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STABLE ISOTOPE AND GEOCHEHICAL RECONNAISSANCE 

OF THE MOKAI GEOTHERMAL SYSTEM, TAUPO VOLCANIC ZONE

R.Hulston*, R. , R. Glover' and .A.

I n s t i t u t e o f Nuclear Sciences , Lower Hutt
+ Chemistry Div i s ion , Wairakei, N.Z.

ABSTRACT

S t a b l e i s o t o p e and geochemical d a t a from
n a t u r a l  f e a t u r e s  a t Mokai a r e c o n s i s t e n t with a h o t
water upflow zone i n t h e c e n t r a l a r e a , and a
shal low la te ra l flow with d i l u t i o n towards t h e
north- east . Chemical water and gas  ana lyses  
i n d i c a t e minimum temperatures of and
respec t ive ly . The hydrogen-water i s o t o p e
temperatures are while t h e methane-carbon

d iox ide i s o t o p i c temperature of 
h i g h e r than corresponding va lues i n Wairakei o r
Broadlands) , sugges t s a high temperature source a t

cons ide rab le depth i n the c e n t r a l area . Oxygen-18
and deuterium ana lyses of thermal and ground-water
suppor t t h e proposed hydrologic model.

INTRODUCTION

The geology and hydrothermal a c t i v i t y o f t h e
Wokai geothermal system, 20 km nor th west of
Wairakei, have been descr ibed by Lloyd (1978).

1977) descr ibed a geophysical

survey, Dawson (unpubl) has completed a r e s i s t i v i t y
survey whi le  A l l i s (unpubl) and Stagpoole and

i n prep) have est imated n a t u r a l hea t flow.

F igure 1 shows t h e d i s t r i b u t i o n of hot s p r i n g s
and fumaroles a t Mokai. Cas-steam discharges a r e
focussed n o r t h west and north of Mokai v i l l a g e

a s s o c i a t e d wi th t y p i c a l steam-heated f e a t u r e s (mud
pools , a c i d spr ings , shallow explosion or
subsidence p i t s , e t c ) . W a r m d i l u t e
c h l o r i d e s p r i n g s occur only nor th o f Mokai i n t h e
i n c i s e d gorge of t h e Waipapa Stream a t Mulberry
Road and less mineral ised warm waters a r e

encountered i n a shal low d r i l l h o l e a t t h e Tirohanga
Maori Youth Camp A number of
seepages were known nor th west o f Mokai on t h e
sou th bank of t h e Waikato River p r i o r t o f lood ing
f o r hydro e l e c t r i c . s to rage .

GAS DATA

gas a n a l y s e s a r e shown i n Table 1 . The
gas composition of fumaroles a r e c o n t r o l l e d by -

i n i t i a l deep water  composition,
( i i ) temperature o f sepa ra t ion ,

amount o f steam formed a s a f r a c t i o n of

t ion.

the deep water,

whether steam is primary or secondary,
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The first formed steam onta ins t h e lowest
r a t i o and r a t i o . A s

more steam forms r a t i o s change. t h e steam
flows through t h e country ox ida t ion  p rocesses  

and condensation removes ammonia and
i n c r e a s e s gas concentrations.

Using these c r i t e r i a i t is deduced t h a t t h e
gas supplying (3 ) has t r a v e l l e d a long way from its
format ion po in t l i t t l e H
samples (1 ) and t h e . t o be
c l o s e r t o t h e deep water upflow zone than sample

t h e upflow zone is c l o s e t o si te B i n
f i g . 1 .

I n o r d e r t o es t ima te underground temperatures
i t is necessary t o know t h e gas  concen t ra t ions  i n
t h e deep water. To c a l c u l a t e t h e s e we need t o know
t h e gas concentra t ion i n t h e steam and t h e steam
f r a c t i o n iii. above). I n t a b l e 1 we assume
t h a t f i r s t l y t h e steam c o l l e c t e d  r e p r e s e n t s  
steam l o s t from the deep water and secondly t h a t i t
r e p r e s e n t s steam formed by a d i a b a t i c steam
s e p a r a t i o n t o atmospheric pressure .

TABLE 1 - GAS ANALYSIS
Fea tu re Mokai Pae ra ta

West Road Bathhouse

Locat ion 1 2 3
Date 12.77 12.77 12.77 

T o t a l Gas Composition mole

99.75
4.28 t r a c e

0.522 0.70 0.0006
4.22 1.87
1.63 1
0.059 0.144

Gas Concentra t ion Steam)

495 649
26.1

1.02

21.4

60
0.46

Locat ion

1 .West Mokai
Rd.

Wokai
Bathhouse

Sample
Date

1

670
0.004

234

82

Temperatures a r e then ca lcu la ted from t h e fol lowing
react ions:-

and
+ +

+

The temperatures c a l c u l a t e d from r e a c t i o n
a r e 211 t o us ing 2% steam format ion and 301
to us ing t o t a l steam formation. Thus a
temperature of over is postula ted.

The temperature from r e a c t i o n (2 ) is much
h igher and more v a r i a b l e (263 t o f o r 2%
steam. T h i s is due t o ammonia being very
s u s c e p t i b l e t o removal n e a r t h e s u r f a c e which
raises t h e ca lcu la ted temperatures.

has suggested a gas

geothermometer, based on a combination of t h e above
r e a c t i o n s , which opera tes on t h e  a n a l y s i s  of t h e
gas f r a c t i o n only gas i n steam concen t ra t ions
a r e no t needed). However t h i s formula is h e a v i l y
dependant on t h e ammonia component which as pointed

ou t above is very v a r i a b l e i n fumaroles and y i e l d s
temperatures  over  wi th t h e data i n Table 1 .

Thus t h e temperature o f is considered
reasonable f o r i n i t i a l steam s e p a r a t i o n from t h e
deep water below proposed d r i l l  s i t e  B. A s

suggested by g a s r a t i o s and temperatures , t h e west
Mokai fumaroles are located s l i g h t l y f u r t h e r from
t h e upflow por t ion  o f  t h e geothermal system, than
t h e Paera ta Road a c t i v i t y .

GAS ISOTOPES

The gas  i so tope  r e s u l t s (Table 2 ) show
remarkable s i m i l a r i t y i n t h e values of

and i n t h e values of CH and H between
t h e samples from a r e a 1 (West and
Road) thus  po in t ing  t o a common o r i g i n for t h e s e
gases. The i s o t o p i c temperature from
which is bel ieved t o represen t temperatures a t
considerable .  depth  (Hulston, 1977) is f o r
both t h e s e  a r e a s ,  whi le the 0) temperature

i n d i c a t e s temperatures a t d r i l l b l e depth is
ind ica ted a s f o r two samples. The
equ i l ib r ium r e a c t i o n mechanism between and
is st i l l under i n v e s t i g a t i o n and t h e  s i g n i f i c a n c e  

H e r a t u r e i s not c e r t a i n a t
t h i s time. and Hulston, 1980
and Lyon and Hulston, and

temperatures a r e s i m i l a r but r e s u l t s
i n Table 2 suggest t h a t H 0) r e p r e s e n t s

der ived from

which has a f a s t e r equi l ibr ium2 2time and usua l ly

temperatures c l o s e r t o t h e  s u r f a c e  2 than those

Sur face

TABLE 2 - MOKAI GAS ISOTOPE ANALYSES

99
780217 99 
780217 50

-5.7 -20.25 -170
-5.7 -434

Temperatures
AD AD

490
485
320

140
170
45



The r e s u l t s from area 3 (South Wokai Bathhouse
s p r i n g ) g i v e lower i s o t o p i c temperatures,
i n d i c a t i n g t h a t  t h i s  a r e a is considerably d i s t a n t
from t h e main deep upflow region or is from a
s e p a r a t e low temperature upflow.

These measurements thus suggest t h a t t h e Mokai

a r e a s u f f i c i e n t l y high temperatures a t depth t o
j u s t i f y t h e d r i l l i n g of exp lo ra t ion wells i n t h e
region. The i s o t o p i c r e s u l t s suggest t h a t t h e b e s t
a r e a f o r t h e s e wells would be i n t h e region between
t h e West Mokai fumarole ( 1 i n Figure and t h e
Paera ta Road mud volcano (2 i n Figure 1 ) .

WARM SPRING CHEMISTRY

Major element a n a l y t i c a l d a t a f o r t h e Mokai

s p r i n g s are shown i n Table 3. Warm s p r i n g s  n o r t h  
of Mokai on t h e Waipapa Stream discharge  nea r  
n e u t r a l d i l u t e c h l o r i d e waters a t Some 5

f u r t h e r n o r t h  t h e  Tirohanga camp well  encounters  
less minera l i sed water. A conc lus ive
c o r r e l a t i o n of these two waters is not poss ib le due
t o t h e s i g n i f i c a n t a n a l y t i c a l e r r o r involved f o r
boron a t low concen t ra t ions but r a t i o s o f t h e
two are s i m i l a r . southern Mokai s p r i n g

d i scha rges a d i l u t e su lpha te -
b ica rbona te water con ta in ing c h l o r i d e
t o g e t h e r wi th gas, and probably represen t s a d i l u t e
steam-heated water ( s e e gas a n a l y s i s 3).

Table g ives water-source temperature

e s t i m a t e s based on t h e now standard a l k a l i r a t i o
and s i l i c a techniques (Fournier ,

1977). S i l i c a geothermometry is o f t e n equivocal i n
a c i d vo lcan ic t e r r a i n , such as i n t h e Taupo
Volcanic Zone, where abundance of g las sy or poorly
r e c r y s t a l l i s e d s i l i c a i n the volcanic hos t
l e a d s t o s i l i c a concentra t ion c o n t r o l s i n n a t u r a l
d i s c h a r g e s be ing determined by s i l i c a
s o l u b i l i t y (Henley and Stewar t , or by t h e
s o l u b i l i t y of o t h e r s i l i c a phases such as

chalcedony.

0 3
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For t h e nor the rn Wokai Springe, amorphous
s i l i c a temperature estimates are less than s p r i n g
outflow temperatures.  Source temperature estimates
by t h e Na Ca K geothermometer of Fournier and
Truesde l l co r rec ted f o r d i s so lved magnesium

(Fournier and P o t t e r , 1979) a r e i n t h e range
1 A t these temperatures coo l ing f l u i d s

would no t i n t e r s e c t t h e amorphous s i l i c a s a t u r a t i o n
curve, so t h a t r e l i a n c e can be placed on t h e  q u a r t z  
temperatures as i n d i c a t i v e  o f  source temperatures.
These a r e somewhat h igher than t h e Na
Ca K temperatures and due t o d i l u t i o n and
r e e q u i l i b r a t i o n a t lower temperature provide
minimum estimates f o r t h e deep system.

WATER ISOTOPES

The v r e l a t i o n s h i p of t h e s e samples
is shown i n Figure 2. Three Mokai water samples
(and one Atiamuri sample) show s t r o n g evaporat
e f f e c t s with enrichments o f and 6 0
enrichments o f r e l a t i v e t o t h e majo r i ty o f
samples a t -6.9 I n t h e

group of samples t h e r e is some i n d i c a t i o n

s h i f t wi thout a corresponding deuterium s h i f t .
If a s suggested below t h e  c h l o r i d e  s p r i n g s  a r e a
mixture of l o c a l and deep water  o f ppm
then t h e 0.8 0 s h i f t for t he 510 ppm
chlo r ide s p r i n g sample would suggest t h a t the deep
water had a n oxygen-18 s h i f t of 1.3 t o 2.0
This has been ind ica ted by t h e "Mokai Deep Water?"
pos i t ion on t h e graph. For comparison t h e  i n f e r r e d  
"Deep Wairakei" and "Deep Broadlands" values of
Stewart have been shown i n Figure 2.

0

TABLE 3 Spring water

Ceo
Total Total T o t a l

K Cs C

11.7 2.1 39 9 1



Hulston et
The two steam (fumarole) samples

are depleted i n both oxygen-18 and

i n d i c a t i n g steam-water f r a c t i o n a t i o n e f f e c t s . One
method of es t ima t ing t h e temperature a t which t h i s
equ i l ib r ium occurred is t o assume t h a t t h e water
phase had an i s o t o p i c between t h a t o f
l o c a l groundwater and t h e in fe r red deep water.
Using -43 and -56

an i s o t o p i c equ i l ib r ium temperature o f
and 1977). A t t h i s

wi th t h e equ i l ib r ium water
phase has -6.7 Thus t h i s s i m p l i s t i c
approach suggests t h a t t h e i s o t o p i c composition of
t h e source water for t h e s e fumaroles is similar t o
t h a t of t h e N. Mokai medium c h l o r i d e warm s p r i n g s

These r e s u l t s are thus i n agreement
with t h e suggest ion below t h a t t h e Mokai
arise from t h e Central and West Mokai area due t o
h y d r o e t a t i c pressure from t h e s lope of t h e land.

The spr ings from t h e si te D region
l a b e l l e d heated springs' '  i n Figure

because o f  t h e i r  very low c h l o r i d e content . The
two lower temperature samples show no s h i f t from
the meteor ic water line but t h e r e is a smal l
p o s i t i v e s h i f t f o r t h e two spr ings .

84
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85

Hulston et

S i n c e a r e l a t i v e l y smal l proport ion of steam would
be requ i red t o produce t h i s temperature rise, t h e
i s o t o p i c composition of t h e steam is u n l i k e l y t o
have a l t e r e d t h e  i s o t o p i c  composition of  these  
sp r ings .

HYDROLOGY OF THE MOKAI SYSTEM

Healy and Hochstein have shown a
number o f geothermal systems, n a t u r a l discharge of
nea r- neu t ra l d i l u t e c h l o r i d e waters may occur
some cons ide rab le d i s t a n c e from t h e high
temperature upflow p o r t i o n of t h e parent system.
For E l T a t i o i n Chi l e and Okoy, Negros these
d i s t a n c e s a r e o f t h e orde r 15 km. The a c t u a l
d i s t r i b u t i o n o f s p r i n g s r e f l e c t s t h e l o c a l
hydro log ica l p a t t e r n .

The only c h l o r i d e water d i scha rges occur 8

nor th- eas t o f and a t an e leva t ion 250 metres lower
than t h e major fumarole a c t i v i t y a t Mokai. Both
Lloyd (1978) and A l l i s (1980) have suggested t h a t
t h e r e g i o n a l hydrology and the unpublished
r e s i s t i v i t y d a t a a t Mokai suggest a l a t e r a l flow of

c h l o r i d e water nor th eastward across t he Mokai
ca1dera.

The acceptance of such a model al lows a number
of i m p l i c a t i o n s f o r exp lo ra t ion d r i l l i n g and
e x p l o i t a t i o n t o be drawn from t h e a v a i l a b l e
chemical da ta . The nor the rn s p r i n g s r e t a i n a l k a l i
r a t i o s c o n s i s t e n t with ho t r e s e r v o i r temperatures

1

a

0 I

Applicat ion of t h e warm s p r i n g s mixing equat ions of
Fourn ie r and Truesde l l (1974) sugges t s a mixing
r a t i o between cold groundwater and ho t c h l o r i d e
waters on t h e b a s i s of quar t z- sa tu ra t ion c o n t r o l o f
s i l i c a con ten t s and c o r r e c t s  t h e  q u a r t z tempertures

for d i l u t i o n t o - and t o account

for t h e a l k a l i For t hese mixing
r a t i o s , c h l o r i d e con ten t s i n t h e 120 t o 175
por t ion of t h e system must f a l l i n t h e range 750 t o

ch lo r ide , depending upon t h e temperature
assumed f o r cold water e n t e r i n g  t h e  flow system 
(F igure 3).

Gas temperatures are much h igher than

s p r i n g source temperatures. The minimum
temperature d i f f e r e n c e between t h e two is too l a r g e
t o account f o r simply by ateam l o s s so t h a t some
d i l u t i o n must have occurred between steam l o s s and
l a s t water- rock e q u i l i b r a t i o n a t 130 -
Allowance f o r t h i s a d d i t i o n a l  d i l u t i o n  sugges t s
deep water c h l o r i d e con ten t s i n t h e range 1350-2000

Deep water c h l o r i d e concen t ra t ions a t

Broadlands and Wairakei f a l l i n t h e lower p a r t o f
t h i s range (1200 and 1600 ppm respec t ive ly ) .

The hydrological model adopted above impl ie s
t h a t t h e thermal and chemical s i g n a t u r e of t h e

Mokai geothermal system is widely dispersed dur ing
flow t h e groundwater system o f

the Thus t h e 10 MW hea t flow
due t o t h e North Mokai s p r i n g s and o t h e r
recognisable n a t u r a l f e a t u r e s  ( A l l i s ,  unpubl, 1980)
bea r s l i t t l e r e l a t i o n s h i p t o t h e t o t a l hea t f l o w

f r o m t h e system which, on t h e b a s i s of c h l o r i d e
inpu t t o the Waikato River may be as high a s 200 MW
(Stagpoole and Grantham, i n prep).

Figure 4 is a schematic s e c t i o n through a
l a t e r a l f low system a s may occur a t Mokai.

FIGURE 4. A SCHEMATIC LATERAL PLOW MODEL FOR THE MOKAI SYSTEM.
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