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ISOTOPE SHIFTING CAPACITY OF ROCK - NOTATION
AND APPLICATION TO NGAWHA SYSTEM

Peter Blattner 
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Ins t i t u t e of Nuclear Sciences

DSIR, Lower Hutt

Any oxygen isotope shif ted rock volume exactly
defines a pas t throughput of water.
is derived t h a t r e l a t e s the throughput of an open
system t o the isotope s h i f t of reservoir rock and
present-day output. 
Ngawha reservoi r rock and the small, high 6
output are bes t accounted for by a magmatic water
source.

An expression

The small isotope s h i f t of

INTRODUCTION

Rocks i n general consist t o about 50 weight
percent of oxygen, and by i ts isotope r a t i o the
oxygen of  the  mineral and f lu id phases of a geo-
thermal system constrains (1) the range of oxygen
isotope compositions of minerals and f lu ids with
which they may have interacted i n the past ,  and
(2) the temperature a t which such interact ion may
have taken place. In fac t , because of the
presence of oxygen, the natural tagging of waters
('meteoric water l i n e ' ) , and the large range of
oxygen isotope compositions of natural rocks,
oxygen isotope r a t i o s of rocks cannot f a i l  t o  
provide a record of former interact ions.
dr iv ing force f o r isotope exchange ex i s t s wherever
a rock-water system is out of the
isotope record is quanti tat ive, since the oxygen
masses of in terac t ing rock and f lu id , and the
respective changes i n concentration of the trace
isotope (so-called 'isotope s h i f t s ' ) , are re la ted
by mass balance.

A

NOTATION AND MASS BALANCE

The oxygen isotope composition of a sample s
is usually given as a 6 value with respect t o a
reference sample ' r e f ' (usually :

so t ha t differences between 6 values of d i f ferent
samples a re close t o proportional

of the tr e amounts of 0; the
natural abundance of is ca. 0.2 percent.
parameters of exchange between rock and a given
batch of water can be s e t out a s follows: The
driving force or shi f t ing potential P is defined

as the i n i t i a l 'distance' from equilibrium

P (T) ,

where means rock, w water, i n i t i a l , and f
f ina l . The sens i t ive temperature function f (T)
i s the oxygen isotope equilibrium fract ionation
between water and a given sol id ,

f (T) .

If are the respective isotope s h i f t s

P

With w and equal t o the oxygen masses of water
and rock, the mass balance equation governing the .
equil ibrat ion is

=

The r a t i o w / r is the 'water-to-rock r a t i o ' . In
practice one may define the sh i f t i ng capacity

of a rock t o isotopical ly s h i f t water as

= -1.3

the being the v lumes of rock and STP water
(Units: permille-km3) .

SPENT SHIFTING CAPACITY OF ROCK AS A
MEASURE OF CUMULATIVE WATER

In many geothermal f i e ld s the rock al te red by
geothermal f lu ids is accessible enough t o allow
an estimate of its mass and its isotope s h i f t

The additional knowledge of the of
input and output water (and therefore of then
potent ia l ly allows t o estimate the t o t a l water
throughput by eq (1). However, i n an open system
with considerable water throughput, the rock
gradually approaches equilibrium with input water,
and the temporary as well as the s h i f t fo r
the water throughput decreases
with time. Therefore, i n determining t o t a l
throughput W from a spent sh i f t i ng capacity
and the resent-day isotope s h i f t f o r the water,

worse with increasing W / r
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and decreasing degree of mixing i n the reservoir .  

To gain control of t h i s er ror source, an
idea l i sed system is considered, through
which pass n discre te batches of water, so t ha t
W/r equals n times the o f a s ingle batch

closed system) s i tua t ion (Blat tner and
Bunting 1980

For such an open system

= P

and i f n =

= P -

an expression which may al te rna t ive ly be given 
i n terms of s i x values (Taylor 1979 Also
from t h i s we have

=

and, substi tut ing i n the material balance
equation (1) (using again = 1.3 , an
expression for the desired t o t a l throughput o f
water by volume i n terms of the present-day

instead of which is not accessible t o
measurement

= 1.3 -1).

Actual values are tabulated in Fig. 1, where the
for n = l represents a closed system.

Values i n th i s column, when compared t o those
f o r larger show the degree t o which
would have been overestimated i f had been
assumed equal t o Errors are l e s s than
-20% for

HIGH OF
POSSIBLE RECHARGE WATERS

The natural geothermal output a t Ngawha i s
small and suffers from considerable di lu t ion , so
t ha t surface sampling has allowed only an
extrapolated estimate of the present reservoir
output Giggenbach and Lyon
On the other hand, dr i l lcore contains abundant
c a l c i t e tha t has been deposited i n the reservoir ,  
below the cover sequence, by geothermal
solution (Blattner and Bunting Since
diffusional exchange is unlikely t o be important
fo r exis t ing  crys ta ls  of these
may represent any stages i n the his tory of the

system. t igh t grouping (Fig. 2)
gives no h in t of a s igni f icant change of
during the stages actually repres ted, although
the one ou t l i e r with respect to shows tha t
c rys t a l l i s a t i on did occur under changing 
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Fig. 1: = 1.3 - 1).

The shaded area i s for
poros i t ies percent. Contours
give the overestimate of i f
is used i n eq

'5

Fig. 2: Isotopic composition of secondary (geo-
thermally precipitated) calcite
from Ngawha basement. marks
f i e l d for cover rocks, fo r
a l te red cover rocks. From Blattner
and Bunting .

conditions; an average of may
reasonably be assumed (for

In the absence of hard information on a source
of recharge water we face, thanks t o the natural
labe l l ing of waters, a clear-cut choice..between

recharge waters and respective
(Table 1) :
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Table 1

(1) Fresh Northland surface -5 12.5

(2) Sea water

water

0 7.5

(3) Magmatic or metamorphic
water

I f we can estimate the volume and isotope
s h i f t of the geothermally a l te red rock a t Ngawha
by analysis  of  minerals and rock, eq (2) w i l l
t r ans l a t e t h i s choice in to one between three
di f ferent t o t a l water throughputs,

SURFACE RECHARGE OR MAGMATIC
WATER SOURCE?

rocks of the Ngawha consist of the
a l t e r ed pa r t of a high-6
sequence of ca. 0.5 km thickness, t ha t ac ts a s a
low-permeability cap rock, and a potent ia l ly large
volume of greywacke basement.

Cumulative throughput by spent capacity of cover
sequence only

The normal marine 0 of about 7 km of cover
rock has been shi f ted negatively by an average of

i n the geothermal area so t h a t
consumed equals 1.3 x 35 = 45 permille-km .
Physically, surface water could be visualised t o
enter a heated reservoir a t the base of the cover,
in which the water would be shi f ted mainly by
cover rock.
data of Table 2.

0 Tert iary cover

18 3

We then arr ive , by eq , a t the

Table 2

Age of

*
(1) Northland 3 .5  3 .2  3 .1

(2) Ocean water .67 X 4 . 8 4 .7 75,000

(3) Magmaticwater X X

surface water

*For a 'deep-water' output of 2

I

I t is seen tha t the volumes and deduced ages f o r
options (1) and (2) are unrea l i s t ica l ly low.
Together with the fac t tha t the 6 of the
reservoi r water does not r i s e above essent ia l ly
an f o r the greywacke, and thus
seems buffered by greywacke, t h i s suggests sub-
s t a n t i a l basement involvement.

System involving basement

To the t o t a l output and ages, of Table 2
we can add water sh i f ted by basement, u n t i l a
minimal reasonable output i s reached.
of the limited of the a l te red cover rock,

Because

Bl a t

greater throughputs of surface water must mean
a negative s h i f t of basement (in terms of the
cover rock t h i s i s similar t o
supplying a pre-shifted water, approaching option
3 Table 2). By rock and mineral analyses, any
such s h i f t is smaller than about
leading f o r a meteoric water
input. By mass balance between of required
throughput and of cover and basement, the
following basement be added t o
the previous, cover-only, subsystem, i f the water
source i s t o be meteoric:

Water throughput (km 3 7 10 20
Basement involved (km ) 0

To follow through the idea of a meteoric water
recharge, it i s noticed t h a t the low r a t i o
necessitated by the combination of the small used
sh i f t i ng capacity of cover rock and a negligible
isotope s h i f t of basement, requires e i the r

put near surface model for  the  Ngawha system, or

more than about 100 km of basement.

- an almost absurdly short- l ived,

- vast dispersal of a modest recharge, through
3

C ION

The unusually high content of the Ngawha
geothermal reservoir water, the required low
water-to-rock r a t i o and considerable dispersal of
the water, and the small geothermal discharge
ra t e , a l l favor a magmatic source fo r the Ngawha
hot water. Put d i f ferent ly , i f recharge took
place from the surface, so much water would
potent ia l ly be available, t ha t special reasons
a re required t o explain the large dispersal and
the fac t  t ha t  relevant parameters match
requirements for a magmatic water source
perfect ly.

gravity and petrological evidence, Cordon and
Hochstein (1979) [4] and (1979) have
argued for the presence of cooling magma a t
several km depth a t Ngawha. Crystal l is ing m a p
a t tha t o r greater depth could well be supplying
the heat f lu ids fo r the Ngawha geothermal
system.
natively a lso agree w i t h a water source from
underlying greywacke suffering regional meta-
morphism (cf . Blattner and Cooper Paterson

drawn off for power production, both a magmatic
or metamorphic water source would severely l i m i t
possible recharge ra tes .

The oxygen isotope evidence would a l t e r -

I f Ngawha reservoir f lu ids were t o be
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APPENDIX: OXYGEN ISOTOPE SHIFT
OF WATER BY STEAM LOSS

Apart from isotope exchange with rock, boi l ing
and steam loss might a l so cause a pos i t ive oxygen
isotope s h i f t of geothermal water.
boi l ing is not accompanied by a change i n hydrogen
isotope ra t io s so t h a t a s h i f t by in ter-
action with rock may be simulated. 
[8] considered it improbable tha t steam loss would
occur a t t h i s preferred
geothermal systems, it later appeared t h a t the
rather similar temperature of is the
s t ab l e temperature f o r vapour dominated
reservoi rs (James , White at. . In
addit ion, vapour r ich  reservoi rs  provide
extensive opportunity fo r isotope exchange
between ascending steam and descending condensate,
and therefore for  isotopic fract ionation according
t o the Rayleigh equation

A t

While Craig

temperature i n d i f f e r en t

= ,

where f stands for the f rac t ion of water
remaining, is the equilibrium isotope fract ion-
at ion fac to r between water and and n
equals the number of theore t ica l  p la tes  ,
Craig, 1969

Although in nature n w i l l usually be it
is poss ib le  tha t  i n some vapour dominated geo-
thermal systems, oxygen isotope s h i f t s of recharge
water at constant D/H may be due t o t h i s cause.
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