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ST LUCIA QEOTHERMAL PROJECT 

K. H . WILLIAMSON E. P. WRIGHT 

I n s t i t u t e  of Geological Sciences, London SW7 2DE, U.K. 

- -- I---- The ~ t .  Lucia Project i s  the f i r s t  geothermal 
study overseas undertaken by the  I n s t i t u t e  of 
Geological Sciences . It was commissioned by 
t h e  Ministry of Overseas Development ( U . K . )  
and carried o u t  i n  conjunction w i t h  Merz and 
M a e l l a n ,  Consultant Engineers. The Univer- 
s i t y  of the W e s t  Ind ies  a l so  pa r t i c ipa t ed  i n  
s tud ie s  of t h e  geology and se i smic i ty  of 
the  areas. The object of the invest iga-  
t i ons  was t o  develop geothermal steam f o r  
e lectr ic  power. 

S t .  Lucia i s  one of the  i s lands  of the 
Lesser A n t i l l e s  which i s  a chain l ink ing  
the nor theas t  of Venezuela with Puerto 
Rico and t h e  Greater Anti l les .  I t  has a 
roughly e l l i p t i c a l  shape 45 x 22 km. 
The i s l and  is  e n t i r e l y  volcanic with ages 
ranging from ltower Miocene t o  f a i r l y  
Recent (40 ,000  years  B P) . Steam fumaro- 
les and bo i l ing  pools ,  known as Sulphur 
Springs,  occur i n  the Soufriere area i n  
S. W. St .  Lucia,  and are assoc ia ted  with 
the Qualibou Caldera, the youngest of the 
volcanic  cen t r e s  ( f igu re  1). The caldera 
i s  about 6 km i n  diameter and i s  thought 
t o  have col lapsed during the  m i d  P l e i s t o i  
cene w i t h  the  per iphera1 , fZul t  having a 
throw of the  order  of 250 meters. Sulphur 
Springs i s  an a rea  of fumaroles and boi l -  
ing pools l oca t ed  i n  a narrow va l l ey  be- 
tween the  domes of Rabot and T e r r e  Blanp 
che. The area of present  a c t i v i t y  ex- 
tends over some 20 ,000  sq.m and the  sur- 
face va l ley  f i l l  i n  the v i c i n i t y  i s  inten- 
se ly  a l t e r e d  and kaol inised wi th  forma+ 
t i o n  of sulphur and gypsum. During the 
recent  i nves t iga t ions ,  pool water tempe- 
r a t u r e s  showed a range from 63-96OC and 
t h e  maximum temperature of t h e  fumasoles 
was 185OC. 

Boil ing mudpools, steam vents,  thermal 
spr ings and a number of cold spr ings  and 
waterwells wi th in  the  Qualibou Caldera 
w e r e  sampled and analysed f o r  major 
elements,,some minor elements ( S i ,  B, S x )  
s t a b l e  i so topes  of oxygen and hydrogen, 
and tritium leve ls .  

Recently developed mudpools were found to 
be ac id  sulphate  type (pH 3.0) while  
o lder  ones were s l i g h t  acid o r  neu t r a l  
(pH around 5-7) and sodium calcium sulpha- 
te type. Temperatures within the  mudpools 
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ranged from 66-96OC. 
temperature from a steam vent was 18SoC, 
and noncondensable gas associated wi th  
t h i s  steam contained 92% CO and 2% HZS. 
Low tritium leve l s  i n  the sgeam condensate 
ind ica t ed  that the turnover t i m e  for the  

r e se rvo i r  f l u i d s  was i n  excess of twenty 
years .  The s t a b l e  i so tope  composikions 
of oxygen and hydro en showed a considera- 
ble enrichment i n  4 0 r e l a t i v e  to  sur face  
to meteoric water, which suggested that  
ex tens ive  steam-wallrock react ion had o- 
ccured. Boran l e v e l s  within the mudpools 
(up t o  1000 mg/1) were anomalously high 
wlth r e spec t  t o  a background l e v e l  of less 
than  0 . 1  m g / l .  

Thermal spr ings sampled i n  the  area vypi- 

The highest  reported 
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c a l l y  had low f low rates ( 5  - 100  l/min) , 
w e r e  roughly n e u t r a l  (6.0 - 8.0 pH) and 
could b e  classified as sodium bicarbona-  
te  type  wi th  low m i n e r a l i s a t i o n .  This  
water is  d e r i v e d  from a sha l low a q u i f e r  
w i t h i n  p y r o c l a s t i c  d e b r i s  i n f i l l i n g  t h e  
Sulphur Spr ings  Val ley ,  con ta ined  be- 
tween the massive d a c f t i c  domes. Boron 
l e v e l s  w i t h i n  these thermal s p r i n g s  (up 
t o  1 4  mg/l) w e r e  a l s o  w e l l  above t h e  
b a c k g r o u k  l e v e l .  

The ve ry  h igh  levels of t h e  v o l a t i l e  
Blement boron i n  mudpools, their acid 
s u l p h a t e  composi t ion,  and the occurence 
of steam i n  a fumarole w i t h  an en tha lpy  
exceeding t h e  maximum en tha lpy  of s a t u -  

' r a t e d  steam, a l l  p o i n t  bo t h e  e x i s t e n c e  
of a vapour dominated r e s e r v o i r  a t  depth.  

GEOPHYSICS 

A number of deep r e s i s t i v i t y  p r o f i l e s  i n  
the r e g i o n  of the Qual ibou  Caldera  were 
carried o u t  u s ing  a S c i n t r e x  2 . 5  k W  
commutated direct  c u r r e n t  system w i t h  t he  
d ipole-d ipole  e l e c t r o d e  conf igu ra t ion .  A 
t o t a l  of 50 l i n e  - km of apparent  resis- 
t i v i t y  c r o s s - s e c t i o n s  , extending  t o  a 
maximum dep th  of 1 km, w e r e  cons t ruc t ed  
from the da ta .  

Thnoughoat : t h e  survey area, apparent  
r e s i s t i v i t y  v a l u e s  were low (3-50th-n) and 
t y p i c a l l y  less than  5 b m .  The m o s t  
i n t e r e s t i n g  anomalies occurred  on survey 
l i n e  9 which passed  c l o s e  t o  t h e  Sulphur 
Spr ings  emanations. On t h i s  l i n e  the 
appa ren t  r e s i s t i v i t y  c r o s s - s e c t i o n  i n  the 
v i c i n i t y  of t h e  Spr ings  sugges ted  a zone 
o f l low r e s i s t i v i t y  (L5rrm) near  the s u r f a c e  
and ano the r  of comparat ively h igh  resis- 
t i v i t y  a t  depth.  This was c o n s i s t e n t  w i th  
a model for  a vapour-dominated geothermal  
r e s e r v o i r  i l i l  which a l o w  r e s i s t i v i t y  
upper zone of condensing steam overlies 
a comparat ively high r e s i s t i v i t y  zone 
where rock  pores are vapour f i l l e d .  How- 

l a t e r a l  v a r i a t i o n s  i n  r e s i s t i v i t y .  ( f i g u r e  
2 ) .  The geo log ica l  complexi ty ,  coupled 
with severe topography i n  t h i s  a r e a ,  made 

i t h e  r e s i s t i v i t y  method d i f f i c u l t  t o  c a r r y  
o u t  i n  t h e  f i e l d  and d i f f i c u l t  to i n t e r p r e t .  
However an area of g e n e r a l l y  low r e s i s t i v i -  
t y  ( m) surrounding a very  low r e s i s t i v i -  
t y  (2hm ) zone w a s  i d e n t i f i e d  a t  Sulphur 
Springs.  Deeper anomalies  (say below 
400 rn) would probably n o t  be d e t e c t a b l e  i n  
t h i s  environment. 

A t o t a l  of seven h o l e s  w e r e  d r i l l e d  ( f i g u r e  
1) , ranging  i n  depth  f r o m  116 t o  726 meters. 
Steam w a s  produced from f o u r  of these  and 
it is hoped bhat  t h e  t w o  most success fu l  
can be u t i l i s e d  f o r  producing e l e c t r i c i t y .  
Holes 1 ( 5 2 7  m) and 2 (116 m) w e r e  d r i l l e d  
t o  t h e  n o r t h  of Sulphur  Spr ings  and si ted 
mainly on  the evidence of the nor the r ly  
ex tens ion  of k a o l i n i s e d  rocks  and on t h e  
presence of h o t  s p r i n g s  t o  t h e  nor th ,  par-  
t i c u l a r l y  near  Terre Blanche. Both ho le s  
were co ld .  Hole 3 (133 m) w a s  d r i l l e d  very  
c l o s e  to  t h e  emanations and a s  w a s  f ea red ,  
low p r e s s u r e ,  low volume steam w a s  en- 
countered a t  sha l low l e v e l s  r equ i r ing  t h e  
hole t o  b e  te rmina ted  a t  an  uneconomic 
depth. Hole 4 (610  m) and 5 ( 7 2 6  m) were 
both good steam producers  a l though 5 had 
e v e n t u a l l y  to be plugged because of s u r f a c e  
blow-outs. Hole 6 ( 692 m) d r i l l e d  only 
100  m from Hole 5 had comparable high t e m -  
p e r a t u r e s  b u t  d i d  n o t  produce steam. Hole 
7 ( 2 5 4  m) was f i n a l l y  d r i l l ed  c losed  t o  
H q l e  4 and i s  a good producer .  The main 
steam zone y e t  encountered i n  the v i c i n i t y  
of 4 ,  5 ,  7 is  between 250/300  TI below 
ground l e v e l .  Hydrothermally a l t e r e d  
material corresponding wi th  t h e  steam 
producing zone occur s  w i t h i n  the b a s a l  
dacites ove r ly ing  t h e  Pre-Caldera rocks. 

A number of p h y s i c a l  and chemical tests 
w e r e  performed on the  d i scha rge  f r o m  Holes 
4 and 7, t o  determine their  ou tpu t  charac- 
ter is t ics  over  a range  of opewationg pre- 
ssures and to determine t h e  chemical and 
iso$opic  composition of  t h e  steam and 
ag foc ia t ed  gases  . H o l e  4 produced 2.1 kg. 
s of steam wi th  1 0 ° C  supe rhea t  a t  1 0  b a r s  
(gauge) wel lhead p r e s s u r e ,  wh i l e  Hole 7 
produced 4 .5  kg.s-1 wi th  4OoC superhea t  of 
1 0  bars (gauge) . 
Back p r e s s u r e  curves  w e r e  cons t ruc ted  
us ing  bottom ho le  p r e s s u r e s  deduced 
t h e o r e t i c a l l y  from wel lhead  values .  Ana- 
l y s i s ,  of the curves  i n d i c a t e d  t u r b u l e n t  
flow i n  the format ion  around w e l l  7 ,  l a m i -  
nar  flow around w e l l  4 and kh ( i n t r i n s i c  
permeabi li t y  x forma t i o n  th i ckness )  va lues  
of 10-20 darcy,meters  for w e l l  7 and 2-5 
darcy-meter  for w e l l  4 .  Pressu re  bui ld-  
up tests w e r e  also conducted on t h e  w e l l s  
and similar kh v a l u e s  ob ta ined  from 

e v e r , c ~ u t e c ~ ~ l l i ~ ~ - s t u d i e s  showed that  
t h e  appa ren t  h igh  r e s i s t i v i t y  zone a t  
depth was probably  due t o  nea r  s u r f a c e  

HOrner build-up p l o t s .  

Chemical and i s o t o p i c  ana lyses  were carri- 
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Conventional Delta-Diazram for waters in 
Sulpnur Sprinas geothermal area. 

Stable isotope compositions of hydrogen and 
oxygen are shown. 
Steam condensate samples arc from borehole 4, 
or boreholes 3, 5, 7 where indicated- "V" 
denotes a natural steam vent. 

o u t  on t h e  steam condensates ,  e n t r a i n -  
l i q u i d s  (on Hole 4 )  and noncondensable - 

gases .  A very  high noncondensable gas 
c o n t e n t ,  21% by weight ,  w a s  measured 
c o n s i s t e n t l y  on both  h o l e s  throughout  
the test per iod .  The g a s  composition was 
approximately 90% CO , 2% H2S, 6 %  H , l % N Z ,  
0 .5% CH,. Although $ h i s  gas conten% 
may havB been expected to-d iminish  s lowly  
w i t h  t i m e ,  no s i g n i f i c a n t  change w a s  de- 
t e c t e d  over  an e i g h t  month obse rva t ion  
pe r iod .  Large q u a n t i t i e s  of concen t r a t ed  
b r i n e  were d ischarged  from w e l l  4 dur ing  
wet /dry cycl ing.  The s a l i n i t i e s  of t h e  
samples v a r i e d  up to  l e v e l s  of C1  a t  
70,000 mg/l, although- 25000 mg/l w a s  pro- 
bab ly  a more r easonab le  f i g u r e  f o r  t h e  
r e s e r v o i r  i t s e l f .  A l i k e l y  o r i g i n  f o r  
the chhoride i s  from leaching  from t h e  
v o l c a n i c  h o s t  rock which t h e  d r i l l i n g  had 
shown t o  be e x t e n s i v e l y  a l t e r e d .  

The s t a b l e  i so tope  composi t ions of oxygen 
and hydrogen f o r  t h e  thermal  f l u i d s  pro- 
v i d e  f u r t h e r  evidence of  e x t e n s i v e  reac- 
t i o n  with deep r e s e r v o i r  rocks. I n  
f i g u r e  3 ,  t hese  composi t ions a r e  p l o t t e d  
us ing  the  6 n o t a t i o n  i n  pe r  m i l  ( W  
v a r i a t i o n  from a s t a n d a r d  (SMOW - Standard  
Mean Ocean Water) . 

+ 10) r e p r e s e n t i n g  equ i l ib r ium f r a c t i o n a t i o n  
processes i n  me teo r i c  waters .  On t h e  o t h e r  
hand, steam condensates  and thermal b r i n e s  
( f rom W e l l  4 only)  have i s o t o p i c  composi- 
i&ons  which a r e  cons iderably  en r i ched  i n  

0 re la t iy8  to t h e  meteor ic  waters  : up 
t o  + 138.6 0 heav ie r .  TheSD va lues  f o r  
b r i n e  samples are roughly s i m i l a r  t o  t h o s e  
f o r  sha l low groundwater samples. Th i s  
coupled  wi th  t h e  measured C l / B r  ra t io ,  
60 ,000  approx. by weight (c . f .marine C1/ 
B r  = 290) sugges t  t h a t  t h e  sou rce  o f  deep 
f l u i d s  is meteor ic  and n o t  marine. The 
t r e n d ,  r ep resen ted  by t h e  dashed l i n e  i n  
f i g u r e  3, and having a slope of 5 ,  between 
b r i n e  and steam samples demonstrates  t h e  
e v o l u t i o n  of t h e  l a t t e r  by non-equi l ibr ium 
e v a p o r a t i o n  from !Be thermal b r i n e .  The 
s h i f t  of 1 3 k i n d  0 of water impl i e s  a 
low p r o p o r t i o n  of water to  rock  (suppor t -  
i n g  t h e  e a r l i e r  hypothes is  of b r i n e  evo- 
l u t i o n  from rock leaching  a lone)  and a lso 
a h i g h  temperature  of i n t e r a c t i o n .  

The e x t e n t  of t h e  r e s e r v o i r  and t h e  loca- 
t i o n  o f  t h e  h e a t  source  have n o t  y e t  been  
e s t a b l i s h e d .  F u r t h e r  in format ion  on  t h e  
h e a t  source  w i l l  be  ob ta ined  from a m i -  
c roea r thquake  s tudy  r e c e n t l y  completed, 
and f u t u r e  p r e s s u r e  t r a n s i e n t  tests u s i n g  
downhole r eco rde r s  i n  t h e  producing bore-  
h o l e s  may he lp  t o  d e f i n e  t h e  l i m i t s  of t h e  
reservoir. I t  is  hoped t h a t  a back pre-  
s s u r e  turbo-generator  capab le  of produc- 
i n g  1 MW can b e  i n s t a l l e d  t o  u t i l i s e  
steam produced from wells 4 and 7. 
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The samples r e p r e s e n t i n g  shal low ground- 
w a t e r  (open symbols i n  fkgure  3) are ?$en 
t o  p l o t  on the i s o t o p i c  t r e n d  (8D= 86 0 
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