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ABSTRACT 

A t  l e a s t  e i g h t  l a r g e  hydro thermal  e r u p t i o n s  have 
o c c u r r e d  w i t h i n  t h e  Rotokawa Geothermal  F i e l d  i n  t h e  
l a s t  20,000 y e a r s ;  t h e  l a t e s t  t o o k  p l a c e  abou t  3700 
y e a r s  ago. However, t h e r e  a r e  l i k e l y  t o  have been 
many s m a l l e r  e r u p t i o n s  a l s o  - some p o s s i b l y  w i t h i n  
t h e  las t  1800 y e a r s  of which no r e c o r d  remains.  . 
The p r o d u c t s  of t h e  l a r g e  hydro thermal  e r u p t i o n s  
c o v e r  a n  a r e a  of approx imate ly  15km2; they  c o n s i s t  of 
p o o r l y  s o r t e d ,  m a t r i x  s u p p o r t e d ,  p o l y l i t h o l o g i c  
m a t e r i a l s .  C l a s t s  comprise s e v e r a l  rocks  t y p e s ,  
i n c l u d i n g  Wai rake i  Breccia - exposed a t  t h e  s u r f a c e  - 
and deeper  f o r m a t i o n s  p e n e t r a t e d  o n l y  by d r i l l h o l e s  
( l a c u s t r i n e  sed imenta ry  r o c k s ,  p y r o c l a s t i c  rocks  and 
r h y o l i t e  l a v a ) .  Many of t h e  clasts  are hydro- 
t h e r m a l l y  a l t e r e d ;  a common assemblage c o n s i s t s  of 
abundant  a l u n i t e  and k a o l i n i t e .  O t h e r  c l a s t s  c o n t a i n  
hydro thermal  f e l d s p a r s  and z e o l i t e s .  Very few c l a s t s  
show h y d r a u l i c  f r a c t u r e  t e x t u r e s .  

Some of t h e  e r u p t i o n s  may have  had deep f o c a l  dep ths .  
There  i s  m i n e r a l o g i a l  e v i d e n c e  t h a t  a l k a l i  c h l o r i d e  
w a t e r s  d i s c h a r g e d  a t  t h e  s u r f a c e  a t  one t ime  b u t  
ceased  t o  do  s o  a s  t h e  w a t e r  t a b l e  lowered,  p o s s i b l y  
c a u s i n g  some of t h e  hydro thermal  e r u p t i o n s  as pres-  
s u r e s  i n  t h e  s h a l l o w  p a r t  of t h e  f i e l d  d e c l i n e d .  

The deduced l o c a t i o n s  of t h e  e r u p t i o n  v e n t s ,  a l i g n e d  
i n  a n o r t h e a s t  d i r e c t i o n ,  e x t e n d  o v e r  a d i s t a n c e  of 
1.7km, p a r a l l e l  t o  t h e  r e g i o n a l  and l o c a l  f a u l t  
t r e n d s .  

INTRODUCTION 

The Rotokawa Geothermal F i e l d ,  l o c a t e d  9.5km e a s t  of 
Wai rake i  ( F i g u r e  l), h a s  been  t h e  s i t e  of a t  l e a s t  
e i g h t  hydro thermal  e r u p t i o n s  t h a t  produced e x t e n s i v e  
b r e c c i a  d e p o s i t s .  A l l  p o s t- d a t e  t h e  Wai rake i  B r e c c i a  
Fm. (20,000 y e a r s  o l d )  and t h e  l a t e s t  major  e r u p t i o n  
o c c u r r e d  a b o u t  3700 y e a r s  ago. The d i s t r i b u t i o n  of 
t h e s e  b r e c c i a  d e p o s i t s  h a s  been mapped and t h e  
p r o d u c t s  examined p e t r o g r a p h i c a l l y ;  t h e  purposes  of 
t h i s  work were t o  deduce t h e  c h a r a c t e r  and f requency  
of t h e  hydro thermal  e r u p t i o n s  and t o  l e a r n  abou t  t h e  
p a s t  and p r e s e n t  s h a l l o w  s u b s u r f a c e  hydrology of t h e  
Rotokawa f i e l d .  

G e o l o g i c a l  S e t t i n g  

Lake Rotokawa ( F i g u r e  1 )  i t s e l f  i s  t h e  main the rmal  
m a n i f e s t a t i o n  i n  t h e  Rotokawa a r e a .  It c o v e r s  a n  
a r e a  of abou t  0.6 kn2,  has  a pH of n e a r  2.5 and was 
t h e  s i t e  of a l a r g e  hydro thermal  e r u p t i o n  6060 f60 
y e a r s  of ago ( F i g u r e  2 ) .  The l a k e  o c c u r s  i n  a small.?, 
g raben ,  i n  t h e  s o u t h e r n  p o r t i o n  of t h e  f i e l d  ( F i g u r e  
l ) ,  d e f i n e d  by NE s t r i k i n g  normal f a u l t s  t h a t  c u t  t h e  
20,000 y e a r  o l d  Wai rake i  B r e c c i a  ( F i g u r e  2 )  - t h e  
o l d e s t  f o r m a t i o n  exposed i n  t h e  main the rmal  a r e a .  
Hydrothermal  e r u p t i o n  b r e c c i a s  and i n t e r b e d d e d  C14 
d a t e d  t e p h r a s  o v e r l i e  t h i s  f o r m a t i o n  which a r e  them- 
s e l v e s  covered by t h e  ca.1800 y e a r  o l d  Taupo Pumice; 
i n  p l a c e s  t h i s  i s  up t o  50m t h i c k  a s  a r e s u l t  of 
ponding i n  hydrothermal  e r u p t i o n  c r a t e r s  t h e n  
p r e s e n t .  The main f e a t u r e  n o r t h  of t h e  Waikato R i v e r  
i s  E f t .  Oruahinaewae, a Qua te rnary  r h y o l i t e  dome. 

The s u b s u r f a c e  s t r a t i g r a p h y  of t h e  Rotokawa f i e l d  h a s  
b e e n .  e x p l o r e d  by s h a l l o w  and deep ( t o  2780m) 
d r i l l i n g .  I n t e r b e d d e d  s i l i c i c  p y r o c l a s t i c  rocks ,  
l a c u s t r i n e  sed iments  and r h y o l i t e  l a v a  o v e r l y  t h i c k  
( >  1100m) a n d e s i t e  l a v a  f lows  r e s t i n g  unconfornab ly  
upon t h e  Mesozoic greywacke and a r g i l l i t e  basement 
rocks  of t h e  r e g i o n  (Gr ind ley  e t  a l . ,  1985).  

SURFACE ALTERATION AND PRESENT ACTIVITY 

The s u r f a c e  and n e a r  s u r f a c e  a l t e r a t i o n  c o n s i s t s  o f  
k a o l i n i t e ,  s i l i c a  r e s i d u e ,  abundant  s u l p h u r  ( J u r y ,  
1984) and a l u n i t e  t o g e t h e r  w i t h  l e s s e r  amounts of 
g o e t h i t e ,  j a r o s i t e ,  h e m a t i t e ,  c i n n a b a r  and amorphous 
m e t a l i f e r o u s  p r e c i p i t a t e s .  T h e r e  a r e  e x t e n s i v e  a r e a s  
of s t eaming  ground,  numerous fumaro les  and many 
c o l l a p s e  c r a t e r s  i n  t h e  main the rmal  a r e a ,  c l o s e  t o  
hydro thermal  e r u p t i o n  v e n t s  ( F i g u r e  1). Pa tches  of 
main ly  a c i d  a l t e r a t i o n  a l s o  e x i s t  n o r t h  of t h e  Waik- 
a t o  R i v e r ;  i n  p l a c e s  t h e s e  formed more t h a n  1800 
y e a r s  ago ,  s i n c e  t h e y  a r e  l o c a l l y  o v e r l a i n  by 
u n a l t e r e d  Taupo Pumice. 

S p r i n g s  a l o n g  b o t h  banks of t h e  Waikato R i v e r  d i s-  
c h a r g e  d i l u t e  b i c a r b o n a t e- c h l o r i d e  w a t e r  and a c i d  
s u l p h a t e- c h l o r i d e  s p r i n g s  occur  i n ,  and n e a r  t o ,  t h e  
main the rmal  area t o  t h e  s o u t h .  No a l k a l i  c h l o r i d e  
s p r i n g s  now d i s c h a r g e  w i t h i n  t h e  f i e l d ,  bu t  t h e  occur-  
r e n c e  of s i l i c i f i e d  Wai rake i  B r e c c i a  a l o n g  t h e  s o u t h  
bank of t h e  Waikato R i v e r ,  a s  w e l l  a s  l o c a l l y  w i t h i n  
t h e  main the rmal  a r e a  is  ev idence  t h a t  deep the rmal  
w a t e r s  d i s c h a r g e d  a t  t h e  s u r f a c e  l e s s  t h a n  1800 y e a r s  
ago. I n  a d d i t i o n ,  s i n t e r  ' f l o a t '  o c c u r s  i n  t h e  
n o r t h e a s t  p o r t i o n  of t h e  main the rmal  a r e a  ( C o l l a r ,  
1985).  

HYDROTHERMAL ERUPTION BRECCIAS 

D i s t r i b u t i o n  and Vent L o c a t i o n s  

F i e l d  mapping s u g g e s t s  t h e  s t r a t i g r a p h y  summarised i n  
F i g u r e  2. 

I n d i v i d u a l  e r u p t i o n  b r e c c i a  d e p o s i t s  up t o  l l m  t h i c k  
o c c u r  i n  and around t h e  Rotokawa l a k e  b a s i n ;  
cumula t ive  s e c t i o n s  l o c a l l y  exceed 40m i n  t h i c k n e s s .  
However, i t  i s  o f t e n  d i f f i c u l t  t o  d i f f e r e n t i a t e  
between b r e c c i a  d e p o s i t s ,  p a r t i c u l a r l y  o l d e r  ones,  
because  t h e  s e p a r a t i n g  t e p h r a s  a r e  l o c a l l y  obscured 
o r  some e r u p t i o n s  were so  c l o s e l y  spaced i n  time t h a t  
p a l e o s o l s  d i d  no t  deve lop .  

D e l i n e a t i o n  of u n i t s  g and h ( F i g u r e  2 )  i s  on ly  
p o s s i b l e  a t  a few p l a c e s ;  e l sewhere  they  a r e  und i f -  
f e r e n t i a t e d .  L imi ted  exposures  of b r e c c i a  occur  
n o r t h e a s t  of Lake Rotokawa i n  t h e  c l i f f s  a long  t h e  
banks of P a r a r i k i  Stream. These b r e c c i a s  t h i c k e n  
towards t h e  l a k e  s u g g e s t i n g  t h a t  t h e i r  v e n t s  were 
l o c a t e d  t h e r e .  However, t h e  p resence  of "proximal  
b r e c c i a"  i n  t h e  c l i f f s  h e r e ,  w i t h  numerous c l a s t s  of 
Wai rake i  B r e c c i a ,  1-2m i n  d i a m e t e r ,  combined w i t h  
s m a l l e r  c l a s t s  i n  t h e  d e p o s i t s  a d j a c e n t  t o  t h e  l a k e  
i n d i c a t e s  t h a t  t h e i r v e n t s  were l o c a t e d  n o r t h e a s t  of 
t h e  p r e s e n t  l a k e  b u t  a r e  now f i l l e d  by Taupo Pumice. 
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F i g u r e  1: Summary map of t h e  Rotokawa Geothermal F i e l d  showing t h e  main 
the rmal  a r e a  ( w i t h i n  s t i p p l e d  r e g i o n ) ,  f a u l t s  ( t i c k  on downthrown s i d e ,  
dash /do t  where i n f e r r e d / c o n c e a l e d ) ,  geothermal  w e l l s  (open  s q u a r e s ) ,  
hydro thermal  e r u p t i o n  v e n t s  ( s o l i d  t r i a n g l e s  - l e t t e r s  r e f e r  t o  F i g u r e  2 ) ,  
t h e  e x t e n t  of e r u p t i o n  b r e c c i a  d e p o s i t s  (dashed where u n c e r t a i n )  and major  
geograph ic  f e a t u r e s .  Waikato R i v e r  runs  from l e f t  t o  r i g h t .  R e s i s t i v i t y  
boundary from Risk  (1985). 

U n i t  f ( 
u n i t s  d 
benea th  

F i g u r e  2 )  i s  i n  p l a c e s  i n d i s t i n g u i s h a b l e  f r o n  . 

and e ;  i t  i s  p o s s i b l e  * t h a t  i t s  v e n t  was 
t h e  l a k e ,  as t h e  l i m i t e d  amount of i s o p a c h  

d a t a  i n d i c a t e s ,  b u t  c las t  s i z e  comparison s u g g e s t s  
t h a t  i t s  ven t  was l o c a t e d  n e a r  t h a t  of g / h  ( F i g u r e  
l), i . e .  n o r t h  e a s t  of t h e  p r e s e n t  l a k e .  

Geothermal  d r i l l h o l e s  RK 2 and 3 encounte red  about  a n  
80m t h i c k  sequence  of i n t e r b e d d e d  e r u p t i o n  b r e c c i a s  
and l a k e  sed iments  s u p p o r t i n g  t h e  view t h a t  hydro:.,, 
t h e r m a l  e r u p t i o n  v e n t ( s )  were l o c a t e d  nearby.  More- 
o v e r ,  t h e s e  two d r i l l h o l e s  d i d  no t  e n c o u n t e r  Wairakei  
B r e c c i a  Fm, which was probab ly  removed from t h e s e  
r e g i o n s  by hydro thermal  e r u p t i o n s .  

Brecc ia  u n i t s  d and e ,  r e c o g n i s a b l e  a t  o n l y  a few 
l o c a l i t i e s ,  p r o v i d e  i n a d e q u a t e  i s o p a c h  i n f o r m a t i o n  so 
t h e i r  v e n t ( s )  l o c a t i o n  i s  u n c e r t a i n .  However, 
d e p o s i t s  exposed i n  t h e  c l i f f s  a l o n g  P a r a r i k i  Stream 
a r e  f i n e r  g r a i n e d  t h a n  t h e  o l d e r  d e p o s i t s ,  p o s s i b l y  
i n d i c a t i n g  a more d i s t a n t  v e n t  s o u r c e ,  pe rhaps  
l o c a t e d  w i t h i n  Lake Rotokawa i t s e l f .  

Ui.it  c i s  a widespread d e p o s i t ;  ev idence  a s  f o l l o w s  
s u g g e s t s  t h a t  i t s  v e n t  was s i t e d  w i t h i n  a n c e s t r a l  
Lake Rot okawa . 
(1) The p r e s e n c e  of p y r i t i f e r o u s  l a k e  sediments  

o c c u r r i n g  a s  c l a s t s  w i t h i n  t h e  e r u p t i o n  b r e c c i a ;  

( 2 )  t r e e  t r u n k s  w i t h i n  a l o b e  of t h e  e r u p t i o n  
d e p o s i t  t h a t  a r e  a l i g n e d  i n  a d i r e c t i o n  p o i n t i n g  
towards t h e  l a k e ,  and 

( 3 )  up t o  33m of e r u p t i o n  b r e c c i a  d e p o s i t  i n  and 
around t h e  l a k e ,  thought  t o  c o r r e l a t e  wi th  t h i s  - 
u n i t ,  which c o n t a i n  r a r e  3m d iamete r  c l a s t s .  

F u r t h e r ,  some s h a l l o w  h o l e s  d r i l l e d  w i t h i n  t h e  l a k e  
a p p a r e n t l y  d i d  n o t  e n c o u n t e r  Wai rake i  B r e c c i a ,  
presumably because i t  was e j e c t e d  d u r i n g  t h e  
hydro thermal  e r u p t i o n s .  



Yapping s u g g e s t s  t h a t  b r e c c i a  u n i t  5 e r u p t e d  from .i 
ven t  l o c a t e d  i n  a s h a l l o w  d e p r e s s i o n  n o r t h e a s t  of t h e  
l a k e ,  bu t  t h e  l a t e s t  e r u p t i o n  ( u n i t  a )  produced 
p r o d u c t s  r e c o g n i s a b l e  i n  o n l y  a few exposures .  Othe r  
s h a l l o w  f o c u s  e r u p t i o n s  may have  occur red  a f t e r  
d e p o s i t i o n  of t h e  Taupo Pumice, b u t  t h e s e  must have 
been much smaller s i n c e  no e v i d e n c e  of t h e i r  occur-  
rence  was seen .  

R e l a t i o n s h i p  of e r u p t i o n  v e n t s  

The l o c a t i o n s  of t h e  deduced v e n t s  forms a zoce  
a l i g n e d  i n  a n o r t h e a s t  d i r e c t i o n ,  c o i h c i d e n t  w i t h  t h e  
s t r i k e  of  f a u l t s  i n  t h e  f i e l d  and t o  t h e  shape  of t h e  
s h a l l o w  Subsur face  t h e z a l  sncnalios (Banwell ,  1965).  
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F i q u r e  2 :  Schematic  s t r a t i g r a p h i c  column of rocks 
exposed a t  t h e  s u r f a c e  of t h e  Rotokawa Geothermal 
F i e l d .  1 - Dates  f o r  i n t e r b e d d e d  C14 d a t e d  t e p h r a s  
w i t h  r e s p e c t  t o  r e f e r e n c e  d a t e ;  2 - see r e f e r e n c e  a: 
a - Vuce t i ch  and P u l l a r ,  1973 ;  b - F r o g g a t t ,  1981a; 
c - C o l l a r ,  1985; d - F r o g g a t t ,  1981b; e - Vuceticti  
and P u l l a r ,  1969. 

PETROGR.4PHY OF EJECTED CLiSTS 

Rock t y p e s  e j e c t e d  

A l l  t h e  d e p o s i t s  a t  Rotokawa a r e  poor ly  s o r t e d ,  
m a t r i x  s u p p o r t e d ,  p o l y l i t h o l o g i c  and c o n s i s t  of 
a n g u l a r  t o  subangu la r  c l a s  ts of hydro the rmal ly  
a l t e r e d ,  t o  n e a r l y  f r e s h ,  m a t e r i n l  d e r i v e d  from t h e  
Subsur face .  

3::amination O K  s e v e r a l  hundred c l a s t s  from d i f f e r e n t  
b r e c c i a  u n i t s  ( F i g u r e  2 )  shows t h a t  s i l i c i c  pyro- 
c l a s t i c  r o c k s ,  many of u n c e r t a i n  a f f i n i t y  and  epi-  
c l a s t i c / v o l c a n o c l a s t i c  sed imen t s ,  a r e  most abundant ;  
r h y o l i t e  c l a s t s  a r e  minor. The p r o p o r t i o n  of c l a s t s  
d e r i v e d  from s u b s u r f a c e  fo rmat ions  (as  r e v e a l e d  3; 
d r i l l i n g )  d e c r e a s e s  i n  t h e  o l d e r  d e p o s i t s .  Among r.32 
i d e n t i f i a b l e  f o r m a t i o n s ,  Wairakei  B r e c c i a  a n d  i!rtKa 
Falls Formation c las t s  predominate;  t h e  r e l a t i v e  
abundance of c l a s t s  d e r i v e d  from t h e  Waiora Formaticn 
i s  d i f f i c u l t  t o  e s t i m a t e  because i t  i s  v e r y  s i m i l z r  
i n  appearance  t o  t h e  Wairakei  B r e c c i a  Formation.  

The p resence  of r h y o l i t e  c las t s  i n  all t h e  b r e c c i a  
d e p o s i t s  i s  i m p o r t a n t ,  s i n c e  r h y o l i t e  f lows have s o  
f a r  been o n l y  encoun te red  by d r i l l h o l e s  below appro:<- 
i m a t e l y  450m dep th .  However, r h y o l i t e  c l a s t s  found 
o n l y  i n  b r e c c i a  u n i t  b c o r r e l a t e  w i t h  a s p e c i f i c  
d r i l l  c o r e  (RK1; 850m). X g r e e n  c o l o u r e d ,  v i t r o -  
p h y r i c  r h y o l i t e  common i n  u n i t  c p robab ly  a l s o  
c o r r e l a t e s  w i t h  t h e  deep  r h y o l i t e .  These observa-  
t i o n s  may mean t h a t  t h e  f o c a l  d e p t h s  of some of the  
Rotokawa hydro the rmal  e r u p t i o n s  were v e r y  deep 
( p o s s i b l y  450m o r  more) o r ,  more l i k e l y ,  t h a t  
r h y o l i t e  l a v a s  o c c u r  much c l o s e r  t o  ground s u r f a c e  
t h a n  has  so  f a r  been i n d i c a t e d  by d r i l l i n g .  

No j u v e n i l e  v o l c a n i c  c las t s  were s e e n ,  no r  were any 
s i l i c a  s i n t e r  c las t s  recogn i sed .  The absence  of t he  
l a t t e r  p robab ly  r e f l e c t s  extreme f r a g m e n t a t i o n  and 
d i s p e r s a l  of any  such  m a t e r i a l  f o m e r l y  p r e s e n t .  

Hydrothermal  a l t e r a t i o n  rnineralocy of b r e c c i a  c l a s t s  

S i n c e  t h e  e r u p t i o n  b r e c c i a s  d e r i v e  f rom t h e  
s u b s u r f a c e  of a n  a c t i v e  geo the rmal  ' f i e l d  i t  i s  no t  
s u r p r i s i n g  t h a t  many of  c las t s  were hydro the rmal ly  
a l t e r e d  p r i o r  t o  t h e i r  e r u p t i o n .  

T a b l e  1 summarises t h e  o c c u r r e n c e  and r e l a t i v e  
abundance of hydro the rmal  m i n e r a l s  s e e n  i n  t h e  c lasts  
and matrices of t h e  b r e c c i a s .  Some pr imary minera l s  
s u r v i v e  , e s p e c i a l l y  q u a r t z  and p l a g i o c l a s e ,  bu t  t h e  
observed hydro the rmal  m i n e r a l s  comprise  t h r e e  groups : 

( a )  t h e  s u l p h a t e s  and k a o l i n i t e ,  
( b )  t h e  s i l i c a t e s  and ca lc i t e ,  
( c )  t h e  i r o n  and t i t a n i u m  o x i d e s  and s u l p h i d e s .  

Group ( a ) ,  commonly r e p r e s e n t e d  by a l u n i t e  f kao- 
l i n i t e  f o p a l ,  i n d i c a t e s  r e a c t i o n s  have t a k e n  p l a c e  
between t h e  h o s t  rocks  and h o t  a c i d  s u l p h a t e  f l u i d s .  
A l u n i t e ,  i n  p a r t i c u l a r ,  forms from f l u i d s  w i t h  a pH 
of less  t h a n  3.5, i . e .  w i t h i n  t h e  pH v a l u e  of t h e  
p r e s e n t  l a k e  water (2 .5 ) .  Acid s u l p h a t e  t h e m a l  
f l u i d s  c a n  form from steam condensa te  made a c i d  by 
o x i d a t i o n  of 112.5 ascend ing  from d e e p e r  a l k a l i  chlo-  
r i d e  water of n e a r  n e u t r a l  pH. The p r e s e n c e  of t h i s  
group of m i n e r a l s  i n  t h e  e j e c t e d  c las t s  i n d i c a t e s  
t h a t  they  d e r i v e  from s h a l l o w  dep ths  w i t h i n  t h e  
Rotokawa sys tem s i n c e  d r i l l c o r e s  and c u t t i n g s  from 
below 50m t o  l O O m  i n  some w e l l s  c o n t a i n  hydro the rmal  
m i n e r a l s  formed from r e a c t i o n  w i t h  f l u i d s  of n e a r  
n e u t r a l  pH. 

Hgdro the rna l  m i n e r a l s  of group ( b )  t h e r e f o r e  d e r i v e  
f iom below t h e  s u r f i c i a l  a c i d  s u l p h a t e  zone. Indeed,  
tke occur rence  of s i l i c a  s i n t e r  a t  t h e  s u r f a c e ,  
a i b e i t  a s  ' f l o a t '  , s u g g e s t s  t h a t  t h i s  water 
d i s c h a r g e d  from s u r f a c e  s p r i n g s .  We s u g g e s t  t h a t  
p r i o r  t o  t h e  f i r s t  hydro the rmal  e r u p t i o n s  a t  Roto- 
kiwa,  t h e  a l k a l i  c h l o r i d e  w a t e r  l e v e l  was a t  t h e  
s i . r f a c e  b u t  i t  g r a d u a l l y  lowered by 50  t o  l O O m  by t h e  
t ' m e  of t h e  l a t e r  e r u p t i o n s .  Hydrothermal  m i n e r a l s  
p:-oduced from t h i s  water,  and p r e s e n t  i n  t h e  
rc s e r v o i r  r o c k s ,  would be q u i c k l y  a t t a c k e d  and e i t h e r -  
rtmoved, o r  r e p l a c e d ,  by  che more c o r r o s i v e  a c i d  
f l u i d s .  The % r o u p  ( c )  miner.il.s ( p y r i t e ,  h e m a t i t e ,  
l cucoxene)  have no u s e f u l  s i g n i f i c a n c e  i n  deducixg 
t h e  compos i t ion  oE t h e i r  forxia t ion f l u i d s  s i n c e  t h e y  
a r e  known t o  form from bo th  a c i d  and n e a r  n e u t r a l  pH 
f l u i d s .  
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TABLE 1: Summar:r of hydrothermal  a l t e r a t i o n  of c l a s t s  i n  d i f f e r e n t  hydrothermal  e r u p t i o n  b r e c c i a  d e p o s i t s .  

MATR I X 3  TNFERX E1 
TEMPS * 

( 'C )  

FRAQENTS 

P b p  
wb hu wa hal' -- 
x x x x x x  

Kxx 

DEPOSIT' 

*quartz 
2'. *opal 

*albite 
adularia 
*mordenite 
*clinoptilolite 
*heulandite 

*calcite 
pyrite 
leucoxene 
sphene 
hematite 

*alunite 
*jarosite 
*sulfur 

*kaolinite 
*smec ti te 
illite 

-C P Pb*-b 

J 
I 

' o w  

.oo 

Pb*&l 
d e f g h  

pb1-b 
wb hu wa ha, 

X m c x x x x  
xx X 

X 

X 

x x x x  X 

Pb2&p-h 
wb hu hall 

x xxx 

xxx X 

X 

Weathered 'Juvenile" 

90- 130' 

< 1606 

4 1405 

140- 180' 

X 

XX xx 

X 

xxxx xxxx 
x x  

X 

X 

m x  xx xx 

x x  
xx xx 

X xx 
X X 

xxx x x 
XX 

X x x x x  

x ' X  

X 

X x x x  

X 

x x x  
O M X  4 J J  

J J  
x .  

X 

x x x  

X 

xx xx xx 
x x x  

0 0  0 0 0  QO 

000 0 0  00 Mo 000 

0 

XIM x .  KK xx 

X . x  
. '  4 xxxx-common xxx-minor xx-trace x-rare 000-major .*oo-moderate .o-minor (clays) 

'Deposit a omitted due to limited exposure; d-h combined due to eimilar fragment lithologies. 
21ncludes various forms of opal 
3Analyzed by x-ray diffractometer. 
4Abundances relative to other minerals 

'Browne, 1984a. 
'This study. 
'Brown=, 1984b. 

Symbols under  "Formation" heading r e f e r  t o  s u b s u r f a c e  u n i t s  recognized a s  clasts: 
wb.= Wairakei  I i r ecc i a  Pa., hu = Uuka P a l l s  Fn., wa = Vaiora  Fn ; ha = h p z r z n g i  R h y o l i t e .  
p b l ,  pb2, pb3 r e f e r  t o  member d i v i s i o n s  ( C o l l a r ,  1985). 

E s t i m a t e s  of hydrothermal  m i n e r a l  f o r n a t i o n  temper- 
a t u r e  (Tab le  1 )  are based upon t h e  c l a y  compos i t i on  
and c r y s t a l l i n i t y  c h a r a c t e r i s t i c s  a s  r e v e a l e d  by 
d r i l l i n g ,  and on f l u i d  i n c l u s i o n  homogenisa t ion  
s t u d i e s .  The l a t t e r  i n d i c a t e  t h a t  b o i l i n g  has  t a k e n  
p l a c e  a t  s h a l l o w  d e p t h s  benea th  t h e  s i t e s  of sub- 
sequen t  e r u p t i o n  v e n t s .  The absence  of c a l c - s i l i c a t e  
m i n e r a l s  such  as w a i r a k i t e  and e p i d o t e  i n d i c a t e s  t h a t  
t empera tu re s  a t  t h e  f o c a l  d e p t h s  of t h e  hydrothermal  
e r u p t i o n s  d i d  n o t  exceed 220°C. 

Tauhara i n  1981 and t h e  Craters of t h e  Moon i n  1983 
( S c o t t  and Cody, 1982; A l l i s ,  1984).  As t h e  subse-  
quen t  e r u p t i o n  v e n t s  were t h e n  low r e s i s t a n c e  f low 
p a t h s  f o r  a scend ing ,  o r  l a t e r a l l y  m i g r a t i n g ,  f l u i d s ,  
b o i l i n g  w i l l  occu r  more r e a d i l y  h e r e  t h a n  a t  t h e  same 
l e v e l  e l s ewhere  i n  t h e  Rotokawa system. A l t e r n a t i v e l y ,  
because  of t h e  lower  p r e s s u r e s ,  t h e  b o i l i n g  s u r f a c e  
w i l l  be deepe r  and l a t e r  e r u p t i o n s  w i l l  have a deepe r  
focus  . 
I n  some geothermal  sys tems,  f o r  example Waiotapu 
(Hedenquis t h Henley , 1985 ) and Mokai, hydrothermal  
e r u p t i o n  v e n t s  are s i t u a t e d  above t h e  main upflow 
zone f o r  t h e  f i e l d s .  T h i s  s u g g e s t s  t h a t  t h e  hydro- 
thermal  e r u p t i o n  v e n t s  and t h e i r  p roduc t s  i n  geo- 
the rma l  p r o s p e c t s  shou ld  b e  c a r e f u l l y  mapped and 
da t ed  i n  o r d e r  t o  o b t a i n  i n f o r m a t i o n  about  t h e  sub- 
s u r f a c e  hydrology and l i t h o l o g y  of t h e  f i e l d  p r i o r  t o  
e x p l o r a t o r y  d r i l l i n g .  

T e x t u r e s  of clasts  

Some c l a s t s  p r e s e n t  i n  b r e c c i a  u n i t  c ,  and r a r e  
b r e c c i a t e d  clasts  from u n i t s  b and c, a r e  cemented 
w i t h  q u a r t z ;  many b r e c c i a t e d  clasts  of Wairakei  
Brecc i a  from u n i t  c a r e  cemented w i t h  a l u n i t e .  
Cementa t ion  obv ious ly  occu r r ed  p r i o r  t o  t h e i r  
e j e c t i o n .  F r a c t u r i n g  of t h e  s u b s u r f a c e  rocks  h e r e  
may be due t o  n a t u r a l  h y d r a u l i c  f r a c t u r i n g  above,  or 
c l o s e  t o ,  t h e  w a t e r  t a b l e ,  p o s s i b l y  a t  t h e  t ime of a 
prev ious  e r u p t i o n .  Subsequen t ly ,  t h e  f r a c t u r e d  rocks  
r e a c t e d  w i t h  c i r c u l a t i n g  f l u i d s  u n t i l  t hey  were  them- 
s e l v e s  e j e c t e d  d u r i n g  a subsequen t  e r u p t i o n .  

AGE OF LAKE ROTOKAWA 

The chronology and p roduc t s  of some hydrothermal  
e r u p t i o n s  s u g g e s t  t h a t  Lake Rotokawa formed some time 
a f t e r  t h e  i n i t i a l  hydrothermal  e r u p t i o n s  t h e r e ,  per-  
haps  9000 t o  9700 y e a r s  ago. However, t h e  l a k e  was 
modif ied  by a l a r g e  hydrothermal  e r u p t i o n  da t ed  a t  
6060 f60 y e a r s  ago ( F i g u r e  2 ) .  Some c l a s t s  from t h i s  
e r u p t i o n  c o n t a i n  s u l p h u r ,  demons t r a t i ng  t h a t  a . 

s u l p h u r  d e p o s i t  was p r e s e n t  below t h e  l a k e  a t  t h i s  
t ime . 

POSSIBLE HYDROTHEWLN, ERUPTION HECHANISHS 

No unambiguous e r u p t i o n  mechanism has  been r evea l ed  
by t h i s  s t u d y .  Examinat ion of c l a s t s  i n d i c a t e s  t h a t  
t h e r e  was no widespread m i n e r a l  d e p o s i t i o n  t h a t  would 
have formed a sha l low ' cap  rock '  l e a d i n g  t o  over-  
p r e s s u r i n g  and hydrothermal  e r u p t i o n s .  

Perhaps  t h e  i n i t i a l  hydrothermal  e r u p t i o n s  a t  Roto- 
kawa were caused by a lower ing  of t h e  a l k a l i  c h l o r i d e  
w a t e r  t a b l e  r educ ing  p r e s s u r e  and c a u s i n g  sudden 
b o i l i n g ;  t h e s e  e a r l y  e r u p t i o n s  were t h e n  s l i g h t l y  
s i m i l a r  t o ,  b u t  much l a r g e r  t h a n ,  t h e  e r u p t i o n s  a t  
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