
CONF-740209-3

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by UNT Digital Library

https://core.ac.uk/display/71303443?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


G e o p h y s i c a l  E x p l o r a t i o n  on t h e  S t r u c t u r e  of  Volcanoes:  
Two Case H i s t o r i e s  

A u g u s t i n e  S .  Furumoto 
U n i v e r  s i t  y of  H a w a i  i 

by 

AB S TRAC T 

G e o p h y s i c a l  methods o f  e x p l o r a t i o n  were u s e d  t o  d e t e r m i n e  t h e  
i n t e r n a l  s t r u c t u r e  o f  Koolau Volcano i n  H a w a i i  and of Rabau l  Volcano 
i n  N e w  Guinea.  By u s e  of  g r a v i t y  and s e i s m i c  d a t a  t h e  c e n t r a l  v e n t  
o r  p l u g  o f  Koolau Volcano was o u t l i n e d .  Magne t i c  d a t a  seem t o  i n d i -  
c a t e  t h a t  t h e  c e n t r a l  p l u g  i s  s t i l l  above t h e  C u r i e  P o i n t .  I f  s o ,  
t h e  amount of h e a t  e n e r g y  a v a i l a b l e  i s  t remendous.  A s  f o r  Rabau l  
Vo lcano ,  i t  i s  l o c a t e d  i n  a r e g i o n  c h a r a c t e r i z e d  by numerous b l o c k  
f a u l t i n g .  The v o l c a n o  i s  o n l y  a p a r t  of  a l a r g e  b l o c k  t h a t  h a s  sub -  
s i d e d .  P o s s i b l e  g e o t h e r m a l  areas e x i s t  n e a r  t h e  v o l c a n o  b u t  b e t t e r  
o o t e n t i a l  areas may e x i s t  away from t h e  v o l c a n o .  

INTRODUCTION 

Over t h e  p a s t  d e c a d e ,  I h a v e  been i n v o l v e d  i n  g e o p h y s i c a l  
e x p l o r a t i o n  t o  d e t e r m i n e  t h e  i n t e r n a l  s t r u c t u r e  of two v o l c a n o e s :  
one  a b a s a l t i c  v o l c a n o  c a l l e d  Koolau Volcano l o c a t e d  on t h e  i s l a n d  
of  Oahu i n  t h e  Hawai i an  A r c h i p e l a g o  and t h e  o t h e r  an a n d e s i t i c  one 
c a l l e d  R a b a u l  Volcano i n  t h e  i s l a n d  of N e w  B r i t a i n  i n  t h e  new n a t i o n  
of  Papua-New Guinea.  These  p r o j e c t s  i n v o l v e d  a l l  g e o p h y s i c a l  t e c h -  
n i q u e s  t h a t  w e r e  r e l e v a n t :  g r a v i t y ,  m a g n e t i c ,  s e i s m i c  r e f r a c t i o n ,  
s e i s m i c  r e f l e c t i o n ,  m o n i t o r i n g  o f  m i c r o e a r t h q u a k e s .  T h i s  meant t h e  
c o o p e r a t i o n  of numerous s p e c i a l i s t s  f rom v a r i o u s  d i s c i p l i n e s .  I n  
p a r t i c u l a r ,  t h e  i n v e s t i g a t i o n  of R a b a u l  Volcano i n v o l v e d  many i n s t i -  
t u t . i o n s  f rom A u s t r a l i a ,  Papua-New Guinea and H a w a i i .  

i n  j o u r n a l s ,  h e n c e ,  i n  t h i s  p a p e r  a summary o f  t h e  work w i l l  b e  
p r e s e n t e d  t o  g i v e  a c o h e r e n t  p i c t u r e  o f  t h e  i n v e s t i g a t i o n s ,  and t o  
compare a b a s a l t i c  v o l c a n o  t o  an a n d e s i t i c  v o l c a n o ,  as s e e n  by geophy- 
s i c i s t s .  F i r s t  w e  s h a l l  t r e a t  t h e  Koolau Vo lcano ,  as t h i s  s t u d y  w a s  
comple t ed  b e f o r e  Rabau l  Volcano was a t t e m p t e d .  

KOOLAU VOLCANO 

of  t h e  i s l a n d  o f  Oahu i n  t h e  Hawai i an  A r c h i p e l a g o ,  Roughly t h e  r e m -  
n a n t s  of t h e  c a l d e r a  i n c l u d e  t h e  areas marked o f f  as Kaneohe, K a i l u a  
and K a e l e p u l u  Pond i n  t h e  lower  map of  F i g u r e  1. P r o b a b l y  t h e  c e n t r a l  
v e n t  o f  t h e  v o l c a n o  was l o c a t e d  u n d e r  Kawainui  Swamp, wh ich  i s  t h e  
swampy area b e n e a t h  t h e  l a b e l  K a i l u a  i n  F i g u r e  1. The l a s t  e r u p t i o n ,  
a f l a n k  e r u p t i o n ,  o c c u r r e d  many t e n s  o f  t h o u s a n d s  o f  y e a r s  ago and 
e r o s i o n  h a s  removed most  of  t h e  o r i g i n a l  s h a p e  and s i z e  o f  t h e  v o l -  
cano .  S t u d y i n g  a n  e x t i n c t  v o l c a n o  i s  u s e f u l ,  j u s t  as a n  anatomy s t u d e n t  
c a n  l e a r n  much by d i s s e c t i n g  c o r p s e s .  B e s i d e s ,  t h e  p r o x i m i t y  of  t h e  
v o l c a n o  t o  H a w a i i  I n s t i t u t e  of G e o p h y s i c s ,  U n i v e r s i t y  of  H a w a i i ,  p r o -  
v i d e d  a mos t  c o n v e n i e n t  t e s t i n g  ground f o r  e x p l o r a t o r y  i n s t r u m e n t s  and 
t e c h n i q u e s .  

Most o f  t h e  r e s u l t s  o f  t h e  s t u d i e s  h a v e  a l r e a d y  been  p u b l i s h e d  

Koolau Vo lcano  i s  an e x t i n c t  v o l c a n o  on t h e  n o r t h e a s t e r n  c o a s t  
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The e x p l o r a t i o n  p r o j e c t  s t a r t e d  o u t  c o n v e n t i o n a l l y  w i t h  g r a v i t y  
s u r v e y s .  A s  Oahu i s  a d e n s e l y  p o p u l a t e d  i s l a n d  w i t h  e x c e l l e n t  n e t -  
work of  r o a d s ,  t h e r e  w a s  no d i f f i c u l t y  i n  making h u n d r e d s  o f  r e a d i n g s .  
The r e s u l t i n g  Bouguer anomaly map i s  shown i n  F i g u r e  2 and an  a n a l y s i s  
a t t e m p t e d  by S t r a n g e ,  e t  a l .  (1965) i s  shown i n  F i g u r e  3. 

Dur ing  t h e  y e a r s  1964 t o  1966 a s e r i e s  o f  a e r o m a g n e t i c  s u r v e y s  
were c a r r i e d  o u t  o v e r  t h e  Hawaiian I s l a n d s  (Malahoff  and Wool l a rd ,  
1966) .  The r e s u l t s  showed t h a t  e x t i n c t  v o l c a n o e s  had a h i g h  d e g r e e  
o f  m a g n e t i z a t i o n  o v e r  t h e  c e n t r a l  v e n t s  w h i l e  a c t i v e  v o l c a n o e s  were 
much less  m a g n e t i z e d .  An e x c e p t i o n  was Koolau Volcano which showed 
a lower m a g n e t i z a t i o n  t h a n  s u r r o u n d i n g  r o c k s  ( F i g u r e s  4 and 5 ) .  T h i s  
p r o p e r t y  o f  l ower  m a g n e t i z a t i o n  is a p i v o t a l  p o i n t  o f  t h i s  p a p e r  and 
w i l l  b e  t a k e n  up l a t e r .  

S e i s m i c  r e f r a c t i o n  and r e f l e c t i o n  s u r v e y s  l a s t e d  s e v e r a l  y e a r s  
from 1964 t o  1969 b e c a u s e  t h e s e  s u r v e y s  r e q u i r e d  a l o t  o f  men i n  c o o r -  
d i n a t e d  team work. U s u a l l y  e x p l o s i v e s  were se t  o f f  a t  sea as c l o s e  
t o  s h o r e  as s a f e t y  and e n v i r o n m e n t a l  p r o t e c t i o n  a l l o w e d ,  and se i smic  
a r r i v a l s  from t h e s e  s h o t s  were r e c o r d e d  by p a r t i e s  on l a n d  and a t  sea 
on s m a l l  s h i p s .  S m a l l  s h o t s  were sometimes f i r e d  i n  c r e e k s  and swamps 
i n  t h e  c a l d e r a  area ( F i g u r e  6 ) .  A t  o t h e r  t i m e s ,  t o  s t u d y  t h e  c r u s t  
o f f s h o r e  from t h e  i s l a n d ,  t h e  two s h i p  m a r i n e  s e i s m i c  r e f r a c t i o n  meth-  
od w a s  u s e d .  The r e s u l t s  w e r e  p u b l i s h e d  i n  severa l  p a p e r s :  Adams and 
Furumoto,  (1965);  Furumoto, Thompson and Wool l a rd ,  ( 1 9 6 5 ) ;  Furumoto,  
Wool l a rd ,  Campbell  and Hussong,  (1968) ;  Furumoto,  Campbell  and Hussong, 
(1971) .  I n  t h e  c a l d e r a  area se i smic  r e f l e c t i o n  s u r v e y s  were c a r r i e d  
o u t  t o  d e t e r m i n e  d e p t h  t o  r e f l e c t i n g  b o u n d a r i e s  t h a t  c o u l d  b e  i n t e r -  
p r e t e d  as h i g h  v e l o c i t y  m a t e r i a l  o r  r e s i d u a l  h i g h  t e m p e r a t u r e .  The 
s h o t  l o c a t i o n s  and geophone s p r e a d s  a re  shown i n  F i g u r e  6. The d e p t h s  
t o  v a r i o u s  l a y e r s  as i n t e r p r e t e d  from seismograms a re  g i v e n  i n  F i g u r e  
7 .  The r e f l e c t i o n  d a t a  h a v e  been p u b l i s h e d  h e r e  f o r  t h e  f i r s t  t i m e .  

The r e s u l t s  o f  t h e  v a r i o u s  s u r v e y s  u s i n g  seismic r e f r a c t i o n  
t e c h n i q u e s  c a n  b e  compiled i n  a form as  shown i n  F i g u r e  8.  The c r u s t  
on t h e  n o r t h e a s t e r n  s i d e  of  t h e  i s l a n d  o f  Oahu i s  t h i n n e r  by 6 km t h a n  
t h e  s o u t h w e s t e r n  s i d e .  The d i f f e r e n c e  i n  c r u s t a l  s t r u c t u r e  i s  g i v e n  
f u r t h e r  e v i d e n c e  by ocean  bo t tom t o p o g r a p h y ,  as a t r e n c h  o r  deep  e x i s t s  
on t h e  n o r t h e r n  s i d e  o f  t h e  i s l a n d s  b u t  n o t  on t h e  s o u t h e r n  s i d e ,  ex-  
c e p t  f o r  a s e c t i o n  a round  t h e  s o u t h e r n  t i p  o f  t h e  i s l a n d  of H a w a i i .  
T h i s  d i f f e r e n c e  i n  c r u s t a l  s t r u c t u r e  i s  s i g n i f i c a n t  i n  t r y i n g  t o  u n d e r -  
s t a n d  t h e  f u n d a m e n t a l  v o l c a n i c  p r o c e s s e s  of  t h e  Hawaiian I s l a n d s .  
R y a l l  and B e n n e t t  (1968) h a v e  a l s o  p o s i t e d  a c r u s t a l  mismatch a c r o s s  
Mauna Loa v o l c a n o  on t h e  i s l a n d  o f  H a w a i i .  I t  may b e  t h a t  v o l c a n o e s  
h a v e  e r u p t e d  t h r o u g h  f a u l t s  o r  c r a c k s  i n  t h e  c r u s t  and m a n t l e  t h a t  
e x t e n d  v e r y  deep .  

L e t  u s  now d i s c u s s  t h e  c a l d e r a  and t h e  c e n t r a l  p l u g .  M a l a h o f f ' s  
m a g n e t i c  s u r v e y s  r e v e a l e d  t h a t  t h e  m a g n e t i c  i n t e n s i t y  o v e r  t h e  p l u g  
w a s  low. There are t h r e e  p o s s i b l e  e x p l a n a t i o n s :  f i r s t  t h a t  t h e  p l u g  
i s  r e v e r s e l y  p o l a r i z e d ;  s e c o n d ,  t h e  p l u g  i s  h o t  enough t o  b e  above t h e  
C u r i e  P o i n t ;  and t h i r d ,  t h a t  t h e t n a t e r i a l  is d i a m a g n e t i c .  

L 

42 



The t h i r d  p o s s i b l e  r e a s o n  s h o u l d  b e  d i s c a r d e d .  The o t h e r  v o l -  
c a n i c  p l u g s  i n  t h e  Hawaiian Chain are  m a g n e t i c ,  and Koolau h a r d l y  
seems u n i q u e  from o t h e r  p r o p e r t i e s .  The r o c k s  on t h e  f l a n k s  of  Koolau 
a re  m a g n e t i c ;  i t  i s  h a r d l y  p o s s i b l e  t h a t  t h e  p l u g  which i s  t h e  s o u r c e  
o f  t h e  r o c k s  on t h e  f l a n k s  i s  d i a m a g n e t i c .  

The f i r s t  e x p l a n a t i o n  d o e s  n o t  seem t o  b e  a good one  e i t h e r .  The 
l a s t  epoch of  r e v e r s e d  p o l a r i t y  of  t h e  e a r t h ' s  m a g n e t i c  f i e l d  o c c u r r e d  
d u r i n g  wha t  i s  known as t h e  B l a k e  Even t  (Strangway,  1970) a b o u t  100,000 
y e a r s  ago.  Meanwhile ,  e r u p t i o n s  from Koolau Volcano o c c u r r e d  as l a t e  
as 31,000 y e a r s  ago ,  and t h e  Honolulu S e r i e s  of  v o l c a n i c s ,  which pour -  
ed  o u t  f rom t h e  s o u t h w e s t e r n  s i d e  o f  t h e  c a l d e r a ,  h a s  b e e n  d a t e d  a t  
66*3 t h o u s a n d s  o f  y e a r s  o l d  (Graml ich ,  L e w i s  and Naughton,  1971).  
A s  t h e  r emnan t  p l u g  s t r u c t u r e  h a s  been  e s t i m a t e d  t o  h a v e  a r a d i u s  o f  
a b o u t  8 km, t h e  Hono lu lu  V o l c a n i c  S e r i e s  e r u p t e d  above t h e  p l u g  s t r u c -  
t u r e ,  and  t h e  lavas c o u l d  v e r y  w e l l  come from t h e  p l u g  i t s e l f .  Hence 
t h e r e  i s  much w e i g h t  of  argument  t h a t  t h e  Koolau p l u g  d i d  n o t  c o o l  
below t h e  C u r i e  P o i n t  d u r i n g  t h e  B l a k e  Even t  b u t  t h a t  t h e  p l u g  i s  
s t i l l  above t h e  C u r i e  P o i n t .  The C u r i e  P o i n t  f o r  r o c k s  i n  H a w a i i  have  
been  d e t e r m i n e d  t o  b e  32S0f100C ( B e l s h e ,  1 9 6 5 ) .  T h i s  t e m p e r a t u r e  i s  
f a r  below o b s e r v e d  lava t e m p e r a t u r e s  which r a n g e s  from 900°C t o  1150OC. 

T h i s  l e a v e s  t h e  second  e x p l a n a t i o n  as t h e  mos t  p l a u s i b l e ;  t h a t  
t h e  p l u g  a t  p r e s e n t  h a s  a t e m p e r a t u r e  above t h e  C u r i e  P o i n t .  

A s s u m i n g - t h a t  t h e  p l u g  i s  above t h e  C u r i e  P o i n t ,  a n  a t t e m p t  w a s  
made t o  c a l c u l a t e  t h e  amount o f  h e a t  e n e r g y  a v a i l a b l e .  The s i z e  o f  
t h e  p l u g  c a n  b e  e s t i m a t e d  from S t r a n g e ' s  a n a l y s i s :  a c y l i n d r i c a l  
s h a p e  w i t h  d e n s i t y  3.2 g/cm3, 8 km i n  d i a m e t e r ,  e x t e n d i n g  from a d e p t h  
o f  2 km t o  t h e  Moho d i s c o n t i n u i t y  a t  12 km. W e  assumed t h a t  t e m p e r a -  
t u r e s  i n  t h e  Hawaiian area o u t s i d e  of  v o l c a n o e s  a t  t h e  Moho d i s c o n t i n u i t y  
was 3 O O 0 C  a n d  t h a t  g round  s u r f a c e  t e m p e r a t u r e  was on t h e  a v e r a g e  30°. 
I t  i s  assumed t h a t  t h e  e n e r g y  w i l l  b e  u s e d  up when t h e  p l u g  h a s  a 
t e m p e r a t u r e  d i s t r i b u t i o n  same as t h e  s u r r o u n d i n g  rock .  The s p e c i f i c  
h e a t  o f  t h e  p l u g  ma te r i a l  w a s  t a k e n  a t  .2 c a l / g ° C .  With t h e s e  p a r a -  
meters, i t  w a s  found  t h a t  t h e  h e a t  a v a i l a b l e  i n  t h e  p l u g  amounted 
t o  2 x 107 megawatt  y e a r s .  

comes i n t o  e x i s t e n c e ,  on t h e  a s s u m p t i o n  of  1% e f f i c i e n c y ,  t h e r e  i s  
ample e n e r g y  i n  t h e  Koolau P l u g  t o  s u p p l y  t h e  p r e s e n t  c i t y  o f  Honolulu 
f o r  100 y e a r s .  

The c o n c l u s i o n s  i s  t h a t ,  i f  t e c h n o l o g y  f o r  h o t  r o c k  deve lopmen t  

RABAUL VOLCANO 

p r o j e c t  t h a t  i n v o l v e d  many i n s t i t u t i o n s  f o r  s e v e r a l  y e a r s .  G r a v i t y ,  
m a g n e t i c s ,  g e o l o g i c  and se i smic  r e f r a c t i o n  s u r v e y s  were c a r r i e d  o u t .  
I n  p a r t i c u l a r  t h e  se i smic  r e f r a c t i o n  s u r v e y s  of  1967 and 1969 i n v o l -  
ved  s c o r e s  o f  men i n  t h e  f i e l d .  F o r  mos t  of  t h e  work t h e  c o o r d i n a t i n g  
agency  w a s  t h e  Bureau o f  M i n e r a l  R e s o u r c e s  o f  A u s t r a l i a ,  w h i l e  t h e  
1970 m a r i n e  seismic s u r v e y  w a s  c o o r d i n a t e d  by t h e  H a w a i i  I n s t i t u t e  o f  

The e x p l o r a t i o n  program o v e r  Rabau l  Vo lcano  w a s  a n  e x t e n s i v e  
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Geophys ic s .  The U n i v e r s i t y  of  Queensland p a r t i c i p a t e d  i n  a l l  of  t h e  
, ~ r o j e c t s  w h i l e  t h e  f o l l o w i n g  i n s t i t u t i o n s  p a r t i c i p a t e d  a t  v a r i o u s  
t i m e s :  A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y ,  U n i v e r s i t y  o f  N e w  Eng land ,  
Department  o f  Lands,  S u r v e y s  and Mines o f  Papua-New Guinea,  Papua- 
New Gu inea  G e o l o g i c a l  Survey.  

p r o c e e d i n g s  p r o v i d e  t h e  d e t a i l s  of  t h e  e x p l o r a t i o n ,  t h e  d i s c u s s i o n  
h e r e  w i l l  r e f e r  t o  t h e  f i g u r e s  and r e s u l t s  g i v e n  i n  t h a t  p a p e r .  

The r e s u l t s  o f  se i smic  r e f r a c t i o n  s u r v e y s  a r e  g i v e n  i n  t h e  form 
of  a n  east-west p r o f i l e  a c r o s s  t h e  n o r t h e r n  t i p  of  New B r i t a i n  and 
an n o r t h w e s t - w o u t h e a s t  p r o f i l e  a c r o s s  t h e  s a m e  i s l a n d  ( F i g u r e s  3 and 
4, Wiebenga and Furumoto) .  The p r o f i l e s  show t h a t  t h e  s t r u c t u r e  i n  
t h a t  r e g i o n  i s  i n  t h e  form o f  c r u s t a l  b l o c k s  and t h e s e  b l o c k s  a re  
r e f l e c t e d  i n  t h e  d e p t h s  t o  t h e  m a n t l e .  Whether t h e s e  b l o c k s  are 
d i f f e r e n t i a t e d  e v e n  i n  t h e  m a n t l e ,  w e  h a v e  no  way o f  s a y i n g  a t  t h e  
p r e s e n t  t i m e .  

Upon examin ing  t h e  east-west c r u s t a l  p r o f i l e  ( F i g u r e  3 ,  Wiebenga 
and Furumoto) one  n o t i c e s  t h a t  R a b a u l  Volcano,  by i t s  s i z e ,  i s  o n l y  a 
s m a l l  f e a t u r e  i n  a c r u s t a l  b l o c k  t h a t  is 5 0  km wide  i n  t h e  east-west 
d i r e c t i o n .  T h i c k n e s s  o f  t h e  b l o c k  i s  3 3  km. The v o l c a n o  s i t s  i n  t h e  
m i d d l e  of t h e  c r u s t a l  b l o c k .  

The c r u s t a l  b l o c k s  i m m e d i a t e l y  t o  t h e  w e s t  o f  t h e  Rabau l  c r u s t a l  
b l o c k  a r e  a b o u t  t h e  s a m e  t h i c k n e s s  as R a b a u l ,  b u t  the  c r u s t a l  b l o c k  
u n d e r  t h e  Bismarck S e a  a b r u p t l y  t h i n s  t o  20 km. To t h e  ea s t ,  t h e  
c r u s t a l  b l o c k  u n d e r  S t .  G e o r g e ' s  Channel  i s  no  t h i c k e r  t h a n  15 km. 
From one  c r u s t a l  b l o c k  t o  a n o t h e r ,  t h e  change i s  r a p i d .  The i n f e r -  
e n c e  i s  t h a t  i n  t h i s  r e g i o n  f r a c t u r i n g  of  t h e  c r u s t  and u p p e r  m a n t l e  
by t e c t o n i c  f o r c e s  i s  t h e  c h a r a c t e r i s t i c  f e a t u r e .  

The c r u s t a l  b l o c k  i n  wh ich  R a b a u l  Volcano i s  l o c a t e d  i s  a sunken  
b l o c k ,  w i t h  c r u s t a l  mater ia l  e x t e n d i n g  t o  a d e p t h  of  3 3  km. I t  m i g h t  
b e  s u r m i s e d  t h a t  b e c a u s e  o f  e x t r u s i o n s  from R a b a u l  Volcano t h e  whole 
b l o c k  submerged t o  r e p l a c e  t h e  v o i d .  However t h e r e  i s  no c a l c u l a t i o n  
of  t h e  volume e x t r u d e d  from Rabau l  Volcano t o  check  w h e t h e r  s u c h  a 
h y p o t h e s i s  can  b e  s u b s t a n t i a t e d .  

The c a l d e r a  o f  Rabau l  Volcano i s  v e r y  s m a l l  compared t o  t h e  
c r u s t a l  b l o c k .  F u r t h e r m o r e ,  w h e t h e r  by g r a v i t y  d a t a  o r  s e i smic  r e -  
f r a c t i o n  d a t a ,  t h e  c a l d e r a  d o e s  n o t  h a v e  a c h a r a c t e r i s t i c  e x p r e s s i o n .  
T h a t  i s ,  t h e r e  i s  n o t h i n g  i n  t h e  g r a v i t y  m a p s  o r  se i smic  r e f r a c t i o n  
r e s u l t s  t o  show t h a t  t h e  c a l d e r a  area is d i f f e r e n t  from t h e  res t  of  
t h e  c r u s t a l  b l o c k .  

i n g  e a r t h q u a k e s  i n  Rabau l  C a l d e r a  f o r  t h e  p a s t  s e v e r a l  y e a r s  (Cooke, 
1974). Seven s e i s m o g r a p h s  a r e  d e p l o y e d  a r o u n d  R a b a u l  C a l d e r a  w i t h  on 
l i n e  d a t a  t e l e m e t e r e d  t o  t h e  c e n t r a l  s t a t i o n  a t  t h e  v o l c a n o l o g i c a l  
o b s e r v a t o r y  ( F i g .  9). The e p i c e n t e r s  of t h e  e a r t h q u a k e s  are  r a p i d l y  
d e t e r m i n e d  by t i m e  d i f f e r e n c e  methods.  C a l i b r a t i o n  e x p l o s i o n s  h a d  been  
s e t  o f f  i n  Rabau l  Harbor  a few y e a r s  ago  t o  d e v e l o p  t a b l e s  f o r  t h i s  
r a p i d  method of  e p i c e n t e r  d e t e r m i n a t i o n .  Depth o f  f o c i ,  however ,  a re  
n o t  w e l l  d e t e r m i n e d .  The r e s u l t s  showed t h a t , e a r t h q u a k e s  o c c u r  i n  
r a t h e r  l i m i t e d  areas i n  t h e  c a l d e r a ,  marked o f ' a s  A and  B C D in 

As t h e  p a p e r  by Wiebenga and Furumoto (1974) i n  t h i s  s e t  o f  

Robin J. S. Cooke of  R a b a u l  Vo lcano  O b s e r v a t o r y  h a s  been  m o n i t o r -  
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F i g u r e  9. The area B C D i s  a l o n g  t h e  s o u t h e a s t e r n  r i m  o f  t h e  c a l d e r a  
and  t h e  e a r t h q u a k e s  h e r e  may r e p r e s e n t  a c o n t i n u a l  s u b s i d e n c e  o f  t h e  
c a l d e r a .  The e a r t h q u a k e s  i n  area A may r e p r e s e n t  i n t r u s i v e  making 
i t s  way t o  t h e  s u r f a c e .  I n  area A ,  e s p e c i a l l y  i n  t h e  n o r t h e r n  s e c t i o n ,  
c a n  b e  found  f u m a r o l e s  and h o t  s p r i n g s  

i n t e r n a l  s t r u c t u r e  so t h a t  e r u p t i v e  a c t i v i t y  c o u l d  b e  p r e d i c t e d  t o  
save l i v e s  and  p r o p e r t y .  The sum r e s u l t s  o f  t h e  i n v e s t i g a t i o n s  were 
t h a t  t h e  i n t e r n a l  s t r u c t u r e  r ema ined  e l u s i v e  as ever ,  t h a t  Rabau l  
Volcano  i s  o n l y  a p a r t  o f  a l a r g e  c r u s t a l  b l o c k ,  t h a t  t h e  r e g i o n  is 
an area of t e c t o n i c  a c t i v i t y  c h a r a c t e r i z e d  by c o n s p i c u o u s  b l o c k  f a u l t -  
i n g .  V o l c a n o e s  a r e  o n l y  a p a r t  o f  t h e s e  t e c t o n i c  a c t i v i t i e s .  A t t e m p t s  
a t  l a b e l i n g  t h e  r e g i o n  as an area of s u b d u c t i o n  do  n o t  ha rmon ize  w i t h  
an  abundance  o f  g r a b e n s ,  h o r s t s  and n o r m a l  f a u l t i n g .  

The e x i s t e n c e  o f  no rma l  f a u l t s  p o i n t  t o  areas where  t h e r e  may b e  
g e o t h e r m a l  r e s o u r c e s .  E s p e c i a l l y  t h e  K e r a v a t  and B a i n i n g  F a u l t s  
( F i g u r e  5 ,  Wiebenga and  Furumoto) s e e m  t h e  l i k e l y  area. The area t h e r e  
i s  m a n t l e d  by  t e r t i a r y  l i m e s t o n e s ,  wh ich  c a n  form cap  r o c k s .  The fuma- 
r o l e s  and  h o t  s p r i n g s  i n  R a b a u l  C a l d e r a  i t s e l f  i n d i c a t e  t h e r m a l  s o u r c e s ,  
b u t  t h e s e  a re  e x p o s e d  t o  t h e  r a t h e r  t e m p e r a m e n t a l  b e h a v i o r  o f  n e a r b y  
v o l c a n o e s ,  wh ich  h a v e  b e e n  i n  e x p l o s i v e  e r u p t i v e  a c t i v i t y  i n  h i s t o r i c  
t i m e s .  

The p u r p o s e  o f  i n v e s t i g a t i n g  R a b a u l  Volcano  w a s  t o  d e t e r m i n e  i t s  

CONCLUSIONS 

F o r  t h e  i n v e s t i g a t f o n  o f  Koolau Vo lcano ,  which  i s  q u i t e  t y p i c a l  
o f  Hawai i an  v o l c a n o e s ,  a s t r a i g h t f o r w a r d  a p p l i c a t i o n  o f  g e o p h y s i c a l  
t e c h n i q u e s  r e s u l t e d  i n  o u t l i n i n g  t h e  i n t e r n a l  s t r u c t u r e .  The d i f f i -  
c u l t y  r e s i d e d  i n  o r g a n i z i n g  teams t o  c a r r y  o u t  t h e  f i e l d  s u r v e y s  and  
t o  master t h e  o b s t a c l e s  o f  l o g i s t i c s .  P r o p e r  i n t e r p r e t a t i o n  o f  geo-  
p h y s i c a l  d a t a  d e l i n e a t e d  t h e  c e n t r a l  v e n t  o r  p l u g .  

Wi th  t h e  model  f o r  Koolau  Vo lcano  as a p r o t o t y p e ,  t h e  s t r u c t u r e  
o f  o t h e r  Hawai i an  v o l c a n o e s  can b e  r e a d i l y  i n f e r r e d .  With g r a v i t y  
d a t a  t h e  d i m e n s i o n s  o f  t h e  c e n t r a l  v e n t s  o f  o t h e r  v o l c a n o e s  c a n  b e  
d e t e r m i n e d ,  by  u s i n g  t h e  d e n s i t y  p a r a m e t e r s  o b t a i n e d  f rom Koolau 
Volcano .  

I n  r e g a r d s  t o  R a b a u l  Vo lcano ,  g e o p h y s i c a l  methods  f a i l e d  t o  o u t -  
l i n e  v e n t s  o r  p l u g s .  However t h e  r e l a t i o n  o f  r e g i o n a l  s t r u c t u r e  t o  
v o l c a n o e s  became c l ea r .  Al though  t h e  i n t e r n a l  s t r u c t u r e  o f  R a b a u l  
Vo lcano  r e m a i n s  e l u s i v e ,  p o s s i b l e  g e o t h e r m a l  s o u r c e s  became a p p a r e n t ,  
a b e n e f i t  w h i c h  Koolau  Vo lcano  d i d  n o t  p r o v i d e .  
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Figure 1. Hawaiian Islands with location map of 
seismic field program 
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Figure 2. Bouguer anomaly map of island of Oahu (Strange, 1965) 
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D e n s i t y  modet 
KOOIOU- voIcano 

Figure 3 .  Density model of Koolau volcano (Strange, 1965) 
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Figure 6. Location map of seismic reflection surveys over 
Koolau volcano 
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Figure 7. Results of seismic reflection surveys in caldera area 
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Figure 9. Epicenters of all earthquakes in Rabaul caldera 
(Cooke, 1974) 
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Discussion of Furumoto's Paper 

Unidentified 

Gus, just this one comment. I did the quartz alteration in the Koolau crater. The oxygen in 

thkt quartz, which came completely from the hydrothermal secondary quartz, looks like high- 

temperature silicate oxygen. In other words, it is not the ordinary shallow hydrothermal quartz 

which you would ordinarily expect, It looks like it's intensively equilibrated to  very-high- 

temperature water, It's been swept out completely by the silicate oxygen equilibration at very 

high temperatures. 

Furumoto 

That means it favors the possibility of very hot material. 

Unidentified 

Yes, it supports your idea. 

Peck - 
I have a question on the Koolau crater. That is the interpretation of the magnetic low. I've 

got two points I want to make. One question is whether it could be hydrothermal alteration of the 

plug area. As I remember, MacDonald describes a rather pervasive alteration that oxydized the 

magnetite. The second question is this. Although the very latest volcanism was quite young, as  

I remember from MacDougall's dates, the bulk of the Koolau was built several million years ago. 

I wonder whether that very late Koko Head-Diamond Head volcanism really is related at all to the 

upper part of that plug. 

netically reversed. 

So I wonder whether you can really, convincingly, say it is not mag- 

Furumot o 

The fact that it is 2 million years ago--did he have the plug material itself at that age? We 

do know, certainly, that the flank material is 2 million years old. Some of the flank material is 

5 million years old. The Blake event occurred 100,000 years ago, Granted that there is not, 

necessarily, only the Diamond Head, there are also some closer flows to the plug than Diamond 

Head. 

Peck - 
But there's that study by Jackson and Wright where they were looking for nodules, and I 

think there is some postulation that these were drilling up through the Koolau magma chamber and 

sampling it, and the magma underneath it, as  it came blasting through. They were coming from 

a much deeper source than the shallow Koolau plug. 
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Furumoto 

True. It could be reversely polarized, but I still maintain it's--from the point of view that 

these recent volcanics occur all around, not just on one side of the Koolau plug. 

thing that we really don't have, once the volcano starts cooling down, more flank activity rather 

than central plug activity. 

It's a funny 

Peck - 
It's rather like Mauna Kea: after the central activity, you get the cinder cones all over the 

place. Blasting up, maybe, from a greater depth. A s  I remember, MacDonald hypothesized that, 

if there was a magma chamber, it was much deeper. 

Unidentified 

What is the Curie temperature of the rocks? 

Furumoto 

It's 325O. So it could have flowed 2 million years ago, but when you cool that thing down 

from 1000° to what's normal now, you should have, if it's reversely polarized, one which is much 

higher than this is. 

Peck - 
Of course, it could be almost nonmagnetic because of alteration. 

Rex - 
It still is a loss of magnetite, even in the altered material. When I did mineral fraction 

separations on it, there was still a substantial amount of magnetite that had survived the alter- 

ation. 

Unidentified 

It's still a low. 

Rex - 
No, it's more than a low; this thing behaves like hole. You see, that's the point; the calcu- 

lation makes it look like a magnetic hole, much more than a simple reversal, or an ordinary low. 

Peck - 
I don't think you can rule out the reversed polarizing. 
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Furumoto 

The only solution is to drill down there, so I'm proposing to drill down there. Now, based 

on the fact that this is still above the Curie point, and if we assume a reasonable temperature 

gradient from the flank rocks to the mantle, a simple calculation shows that there is heat in the 

amount of 2 x 10 megawatt-years. At an efficiency of 1 percent, this would support the city of 

Honolulu for 100 years, so we are just hoping that thatik hot enough. Of course, we don't have the 

'hot rock'' technology to exploit that yet, but when we finally do, I think we'll have a source for 

Honolulu right in its own backyard. I hope we get money to drill, as it's crucial that we drill at 

least to a 2 kilometers depth. 

7 

Peck - 
If nothing else, you'll have a reversely polarized hole in basalt. 

Kienle 

In your gravity model, the base of the plug was at what level? Was it a semi-infinite cylin- 

der, as a gravity model? 

Furumoto 

It had a bottom to it at 12 kilometers depth. 

Unintelligible Question 

Furumoto 

I can't answer that, as I haven't studied that problem. 

Unintelligible Question 

Furumoto 

That's a big question in Hawaiian petrology. It's just that the gravity data is such that, when 

we try to put models there, we've got to come up with this high density to explain the gravity data. 

We'll leave it up to the petrologists to explain how we have this high-density material, 
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