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ABSTRACT 

The La Primavera geothermal f i e l d  i s  
l o c a t e d  about 20 km west of t he  c i t y  of Guadala- 
j a r a ,  J a l i s c o ,  i n  the  wes te rn  p a r t  of t he  Mexican 
Neovolcanic Axis. I n i t i a l  r e s u l t s  of f i v e  deep 
e x p l o r a t i o n  w e l l s  (down t o  2000 m depth)  were 
ve ry  promising; measured downhole temperatures  
exceed 300°C. During p roduc t ion ,  however, down- 
h o l e  temperatures  dropped, and t h e  chemistry of 
t h e  f l u i d s  changed. The a n a l y s i s  of geo log ic ,  
mine ra log ic ,  geochemical,  and w e l l  completion 
d a t a  i n d i c a t e  t h a t  c o l d e r  f l u i d s  f low down the  
we l lbo re  from sha l lower  a q u i f e r s  coo l ing  t h e  
upper zones of t h e  geothermal r e s e r v o i r .  This  
problem i s  a t t r i b u t e d  t o  inadequate  w e l l  
complet ions.  

Doubts have a r i s e n  about con t inu ing  t h e  
e x p l o r a t i o n  of t he  f i e l d  because of t he  somewhat 
d i s a p p o i n t i n g  d r i l l i n g  r e s u l t s .  However, a more 
thorough a n a l y s i s  of a l l  a v a i l a b l e  d a t a  i n d i c a t e s  
t h a t  a good geothermal p rospec t  might e x i s t  below 
3000 m ,  and t h a t  it could be s u c c e s s f u l l y  devel-  
oped w i t h  a p p r o p r i a t e l y  l o c a t e d  and completed w e l l s .  

MTRODUCTION 

The La Primavera geothermal f i e l d  l i e s  i n  
t h e  l a t e  P l e i s t o c e n e  r y h o l i t i c  complex of t h e  
same name, l o c a t e d  about 20 km west of Guadala- 
j a r a ,  J a l i s c o ,  Mexico (Fig.  1 ) .  Associated w i t h  
f a u l t s  r e l a t e d  t o  c a l d e r a  c o l l a p s e  and la te r  
magma i n j e c t i o n ,  t h e  S i e r r a  La Primavera con ta ins  
abundant fumaroles nea r  i t s  c e n t e r  and l a rge -  
volume hot  s p r i n g s  around i t s  western boundary 
(Mahood e t  a l . ,  1983).  The temperature  of t hese  
s p r i n g s  is aboyt 65'C, t h e i r  d i scha rge  I s  s i g n i f i -  
c a n t ,  i.e.: Rio C a l i e n t e  (73 L / s ) ,  Arroyo Verde 
(43 L / s ) ,  and Agua Brava (156 L/S). Because of 
t h e s e  :mportant s u r f a c e  m a n i f e s t a t i o n s  t h e  
Comision Fede ra l  de E l e c t r i c i d a d  (CFE) began i n  
1978 a program of geothermal e x p l o r a t i o n  and 
e v a l u a t i o n .  By l a t e  1980 t h e  f i r s t  exp lo ra to ry  
w e l l  w a s  completed; p r e s e n t l y  f i v e  deep w e l l s  
have been d r i l l e d  w i t h i n  t h e  c a l d e r a  (Fig.  2) .  

The i n i t i a l  r e s u l t s  of t h e  exp lo ra to ry  
d r i l l i n g  were encouraging. However, t h e  p rospec t s  
f o r  a commercial system became less b r i g h t  
mainly because of a r educ t ion  i n  downhole tempera- 
t u r e s  a s  t h e  w e l l s  were allowed t o  flow. We 
summarize i n  t h i s  paper t he  d a t a  obtained from 
t h e  La Primavera w e l l s  and w e  o f f e r  an exp lana t ion  

as t o  the  behavior  of t h e  w e l l s  du r ing  product ion.  
F i n a l l y ,  t h e  l o c a t i o n  and completion of new 
w e l l s ,  and t h e  deepening of some of t he  e x i s t i n g  
ones is proposed. 

AVAILABLE DATA 

The bulk of t h e  information on t h e  explor- 
a t i o n  and development of t he  La Primavera f i e l d  
is contained i n  i n t e r n a l  CFE r e p o r t s ,  w r i t t e n  i n  
Spanish (Benegas,  19835 Casa r rub i? s ,  1983; 
G u t t e r r e z ,  1983; Munguia, 1983; Pe rez ,  1983; 
Ramirez, 1983; Romero, 1983; T o r r e ,  1983; 
V i l l a ,  1983).  One of t he  purposes of t h i s  paper 
i s  t o  make a v a i l a b l e  p a r t  of t h i s  information.  

Mahood (1980, 1981a, and b)  e x t e n s i v e l y  
s t u d i e d  t h e  geology and pe t ro logy  of the S i e r r a  
La Primavera.  She c h a r a c t e r i z e s  the  system a s  
a l a t e  P l e i s t o c e n e  r h y o l i t i c  c e n t e r  c o n s i s t i n g  
of l a v a  flows and domes, a sh  f low t u f f s ,  a i r  
f a l l  pumices, and c a l d e r a  l a k e  sediments.  
Recen t ly ,  Mahood et  al. (1983) publ ished t h e  
r e s u l t s  of a reconnaissance geochemical s tudy  of 
t h e  geothermal a r e a  I t s e l f .  The i r  model of t h e  
geothermal system sugges t s  t h a t  t h e  hea t  source 
could be a melt  zone o r  magma chamber approxi- 
mately 15 km i n  diameter  and 2-5 km below t h e  
s u r f a c e .  Most of t h e  shal low h e a t  would be 
a v a i l a b l e  where permeable zones a s s o c i a t e d  w i t h  
deep f a u l t s  have pe rmi t t ed  convect ion of hydro- 
thermal  f l u i d s .  

According t o  Etahood e t  a l .  (1983) t h e  
geothermal r e s e r v o i r  is l a r g e l y  i n  v o l c a n i c  rocks 
t h a t  p r e d a t e  t h e  Primavera c a l d e r a ,  c o n s i s t i n g  of 
s i l i c i c  ash-flow t u f f s  and l a v a  f lows ,  and 
a n d e s i t i c  t o  b a s a l t i c  l avas .  Therefore ,  the 
r e s e r v o i r  rocks w i l l  p r e s e n t  a wide range of 
p e r m e a b i l i t i e s  and p o r o s i t i e s .  The i r  model 
shows (F ig .  3) t h a t  nea r  t h e  c e n t e r  of t h e  S i e r r a  
La Primavera hot water  (>3OO0C) rises t o  shal low 
d e p c h s ,  where i t  b o i l s  t o  form a shal low vapor- 
dominated ZOM. Steam of t h i s  zone h e a t s  meteoric  
water i n  a sha l low,  high pe rmeab i l i t y  a q u i f e r  
( i n  t h e  Tala T u f f )  from which steam s e p a r a t e s  a t  
about 170°C. P a r t  of t h e  steam escapes t o  t h e  
s u r f a c e  through f a u l t - r e l a t e d  f r a c t u r e s  c u t t i n g  
t h e  less permeable zones of t h e  Ta la  Tuff which 
act as a cap rock t o  t h e  geothermal system. The 
remaining geothermal f l u i d  then f lows l a t e r a l l y  
as a two-phase f l u i d ,  coo l ing  by conduct ion,  
emerging a s  ho t  (about  65OC) s p r i n g s  a t  t h e  
western margin of t h e  S i e r r a .  
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The mass recharge t o  t h e  geothermal system 
i n d i c a t e d  by t h e  downward arrows shown i n  F igu re  
3 ,  could be s i g n i f i c a n t .  According t o  Ramfrez 
(1983) t h e  p o t e n t i a l  i n f i l t r a t i o n  i n  t h e  area 
would be approximately 5.9 x 106 m31year. 
However, n o t  a l l  of i t  would reach t h e  geothermal 
r e s e r v o i r ,  p a r t  w i l l  f eed  t h e  important  near- 
s u r f a c e  a q u i f e r .  The leakage of me teo r i c  waters 
t o  t h e  geothermal r e s e r v o i r  i s  r a t h e r  slow. On 
t h e  b a s i s  of t r i t i u m  a n a l y s e s ,  Mahood e t  a l .  
(1983) i n d i c a t e  a minimum age f o r  t h e  geothermal 
wa te r s  of 50 yea r s .  

WELLS 

To d a t e  f i v e  exp lo ra to ry  wells have been 

Primavera 1 (PR-l), d o  C a l i e n t e  1 
d r i l l e d  a t  t h e  L a  Primavera geothermal f i e l d  
(F ig .  2 ) :  
(RC-I), Primavera 2 (PR-2), Primavera 4 (PR-4), 
and Primavera 5 (PR-5). They are l o c a t e d  i n ,  o r  
n e a r ,  a r e a s  of geothermal m a n i f e s t a t i o n s .  Each 
we l l  was d r i l l e d  t o  i n t e r s e c t  t h e  s t r u c t u r e s  
( f a u l t s ,  f r a c t u r e s )  which permit t h e  a s c e n t  of 
geothermal f l u i d s  from depth.  
l i t h o l o g y ,  c u t t i n g  mineralogy,  l o s t  c i r c u l a t i o n ,  
complet ion,  and temperature  w i l l  be desc r ibed  below. 

Primavera 1 (F ig .  4 ) .  This is t h e  f i r s t  deep 
w e l l  d r i l l e d  i n  La Primavera.  It i s  l o c a t e d  i n  
t h e  fumarole a r e a  of "Las Barrancas"  i n  the 
sou the rn  p a r t  of t h e  c a l d e r a ;  i t s  t o t a l  dep th  is 
1226 m. The l i t h o l o g i c  column i n  PR-I, a s  i n  
a l l  La Primavera w e l l s ,  i s  composed mainly by 
p y r o c l a s t i c  and v o l c a n i c  rocks.  

Well d a t a  on t h e  

Important f r a c t u r e s  were encountered,  re- 
s u l t i n g  i n  h igh ,  and sometimes t o t a l ,  c i r c u l a t i o n  
l o s s e s .  These zones occurred mainly i n  t h e  Tala 
Tuff between 36 and 380 m depth,  and below 700 
depth.  The mineralogy of t h e  c u t t i n g s  i n d i c a t e  
moderate temperatures ,  e s p e c i a l l y  i n  t h e  upper 
1000 m; p y r i t e  and e p i d o t e  appear nea r  t h e  bottom 
of the  hole .  

During t h e  d r i l l i n g  of t he  upper 600 m t h e  
temperature  of t h e  mud a t  t h e  o u t l e t  never  
exceeded 52"C, and t h e  d i f f e r e n c e  between i n l e t  
and o u t l e t  temperatures  was small. However, f o r  
some zones between 690 and 1100 m dep th  ( co r re s -  
ponding t o  l o s t  c i r c u l a t i o n  zones) t h e  outlet  mud 
temperature  exceeded 60°C. For t h a t  i n t e r v a l ,  
t h e  average maximum o u t l e t  temperature  was 40°C 
and t h e  i n l e t - o u t l e t  d i f f e r e n c e  sometimes was 
g r e a t e r  t han  10°C. Toward bottomhole t h e  o u t l e t  
mud temperature  reached and exceeded 6OoC, and 
t h e  temperature  d i f f e r e n c e  was o n l y  about  5°C. 
With a s ta t ic  mud column i n  t h e  borehole  f o r  25 
hour s ,  t h e  temperature  nea r  t h e  bottom of t h e  
w e l l  was s l i g h t l y  above 200°C. 

The completion of t h e  w e l l  i s  shown on 
F igure  4. A long s l o t t e d  l i n e r  w a s  i n s t a l l e d  
between 659 and 1159 m ,  a l lowing t h e  communica- 
t i o n  between d i f f e r e n t  feed zones of c o n t r a s t i n g  
temperatures .  
hav io r  of t h e  w e l l  du r ing  p roduc t ion ,  a8 w i l l  be 
d i scussed  below. 

This  was r e f l e c t e d  by t h e  be- 

Rfo C a l i e n t e  1 (Fig.  5 ) .  RC-1 w a s  d r i l l e d  nea r  
t h e  wes te rn  edge of t he  c a l d e r a ,  i n  an a r e a  of 
high-discharge ho t  sp r ings .  It was intended t o  

i n t e r s e c t  t h e  high-angle f a u l t s  bounding t h e  
ca lde ra .  

The 1900-m deep w e l l  was d r i l l e d  through 
rocks w i t h  few f r a c t u r e s ;  no c i r c u l a t i o n  l o s s e s  
were observed. The mineralogy of t h e  c u t t i n g s ,  
t h e  temperature  of t he  d r i l l i n g  mud and t h e  
downhole temperature  p r o f i l e s  i n d i c a t e  t h a t  RC-1 
is  a low temperature  w e l l .  The borehole  w a s  l e f t  
open below 297 m depth.  

The model of Mahood e t  al. (1983) (Fig.  3 )  
shows t h a t  t h i s  w e l l  w a s  d r i l l e d  i n  a d i scha rge  
a r e a ,  away from t h e  ho t  water source  nea r  t h e  
c e n t r a l  p a r t  of t he  ca lde ra .  

Primavera 2 (Fig.  6 ) .  This w e l l  i s  l o c a t e d  i n  
t h e  c e n t r a l  p a r t  of t he  c a l d e r a ,  i n  t h e  "La 
Azufrera"  area where v igo rous  su l fu r -depos i t i ng  
steam ven t s  e x i t .  D r i l l e d  t o  2000-m, PR-2 is the  
deepes t  La Primavera w e l l .  

Important l o s s -o f -c i r cu la t ion  zones were 
encountered i n  the  upper 500 m ,  mainly i n  t h e  
Tala  T u f f ,  and below 1500 m ,  i n  t h e  m i c r o l i t i c  
a n d e s i t e s .  General ly ,  t h e  c u t t i n g  mineralogy 
i n d i c a t e s  moderate temperatures .  However, 
e p i d o t e  w a s  observed a t  about 500 m ,  sugges t ing  
h i g h e r  temperature  a l t e r a t i o n  a s s o c i a t e d  w i t h  a 
f a u l t  i n t e r s e c t e d  a t  t h a t  depth.  Ep ido te  was 
a l s o  found nea r  bottomhole; p y r i t e  occurred 
between about 800 and 1300 m ,  and below 1600 m 
depth.  

The o u t l e t  mud temperature  du r ing  d r i l l i n g  
sometimes exceeded 70°C; t h e  i n l e t - o u t l e t  temper- 
a t u r e  d i f f e r e n t i a l ,  10°C. The h i g h e s t  mud 
t empera tu res  were observed between about  1600 and 
1800 m depth,  r e l a t e d  t o  t h e  p a r t i a l  l o s t  c i r c u l a -  
t i o n  zones.  The downhole temperatures  measured 
a f t e r  24 hours w i t h  a s t a t i c  mud column i n  t h e  
borehole  i n d i c a t e  b o i l i n g  a t  about 700 m dep th ,  
and a maximum temperature  of about 265OC a t  
bottomhole.  

Casing w a s  i n s t a l l e d  and cemented t o  998 m 
d e p t h ,  and a p a r t i a l l y  s l o t t e d  l i n e r  w a s  suspended 
below i t .  The open p a r t  of t h e  l i n e r ,  below 
1567 m dep th ,  is ad jacen t  t o  the  zone of h i g h e s t  
measured temperatures .  However, t h e  long open 
h o l e  i n t e r v a l ,  behind t h e  X n e r ,  a l lows t h e  
down-flow of c o l d e r  w a t e r s  w i t h i n  t h e  borehole 
i n f l u e n c i n g  t h e  product ion c h a r a c t e r i s t i c s  of  t he  
w e l l .  
w i t h  a s t a t i c  water column i n  t h e  we l lbo re ,  w a s  
recorded. 

Primavera 4 (Fig. 7).  PR-4 w a s  drilled t o  a 
t o t a l  depth of 668 m i n  the C e r r i t o s  Colorados 
graben,  an area of a c t i v e  fumaroles.  During 
d r i l l i n g  s e r i o u s  c i r c u l a t i o n  problems were 
encountered,  r e q u i r i n g  t h e  use  of air and foam 
f o r  some zones. A l l  d a t a  i n d i c a t e  low temper- 
a t u r e s  f o r  t h e  d r i l l e d  i n t e r v a l .  The f r a c t u r e s  
i n  t h e  m i c r o c r y s t a l l i n e  r h y o l i t e  and Tala  Tuff 
n o t  on ly  create d r i l l i n g  problems bu t  a l s o  al low 
deep i n f i l t r a t i o n  of shal low,  co ld  ground waters, 
"drowning" any p o s s i b l e  geothermal anomaly. 
Casing was cemented t o  305 m depth.  Below t h a t  
t h e  borehole  is  open except  f o r  a cement plug 
between 637 and 668 m. 

A maximum temperature  of 307'C a t  2000 m ,  
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Primavera 5 (F ig .  8 ) .  This  w e l l  i s  l o c a t e d  580 m 
e a s t  of PR-I; i t s  t o t a l  depth  i s  1215 m. Major 
l o s t  c i r c u l a t i o n  problems were encountered 
which, sometimes, even prevented t h e  r e t r i e v a l  of 
c u t  t ings  . 

The mineralogy of t h e  c u t t i n g s ,  t h e  temper- 
a t u r e  of the  mud dur ing  d r i l l i n g ,  and t h e  temper- 
a t u r e  p r o f i l e s  i n  t h e  mud colum a f t e r  61 hours  of 
s t a t i c  conditions-showing a maximum tempera ture  
of about 230"C--indicated better thermal  condi- 
t i o n s  than i n  t h e  o t h e r  f o u r  wells. 

PR-5 was completed w i t h  cemented c a s i n g  and 
l i n e r  down t o  879 m i n  an a t tempt  t o  i s o l a t e  t h e  
lower u n i t s  from c o l d e r  a q u i f e r s  above. However, 
t h e  s l o t t e d  l i n e r  i n s t a l l e d  between 879 and 
1213 m was l e f t  open t o  some of t h e  moderate 
tempera ture  zones i n  t h e  l i t h i c  t u f f s  where some 
major c i r c u l a t i o n  l o s s e s  occurred.  This  a l lows 
t h e  i n t r u s i o n  of c o l d e r  f l u i d s  i n t o  t h e  deeper  
p a r t  of the  borehole  and r e s e r v o i r .  

HYDROTHERMAL ALTERATION 

The d i s t r i b u t i o n s  of l i t h o l o g i e s  and hydro- 
thermal  a l t e r a t i o n  as determined from w e l l  
c u t t i n g s ,  are shown schemat ica l ly  i n  F igure  9.  
The nonuniform percentage  of a l t e r a t i o n  minera ls  
r e f l e c t s  t h e  i n t e r a c t i o n  of t h e  rocks w i t h  
waters  of d i f f e r e n t  temperatures .  Where h igher  
temperatures  are found, such as where h o t t e r  
f l u i d s  ascend through f a u l t s  and f r a c t u r e s ,  a 
l a r g e r  percentage of a l t e r a t i o n  i s  observed. 
Conversely,  where co lder  waters c i r c u l a t e  and 
descend along f a u l t s  and f r a c t u r e s ,  t h e  alter- 
a t i o n  is l e s s  preva len t .  

Figure 9 c l e a r l y  i n d i c a t e s  t h e  h i g h e s t  
temperatures  toward t h e  south-cent ra l  p a r t  of t h e  
c a l d e r a ,  n e a r  wells PR-1 and PR-2, and t h e  lowest  
temperatures  towards Its per iphery  (e .g .  w e l l  
RC-I). This  thermal s t r u c t u r e  i s  c o n s i s t e n t  wi th  
Mahood et  a l ' s .  (1983) model (P ig .  3). 

BEHAVIOR OF WELL PR-1 

To i l l u s t r a t e  t h e  c h a r a c t e r i s t i c s  of t h e  La 
Primavera f i e l d ,  t h e  behavoir  of wel l  PR-1 is 
discussed .  The tempera ture  l o g s  taken a f t e r  
d r i l l i n g  completion are shown i n  F igure  10. 
After 25 hours w i t h  a s t a t i c  column of water i n  
t h e  borehole t h e  h i g h e s t  measured tempera ture ,  
about 210°C, was a t  t o t a l  depth. During t h e  w e l l  
warmup per iod (F ig .  11) s i g n i f i c a n t  temperature  
i n c r e a s e s  were observed. Bottomhole temperatures  
above 28OoC were measured. 

The changes i n  t h e  temperature  p r o f i l e s  wi th  
product ion  are shown i n  F igure  12 .  The f i r s t  two 
l o g s  (T-59 and T-60) taken  wi th  t h e  w e l l  producing 
through a 10-in.-diam. l i n e  show r a t h e r  low 
tempera tures ,  p o s s i b l y  because some of the  l a r g e  
volumes of co ld  water i n j e c t e d  i n t o  t h e  formation 
dur ing  d r i l l i n g  (about  3200 m3 between 700 and 
1226 m depth)  a r e  f lowing back i n t o  t h e  borehole. 
P r o f i l e s  T-61 and T-62 ( w e l l  f lowing through two 
2-ln.-dlam. l i n e s )  i n d i c a t e  a g e n e r a l  i n c r e a s e  of 
temperature  wi th  time. Log T-63 ( w e l l  producing 
through a 1-1/2-in.-diarn. o r i f i c e )  shows t h e  

h i g h e s t  temperatures  (maximum about  255°C) 
because of t h e  low f low rate. 

The l a te r  p r o f i l e s  T-66, 67 and 70 ( w e l l  
f lowing through a 3-1/2 inch  o r i f i c e  or a 4-112 
inch  nozz le)  i n d i c a t e  a s i g n i f i c a n t  drop  i n  
tempera tures ;  t h e  maximum measured i s  about 
235°C. A break i n  t h e  p r o f i l e  is shown between 
800 and 900 m depth ,  i n d i c a t i n g  t h e  i n f l u x  of 
c o l d e r  water. During d r i l l i n g  a zone of p a r t i a l  
l o s t  c i r c u l a t i o n  w a s  encountered a t  about 880 m 
(F ig .  4). The e v o l u t i o n  of t h e  downhole 
tempera ture  p r o f i l e s  w i t h  t i m e  and product ion ,  
i n d i c a t e s  t h a t  more than  one zone is  feeding  t h e  
w e l l .  The communication between a q u i f e r s  of 
d i f f e r e n t  temperatures  behind t h e  long s l o t t e d  
c a s i n g ,  i s  a f f e c t i n g  adverse ly  t h e  product ion 
c h a r a c t e r i s t i c s  of t h i s  w e l l .  S i m i l a r  behavior 
was observed i n  o t h e r  La  Primavera wel l s .  

When a w e l l  i n t e r s e c t s  m u l t i p l e  feed zones,  
i ts performance dur ing  product ion  might be 
u n s t a b l e  i n  response t o  t h e  e n t r a n c e  of f l u i d s  of 
d i f f e r e n t  e n t h a l p i e s  at v a r i o u s  times (Grant et  
a l . ,  1979). I n  PR-1 some i n s t a b i l i t i e s  a r e  
e v i d e n t  from v a r i a t i o n s  i n  t h e  chemistry of the  
produced f l u i d s  (F ig .  13) .  The f l u i d  samples 
were taken dur ing  and a f t e r  t h e  time t h e  downhole 
temperatures  d iscussed  above were measured. 
U n t i l  about February 1981 t h e  produced f l u i d s  
show an  i n c r e a s i n g  propor t ion  of geothermal 
w a t e r s ,  and a decreas ing  amount of low temper- 
a t u r e  i n j e c t e d  water. A f t e r  t h a t  t i m e ,  t h e r e  i s  
g e n e r a l  slow decrease  i n  c h l o r i d e ,  s i l i c a  and 
boron,  and an  i n c r e a s e  i n  b icarbonate  and s u l f a t e .  
These changes r e f l e c t  an i n c r e a s i n g  p r o p o r t i o n  
of c o l d e r  waters  i n  t h e  f l u i d s  produced by 
PR-I. The o s c i l l a t i o n s  in t h e  conten t  of some of 
t h e s e  components could be due t o  the  i n s t a b i l i t i e s  
i n  t h e  w e l l  r e s u l t i n g  from i t s  m u l t i p l e  feed zones 

SUMMARY AND CONCLUSIONS 

The f i v e  wells completed t o  d a t e  a t  La 
Primavera i n d i c a t e  t h a t  t h e  h i g h e s t  temperatures  
in the field a r e  found i n  the south-cent ra l  p a r t  
of t h e  c a l d e r a  where f a u l t s  and f r a c t u r e s  c a r r y  
geothermal f l u i d s  t o  sha l lower  depths .  I n  t h a t  
area, a tempera ture  of 307°C was measured i n  w e l l  
1:-2 a t  2000 m depth.  Temperatures s l i g h t l y  
above 2OO0C were recorded a t  1200 m i n  w e l l s  PR-1 
and PR-5. 

With t h e  except ion  of RC-1, important  l o s t  
c i r c u l a t i o n  zones,  a s s o c i a t e d  w i t h  f r a c t u r e s  and 
c o n t a c t s ,  were encountered. Because of t h e  
way t h e  w e l l s  were completed w i t h  long open 
i n t e r v a l s ,  communication between d i f f e r e n t  feed 
zones o c c u r s ,  r e s u l t i n g  i n  downflow of c o l d e r  
vater i n  t h e  borehole  and progress ive  cool ing  of 
t h e  produced f l u i d s .  

The mineralogy of t h e  c u t t i n g s  c o r r e l a t e s  
w e l l  w i t h  t h e  temperature  of t h e  formations a t  
depth.  Zones permeated by co lder  waters  l e a k i n g  
from sha l low a q u i f e r s  show low percentage of 
a l t e r a t i o n  minera ls ;  i n  areas where upflow of 
geothermal f l u i d s  o c c u r s ,  t h e  percentage is 
high. 
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On t h e  b a s i s  of t h e  d a t a  obtained from t h e  
f i v e  w e l l s ,  i t  i s  f e l t  t h a t  temperatures  above 
3OO0C could be found a t  about 2000 m depth i n  t h e  
a r e a  of w e l l s  PR-1 and PR-5. These w e l l s  could 
be deepened o r  new w e l l s  could d r i l l e d  i n  
t h a t  p a r t  of t h e  ca lde ra .  Another r eg ion  t o  be 
explored w i t h  d r i l l i n g  I s  sou th  of t h e s e  two 
w e l l s ,  where t h e  d i s t r i b u t i o n  of a l t e r a t i o n  
minerals and t h e  geo log ic  s t r u c t u r e  suggest  t h e  
e x i s t e n c e  of high subsu r face  temperatures .  
The e x p l o r a t i o n  w e l l s  should be a t  l e a s t  3000 m 
deep,  p r e f e r a b l y  3500 m. 

Based on t h e  experience gained from t h e  
e x i s t i n g  wells we emphasize t h a t  . the  completion 
of any new w e l l  should be c a r e f u l l y  designed 
us ing  a l l  a v a i l a b l e  d a t a ,  i n  o rde r  t o  i s o l a t e  t h e  
geothermal a q u i f e r s  from c o l d e r ,  sha l lower  
water-bear ing zones. 
p rope r ly  designed wells w i l l  one be a b l e  t o  
e v a l u a t e  t h e  geothermal p o t e n t i a l  of t h e  La 
Primavera f i e l d .  

Only wi th  these  deepe r  and 
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Mahood, 1980). 

F igu re  2. S t r u c t u r a l  map of the  La Primavera 
f i e l d  showing t h e  l o c a t i o n  of t he  exp lo ra t ion  
wells. 
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LITHOLOGICAL YVD VOLUME 
LOST 

WRINQ DRILLING 
COLUMN 

Figure 3 .  Schematic model f o r  the La Primavera 
geothermal system developed by Mahood et a l .  
(1983).  Diagonal rul ing,  pre-Primavera volcanic 
rocks; V-pattern, precaldera lavas;  unpatterned, 
(mainly) Tala Tuff; l i g h t  s t i p p l e ,  lacustrine 
sediments; rect i l inear  dots ,  ring domes. 
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Figure 4 .  Well PR-1. Dri l l ing and completion data. 
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Figure 5 .  Well RC-1. Dril l ing and completion data. 
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Figure 6 .  Well PR-2. Dril l ing and completion data. 
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Figure 7 .  Well PR-4. Dril l ing and completion data. 
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Figure 8. Well PR-5. Dri l l ing and completion data. 
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Figure 9 .  Distribution of l i t h o l o g i e s  and 
a l terat ion minerals i n  the La Prirnavera 
geothermal f i e l d .  
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