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GEOLOGIC SETTING OF THE HAWAIIXY ISLiUDS 

One of t h e  b e s t  o v e r a l l  r e f e r e n c e s  on Hawaiian geology,  hydro logy ,  

wa te r  r e s o u r c e s ,  e t c .  is t h e  t ex tbook  Volcanoes in t h e  Sea (Nacdonald 

and Abbo t t ,  1970) .  T h i s  volume is  t h e  s i n g l e  most comprehensive re- 

f e r e n c e  a v a i l a b l e  a t  t h e  p r e s e n t  t i m e .  It is t h e  p r i n c i p a l  s o u r c e  of 

the i n f o r m a t i o n  r e p o r t e d  i n  t h i s  s e c t i o n ,  and is  h i g h l y  recommended as 

a n  i n t r o d u c t i o n  t o  t h e  s u b j e c t .  

The Hawaiian a r c h i p e l a g o  i s  comprised of a c h a i n  of v o l c a n i c  is- 

l a n d s  and seamounts t r e n d i n g  no r thwes t  t o  s o u t h e a s t  a c r o s s  more t h a n  

2000 km of t h e  North P a c i f i c  Ocean. The c h a i n  has been formed by in-  

t r a p l a t e  vo lcan i sm a p p a r e n t l y  g e n e r a t e d  by a man t l e  "hot  spo t "  o r  

c o n v e c t i v e  plume which h a s  remained r e l a t i v e l y  s t a t i o n a r y  i n  t h i s  r e g i o n  

as t h e  P a c i f i c  P la te  passes over  i t  i n a  n o r t h w e s t e r l y  d i r e c t i o n .  The 

I s l a n d  of H a w a i i ,  a t  t h e  s - w t h n a s t e r n  end of t h e  c h a i n ,  is t h e  younges t  

i s l a n d  and t h e  c u r r e n t  l o c u s  of v o l c a n i c  a c t i v i t y .  From H a w a i i  t o  t h e  

n o r t h w e s t ,  t h e  i s l a n d s  become p r o g r e s s i v e l y  o l d e r  and l e s s  a c t i v e ,  hav- 

i n g  moved away from t h e  h e a t  s o u r c e .  In t h e  n o r t h w e s t ,  a l l  t h a t  rerrr2irrs 

of f o r m e r l y  massive vo lcanoes  a r e  seamounts and a few small, jagged  i s le t s .  

I n d i v i d u a l  i s l a n d  form a s  b a s a l t i c  s h i e l d  vo lcanoes  which pass 

through v a r i o u s  s t a g e s  of development and d e t e r i o r a t i o n .  In t h e  i n i t i a l  

s t a g e ,  t h e  v o l c a n i c  mountains are  b u i l t  up from t h e  sea f l o o r  by count- 

less t h i n  f lows  of f l u i d  lavas. E v e n t u a l l y ,  t h e  mountain of v o l c a n i c  

mater ia l  grows t o  h e i g h t s  w e l l  above sea l e v e l .  A t  some dep th  benea th  

t h e  vo lcano  t h e r e  is a magma chamber t h a t  s u p p l i e s  l a v a  t o  t h e  s u r f a c e  

v i a  numerous c l o s e l y  spaced  c o n d u i t s ,  wh.ich e r o s i o n  may l a t e r  expose as 
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dense  swarms of d i k e s .  E rup t ions  occur  a t  t h e  summit of a Hawaiian 

volcano  and a long  r i f t  zones r a d i a t i n g  fr0.n t h e  summit. When a vol -  

cano r eaches  i t s  "mature" s t a g e  of a c t i v i t y ,  a summit c a l d e r a  h a s  

g e n e r a l l y  developed and w i l l  f i l l  and c o l l a p s e  a number of times. 

D i f f e r e n t i a t i o n  w i t h i n  t h e  magma chamber l e a d s ,  w i t h  t i m e ,  t o  

compos i t iona l  changes i n  t h e  e rup ted  lavas.  La te - s t age  volcanism 

i s  c h a r a c t e r i z e d  by more e x p l o s i v e  e r u p t i o n s  t h a t  produce s teeper - -  

s i d e d  s t r u c t u r e s  of more v i s c o u s  material. The development of a 

cone of a l k a l i c  rocks  on top  of t h e  c a l d e r a  marks t h e  end of t h e  

p r i n c i p a l  pe r iod  of volcanism.  From t h i s  t i m e ,  t h e  dominant pro- 

cesses are e r o s i o n a l ,  a l t hough  renewed ( p o s t - e r o s i o n a l )  v o l c a n i c  

a c t i v i t y  h a s  occurred  on many i s l a n d s .  I n t e r m i t t e n t  e r u p t i o n s  w i t h  

i n t e r v e n i n g  p e r i o d s  of qu ie scence  may c o n t i n u e  f o r  thousands of y e a r s .  

These l a t e  v o l c a n i c s  are  compos i t iona l ly  d i f f e r e n t  from t h e  ear l ie r  

b a s a l t s  and va ry  i n  form from r e l a t i v e l y  f l u i d  lava f lows  t o  steep-- 

s i d e d  t u f f  cones and a sh  d e p o s i t s .  

Since volcanic rocks are by far the dominant geological materials 

i n  t h e  Hawaiian I s l a n d s ,  i t  may b e  h e l p f u l  a t  t h i s  p o i n t  t o  d e s c r i b e  

t h e  major v o l c a n i c  r o c k  t y p e s  t h a t  occu r .  The fo l lowing  m i n e r a l s  

a re  t h e  pr imary c o n s t i t u e n t s  of Hawaiian v o l c a n i c s  and a re  used t o  

c l a s s i f y  t h e  rock  types :  

I. FELDSPARS 
A .  A l k a l i c  f e l d p a r s :  ( K ,  Na)AlSi308 
B .  P l a g i o c l a s e  f e l d s p a r s  

~~ 

1. A n o r t h i t e :  CaA12Si308 
2. A l b i t e :  NaA1Si30q 

( a )  O l i g o c l a s e :  a p l a g i o c l a s e  c o n t a i n i n g  
70 t o  90 pe r  c e n t  a l b i t e  
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(b)  Andesine: a p l a g i o c l a s e  c o n t a i n i n g  
50 t o  70 p e r  c e n t  a l b i t e .  

11. NEFHELINE: NaA1Si04 

111. OLIVINE: (Mg, Fe)2S i04  

I V .  PYROXENE 
A. P i g e o n i t e :  (Mg, F e y  Ca) (Mg, Fe )S i206  

Calcium and aluminum r i c h  pyroxene. 

V .  QUARTZ: S i 0 2  

Rock Types: n o s t  Hana i i an  v o l c a n i c  rocks  a r e  types  of b a s a l t ;  

i . e . ,  t h e y  c o n s i s t  main ly  of ca l c ium- r i ch  p l a g i o c l a s e  f e l d s p a r  and 

pyroxenes.  There are two major groups  o r  "series" of b a s a l t ,  a l -  

k a l i c  and t h o l e i i t i c ,  d i f f e r i n g  from each o t h e r  i n  t h e i r  c o n t e n t  of 

S i O z  and a l k a l i c  e lements  (Na and K). 

a re  g r a d a t i o n a l .  The g e n e r a l  scheme f o r  t h e  c l a s s i f i c a t i o n  of b a s a l -  

Wi th in  a s e r i e s ,  rock  types 

t i c  rocks  are g i v e n  in Tab le  1. 

TABLE T 

C l a s s i f i c a t i o n  of B a s a l t i c  Rocks 

ALKALIC SERIES 

( s i l i c a  poor ;  Na & K r i c h ;  
a u g i t e  is  major pyroxene) 

THOLEIITIC SERIES 

( s i l i c a  r i c h ;  Na & K poor;  
p i g i o n i t e  is major pyroxene) 

si AMCARaMITE o l i v i n e - r i c h  r o c k s  OCEXNITE 
sometimes grouped t o g e t h e r  

as " p i c r i t e  b a s a l t s "  + c a "  z aJ 

ALKALIC OLIVINE BASALT > 5 %  o l i v i n e  THOLEIITIC O L I V I N E  BASALT C 
- - d  - 2 : "  

aJ 
M M  
c o  
r i c  

ALKALIC BASALT 
m u  
m 

WWAIITE ( a n d e s i n e  f e l d s p a r ,  pyroxene ,  
and minor o l i v i n e )  

i j +  
L1 
LI 
c, 
H 

ML'GEARITE ( o l i g o c l a s e  f e l d s p a r )  

TRACHYTE (K-fe ldspar )  

THOLEIITIC BASALT 
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Two o t h e r  impor t an t  rock  t y p e s  do n o t  f a l l  w i t h i n  t h e  above 

c l a s s i f i c a t i o n  scheme. They a r e :  

NEPHELINITE ( o r  n e p h e l i n e  b a s a l e s )  : resembles  
b a s a l t  b u t  c o n t a i n s  n e p h e l i n e  r a t h e r  t han  f e l d s p a r .  

BASANITE: c o n t a i n s  bo th  n e p h e l i n e  and p l a g i o c l a s e ;  
t r a n s i t i o n a l  between n e p h e l i n i t e  and a l k a l i c  b a s a l t .  

Most of t h e  b a s a l t i c  rocks  are e r u p t e d  i n  lava f lows  of e i t h e r  

t h e  pahoehoe o r  aa t ype .  

which r a p i d l y  form a s o l i d  c rus t  w i t h  smooth t o  ropy  t e x t u r e .  

Pahoehoe lavas move i n  t h i n ,  f l u i d  streams 

Molten 

lava c o n t i n u e s  t o  f low benea th  t h i s  c r u s t ,  f e e d i n g  i n t o  o t h e r  lava 

streams and advancing i n  l o b a t e  p r o t r u s i o n s  o r  " toes" .  These n a t u r a l  

c o n d u i t s  o f t e n  become empty as t h e  supp ly  of lava d i m i n i s h e s  and t h e  

I remain ing  l a v a  d r a i n s  away by g r a v i t y .  What remains are  ho l low tun- 

n e l s  o r  lava t u b e s  t h a t  r ange  in-d imens ion  f r o m - f i n g e r - s i z e  openings  

t o  cave rns  more than  1000 m long  and 1 7  m i n  d i ame te r  (Howarth, 1 9 7 3 ) .  

While a l l  t u b e s  do n o t  d r a i n  comple te ly  (many s o l i d i f y  when s t i l l  

e n t i r e l y  o r  p a r t i a l l y  f u l l  of l a v a ) ,  ho l low ones a re .common. in  l a v a  

flows on many of t h e  younger Hawaiian vo lcanoes  (Ki l auea ,  Mauna Loa, 

H u a l a l a i ,  Mauna Kea, Ha leaka la ) .  A b i b l i o g r a p h y  on lava tubes  h a s  

been  compiled by Harter (1973y.- -Erosion and- se*en ta thn .have  des-  

t royed  lava- tube  caves on most of t h e  o l d e r  vo lcanoes .  

The aa type  of lava f low is composed of material  s imi la r  i n  com- 

p o s i t i o n  t o  pahoehoe lavas,  b u t  d i f f e r i n g  i n  v i s c o s i t y  and gas  c o n t e n t .  

A a  f lows are  more v i s c o u s ,  c o n t a i n  less g a s ,  and a r e  slower-moving 

than  pahoehoe f lows .  

of rubb ly  f ragments  of s o l i d i f i e d  l a v a  kncwn as Beneath 

The s u r f a c e  is  v e r y  rough and j agged ,  composed 
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t h e  c l i n k e r y  s u r f a c e ,  aa f lows  c o n s i s t  of a dense ,  s l u g g i s h  l i q u i d  

t h a t  carries t h e  s o l i d  c r u s t  a l o n g ,  sometimes f lowing  over and en- 

g u l f i n g  f ragments  of c l i n k e r  t h a t  f a l l  from t h e  top and s i d e s .  

t e n s i v e  open c o n d u i t s  such as l a v a  tubes  r a r e l y  form i n  aa f l o w s ,  

However, many openings  exist between t h e  aa c l i n k e r s ,  and some empty 

channe l s  do form i n  t h e  i n t e r i o r  p o r t i o n s  of t h e  f lows  as lava d r a i n s  

o u t .  

Ex- 

Aside  from lava f l o w s ,  v a r i o u s  types  of cones are  t h e  p r i n c i p a l  

v o l c a n i c  m a n i f e s t a t i o n s  i n H a w a i i .  Fragments of v o l c a n i c  e j e c t a  f a l l i n g  

around a v e n t  produce c i n d e r  and s p a t t e r  cones.  I f  molten l a v a  comes 

i n  c o n t a c t  w i t h  groundwater a n d / o r  s e a w a t e r ,  m o r e  e x p l o s i v e  e r u p t i o n s  

occur  due  t o  t h e  r a p i d  h e a t i n g  of t h e  water, producing  broad  cones of 

a sh  ( u n c o n s o l i d a t e d ,  r a p i d l y  c h i l l e d  f r agmen t s )  and t u f f  ( c o n s o l i d a t e d  

a s h ) .  

Kinor  amounts of s ed imen ta ry  rock  occur  i n  H a y z a i i ,  main ly  as 

p r o d u c t s  of mass w a s t i n g  and stream d e p o s i t i o n .  

i n  some v a l l e y s ,  and nonmarine a l l u v i a l  d e p o s i t s  may g r a d e  i n t o  mar ine  

c l a y s ,  s a n d s ,  and g r a v e l s  n e a r  v a l l e y  mouths. L u a l u a l e i  V a l l e y  on Oahu, 

an area under i n t e n s i v e  geothermal  i n v e s t i g a t i o n ,  c o n t a i n s  n e a r l y  400 

meters of poor ly  l i t h i f i e d  d e p o s i t s  of t h i s  t y p e  (Kacdonald and Abbot, 

1970) .  

A l l u v i a l  f i l l  i s  t h i c k  

Coral r e e f s  a r e  developed around most of t h e  i s l a n d s  and are t h e  

s o u r c e  of c a l c a r e o u s  material  i n  beach s a n d ,  beachrock ,  and l i t h i f i e d  

dunes.  Emerged f o s s i l  r e e f s  a r e  common on s o u t h - e a s t e r n  Oahu, which 

is t h e  only  i s l a n d  wi th  a p p r e c i a b l e  amounts of l i m e s t o n e .  

.- 
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S o i l  development is  h i g h l y  v a r i a b l e  throughout  t h e  i s l a n d s  and 

is r e l a t e d  t o  l o c a l  g e o l o g i c a l  and m e t e r o r o l o g i c a l  c o n d i t i o n s .  Geo- 

l o g i c a l l y  young areas,  and l o c a t i o n s  w i t h  low r a i n f a l l  a n d / o r  s p a r s e  

v e g e t a t i o n ,  g e n e r a l l y  l a c k  s i g n i f i c a n t  s o i l  c o v e r .  On t h e  o t h e r  hand, 

prolonged exposure  i n  wetter r e g i o n s ,  a i d e d  by b i o l o g i c a l  a c t i v i t y ,  

h a s  r e s u l t e d  i n  t h i c k  s o i l  d e p o s i t s  ( s e e  C l i n e  e t  a l . ,  1955). Layers  

of s o i l  and weathered  material w i t h i n  a s e c t i o n  of v o l c a n i c  rock  

i n d i c a t e  proJonged pauses  i n  v o l c a n i c  a c t i v i t y .  

E ros ion  h a s  c r e a t e d  some s p e c t a c u l a r  geomorphology i n  H a w a i i ,  

p a r t i c u l a r l y  on r a i n y  windward s l o p e s ,  where p r e c i p i t o u s  c l i f f s  and 

deep gorges  f a c e  t h e  p r e v a i l i n g  n o r t h e a s t e , r l y  t r a d e  winds .  The com- 

b i n a t i o n  of stream and wave e r o s i o n  is c a p a b l e  of comple t e ly  removing 

t h e  above-sea- leve l  p o r t i o n s  of a n  i s l a n d .  The r a t e  of e r o s i o n  i s  

a f f e c t e d  by e u s t a t i c  sea l e v e l  changes ,  t e c t o n i c a l l y  induced subs idence  

and emergence, and l o c a l  m e t e o r o l o g i c a l  c o n d i t i o n s .  
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REGIONAL GEOLOGY OF THE MAJOR ISLANDS 

HAWAII 

H a w a i i  ("The Big I s l a n d " )  is t h e  l a r g e s t ,  younges t ,  and most 

active of t h e  Hawaiian I s l a n d s .  F i v e  s e p a r a t e  v o l c a n i c  mountains 

are p r e s e n t  on H a w a i i  t oday ,  and t h e r e  is ev idence  t h a t  o l d e r  v o l -  

canoes e x i s t  benea th  t h e  more r e c e n t  lavas. In o r d e r  of dec reas -  

i n g  age ,  H a w a i i ' s  f i v e  v o l c a n i c  systems are:  Kohala ,  U u n a  Kea, 

H u a l a l a i ,  Mauna Loa,  and K i l a u e a .  A l l  e x c e p t  Mauna Kea and Kohala 

have e r u p t e d  i n  h i s t o r i c  times. 

F i g u r e  1 is a g e n e r a l i z e d  g e o l o g i c  map of t h e  i s l a n d  of H a w a i i .  

Kohala Mountain (e l .  1670 m) , on t h e  n o r t h e r n  end of  the Big 

I s l a n d ,  is composed of two series of v o l c a n i c  r o c k s ,  s e p a r a t e d  by 

a n  erosional unconformi ty .  The o l d e r  rocks ( P o l o l u  Vo lcan ic  Series) 

c o n s i s t  of t h o l e i i t i c  b a s a l t ,  t h o l e i i t i c  o l i v i n e  b a s a l t ,  and ocean- 

i t e ,  g r a d i n g  upward i n t o  a lka l i c  o l i v i n e  b a s a l t .  The younger Hawi 

Series c o n t a i n s  mainly mugea r i t e  w i t h  some t r a c h y t e .  Avai lable  

potassium-argon d a t e s  i n d i c a t e  ages  o f  approximate ly  330,000 t o  

450,000 y e a r s  f o r  t h e  P o l o l u  Series and 25,000 t o  60,000 y e a r s  f o r  

H a w i  rocks (McDougall and Swanson, 1 9 7 2 ) .  The unconformi ty  between 

t h e  two series d i s p l a y s  deep  e r o s i o n a l  v a l l e y 3  and up t o  15 m of 

weathered  r o c k  and s o i l ,  con f i rming  t h e  c o n s i d e r a b l e  l e n g t h  of time 

between p e r i o d s  of vo lcanism.  Kohala  was b u i l t  mainly around two 

r i f t  zones t h a t  ex tend  no r thwes t  and s o u t h e a s t  from t h e  summit. 

The windward ( n o r t h e a s t e r n )  s i d e  of Kohala h a s  been  d e e p l y  dissec- 

t e d  by stream and wave e r o s i o n .  

.- 

I 
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Although Kohala is  t h e  o l d e s t  of t h e  f i v e  modern mountains  of 

H a w a i i  I s l a n d ,  rocks  o l d e r  t han  t h e  P o l o l u  series are  known from 

exposures  on t h e  s o u t h e a s t  f l a n k  of Mauna Loa. 

as t h e  Ninole  Volcanic  Series, are e v i d e n t l y  t h e  remains of a n  

o l d e r  s h i e l d  volcano  ( t h e  N i o l e  Volcano) t h a t  developed a t  about  t h e  

same t i m e  as t h e  Kohala Volcano. With t h e  e x c e r p t i o n  of a few t a l l  

r i d g e s ,  however, t h e  Ninole  Volcano w a s  b u r i e d  by  Mauna Loa e r u p t i o n s .  

From t h e  thin-bedded aa and pahoehoe lavas exposed i n  t h e s e  r i d g e s ,  

ages  up t o  500,000 y e a r s  have been de termined  f o r  t h e  Nino le  Series 

These r o c k s ,  known 

(McDougall, 1964) .  

Mauna Kea ( e l .  4205 m) h a s  a s t eep - s ided  cap  of d i f f e r e n t i a t e d  

This summit r o c k s  t y p i c a l  of t h e  l a t e  s t a g e  of Hawaiian volcanism.  

cone  is  composed mainly of h a w a i i t e ,  w i t h  some a l k a l i c  o l i v i n e  ba- 

sa l t  and ankarami te ,  a l l  of which make up t h e  Laupahoehoe Volcanic  

Ser ies .  

l a r g e  c i n d e r  cones from which f a n s  of l ava  i s s u e d .  

t i o n  on Mauna Kea occur red  approximate ly  3600 y e a r s  ago .  

i t s  Laupahoehoe cap ,  Mauna Kea still d i s p l a y s  t h e  broad s h i e l d  form 

of an  ear l ie r  s t a g e  of a c t i v i t y .  

f e r r e d  t o  a s  t h e  Hamakua Volcanic  Series,  which i s  d i v i d e d  i n t o  a 

lower member of t h o l e i i t i c  b a s a l t s ,  o l i v i n e  b a s a l t s ,  and o c e a n i t e s ,  

and a n  upper member of a l k a l i c  o l i v i n e  b a s a l t s ,  h a s a i i t e s ,  and anka- 

ramites. The lower member is exposed on ly  a t  a few l o c a l i t i e s ,  

b u t  t h e  upper  member can  b e  s e e n  a long  much of t h e  Hamakua (no r th -  

e a s t )  c o a s t .  An e x t e n s i v e  l a y e r  of a l t e r e d  a s h ,  s e v e r a l  meters 

t h i c k  i n  p l a c e s ,  o v e r l i e s  t h e  Hamakua Series.  This u n i t ,  t h e  Pa- 

Laupahoehoe e r u p t i o n s  c h a r a c t e r i s t i c a l l y  b u i l t  up numerous 

The l a s t  erup- 

Beneath 

Rocks fa rming  t h e  s h i e l d  are  re- 
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h a l a  a s h ,  has  been found on a lmos t  a l l  of t h e  vo lcanoes  of t h e  Big 

Is l a n d .  

Mauna Kea probably  had a c a l d e r a  complex and r a d i a t i n g  r i f t  

sys tem,  b u t  t h e s e  f e a t u r e s  have  been  obscured  by Laupahoehoe 

e r u p t i o n s .  Some late-stage c i n d e r  cones a re  d i s t r i b u t e d  i n  a 

l i n e a r  manner, s u g g e s t i n g  s u b s u r f a c e  s t r u c t u r a l  c o n t r o l .  On t h e  

b a s i s  of t h e s e  l i n e a t i o n s ,  a t  l eas t  t h r e e  p r i n c i p a l  r i f t  zones 

may have  been a c t i v e ,  r a d i a t i n g  from t h e  summit towards t h e  w e s t ,  

eas t ,  and s o u t h ,  w i t h  a s u b s i d i a r y  r i f t  t r e n d i n g  t o  t h e  n o r t h e a s t .  

There is  a l s o  some g e o p h y s i c a l  ev idence  t h a t  a c a l d e r a  and 

r i f t  system ex is t s  benea th  Mauna Kea's c a p .  The B i g  Island has been 

covered by ae romagne t i c  and g r a v i t y  s u n e y s ,  which have  he lped  

d e f i n e  s u b s u r f a c e  f e a t u r e s .  Magnet ic  s t u d i e s  r e v e a l e d  numerous 

anomal i e s ,  and a l though  many of t h e s e  do n o t  co r re spond  t o  obvious  

s u r f a c e  f e a t u r e s ,  t h e y  a r e  b e l i e v e d  t o  b e  r e l a t e d  t o  s t r u c t u r e s  

a t  dep th  (Malahoff and Wool la rd ,  1965) .  G r a v i t y  su rveys  i n d i c a t e  

t h a t  t h e  c a l d e r a s  of most v o l c a n o e s ,  w i t h  t h e i r  c o n t e n t s  of dense  

material ,  a re  f a i r l y  w e l l  d e f i n e d  by g r a v i t y  h i g h s  ( K i n o s h i t a ,  

1965). Such a h i g h  benea th  Mauna Kea p r o v i d e s  r e a s o n a b l e  ev idence  

t h a t  a c a l d e r a  complex is p r e s e n t .  

H u a l a l a i  ( e l .  2521 m), on t h e  w e s t e r n  s i d e  of H a w a i i ,  l a s t  

e r u p t e d  i n  1801, producing  lavas n o t a b l e  f o r  t h e i r  abundance of 

large o l i v i n e  phenoc rys t s .  L ike  %una Kea, H u a l a l a i  i s  capped by 

a l k a l i c  rocks  ( a l k a l i c  o l i v i n e  b a s a l t s  g r a d i n g  t o  h a w a i i t e s )  

which have obscur red  t h e  e a r l i e r  s h i e l d  form. One f a i r l y  w e l l  
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d e f i n e d  r i f t  zone t r e n d s  t o  t h e  no r thwes t  a c r o s s  t h e  summit, b u t  

o t h e r  r i f t s  are  n o t  e s p e c i a l l y  obvious and a r e  i n f e r r e d  mainly 

from l i n e a t i o n s  of s p a t t e r  and c i n d e r  cones.  H u a l a l a i  b e a r s  

some h i g h l y  d i f f e r e n t i a t e d  r o c k s ,  n o t a b l y  t h e  Puu Waawaa t r a c h y t e  

c e n t e r e d  around t h e  l a r g e  pumice cone of t h e  same name. Hua- 

l a l a i  h a s  no s u r f a c e  m a n i f e s t a t i o n  of a c a l d e r a  complex; more- 

ove r ,  u n l i k e  t h e  o t h e r  vo lcanoes  on t h e  i s l a n d ,  H u a l a l a i  h a s  no 

wel l -def ined  g r a v i t y  h i g h  i n  t h e  r e g i o n  where a b u r i e d  c a l d e r a  

might b e  expec ted  ( K i n o s h i t a ,  1965) .  It h a s  been  sugges t ed  t h a t  

H u a l a l a i ' s  magma s o u r c e  w a s  s m a l l  and deep ,  which may e x p l a i n  

b o t h  t h e  h i g h l y  d i f f e r e n t i a t e d  n a t u r e  of i t s  r o c k s  and t h e  l a c k  

of a g r a v i t y  h i g h  (Thomas, e t  a l . ,  1979) .  

Mauna Loa __ (el. _..- I 4167 m) i s  a mass ive ,  broad mountain s t i l l  

i n  i t s  s h i e l d  b u i l d i n g  s t a g e .  A s  p r e v i o u s l y  n o t e d ,  Mauna Loa 

is  b u i l t  on top  of t h e  o l d e r  N ino le  Volcano, and i t  appea r s  t h a t  

s t i l l  a n o t h e r  vo lcano ,  t h e  Kulani  S h i e l d ,  i s  b u r i e d  benea th  

Mauna Loa as w e l l .  Rocks of t h e  Kulani  S h i e l d  are p laced  i n  

t h e  Kahuku Volcanic  Series, which is exposed i n  a number of "ki- 

pukas" ( i s l a n d s  of o l d e r  r o c k  t h a t  were not b u r i e d  by subsequent  

lava f lows)  on t h e  e a s t e r n  and s o u t h e r n  f l a n k s  of Mauna Loa, and 

a long  t h e  Kahuku f a u l t  s c a r p  i n  t h e  s o u t h e r n  p a r t  of t h e  i s l a n d .  

C o n s i s t i n g  of t h o l e i i t i c  b a s a l t s ,  t h e  Kahuku Series o v e r l i e s  

t h e  Nino le  Series. 

Mauna Loa i t s e l f  e rup ted  as r e c e n t l y  as 1975. Lavas have 

i s s u e d  from t h e  summit (Mokuaweoweo Caldera)  b u t  t h e  major  erup- 

t i o n s  have occur red  on t h e  f l a n k s ,  f r o m  sciuthwest and n o r t h e a s t  



1 3  

r i f t  zones.  

c a n i c  Series. Mauna Loa h a s  a number of f a u l t  sys t ems ,  some of 

Lavas produced by Mauna Loa be long  t o  t h e  Ka'u Vol- 

l b i c h  have  undergone c o n s i d e r a b l e  d i sp l acemen t s  i n  h i s t o r i c  t i m e s .  

The Kealakekua and Kao ik i  f a u l t s  of Mauna Loa a re  among t h e  more 

s e i s m i c a l l y  active r e g i o n s  of t h e  i s l a n d .  

K i l a u e a  ( e l .  1231 m) is one o f  t h e  w o r l d ' s  most a c t i v e  vo l -  

canoes ,  and is e x p e r i e n c i n g  a minor e r u p t i o n  even as t h i s  r e p o r t  

is  b e i n g  w r i t t e n  (November, 1979) .  A w e l l  d e f i n e d  summit c a l d e r a  

and two major r i f t  zones ( e a s t  and sou thwes t )  have  produced l a v a s  

a lmos t  c o n t i n o u s l y  d u r i n g  h i s t o r i c  t i m e s .  The o l d e s t  K i l auea  l a v a s ,  

known as t h e  H i l i n a  S e r i e s ,  a r e  only  exposed on t h e  island's south- 

e r n  c o a s t ,  where f a u l t  s c a r p s  reveal abou t  300 m of t h i n  flows of 

t h o l e i i t i c  b a s a l t ,  o l i v i n e  b a s a l t ,  and o c e a n i t e ,  o v e r l a i n  by abou t  

10 meters of P a h a l a  a s h .  The H i l i n a  s e r i e s  may b e  contemporary w i t h  

t h e  Kahuku series of Mauna Loa. Above t h e  Pahala  a sh  a r e  more tho- 

l e i i t i c  b a s a l t s ,  o l i v i n e  b a s a l t s )  and o c e a n i t e s  of t h e  Puna Series.  

The USGS-Hawaii Volcano Obse rva to ry  i s  c u r r e n t l y  involved  i n  i n t e n s i v e  

s t u d i e s  of K i l a u e a ,  i n c l u d i n g  a p r o j e c t  i n  which age d e t e r m i n a t i o n s  

a re  b e i n g  made f o r  K i l a u e a  lavas.  P r e l i m i n a r y  f i n d i n g s  i n d i c a t e  t h a t  

approx ima te ly  90 p e r  c e n t  of K i l a u e a ' s  s u r f a c e  area is  covered  by 

l a v a s  less t h a n  1000 y e a r s  o l d ;  80 p e r  c e n t  of t h e  s u r f a c e  may be less 

t h a n  500 y e a r s  o l d  ( T .  C a s a d e v a l l ,  USGS, p e r s .  c o r n . ) .  

Numerous f a u l t s  a r e  p r e s e n t  on K i l a u e a ,  i n c l u d i n g  s e v e r a l  a c t i v e  

\ones a long  which s e i s m i c  e v e n t s  a r e  c o n c e n t r a t e d .  The c a l d e r a  i s  

bounded by s t e e p  f a u l t  s c a r p s  formed by r e ? e a t e d  c o l l a p s i n g  of t h e  
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c a l d e r a  f l o o r .  Along t h e  r i f t  zones ,  d i s t e n s i o n  of t h e  ground 

s u r f a c e  h a s  c r e a t e d  numerous g rabens ,  as w e l l  as s i n g l e  f a u l t s  

showing b o t h  v e r t i c a l  and l a t e r a l  d i sp lacemen t s .  

f a u l t  systems of b o t h  Ki l auea  and Mauna Loa t r e n d  t a n g e n t i a l l y  

t o  t h e  vo lcano  s l o p e s .  Movement a l o n g  f a u l t s  of t h i s  t y p e  is  

p r i m a r i l y  v e r t i c a l .  The ground downslope of a t a n g e n t i a l  f a u l t  

is d i s p l a c e d  downward r e l a t ive  t o  t h e  ups lope  s i d e  of t h e  f a u l t  

s o  t h a t  t h e s e  f a u l t s  are marked by seaward-facing escarpments  

l i k e  t h e  H i l i n a  P a l i ,  where more t h a n  600 meters of v e r t i c a l  

d i sp l acemen t  h a s  occurred .  

sys tems of Mauna Kea a re  a l s o  t a n g e n t i a l  f au l t s . - .Whe the r  t h e s e  

f a u l t s  are  caused by upward movement of t h e  i n l a n d  s l o p e  ( fo rced  

upward by magmatic i n t r u s i o n )  or .  downward movement of t h e  sea- 

ward s i d e  (by g r a v i t y  s l i d i n g )  is  s t i l l  u n c l e a r .  

Several major 

The Kealakekua and Kaoik i  f a u l t  

Ear thquake  s w a r m s  (hundreds of low-magnitude t remors  pe r  

hour)  a long  act ive f a u l t  systems f r e q u e n t l y  h e r a l d  a n  imminent 

e r u p t i o n  and can  b e  used t o  p i n p o i n t  t h e  s p e c i f i c  s i t e  of erup- 

t i o n  b e f o r e  lava a c t u a l l y  appea r s  a t  t h e  s u r f a c e .  

such  microse ismic  a c t i v i t y  is a s s o c i a t e d  w i t h  t h e  movement of 

magma w i t h i n  t h e  f a u l t  sys tems.  

E v i d e n t l y  

MAUI - 
Maui, t h e  second l a r g e s t  Hawaiian i s l . and ,  is made up of 

two v o l c a n i c  systems:  West Maui and Ha leaka la .  A g e o l o g i c  map 

of t h e  i s l a n d  i s  shown i n  F i g u r e  2 .  

West Maui ( e l .  1764 m) is t h e  o l d e r  of t h e  two sys t ems ,  and 
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h a s  a p p a r e n t l y  completed a l l  of t h e  r e c o g n i z e d  phases  of Hawaiian 

v o l c a n i c  a c t i v i t y .  No e r u p t i o n s  hkve o c c u r r e d  i n  h i s t o r i c  t i m e s .  

West Maui 's  s h i e l d  b u i l d i n g  s t a g e  is r e p r e s e n t e d  by t h e  

Wailuku Volcanic  Series,  a sequence  of t h o l e i i t e s ,  o l i v i n e  tho- 

l e i i t e s ,  and o c e a n i t e ,  g r a d i n g  upward i n t o  a lka l i c  o l i v i n e  ba- 

s la ts .  

today  i n  t h e  West Maui summit r e g i o n  where t h e y  ahve been  exposed 

by e r o s i o n .  R i f t  sys tems are p o o r l y  d e f i n e d ,  a l t h o u g h  d i k e  com- 

p l e x e s  a p p e a r  t o  b e  s l i g h t l y  c o n c e n t r a t e d  a l o n g  two b a n d s ,  one t r e n d -  

i n g  n o r t h - s o u t h ,  and t h e  o t h e r  e x t e n d i n g  nor th-eas tward  from t h e  

summit. Wailuku a c t i v i t y  produced main ly  t h i n ,  non-explos ive  lava 

flows w i t h  a few a s h  b e d s ,  and some i n t r u s i v e  r o c k s  i n  t h e  form of 

small g a b b r o i c  s t o c k s .  

The o r i g i n a l  v o l c a n i c  s h i e l d  and summit c a l d e r a  are v i s i b l e  

The Wailuku Series is o v e r l a i n  i n  a few p l a c e s  by weathered  

material, b u t ,  i n  g e n e r a l ,  t h e r e  a p p e a r s  t o  h a v e  b e e n  o n l y  a s h o r t  

p e r i o d  of q u i e s c e n c e  b e f o r e  t h e  n e x t  e p i s o d e  of v o l c a n i s m .  

p h a s e  w a s  c h a r a c t e r i z e d  by s c a t t e r e d  e r u p t i o n s  of v i s c o u s  a l k a l i c  

lavas t h a t  only p a r t i a l l y  covered  t h e  e x i s t i n g  s h i e l d .  

t h i s  p e r i o d  be long  t o  t h e  Honolua Series and c o n s i s t  main ly  of 

m u g e a r i t e  f lows  w i t h  some t h i c k e r  f lows  and domes of t r a c h y t e .  

Rocks from b o t h  t h e  Wailuku and t h e  Honolua Series have  b e e n  d a t e d  

by potassium-argon and found t o  b e  s l i g h t l y  more t h a n  1 m i l l i o n  

y e a r s  o l d ,  o r  of P l i o c e n e  a g e  (McDougall, 1964) .  

This 

Rocks from 

The post-Honolua h i s t o r y  of West Maui h a s  e s s e n t i a l l y  been 

dominated by e r o s i o n ,  e x c e p t  f o r  one b r i e f  e p i s o d e  of  renewed ac t i -  

v i t y  t h a t  produced t h e  c i n d e r  cones and s m a l l  f lows  of t h e  Lahaina 

, 
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Volcanic Series. These rocks ,  found on t h . e  western s l o p e  of West 

Maui, a r e  mainly p i c r i t e  b a s a l t s ,  al though nepheline-bearing b a s a n i t e  

w a s  e rupted  from a s m a l l  cone on the  bank of Olowalu Stream (Mac- 

donald and Abbott ,  1970).  

West Maui has  been deeply d i s s e c t e d  by stream eros ion .  Much 

of t h e  o r i g i n a l  c a l d e r a - f i l l i n g  material has been removed, leav ing  

only a few i s o l a t e d  remnants such as t h e  l o  Needle. A l t e r a t i o n  

of c a l d e r a  rocks by r i s i n g  gases  presumab1.y increased  t h e i r  

s u s c e p t i b i l i t y  t o  e ros ion .  The o r i g i n a l  tloundaries of t h e  c a l d e r a  

are now marked by shee r  c l i f f s .  The n o r t h e a s t e r n  f l a n k  of t h e  

mountain is  c u t  by deep canyons, s epa ra t ed  by broad areas t h a t  

are capped py r e s i s t a n t  Honolua lavas. 

is absen t ,  e r o s i o n  is more advanced, and d i s s e c t i o n  has  been more 

complete. Many of t h e  canyons c o n t a i n  t h i c k  a l luv ium,  probably 

depos i ted  dur ing  a h igh  s t and  of t h e  sea. Extensive a l l u v i a l  

fands occur on t h e  e a s t e r n  and southwestern s i d e s  of West Maui. 

Other n o t a b l e  geologic  f e a t u r e s  of West Maui are  t h e  l a r g e  l i t h i -  

f i e d  sand dunes near  t h e  no r th  c o a s t .  They are composed of cal- 

careous beach sand t h a t  w a s  t r anspor t ed  in l and  by wind, and some 

dunes are  as high as 60 meters. 

Where t h i s  Honolua cover 

Haleakala  ( e l .  3055 m ) ,  t h e  massive volcano of East Maui, 

l a s t  e rupted  around 1790. Haleakala  w a s  cons t ruc t ed  i n  t h r e e  

main s t a g e s .  The primary s h i e l d  volcano,  b u i l t  by t h e  Honomanu 

Volcanic S e r i e s ,  w a s  composed of t h o l e i i t e ,  t h o l e i i t i c  o l i v i n e  

b a s a l t ,  o c e a n i t e ,  and minor p y r o c l a s t i c s ,  which were almost en- 

t i r e l y  bu r i ed  by subsequent e rup t ions .  Honomanu l avas  appear  
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t o  b e  t r a n s i t i o n a l  wi th  t h e  ove r ly ing  Kula Series.  Cons is t ing  mainly 

of h a w a i i t e  wi th  some a l k a l i c  b a s a l t  and ankaramite ,  t h e  Kula Series 

w a s  genera ted  dur ing  a more exp los ive  phase of a c t i v i t y  t h a t  produced 

l a r g e  c i n d e r  cones and ash beds as w e l l  as blocky aa f lows.  

Three wel l -def ined r i f t  zones are  p resen t  on Haleaka la ,  t r end ing  

southwest ,  e a s t - n o r t h e a s t ,  and north-northwest  from t h e  summit. They 

a re  a l l  marked by cha ins  of c inde r  cones and d i k e  s w a r m s .  

Volcanic  a c t i v i t y  became less f r e q u e n t  dur ing  t h e  l a t t e r  

p a r t  of t h e  Kula stage,  a l lowing  ex tens ive  stream e r o s i o n  t o  oc- 

cu r .  Haleaka la’s  famous “ c r a t e r t t  i s  a c t u a l l y  an e r o s i o n a l  fea-  

t u r e  formed dur ing  t h i s  p e r i o d  by the  coa lescence  of t w o  l a r g e  

stream-carved v a l l e y s .  When volcanism resumed , t h e s e  v a l l e y s  

w e r e  r epea ted ly  inundated wi th  new l a v a  flows of t h e  Hana S e r i e s ,  

composed o f  s i l i c a - p o o r  a l k a l i c  o l i v i n e  b a s a l t s  and h a w a i i t e s .  

Abundant Hana lavas i s sued  from t h e  summit r eg ion  and over-flowed 

through t h e  channels  provided by stream-carved v a l l e y s .  Numerous 

c inde r  cones were a l s o  produced i n s i d e  t h e  c r a t e r  and along t h e  

r i f t  zones.  Molokini I s le t ,  loca t ed  about  5 km off  Maui’s south- 

w e s t  c o a s t ,  is a t u f f  cone formed dur ing  t h i s  s t a g e  by a n  e r u p t i o n  

on t h e  seaward ex tens ion  of Haleakala’s southwest r i f t  zone. 

The 1790 e r u p t i o n  a l s o  took p l a c e  along t h e  southwest r i f t .  

Lava emerged from two v e n t s  and flowed i n t o  L a  Perouse Bay, where 

a s m a l l  pen insula  was cons t ruc t ed .  I n  l i g h t  of t h i s  e rup t ion  

w i t h i n  h i s  t o r i c  times , Haleakala is cons idered  a dormant volcano , 

and r‘enewed a c t i v i t y  i n  t h e  f u t u r e  i s  not  improbable. . 
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The vo lcan ic  landscape of East Maui is mantled by s u r f a c e  

d e p o s i t s  of a l luvium, sand dunes,  and t a l u s  i n  v a r i o u s  s t a t e s  

of conso l ida t ion .  

W O O L A W E ,  LANAI, AND MOLOKAI 

Maui is sepa ra t ed  from i t s  3 immediat:e neighbors by rela- 

t i v e l y  shal low channels .  A l l  f o u r  is lands;  were probably exposed 

as a s i n g l e  landmass dur ing  lower s t a n d s  of t h e  sea. 

Kahoolawe (Max. e l .  450 m) i s  a p r e s e n t l y  uninhabi ted  i s l a n d  

used by t h e  U.S. Navy as a bombing t a r g e t .  S t r u c t u r a l l y ,  wind- 

swept Kahoolawe is a t y p i c a l  Hawaiian vo1c:ano--a dome-shaped 

s h i e l d  wi th  a c a l d e r a ,  capped by pos t -ca ldera  v o l c a n i c s  and 

l a t e - s t a g e  ( p o s t  e ros iona l )  c inde r  d e p o s i t s .  Apparently s i t u -  

a t e d  on a p r o j e c t i o n  of Ha leaka la ' s  southwest r i f t ,  Kahoolawe 

may be  g e n e t i c a l l y  r e l a t e d  t o  East Maui. 

Lanai  (max. e l .  1027 m) i s  one of t h e  b e s t  examples of a 

Hawaiian s h i e l d  volcano. Because i t  l i es  i n  t h e  r a i n  shadow of 

W e s t  Maui and E a s t  Molokai, Lanai  i s  q u i t e  d ry ,  and t h e r e f o r e ,  

has  no t  been subjec ted  t o  severe stream eros ion .  Although a few 

canyons have been c u t  i n t o  L a n a i ' s  n o r t h e a s t  s l o p e  ( t h e  reg ion  

of maximum r a i n f a l l ) ,  t h e  o r i g i n a l  s h i e l d  form is  gene ra l ly  w e l l  

p r e s  erved . 
Lanai  i s  e s s e n t i a l l y  composed of a s i n g l e  series of t h o l e i -  

i t i c  b a s a l t s  ( t h e  Lanai Volcanic S e r i e s )  t h a t  were erupted from 

t h e  summit and t h r e e - r i f t  zones (F igure  3 : ) .  Palawai Basin,  i n  south-- 

c e n t r a l  Lanai ,  is a remnant of t h e  summit c a l d e r a  t h a t  i s  now border-  

ed by f a u l t  s ca rps .  P a l a w a i  Basin extend:; i n t o  a l a r g e  graben t o  
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t h e  s o u t h w e s t ,  the Manele Grahen. The c o a s t a l  t e r m i n u s  of the graben  

d i s p l a y s  many n e a r l y  ver t ica l  d i k e s  which s u g g e s t  t h a t  the s t r u c t u r e  

l i e s  a l o n g  one r i f t  zone. L a n a i ' s  pr imary r i f t  t r e n d s  t o  t h e  n o r t h w e s t ,  

as shown by t h e  obvious e l o n g a t i o n  of  t h e  i s l a n d  i n  t h a t  d i r e c t i o n ,  

and a l s o  by numerous n o r t h w e s t - s t r i k i n g  d i k e s .  A southwes t  r i f t  zone 

is  also marked by a m u l t i t u d e  of d i k e s  w i t h  r e l a t e d  f a u s t s  (Steams, 

1940) .  

The leeward  ( s o u t h w e s t )  c o a s t  o f  L a n a i  is  exposed t o  s t r o n g  

waves g e n e r a t e d  by s o u t h w e s t e r l y  s t o m  , w h i l e  t h e  windward s i d e  is  

p r o t e c t e d  from s u c h  s t o r m  waves by Maui and Molokai.  

and sea s t a c k s  a re  numerous on t h e  leeward s h o r e ,  whereas  a l l u v i a l  

High sea c l i f f s  

f a n s  and beaches  c h a r a c t e r i z e  t h e  windward c o a s t .  I n  s p i t e  of  i t s  

r e l a t i v e l y  s h e l t e r e d  p o s i t i o n ,  L a n a i  is sti l l  s u b j e c t e d  t o  wind  ero- 

s i o n  which has b e e n  e f f e c t i v e  i n  removing a c o n s i d e r a b l e  amount of 

s o i l  c o v e r  from t h e  i s l a n d .  L i k e  Maui, Lanai h a s  numerous c a l c a r e o u s  

s a n d  dunes ,  some w e l l  l i t h i f i e d ,  as w e l l  as dunes composed of wind- 

blown s o i l .  

Molokai is  composed o f  two p r i n c i p a l  v o l c a n i c  m a s s i f s .  A s  on 

Y!aui, t h e  younger v o l c a n o  forms t h e  e a s t e r n  p a r t  o f  t h e  i s l a n d  and ' 

p a r t i a l l y  o v e r l a p s  a n  o l d e r  vo lcano  on t h e  i s l a n d ' s  w e s t e r n  end .  

A g e n e r a l i z e d  g e o l o g i c  map of Molokai is shown i n  F i g .  4 .  

West Molokai ( e l .  4 2 1  m) is a f l a t  s h i e l d  volcano  composed mainly 

of t h o l e i i t i c  h a s a l t s ,  covered by t h i n  p a t c h e s  of a l k a l i c  o l i v i n e  

b a s a l t  and h a w a i i t e .  Cinder  and s p a t t e r  cones mark a n o r t h w e s t  r i f t  

zone, and s e v e r a l  r e l a t e d  d i k e s  are  exposed i n  sea c l i f f s  on t h e  

n o r t h  c o a s t .  On t h e  o p p o s i t e  s i d e  of  t h e  surnmit, o t h e r  nor thwes t -  

t r e n d i n g  d i k e s  o c c u r .  Another  r i f t  zone i s  i n d i c a t e d  by t h e  w i d e  

s t r u c t u r a l  a r c h  t h a t  e x t e n d s  eas t -nor th-eas tward  from t h e  summit. 
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Dikes r e l a t e d  t o  t h i s  r i f t  zone are  exposed near  t h e  summit, a t  t h e  

head of  Waiahewahewa Gulch. 

The main rift zone of  West Molokai t r e n d s  southwestward and 

cont inues  o f f s h o r e  i n t o  Penguin Sanks,  a broad,  f l a t  s h e l f  presunably 

t runca ted  by wave e ros ion  dur ing  a lower s t and  of t h e  sea. 

Evidence of a c a l d e r a  i s  l a c k i n g  on West Molokai. Northeast  

o f  t h e  summit a number of northwest-southesst  t r e n d i n g  f a u l t s  are 

p r e s e n t ,  and rocks ad jacen t  t o  t h e  f a u l t  s c a q s  show cons ide rab le  

hydrothermal a l t e r a t i o n .  

i n  t h i s  f a u l t e d  r eg ion  (Thomas, e t  a l . ,  1.979). 

high i s  p resen t  i n  t h i s  a r e a  (Moore and Icrivoy, 1965). 

Presumably volcanic  a c t i v i t y  w a s  cen te red  

A d i s t i n c t  g r a v i t y  

The north-  

w e s t  and southwest r i f t  systems a r e  a l s o  w e l l  def ined  by g r a v i t y  

anomalies.  

West Molokai l i e s  i n  t h e  r a i n  shadow of East Molokai; t h e r e -  

f o r e ,  s t ream e r o s i m  i s  not  w e l l  advanced. - 

l a y e r  of  l a t e r i t i c  s o i l  has developed r e f l e c t i n g  bo th  a long pe r iod  

of  exposure and t h e  absence of e f f e c t i v e  e ros ion .  

coas t  o f  West Molokai, wind e ros ion  has produced numerous ca lcareous  

sand dunes, s o m e  of which are w e l l  l i t h i f i e d ,  w h i l e  o the r s  are s t i l l  

A t h i c k  (up  t a  15 m) 

Along t h e  n o r t h  

a c t i v e  and mobile.  Both sand and ca lcareous  beachrock a r e  abundant 

on West Molokai and have been u t i l i z e d  by t h e  c o n s t r u c t i o n  i n d u s t r y .  

East Molokai ( e l .  1515 m )  i s  another  s h i e l d  volcano,  w i t h  two 

p r i n c i p a l  r i f t  zones and a c a l d e r a .  Rocks of  East blolokai belong 

t o  t h e  E a s t  Molokai Volcanic S e r i e s ,  which i s  devided i n t o  two 

menbers. The lower menber con ta ins  t h o 1 e i : i t i c  b a s a l t ,  t h o l e i i t i c  

o l i v i n e  b a s a l t ,  and ocean i t e .  Towards t h e  t o p  of t h e  lower mercber, 

more z l k a l i c  rocks a r e  found. The m p e r  member of t h e  East Molckai 
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S e r i e s  i s  p r i m a r i l y  mugear i te  w i t h  some hawa i i t e  and t r a c h y t e .  

two menbers a r e  sepa ra t ed  by a t h i n  layer o f  s o i l ,  bu t  appa ren t ly  

The 

t h e  i n t e r v a l  between e r u p t i v e  pe r iods  w a s  b r i e f .  Numerous c inde r  

cones and 'domes were fo rzed  dur ing  UDper 32st Nolokai e r u p t i o n s .  

These more v iscous  l a v a s  d i d  not  form a cont inuous cover  over  t h e  

o l d e r  rocks ,  bu t  where t h e  upper member i s  p r e s e n t ,  it has served  

as a res is tant  cap rock.  

C a l d e r a - f i l l i n g  l a v a s ,  where not  removed by e r o s i o n ,  a r e  hydro- 

t he rma l ly  a l t e r e d  and in t ruded  by some s m a l l  s t o c k s  o f  gabro ic  com- 

p o s i t i o n .  

A l ong  pe r iod  of  e ros ion  fol lowed t h e  e r u p t i o n  of  t h e  Upper 

Sast Molokai S e r i e s .  

rugged c o a s t l i n e  on t h e  windward s i d e ,  where sea c l i f f s  r i s i n g  

n e a r l y  1000 meters are intermixed w i t h  l a r g e  stream-carved canyons. 

Wave and stre- e ros ion  produced an extremely 

Renewed vo lcan ic  a c t i v i t y  fo l lowing  t h e  development of  t h e  

windward c l i f f s  and v a l l e y s  b u i l t  t h e  pen insu la  of  iCalaupaDa.and 

t h e  tuf f -cone  i s l e t  o f f  t h e  e a s t  end of  Molokai. Kalaupapa i s  

a c t u a l l y  a small s h i e l d  volcano i n  i t s e l f ,  composed of  a l k a l i c  

o l i v i n e  b a s a l t s  of  l a t e  P l e i s t o c e n e  age ( S t e a r n s  and Macdonald, 

1947). 

Molokai bea r s  numerous r e l i c s  o f  changing sea l e v e l ,  i nc lud ing  

m e r g e d  c o r a l  r e e f s ,  t h i c k  a l l u v i a l  d e p o s i t s ,  and submerged c o a s t a l  

sand dunes.  

Like Maui and Molokai, Oahu i s  composec? of  t v o  s e p a r a t e  volcar-oes, 

w i th  t h e  o l 2 e r  one forming t h e  western p a r t  o f  t h e  i s l a n d ,  2nd- the  

younger one on t h e  e z s t .  Calm's o r i z i n a l  vo lcanic  shaDe has Seen 



d r a s t i c a l l y  modified by prolonged e ros ion ,  so t h a t  t h e  two volcanic  

s h i e l d s  have been reduced t o  narrow, d i s s e c t e d  r i d g e s  sepa ra t ed  

by a broad p l a t e a u .  F igure  5 shows t h e  gene ra l  geology of Oahu. 

The Waianae Range (max. e l .  1227 m) of western Cahu r e p r e s e n t s  

t h e  e a s t e r n  f l a n k  of  t h e  Waianae Volcano. Xost o f  t h e  western s lope  

has  been eroded away. 

S e r i e s ,  r e p r e s e n t i n g  t h e  s h i e l d  b u i l d i n g  s t a g e ,  t h e  c a l d e r a  s t a g e ,  

and a pos t -ca ldera  s t a g e  o f  a c t i v i t y .  T h o l e i i t i c  rocks  comprise 

t h e  lower Waianae member and most of  t h e  middle member, which grades  

upwards i n t o  a l k a l i c  b a s a l t s  and hawa i i t e s  i n  t h e  upper member. 

Rocks from t h e  Waianae Volcanic series range from 3.6 t o  2.2 m i l l i o n  

y e a r s  i n  age (Doel l  and Dalrymple, 1973) .  A t  l e a s t  one ep isode  

of  pos t -e ros iona l  volcanism occurred ,  forming a f e w  c inde r  and 

s p a t t e r  cones,  w i th  some lava f lows ,  i n  t h e  sou theas t e rn  p a r t  of t h e  

Waianaes. 

There are  t h r e e  members i n  t h e  Waianae Volcanic 

Thick d i k e  swarms have become exposed i n  t h e  Waianae volcano,  

r e v e a l i n g  major r i f t  systems t h a t  t r e n d  norxhwestward and south- 

southeastward,  and a minor no r theas t - t r end ing  r i f t  zone. The c a l d e r a  

was f i l l e d  by t h i c k  lava f l o w s  w h i c h  eventua l ly  s p i l l e d  over i t s  

r i m .  Both aeromagnetic and g r a v i t y  surveys of  t h e  Waianae Ranie 

show anomalies t h a t  correspond w e l l  w i th  t h e  'knokn r i f t  systems 

and t h e  c a l d e r a  (Malahoff and Woollard, 196:s; S t r ange ,  Machesky, 

and Woollard, 1967) .  Recent geologic  mapping i n  t h e  Waianaes has 

b e t t e r  def ined  t h e  boundaries  of t h e  c a l d e r a  (Cox, e t  a l . ,  1979) i n  

terms of  s u r f a c e  geology. . 
The western s i d e  o f  t h e  Waianae k n g e  i s  carved i n t o  l a r g e  

v a l l e y s  t h a t  con ta in  very  t h i c k  d e p o s i t s  of  a l luvium (over  300 m i n  
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some v a l l e y s ) .  

are  a t t r i b u t e d  t o  a r ise i n  base  l e v e l ,  due t o  r i s i n g  sea  l e v e l  and/or 

subsidence of the i s l a n d ,  which reduced t h e  ca r ry ing  c a p a c i t i e s  of  

s t reams.  Wave eros ion  hzs t runca te?  t h e  nor thves te rn  edge of t h e  

range,  while  t h e  nor thern  and e a s t e r n  s lopes  have e m e r i e c c e d  rel2- 

t i v e l y  l i t t l e  d i s s e c t i o n .  

Such tremendous accumulations o f  a l l u v i a l  m a t e r i a l  

The Koolau Range (max. e l .  960 m) r e p r e s e n t s  t h e  remains o f  

another  volcano which w a s  b u i l t  up a f t e r  a c t i v i t y  on t h e  Waianae 

Volcano had ceased.  

su r f aces  o f  t h e  Waianae Sh ie ld ,  forming a broad c e n t r a l  p l a t e a u  

( t h e  Schof ie ld  P l a i n )  between t h e  two massifs. 

e a s t e r n  f l ank  of  t h e  Koolau Volcano has  been removed by e ros ion ,  

so t h a t  only t h e  southwestern p o r t i o n  of t he  volcano and r e m a n t s  

of  t h e  c a l d e r a  ex i s t  above sea leve l  today.  

Koolau l a v a s  o v e r l i e  and bank aga ins t  erode2 

Much of t h e  north-  

Lavas of t h e  Koolau Valcanic  Series,  c o n s i s t i n g  predominantly 

of t h o l e i i t i c  b a s a l t s  and o l i v i n e  basalts, were e rupted  n a i n l y  along 

a prominent northwest- t rending r i f t  zone. 

def ined  by dense s w a r u s  of d i k e s ,  which a r e  w e l l  exDosed along t h e  

windward ( n o r t h e a s t )  s i d e  of  t he  Koolau Range, and 5y magnetic 

and g r a v i t y  anomalies (Malahof f and Woollard, 1965 ; Strange  , Machesky , 

and Woollard, 1965) .  

t he  sou theas t ,  and another  r i f t  system i s  ind ica t ed  by south-southwest 

t r end ing  d ikes  on t h e  southern fla,nk of t h e  mountain range. 

The r i f t  system i s  

A secondary r i f t  zone appa ren t ly  t r e n d s  t o  

The approximate boundaries of  t he  Koolau s u m i t  ca lde ra  Ere 

known, and descr ibed  by Xacdonald and Abbott ('1970). 

f i l l i n g  rocks ,  s t r o n g l y  a l t e r e d  bj. hot  water and volcanic  gases ,  

are s t i l l  exposed i n  r e m a n t  h i l l s  and peaks between t h e  main mountain 

Caldera- 



range and Oahu's no r theas t  s h o r e l i n e .  Various geophys ica l  s t u d i e s  

have i d e n t i f i e d  a dense mass, be l i eved  t o  lie t h e  former Koolau 

magma chamber, a t  1 . 5  t o  2 h beneath t h e  s u r f a c e  (Thcmas, e t  a l . ,  

1979 ) . 
Rocks from t h e  Koolau Volcanic S e r i e s  have been found by 

potassium-argon d a t i n g  t o  range between 2.2 and 2 . 6  m i l l i o n  yea r s  

o l d  (Macdonald and Abbott ,  1970) .  More t h m  two m i l l i o n  y e a r s  of  

quiescence followed t h e  primary Koolau a c t i v i t y ,  a l lowing ex tens ive  

e ros ion  t o  occur .  During t h i s  t i m e  t h e  spec tacu la r  l i n e  of  c l i f f s  

on windward Oahu w a s  formed, p r i n c i p a l l y  by s t ream e ros ion .  Large 

stream-cut v a l l e y s  developed as w e l l ,  and accumulated t h i c k  a l l u v i a l  

d e p o s i t s .  

Less t h a n  one m i l l i o n  y e a r s  ago volcanism resumed and cont inued 

i n t e r m i t t e n t l y  u n t i l  about 30,000 yea r s  ago (Thomas, e t  a l .  , 1979) .  

The r e s u l t i n g - a s s o r t m e n t - o f  t u f f  and c inde r  cones,  as we l l  as l a v a  

f lows ,  c o n s t i t u t e s  t h e  pos t -e ros iona l  Honolulu Volcanic S e r i e s .  

S c a t t e r e d  throughout sou theas t e rn  Oahu, rocks of t h i s  ser ies  inc lude  

n e p h e l i n i t e s ,  b a s a n i t e s ,  and a l k a l i c  o l i v i n e  b a s a l t s ,  a l l  s i l i c a  

poor and Mg-Fe r i c h .  Many of the prominent landmarks of  south- 

e a s t e r n  Oahu, i nc lud ing  Diamond Head, Hanaurna Bay, Tan ta lus ,  and 

Rabbit  I s l a n d ,  a r e  products  of  t h i s  l a t e  pe r iod  of volcanism. . T h e  

l eng th  of  t i m e  s i n c e  Oahu's l a s t  a c t i v i t y  i s  g e o l o g i c a l l y  s h o r t ,  

and a d d i t i o n a l  e rup t ions  may be p o s s i b l e .  

Some important non-volcanic events  too:k p l a c e  dur ing  Oahu's 

geologic  h i s t o r y .  Numerous s e a  l e v e l  changles occurred  be fo re  and 

throughout t h e  P le i s tocene  ( S t e a m s ,  1966) and, i n  conjunct ion  wi th  

l o c a l  t e c t o n i c  events  (mainly subs idence)  t:hese changes inf luenced  



e r o s i o n a l  and d e p o s i t i o n a l  processes  as well as c o r a l  re f f  develop- 

ment. The emerged reef t h a t  u n d e r l i e s  much of southern  Oahu repre-  

s e n t s  a h ighe r  s t and  of t h e  s e a .  

e f f e c t s  on t h e  I s l a n d ' s  hydrology, as d i scussed  ir, a l a t e r  s e c t i o n  

This  l imes tone  border  has  L.qortant 

of t h i s  r e p o r t .  

KAUAI 

Northernmost of  t h e  major i s l a n d s ,  Kauai ( m a .  e l .  1548 m) i s  

The s i n g l e  l a r g e  s h i e l d  volcano t h a t  formed t h i s  a l s o  t h e  o l d e s t .  

i s l a n d  has  been e x t e n s i v e l y  d i s s e c t e d  and modif ied by e r o s i o n ,  

c o l l a p s e ,  and f a u l t i n g .  

The o r i g i n a l  s h i e l d  volcano of  Kauai was b u i l t  between 5 . 6  

and 3.3 m i l l i o n  y e a r s  ago (Thomas, e t  a l .  , 1979)  by l a v a s  of t h e  

'rlaimea Canyon Volcanic S e r i e s .  F igu re  6 i l l u s t r a t e s  t h e  g e n e r a l  

geology of  Kauai. 

lavas c o n s t i t u t e . . t h e  main m a s s  o f . t h e  s h i e l d  and are known as t h e  

Napal i  Formation. These l ava5  were a p p a r e n t l y  e rup ted  from many 

ven t s  on t h e  f l a n k  of  t h e  volcano,  as shown by t h e  d ikes  which 

rzdiate  frcm t h e  s u m i t  i n  a l l  d i r e c t i o n s .  However, a west-south- 

w e s t  t r e n d i n g  r i f t  zone i s  ev iden t  from a c o n c e n t r a t i o n  of  d i k e s  and 

from aeromagnetic and g r a v i t y  surveys (Malahof f and Woollard , 1965 ; 

Krivoy, e t  a l . ,  1965) .  Other r i f t  zones are not  as w e l l  developed.  

Although another  set  of d ikes  sugges t  a nor thess tward- t rending  

r i f t  system, gecphys ica l  s t u d i e s  do not  r e v e a l  m y  p a r t i c u l a r  

anomalies i n  t h a t  area and i n d i c a t e  r a t h e r  an  eas t - sou theas t  r i f t  

(Thomas , e t  a l .  , 1979) .  

T h o l e i i t i c  b a s a l t ,  o l i v i n e  b a s a l t ,  and o c e a n i t e  

I n  a d d i t i o n  t o  a l a r g e  c e n t r a l  c a l d e r a  ( 1 6  t o  20 h i n  i i a n e t e r )  , 

i i x l x d i c g  t h e  Kauai S h i e l d  3eveloced some seconciary c o l l a g s e  f e a t u r e s ,  
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two f l a n k  c a l d e r a s  and a wide graben. The main c a l d e r a  w a s  f i l l e d  

by t h i c k  l a y e r s  of  t h o l e  i t i c  b a s a l t  g rad ing  upwards i n t o  a l k a l i c  

o l i v i n e  b a s a l t  and hawa i i t e  ( t h e  Olokele Formation) .  4 sma l l e r  

c a l d e r a ,  t h e  Haupu c l a d e r a ,  developed on t h e  sou theas t e rn  f l a n k  of  

t h e  volcano and f i l l e d  w i t h  l a v a s  of  t h e  Haupu Forna t ion .  These 

rocks were more r e s i s t a n t  t o  e ros ion  than  t ,he surrounding s h i e l d  

l a v a s  and p r e s e n t l y  s t and  out  as topographic  h ighs .  

On t h e  southern  f l a n k  of  t h e  volcano,  t h e  fault-bounded 

Makaweli Graben co l l apsed  a t  about t h e  sitme t i m e  as t h e  Haupu 

ca lde ra .  Lavas of  t h e  Makaweli Formation are e s s e n t i a l l y  t h e  

same as t h o s e  i n  t h e  Olokele Formation, s i n c e  t h a  graben e v i d e n t l y  

w a s  f i l l e d  by overf lowing c a l d e r a  l a v a s .  Within t h e  graben,  however, 

lavas a r e  in te rbedded  wi th  c inde r  and a sh  a s  w e l l  as stream-deposited 

conglomerate and t a l u s  b r e c c i a .  

The Lihue Eas in  i s  another  c o l l a p s e  feature  on t h e  south- - 

e a s t e r n  f l a n k  of  t h e  s h i e l d  volczno.  - 1 L i s  p r e s e n t l y  exposed as a 

n e a r l y  c i r c u l a r  dep res s ion ,  con ta in ing  l a v a s  from a l a t e r  s t a g e  

o f  vo lcanic  a c t i v i t y .  

After i t s  i n i t i a l  sh ie ld  building phase, the  K a u a i  Volcano 

remained i n a c t i v e  for over  1 . 5  m i l l i o n  y e a r s  (Macdonald and Abbott, 

1970). 

spread e rup t ions  of t h e  Koloa Volcanic S e r i e s .  Composed of a l k a l i c  

o l i v i n e  b a s a l t ,  b a s a n i t e ,  and n e p h e l i n i t e ,  t h e  Koioa l a v a s  e rupted  

from s c a t t e r e d  ven t s  t o  form s p a t t e r  and c inde r  cones and ex tens ive  

l a v a  f lows.  Like t h e  Honolulu S e r i e s  vo lcan ic s  on Oahu, Koloa 

e rup t ions  were i n t e r m i t t e n t ,  bu t  t hey  occurred over  hundreds of  

thousands of y e a r s .  Koloa l a v a s  f i l l e d  t h e  Lihue Sasin as w e l l  as 

Volcanism resumed af ter  t h i s  e r o s i o n a l  pe r iod ,  w i th  w i d e -  



37 

many of t h e  v a l l e y s  on t h e  i s l a n d .  

Sedimentary d e p o s i t s  a r e  abundant on Kauai and inc lude  c a l -  

careous  besch and dune sand,  lagoon marls, 2nd al luvium. S o i l  

development i s  w e l l  advanced. 

Add i t iona l  Zeferences :  

Macdonald, Davis, and Cox, 1960; Macdonald and Kyselka, 1967; 
S t e a r n s ,  1939; 1946; S t e a r n s  and Macdonald, 1942; 1946. 
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GEOHYDROLOGY OF THE HAWAI:IAN ISLANDS 

Geothermal development i n  H a w a i i  i s  l i k e l y  t o  focus on hot  

water /s team re sources .  

r e source  i n  t h e  S t a t e  i s  dependent on s u i t e b l e  hjrdrologic cond i t ions .  

Conversely,  t h e  q u a l i t y  of hydrologic  systems may be a f f e c t e d  by 

geothermal development, which makes it necessary  t o  cons ider  t h e  

gene ra l  hydrology of  t h e  i s l a n d s  i n  t h e  Overview Report .  R e v i e w  

of Hawaiian hydrology and numerous r e fe rences  on s p e c i f i c  local- 

i t i e s  nay be found i n  t h e  p u b l i c a t i o n s  by Takasaki (1978) and 

Thomas, e t  a l .  (1979). 

Therefore ,  t h e  a v a i l a b i l i t y  of a geothermal 

Groundwater i n  H a w a i i ,  t h e  c a r r i e r  of geothermal energy,  i s  

de r ived  p r i m a r i l y  from r a i n f a l l .  

t h e  i s l a n d s  r e s u l t s  from orographic  l i f t i n g  of  moist  a i r  masses. 

Because n o r t h e a s t e r l y  t r a d e  winds dominate through most o f  t h e  y e a r ,  

t h e  i s l a n d s  t e n d  t o  exper ience  b i g h e r  mean a n n m f  r a i n f a l l - o n .  - 

t h e i r  n o r t h e s s t e r n  (windward) s i d e s ,  a l though l o c a l  d e v i a t i o n s  

are comon.  The trade winds a r e  confined to a l a y e r  between s e a  

l e v e l  and about 2000 meters ,  which means that t h e  t a l l e r  mountains 

(Haleakala, Mama Loa, Mama Kea) rise above the trades and develop 

t h e i r  own wind and weather p a t t e r n s .  

r a i n f a l l  i n  t h e  i s l a n d s  ranges from l e s s  tlian 35 inches  (8?0 mm) 

i n  dry, leeward a r e a s  t o  over  100 inches  (2530 mm) i n  scme noun- 

t a i n o u s  l o c a t i o n s .  

Much of  t h e  p r e c i p i t a t i o n  i n  

I n  gene ra l ,  mean annual  

R a i n f a l l  i s  "consumed" by processes  o f  evapo t ransp i r a t ion ,  

s u r f a c e  r u n o f f ,  and groundwater recharge .  

f a l l  use2 i n  each of t h e s e  processes  are i l l u s t r a t e d  i n  F igure  7 .  

Permanent Hawaiian s t r e a x s  a r e  b e s t  develoDed i n  a r e a s  sr i th  zbundant 

The p ropor t ions  o f  r a i n -  



?? 

year-round r a in fa l l ,  as i n  i n t e r i o r  mountain r eg ions .  

many streams are ephemeral and, because of t h e  h igh ly  Termeable 

na tu re  of t h e  volcanic  rocks i n  H a w a i i ,  over land f lcw i s  p o s s i b l e  

Elsevhere ,  

only during heavy s t o r m s .  

Rainwater i n f i l t r a t e s  through a var ieTy o f  n a t u r a l  pathk-ays, 

a major one being t h e  spaces  between aa c l i n k e r s ,  which develop 

on the  su r face  of many Hawaiian l a v a  flows. 

and i n t r a g r a n u l a r  spaces i n  sediments provide o t h e r  cGnduits f o r  

t h e  migra t ion  of groundwaters. 

saturate t h e  rocks a t  t h e  base  o f  an i s l a n d .  

a c t s  as a lower b a r r i e r  t o  ground water movement and causes t h e  

f r e s h  water t o  f l o a t  on t o p  of it i n  a lens-shaped body, t h e  

Ghyben-Herzberg Lens, which i s  t y p i c a l  o f  oceanic  i s l a n d s .  

t h e  upper su r face  of  t h e  l e n s  (known as t h e  b a s a l  water t a b l e )  

s lopes  towards t h e  s e a ,  i . e . ,  rises i n l a n d ,  a t  t h e  r a t e  of  a few 

f e e t  per  m i l e .  

Lava tubes ,  f r a c t u r e s ,  

Seawater i n f i l t r a t e s  l a t e r a l l y  t o  

This s a t u r a t e d  zone 

General ly ,  

The water t a b l e  s lopes  l e s s  i n  h igh ly  pernea'ole 

rocks t h a n  i n  t i g h t  f o m a t i o n s ,  and d r y  a r e a s  have l e s s  s loped 

water tables  than  r eg ions  wi th  high r a i n f a l l .  

The bottom p a r t  of t h e  f r e s h  water l e n s  ( b a s a l  water)  tends  

t o  migrate  outwards towards t h e  edges of an i s l a n d  where, i f  

t h e  flow i s  unobs t ruc ted ,  it may "escape" i n  so-ca l led  b a s a l  

sp r ings .  

by inperrneable sed icen ta ry  d e p o s i t s  on t h e  seaward s lopes  o f  

i s l a n d s .  

reg ions .  

upsiope s i d e  of a d ike  b a r r i e r ,  c r e s t i s g  a l o c a l l y  e l eva ted  water 

t a b l e ,  and a l o c a l l y  depressed v a t e r  Table downslope cr" t h e  dike. 

However, t h i s  seaward flow may be blocked by d i k e s ,  o r  

o l d e r  

Dike i m p u n b e n t  i s  comon i n  r i f t  zones and calfiera 

Groundwaters i n  such a reas  t end  t o  " p i l e  up" on t h e  
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Groundwaters may a l s o  be h e l d  by impermeable l a y e r s  of s o i l  o r  

sediment nea r  t h e  s u r f a c e ,  o r  t h e y  can become "perched" on a s h  beds 

a t  depth  . 
The va r ious  t G e s  o f  Za-Jaiian zroundwater s y s t e z s  a r e  i l l u s t r a t e d  

i n  F igure  8 .  

REGIONP-L HYDROLOGY OF TEE iWJOR ISLANDS 

HAWAII (F igu re  9 )  

The I s l a n d  of  H a w a i i ,  w i t h  i t s  f ive  d i f f e r e n t  vo lcan ic  s y s t e m ,  

has a v a r i e t y  of  hydro logic  cond i t ions  which a r e  in f luenced  Sy l o c a l  

meteorology and geology. Although t h e  Ghyben-Herzberg l e n s  model 

i s  g e n e r a l l y  a p p l i c a b l e  t o  t h i s  i s l a n d ,  it i s  complicated by 

t h e s e  l o c a l  f a c t o r s .  Hydrologic i n v e s t i g a t i o n s  have been concen t r a t ed  

i n  t h e  more developed, c u l t u r a l l y  a c t i v e  r e g i o n s ,  where most w e l l s  

(pr imary  sources  o f  i n fo rma t ion )  are l o c a t e d .  

abcut  c o n d i t i o n s  i n  t h e  spa r se ly -  i-rrhabited--and/or i n a c c e s s i b l 3  - - 

L i t t l e  i s  known 

r e g i c n s  o f  t h e  i s i a n d ,  such as South ? o i n t  and Ka'u,  bo th  on t h e  

rugged southern  c o a s t .  

The youngest vo lcan ic  mountain,  Ki lauea ,  has minimal s o i l  

Therefore ,  r a inwa te r  can cover  and fev i n t e r l a y e r e d  a s h  beds. 

p e r c o l a t e  r a p i d l y  i n t o  t h e  ground. There are no pemanen t  s u r f a c e  

s t reams.  Basal s p r i n g s  d i scha rg ing  a long  t h e  c o a s t  a r e  u s u a l l y  

b rack i sh  o r  s e l i n e  &de t o  t i d a l  mixing. Many v a t e r  w e l l s  near  t h e  

c o a s t  a l s o  con ta in  b r a c k i s h  va t e r ,  and dur ing  p e r i c d s  o f  heavy 

wster usage,  s a l i n e  waters  migra te  f u r t h e r  i n l a n d .  'darn water  

occurs  i n  s m e  we l l s  i n  Puna, scd has also been d e t e c t e d  i n  scne 

c o a s t z l  s o r i n g s  by i n f r a r e d  surveys ( F i s c h e r ,  e t  E L . ,  1966) .  In 

some wzm water wells on Ki lauez ,  yarn b r a c k i s h  t i a t e r  has Seen 



Per c h e d - n o  t e  r 
Water  impounded  by d i k e s  

-L..’ 

b c. I 

U n e r o d e d  s t o t c  E r o d e d  stote-- 
A~ i 

I S e c t i o n  ‘ d r a w n  to m i s s  c a l d e r a  

‘)wurreiice and developmtmt o f  y o u n d  water in an idenl i~rd Hnwdiian volcnnlc doi i~r  tfronl Cox,  1954) 
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encountered on t o p  of co lde r  f r e s h  water, i t  cond i t ion  known as a 

thermal  d e n s i t y  inve r s ion .  

Mama Loa a l s o  l a c k s  s i g n i f i c a n t  soil cover and,  consequent ly ,  

has n e g l i g i b l e  s u r f a c e  d ischarge .  Some groundwater r e s e r v e s  of 

Mauna Loa are perched on impermeable ash  and t u f f  beds on t h e  

upper f l a n k s  of  t h e  mountain. 

roughly h o r i z o n t a l  t u n n e l s  on t h e  sou theas t e rn  s lope .  

impounded water may a l s o  be p r e s e n t .  

Mauna Loa, co ld  b rack i sh  water i s  discharged by many b a s a l  s p r i n g s .  

Although tempera tures  of  t h e  sp r ings  r e f l e c t  an  i n l a n d  source  a t  

h igh  e l e v a t i o n ,  t i d a l  mixing has  r e s u l t e d  i n  t h e i r  b r a c k i s h  proper- 

t i e s .  

may a l s o  c o n t r i b u t e  t o  t h e  s a l i n i t y  of near-shore s p r i n g s  and w e l l s .  

Mauna Kea has r e l a t i v e l y  abundant gromdwater  reserves due 

t o  a combination of-hkgh r a i c f a l l  - (  esgecially on t h e  windward s l o p e s )  

and deep s o i l  and a s h  cover on t h e  s u r f a c e  as well as a t  depth  

( i n t e r l a y e r e d  w i t h  o l d e r  l a v a s ) .  Although t h e r e  are  only  a few 

p e r e n n i a l  streams on Mauna Kea, many i n t e r n i t t e n t  s p i n g s  i s s u e  

at intermediate and high levels on the  mountain, and large quanti- 

t i e s  of basal water  are obta ined  from near-shore w e l l s  and t u n n e l s  

on t h e  lower s lopes .  

This water :is withdrawn through 

Some d ike  

Along t h e  c o a s t a l  r i m  of 

D i s rup t ion  of  t h e  G'nyben-Herzberg L?ns by thermal  a c t i v i t y  

Hua la l a i ,  and t h e  leeward s lope  of  Mauna Kea, r e c e i v e  l i t t l e  

r a i n f a l l  and have spa r se  s o i l  cover ,  r e s u l t i n g  i n  a near  absence 

of shal low groundwater. 

d i scovered  by d r i l l i n g  upslope of t h e  North R i f t  o f  Hua la l a i .  

Presazably ,  t h i s  water (which i s  f r e s h  dovn t o  about lOOC m below 

sea  l e v e l )  i s  impounded by d ikes  i n  t h e  r i f t  a r e a  (Thornas, e t  a l . ,  

A deep source o f  f r e s h  water  w a s  r e c e n t l y  
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19 7 9 ) .  Downslope of  t h e  r i f t ,  t h e  water t a b l e  i s  depressed,  r e s u l t i n g  

i n  minimal groundwater reserves i n  t h e  c o a s t a l  a r e a s .  The sp r ings  

and wel ls  t h a t  do e x i s t  con ta in  p r imar i ly  b rack i sh  water. 

Kohala Mountain has undergone a cons iderably  l o n s e r  c e r i c d  of  

weathering and eros ion  than  t h e  o t h e r ,  younger =zourtains on t h e  

i s l a n d .  As a resul t ,  t h e  d ike  systems o f  t h e  Kohala s h i e l d  have 

been exposed and d i s s e c t e d ,  a l lowing dike-impounded waters  t o  escape. 

Fresh water l eak ing  from t h e  "breached" d i k e s ,  recharged by moderately 

high r a i n f a l l  i n  t h e  reg ion ,  provides  a year-round water resource  

on Kohala. Only a t h i n ,  gene ra l ly  b rack i sh  b a s a l  water l e n s  e x i s t s  

i n  t h e  reg ion ,  however. 

The hydrology of H a w a i i  I s l a n d  i s  i l l u s t r a t e d  i n  F u g u e  9 .  

MAUI (F igure  10) 

The windward s lopes  of West Maui r e c i e v e  t h e  m a j o r i t y  f o  t h e  

r a i n f a l l  i n  t h i s  p a r t  of t h e  i s l a n d .  Dike impounded waters  a t  h igh  

e l e v a t i o r s  feed s e v e r z l  pe renn ia l  strems on t h e  windvarj. s i d e .  I n  

c o n t r a s t ,  t h e  d r i e r  leeward s lopes  support  few permanent s t r e m s .  A 

r e l a t i v e l y  t h i n  l e n s  of basal water provides  a f r e s h  water source 

i n  near-shore areas of West Maui, a l though some saltwater i n t r u s i o n  

a f f e c t s  t h e  q u a l i t y  of t h i s  resource  when groundwater withdrawal i s  

excess ive .  

Haleakaia is  unde r l a in  by a b a s a l  f r e s h  water l e n s  which i s  

tapped i n  near-shore a r e a s  by means or" i n c l i n e d  s h a f t s .  A t  h igher  

l e v e l s ,  f r e s h  water i s  r e t a i n e d  on i n t e r l a y e r e d  rsh Seds.  

windward s lopes  of Sa ieaka la ,  erosion has exposed t h e s e  gercheci 

On rairiy 

a q u i f e r s ,  a l lowing the= t o  2rovide u z t e r  t o  riunerous ae ren r? i a l  

s t r e m s .  
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MOLOKAI ( F i g u e  11) 

Most of  t h e  p r e c i p i t a t i o n  on Molokai f a l l s  on t h e  windward and 

higher  s e c t i o n s  of East ?4olokai, where a t h i c k  basal water l e n s  

__.  supp l i e s  s u b s t a n t i a l  q u a n t i t i e s  o f  f r e s h  water for publ ic  u se .  sigh 

l e v e l  r e se rves  a l s o  e x i s t  on dense l a y e r s  o f  s l k a l i c  l a v a s .  

I n  c o n t r a s t ,  West Molokai r e c e i v e s  i n s u f f i c i e n t  r a i n f a l l  t o  

maintain a f r e s h  water b a s a l  l e n s ,  pe renn ia l  s t reams,  o r  s p r i n g s ,  

E 

and no dike-impounded water bodies  are known d e s p i t e  t h e  presence 

of  a well-developed d ike  system i n  t h e  c e n t r a l  p a r t  o f  West Molokai. 

OAHU (F igure  1 2 )  

The hydrology o f  Oahu i s  unique among t h e  Eawaiian I s l a n d s  be- 

cause of  t h e  ex i s t ence  of  t h e  impermeable l a y e r  of l imestone 

around t h e  per imeter  of  t h e  i s l a n d .  

s e c t i o n  on r e g i o n a l  geology, t h i s  l imes tone  i s  t h e  r e s u l t  of a 

A s  d i scussed  previous ly  i n  t h e  

per iod  o f  m u l t i p l e  sea l e v e l  changes,  dur ing  which many l a y e r s  o f  

f r i n g i n g  c o r a l  r e e f s  foraed around Gahu (and subsequent ly  s i l t e d  

o v e r ) .  Basal groundwater beneath Cahu i s  unable t o  escape i n  

c o a s t a l  sp r ings  due t o  t h e  l imestone b a r r i e r .  Therefore ,  t h e  b a s a l  

water l e n s  i s  unusual ly  t h i c k ,  and water t a b l e s  are e l eva ted .  

Addit ional  f r e s h  water r e se rves  are impounded by high rair,fall i n  

t h e  Koolaus, many permanent dike-fed sp r ings  i s s u e  from higher  ele- 

vz t ions  of t h i s  mountain range,  whereas only i n t e r n i t t e n t  s p r i n g  

d ischarge  occurs  i n  t h e  d r i e r  Waianaes. 

X4UA.I (F igure  1 3 )  

Abundant f r e s h  grcundwater supDlies a r e  present  beneath Kauai 

i n  t h e  ex tens ive  S a s a i  lms ,  8s wel l  a s  i n  dike-inpounded 2nd 

ash  bed-perched r e s e r v o i r s  a t  higher  e l e v a t i o n s .  Tkese high l e v e l  
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sources  f eed  numerous sp r ings  and supyort  m.any p e r e n n i a l  s t reams 

on Kauai, p a r t i c u l a r l y  on t h e  n o r t h e a s t e r n  (windward) s ide  of  t he  

i s l a n d .  

Addi t iona l  Zeferences:  

Palmer 
1942; 1946; 1947; S tea rns  and Vaksvik, 1935; Wentworth, 1951. 

1967 ; PQzcdonald Davis , and Cox, 1960 ; S t e a r n s  and Macdonald 
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HAWAII ' S GEOTHERMAL PSSOURCES 

In t roduc t ion  : 

All of the world 's  developed geothermal resources  have t h e  same 

e s s e n t i a l  p r o p e r t i e s :  

- A source of hea t , '  e i t h e r  h o t  rock o r  magma. 

0 A c a r r i e r  (groundwater) t h a t  is hea ted  by t h e  thermal 
source.  

A "cap" of r e l a t i v e l y  impermeable rock t h a t  ho lds  the  
h o t  water i n  p l ace  and forms a r e s e r v o i r .  (This reser- 
v o i r  must be a t  a depth t h a t  is  a c c e s s i b l e  and econo- 
mica l  w i th  p r e s e n t  d r i l l i n g  techniques)  . 

The combination of a l l  t h ree  condi t ions  is rare i n  the  world. 

The f i r s t  requirement ,  a source  of h e a t ,  gene ra l ly  l i m i t s  geothermal 

areas t o  c e r t a i n  tectonic-proyinces,o.f . t h e  warld where, the earth ' .s  . 

h e a t  i s  r e l a t i v e l y  c lose  t o  the s u r f a c e .  Subduction zones, where 

one l i t h o s p e r i c  p l a t e  s ' l ides  beneath another ,  are marked by b e l t s  

of vo lcan ic  a c t i v i t y -  produced by the  mel t ing  of rocks- i r t  the  over- 

r i d d e n  p l a t e .  The geothermal  areas o f  J a p a n ,  New Zealand, I n d o n e s i a ,  

the P h i l i p p i n e s ,  Chi le  and Ecuador are i n  reg ions  of t h i s  type.  

Spreading zones, where f l u i d  mantle m a t e r i a l  -rises i n t o  ex tens ive  - 

c r u s t a l  rifts and s o l i d i f i e s  t o  form new c:rust, are a l s o  provinces  

wi th  enhanced thermal p r o p e r t i e s .  Examples of spreading-zone geo- 

thermal areas a r e  Iceland (which is d i r e c t l y  a s t r i d e  the  Mid-Atlantic 

R i f t ) ,  and Xexico, C a l i f o r n i a ,  and Nevada (presumably above the East 

P a c i f i c  Rise ,  where is has  been overr idden by the North American P l a t e ) .  



Hawaii's volcanoes are s i t u a t e d  n e i t h e r  i n  a subduct ion zone 

nor a spreading  zone. Hid-plate volcanism i s  unusual ,  and Hawaii's 

p o t e n t i a l  geothermal resource  i s  unique i n  i t s  t e c t o n i c  s e t t i n g .  

The groundwater s u p p l i e s  i n  the  I s l a n d s  have been descr ibed  i n  

ano the r  s e c t i o n  of t h i s  r e p o r t .  While some re sea rch  on d i r e c t  use 

of h o t  rock o r  magma (wi thout  a groundwater c a r r i e r )  i s  i n  p rogres s ,  

economica l .exp1oi ta t ion  of such a r e source  is  u n l i k e l y  i n  the fore-  

s eeab le  f u t u r e .  Even a t  Kilauea,  where molten pools  of l a v a  may 

accumulate a t  the  ve ry  s u r f a c e ,  the r a t e  of cool ing  and s o l i d i f i -  

c a t i o n  of the l ava  is too  r a p i d  f o r  e m l o i t a t i o n .  The th ickness  

of t he  s u r f a c e  ' lcruSt l l  an such l ava  lakes has  been found t o  i nc rease  

exponen t i a l ly  w i t h  t i m e  (Peck, 19 7 4 ) .  

H a w a i i ' s  b a s a l t i c  rocks are g e n e r a l l y  r a t h e r  permeable; however, 

r e l a t i v e l y  impermeable l a y e r s  of weathered ash ,  hydrothermally a l t e r e d  

b a s a l t ,  dense d ikes ,  and l i m i t e d  amounts of sedimentary rock s e r v e  

as "caprock" f o r  groundwater a q u i f e r s .  S t r u c t u r a l  t r a p s  such as 

f a u l t s  may a l s o  occur .  While the  e f f e c t i v e n e s s  of t hese  b a r r i e r s  i n  

r e t a i n i n g  h o t ,  poss ib ly  p re s su r i zed  geothermal f l u i d s  may be somewhat 

less than t h e i r  a b i l i t y  t o  r e s t r a i n  cool  meteor ic  waters, caprock 

does indeed e x i s t  i n  H a w a i i ;  thus  a l l  the  requirements  f o r  a geo- 

thermal resource  i s  m e t .  

H a w a i i  has  the fundamental n e c e s s i t i e s  of a geothermal a r e a ,  

b u t  o n l y  one a c t u a l  s i t e  of proven capac i ty  ( t h e  HCP-X w e l l )  has  been 

loca ted  t o  da te .  The even t s  l ead ing  t o  the  i d e n t i f i c a t i o n  of t h i s  

c 
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r e s e r v o i r ,  and the s e l e c t i o n  of t h e  actual .  d r i l l  s i t e ,  are descr ibed 

by Furumoto -- e t  a l .  (1977) .  

Geology of  the  H a w a i i  Geothermal We 11 A. HGF-A -- 

The H a w a i i  Geothermal P r o j e c t ' s  success fu l  w e l l ,  HGP-A, i s  

loca ted  on the lower East R i f t  of Kilauea volcano. From the s u r f a c e  

( a t  abbut 600 f t .  e l e v a t i o n )  t o  approximately 1700 f e e t  downhole, 

the w e l l  w a s  d r i l l e d  i n t o  b a s a l t i c  rocks s i m i l a r  t o  the t h i n l y  

bedded aa and pahoehoe flows found on the su r face .  Below 1700 f e e t ,  

the  rocks encountered were e v i d e n t l y  p i l l ow b a s a l t s  (formed during 

the  mountain's submarine phase of growth) t h a t  have been h igh ly  

f r a c t u r e d ,  wi th  f r a c t u r e s  l o c a l l y  f i l l e d  by secondary minera ls .  

From 4200 f e e t  t o  ' the bottom of the  w e l l  a t  6450 f e e t  -(5850 f t .  

below s e a  l e v e l )  t he  p i l l ow S a s a l t s  a r e  i -n tense lp  a l t e r e d ;  wi-th -con- -- - . 

s i d e r a b l e  amounts of a c t i n o l i t e ,  c h l o r i t e  I' and p y r i t e .  

Microearthquakes are f r equen t ly  detec:ted i n  t h e  v i c i n i t y  of  

the  w e l l ,  w i t h  hypocenters  concentrated i n  a zone between 3000 and 

10,000 f e e t  below the su r face .  The depth a t  which t h i s  microseismic 

a c t i v i t y  e n s u e s  appears  -to--cwincide. w i t h  - the--s tar t  of a sharp thermal 

g r a d i e n t  i n  the w e l l  i t s e l f .  This  has  l e d  t o  the sugges t ion  t h a t  

microearthquakes are r e l a t e d  t o  the  geothermal f l u i d s  (Hels ley ,  1977)  

much as ear thquake swarms  elsewhere on KiI-auea a r e  r e l a t e d  t o  the  

presence of moving magma. The a rea l  d i s t r i b u t i o n  of t h i s  ear thquake 

zone may he lp  de f ine  the boundaries  of the r e s e r v o i r .  
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Other  P o t e n t i a l  G e o t h e r m l  Areas 

The ongoing Hawaii Geothermal Resource Assessment Program at  

t h e  H a w a i i  I n s t i t u t e  of Geophysics  is an e f f o r t  t o  i d e n t i f y  o t h e r  

p o t e n t i a l  s o u r c e s  o f  geothermal  energy  i n  t h e  i s l a n d s .  

r e p o r t s  r e l e a s e d  s o  f a r  (Thomas et &. , 1979; Cox e t  a l . ,  1979):.are 

p r o b a b l y  t h e  b e s t  a v a i l a b l e  s o u r c e s  of  i n f o r m a t i o n  on p o s s i b l e  

geothermal  areas i n  t h e  S t a t e ,  Only a b r i e f  summary of t h e s e  r e p o r t s  

is a t t e m p t e d  h e r e .  

The two 

The r e s o u r c e  a s s e s s m e n t  program h a s  been l a r g e l y  concerned w i t h  

compi l ing  e x i s t i n g  data on groundwater  geochemis t ry ,  geology,  and 

g e o p h y s i c a l  p r o p e r t i e s  of  t h e  Hawaiian I s l a n d s .  Areas h a v i n g  geo- 

thermal  p r o p e r t i e s  of  t h e  Hawaiian I s l a n d s .  Areas h a v i n g  geothermal  

p o t e n t i a l  were i d e n t i f i e d  on t h e  b a s i s  of t h e  f o l l o w i n g  c r i t e r i a  

(Thomas e t  a l . ,  1979):  

(1) S u r f a c e  g e o l o u :  Young, r e c e n t l y  act ive volcanoes  

are obvious  t a r g e t s  - f o r  geothermal  e x p l o r a t i o n .  

O l d e r  vo lcanoes  may s t i l l  b e a r  r e s i d u a l  head deep 

w i t h i n  magma chambers. I d e n t i f i c a t i o n  of r i f t  zones 

and c a l d e r a  complexes by s u r f a c e  mapping would a s s i s t  

i n  l o c a t i n g  t h e s e  magma chambers. 

( 2 )  I n f r a r e d  s t u d i e s :  Although coverage  i s  p r e s e n t l y  

l i m i t e d  t o  t h e  I s l a n d  of H a w a i i  ( F i s c h e r  -- e t  a l . ,  1964; 

1966; A b b o t t ,  1974) i n f r a r e d  imagery can r e v e a l  



ab ove - amb. i e n  t ground t e rrrp e r a  t ur e s and w a r m  s p r i n g  

d ischarges  i n t o  near-shore Ocean waters, This i n fo r -  

mation is e s p e c i a l l y  u s e f u l  i n  exp lo r ing  remote, 

i n a c c e s s i b l e  areas. 

(3) Geophysics : 

(a)  Se ismic i ty  s t u d i e s .  Both a c t i v e  and pass ive  

se i smic  s t u d i e s  provide p o t e n t i a l l y  use fu l  in- 

formation about  p o s s i b l e  geothermal r e sources .  

Re f rac t ion  s t u d i e s  on Oahu (Adam and Furumoto, 

1965) have been used t o  l o c a t e  the anc ien t  mag- 

ma chamber beneath t h e  Koolaus. Pass ive  ea r th -  

quake monitor ing may r e v e a l  subsur face  a c t i v i t y  

caused by movement. of. fluids a t  .depth,. a l though - 

the  only  ex tens ive  monitor ing of t h i s  s o r t  has  

taken.place on the  I s l a n d  of H a w a i i  ( s ee  H a w a i i  

Volcano Observatory r e p o r t s ) .  

(b) Magnetic and gravity surveys. Information f r o m  

aeromagnetic and g r a v i t y  s t u d i e s  has  been used 

t o  l o c a t e  bur ied  r i f t -  zones an& ca lde ras  which , 

aga in ,  are the  areas most l i k e l y  t o  have resi- 

dua l  h e a t  i n  o l d e r  vo lcan ic  systems. 

( 4 )  Groundwater temperature:  Above-ambient temperatures 

i n  w e l l s  and o t h e r  near-surface water  sources  may 

by s t r o n g  evidence of geothermal resources  i n  the  
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area, al though o t h e r  f a c t o r s  may b e  r e spons ib l e  f o r  

l o c a l  temperature  v a r i a t i o n s .  Moreover, a v a i l a b l e  

well-temperature da t a  are  no t  always r e l i a b l e .  

( 5 )  Groundwater geochemistry:  Reac t ions  t h a t  occur be- 

tween rock and groundwater a t  e l e v a t e d  temperatures  

can r e s u l t  i n  anomalous chemical p r o p e r t i e s  in near-  

s u r f a c e  waters. A number of chemical parameters a r e  

used t o  i d e n t i f y  p o s s i b l e  thermal  sources  : 

( a )  Eleva ted  s i l i c a  ( S i O z )  concen t r a t ion  in ground- 

water can be produced by the leaching  of s i l i c a  

from rocks, which i s  a temperature-dependent 

r e a c t i o n .  High s i l i c a  concen t r a t ion  have been 

found in numerous Hawaiian groundwater samples ,  

b u t  many o f  t hese  anomalies r e f l e c t  c u l t u r a l /  

a g r i c u l t u r a l  a c t i v i t i e s  r a t h e r  than  thermal 

e f f e c t s .  

(b) Ra t ios  of c e r t a i n  e lements ,  such as Na-K-Ca and 

C1-Mg, are a l s o  in f luenced  by thermal ly  enchanced 

water-rock i n t e r a c t i o n s  . The Na-K-Ca "geother- 

mometer" has been found t o  be o f  l i t t l e  use i n  

H a w a i i  because of  the  l a r g e  amounts of t hese  

elements brought  i n t o  the  system by seawater  

i n t r u s i o n  (FcYurtry,  Fan, and Coplen, 1 9 7 7 ) .  

The Cl/Ng r e l a t i o n s h i p  i s  a b e t t e r  geothermal 

. 

. 
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i n d i c a t o r  i n  H a w a i i .  A t  e l e v a t e d  temperatures ,  

magnesium i s  l o s t  from groundwaters by r e a c t i o n  

wi th  c l ay  minerals .  Chlor ide i o n  concen t r a t ion  

is  increased  by the  inco rpora t ion  of magmatic 

v o l a t i l d s .  

t i ngu i sh  between therma.lly a l t e r e d  water and 

f r e s h  water t h a t  has  s i n p l y  intermixed wi th  

The Cl/Mg r a t i o  can be used t o  d i s -  

seawater. 

While no s i n g l e  proper ty  can be  used t o  p inpo in t  a d r i l l i n g  

s i t e ,  the  presence of m u l t i p l e  anomalies i n  an area i n d i c a t e s  unusual  

condi t ions  t h a t  may warran t  f u r t h e r  i n v e s t i g a t i o n .  

On t h e  b a s i s  of the  above cr i ter ia ,  several anomalous and in- 

t e r e s t i n g  areas have been i d e n t i f i e d  i n  Hawaii. 

Table I, these  areas have been ranked according t o  t h e i r  l i ke l ihood  

of having a resource  as  w e l l  as t h e  p r o b a b i l i t y  t h a t  development 

of t h e  resource  would t ake  place i n  the  near  f u t u r e .  

Summarized i n  

The l i k e l i h o o d  

of development i s  assessed on the basis  of the  s t a t e  of d r i l l i n g  

and development technology, e l d s t e n c e  of a market f o r  t h e  energy 

produced, and the  a v a i l a b i l i t y  of t h e  land  i n  ques t ion .  Areas 

ranked "10" have the lowest.  

t i o n s  of t hese  areas. 

Range of Oahu, has  a c t u a l l y  been explored  t o  da t e .  

F igure  14  shows t h e  approximate loca- 

Only one, Lua lua le i  Val ley i n  the  Waianae 



TABLE 1 

Ranking is on a s c a l e  of 1 t o  10: 1 having t h e  h i g h e s t  p o t e n t i a l ,  

10 the  lowest .  Although o t h e r  areas i n  the  s ta te  undoubtedly have 

t h e m a l  resources ,  t h e i r  p r o b a b i l i t y  f o r  development i n  the  nea r  

f u t u r e  (1980-2000) is so small as t o  not j u s t i f y  t h e i r  i n c l u s i o n  

i n  the  p r e s e n t  assessment.  

High Temp. Low Temp. P r o b a b i l i t y  f o r  
Locat ion ?.esour ce ' Res our ce Deve loDmen t 

H a w a i i  
1. Puna 1 
2. Ka'u 2 
3. South P o i n t  3 
4 .  Huala l a i  - North Kona 5 
5 .  Kawaihae 5 
6 .  Keaau 6 
7 .  Kohala 7 

Mad 
8. Haleaka la  - Southwest 

R i f t  3 
9. Haleakala  - East Ri f t  3 

10. Pauwela 4 
11. Lahaina 3 
12. Olowalu - Ukumehane 3 
13. Honokawai 5 

Oahu 
14. Waimanalo 7 
15. Lua lua le i  8 
16. Honolulu Volcanic  

' S e r i e s  8 
17.  H a l e i w a  9 
18. Laie 9 
19. P e a r l  Harbor 10 

Kauai 
20. Pos t  e r o s i o n a l  

Volcanic Series 10 

5 
6 

1 
1 

8 5 

. 
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POTENTIAL GEOLOGICAL/HYDROLOGICAL PROBLEYS 
AS SOCL4TED WITH GEOTKERHAL DEVELOPMENT 

During the  course of i n t e rv i ews ,  workshops, and o t h e r  Overview 

act ivi t ies ,  the  fo l lowing  key geologic /hydro logic  i s s u e s  were iden- 

t i f  i e d  . 
Increased  s e i s m i c i t y  due t o  geothermal a c t i v i t y  

Subsidence 
( a )  due t o  removal of geothermal f l u i d s  
(b)  due t o  c o l l a p s e  of lava tubes 

Changes i n  e r u p t i v e  c h a r a c t e r  of volcanoes 
( a )  

(b) decrease  i n  f requency and/or  magnitude 

Accidents--malfunctions of  geothermal f a c i l i t y  due t o  

i n c r e a s e  i n  frequency and/or  magnitude of 
e rup t ions 

ear thquakes  o r  lava f lows 

Groundwater contaminat ion by geothermal e f f l u e n t s  
( spen t  f l u i d s )  

E f f e c t s  of  lava tubes and o t h e r  subsur face  pathways 
on the  movement of e f f l u e n t s  dur ing  p e r c o l a t i o n  o r  
r e i n j e c t i o n  of wastes. 

While some of these  problems have been encountered i n  o t h e r  

geothermal areas, many are p a r t i c u l a r l y  "Hawaiian" concerns due t o  

the  unusual  g e o l o g i c a l  and h y d r o l o g i c a l  cond i t ions  i n  t h i s  i s l a n d  

environment. Most of the  ques t ions  r a i s e d  were addressed t o  t he  

e x i s t i n g  geothermal w e l l  i n  Puna (HGP-A) which i s  l i k e l y  t o  be the 

proving ground" f o r  geothermal  development i n  the State.  The I* 

same p h y s i c a l  cond i t ions  t h a t  make Puna an  area of good geothermal 

p o t e n t i a l  a l s o  make t h i s  a r e a  unusual in i t s  n a t u r a l  geo log ica l ,  



geophysical ,  and geochemical p r o p e r t i e s .  Seismici ty , '  ground defor-  

mation, vo lcan ic  e rup t ions -a l l  are common occurences i n  the v i c i -  

n i t y  of t he  w e l l ,  and the  a d d i t i o n a l  e f f e c t s  caused by t h e  geother- 

n r a l  f a c i l i t y  may be  d i f f i c u l t  t o  d i s t i n g u i s h  from t h e  n a t u r a l  "state 

of geo log ica l  a f f a i r s " .  However, f u t u r e  developments i n  o the r ,  

less active reg ions  i n  H a w a i i  may have a n o t i c e a b l e  e f f e c t  on the  

e x i s t i n g  environment, and, t h e r e f o r e ,  these  ques t ions  must be  r a i s e d .  

Discussion - of  Key I s sues  

(1) Increased  se i smic i ty .  In  the v i c i n i t y  of some producing 

geothermal f i e l d s  (notab le  the Geysers F i e l d  i n  Northern C a l i f o r n i a )  

an inc rease  i n  ear thquake a c t i v i t y  has  been de tec t ed .  However, t h e  

magnitude of  t hese  se i smic  even t s  i s  s o  small t h a t  they  are inde- 

t e c t a b l e  by humans and have caused no damage. 

t o  r e i n j e c t i o n  of spen t  geothermal f l u i d s ,  microseismic a c t i v i t y  

Usually a t t r i b u t e d  

a t  the  Geysers may a c t u a l l y  r e f l e c t  readjes tments  of t he  e a r t h  as  

the geothermal reservoir cools (L. Anspaug'h, 1979 Hilo Workshop). 

A t  HGF-A, d i s p o s a l  of  spen t  f l u i d s  ~ d l l  be e f f e c t e d  by 

s u r f a c e  p e r c o l a t i o n  r a t h e r  than r e i n j e c t i o n ,  s o  t h a t  enhanced 

s e i s m i c i t y  due t o  forced  i n j e c t i o n  of f l u i d s  w i l l  not  be a f a c t o r .  

However, r e i n j e c t i o n  may become the  p r a c t i c e  i f  the Puna r e s e r v o i r  

is  developed i n t o  a l a r g e  producing f i e l d  wi th  many w e l l s .  

The seismicity of the  Puna area is w e l l  documented both 

before  and a f t e r  completion of the  geothermal w e l l .  Both pas s ive  
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I a t  the  Hawaiian Volcano Observatory have r e c e n t l y  proposed t h a t  

)g 

a f a u l t  t h a t  c ros ses  the lower eas t  r i f t  i n  t h i s  area (D.,Jackson, 

1979 Hi lo  Workshop). If  t h i s  is the  case , geothermal development 

may s t i l l  have some e f f e c t  on s e i s m i c i t y ,  perhaps by inducing  f a u l t  

movement . 

monitor ing and se i smic  r e f r a c t i o n  p r o f i l i n g  were c a r r i e d  o u t  by the  

H a w a i i  I n s t i t u t e  of Geophysics (Suyenaga e t  a l . ,  1978) as p a r t  of 

the  wel ls i te  s e l e c t i o n  process .  Other  records  are kept  by t h e  

H a w a i i  Volcano Observatoary (see ! l i s t  of p u b l i c a t i o n s ) .  While 

microearthquakes i n  the Kilauea reg ion  have usually been a t t r i b u t e d  

t o  the movement of magma (-or geothermal f l u i d s )  a t  depth,  s c i e n t i s t s  

Na tu ra l  s e i s m i c i t y  a t  o t h e r  p o t e n t i a l  geothermal s i tes  is 

r e l a t i v e l y  unknown, a l though a few l i m i t e d  s t u d i e s  have been per-  

formed i n  the L u a l u a l e i  Val ley  of  Oahu ( see  Cox e t  a l . ,  1979). 

P r i o r  t o  any s e r i o u s  e x p l o r a t i o n  ( i . e .  d r i l l i n g )  i n  these  o t h e r  

reg ions  , microearthquake monitor ing should be i n i t i a t e d .  

(2 )  Subsidence, The problem of s u r f a c e  subsidence i s  pro- 

nounced i n  New Zealand, where’ more than  t h r e e  meters of subsidence 

has heen measured i n  t h e  Wairekei f i e l d .  A smaller degree of s i n k i n g  

(on the o rde r  of a few cen t ime te r s )  has  occurred i n  C a l i f o r n i a .  

Withdrawal of geothermal f l u i d s  can decrease  the  pore p re s su re  i n  

r e s e r v o i r  rocks ,  a l lowing  weak o r  poor ly  consol ida ted  format ions .  

t o  become compressed by the weight  of ove r ly ing  rocks .  This 
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compaction a t  depth may be manifested by s i ; lking and co l l apse  of 

the ground s u r f a c e  above. 

A t  HGP-A, the  subsur face  geology i s  known from # d r i l l e d  

cores  and has  been descr ibed else where i n  h t e  p re sen t  r e p o r t .  Of 

re levance  t o  the  subsidence ques t ion  i s  t h e  f a c t  t h a t  below 1700 

f e e t  i n  the  w e l l ,  t h e  rocks are dense p i l l ow b a s a l t s .  Flow tes ts  

t o  da t e  h.ave i n d i c a t e d  t h a t  t he  producing depths  i n  t h i s  w e l l  are 

near  t he  bottom of t h e  ho le  and a t  approximately 4300 f e e t  (Yuen 

- e t  _ *  a1 9 1978), w e l l  w i t h i n  the  p i l l ow basa:Lt l a y e r .  Moreover, t h e  

producing format ion  has  been c l a s s i f i e d  as " t igh t " ,  and p o r o s i t y  

of the  rocks a t  the  bottom of the  w e l l  ranges from 3 t o  18 p e r  cent  

(€5. Chen, 1979 Hi lo  Workshop). It seems l i k e l y ,  t h e r e f o r e ,  t h a t  the 

rocks i n  the  reg ion  of f l u i d  withdrawal a r e  se l f - suppor t ing  (not  

dependent upon pore f l u i d s  f o r  compressive s t r e n g t h )  and w i l l  no t  

be very  s u s c e p t i b l e  t o  c o l l a p s e  due t o  removal of pore waters .  

Another m i t i g a t i n g  f a c t o r  is the abundant n a t u r a l  recharge  

of groundwaters i n  the Puna D i s t r i c t .  More than 100 inches of  r a i n  

f a l l s  p e r  y e a r  i n  the  area, and the  rate of recharge is  roughly 

2 3000 gal/min/mi (L.S. Lau, Water Resources Research Center ,  pers .  

corn.) .  Compared t o  this  rate of recharge. ,  t he  rate of f l u i d  pro- 

duc t ion  by HGP-A i s  small (approximately l!jO ga l lons  p e r  minute).  

Cont inual  renewal of t he  deep r e s e r v o i r  should f u r t h e r  minimize the 

e f f e c t  of f l u i d  withdrawal,  a l though more w e l l s  and h ighe r  Droduction 

i n  the Puna f i e l d  mag begin  t o  change the  ba lance .  



Subsurface g e o l o g i c a l  and s t r u c t u r a l  f e a t u r e s  m u s t  be  

understood in any p o t e n t i a l  geothermal " f i e l d " ,  s o  t h a t  t he  suscep- 

t i b i l i t y  t o  subsidence due t o  f l u i d  withdrawal  can be assessed .  

Rock co res ,  r e f r a c t i o n  p r o f i l i n g ,  and o t h e r  geophysical  techniques 

should  provide t h i s  in format ion  a t  o t h e r  geothermal s i tes .  

Another type of subsidence t h a t  is of some concern is  

r e l a t e d  t o  t h e  co l l apse  of lava  tubes.  Cons t ruc t ion  i n  Hawai i  

r o u t i n e l y  involves  th.e d r i l l i n g  of p i l o t  h o l e s  t o  a s s u r e  a s o l i d  

base,  p a r t l y  because lava tubes are so  common in the  younger vol- 

can ic  reg ions .  Tubes are g e n e r a l l y  most abundant near  the  subsur- 

face, as they are des t royed  by pres su re  and t i m e ,  and heavy con- 

s t r u c t i o n  equipment has  been known t o  break  through the  r o o f s  of 

tubes and f a l l  down several f e e t .  In  d r i l l i n g  HGP-A, numerous 

cavities were encountered.  The d r i l l  b i t ,  a f t e r  working through 

a s e c t i o n  of very  hard  rock,  f r e q u e n t l y  w a s  observed t o  drop s e v e r a l  

f e e t ,  presumable upon encounter ing  a lava tube (D. Thomas, 1979 

Hi10 Workshop). Fu r the r  evidence of an  ex tens ive  l ava  tube network 

beneath the  w e l l  s i t e  w a s  i n  t he  poar  c i r c u l a t i o n  of  d r i l l i n g  mud. 

Enormous volumes of  mud were l o s t  i n  subsur face  voids .  

Although many people i n  H a w a i i  have in fo rma l ly  explored  

lava tubes ,  t he  l o c a t i o n s  of t hese  f e a t u r e s  are g e n e r a l l y  n o t  docu- 

mented and can only be obta ined  by t a l k i n g  t o  l o c a l  people .  Aside 

from the  works of Howarth (1973), an en tomologis t  s p e c i a l i z i n g  i n  

,cave-dwelling fauna,  few s c i e n t i f i c  s t u d i e s  o r  mapping programs 
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have been undertaken on lava tubes ,  and no ex tens ive  survey h a s  

been performed. A method of mapping subsurface tubes by e l e c t r o -  

magnetic techniques has  been t e s t e d  (von Seggern and Adam, 19671, 

b u t  has  e v i d e n t l y  n o t  gone beyond the  exper imenta l  s t a g e .  This  

methods r e q u i r e s  t h a t  one person be i n s i d e  the  tube wi th  a t r ans -  

m i t t i n g  device,  while  a second person traces the  t ransmiss ions  along 

the ground su r face .  It  is ,  t h e r e f o r e ,  n o t  u s e f u l  i n  l o c a t i n g  un- 

known tubes,  o r  t r a c i n g  those which have no a c c e s s i b l e  t e rmin i  

through which a person could e n t e r  them. 

The presence of lava tubes beneath a w e l l s i t e  would, o r  

course,  be an engineer ing  concern,  and would be recognized e a r l y  

i n  the  d r i l l i n g  process .  Puna r e s i d e n t s  have homes t h a t  s i t  a top  

lava tubes,  and these people are concerned about  p o s s i b l e  micro- 

ear thquakes o r  small degrees  of subsidence t h a t  might c o l l a p s e  the  

tubes beneath t h e i r  houses ,  Whether geothermal development could 

produce such ear thquakes and ground deformation i s  an  unanswered 

ques t ion ,  and, aga in ,  i t  would be  d i f f i c u l t  t o  d i s t i n g u i s h  geo- 

thermally-induced e f f e c t s  from n a t u r a l l y  occur r ing  phenomena i n  

t h i s  active region.  

Greeley e t  a l . ,  (1976)  used aerial photographs t o  map the  d i s t r i -  
bu t ion  of lava tubes on Mama Loa volcano. Based on a n a l y s i s  of  
about 15% of t h e  volcano s u r f a c e ,  they fourid evidence of lava tubes 
and channels on a t  least  82% of the  su r face .  Only co l lapsed  o r  
p a r t l y  co l l apsed  tubes can be recognized i n  t h e  photographs.  Simi- 
lar  photogeologic  s t u d i e s  are i n  progress  i n  o t h e r  vo lcanic  pro- 
v inces  and have been used i n  the  s tudy  of t h e  Moon and o t h e r  p l a n e t s .  
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Lava tubes  a r e  n o t  as abundant on t h e  o l d e r  i s l a n d s ,  

and would be o f  l e s s  concern i n  geothermal development. However, 

t h e i r  presence should be cons idered ,  e s p e c i a l l y  i n  l i g h t  o f  the  

absence of lava tube "maps" o r  surveys  i n  the  Hawaiian I s l a n d s .  

C3) -Changes i n  e r u p t i v e  character of volcanoes.  Many of  the  

wor ld ' s  geothermal f i e l d s  are loca ted  near  o r  on a c t i v e  volcanoes.  

In  Ice land ,  a l a r g e  geothermal power p l a n t  ope ra t e s  w i th in  the  very 

c a l d e r a  of Krafla volcano, d i r e c t l y  a s t r i d e  a f i s s u r e  t h a t  has 

e rup ted  i n  h i s o o r i c  t i m e s .  I ce l and ' s  l o c a t i o n  on the Mid-Atlantic 

Ridge, an  active spreading  c e n t e r ,  makes i t  s u s c e p t i b l e  t o  con t inua l  

episodes of  r i f t i n g ,  volcanism, and i n t r u s i v e  even t s .  Shor t ly  

a f t e r  the  Krafla f a c i l i t y  went i n t o  o p e r a t i o n ,  the  volcano e n t e r e d  

a new phase of ac t iv i ty  marked by subsu r face  se i smic  even t s  and 

i n t r u s i o n s  as w e l l  as s u r f a c e  e r u p t i o n s .  One e r u p t i o n  a c t u a l l y  

took p l a c e  through a geothermal w e l l  bo re  (T. Casadeval l ,  1979 Ki lo  

Workshop). Although the  cause and e f f e c t  r e l a t i o n s h i p  is unclear 

and precedents  are non-exis t e n t ,  many nearby r e s i d e n t s  b e l i e v e  t h a t  

the  geothermal development caused the  renewed a c t i v i t y  o f  Kraf l a  

Volcano. 

As mentioned p rev ious ly ,  HGP-A i s  loca ted  on t h e  a c t i v e  

lower eas t  r i f t  of Kilauea Volcano. The we l l s i t e  itself is just 

o f f  t he  edge of a 1955 lava flow, and t h e  lower east  r i f t  has  

e rup ted  as r e c e n t l y  as 1960. Therefore ,  renewed a c t i v i t y  somewhere 

i n  the v i c i n i t y  of  HGP-A is  e n t i r e l y  p o s s i b l e  and, indeed h ighly  

I 



probable .  It would be extremely d i f f i c u l t ,  however, t o  prove a 

r e l a t i o n s h i p  between the  geothermal w e l l  and an  e r u p t i o n  i n  t h i s  

area. 

E f f e c t s  on the  a c t i v i t y  of Kilauea w i t h i n  the  boundaries  

of H a w a i i  Volcanoes Nat iona l  Park are d i f f i c u l t  td p r e d i c t ,  b u t  t he  

p r o b a b i l i t y  of any such e f f e c t s  seems q u i t e  remote. Volcanic a c t i -  

v i t y  a t  Kilauea c h a r a c t e r i s t i c a l l y  o r i g i n a t e s  i n  t h e  summit reg ion  

and migra tes  down the  r i f t  zones. 

unusual,  a l though the  most r e c e n t  e r u p t i o n  (Nov. 1979) w a s  marked 

by a puzz l ing  occurrence of microearthquakes u p r i f t  o f  t he  e r u p t i o n  

s i t e .  Whether t h i s  phenomenon w a s  caused by u p r i f t  migra t ion  of 

Reverse movement would be  h igh ly  

magma i s  unknown. 

( 4 )  Accidents .  Geological  e f f e c t s  -_ on the  geothermal f a c i l i t y  

are much more l i k e l y  than the reverse s i t u a t i o n .  The p o s s i b i l i t y  

of e r u p t i o n  and lava inundat ion  w a s  c a r e f u l l y  considered i n  t h e  

design of t he  HGP-A e l e c t r i c a l  gene ra t ing  f a c i l i t y .  

equipment i s  designed t o  be  mobile and can be removed from the  pa th  

of an i d n e n t  lava flow. Permanent s t ruc t :ures ,  i nc lud ing  the  

Much of the 

wellhead i t s e l f ,  w i l l  be p ro tec t ed  by b a r r i e r s ,  and can e v i d e n t l y  

be i n s u l a t e d  from a lava f low by a p r o t e c t i v e  l a y e r  of c inde r s .  

The danger of a blowout o r  malfunct ion due t o  the  d e s t r u c t i o n  of  

wellhead materials by vo lcan ic  h e a t  is ,  e v t d e n t l y ,  minor i n  l i g h t  

of t he  s a f e t y  f e a t u r e s  designed i n t o  the  f a c i l i t y .  

( 5 )  Groundwater contamination by geothermal e f f l u e n t s .  The 



chemical and phys ica l  p r o p e r t i e s  of geothermal e f f l u e n t s  from HGP-A 

are desc r ibed  i n  o t h e r  volumes of t h i s  Overview r e p o r t .  Avai lab le  

d a t a  sugges t  t h a t  the  f l u i d s  produced by t h i s  w e l l  s o  f a r  have been 

r e l a t i v e l y  benign,  a c t u a l l y  q u i t e  "clean" when compared t o  geother-  

mal f l u i d s  i n  o t h e r  p a r t s  of  t he  world. There i s  no reason  t o  ex- 

pect t h a t  f l u i d  composition w i l l  remain the  same a f t e r  a per iod  of 

t i m e ,  however, Moreover, inhomogeneities i n  the  r e s e r v o i r  ( i n  the  

f l u i d  i t se l f  as w e l l  as t h e  rocks  through which i t  passes )  may re- 

s u l t  i n  wide chemical v a r i a t i o n s  between one w e l l  and another .  In 

I ce l and ,  t he  chemical c h a r a c t e r i s t i c s  of the geothermal  f l u i d s  

changed markedly w i t h  the  o n s e t  of  v o l c a n i c  act ivi ty .  For t h e s e  

reasons ,  the p o s s i b i l i t y  of f u t u r e  groundwater contaminat ion should 

be considered.  

Persons f a m i l i a r  wi th  the  geothermal system i n  Puna tend 

t o  a n t i c i p a t e  minimal e f f e c t s  of  the  e f f l u e n t  on water s u p p l i e s .  

The i n i t i a l  d i s p o s a l  method of p e r c o l a t i o n  has  been approved by 

the S t a t e  Board of  Heal th  n o t  only because the  e f f l u e n t  i s  c l ean ,  

b u t  a l s o  because the  groundwater i n  the  immediate area is normally 

b r a c k i s h  and not  used f o r  p u b l i c  consumption. Most d r ink ing  water 

i n  the area is  ob ta ined  by catchment r a t h e r  than  water w e l l s .  

There are no s u r f a c e  streams i n  t h i s  reg ion .  Furthermore,  t he  h igh  

ra te  of recharge  (high r a i n f a l l )  is expected t o  d i l u t e  e f f l u e n t s  

beyond recogni t ion .  

, 

Nevertheless  , d i l i g e n t  monitor ing of l o c a l  groundwaters 

. 
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w i l l  be  p a r t  of the  o p e r a t i o n a l  procedures a t  t h i s  p a r t i c u l a r  w e l l .  

I n  v i e w  of t he  l i k e l i h o o d  t h a t  e f f l u e n t s  w i l l  change wi th  t i m e  and 

l o c a t i o n ,  monitor ing i s  e s s e n t i a l .  Other geothermal a r e a s  w i l l  

have completely d i f f e r e n t  subsur face  hydro logic  systems,  and con- 

taminat ion must be considered s e p a r a t e l y  a t  each p o t e n t i a l  s i te .  

Re in jec t ion  p lans  must be based on such f a c t o r s  as the  depth and 

conf igu ra t ion  of  groundwater r e s e r v o i r s .  

i n  a gene ra l  sense on mst of the major I s l a n d s ,  b u t  w i l l  have t o  

he understood i n  g r e a t e r  d e t a i l  a t  s p e c i f i c  geothermal s i tes .  

Such informat ion  i s  known 

(6) E f f e c t s  of lava tubes and o t h e r  subsur face  pathways on 

t h e  movement of e f f l u e n t s .  This i s s u e  w a s  one of t h e  most f r equen t ly  

r a i s e d ,  and i t  is a d i f f i c u l t  i s s u e  t o  addxess. Not on ly  are l a v a  

tubes ubiqui tous  (on H a w a i i  I s l and ,  a t  l e a s t )  and uncharted; evi- 

den t ly  no exper imenta l  work has been report:ed on the  behavior  of 

lava tubes as groundwater condui ts .  

ment would be usefu l .  

Some s o r t  of "tracer" experi- 

One of  t h e  most conzmdnly expressed  concerns is t h a t  lava 

tubes may channel  e f f l u e n t s  a l l  the way t o  t h e  sea, where they may 

have adverse  impacts on c o a s t a l  organisms. However, t h e  sub te r r anean  

pa th  t o  the  ocean may be  long and complex, and whether any lava 

tubes are t h a t  continuous is  unknown. The permeab i l i t y  of lava 

tube w a l l s  may a l low f l u i d s  t o  seep  ou t  f a i r l y  qu ick ly ,  o r  permi t  

e f f l u e n t s  t o  d i s p e r s e  g radua l ly  a long  t h e  l eng th  of t he  condui t .  

Again, d i l u t i o n  by e x i s t i n g  groundwaters may mask geothermal wastes. 



If geothermal f l u i d s  can he channel led by lava t u b e s ,  then  o rd ina ry  

groundwaters a r e  l i k e l y  t o  behave i n  the  same manner. 

Other  subsur face  f e a t u r e s  t h a t  may be capable  o f  a l t e r i n g  

the  f low of  eff luents  would inc lude  f r a c t u r e s  and permeable l a y e r s  

of b u r i e d  ash (condui t s )  o r  d i k e s  and impermeable strata ( b a r r i e r s ) .  . 
The frequency wi th  which the  lava tube ques t ion  i s  r a i s e d ,  

and the  s c a r c i t y  of r e l e v a n t  in format ion ,  r e v e a l s  one of t h e  major 

d a t a  gaps. 

o t h e r  geothermal areas provide  few c l u e s .  

This is a problem t h a t  is  r a t h e r  unique t o  H a w a i i ,  and 

While I c e l a n d ' s  geother-  

m a l  f i e l d  i s  a l s o  loca ted  i n  b a s a l t i c  t e r r a i n ,  t h e  t e c t o n i c  and 

s t r u c t u r a l  d i f f e r e n c e s  between I c e l a n d  and Hawaii make comparison 

d i f f i c u l t .  



SOURCES OF INFORMATION ON THE GEOLOGY OF HAWAII 

H a w a i i  ha s  no Sta te  Geological  Survey and, consequent ly ,  t h e r e  

is no c e n t r a l i z e d  source  of geo log ica l  in format ion .  However, numerous 

agencies  and i n s t i t u t i o n s  are involved i n  geo log ica l  and hydro log ica l  

r e sea rch  i n  t h e  S t a t e .  While no comprehensive Index of Hawaiian Geo- 

logy has  been publ ished t o  d a t e ,  most of t h e  i n d i v i d u a l  agencies  main- 

t a i n  t h e i r  own b i b l i o g r a p h i e s  and lists of p u b l i c a t i o n s  , which a re  

g e n e r a l l y  a v a i l a b l e  upon r eques t .  

The primary sources  of i n f o r n a t i o n  are descr ibed  i n  t h i s  s e c t i o n ,  

and t h e i r  addresses  are l i s t e d  a t  t h e  s e c t i o n ' s  end. 

The United S t a t e s  Geological  Survey has  two p r i n c i p a l  o f f i c e s  i n  

H a w a i i :  (1) The Water Resources Div is ion , ,  which i s  concerned wi th  

hydrology, water supply ,  water q u a l i t y ,  and a c q u i s i t i o n  of va r ious  types  

of hydro log ica l  d a t a ;  (2) t h e  Hawaiian Volcano Observatory , l oca t ed  

on t h e  act ive volcano Kilauea.  HVO performs r e sea rch  on volcanism,  

pe t ro logy ,  geophysics ,  f i e l d  geology. Both USGS o f f i c e s  i n  H a w a i i  

maln ta in  lists of p u b l i c a t i o n s .  

A c o m p l e t e l i s t  of USGS r e p o r t s  and maps dea l ing  wi th  Hawaiian 

geology and minera l  and water r e sources  is contained i n  t h e  pamphlet 

"Geologic and Water-Supply Reports  and Maps--Hawaii", which is  a v a i l a b l e  

from t h e  USGS i n  Reston, V i rg in i a .  A fair:Ly r e c e n t  index o f  geologic  

maps i n  H a w a i i  has  been prepared by t h e  USGS (McIntosh and Eis te r ,  1977) .  



Other USGS p u b l i c a t i o n s  i n c l u d e  B u l l e t i n s ,  P r o f e s s i o n a l  Papers ,  

Water-Supply Papers ,  C i r c u l a r s ,  Hydrologic I n v e s t i g a t i o n s ,  Atlases, 

and Maps, a l l  of which may c o n t a i n  s p e c i f i c  in format ion  on Hawaiian 

t o p i c s .  The Bibl iography of North American Geology, another  USGS 

p u b l i c a t i o n ,  i s  a h e l p f u l  gu ide  t o  geologic  l i t e r a t u r e  i n  g e n e r a l ,  

and con ta ins  numerous r e f e r e n c e s  t o  Hawaiian s u b j e c t s .  

A t  t h e  S ta te  leve l ,  t h e  two p r i n c i p a l  sources  of in format ion  

are t h e  S t a t e  Department of Land and Na tu ra l  Resources and t h e  

Un ive r s i ty  bf H a w a i i ,  w i t h  i t s  many a f f i l i a t e d  I n s t i t u t e s  and r e s e a r c h  

groups.  

t h e  Div i s ion  of Water and Land Development, has sponsored many geo-- 

hydro log ic  i n v e s t i g a t i o n s  i n  t h e  s ta te .  

known as t h e  H a w a i i  D iv i s ion  of Hydrography, and many of t h e  p ioneer ing  

works on Hawaiian geology and water r e sources  were prepared under t h e  

ausp ices  of t h i s  D iv i s ion  dur ing  t h e  1930's and 1 9 4 0 ' s .  

l i s t  of p u b l i c a t i o n s  is  a v a i l a b l e  from DLNR. 

The Department of Land and N a t u r a l  Resources,  p a r t i c u l a r l y  

This  o f f i c e  w a s  former ly  

A complete 

A t  t h e  Un ive r s i ty  of H a w a i i  i n  Honolulu,  t h e  primary f a c i l i t y  

involved i n  g e o l o g i c a l  r e s e a r c h  i s  t h e  H a w a i i  I n s t i t u t e  of Geophysics 

(HIG), which main ta ins  i t s  own s t a f f  of r e sea rch  personnel .  

Un ive r s i ty  a l s o  has  p u b l i c a t i o n s  from t h e  Departments of Geology, 

Oceanography, Geochemistry, Geodesy, and S o i l s .  

from a l l  of t h e s e  departments  are  r e l e a s e d  as u n i v e r s i t y  p u b l i c a t i o n s  

and are g e n e r a l l y  a v a i l a b l e  upon r eques t  from t h e  H I G  P u b l i c a t i o n s  

Of f i ce .  

Those papers  which $re no longer  a v a i l a b l e  f o r  d i s t r i b u t i o n  may be  

The 

S c i e n t i f i c  papers 

An updated l i s t  of H I G  p u b l i c a t i o n s  i s  prepared each y e a r .  

, 
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examined i n  t h e  H I G  l i b r a r y ,  l oca t ed  on t h e  campus of t h e  Un ive r s i ty  

of H a w a i i .  

A b ib l iography of Theses and D i s s e r t a t i o n s  dea l ing  wi th  Hawaiian 

geology and geophysics (1909-1977) is  a l s o  a v a i l a b l e  from H I G .  This  

p u b l i c a t i o n  (Rowell, 1978) con ta ins  r e f e r e n c e s  t o  g radua te  s t u d i e s  a t  

many U n i v e r s i t i e s  besides t h e  Un ive r s i ty  of H a w a i i ,  a l though most a re  

l o c a l l y  prepared works by UH s t u d e n t s .  

Information on H a w a i i ' s  geothermal r e sources  is  s c a t t e r e d  through- 

out  t h e  sources  descr ibed  above. The two leading  o rgan iza t ions  i n  t h e  

S ta te  wi th  regard  t o  geothermal r e sea rch  are both a s s o c i a t e d  wi th  t h e  

Un ive r s i ty .  The H a w a i i  Geothermal P r o j e c t  (HGP) has  been t h e  p r i n c i p a l  

agency involved i n  development and r e sea rch  on t h e  geothermal w e l l  i n  

t h e  Puna Di s t r i c t  of H a w a i i  I s l and .  HGP inc ludes  p a r t i c i p a n t s  from t h e  

Un ive r s i ty ,  and from l o c a l ,  S ta te ,  and Fede ra l  agenc ie s ,  as w e l l  as some 

p r i v a t e  companies. I n  conjunct ion  wi th  developing an  ope ra t ing  geother-  

mally-powered e lec t r ica l  gene ra t ing  f a c i l i t y ,  t h e  HGP has  perfarmed a 

v a r i e t y  of engineer ing ,  t e c h n i c a l ,  geo log ica l ,  environmental ,  and aocio- 

economic s t u d i e s ,  and a l a r g e  body of HGP r e p o r t s  e x i s t s .  A c u r r e n t  

l i s t  of t h e s e  r e p o r t s  is a v a i l a b l e  from t h e  HGP o f f i c e .  

The H a w a i i  I n s t i t u t e  of Geophysics lzas been r e s p o n s i b l e  f o r  t h e  

H a w a i i  Geothermal Resource Assessment Program, which is  p a r t  of a l a r g e r ,  

f e d e r a l l y  funded p r o j e c t  known as  t h e  "Western S t a t e s  Cooperat ive Direct 

Heat Resource Assessment Program." An o v e r a l l  assessment of geothermal 

p o t e n t i a l  throughout t h e  S ta te  is  contained i n  t h e  Phase I F i n a l  Report  

(Thomas e t  a l ,  1979),  and a second d e t a i l e d  r e p o r t  d e a l s  wi th  a p o s s i b l e  
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low-temperature r e source  on the I s l a n d  of Oahu (Cox, e t  . a l . ,  1979) .  

Both p u b l i c a t i o n s  c o n t a i n  a g r e a t  d e a l  of in format ion  and numerous 

p e r t i n e n t  r e f e r e n c e s ,  and both  provide  good summaries of c u r r e n t  

knowledge on t h e  sub j ect . 
Data on water q u a l i t y  in H a w a i i  are a v a i l a b l e  from t h e  USGS 

Water Resources Div i s ion  and t h e  S ta t e  Dept. of Land and Na tu ra l  

Resources,  as w e l l  as agenc ie s  such as t h e  S ta t e  Board of Pub l i c  

Hea l th ,  and Boards of Water Supply i n  i n d i v i d u a l  c o u n t i e s .  

Un ive r s i ty  of H a w a i i ,  t h e  Water Resources Research Center  (WRRC) is  

involved i n  a v a r i e t y  of p r o j e c t s  d e a l i n g  wi th  H a w a i i ' s  water supply ,  

i nc lud ing  prac t ica l  r e sea rch  on hydrogeology, i r r i g a t i o n ,  p o l l u t i o n ,  

f l ood ing ,  c o a s t a l  hydrology,  as w e l l  as numerous t h e o r e t i c a l  p r o b l e m .  

A t  t h e  

A c u r r e n t  l ist  of WRRC p u b l i c a t i o n s  may be  obta ined  from t h e  addres s  

l i s t e d  below. 

I n d i v i d u a l  r e f e r e n c e s  on t h e  s u b j e c t s  of geology and hydrology 

are f a r  t oo  numerous t o  l i s t  h e r e  and are b e s t  ob ta ined  from t h e  b i b l i o -  

g raph ie s  and l is ts  of p u b l i c a t i o n s  desc r ibed  above. 

of s e l e c t e d  r e f e r e n c e s  , d e a l i n g  p a r t i c u l a r l y  wi th  geothermal ly- re la ted  

However, a l i s t  

s u b j e c t s ,  is inc luded  a t  t h e  end of t h e  p r e s e n t  report. 

Addresses of Agencies Des c r i b  ed 

Informat ion  and l i s t s  of p u b l i c a t i o n s  may g e n e r a l l y  be  obta ined  

from t h e  fo l lowing  of f  i c e s  : 

t 

Water Resources D i v i s i o n  
U.S. Geologica l  Survey 
P.O. !?ox 5C166 
Honolulu, H I  96850 
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Hawaiian Volcano Observatory 
U.  S. Geological  Survey 
H a w a i i  Nat iona l  Park,  H I  96718 

U.S. Geological  Survey 
420 Nat iona l  Center 
Reston, VA 22092 

Div i s ion  of Water and Land Development 
H a w a i i  State  Department of Land and Na tu ra l  Resources 
P.O. Box 373 
Honolulu, H I  96809 

H a w a i i  I n s t i t u t e  of Geophysics 
P u b l i c a t i o n s ,  Room 262 
Unive r s i ty  of H a w a i i  
2525 Correa Rd. 
Honolulu, H I  96822 

H a w a i i  Geothermal P ro  j ec t 
Unive r s i ty  of H a w a i i  
Holmes H a l l ,  Room 206 
2540 Dole S t .  
Honolulu, H I  96822 

Water Resources Research Center  
Un ive r s i ty  of H a w a i i  
Holmes H a l l ,  Room 283 
2540 Dele St. 
Honolulu, H I  96822 
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