
Proc.  7 t h  NZ Geothermal Workshop 1985 

NAIKE HOT SPRINGS: A HOT SPRING SYSTEM 

(NORTH ISLXND , NEW ZEALAND ) 

S. SISWOJO, A.S. KASONTA, M.P. HOCHSTEIN 

Geothermal I n s t i t u t e  
U n i v e r s i t y  of Auckland 

ABSTRACT 

Thermal w a t e r  (ab .  29 e / , )  i s  d i s c h a r g e d  n e a r  a grey-  
wacke basement- Tert iary sed iment  c o n t a c t  o v e r  a 
d i s t a n c e  of 0.5 km by a few h o t  s p r i n g s  (Tmax = 67°C) 
and by seepage  a l o n g  t h e  Te Maire S t ream n e a r  Naike 
( 7 0  km S of Auckland, NZ). The s p r i n g s  d i s c h a r g e  a 
d i l u t e  a l k a l i n e ,  NaC1-type w a t e r  which shows a f f i n i t y  
t o  t h e  c h e m i s t r y  of o t h e r  the rmal  s p r i n g s  i n  t h e  
g r e a t e r  a r e a  o c c u r r i n g  i n  a similar g e o l o g i c a l  s e t t i n g .  
The h o t  s p r i n g s  a t  Naike are  f e d  by t w o  NE- str iking 
f r a c t u r e  zones which a r e  connec ted  by s u b s i d i a r y  
f r a c t u r e s  and j o i n t s .  No s i g n i f i c a n t  , concea led  
o u t f l o w  h a s  been observed,  and t h e  s h a l l o w  r e s e r v o i r  
of t h e  sys tem appears  t o  be r e s t r i c t e d  t o  t h e  
f r a c t u r e  zones.  

Minimum e q u i l i b r i u m  t e m p e r a t u r e s  of abou t  100°C a r e  
i n d i c a t e d  f o r  t h e  d e e p e r  f e e d e r  system. It is 
p o s t u l a t e d  t h a t  a n  anomalous te r res t r ia l  h e a t  f low 
s u p p l i e s  a l l  t h e  h e a t  d i s c h a r g e d  by t h e  system and 
t h a t  a c o l l e c t i o n  network e x i s t s  a t  d e p t h s  g r e a t e r  
t h a n  3 km c o v e r i n g  a n  a r e a  of t h e  o r d e r  of a few 
hundred km2. 

I n t r o d u c t i o n  

Two km NW of Naike V i l l a g e  (NZMS 260 Shee t  R13), 
t h e r m a l  w a t e r  d i s c h a r g e s  from two l a r g e  s p r i n g s  and 
numerous s m a l l e r  seepages f o r  abou t  500m a l o n g  t h e  Te 
Maire Stream. Older  chemical  a n a l y s e s  of t h e  the rmal  
w a t e r s  a r e  c i t e d  i n  P e t t y  (1972);  a s h o r t  d e s c r i p t i o n  
of t h e  s p r i n g s  i s  a l s o  g i v e n  by Waterhouse (1978).  
The t o t a l  f l o w r a t e  of t h e  s p r i n g s  was e s t i m a t e d  t o  be 
10 e / s ,  and t h e i r  maximum t e m p e r a t u r e s  were g i v e n  a s  
r a n g i n g  from 65 t o  93°C ( P e t t y  1972) .  

The g e o l o g i c a l  map of Waterhouse (1978)  shows t h e  
s p r i n g s  t o  occur  c l o s e  t o  ou tc ropp ing  E a r l y  J u r a s s i c  
basement rocks .  Other  h o t  s p r i n g s  w i t h i n  30 km of 
Naike a l s o  occur  n e a r  basement c o n t a c t s ,  namely t h e  
h o t  s p r i n g s  a t  Lake Waikare (Hochs te in  1978) ,  o r  i n  
t h e  basement rocks  themse lves ,  i . e .  t h e  Waikorea and 
Waingaro h o t  s p r i n g s  ( P e t t y  1972) ,  s o u t h  of Naike. 
From t h e  a v a i l a b l e  geochemical  d a t a  i t  i s  i n f e r r e d  
t h a t  a l l  t h e s e  s p r i n g s  d i s c h a r g e  d i l u t e  a l k a l i n e  
NaC1-type the rmal  w a t e r s .  I t  h a s  been p o s t u l a t e d  
t h a t  h o t  w a t e r  d i s c h a r g e d  by t h e s e  s p r i n g s  ascends  
a l o n g  deep ly  p e n e t r a t i n g  basement f r a c t u r e s  and t h a t  
some of t h e  s p r i n g s  d e r i v e  t h e i r  h e a t  from magmatic 
s o u r c e s  ( P e t t y  1972).  Hochs te in  (1978)  s u g g e s t e d  
t h a t  t h e  h e a t  s o u r c e  f o r  t h e s e ,  and numerous o t h e r  
the rmal  s p r i n g s  i n  t h e  Hauraki  Depress ion ,  Nor th land ,  
and t h e  Coromandel P e n i n s u l a ,  i s  t h e  anomalous t e r r e s -  
t r i a l  h e a t f  l u x  caused by h o t  Upper Mantle  rocks  which 
u n d e r l i e  most of t h e  a r e a .  

The Te Maire h o t  s p r i n g s ,  a l s o  r e f e r r e d  t o  h e r e  as 
Naike hot  s p r i n g s ,  have been s t u d e d  by s t u d e n t s  and 
s t a f f  of t h e  Geotherna l  I n s t i t u t e  d u r i n g  s h o r t  f i e l d  
t r i p s  between 1983 and 1985; more d e t a i l e d  s t u d i e s  
i n  t h e  form of f i e l d  p r o j e c t s  were under taken  by 
S u l a s d i  (1983,  geochemis t ry ) ,  Simandjuntak (1983,  
g e o p h y s i c s ) ,  S i swojo  (1984,  geo logy) ,  and Kasonta 
(1984,  geophys ics ) .  The aim of t h e s e  s t u d i e s  was t o  
e s t a b l i s h  a r e p r e s e n t a t i v e  l i t h o s t r a t i g r a p h i c  s e c t i o n ,  
and t o  d e l i n e a t e  t h e  e x t e n t  of f r a c t u r e  zones and 
t h e i r  r e l a t i o n  t o  any s h a l l o w  r e s e r v o i r  p r e s e n t .  

- . v. 

I n  a d d i t i o n ,  t h e  compos i t ion  of a l l  d i s c h a r g e s  was 
de te rmined  t o  a s s e s s  t h e i r  homogeneity. The t o t a l  
d i s c h a r g e  r a t e  of a l l  known the rmal  w a t e r s  and the 
n a t u r a l  h e a t  l o s s  r a t e  was a l s o  e s t i m a t e d .  A summary 
of t h e s e  s t u d i e s  i s  g i v e n  i n  t h i s  paper .  

Not a l l  t h e  f i e l d  work cou ld  be checked by s t a f f  of 
t h e  I n s t i t u t e ,  and on ly  t h e  most s a l i e n t  f e a t u r e s  of 
t h e  f i e l d  p r o j e c t s  have been summarized. 

Geology 

Mesozoic and T e r t i a r y  sed imenta ry  rocks o u t c r o p  i n  
t h e  a r e a  s u r r o u n d i n g  t h e  Te Maire h o t  s p r i n g s  
(Waterhouse 1978).  A low l y i n g  a r e a  forms t h e  f l o o d  
p l a i n  of t h e  Te Maire S t ream w i t h  a n  e l e v a t i o n  
between 1 6  and 20m above s e a  l e v e l ;  i t  i s  covered by 
a t h i n  l a y e r  of a l l u v i a l  swamp d e p o s i t s .  The f lood  
p l a i n  i s  sur rounded  by h i l l y  t e r r a i n  r e a c h i n g  eleva-  
t i o n s  of a b o u t  l O O m  b o t h  i n  t h e  S and NW p a r t  of t h e  
a r e a  shown i n  F ig .  1. I n  g e n e r a l ,  t h e  S p a r t  of the  
h i l l  c o u n t r y  i s  formed by h a r d ,  sed imenta ry  rocks of 
E a r l y  J u r a s s i c  a g e ,  t h e  n o r t h e r n  p a r t  by T e r t i a r y  
sed iments .  

A g e o l o g i c a l  map of t h e  a r e a  based on f i e l d  work by 
S i swojo  (1984)  i s  shown i n  F i g .  1; t h i s  c o v e r s  an  
a r e a  of 6.5 km2. The s t r a t i g r a p h i c  terms of Water- 
house (1978) were used  i n  e s t a b l i s h i n g  t h e  s t r a t i -  
g r a p h i c  column i n  Tab le  1. The i n f o r n a t i o n  (Table 1 )  
i s  based on t h e  s t u d y  of 24 o u t c r o p s .  The o l d e s t  
sed imenta ry  rocks  exposed a r e  of E a r l y  J u r a s s i c  age 
(New C a s t l e  Group of Waterhouse)  t h a t  a r e  r e f e r r e d  t o  
a s  basement rocks .  Rare  f o s s i l s ,  i n c l u d i n g  Pseudau- 
c e l l a  m a r s h a l l i ,  occur  i n  o u t c r o p s  300m S of Spr ing  
1. These rocks  a r e  unconformably o v e r l a i n  by 
T e r t i a r y  rocks  of t h e  Te K u i t i  Group c o n s i s t i n g  of 
c l a y s t o n e s ,  l i m e s t o n e s  and s a n d s t o n e s  ( s e e  T a b l e  1). 
R e s i s t i v i t y  soundings  by Simandjuntak (1983) showed 
t h a t  t h e  lower  members of t h e  Te K u i t i  Group and t h e  
basement rocks  e x h i b i t  s i g n i f i c a n t l y  d i f f e r e n t  
r e s i s t i v i t i e s ;  t h i s  i n f o r m a t i o n  was used  t o  c l a r i f y  
s t r a t i g r a p h i c  r e l a t i o n s  i n  a r e a s  w i t h  no ou tc rops  o r  
ambiguous appearance  of weathered rocks.  The maximum 
t h i c k n e s s  of t h e  T e r t i a r y  rocks  (Tab le  1 )  was 
o b t a i n e d  from r e s i s t i v i t y  soundings  and i n t e r p r e t a-  
t i o n  of r e s i d u a l  Bouguer anomalies  (Kasonta 1984).  

G e o l o g i c a l  map 

On t h e  whole,  t h e  g e o l o g i c a l  s t r u c t u r e  of t h e  a r e a  
shown i n  F i g .  1 i s  similar t o  t h a t  a s  mapped by 
Waterhouse (1978);  however, s e v e r a l  changes can be 
n o t i c e d  i f  t h e  map ( F i g .  1) i s  compared w i t h  t h e  
s m a l l e r  s c a l e  map of Waterhouse,  namely: 

Waikato Coal  Measures ( k h )  a r e  c l e a r l y  exposed and 
occur  a t  t h e  s u r f a c e  t o  t h e  SE of h o t  s p r i n g s  No. 1 ;  
t h e s e  sed iments  a r e  not  shown i n  t h e  Waterhouse map. 

The l o c a t i o n  of t h e  basement ( n p )  c o n t a c t  i n  t h e  
s o u t h e r n  a r e a  of F ig .  1 d i f f e r s  from t h a t  shown by 
Waterhouse where t h e  basement was shown t o  occupy a 
l a r g e  a r e a  i n  t h e  SE e x t e n d i n g  northwards t o  the  
Waimai F a u l t .  
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SISWOJO e t  a l .  

Minor d i f f e r e n c e s  were noted w i t h  r e s p e c t  t o  t h e  
a c t u a l  e x t e n t  of t h e  Elgood Limestone ( k g e )  i n  t h e  W 
p a r t  of F ig .  1; Whaingaroa S i l t s t o n e  could  no t  be 
found . 
S t r u c t u r a l  Geology 

The J u r a s s i c  basement rocks  a r e  f o l d e d ,  j o i n t e d ,  and 
f a u l t e d  whereas t h e  T e r t i a r y  rocks  l i e  sub- hor i zon ta l  
on top  of t h e  eroded basement; t h e  l a t t e r  e x h i b i t  
on ly  minor j o i n t i n g .  Fo ld ing  of t h e  basement rocks  
i s  i n d i c a t e d  by d i p s  between 60" and 80" of bedding 
p l a n e s  which s t r i k e  g e n e r a l l y  NW; t h e s e  rocks  a r e  
f r a c t u r e d  and e x t e n s i v e l y  j o i n t e d .  A s t e r e o - h i s t o -  
gram p l o t  of measured j o i n t s  ( n  = 146)  shows a 
dominance of j o i n t s  i n  t h e  d i r e c t i o n  of 046" which i s  
similar t o  t h a t  of l i neamen t s  v i s i b l e  on a i r  photos  
of t h e  g r e a t e r  a r e a  su r round ing  (Fig .  1). 

Two f a u l t s  were  mapped i n  t h e  a r e a  covered by F ig .  1 
by Waterhouse (1978) ,  namely t h e  Waikare tu  and t h e  
Waimai F a u l t s .  Although t h e s e  f a u l t s  c a n  be recog- 
n ized  on a i r  pho tos ,  o t h e r  pronounced l i neamen t s  can  
a l s o  be s e e n ;  t h e s e  are shown i n  F ig .  1 ( F a u l t  I t o  
F a u l t  VI) .  F a u l t  I i s  a s s o c i a t e d  w i t h  some v e r t i c a l  
d i sp l acemen t  of t h e  l e s s  dense  T e r t i a r y  sediments  a s  
i n d i c a t e d  by g r a v i t y  d a t a ;  t h e  f a u l t  appea r s  i t s e l f  
t o  be d i s p l a c e d  by F a u l t  I1 and might e x t e n d  through 
t h e  westernmost  ho t  s p r i n g s  (No. 1). G r a v i t y  d a t a  
i n d i c a t e  t h a t  t h e  concealed  basement s t r u c t u r e  NW of 
s p r i n g  No. 1 i s  complex; t h e  s t r u c t u r e  of t h i s  a r e a  
p robab ly  r e q u i r e s  more work. 

F a u l t s  I1 and 111 a r e  p a r a l l e l  t o  t h e  Waikare tu  F a u l t  
and Maire F a u l t  ( o u t s i d e  F ig .  1) as mapped by Water- 
house. F a u l t  I11 i s  p robab ly  t h e  major  f e e d e r  
f r a c t u r e  a l o n g  which the rma l  w a t e r  a scends  t o  t h e  
s u r f a c e  a l t h o u g h  t empera tu re  measurements i n  one 
sha l low h o l e  i n d i c a t e  t h a t  some the rma l  w a t e r  a l s o  
a scends  i n  t h e  W segment of F a u l t  11. Both f a u l t s  
a p p e a r  t o  be  s t r i k e - s l i p  f e a t u r e s  ( s i n i s t r a l )  showing 
some f l e x u r e  i n  t h e  N p a r t  whereas  F a u l t  I1 i s  marked 
by a n  a l i gnmen t  of s i n k h o l e s  i n  t h e  T e r t i a r y  sediments .  
The l i neamen t s  shown a s  F a u l t s  I V  and V t r e n d  NNW and 
a r e  on ly  v i s i b l e  on a i r  photos ;  t h e s e  l i neamen t s  are 
p robab ly  a l s o  s t r i k e - s l i p  f a u l t s  a s s o c i a t e d  w i t h  
v e r t i c a l  d i sp l acemen t s  t o o  s m a l l  t o  be recognized i n  
t h e  g r a v i t y  anomaly. 

I n i t i a l l y  i t  was thought  t h a t  bo th  groups  of h o t  
s p r i n g s ,  i .e .  No. 1 and Nos. 2 and 3, were l o c a t e d  
ove r  a s i n g l e ,  NE t r e n d i n g  f r a c t u r e  zone ( S u l a s d i  
1983) ,  b u t  i n f o r m a t i o n  shown i n  F ig .  1 i n d i c a t e s  t h a t  
on ly  s p r i n g s  Nos. 2 and 3 l i e  ove r  F a u l t  111, whose 
s u r f a c e  t r a c e  l i e s  120m s o u t h  e a s t  from s p r i n g  group 
No. 1. The f i n d i n g  t h a t  e l e v a t e d  t empera tu re s  (24" )  
occu r  a t  a sha l low dep th  (6.0m) i n  d r i l l h o l e  N 1  t o  
t h e  SW of s p r i n g  No. 1 and t h a t  a s m a l l  minor ou t f low 
of t he rma l  w a t e r  occu r r ed  i n  h o l e  N2 n e a r  F a u l t  I1 
can be exp la ined  by assuming t h a t  warm wa te r  i s  
moving a l o n g  t h e s e  two NE t r e n d i n g  f a u l t s  ( F a u l t s  I1 
and 111)  and t h a t  s p r i n g  No. 1 i s  f e d  e i t h e r  by a NW 
s t r i k i n g  cross f a u l t  connec t ing  t h e  two o r  by a y e t  
unknown NE t r e n d i n g  f r a c t u r e  o r  NE t r e n d i n g  j o i n t s  
between t h e  two f a u l t s .  The p e r m e a b i l i t y  of t h i s  
network must be h i g h  s i n c e  a l l  ma jo r  s p r i n g s  d i s-  
cha rge  a t  t h e  same l e v e l  (17.5m) a s  determined by 
t acheomet r i c  su rveys .  Both major  s p r i n g s  (No. 1 and 
No. 2 )  d i s c h a r g e  i n  an  a r t e s i a n  mode; s p r i n g  No. 1 
s t a n d s  abou t  0.2m and s p r i n g  No. 2 about  1.0m above 
t h e  u s u a l  f l ow l e v e l  of t h e  Te Maire Stream. 

Geophysica l  s t r u c t u r e  

R e s i s t i v i t y  soundings:  -.7. 

The r e s i s t i v i t y  s t r u c t u r e  of t h e  a r e a  around t h e  
s p r i n g s  was i n v e s t i g a t e d  by Simand j u n t a k  (1983)  u s i n g  
r e s i s t i v i t y  soundings  (Schlumberger  a r r a y  up t o  AB12 
= 315m). The l o c a t i o n  of t h e  sounding s t a t i o n s  is  
shown i n  F ig .  2. The aim of t h e  su rvey  was t o  d e t e c t  
t h e  l a t e r a l  e x t e n t  of m i n e r a l i z e d  the rma l  f l u i d s  bo th  
w i t h i n  t h e  T e r t i a r y  s ed imen t s  and w i t h i n  t h e  basement.  

However, i t  was found t h a t  t h e  lower sequence  of t h e  
Te K u i t i  Group (Waikato Coal Measures)  e x h i b i t s  
r e s i s t i v i t i e s  a s  low as 5 ohm-my even away from t h e  
ho t  s p r i n g s ,  and t h i s  p reven ted  any d e t e c t i o n  of h o t  
mine ra l i zed  f l u i d s  a t  sha l low dep ths  w i t h i n  t h e  
T e r t i a r y  sequence. 

The soundings ,  however, showed t h a t  t h e  top and 
bottom of t h e  Waikato Coal Measures can  be c l e a r l y  
i d e n t i f i e d  i n  t h e  r e s i s t i v i t y  s e c t i o n s ,  and one of 
t h e  soundings ,  S6 i n  F ig .  2 ,  was made ove r  out-  
cropping c l a y s t o n e s  of t h i s  member (kh )  i n  an  a r e a  
where i t  was thought  t h a t  basement occu r r ed  nea r  t h e  
s u r f a c e .  Sounding S6, shown i n  F ig .  3 ,  l e d  t o  t h e  
d i s c o v e r y  of Waikato Coal Measures i n  t h e  SE p a r t  o f  
t h e  a r e a ,  and t h i s  w a s  confirmed by f i e l d  mapping. 

R e s i s t i v i t y  t r a v e r s e s :  

To o b t a i n  a b e t t e r  unde r s t and ing  of t h e  e x t e n t  of t h e  
low r e s i s t i v i t y  rocks  of t h e  Te K u i t i  Group, a r e s i s t -  
i v i t y  t r a v e r s e  (AB/2 = 100m) was conducted i n  1984. 
The r e s u l t s  of t h i s  s u r v e y  a r e  shown i n  F i g .  3 ,  t aken  
from Kasonta (1984) ;  t h e  southernmost  t r a v e r s e  l i n e  
might c o n t a i n  a n  e r r o r  ( abou t  100m) i n  t h e  NS 
d i r e c t i o n .  It c a n  be s e e n  t h a t  t h e  appa ren t  
r e s i s t i v i t y  ove r  t h e  T e r t i a r y  s ed imen t s  dec reases  
towards t h e  NE; r e s i s t i v i t y  soundings  showed t h a t  
t h i s  d e c r e a s e  i s  caused mainly  by t h e  i n c r e a s e  i n  t h e  
t h i c k n e s s  of t h e  conduc t ive  c l a y s t o n e s  (kh ) ;  see 
a l s o  g e o l o g i c a l  s e c t i o n  i n  t h e  lower  p a r t  of F ig .  1. 
There  i s  no ev idence  f o r  any s i g n i f i c a n t  s t r u c t u r a l  
c o n t r o l  of t h e  r e s i s t i v i t y  p a t t e r n  shown i n  Fig .  3 
a p a r t  from t h a t  of t h e  basement- Ter t iary  c o n t a c t .  

G r a v i t y  su rvey :  

Because of e q u i v a l e n c e ,  t h e  e x a c t  t h i c k n e s s  of t h e  
low r e s i s t i v i t y  c l a y s t o n e  sequence  (kh )  c o u l d  not be 
determined f o r  a l l  r e s i s t i v i t y  soundings;  t h e  l a r g e  
r e s i s t i v i t y  c o n t r a s t  between t h e s e  s ed imen t s  and t h e  
basement a l s o  p reven ted  d e l i n e a t i o n  of any v e r t i c a l  
d i sp l acemen t s  of T e r t i a r y  sediments  nea r  t h e  basement 
c o n t a c t .  To o b t a i n  an  independent  e s t i m a t e  of t h e  
t o t a l  t h i c k n e s s  of t h e  T e r t i a r y  s ed imen t s  and t o  
check whether  t h e  basement c o n t a c t  i s  f a u l t  con t ro l-  
l e d ,  a g r a v i t y  su rvey  was made (Rasonta  1984) ;  a l l  
s t a t i o n  h e i g h t s  were determined by tacheometry .  The 
r e s i d u a l  Bouguer anomal ies  of t h i s  su rvey  are shown 
i n  Fig .  4 ;  t h e s e  were computed us ing  a s t a n d a r d  
d e n s i t y  of 2.67 x l o 3  kg/m3 f o r  a l l  t e r r a i n  and by 
s u b t r a c t i n g  t h e  e f f e c t  of t h e  r e g i o n a l  f i e l d  which, 
i n  t u r n ,  was o b t a i n e d  from DSIR g r a v i t y  d a t a  of 
s t a t i o n s  l o c a t e d  on basement rocks  i n  t h e  g r e a t e r  
a r e a .  The r e s u l t i n g  r e s i d u a l  anomal ies  a r e  a lmost  
z e r o  ove r  t h e  exposed basement ( s e e  Fig .  4 ) .  

Fig .  4 :  R e s i d u a l  Bouguer anomaly of Naike Hot Sp r ings .  - 

The approximate  d e n s i t y  of t h e  T e r t i a r y  sequence was 
determined by u s i n g  t h e  N e t t l e t o n  procedure  ove r  
pronounced t e r r a i n  f e a t u r e s  and i n c o r p o r a t i n g  base-  
ment dep ths  a t  sounding s t a t i o n s  where t h e  e f f e c t  of 
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TABLE 1: S t r a t i g r a v h i c  column of sedimentary  rocks  i n  t h e  
Te Maire ho t  s p r i n g  a r e a  (Naike)  

Epoch Outcrops  Maximum 
t h i  cknes s 

(m) 

Average 
r e s i s t i v i t y  

(ohm-m) 

L i t h o l o g i c  d e s c r i p t i o n  

Holocene (Al luvium) 6 30-50 Swamp d e p o s i t s  

Ol igocene (Te K u i t i  Gp) 
Glen Massey 
sands tone  

0%) 

(Te K u i t i  Gp) 
Elgood Lime- 
s t o n e  

(kge 1 

10 

3 

90 

40 

15-20 

10-20 

S i l t s t o n e :  
whi te- grey,  b r i t t l e ,  c l ayey ,  
c a l c . ,  t u f f a c e o u s ,  f o s s i l- b e a r i n g  

Sands tone:  
g rey ,  med.-hard, f i n e  g r a i n e d ,  
calc., f orams 

Limestone: 
yellow- grey, ha rd ,  sandy 

Upper Eocene (Te K u i t i  Gp) 
Waikato Coal 3 120 
Measures 

(kh 1 

' 3-8 
Claystone:  
dark- grey, s o f t ,  non- calc. ,  sandy,  
carbon. ,  mo l lu scs ,  l imes tone  l e n s e s  

Clays  t one : 
dark- grey, s o f t ,  non- calc. ,  
carbonaceous  

E a r l y  
J u r a s s i c  

(Ururoan)  

(New Castle Gp) 
Pongawhaka t i k i  
S i l t s t o n e  

(np )  

8 1200 60-90 
S i l t s t o n e :  
s t e e l  b l u e ,  v e r y  ha rd ,  w e l l  bedded, 
f r a c t u r e s  f i l l e d  by c a l c i t e ,  f o s s i l -  
b e a r i n g  (pseudauce l l a  m a r s h a l l i  ) 

Greywacke: 
s t e e l  b l u e ,  ve ry  ha rd ,  mass ive  
s p h e r o i d a l  weather ing.  

e q u i v a l e n c e  i s  s m a l l .  The d e n s i t y  of d r y  T e r t i a r y  
rocks  was found t o  be 1 .7  x l o 3  kg/m3, t h a t  of 
s a t u r a t e d  rocks  abou t  2.16 x l o 3  kg/m3; t h e s e  v a l u e s  
a r e  s imilar  t o  ave rage  d e n s i t i e s  of Te K u i t i  Group 
rocks  a s  encoun te red  i n  w e l l s  i n  t h e  nearby Hunt ly  
Area ( F i t z g e r a l d  1985). Depths t o  basement were t h e n  
computed f o r  t h e  d a t a  shown i n  Fig .  4 ;  t h e  c ros s-  
s e c t i o n  shown i n  t h e  lower  h a l f  of F ig .  1 i s  based on 
t h i s  i n t e r p r e t a t i o n .  It can  be s e e n  from t h i s  
s e c t i o n  t h a t  t h e  T e r t i a r y  s ed imen t s  a t t a i n  a t h i ck-  
ness  of about  200m i n  t h e  NE p a r t  of F ig .  1. 

The h o r i z o n t a l  g r a d i e n t  of t h e s e  anomal ies  i s  r a t h e r  
s m a l l  ove r  t h e  basement c o n t a c t  l y i n g  t o  t h e  E of 
s p r i n g  No. 1, t h u s  i n d i c a t i n g  t h a t  downfaul t ing  of 
T e r t i a r y  s ed imen t s  i s  s m a l l ;  t h i s  i n f e r e n c e  was 
conf i rmed by computing t h e  t h e o r e t i c a l  e f f e c t  of 2-D 
models.  Some v e r t i c a l  d i sp l acemen t  of s ed imen t s ,  
however,  i s  i n d i c a t e d  n e a r  t h e  basement c o n t a c t  l y i n g  
t o  t h e  W of s p r i n g  No. 1 ( i . e .  F a u l t  I ) ,  a l t h o u g h  t h e  
c o n t r o l  of g r a v i t y  anomaly con tou r s  i s  poor  i n  t h i s  
a r e a .  The g r a v i t y  anomaly p a t t e r n  t o  t h e  NW of 
s p r i n g  No. 1 i s  i r r e g u l a r  and i s  probably  caused by 
a n  i r r e g u l a r  basement s u b s u r f a c e .  

Shal low t empera tu re  and SP s u r v e y s  

S i n c e  t h e  e x t e n t  of conduc t ive  rocks  s a t u r a t e d  w i t h  
t he rma l  f l u i d s  could  not  be o u t l i n e d  by r e s i s t i v i t y  
s u r v e y s ,  a ground t empera tu re  su rvey  was made t o  f i n d  
whe the r  some the rma l  w a t e r  occu r s  a t  sha l low dep ths  
o u t s i d e  t h e  i n f e r r e d  f e e d e r  f r a c t u r e s .  A s e t  of n i n e  
a u g e r  h o l e s  (2.5 t o  4.lm deep)  was d r i l l e d  i n  1983 
n e a r  t h e  r e s i s t i v i t y  sounding s t a t i o n s .  The observed 

bottom t empera tu re s  were a l l  between 14.0 and 15.0"C 
(mean annua l  t empera tu re  abou t  14.5"C) excep t  f o r  
h o l e  S2 (18.2"C a t  2 .51~)  and h o l e  S9 (16.0"C a t  
2.6m). To check t h e s e  t empera tu re s ,  two a d d i t i o n a l  
h o l e s  N 1  and N2 were d r i l l e d  i n  1984 nea r  s i t e  S2 and 
S9 r e s p e c t i v e l y ;  i n  a d d i t i o n ,  t h e  t empera tu re s  i n  a n  
e x i s t i n g  non-producing farm w e l l  (N3 i n  Fig .  1) were 
measured. The bottom t empera tu re s  of t h e s e  w e l l s  a r e  
l i s t e d  i n  Tab le  2. 

As can be s e e n  from Table  2 ,  h i g h e r  temperatures  
e x i s t  n e a r  s i t e  S2 and i n  h o l e  N 1  which l i e s  about  
1OOm t o  t h e  SW of h o t  s p r i n g  No. 1, whereas normal 
t empera tu re s  ( i . e .  15°C) occu r  a t  t h e  bottom of ho le  
N2. However, s l i g h t l y  e l e v a t e d  t empera tu re s  of about  
17°C were found a t  sha l low dep ths  i n  N2 t hus  
con f i rming  t h e  e a r l i e r  measurements i n  nearby auge r  
h o l e  S9. S i n c e  h o l e  N2 l i e s  about  250m u p s t r e a n  from 
h o t  s p r i n g  No. 1, i t  i s  u n l i k e l y  t h a t  t h i s  
t empera tu re  anomaly is  caused by a sha l low outf low 
from h o t  s p r i n g  No. 1. On t h e  o t h e r  hand, F a u l t  I1 
l i e s  n e a r  h o l e  N2 and i t  i s  p o s s i b l e  t h a t  minor flow 
of thermal  w a t e r  o r t g i n a t e s  f rcm t h i s  f r a c t u r e .  

To o b t a i n  some independent  evidence  f o r  f l u i d  
movement i n  basement f r a c t u r e s  away from t h e  h o t -  
s p r i n g s ,  a su rvey  of t h e  n a t u r a l  s e l f  p o t e n t i a l  was 
made by Kasonta (1984) a t  most of t h e  r e s i s t i v i t y  
t r a v e r s e  s t a t i o n s  shown i n  F i g .  2. The phenomenon of 
n e g a t i v e  s e l f  p o t e n t i a l s  (SP) i n  t h e  v i c i n i t y  of 
thermal  s p r i n g s  has  been r epo r t ed  f o r  ho t  s p r i n g s  
ove r  some hig!i t empera tu re  ho t  wa te r  sys tems (Corwin 
1975 ). 
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TABLE 2: Ground t emuera tu re s  i n  s e l e c t e d  sha l low 
h o l e s  (Naike hot  s u r i n g s )  

Hole No. Depth Temperature  Date  
(m) ( "C)  

s 2  2.5 18.2 Sep t .  1983 
N 1  2.5 ) 22.5 A p r i l  1985 
N 1  6.0 ) 24.2 
s9 2.6 16.0 S e p t .  1983 
N2 2.6 ) 16.8 A p r i l  1985 
N2 9.0 ) 15.1 
N3 8.0 15.0 Sep t .  1983 

I n  t h e  Naike p r o s p e c t ,  r e p r o d u c i b l e  n e g a t i v e  poten-  
t i a l s  ( abou t  -1OmV) were observed n e a r  ho le  N2, n e a r  
F a u l t  I11 t o  t h e  SW of h o t  s p r i n g  No. 1 and n e a r  h o t  
s p r i n g  No. 2 .  U n f o r t u n a t e l y ,  t h e  s p a c i n g  between 
a d j a c e n t  SP s t a t i o n s  w a s  t o o  l a r g e  (100m) t o  d e f i n e  
t h e  e x a c t  c e n t r e  of t h e s e  anomal i e s .  

Chemistry of ho t  s p r i n g s  and n a t u r a l  h e a t  l o s s  

As mentioned i n  t h e  i n t r o d u c t i o n ,  t h e  chemis t ry  of 
t h e  t he rma l  waters d i s c h a r g e d  i n  t h e  Te Maire h o t  
s p r i n g s  shows some a f f i n i t y  t o  t h a t  of o t h e r  thermal  
s p r i n g s  which can  be  found n e a r  greywacke basement 
c o n t a c t s  between South  Auckland and Raglan. Analyses  
of t h e s e  s p r i n g s  a r e  l i s t e d  i n  Tab le  3.1. It can  be 
s e e n  t h a t  t h e s e  w a t e r s  are a l k a l i n e  NaC1-waters w i t h  
a h i g h  c o n c e n t r a t i o n  of boron and r a t h e r  low concen- 
t r a t i o n s  of  ca l c ium and s u l p h a t e .  

Chemical s t u d i e s  : 

The chemis t ry  of a l l  major  h o t  s p r i n g s ,  i . e .  s p r i n g s  
Nos. 1, 2 and 3 i n  F ig .  1, was determined by S u l a s d i  
(1983)  who found t h a t  c o n s t i t u e n t s  do no t  v a r y  
s i g n i f i c a n t l y  between s p r i n g s ,  and t h a t  t h e  s p r i n g s  
a r e  f e d  by t h e  same body of h o t  w a t e r  ( s e e  Tab le  
3 .2) .  The re  i s  no ev idence  f o r  sha l low mixing w i t h  
groundwater  between s p r i n g  No. 1 and No. 2 ,  which 
i n d i c a t e s  t h a t  t h e  f e e d e r  zone i s  s e a l e d  a t  sha l low 
dep ths .  I f  t h e  S i 0 2  c o n c e n t r a t i o n  were c o n t r o l l e d  by 
conduc t ive  t empera tu re  l o s s e s ,  e q u i l i b r i u m  tempera- 
t u r e s  a t  g r e a t e r  dep ths  of about  120°C a r e  i n d i c a t e d ;  
i f  e q u i l i b r a t i o n  w i t h  chalcedony e x i s t s ,  e q u i l i b r i u m  
t empera tu re s  of 9 0 ° C  can  be i n f e r r e d .  The Na-K-Ca 
geothermometer p o i n t s  t o  deepe r  e q u i l i b r i u m  
t empera tu re s  of abou t  100°C a l though  t h i s  va lue  l i e s  
a t  t h e  lower  con f idence  r ange  of t h i s  geothermometer.  

Mass f low and h e a t  loss :  

To de t e rmine  t h e  t o t a l  f l o w r a t e  of thermal  w a t e r  
which e n t e r s  t h e  Te Maire St ream,  t h e  ups t ream and 
downstream c o n c e n t r a t i o n s  of boron and c h l o r i d e  were 
measured by S u l s s d i  (1983), i . e .  ups t ream of s p r i n g  
No. 1 and downstream of s p r i n g  No. 2. The f l o w r a t e  
of t h e  Te Maire Stream was measured by a f lowmeter  
n e a r  s p r i n g  No. 2 ( ave rage  f l o w r a t e  was 970 € /s  i n  
A p r i l  1985). The measurements were r epea t ed  i n  1985 
( s e e  Tab le  3.3) when t h e  sodium and c h l o r i d e  concen- 
t r a t i o n s  were checked. It can  be s e e n  from Tab le  3 . 3  
t h a t  t he  t he rma l  wa te r  e n t e r i n g  t h e  s t r eam i n c r e a s e s  
t h e  c o n c e n t r a t i o n  of t h e s e  c o n s t i t u e n t s  s i g n i f i -  
c a n t l y .  S ince  t h e  chemis t ry  of a l l  major  s p r i n g s  
l i s t e d  i n  Tab le  3.2 i s  r a t h e r  c o n s t a n t ,  t h e  t o t a l  
mass flow r a t e  of t he rma l  w a t e r  can  be computed. I t  
was found t h a t  i n  A p r i l  1985 t h e  t o t a l  f l ow  r a t e  of 
thermal  w a t e r  e n t e r i n g  t h e  s t r e a m  was 29 -fr 3 e / s ,  
which is  s i g n i f i c a n t l y  g r e a t e r  t han  t h e  f l ow r a t e s  of 
s p r i n g s  N o .  1 and No. 2 which were measured u s i n g  a 
V-notch w e i r  and which a r e  3 .E/s and 4.5 f 0.5 u s  
r e s p e c t i v e l y .  These  r e s u l t s  i n d i c a t e  t h a t  most of 
t h e  t he rma l  w a t e r  e n t e r s  t h e  s t r eam by seepage and 
s p r i n g s  a t  t h e  bottom of t h e  s t ream.  Some d i s c h a r g e  
of t he rma l  wa te r  a t  t h e  bottom of t h e  s t r eam occu r s  
ups t ream from s p r i n g  No. 1. 

The temperature  of t h e  w a t e r  d i s cha rged  by seepage,  
however, n i g h t  be l e s s  t h a n  65°C; a seepage n e a r  s p r i n g  
No. 3 d i scha rged  wa te r  a t  a temperature  of  3 9 ° C .  
Assuming t h a t  a l l  t he rma l  w a t e r  d i s cha rged  i n t o  t h e  
s t r eam was o r i g i n a l l y  a t  65"C, t h e  t o t a l  h e a t  l o s s  
can  be computed from t h e  t o t a l  f low r a t e  w i t h  r e s p e c t  
t o  t h e  t empera tu re  of t h e  s t r eam;  i t  was found t h a t  
t h e  h e a t  l o s s  based on t h e  c h l o r i d e  f l u x  i s  about  6 . 1  
f 1.0 MW. A minimum h e a t  l o s s  of abou t  2 .8  MW i s  
i n d i c a t e d  by t h e  t empera tu re  r i s e  of t h e  s t ream;  
t h i s  f i g u r e  does  not  a l l o w  f o r  e v a p o r a t i v e  and o t h e r  
l o s s e s .  

D i scuss ion  of r e s u l t s  

The s tudy  of t h e  Naike ho t  s p r i n g s  p r e s e n t e d  i n  t h i s  
paper  i s  one of t h e  few s t u d i e s  made s o  f a r  of l o w  
t empera tu re  p r o s p e c t s  i n  t h e  Nor th  I s l a n d .  The s t u d y  
shows t h a t  a s i g n i f i c a n t  f l ow of t he rma l  wa te r  . 

ascends  i n  f r a c t u r e  zones  of t h e  J u r a s s i c  basement; 
t h e  , t he rma l  w a t e r  i s  d i scha rged  by a few h o t  s p r i n g s  
and numerous s eepages  ove r  a d i s t a n c e  of about  0.5 km 
i n  t h e  d i r e c t  v i c i n i t y  of t h e  basement- T e r t i a r y  
c o n t a c t .  The f e e d e r s  a r e  most l i k e l y  two NE s t r i k i n g  
f r a c t u r e  zones  ( F a u l t  I1 and F a u l t  111) which can  be  
recognized i n  a i r  pho tos  and which a r e  a s s o c i a t e d  
w i t h  some s t r i k e  s l i p  ( s i n i s t r a l )  movement i n  t h e  
p a s t ;  t h e s e  f e e d e r s  appea r  t o  be i n t e r c o n n e c t e d  by 
s u b s i d i a r y  f r a c t u r e s  and j o i n t s .  The homogeneous 
chemis t ry  of t he  w a t e r s  i n d i c a t e s  t h a t  no mixing wi th  
ground w a t e r  occu r s  a t  sha l low dep th  and t h a t  t h e  
f r a c t u r e  zones a r e  w e l l  s e a l e d ,  probably  by c a l c i t e  
d e p o s i t i o n .  

There  i s  no r e l i a b l e  i n f o r m a t i o n  which can  be used t o  
e s t i m a t e  t h e  w id th  of t h e  f r a c t u r e  zones  s a t u r a t e d  
w i t h  thermal  wa te r .  Temperature  measurements t a k e n  
i n  h o l e  S l y  abou t  3 0  t o  50m away from one of t h e  
i n f e r r e d  f r a c t u r e  zones  ( F a u l t  III), showed no 
anomalous bottom t empera tu re  and i t  i s ,  l i k e l y  t h a t  
t h e  width  of t h e  f r a c t u r e  zones i s  small. 

The absence  of a r e s e r v o i r  a t  sha l low dep ths  i s  a 
c h a r a c t e r i s t i c  f e a t u r e  of t h e  Naike ho t  s p r i n g  sys tem 
and i n  t h i s  a s p e c t  i t  d i f f e r s  from two o t h e r  low 
t empera tu re  sys tems i n  t h e  Auckland a r e a  which have 
a l r e a d y  been s t u d i e d  i n  d e t a i l ,  namely t h e  P a r a k a i  
and Waiwera system. Temperature p r o f i l e s  i n  bo re s  
and r e s i s t i v i t y  su rveys  have shown t h a t  a t  P a r a k a i  
and Waiwera, t he rma l  wa te r  sp reads  l a t e r a l l y  i n  t h i c k  
permeable T e r t i a r y  s ands tones  of t h e  Waitemata Group 
ove r  d i s t a n c e s  of a t  least  0.5 t o  1 km; t h i s  c r e a t e d  
a sha l low r e s e r v o i r  which i s  a t  l e a s t  150m t h i c k  a t  
P a r a k a i  (ARWB 1981)  and probably  t h i c k e r  t han  200m a t  
Waiwera (ARWB 1980). The chemis t ry  of t h e  thermal  
w a t e r s  i s  a l s o  d i f f e r e n t  because  of some mixing wi th  
d i l u t e d  mar ine  wa te r ;  bo th  sys tems l i e  a t  t h e  c o a s t .  
The n a t u r a l  o u t p u t  of t h e  P a r a k a i  and Waiwera sys tems 
( abou t  10 t o  15 1 1 s  e a c h )  i s  l e s s  t h a n  t h a t  of t h e  
Naike s p r i n g s .  

One can on ly  s p e c u l a t e  about  t h e  p o s s i b l e  h e a t  s o u r c e  
of t h e  Naike sys tem.  I t  can  be s a f e l y  assumed t h a t  a 
minimum t empera tu re  of about  100°C e x i s t s  n e a r  t h e  
bottom of t h e  f e e d e r  sys tem.  I t  can  be i n f e r r e d  t h a t  
t h e  t o t a l  h e a t  ( i . e .  about  6 W )  t r a n s f e r r e d  and 
d i scha rged  a t  t h e  s u r f a c e  a t  Naike i s  a minimum v a l u e  
s i n c e  some conduc t ive  l o s s e s  occur  i n  t h e  f e e d e r  
sys tem.  I t  can  a l s o  be assumed t h a t  t h e r e  i s  no  
magmatic i n p u t  a t  sou rce  dep th  s i n c e  volcanism i n  t h e  
a r e a  ceased a t  l e a s t  2 M i l l  y e a r s  ago. T h i s  l e a v e s  
t h e  n a t u r a l  t e r r e s t r i a l  hea t f l ow as l i k e l y  h e a t  
s o u r c e .  

An anomalous t e r r e s t r i a l  hea t f l ow of abou t  85 f 10 
mW/m2 ha s  been observed i n  most deep sedimentary  
b a s i n s  of t h e  Nor th land a r e a  (Pandey 1982)  and an.  
anomalous f l u x  has  a l s o  been p o s t u l a t e d  t o  e x p l a i n  
t h e  development of t h e  Hauraki R i f t  which has  been 
a c t i v e  a t  l e a s t  du r ing  t h e  l a s t  2 M i l l  y r s  (Hochste in  
1978). Using thermal  rock parameters  f o r  basement 
rocks  a s  c i t e d  i n  Pandey (1982) i t  can be i n f e r r e d  
t h a t  t h e  t he rma l  w a t e r s  a t  Naike can be heated  t o  
100°C a t  dep ths  of t h e  o r d e r  of 3 km; r e sou rce  
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T a b l e  3.1: Chemistry of the rmal  w a t e r s  a s s o c i a t e d  w i t h  greywacke c o n t a c t s  
between South  Auckland and Raglan 

( a l l  c o n s t i t u e n t s  i n  mg/kg) 

L o c a l i t y  T(OC) PH Na K L i  C a  Mg B c1 SO4 ~ C 0 3  S i02  

Naike 65 9.15 150 '2 .5  1 . 8  2.6 7.9 18.6 159 4.0 34 70 

Lake Waikare 7 1  8.3 260 2 1  n.d. 6 0.1 17  3 7 0  n.d 0 110  

Whi t fo rd  42 9.7 i o 8  1.5 0.3 3 n.d. 1 6  39 14 0 85 

Waikorea 54 n.d. ~ 1 5 0  n.d. n.d. n.d. n.d. n.d. =185 "9 "33 63 

Refe rences :  Naike S p r i n g s  (Waterhouse 1978);  

Lake Waikare S p r i n g s  (Hochs te in  1978);  

Whi t fo rd  w e l l  ( f rom unpubl i shed  ARA d a t a ) ;  

Waikorea S p r i n g s  ( P e t t y  1972). 

T a b l e  3.2: Chemistry of t h e  Te Maire h o t  sDr ings  (Na ike)  a s  determined by 
S u l a s d i  (1983) and s t u d e n t s  of t h e  1985 Geothermal  Diploma Course 

( a l l  c o n s t i t u e n t s  i n  mg/kg) 

L o c a l i t y  Date T(OC) pH Na . K L i  Ca Mg B C1 SO4 HCO3 S i02  

S p r i n g  1 Aug. 1983 

S p r i n g  2 Aug. 1983 

S p r i n g  3 Aug. 1983 

S p r i n g  2 Apr. 1985 

64 

60 

5 9  

65 

9.7 155 2 .1  0.2 

9.7 150 2.2 0.2 

9.7 145 2.1 0.5 

9 .1  143f1.5 2.0 n.d. 

5.2 0 .01  12.3 160 5.0 n.d. 

4.7 0.02 12.8 163 7.0 n.d. 

4.5 0 .01  12.4 153 8.0 n.d. 

n.d. n.d. n.d. 154*7 6.7 47 

48 ( ? )  

70  

72 

6 7zt4 

T a b l e  3.3: Chemistry of Te Maire Stream, upstream and downstream of t h e  h o t  s p r i n g s  
( a l l  c o n s t i t u e n t s  i n  mg/kg) 

~ ~~ ~~ ~ ~~~ ~~ ~~~ ~ 

L o c a l i t y  Da te  T(OC) pH Na K L i  Ca Mg B C 1  SO4 HCO3 S i 0 2  

Upstream Aug. 1983 14.5 

Downstream Aug. 1983 15.0 

Upstream Apr. 1985 13.3 

Downstream Apr. 1985 14.0 

n.d. XI) x - 10.0 9.2 

n.d. x x - 10.5 9.2 

n.d. 14.4fo.5 - - - - 
n.d. 17.6rto.5 - - - 

0.27 

0.36 
- 
- 

X x -  

X X - 
20.4*1.0 - 
24.3M.3 - - 

- 

x i n d i c a t e s  t h a t  r e s u l t s  w i t h  too  h i g h  a n  e r r o r  were ob ta ined .  



dep ths  would t h e r e f o r e  be g r e a t e r  than  3 km. S i n c e  
t h e r e  i s  no e v i d e n c e  t h a t  t h e  r e g i o n a l  h e a t f l u x  h a s  
been lowered t o  more than  65 mW/m2 i n  o t h e r  wells i n  
t h e  g r e a t e r  a r e a  (Hunt ly  a r e a ,  f o r  example, Pandey 
1982) ,  i t  c a n  be assumed t h a t  o n l y  a s m a l l  p o r t i o n  of 
t h e  h e a t  t r a n s p o r t e d  by t h e  t e r r e s t r i a l  h e a t  f l u x  i s  
t r a n s f e r r e d  t o  t h e  s u r f a c e  by deep,  s e c u l a r  movement 
of f l u i d s  i n  t h e  basement. I f  202 of t h i s  f l u x  ( i .e .  
1 7  mW/n2) were t r a n s f e r r e d  by deep f l u i d s ,  a 
c r o s s- s e c t i o n  of a t  l e a s t  700 km2 i s  i n d i c a t e d  f o r  
t h e  deep c o l l e c t i o n  sys tem which f e e d s  t h e  Naike h o t  
s p r i n g s ,  i .e.  a n  a r e a  w i t h i n  a r a d i u s  of abou t  15 kn 
around t h e s e  s p r i n g s .  These  f igures .  a p p e a r  t o  be 
r a t h e r  l a r g e  b u t  h o t  s p r i n g  systems i n  t h e  g r e a t e r  
a r e a ,  i n c l u d i n g  t h o s e  i n  t h e  Hauraki  Depress ion  which 
produce d i s c h a r g e s  of 25 HW, are indeed  s e p a r a t e d  by 
d i s t a n c e s  between 15 an,d 25 km. 

Such deep c o l l e c t i o n  s y s  tems e x t e n d i n g  t o  r e s o u r c e  
d e p t h s  g r e a t e r  t h a n  3 km cou ld  e x p l a i n  t h e  r a t h e r  
homogeneous c h e m i s t r y  of o t h e r  h o t  s p r i n g  systems 
which o c c u r  w i t h i n  30 km d i s t a n c e  of Naike,  i . e .  a t  
Lake Waikare, Waikorea and Waingaro. S u l a s d i  (1983) 
s u g g e s t e d  t h a t  t h e  waters a t  Naike might  c o n t a i n  some 
metamorphic w a t e r s  which c a n  be l i b e r a t e d  a t  tempera- 
t u r e s  above 120°C. 
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