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ABSTRACT 

The studies performed on the Cerro Prieto geo
thermal field, MeXico, since the late 1950's 
are summarized. Blllphasis is qiven to those 
activities leadinq to the identification of the 
sources of heat and mass, the fluid flow paths, 
and the pheno-na occurrinq in the field in its 
natural state and under exploitation. 

IN'l'RODOCTION 

The purposes of this paper are: ( 1) to review 
the studies conducted on the Cerro Prieto qeo
thermal field, located about 20 miles south of 
the city of Mexicali, Baja California, MeXico1 
and ( 2) to discuss recent models of the proc
esses in the reservoir and the circulation of 
geothermal fluids in the system. 

The Comisi6n Federal de Electricidad (CFE), which 
m.anaqes and operates the field, carried out the 
first studies and surveys, and still continues 
to evaluate the resource as new wells are 
drilled and data from existinq wells are collec
ted and analyzed. 

In 1977 a five-year aqreem.ent vas siqned be
tween CFE and the o. s. Enerqy Research and 
oevelopBent Administration, naw the o. s. 
Department of Enerqy (DOE) , to conduct a 
cooperative study of Cerro Prieto (Witherspoon 
et al., 1978). This aqre-nt resulted in a 
more intensive study of the reservoir1 a vide 
variety of standard and new geoloqical, geo
chemical, geophysical and reservoir engineering 
techniques were carried out. Because of the 
success of this cooperative proqr- preliminary 
discussions have been held to siqn a new DOE/CFE 
aqreem.ent to study Cerro Prieto and other geo
thermal areas in Mexico. 

STUDIES SPONSORED BY CFE 

PRE-1977 S'l'ODIES 

EXploration for geothermal resources beqan in 
the Mexicali Valley in the late 1950's. Photo 
and field geologic surveys were concentrated 
near the Cerro Prieto volcano in an area char
acterized by numerous hot sprinqa, fuaaroles 
and mud volcanos. Between 1959 and 1961 three 
relatively shallow wells (up to 755 m deep) were 
drilled east of the volcano. Only one (well 
M-1A, Fiqure 1) produced geothermal fluids, but 
these were of low enthalpy (Alonao, 1966). 

'1'0 determine the subsurface structure of the 
cerro Prieto area, seiSIIlic refraction (GZOCA, 
1962) and qraviiDetric surveys (Velasco, 1963) 
were carried out. These studies indicated a 
block-faulted buem.ent, with blocka generally 

becOIIlinq deeper towards the east and -jor 
faults strikinq northwest-southeast. Baaed on 
the new subsurface interpretation, four deep 
exploration vella were drilled in 1964 to inter
cept -e of the inferred faults, reach the 
geothermal resource and penetrate the basement. 
well M-3 encountered relatively hot (-270°C) 
fluids frCIII about 650 to 900 m depth. Only 
this well reached basement, at 2532 m. Well 
M-5 vas the discovery well for this field1 it 
produced fluids hotter than 300•c fr0111 about 
1100 to 1300 m depth (Alonso, 1966). 

In 1965 fifty shallow wells were drilled for 
heat flow determination (Manon et al., 1978a). 
In 1966 a geochemical study of the hot sprinqs 
and fumaroles vas 'c0111pleted. Between 1966 and 
1968, 15 development wells were drilled in the 
cerro Prieto area. After successful well tests 
were CCIIIpleted the first 75 MW plant was planned. 
commercial production of electricity fr0111 two 
37.5 MW turboqeneratora beqan in 1973 (Alonso, 
1978). 

on the basis of the geochemical study of the 
surface manifestations and on the qeological 
and geochemical data fr0111 the wells c0111pleted 
at that time, Mercado ( 1968) presented the first 
hydrogeologic model of the field showing the 
circulation of qeothermal fluids in the subsur
face ( Fiqure 2). ~e model indicated the en
trance from the northeast of cold COlorado River 
water, which was heated by magmatic qases ascend
inq throuqh the center of the field (between 
wells M-5 and M-10). Then, deflected by a clay 
cap rock, the heated fluids moved westward 
towards the area of well M-6, an area of high
permeability sandstones. There, the fluids 
leaked to the surface throuqh a fault zone. 

In 1968 a study began of the 18o, 14c and deu
terium contents in the qround waters of the 
Mexicali Valley and Cerro Prieto, in particular. 
The data indicated that these waters originated 
as COlorado River water altered by evaporation 
(Crosby et al., 1972). 

A regional aeromaqnetic survey of the area was 
c0111pleted in 1971 to determine the basement con-· 
fiquration of the Mexicali Valley. ~e location 
of a number of strike-slip and normal faults was 
revealed from this study (Evans, 1972). 

Between 1972 and 1975 detailed resistivity sur
veys of the area were made (Garcla, 1976). The 
reaults showed that the field was associated with 
a large resistivity low which later was found to 
be due to highly conductive and altered sediments 
near the surface. (Goldstein and Razo, 1978). 
A number of faults were identified, includinq a 
aajor one strikinq northwest-southeast, parallel 
to the railroad tracka. 



'1"0 replace d-aqed wells and to find additional 
steam to increase power production in the future, 
14 n- vella were drilled at Cerro Prieto between 
1972 and 1974. One of the vella (M-53) -• lo
cated about 1. 5 1a11 northeast of the production 
area at that time. Its purpose vas to explore 
the eastern reqion where geophysical data indi
cated a deep extension of the reservoir. A hot 
(340•c) reservoir vas found at about 1900 • 
depth (about 600 111 deeper than in the western 
area) which •-ed to confirm the •iatence of 
an iaportant fault parallel to the railroad 
tracka. 

In 1976 Mercado presented a revised IIIOdel. abo
inq the IIIOVI!IIIent of qeotheraal fluids in the 
field (Fiqure 3). It vas a refinaaent of his 
1968 IIIOdel and vas baaed on n- qeothermCIIIetric 
and reservoir enqineerinq data. 'l'he fluid circu
lation patterns aDd tl!lllperature distributions 
shown, especially in the western part of the 
field, in general have b~en confirmed by subse
quent studies. 

Passive aeisaic studies in the area of CerYO 
Prieto were carried out in 1974-75 usinq port
able stations. In 1977 five permanent stations 
were established in the area. 'l'lle results 
indicated riqht-lateral strike-slip faultinq 
parallel to the northwest-southeast atrikinq 
cerro Prieta-Imperial transform fault ayatl!lll, 
and dip-slip faultinq alonq aoae of the faults 
oblique to that system (Alborea et al., 1978). 

1977-1982 STODIBS 

Geophysics 

Because of their success in the 1.1.aited area 
southeast of the Cerro Prieto volcano, CPB in 
1977 beqan a series of geophysical studies in 
the Mexicali Valley to define the extent of 
the Cerro Prieto field and to locate other 
geothermal anomalies. SChlumberger resistivity 
surveys identified in the area of the field a 
resistivity low which at that time -s assumed 
to be closely associated with the so-called 
Cerro Prieto basement horst which had been 
inferred frCIII gravity data (Razo et al., 1978). 
Later it -s shown that this resistivity low 
was due to surface effects related to highly 
conductive near-surface -teriab (Wilt et al., 
1978). On the other hand, Lyons aDd van de 
ltalllp ( 1980 l indicated that there does not seem 
to be any convincinq geophysical evidence for 
a basement horst underlying the field. 

Gravity, -qnetic, and reflection aei.am1c sur
veys carried out in 1977 enabled Fonseca and 
Razo ( 1979) to construct a structural -P of 
the basement. There exists nov disagreement 
about this -p since some of the data se1111 to 
reflect the alteration of the Hdilaenta or the 
presence of volcanic layers in the valley fill 
(Lyons and van de ltalllp, 1980 ). However, these 
studies identified a nuaber of northeast-south
vest faults which, at least partially, were 
confi~d by well loq correlation studies. The 
data gathered were very uaeful for understanding 
the subsurface geoloqy at Cerro Prieto (e.q. 
Lyons and van de ltalllp, 19801 Majer and McEvilly, 
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1982). Por example, the -qnetic study shoved 
a high centered about 5 lall east of the ~r 
plant, which later -• int~reted as evidence 
of a basalt/gabbro intrusion which aight be re
lated to the heat source for the field (Elders 
et &1., 1982, Goldstein et al., 1982b). 

Uter the 1977 surveys, C!'B carried out addi
tional geophysical studies in the Mexicali 
Valley, 1110st of th- to locate new geothermal 
areaso Only a heat flow study (D1az, 1978) 
and a few linea of a 1980 seiSIIIic reflection 
survey (Fonseca, et al., 1981) covered parts of 
the field. All this time, the 1110nitorinq and 
analysis of the seismic activity continued to 
study the structure and tectonics of the reqion 
(Reyes and Razo, 1979, Reyes et al., 19821 Wong 
and Prez, 1982). 

Geology 

In 1978 Puente and de la Pefta, and in 1979 de 
la Pena et al., presented a geologic model of 
the field baaed mainly on surface geophysical 
data and well cutting litholoqies. 'l'hey showed 
a CCIIIplex horst-and-qraben basement structure 
and faulting of the sedimentary fill. In their 
analysis, great weight was given to the A/B 
contact between unconsolidated (Unit A) and 
consolidated (Unit B) sediments. This contact 
was used as a stratigraphic~~ker horizon. 
Later, it was found that thj,s was misleading 
since the A/B contact is an induration boundary 
that cuts across sedimentary layers, suqgestinq 
postdepositional alteration (Elders et al., 
19781 Lyons and van de Xamp, 1980r Halfman et 
al., 1982a). 

The cuttinqs frCIII new -lls have been carefully 
studied by CPE, using -inly a binocular micro
scope to determine the appearance of key 
minerals which indicate the presence of high 
subsurface temperatures. These studies, which 
are useful to establish well completion depths, 
have produced lithologic columns and cross 
section showing the distrillution of sand per
centage and mineral zones in the field (Cobo, 
19811 Cobo and Bermejo, 1982). 

OVer the years the interpretation of geophys
ical well loqa has been performed by several 
Mexican authors with the purpose of developinq 
a geologic 1110del of the syste111 (Abril and Noble, 
19781 Prian, 1978, 1979, 19811 D!az et al., 1981). 

An ambitious drilling program to establish new 
production and to define the extent of the geo
thermal anomaly started in 1977. Between that 
year and 1982 1110re than 75 wells were c0111pleted 
at Cerro Prieto (Cobo.and Bermejo, 1982). Thir
teen of these were planned to be larqe step-
out wells to help define the field boundaries, 
i.e., wells M-92, M-96, Prian, G-1 (not indi
cated in Piqure 1 ) and s-262 are now known to be 
clearly outside the field1 wells M-172, H-2, 
NL-1, M-189 and 0-473 defined approximately the 
boundaries of the system; wells Q-757 and M-94 
are marginal producers I and well E-1, in the 
western part of the field, discovered a deeper 
reservoir. This reservoir (B or ~~ is at about 
1550-1800 111 depth, and has a temperature of about 
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335°C, compared to the shallower reservoir (A or 
e~l, exploited since 1973, which is about tooo-
1400 111 depth and has a temperature of about 2B5•c. 
After well E-1 was completed, a nUIIIber of deeper 
wells (E-aeries, Figure 1 l were drilled in the 
western part of the field confirming the exis
tence of this excellent geothermal aquifer. 

Only two of these 13 exploration wells penetrated 
basement, well s-262 at 1473 m and well .M-96 at 
2719 111, even though one well, B-2, was drilled 
to 3540 111. The cuttings of wells B-2, M-189 and 
NL-1 indicated that they had drilled through a 
aeries of basic and silicic dikes at depths be
tween 2500 and 3540 111 (These were also found in 
production well T-366) Elders et al., 198tr 
Goldstein et al., t982b). 

Geochemistry 

Data on the production characteristics of the 
Cerro Prieto wells and the chemistry of the 
fluids produced have been collected and analyzed 
since the mid-1960's. 

Details on the chemical and physical character
istics of the fluids produced by the different 
wells, the reservoir temperatures computed on 
the basis of geothermometers, the composition of 
the reservoir fluids, and their spatial and tem
poral variations have been discussed by several 
Mexican authors (Manon et al., t978br Mercado 
and Samanieqo, 1978r Fausto et al., 1979 and 
1981r Nieva et al., 1982). A general decrease 
of reservoir temperatures with time, localized 
boiling near the wells, and the recharge of cold
er waters fr0111 the west and hot waters from the 
northeast have been indicated by these studies. 

Subsidence 

Between 1977 and 1979 three first-order leveling 
surveys were carried out in the area of Cerro 
Prieto. The network used in these studies was 
tied to stations north of the border. In the 
production area of the field increased qround 
subsidence was observed. However, it was not 
clear how much of it was due to fluid extraction 
and how much to qround shaking related to the 
strong (6.2 ML) June a, 1980 -victoria• earth
quake (de la Pena, 1981). 

Reservoir Engineering 

In the mid 1970's CFE began carrying out two
rate flow and interference tests in Cerro Prieto 
wells. A few papers describing the data and 
results have been published (e.g., Rivera and 
Ramey, 1977r Rivera et al., 1978r Abril and 
Molinar, 1979r Abril and Vargas, 1981). The 
reported permeability-thickness products vary 
between 3.6 and 40 darcy-meters. 

The reaul ts of CFE' s downhole pressure measure
ments and the pressure drawdowna observed in the 
field have been discussed by Bermejo et al. 
(1979) and sanchez and de la Pena (1981), 
The distribution of temperatures in the field 
have been given by several authors. The latest 
and moat complete set of data is by Navarro et 
al. (1982), and Rivera et al. (1982). 
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over the years CFE has used co111111ercial labora
tories to measure hydraulic properties of cores. 
Recently the Instituto de Investigaciones Elec
tricas ( IIE l installed a high temperature rock 
mechanics laboratory for testing samples from 
geothermal areas. Permeability and porosity 
data on Cerro Prieto cores have recently been 
reported by IIE (Contreras et al., 1982a, 1982bl. 

A number of modeling studies and analysis of 
production data have been made by CFE and its 
contractorsr part of the results have been 
reported. Rivera ( 1977 l indicated that the be
havior of the Cerro Prieto reservoir and wells 
could be described using decline curve analysis. 
In 1978 Rivera described how a qraphic procedure 
could be used for forecasting production. 
Liquori (1979) simulated the evolution of Cerro 
Prieto using a mathematical model. He found 
that a very low heat transfer coefficient between 
rocks and fluids was adequate to match observed 
values which he attributed to flow through micro
fractures as well. as pores. His results showed 
a qood match in the steam production rate, but 
the computed rate of water production was low 
and the enthalpy too high. Liquori indicated 
that this was caused by the vertical leakage of 
colder waters into the reservoir which was not 
considered by his model. 

Saltuklaroglu ( 1979 l analyzed the interference 
effects between wells. FrOIII observation well 
data he established an average rate of water 
level drop of 0.56 x 10-6 meter/CWilUl.ative ton 
of discharge. Later this value was used by 
Grant et al. ( 1981) to suggest that the e1 reser
voir, the shallow reservoir in the western part 
of the field, is unconfined. 

Based on a simplified reservoir model Molinar 
et al. (1979), calculated a 20-year production 
life for Cerro Prieto at an electric power pro
duction capacity of 1500 MWe. Using standard 
qroundwater analysis techniques, sbchez and de 
la Perla ( 1981 l showed that the e1 reservoir is 
very permeable and is recharged from all sides. 
A permeability-thickness value of 3.4 x 10-3 
m2/s, equivalent to 353 darcy-meters, is given 
in the paper. According to their data, these 
authors maintain that the a and ~ reservoirs in 
the western part of the field are not connected, 
at least not locally. The hydrological model 
of Halfman et al. ( 1982bl disaqrees with this 
conclusion. 

Reinjection 

In August 1979 injection of untreated 175-180•c 
brines began in well M-9. The rate varied be
tween 8 and 80 tons per hour at about constant 
wellhead pressure. The injection operation has 
been described in detail by Cortez et al. (1982). 
It is worthwhile to indicate that a sudden in
crease in reinjection rate was observed after 
the June 1980 earthquaker it jumped from about 
30 to 70 tons/hr, slowly decreasing with time. 

Previously, several treatment methods for colder 
(about 100•c) brines were evaluated (Hurtado et 
al., 1981) for possible future use if larger
scale injection operation should begin. 



STOD.IES SPONSORED BY DOE 

PRE-1978 STUDIES 

one of the activities carried out before 
the signing of the 1977 DOE/CFE agreement vas 
to collect available data on Cerro Prieto to 
incorporate in an open-file data bank (Lip];IIICUUl 
et al., 1977). New information is still being 
added to this bank, which is being maintained 
by the Earth Sciences Division of the Lawrence 
Berkeley Laboratory (LBL). 

Geochemical studies on cerro Prieto also beqan 
before the formal agreement vas siqned. rn 
close cooperation with CPE the geochemical data 
gathered on Cerro Prieto since 1966 were sum
marized and interpreted by Man6n et al. (1977), 
and Mazor and MaA6n ( 1978). on the basis of 
early CFE and u. s. Geological Survey (USGS) 
data and fluid samples collected between 1977 
and 1978, Truesdell et al. (1978a) concluded that 
production-related drawdown caused the leaking 
of lower chloride (colder) fluids into the res
ervoir from above and boiling, with excess steam 
reaching the producing wells. 

In 1977 a preliminary model of the structure of 
the field was developed by Noble et al. usinq 
qeophysical well loqs, temperature loqs, and 
production and qeochemical data. 

A self-potential survey conducted in late 1977 
detected a larqe-amplitude, long-wavelenqth 
anomaly over the field. rn 1978 a more detailed 
study defined a dipolar self-potential anomaly 
runninq throuqh the center of the production 
field (Fiqure 4). The source of it appeared to 
correspond to a north-trendinq fault, and be 
caused, possibly, by a electrokinetic (streaminq
potential) mechanism (Corwin et al., 19787 
Fitterman and Corwin, 1982). 

other 1977 qeophysical studies were restricted·· 
to the interpretation of CFE Schlumberqer resis
tivity and gravity data usinq numerical model
inq techniques. The gravity. interpretation qave 
clear evidence of a north-northwest trendinq 
fault and several trendinq northeast. The data 
showed a •basement • hiqh in the production which 
was interpreted to be the result of a shallow 
zone of densified sediments (Goldstein, 1977). 

The first paper on the hydrothermal alteration 
of Cerro Prieto sediments was by Reed (1976) of 
the USGS. In 1977, Elders and his group at 
the University of california at Riverside (UCR) 
beqan thorouqh petroloqical and liqht isotope 
studies of well cuttinqs and cores. A n\Dber 
of regularly distributed metamorphic mineral 
zones were recognized in the field. The pro
qressive chanqes in mineralogy indicated a sys
tematic relationship with reservoir temperatures 
(Elders et al., 1978), They also showed that 
the A/B contact (Puente and de la Pena, 1978) 
was a postdepositional feature. The isotope 
studies indicated that the o18o for calcite in 
sandstones could be used to estimate stable 
reservoir temperatures and that the aa111e param
eter in shales could indicate the extent and 
distribution of subsurface flow (Olson, 1978). 
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other results of this work indicated that the 
Cerro Prieto hydrothermal system is relatively 
open to fluid flow. 

1978-1982 STUDIES 

The work pace under the DOE/CPE cooperative 
program increased in 1978 and did not slow down 
until quite recently at the expiration of the 
aqreement in July 1982. 

Geology 

The analysis of cuttinqs and cores continued at 
OCR over the entire five-year cooperative pro
qram adding vitrinite, fission-track annealinq 
and qeophysical well loq studies to the petro
loqic and liqht isotope work bequn earlier 
(Elders et al., 19797 Barker et al., 19817 
Banford and Elders, 19817 Seamount and Elders, 
19817 Williams, 1982). Mainly on the basis of 
the results of these studies, Elders et al. 
(1981) developed a model for the natural (pre
production) flow reqime at Cerro Prieto (Fiqure 
5) • A heat source: for the hydrothermal system 
was suqqested to lie to the northeast in an area 
where wells drilled throuqh basic and silicic 
dikes. From that source an inclined plume of 
hot water ascends toward the southwest, boilinq 
in places and precipitatinq minerals which tend 
to seal the rock pores. The plume discharqes up
ward and horizontally to th~ southwest creatinq 
surface manifestations and shallow zones of temp
eratUre reversals. The model also shows cold 
water recharqe from the northeast which may also 
seal the reservoir pores as these waters are 
heated. 

In 1978, a study of the paleomagnetism of the 
rhyodacitic rocks of the Cerro Prieto volcano 
was made. Magnetic polarity and paleopole position 
data suqgested that the volcanism was initiated 
about 110,000 years aqo. The younqest volcanics 
reachinq the surface cooled about 10,000 years 
aqo (De Boer, 1979). 

The analysis of qeophysical well loqs was con
ducted durinq the entire lenqth of the program 
as n- wells were completed. Noble and Abril 
( 1978) described the problems found in inter
pretinq loqs obtained from Cerro Prieto wells. 
Later, and alonq the same line Ershaqhi et al. 
( 1978), Lyons and van de Xamp ( 1980 ) , Brshaqhi 
and Ghaemian ( 1980a, 1980b, 1981), and Seamount 
and Elders ( 1981) studied the effects of salin
ity and mineralogy in estimatinq the parameters 
of the Cerro Prieto reservoir. 

Osinq mainly wireline well loqs and surface 
qeophysical data Lyons and van de Xamp ( 1980) 
developed a qeoloqic model of the area that was 
significantly more detailed than any of the 
earlier models. They proposed three qroups of 
faults of different aqes, and presented a depo
sitional model for the reservoir that showed a 
transition from a delta environment in the east, 
to a marine environment in the west. These 
authors qave well loq evidence that disputed 
the basement-horst structural model7 they showed 
that the gravity high over the reservoir is due 



to the high densities of the indurated shales 
of Unit B. They also showed that the reservoir 
is not overlain by a laterally continuous low
permeability layer, that the reservoir sand
stones present secondary porosity, and that the 
production intervals in the wells generally 
straddle or underlie the top of the high-density 
(and high-resistivity) shales. Lyons and van 
de Kamp seem to have been the first to suggest 
that the positive magnetic ancmaly, about 5 km 
east of the power plant, was related to the 
presence of igneous dikes within the basin fill. 

The structural framework of the Mexicali Valley 
and the Cerro Prieto field was analyzed by 
Vonder Haar and Howard ( 1979) • The deqree and 
distribution of hydrothermal alteration, and 
the origin and distribution of dissolution 
(secondary) porosity in the field were discussed 
by Vonder Haar ( 1980, 1981). In 1981, Teilman 
and Cordon briefly described how the geologic 
model of Cerro Prieto evolved as new explora
tion data became available. 

A fault map for the field was developed during 
an internal DOE/CFE workshop (Figure 6) (Lipp
mann and Manon, 1980). It showed two types of 
faults: ( 1) the NW-5E Cerro Prieto system of 
stri.ka-slip faults, and (2) the NE-5W Volcano 
system of normal faults. The existence of a 
continuous fault near and parallel to the rail
road tracks (Michoacan fault) was considered 
doubtful. On the basis of new data, this map 
was somewhat modified during a second workshop 
(Zelwer, 1982). 

Recently a micropaleontological analysis of 30 
core samples was completed (Ingle, 1982). The 
distributed patterns of ostracodes and foramin
ifera together with the lithofacies studies of 
Lyons and van de Kamp ( 1980) indicated that the 
sediments at Cerro Prieto represent a complex 
of alluvial, deltaic, estuarine and shallow 
marine environments. These sediments were de
posited along the front of the Colorado River 
delta as it proqraded across the Salton Trough 
during the Pliocene and Pleistocene. Tentative 
correlation of the Cerro Prieto section with the 
Palm Spring Formation of the Imperial Valley 
suggests that the Pliocene/Pleistocene boundary 
occurs at about 2000 m depth in the area of 
well M-93. Ingle also found evidence that a 
sand/shale unit usually present between 700 and 
1100 m depth represents a significant mid-Pleis
tocene marine incursion. The existence of re
worked Cretaceous specimens confirmed that a 
significant part of the deltaic sed.iJDents in 
the area derived from the Colorado Plateau. 

After an extensive analysis of geophysical and 
lithological well logs, Halfman et al. (1982a, 
1982b) have recently extended and improved the 
geologic model developed by Lyons and van de 
Kamp ( 1980). By superimposing on the 1110del 
downhole temperature and well completion data 
it was possible to establish the 1110vement of 
the geothermal fluid in the field, prior to its 
exploitation (Figure 7). The hot fluid appears 
to enter the system from the southeast, from 
the area where igneous dikes are believed to 
have intruded into the valley fill (Lyons and 
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van de Kam.p, 1980br Blders et al., 1982r 
Goldstein et al., 1982b). Then, the fluid 
moving westward through pe:1:111eable layers ascends 
qradually to shallower depths by flowing upward 
through faults and sandy gaps in shaly layers 
acting as local cap rocks. Eventually, in the 
western part of the field, part of the geother
mal fluid leaks to the surface and the rest 
aixes with colder groundwater&. 

Halfman's model seems to indicate that the 
Michoacan fault (Figure 6), assumed to run 
parallel to the railroad tracks, does not exist 
or does not continue southeast of the general 
area of well M-114. This study has identified 
three faults (called B, L, and s on Figure 8) 
which have an important role in controlling the 
subsurface flow of geothermal fluids. Reflec
tion seismic data (Majer and McEvilly, 1982), 
the location of boiling zones in the reservoir 
(Nehring and D 'Amore, 1982), and the result of 
numerical modeling studies (Lippmann and 
Bodvarsson, 1982) have substantiated the exis
tence of these faults. 

The model has also' shown, confirming the con
clusions of others, that there is no laterally 
continuous cap rock at Cerro Prieto which pre
vents the leakage of geothermal fluids from the 
reservoir. The model indicates that in the 
general area of well M-10, reservoirs a and 8 
are communicating through a~sandy gap in the 
shale layers. ' 

Geophysics 

In 1978, the first LBL detailed seismological 
study was conducted at Cerro Prietor two others 
were made in 1980 and 1981 (Majer and McEvilly, 
1979, 1981, 1982). In addition, in late 1980 a 
downhole geophone was installed in a 100-meter
deep well near well M-6. The purpose of this 
work was to determine the relation of wave prop
agation characteristics and microearthquake 
activity to the production zone, recharge areas, 
heat source and general lithology and structure 
of the field. It was found that in the immed
iate production zone seismicity had increased 
from 1-2 events/day !ML > 1) in 1978 to 7-8 
events/day in 1981, and that these events 
appeared to be production related. The events 
registered in 1978 indicated strike-slip move
ment along northwest-southeast trending faults. 
The results of later surveys did not permit 
establishing the type of faulting associated to 
the monitored events. 

The 1980 seismic events were clustered near the 
center of the production area, at depths from 
2 to 5 km, on a fairly well defined north-south 
plane extending from well M-101 to the power 
plant. On the other hand, the 1981 events were 
distributed in a rather diffuse pattern concen
trated on the western edge of the field. The 
diffuse pattern of the 1981 events and the in
crease in seismicity may indicate that the area 
is undergoing a transformation from aseismic 
creep to stick-slip behavior, which is acceler
ated by the extraction of fluids from the field 
(Majer and McEvilly, 1982). 



During the 1978-1981 period four precisi011 grav
ity surveys were conducted at Cerro Prieto to 
study the possibility of qeothermally induced 
subsidence (Chase et al., 19781 Grannell et al., 
1981, 1982). Comparison of results from year 
to year showed subsidence clearly associated 
with the June 1980 earthquake. Also, signifi
cant changes were observed at several stations 
in the western (older) part of the field. The 
pattern of these latter changes is elliptical 
in m northwest-southeast direction parallel to 
the structural grain and faulting in the region. 
By correlating precision gravity and leveling 
data, Zelwer and Grannell ( 1982) concluded that 
changes in gravity and surface elevation corre
late well, and were primarily produced by compac
tion that occurred in response to the June 1980 
earthquake. However, Grannell et al. ( 1982) 
also suggest that this subsidence is probably of 
geothermal origin because they considered that 
the natural recharge of the field is not keep
ing pace with production. Zelwer and Grannell 
(1982) also indicated th4t a density increase is 
taking place in the reservoir zone because of 
mineral precipitation or the entrance of cooler, 
denser, waters. Further analysis of the data 
will be required to clarify the importance of 
fluid extraction on the subsidence observed at 
Cerro Prieto. 

The first LBL dipole-dipole resistivity survey 
at Cerro Prieto was completed in 1978. A two
dimensional vertical resistivity model along a 
northeast-southwest line across the field (line 
E-E') was developed (Wilt et al., 1978). It 
showed that the production region is character
ized by high resistivity (4 ohm-m) relative to 
the surrounding region ( 1 to 2 ohm-m) • The 
higher resistivity is assumed to be related to 
the densification of the shales in Unit B. 

The 1979 studies improved the resistivity model 
for the eastern part of the field (Wilt and 
Goldstein, 1979). It revealed that the 4 ohm-m 
body associated with the producing zone dips 
eastward at 30 to 50 degrees to a depth greater 
than 2 km (Figure 9). A narrow, steeply dip
ping 1. 5 ohm-m zone i.lllmediately to the east was 
interpreted as a possible zone of recharge or 
faulting. 

Repetitive high-precision dipole-dipole resis
tivity measurements taken during the period 
1979-1981 over line B-E' showed a consistent 
pattern of apparent resistivity changes. A 
zone of increasing resistivity is related to 
the production region1 above and flanking this 
region are zones of decreasing resistivities. 
These changes were interpreted as near-surface 
effects due to changing irrigation patterns and 
deeper effects due to lateral recharge of 
cooler, less saline fluids into the shallow 
western " reservoir. There is also an unre
solved cc:aponent that might relate to ascending 
hot fluids at the eastern edge of the producing 
zone (Wilt and Goldstein, 1982). 

The changes in apparent resistivities detected 
at Cerro Prieto from the dipole-dipole IIIOnitor
ing aurveya were studied by Pruess et al. ( 1982) 
and Goldstein et al. ( 1982a) using reservoir 

6 

.odeling techniques combined with de resistivity 
calculations. Based on schematic one- and two
.u.ensional reservoir simulations, assuming the 
existence of waters of different salinity and 
temperature, changes in formation resistivity 
were computed which were then transformed into 
changes in apparent resistivity that would be 
observed at the surface. 

Over a period of three years starting in 1978, 
three R&gnetotelluric (M'l') studies were made in 
the area of the field. The initial purpose of 
the M'l' soundinqs -s to provide additional and 
deeper subsurface resistivity data to supplement 
the dipole-dipole and Schlumberger surveys con
ducted in the region. Subsurface resistivity 
.odels developed jointly from the dipole-dipole 
resistivity and MT data sets helped define the 
deep resistivity structure of the field. The 
IIOdels also showed: (a) the inferred position of 
faults in the systemr (b) a front of cooler, less 
saline Colorado River water entering from the 
east1 and (c) the A/B contact between nonconsoli
dated and consolidated sediments (Gamble et al., 
1979; Goubau et al., 1981). Later MT studies 
were conducted to help delineate a possible 
boundary on the south aide of the thermal area. 

RecenUy Goldstein et al. ( 1982b) analyzed the 
bromd magnetic anaaaly observed about 5 km east 
of the power plant. Their modeling studies, 
coupled with the analysis of. cuttinqs of mafic 
dikes recovered frc:a well NU-1, and viewed in 
conjunction with other geological and geophysi
cal data, gave further support to the hypothesis 
that Cerro Prieto is located in a pull-apart 
basin like others in the Salton Trough and the 
Gulf of California (Lomnitz et al., 19701 Elders 
et al., 1972), into which igneous basic rocks 
are being emplaced. These authors estimate that 
the top of the main magnetic source body is 
about 3.5 km below the surface, and that the 
present melt zone may be at 10-12 km depth, as 
determined from seismic (earthquake) observa
tions and a CUrie isotherm analysis. 

On the basis of preliminary thermal modeling 
results, Elders et al. (1982) suggested that 
the present subsurface temperature distribution 
determined from deep wells can be fitted approx
imately to a single stage of magmatic intrusion 
in the form of a funnel-shaped gabbroic body, 
some 4 km across at the top at a depth of 5 km. 
The model age for such an event is 30, 000 to 
40,000 years, which is in the range of the age 
for the volcanic activity at Cerro Prieto (de 
Boer, 1979). The depth is quite shallower than 
the 10-12 km depth of the present magma inferred 
by Goldstein et al. ( 1982b). Above the intru
sive, Elders postulated the existence of a 
sheeted dike cc:aplex which would correspond to 
the dikes found in some of the deep wells in 
the eastern part of the field. 

SUbsidence 

Measurement of horizontal ground-surface move
-nts in the northern part of the Mexicali 
Valley and around Cerro Prieto began in 1978 
(Massey, 1978, 1979, 1981). Inward movement 
toward the center of the production area was 



observed during the 1978-81 study period. The 
movement, probably not exceeding 6 or 7 em, 
occurred mainly between 1978 and 1979 and was 
confined to the production area. A consistent 
change in the lenqth of the survey lines cross
ing the well field, similar to the general 
shortening detected in 1978-79, was not observed 
over the 1978-81 period. 

Massey ( 1981 ) indicated that the qround-surface 
movements in the production area were due to 
fluid extraction. However, an increase in the 
rate of deformation resulting from the contin
uous exploitation of the field was not evident 
for the longer time period. OUtside the well 
field qround deformation, excluding earthquake 
related movements, was small. 

Lisowsky and Prescott (1982) studied qround 
deformations near the epicenter of the June 
1980 <Mt. • 6. 2) Victoria earthquake, located 
about 30 kill southeast of Cerro Prieto. 'l'beir 
analysis showed that production-induced defor
mations at the field could not be observed or 
were masked by earthquake-related changes. 

In 1978 cores from Cerro Prieto were studied in 
the laboratory to determine the permeability, 
thermal conductivity and deformation properties 
of reservoir rocks. The tests made at that time 
indicated large changes in properties occurring 
with temperature and stress (Somerton, 1978, 
Mart!nez, 1978). Later, cores were tested un
der simulated in situ oondi tiona to measure 
porosity reduction and establish short- and 
long-term compaction triggered by reservoir 
drawdown (Abou-Sayed et al., 1979, Schatz, 1982). 

It was found that the rocks behaved as expected 
with respect to instantaneous compaction, and 
that they present a tendency to compact further 
with time (creep). The results obtained when 
extrapolated to a reservoir life of 20 to 30 
years showed that reductions of several percent 
in porosity and several tens of percent in per
meability are possible. Instantaneous compac
tion-related subsidence might be smallJ however, 
creep-related subsidence might be siqnif icant at 
Cerro Prieto (Schatz, 1982). 

Geochemistry 

The scope of geochemical studies on cerro Prieto 
geothermal fluids also increased in 1978 as a 
result of the DOE/CFE aqreement. A review of 
the studies carried out both by u. s. and Mexican 
scientists has been made by Truesdell et al. 
( 1982). 

The 1978 isotopic studies indicated local re
charge from the area immediately to the west of 
the field and leakage of shallower waters into 
the reservoir. The tritium and 14c contents in 
the fluids could only suggest an average age 
between SO and 10,000 yrs. (Truesdell et al., 
1978b). 

The work by Mazor and Ma!I.On ( 1978) indicated 
regularities and correlations between different 
ions in the Cerro Prieto fluids, indicating con
centration-dilution processes, such as steam 
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loss or mixing with condensed steam and possibly 
fresher waters from shallower aquifers. The data 
also suggested that the deep brine has a chloride 
content of about 10,000 ppm, that no significant 
reactions occur during the ascent of fluids 
through the wells, and that temperature zonation 
existed in the reservoir. This zonation makes 
the reactive K and Si02 ions useful as geo
thermometers at Cerro Prieto. 

The study of the composition of the gases pro
duced from the wells began in 1977 (Nehring and 
Fausto, 1978). By analyzing the spatial distri
bution of different gases in the field and us-

. ing gas geothermometers, Nehring and D'Amore 
(1982) interpreted that in 1977 a large boiling 
zone existed in the center of the production 
area. Changes between 1977 and 1982 seem to 
indicate that some colder groundwater is leak
ing into the reservoir, and that the boiling 
zone is not expanding and possibly receding be
cause some of the wells have been taken out of 
production. 

On the basis of computed deuteriiD and chloride 
concentrations in the reservoir brines and meas
ured Cl/Br ratios, Truesdell et al. (1979) con
cluded that the geothermal fluids are a mixture 
of Colorado River water and a saline brine of 
seawater origin. The study showed that this 
mixture circulated deeply and was extensively 
altered compositionally by ntgh-temperature 
reactions involving reservoir rocks. 

The surface manifestations were studied by 
Valette-Silver and others. Five types of sur
face emissions, each of different chemical 
characteristics, were identified along the 
western edge of the production area. A simil
arity in isotopic composition and ratios of 
major elements was observed between the hot 
springs and the producing wells, suggesting 
that the geothermal reservoir and the springs 
are closely related. This relationship is also 
indicated by the chemical changes observed in 
the hot springs after fluid production began in 
the field (Valette and Esquer-Pat~o, 1979). 

The hydrothermal alteration of the sediments 
associated with the surface manifestations 
appears to be controlled by the type of emana
tion. However, most of the sediments in contact 
with the geothermal fluids show an increase in 
quartz and potassium feldspar. Below 180°C sim
ilar trends in mineralogy changes are observed 
in the reservoir and in the surface manifesta
tions (Valette-Silver et al., 1981a). Prelimi
nary attempts at modeling the chemical processes 
and study the reactions between sediments and 
fluids of the surface manifestations using chem
ical equilibrium calculations were made by 
Valette-Silver et al. (1981b). 

Nehring and Valette-Silver (1982) studied the 
differences in gas composition between well and 
surface manifestation samples. They found that 
with respect to the wells the surface features 
show a loss of H2S because of reaction with 
metal ions or air and an increase of nitrogen 
due to mixing of qround and geothermal waters 
as the latter move toward the surface. 



Mazor and Truesdell ( 1981 ) used radiogenic and 
atmospheric noble gases as tracers to develop a 
dynamic IIIOdel for the field. They suggested 
that the geothermal fluids are dclllinated by 
meteoric -ters which have penetrated to more 
than 2500 m depth and then mixed with radiogenic 
heli~D and arqon-40 formed in the reservoir 
rocks. Afterwards small amounts of steam are 
lost by continuous removal as it forms (a RAleigh 
process) and lllixing occurs with shallow colder 
waters. 

The radon and uaonia concentrations in the 
produced fluids were analyzed by Semprini and 
Kruger (1981, 1982). The data show that a cor
relation exists between the radon content and 
the specific volume of the reservoir fluids. 
They studied the variations in time and space 
of the radon concentration to determine changes 
in the field due to exploitation. Supported by 
other reservoir data, their analysis indicates 
an expansion of the. two-phase zone in the north
eastern part of the field .and a decrease in the 
southeast. 

Grant et al. ( 1981) analyzed chemical, produc
tion and reservoir engineering data to study the 
processes within the relatively shallow western 
a. reservoir. Their model indicates that this 
reservoir is bounded below by low-permeability 
rocks and a.bove and to the sides by an interface 
with cooler water 1 there is no continuous perme
ability barrier around or tmmediately above the 
reservoir, and permeability within the reservoir 
is predominantly inter granular. They also show 
that in the natural state, reservoir cooling 
takes place mainly by mixing of cooler water 
with the hot water, rather than by boiling. 
Production has caused displacement of hot water 
by cooler water rather than by vapor. IDeal 
boiling occurs near moat wells in response to 
pressure decreases, but no extended vapor zone 
has formed (Fiqure 10). 

Recently on the basis of stable water isotopes, 
tritium values and chemical composition data 
Makdiai et al. (1982) concluded that: 
( 1 ) groundwater in the northern and central 
regions of the Mexicali Valley originates from 
the Colorado River1 (2) near Cerro Prieto, 
gro~mdwater originates from a mixture of 
Colorado River water and geothermal brinesr 
(3) other western groundwater& reflect a mix
ture of Colorado River water and water from a 
paleoequivalent to the present Salton Sear 
(4) variations in the groundwater chemistry 
within a given region results from mineral-water 
reactions dependent on the lithology of the 
reservoir rocks, as well as evaporation and 
mixingr and (5) higher qro~mdwater temperatures 
in the southern and western areas of the Mexi
cali Valley probably increase rates of ion ex
change reactions that produce higher salinities. 

'l'he chemical equilibrilml between Ce=o Prieto 
geothermal fluid and detrital and alteration 
minerals of the reservoir were studied by 
Truesdell and Henley ( 1982). The fluid appears 
to be in equilibrium with aquifer minerals. On 
the other hand, the dissolved gases C02, H2S, 
H2, N2, and NH3 are in equilibrium with each 
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other, although CH4 equilibria are apParently 
frozen in at temperatures somewhat a.bove those 
of the reservoir.· 

The variations of 13c in Cerro Prieto fluids 
were studied by Janik et al. ( 1982). It was 
found that the changes in the 13c content in 
C02 over time and location within the field 
indicated the deposition of calcite in near
well boiling zones and sllDaequent re-solution. 
They indicated that the source of the carbon 
aay be of -CJIIatic or sedimentary origin, and 
that the C02 from some surface manifestations 
is heavily influenced by decomposition of organic 
matter. 

Des Marais et al. ( 1982) measured the hydro
carbon abundance and stable carbon isotope com
position in fluids from various ee=o Prieto 
wells. Parallel measurements were made on gases 
from laboratory pyrolysis of coal obtained from 
samples of one of the wells, in an attempt to 
simulate the production of the geothermal 
hydrocarbons. The best correlation between 
the laboratory and well data was obtained when 
laboratory produced gases from experiments at 
400•c and 600•c were mixed. This suggested 
that the wells are sampling hydrocarbons pro
duced over a range of depths and temperatures 
in the sediments. 

Reservoir Engineering 

The only lonq-term well-interference and build
up tests conducted by DOE-sponsored groups at 
Cerro Prieto were described by Schroeder et al. 
(1978). In one of these tests, interference 
was observed between wells M-10 and M-53, com
pleted in the a. and a reservoirs, respectively. 
The·commtinication between these aquifers was con
firmed by the geological model of Halfman et al. 
( 1982b) •. 

In 1979 a two-rate flow test was carried out 
using a downhole tool modified by Sandia Labor
atories for high-temperature wells. No results 
were reported as the tool failed after 12 hours 
in a 340•c well. Castaneda and Horne {1981) 
described the use of pressure gradient techni
ques to locate feed zones and internal flows in 
Ce=o Prieto wells. 

Since 1979 the characteristics of the Cerro 
Prieto production wells have been studied at 
LBL. Using known wellhead data, Goyal et al. 
(1980, 1981) calculated downhole pressures, 
temperatures, and saturations in flowing wells. 
The data shaw that during the period 1973 to 
1980 the pressures and temperatures decreased 
by about 15 bars and 20°C, and the steam satur
ations had increased slightly in the near-well 
regions. The studies confirmed the fact that 
computed downhole pressures are very sensitive 
to measured wellhead conditions and to changes 
in inside well diameter. 

Heat and -ss production data for the period 
1973 to 1980 were analyzed by Goyal et al. 
( 1981) • It was found that the production of 
individual wells generally decreased with time 
due to relative permeability effects, a reduc-



tion in permeability, and/or a reduced pressure 
qradient in the reservoir. The average enthal
py of the produced fluids has varied over the 
years. The increases in enthalpy were usually 
the result of bringing higher-enthalpy wells on 
line. The decrease in the average enthalpy was 
thought to be due to the mixing of relatively 
colder water with the geothermal reservoir 
fluids. 

Goyal et al. (1982) studied the distribution of 
heat and mass production in the field to deter
mine the initial state of the a and ~ geothermal 
reservoirs and the behavior of these aquifers 
under exploitation. They also analyzed the 
changes in production characteristics in differ
ent wells and the interference effects between 
wells, establishing the existence of flow bar
riers and cold boundaries in the reservoirs. 

Preliminary reservoir modeling studies of the 
field's behavior were carried out by Lippmann 
et al. (1978) and Lippmann and Goyal (1979). 
Westwood and Castanier ( 1981) used a lumped
parameter model to gain insight into the physical 
processes in the reservoir and its response to 
production. The results suggested that the pro
ducing zone became two-phase early in the pro
duction history of the field and that strong 
radial, or spherical, recharge of 260°C water 
exists. 

On the basis of the temperature data given by 
Castillo et al. (1981), Lippmann (1982) compu
ted the amount of heat stored in the field. A 
mineable heat of 23.8 x 10 13 kcal was obtained 
using 200•c as the lowest temperature of inter
est, 3000 m as maximum depth, and assuming that 
25\ of the total heat stored could be extracted. 
Taking into consideration the efficiency for 
electrical conversion (Brook, et al. , 1979), a 
total capacity of 3.16 x 104 MWe-yr, or about 
1050 MWe for 30 years, was calculated. This 
value is similar to the one given by Molinar 
et al. (1979). 

Observed chemical and. thermal changes in the 
reservoir were used by Grant and O'Sullivan 
(1982) to study the recharge characteristics of 
thff old (western) production field. Based on 
pressure changes the permeability of the layer 
overlying the reservoir was calculated. It was 
found that it was considerably less permeable 
than the producing aquifer but not sufficiently 
impermeable to exclude inflow of cooler waters 
from above. The authors concluded that the a 
reservoir in the old field is best considered 
as a leaky aquifer. They estimated that one
quarter to one-half of its recharge derives 
from cooler rock immediately above it. 

A two-dimensional distributed-parameter 1110~1 
was used by Lippmann and Bodvarsson ( 1982) to 
study the natural flow of heat and 111ass through 
the Cerro Prieto system and the illlpact of fluid 
production on the behavior of the field. The 
results indicated that the Halfman et al. 
(1982a, 1982b) hydrogeological model is reason
able and consistent with the mass and heat flows 
in the system. It is shown that the field in 
its natural state is recharged from the east 
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with bot (about 2550C) water as -11 as with 
·colder (between so• and 1SO•c) waters from 
ahallower aquifers, especially from the west. 
Some boiling occurs as the hot water ascends 
through a sandy gap in the shaly layers. 

The study of the reservoir response to exploi
tation showed that most of the fluid recharge 
to the a reservoir comes from the west and from 
shallow waters flowing through Pault L. The 
recharge from the east seemed to be minor due 
to the presence of a two-phase zone in the sandy 
qap COIIIIIIUDicating the a and B reservoirs, near 
-11 N-10. Because of the large fluid recharge 
no extensive two-phase zone develops in the 
shallow a reservoir. 

Reinjection 

In support of CFE reinjection tests, the 
chemistry of silica in Cerro Prieto brines was 
studied theoretically and in the laboratory 
(Iglesias and Weres, 19797 Weres et al., 1980). 
It was established that part of the dissolved 
silica quickly polymerizes to foDD suspended 
oolloidal silica. · Raising the pH of the brine 
and stirring produces a rapid and complete 
flocculation and settling7 these results were 
confirmed by field tests (Hurtado et al., 1981). 
Weres and his colleagues also developed a 
simple preinjection treatment for the Cerro 
Prieto brines, analyzed the%r equilibrium 
chemistry and studied the rlite of deposition 
of s·ilica scale from synthetic brines. 

The response of the Cerro Prieto field to rein
jection was simulated numerically by Tsang et 
al. (1978, 1979, 1981, 1982). These studies 
confirmed that the breakthrough of the injected 
cold water into the production zone is strongly 
dependent on the location and completion of the 
injection wells, indicating the need of a care
fully planned and monitored production-injection 
operation to optimize the extraction of the heat 
stored in the reservoir rocks. 

Tsang et al. (1982) incorporated into their 
model some of the geologic features desribed by 
Halfman et al. (1982b). The results showed that 
significant pressure-sustaining effects can be 
obtained in the producing reservoir by inject
ing 30\ of the fluid extracted. 

SUMMARY AND CONCLUSIONS 

The present model for the natural (pre-exploita
tion) circulation of geothermal fluids in Cerro 
Prieto can be summarized as: 

• Waters of Colorado River and seawater origin 
penetrate deeply into the sedimentary fill of 
the Mexicali Valley. 

• These brines are heated by a thermal source 
consisting of diabase dikes and gabbroic CIPIIIU
lates presumed to have intruded the eastern 
part of the field 103 to 104 years ago. A melt 
zone and magmatic injection at 10 to 12 km 
depth may be active presently. 



• In response to pressure 9%'adients and 
bouyancy effects the hot flu.ids move toward 
the west through a sandy unit (Reservoir Sl 
overlain by a thick shaly layer. 

• The geothermal fluids hydrothermally alter 
the sedimentary rocks, decreasing their 
primary porosity. In sandstones s0111e of this 
effect is offset by the removal by solution of 
unstable 9%'ains and cements (Lyons and van de 
Xamp, 1980). 

• During circulation the c0111posi tion of the 
fluids is extensively altered by high-tempera
ture reactions with reservoir rocks. 

• As they move westward toward the present 
production area, the geothermal fluids tend to 
flow upward through faults and permeable gaps 
in the overlying shaly layers. During-the 
ascent and because of pressure reduction, s0111e 
boiling and mineral deposition occurs. 

• In the general area of well M-10, where a 
major sandy gap interrupts the lateral conti
nuity of the shaly materials, some of the 
geothermal fluids mix with colder waters at 
shallower depths causing secondary mineral 
precipitation and porosity reduction. However, 
most of the hot fluids move into the a and f! 
reservoirs in the western part of Cerro Prieto. 

• Along the western edge of the field colder 
groundwater& are in lateral contact and mix 
with the geothermal fluids; precipitation of 
minerals occurs. 

• Also in the western areas of the field some 
of the hot fluids ascend to shallower depths 
through fault zones, eventually reaching ground 
level. This is evidenced by the abundant sur
face manifestations observed along the western 
edqes of the producing area. 

A general decrease of pressure and temperature 
has been observed in the reservoir since fluid 
production began in 1973. However, because of 
the open nature of the reservoir, only localized 
boiling has occurred near the wells. An exten
sive two-phase zone does not develop, as ample 
recharge of colder, less saline waters fr0111 
shallower layers and from the western edges 
exists. The near-well boiling causes enthalpy 
excesses in the produced fluids that de=ease 
or disappear with time as the boiling front 
stabilizes. The boiling results in silica de
ficiencies in the produced fluids and deposi
tion of quartz near the wells (Grant et al., 
1981). Other changes in the characteristics of 
the produced fluids and interference effects 
between wells have also been detected (Truesdell 
et al. , 1982 ) • 

Great advances have been made toward understand
ing Cerro Prieto. We hope that many of the 
studies initiated under the 1977-1982 DOE/CFE 
agreement will continue and add important new 
information as the field is expanded. (CFE 
plans to in=ease the electrical power output 
from the present 180 MWe to 620 Mwe before the 
end of 1984.) For example, more needs to be 
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lmown about the hydraulic properties of the 
sandy and shaly layers; the hydrogeological 
aodel should be updated as new results and 
field data become available; and. the general 
monitoring of the behavior of the field should 
continue, especially as new areas come under 
production. 
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Figure J. Mercado's ( 1976) convective 1110del 
for the Cerro Prieto field. 
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Figure 4. Self-potential anolllllly over the 
Cerro Prieto field (from Corwin et al., 1978). 
The dashed line indicates the position of the 
charged plane. 
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Figure s. Southwest-northeast section across 
the Cerro Prieto field showing the flow regime 
proposed by Elders et al. (1981). R: recharge 
zone; P: thermal zone; D: discharge zone; 
H: horizontal flow zone. 
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region developed at the fi.}'St DOE/CFE workshop 
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Cerro Prieto field (Line E-E '1 Wilt and 
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