  
is associated w i t h  a swarm of dikes  intruded i n  
the eastern regions of the f ie ld .  These rocks he 
the  c i rcu la t ing  f l u i d  which ie ' thought  to enter  the 
f i e l d  from the east through the sand underlying 
Shale Unit 0 ,  a f t e r  which it moves westward toward 
Fault  H (arrows i n  Figure BA indicate  the d i r e c t i  
of the f l u i d  flow path) .  me t l u i d  then flows up 
Faul t  H u n t i l  i t  encounters the bottom of the Sha 
U n i t  0 once again. 
Continuer up Fault'H, resu l t ing  i n  a temperature o 
300.C a t  a shallow depth i n  well M-117. ?bat of the 
f lu id ,  however, moves westward i n t o  the rand klow 
the upthrown Shale Unit 0. This flow continues u n t i l  
it reaches a sandy gap i n  Shale Unit 0, i n  the 
general area of well n-10. 
f lu id  flows uprard i n t o  this gap, resu l t ing  i n  high 
temperatures t n  well n-10 a t  shallow depths. h e  

flow pat tern is s id l a r .  

flow through a high-porosity, permeable sand under- 
lying the low-porosity, impemelble Shale U n i t  0, 
which acts as a loca l  cap rock. figure 9 shows a 
contour u p  of +he top of this Smd, which corre- 

d i rec t ion  of geothermal f l u i d  f l o w  through these 
sand. is indicated by the arrows. & indicated by 
this figure,  the f l u i d  is general ly  bedieved to 
e n t e r  the f i e l d  ( a t  g r e a t  depth) from the east, 
gradually moving westward (and r i s i n g  to shallower 
d e p t h ) ,  and f i n a l l y  leaking to  the surface i n  the 
western regions of the f ie ld .  Several w e l l s  to the 
e a s t  are cooler (i.e.,  U-189 i n  Figures 8 D  and E, 

n-92 i n  Figure 8c). This suggests t h a t  these 
wells are bypassed by the hot f l u i d s  enter ing the 
field from the east, north Cf these w e l l s .  

In Wells'E-3, 
mst of the geothermal f l u i d  is  believed to  

The in 

' 

A small port ion of the f l u i d  

SUIO(ARY AND CONCLUSIONS 

Ety in tegra t ing  the geologic model of Cerro 
Fr ie to  with downhole tcrnperaturc prof i les  and well 
production in te rva ls ,  the gI5OthermAl f l u i d  f l o w  
paths i n  the f i e l d  have been ident i f ied.  Based on 
the information obtained from a11 the wells, the hot 

%ere, the geothermal 
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--- 
Figure 9. Contour lines indicate the & Of the a 

reservoir.  hrrovs indicate the di rec t ion  
of g e o t h e m l  f l u i d  flow. 

geothermal f l u i d s  appear +e be enter ing the f ie ld  
a t  depth from the southeast  through permeable sands 
b e l o w  Shale U n i t  0,  vhich is act ing a s  a local cap 
rock, mese f l u i d s  flow tovard and up Faul t  I5 
u n t i l  they encounter the same permeable sands b e l o w  
Shale Unit 0 on the upthrown s ide  of this f a u l t ,  
where they continue to move in a westward direct ion.  
When the f l u i d  encounters a break i n  the shales, 
some f l u i d  ascends once again to en ter  the sandier 
western part of Shale Unit 0,  where the a reservoir 
is located,  and the  rest continues flowing westward 
through the sand below Shale Unit 0 ( Brerervoir) .  
Eventually, some of the geothermal f l u i d  reaches the 
surface in the western region of the f i e l d ;  the rest 
mixes w i t h  cooler groundwaters. 

mis work is cons is ten t  with mineralogical 
(Elders e t  al., 1981). therrpal (nercado, 19761, 
reservoir  engineering, and geochemical (Grant e t  al., 
1981 ) s tudies  car r ied  out  i n  this geothermal system. 
Out r e s u l t s  form the bas is  f o r  numerical modeling of 
the behavior of the Cerro Pr ie to  f i e l d  i n  its 
natural  s t u t e  and under u p l o i t a t i o n  (LipputAnn and 
Bodvarsson, 1982; Tsang e t  al., 19821. 
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