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ABSTRACT 

The H a w a i i  Geothermal Resources Assessment 
Program has completed f i e l d  surveys i n  f i f t e e n  
P o t e n t i a l  Geothermal Resource Areas loca ted  on 
four  of the  major i s l a n d s  making up t h e  Hawaiian 
archipelago.  
ind ica ted  t h a t  four  of t h e  prospects  surveyed 
had a s i g n i f i c a n t  p r o b a b i l i t y  f o r  t h e  presence 
of a moderate t o  high temperature (125 degrees  
C. t o  350 degrees  C.) resource  and t h r e e  o t h e r s  
showed i n d i c a t i o n s  of having a t  least a low 
t o  moderate temperature (50 degrees C. t o  125 
degrees  C.) resource. One of t h e  survey areas, 
t h e  Kilauea E a s t  R i f t  Zone, p r e s e n t l y  has  a 
deep explokatory w e l l  under extended product ion 
and hence is considered t o  be a Known Geother- 
m a l  Resource A r e a .  

The r e s u l t s  of t h e s e  surveys have 

In t roduct ion  

The H a w a i i  Geothermal Resources Assessment 
Program was i n i t i a t e d  i n  1978. The prel iminary 
phase of t h i s  e f f o r t  i d e n t i f i e d  twenty P o t e n t i a l  
Geothermal Resource Areas using a v a i l a b l e  geolo- 
g i c a l ,  geochemical and geophysical da ta .  The 
second phase of t h e  Assessment Program undertook 
a series of f i e l d  s t u d i e s ,  u t i l i z i n g  a v a r i e t y  
of geothermal explora t ion  techniques, i n  an 
e f f o r t  t o  confirm t h e  presence of thermal 
anomalies i n  t h e  i d e n t i f i e d  PGRA's and, i f  
confirmed, t o  more completely c h a r a c t e r i z e  them. 
A t o t a l  of f i f t e e n  PGRA's on four  of t h e  f i v e  
major i s l a n d s  i n  t h e  Hawaiian Chain were s u b j e c t  
t o  a t  least a prel iminary f i e l d  a n a l y s i s ;  t h e  
remaining f i v e  were not  considered t o  have 
s u f f i c i e n t  resource p o t e n t i a l  t o  warrant  s tudy 
under t h e  personnel and budget c o n s t r a i n t s  of 
t h e  program. 

Kauai 

The i s l a n d  of Kauai was not  s tud ied  dur ing  
t h e  c u r r e n t  phase of i n v e s t i g a t i o n ;  geothermal 
f i e l d  s t u d i e s  were not  considered t o  be meri ted 
due t o  t h e  absence of s i g n i f i c a n t  geochemical o r  
geophysical i n d i c a t i o n s  of a resource. 
age of volcanism on t h i s  i s l a n d  would f u r t h e r  
suggest  t h a t ,  should a thermal resource be  pre- 
s e n t ,  i t  would be of extremely low temperature. 

The g r e a t  

Oahu - 
Geothermal f i e l d  s t u d i e s  conducted on Oahu 

focused on t h e  c a l d e r a  complexes of t h e  two vol- 
can ic  systems which form t h e  i s land:  Waianae 
Volcano and Koolau Volcano (Figure 1). The 
r e s u l t s  of these  s t u d i e s  and t h e  i n t e r p r e t e d  pro- 
b a b i l i t y  f o r  a resource i n  each is  as follows: 

Lualua le i  Valley: Geologic mapping l o c a t e d  
the focus of t h e  l a te  s t a g e  e r u p t i v e  a c t i v i t y  
near  t h e  back of Lualua le i  Valley and t e n t a t i v e l y  
i d e n t i f i e d  t h e  Waianae c a l d e r a  boundaries w i t h i n  
t h e  Valley. S o i l  geochemistry s t u d i e s  def ined  
anomalous zones of mercury concent ra t ions  and 
radon emanation t h a t  appeared t o  be co inc ident  
wi th  t h e  ca ldera  boundary f a u l t s .  Groundwater 
chemistry and temperature measurements i d e n t i f i e d  
a d i s t i n c t l y  anomalous w e l l ,  having both an  ele- 
va ted  temperature and a thermally a l t e r e d  water 
chemistry, near  t h e  back of t h e  v a l l e y  and s e v e r a l  
others wi th  s l i g h t l y  anomalous condi t ions  on t h e  
c a l d e r a  boundary f a u l t .  Geophysical soundings 
ind ica ted  low subsurface r e s i s t i v i t i e s  w i t h i n  t h e  
v a l l e y  t h a t  were i n t e r p r e t e d  t o  correspond t o  
w a r m ,  f r e s h  t o  s a l i n e  water-saturated b a s a l t .  On 
t h e  b a s i s  of t h e  a v a i l a b l e  d a t a ,  t h e  p r o b a b i l i t y  
f o r  a low t o  moderate temperature resource  (50 
degrees  C. t o  125 degrees  C.) wi th in  3 k i lometers  
of t h e  s u r f a c e  is assessed  a t  10% t o  20%. The 
p r o b a b i l i t y  f o r  a higher  temperature resource  is 
less than 5%. 

Mokapu Peninsula  and Koolau Caldera: Geolo- 
g i c  mapping i d e n t i f i e d  t h r e e  post-erosional  
vo lcanic  vents  on Mokapu Peninsula; t h e  i n f e r r e d  
ages were on t h e  order  of 300,000 years .  
i ca l  s t u d i e s  on Mokapu were unable t o  i d e n t i f y  
a s e l f - c o n s i s t e n t  p a t t e r n  of s o i l  geochemical 
anomalies o r  s i g n i f i c a n t  groundwater chemical 
anomalies t h a t  would suggest  a geothermal resource. 
R e s i s t i v i t y  soundings determined subsurface 
r e s i s t i v i t i e s  t h a t  were c o n s i s t e n t  wi th  cold sea 
water s a t u r a t e d  sediment. 
even a low temperature geothermal source a t  
depths  of 3 km. o r  less beneath Mokapu is  consi- 
dered t o  be less than 5%.  

Geochem- 

The p r o b a b i l i t y  f o r  

Resul t s  of prel iminary s o i l  geochemical 
s t u d i e s  and i n t e r p r e t a t i o n  of a v a i l a b l e  ground- 
water d a t a  t o  t h e  south ofeMokapu, w i t h i n  t h e  
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Figure 1. Map of t h e  I s l a n d  of Oahu showing p r i n c i p a l  r i f t  zones and ca lderas  of 
Waianae and Koolau Volcanoes. P o t e n t i a l  Geothermal Resource areas i d e n t i f i e d  
during prel iminary phase of Geothermal Resources Assessment Program are a l s o  noted. 

Koolau Caldera, suggest  t h a t  some thermally 
induced a l t e r a t i o n s  may be present  w i t h i n  t h e  
shal low groundwater s u p p l i e s  and s u r f a c e  s o i l  
l a y e r s .  However, i n t e r p r e t a t i o n  of magnetic d a t a  
i n d i c a t e s  t h a t  t h e  temperatures w i t h i n  t h e  anc ien t  
Koolau magma chamber are c e r t a i n l y  less than 540 
degrees  C. ( t h e  Curie  temperature) and t h a t  t h e  
shal low subsur face  r e s i s t i v i t i e s  s h m l i t t l e  evi-  
dence of thermal e f f e c t s .  On t h e  b a s i s  of t h e  
r a t h e r  s p a r s e  d a t a  c u r r e n t l y  a v a i l a b l e ,  t h e  
p r o b a b i l i t y  f o r  a low t o  moderate temperature 
resource  assoc ia ted  wi th  t h e  Koolau magma chamber 
is considered t o  be 10% o r  less. 

Mo 1 o ka i 

Due t o  t h e  a n t i c i p a t e d  small  demand f o r  geo- 
thermal power on t h e  i s l a n d  of Moloaki i n  the  
foreseeable  f u t u r e ,  only prel iminary e f f o r t s  were 
made t o  assess t h e  p o t e n t i a l  f o r  a resource  on 
t h i s  i s l a n d .  An abandoned w e l l ,  r epor ted  t o  have 
produced warm water when it w a s  f i r s t  d r i l l e d  i n  
1930 was loca ted  but  temperature measurements were 
unable t o  d e t e c t  anomalies wi th in  t h e  open p o r t i o n  
of t h e  hole ;  c o l l a p s e  of t h e  lower t h i r d  of t h e  
hole  d id  not ,  however, permit access t o  t h e  water 
tab le .  S o i l  geochemical a n a l y s i s  ind ica ted  
a e i t h e r  s i g n i f i c a n t  mercury concent ra t ions  nor 
unusual a l t e r a t i o n  minera ls  i n  t h e  v i c i n i t y  of t h e  
w e l l .  I n  t h e  absence of d e t e c t a b l e  anomalies from 
the  prel iminary I n v e s t i g a t i o n ,  f u r t h e r  s t u d i e s  
were not  considered t o  be  warranted. The proba- 

b i l i t y  f o r  a resource on West Molokai is not  con- 
s i d e r e d  t o  be  high;  however, i n s u f f i c i e n t  d a t a  
are a v a i l a b l e  t o  o f f e r  a n  est imated p r o b a b i l i t y  
f o r  a resource.  

Maui - 
Geothermal assessment a c t i v i t i e s  on Maui 

included an  eva lua t ion  of t h e  major r i f t  zones 
and post-erosional  vo lcanic  v e n t s  on both West 
Maui Volcano and Haleakala  Volcano (Figure 2). 
F ie ld  Surveys conducted on West Maui y ie lded  t h e  
fol lowing r e s u l t s :  

Olowalu and Ukumehame Canyon: Extensive 
geologic  mapping charac te r ized  t h e  Southwest and 
Southeast  R i f t  Zones of West Maui Volcano and 
i n t e r p r e t e d  t h e  observed s t r u c t u r e s  t o  suggest  a 
migrat ion of t h e  r i f t  zone a c t i v i t y  l a te  i n  t h e  
formation of West Maui. Numerous l a te  s t a g e  
a l k a l i c  and t r a c h i t i c  d i k e s  and plugs were a l s o  
i d e n t i f i e d  i n  t h e  survey area. Groundwater geo- 
chemical and temperature  measurements i d e n t i f i e d  
d i s t i n c l y  anomalous water chemistry and tempera- 
tu res .  R e s i s t i v i t y  sounding d a t a  f o r  t h e  area 
was i n t e r p r e t e d  t o  i n d i c a t e  a t h i c k  l a y e r  of w a r m  
f resh-to-sal ine water beneath t h e  Olowalu and 
Ukumehame Canyons. The p r o b a b i l i t y  of a thermal 
resource having a temperature  g r e a t e r  than o r  
equal  t o  50 degrees  C. is est imated t o  be 50% t o  
60% whereas a temperature  g r e a t e r  than o r  equal  
t o  125 degrees  C. has  an  est imated p r o b a b i l i t y  of 
10% o r  less. 
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Figure 2. Map of t h e  I s l a n d  of Maui showing i d e n t i f i e d  p o t e n t i a l  Geothermal Resource 
Areas and l o c a t i o n s  of subsequent f i e l d  survey areas. 

Lahaina-Kaanapali: S o i l  geochemical surveys 
were unable t o  i d e n t i f y  a s e l f - c o n s i s t e n t  p a t t e r n  
of s o i l  mercury concent ra t ions  o r  radon emanation 
rates t h a t  would sugges t  a thermal resource;  
groundwater temperature measutements and chemical 
analyses  were s i m i l a r l y  unable  t o  d e t e c t  s i g n i f i -  
can t  thermal a l t e r a t i o n s .  Geophysical soundings 
de tec ted  subsur face  r e s i s t i v i t i e s  c o n s i s t e n t  wi th  
cold water s a t u r a t e d  al luvium and b a s a l t .  Thus, 
t h e  p r o b a b i l i t y  of a thermal  resource e x i s t i n g  i n  
t h i s  area is considered t o  be less than 5%. 

Honokowai: Groundwater chemistry and.temper- 
a t u r e  d a t a  f o r  t h i s  area were unable t o  confirm 
t h e  e x i s t e n c e  of any thermal  e f f e c t s  and geophysi- 
cal  soundings ind ica ted  normal subsurface 
r e s i s t i v i t i e s .  Hence t h e  p r o b a b i l i t y  f o r  a re- 
source i n  t h i s  l o c a t i o n  is bel ieved t o  be less 
than 5%. 

F i e l d  surveys on Haleakala  were confined t o  
t h e  lower por t ions  of t h e  t h r e e  major r i f t  zones 
and y ie lded  t h e  fol lowing r e s u l t s :  

Haleakala  Northest  R i f t :  S o i l  geochemical 
and groundwater chemical s t u d i e s  i n  t h i s  a r e a  both 
i n d i c a t e  p o t e n t i a l  anomalies; the  i n t e r p r e t a t i o n  
of t h e  anomalies wi th  regard  t o  thermal altera- 
t i o n s  w a s  n o t ,  however, unequivocal. Geophysical 
surveys a c r o s s  t h e  r i f t  zone were unable t o  
i d e n t i f y  s i g n i f i c a n t l y  anomalous subsurface 
r e s i s t i v i t i e s  o r  s e l f - p o t e n t i a l  v a r i a t i o n s .  The 
p r o b a b i l i t y  of a low t o  moderate temperature 

resource  i s  placed a t  10% t o  20%, whereas t h a t  
f o r  a high temperature resource is less than 5%. 

Haleakala  Southwest R i f t  : Geologic mapping 
has  determined t h a t  s e v e r a l  flows on t h i s  r i f t  
are less than 10,000 years  of age and t h a t  a few 
are less than 1,000 years  o ld .  Prel iminary geo- 
chemical s t u d i e s  were unable t o  i d e n t i f y  unequi- 
voca l  evidence of thermal e f f e c t s o n  t h e  lower 
r i f t  zone area whereas geophysical  soundings 
i n d i c a t e d  t h a t  thermal groundwaters may be present  
a t  depths  of less than 3 km. The p r o b a b i l i t y  f o r  
a low t o  moderate temperature resource is esti- 
mated t o  be 30% t o  40% whereas . tha t  f o r  a high 
temperature resource  is  placed a t  15% t o  25%. 

Haleakala  East R i f t  Zone: Only prel iminary 
geochemical and geophysical  surveys were perform- 
ed i n  t h i s  area due t o  its i n a c c e s s a b i l i t y  and 
d i f f i c u l t y  of f i e l d  condi t ions.  The r e s u l t s  of 
these  e f f o r t s  d i d  not  i d e n t i f y  s i g n i f i c a n t  anoma- 
l ies;  however, i n t e r p r e t a t i o n a l  ambigui t ies  and 
t h e  small amount of d a t a  a v a i l a b l e  do not  a l low 
an  assessment of geothermal p o t e n t i a l  t o  b e  made. 

H a w a i i  

The i s l a n d  of Hawaii, being t h e  youngest and 
most v o l c a n i c a l l y  a c t i v e  i s l a n d  i n  t h e  Hawaiian 
Chain, w a s  found to have t h e  l a r g e s t  number of 
PGRA's. 
f i e l d  surveys i n  f i v e  PGRA's and i n  one known gew 
thermal resource  a r e a  -- t h e  KiIauea East R i f t  

The c u r r e n t  assessment program performed 
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Figure 3. Map of t h e  I s l a n d  of H a w a i i  showing major r i f t  zones 
and ca lderas  of each volcano. Locations of P o t e n t i a l  Geothermal 
Resource Areas and f i e l d  surveys are noted. 

(Figure 3). 
t h e  fol lowing i n t e r p r e t a t i o n s :  

The r e s u l t s  of these  s t u d i e s  y ie lded  

Kawaihae: Geophysical surveys performed over 
t h i s  a r e a  def ined a set of magnetic and r e s i s t i v i t y  
anomalies t h a t  suggest  t h a t  an  i n t r u s i v e  body, asso- 
c i a t e d  with t h e  Puu Loa c inder  cone may be  hea t ing  
shallow groundwaters. Groundwater chemistry and 
temperature anomalies confirm t h e  e x i s t e n c e  of a 
h e a t  source i n  t h e  v i c i n i t y  however t h e  temperatures 
are not  ind ica ted  t o  be very high. The p r o b a b i l i t y  
of a low t o  moderate temperature resource  i n  t h e  
survey area is  indica ted  t o  be 35% t o  45% and a 
moderate t o  high temperature resource  t o  b e  15% o r  
less. 

Hualalai :  Geologic mapping on t h e  western 
f l a n k  of Huala la i  suggests  t h a t  f requent  e r u p t i v e  
a c t i v i t y  has  occurred during t h e  l as t  5,000 years .  
Geophysical surveys have i d e n t i f i e d  d i s t i n c t  
magnetic, r e s i s t i v i t y  and s e l f - p o t e n t i a l  anomalies 
near  t h e  summit of Huala la i  whereas t h e  lower 
western f l a n k  has  not  shown s i g n i f i c a n t  thermal 
e f f e c t s .  Geochemical d a t a  on t h e  lower f l a n k s  were 
s i m i l a r l y  unable t o  i d e n t i f y  any obvious thermally 
induced anomalies. These d a t a  sugges t  t h a t  t h e r e  

is  a 35% t o  45% p r o b a b i l i t y  of a low t o  moderate 
temperature thermal resource  near  the  summit of 
Huala la i  Volcano and a 20% t o  30% p r o b a b i l i t y  of 
a high temperature resource  i n  t h i s  a rea .  Proba- 
b i l i t i e s  f o r  comparable resources  e x i s t i n g  on t h e  
lower f l a n k s  are est imated a t  15% t o  25% and 5% 
o r  less, respec t ive ly .  

Mauna Loa Southwest R i f t :  Limited geophysi- 
cal surveys performed on t h e  lower Southwest R i f t  
were unable t o  d e t e c t  s i g n i f i c a n t  r e s i s t i v i t y  
anomalies t o  depths  equiva len t  t o  t h e  local water 
t a b l e  and a s e l f - p o t e n t i a l  t r a v e r s e  de tec ted  only 
one anomalous g r a d i e n t  t h a t  w a s  i n t e r p r e t e d  t o  b e  
t h e  r e s u l t  of a downgoing s t reaming p o t e n t i a l .  No 
s t rong  geothermal anomalies were 2dent i f ied ;  how- 
ever ,  t h e  l i m i t a t i o n s  of t h e  a v a i l a b l e  d a t a  set do 
not  a l low a p r o b a b i l i t y  estimate t o  b e  made of t h e  
resource p o t e n t i a l  i n  t h i s  a rea .  

Mauna Loa Northeast  R i f t :  Geophysical and 
geochemical f i e l d  s t u d i e s  performed i n  t h i s  PGRA 
were unable t o  d e t e c t  any evidence of a geothermal 
anomaly i n  t h i s  loca t ion .  The p r o b a b i l i t y  f o r  
even a low temperature resource is est imated t o  b e  
less than 5%. 
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Kilauea Southwest R i f t :  Geologic mapping has 
ind ica t ed  s e v e r a l  areas of steaming ground and 
w a r m  c o a s t a l  sp r ings  ad jacent  t o  t h e  r i f t  system. 
A r eana lys i s  of ava i l ab le  geophysical d a t a  f o r  
t h i s  area concluded t h a t  warm groundwater was 
p resen t  w i th in  the  r i f t  zone. Magnetic anomalies 
observed over t he  r i f t  i n d i c a t e  t h a t  subsur face  
temperatures may exceed t h e  Curie temperature. 
The p robab i l i t y  f o r  a low t o  moderate temperature 
resource  on t h i s  r i f t  is  considered t o  be  100% 
whereas t h a t  f o r  a high temperature resource  on 
t h e  upper r i f t  is estimated a t  70% t o  80%. 

Kilauea E a s t  R i f t  Zone: An ex tens ive  body of 
geologica l ,  geophysical and geochemical d a t a  con- 
cern ing  t h e  E a s t  R i f t  Zone is a v a i l a b l e  and v i r t u -  
a l l y  a l l  of t h i s  d a t a  i n d i c a t e s  t h a t  a high temp- 
e r a t u r e  thermal system is as soc ia t ed  wi th  t h e  
e n t i r e  r i f t .  
d r i l l e d  i n t o  t h e  lower po r t ion  of r i f t  zone have 
i d e n t i f i e d  temperatures i n  excess of 350 degrees 
C. and continuous production from one of t hese  
w e l l s  f o r  a period of more than two yea r s  i n d i c a t e s  
t h a t  s u f f i c i e n t  recharge is a v a i l a b l e  f o r  produc- 
t i o n  of geothermal electrical power. 
l i t y  f o r  both a low and high temperature resource  
on t h i s  r i f t  zone is 100%. 

Deep explora tory  geothermal w e l l s  

The probabi- 

Summarv 

The H a w a i i  Geothermal Resources Assessment 
Program conducted f i e l d  surveys i n  f i f t e e n  of t h e  
most promising P o t e n t i a l  Geothermal Resource Areas 
i n  t h e  S t a t e  of H a w a i i .  S u f f i c i e n t  d a t a  w a s  
acquired i n  twelve of t h e  prospec ts  s tud ied  t o  
allow a n  estimate t o  be  made of t h e  p robab i l i t y  for 
a low t o  moderate temperature (50 degrees C. t o  125 
degrees C.) and a moderate t o  h igh  temperature (125 
degrees C. t o  350 degrees C.) geothermal resource  
i n  each prospect (Table 1 ) .  The c u r r e n t l y  ava i l -  
a b l e  d a t a  i n d i c a t e  t h a t  t h e r e  is a s i g n i f i c a n t  
p r o b a b i l i t y  ( g r e a t e r  than  30%) f o r  a moderate t o  
high temperature resource  i n  fou r  of t h e  prospec ts  
s tud ied  and t h r e e  o the r s  are considered good pros- 
pec t s  f o r  low t o  moderate temperature resources.  
One of t h e  survey areas, t h e  Kilauea East R i f t  Zone, 
is c u r r e n t l y  undergoing ex tens ive  geothermal explo- 
r a t o r y  d r i l l i n g  and production and is c u r r e n t l y  
considered t o  be  a Known Geothermal Resource Area. 

(AUTHOR'S NOTE: A map -- Geothermal Resources 
of Hawaii--  and a r e p o r t  -- An Assessment 
of Geothermal Resources i n  t h e  S t a t e  of 
H a w a i i -  o r  Hawaii's geothermal resources  
is a v a i l a b l e  from: 

H a w a i i  I n s t i t u t e  of Geophysics 
Geothermal Program 
2525 Correa Road 
Honolulu, H a w a i i  96822.) 
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Table  1. Estimated P r o b a b i l i t i e s  f o r  Geothermal Resources 

Locat i o n  

Kauai: 

Post-erosional  Volcanic S e r i e s  Vents 

Oahu: 

Lualua le i  Valley 
Kaneohe-Waimanalo 

Haleiwa 
Laie  
P e a r l  Harbor 

(Mokapu Peninsula) 

Molokai : 

West Molokai 

Maui : 

Olowalu-Ukumehame 
Lahaina-Kaanapali 
Honokowai 
Haleakala Northwest R i f t  (Pauwela) 
Haleakala Southwest R i f t  
Haleakala E a s t  R i f t  

H a w a i i  : 

Kohala 
Kawaihae 
Huala la i  

Summit 
Lower Northwest R i f t  

Mauna Loa 
Lower Southwest R i f t  (South Point)  
Lower Northeast  R i f t  (Keaau) 

Upper Southwest R i f t  
Lower Southwest R i f t  
East R i f t  Zone 

Kilauea 

P r o b a b i l i t y  f o r  Low 
t o  Moderate Temp. 

Resource 

N 

10%-20% 
- < 10% 

(<5%) 
N 
N 
N 

I 

50%-60% 
e 5% 
< 5% 

10%-20% 
30%-40% 

I 

N 
35%-45% 

35%-45% 
- ~ 1 5 %  

I 
e 5% 

100% 
100% 
100% 

I = i n s u f f i c i e n t  d a t a  a v a i l a b l e  t o  determine respurce p r o b a b i l i t y .  
N = not s tud ied  dur ing  c u r r e n t  f i e l d  survey program. 
Note t h a t  some of t h e  survey areas have been subdivided (e.g. Hualalai)  when t h e  

have been found t o  vary markedly wi th in  a given prospect .  
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I 

N 
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