
69

THE DEEPER STRUCTURE OF THE WAIRAKEI GEOTHERMAL FIELD

G. W. Grindley

N.Z. Geological Survey, Lower Hut t

ABSTRACT

Most d r i l l h o l e s a t Wairakei are between
600 and 800 m deep, a few extend down t o
1000-1200 m where th i ck impermeable ignimbr i tes
o r rhyolites have discouraged deeper d r i1 1 ing
over much o f the f i e l d .
penetrated through these ignimbr i tes. One

i n the centre o f the Wairakei F i e l d
d r i l l e d almost 1 km o f ignimbr i tes and bottomed
i n impermeable andesites and
t u f f s .
Wairakei F ie l d d r i l l e d only 200 m o f ignimbr i tes
and bottomed i n pumice- lap i l l i t u f f and
rhyo l i t e . Re-evaluation o f d r i l l h o l e data
indicates t h a t the Wairakei Ignimbr i tes are 
composed o f three separate sheets, t ha t can be 
d iscr iminated on phenocryst content. Only the
upper sheet extends north from W121 t o
A major tec ton ic boundary, probably a caldera
margin o r NW-trending cross- fau l t separates
these two holes and has been suggested as the
targe t f o r a deep (2.5-3 km) exploratory hole.
Other deep explorat ion wel l  s i t e s i n the
southern and western par ts o f the Wairakei F i e l d
are a lso discussed.

Only two holes have

The other i n the nor th o f the

INTRODUCTION

Since 1963, Wairakei Geothermal F ie l d has
proved a r e l i a b l e source o f energy, provid ing
a base load o f 1200 t o the New Zealand
gr id, equivalent t o about 13%o f the North
Is land o r about 8% o f the New Zealand e l e c t r i c a l
energy consumption. During the l i f e time o f the
fie ld, f i e l d pressures have decl ined ton,
1971) due t o drawdown, although t h i s has been 
l a rge l y o f f s e t by recharge from deeper l eve l s
as shown by repeat g rav i t y surveys (Hunt , 1977).
However a t the leve l o f present production
(500-800 m) ind iv idua l  we l l s  have f a l l e n i n
output w i t h the decl ine i n f i e l d pressures. To
maintain s ta t i on output, the energy i n the waste
hot water has been progressively u t i l i s e d i n
double- f lash separator un i ts . As t h i s opt ion
has been used up, i t i s proposed t o pipe more
steam and ho t water from areas t o the west of
the present production f i e l d , where e a r l i e r
inves t iga t ion d r i l l i n g (200 ser ies we l ls ) has
proved high-temperature resources a t present
production leve ls .
206 and 215) w i l l be u t i l i s e d and the waste
water recharged i n t o the reservo i r  v ia  W219
(Fig.  1) .  Eventual ly, i t w i l l be necessary t o

I n i t i a l l y , three wel ls (207,

d r i l l t o deeper l eve l s t o maintain production.
This paper discusses poten t ia l d r i 11ing targets
f o r such a deep d r i l l i n g operation.

PREVIOUS DEEP DRILLING

Wairakei Geothermal F ie l d consists o f a
pumiceous pyroc las t i c  reservo i r  (Waiora
Formation) a t the c res t o f an elevated horst ,
under la in by th i ck ignimbr i tes (Wairakei
Ignimbr i tes) , and capped by lacus t r ine mudstones
(Huka Fa l l s Formation). To the south, t h i ck
r h y o l i t e s erupted i n t o the Waiora Formation have
depressed the Wairakei Ignimbr i tes t o beyond
present d r i l l i n g depths (Fig. 2 see a lso Grindley,
1965). Previous deep d r i l l i n g has been confined
t o the deep t e s t we l l W121 i n the upper Waiora
Valley (Fig. 1) t o the southwest o f the present
production area. This wel l proved almost 1 km
o f dense (welded) ignimbr i tes underlain by 650 m
o f pumiceous pyroc las t i cs and sediments o f the
Ohakuri Group w i t h three in te rca la ted f lows (o r
s i l l s ) o f andesite, s im i l a r t o the Waiora Valley
Andesite erupted above the upper surface o f the
Wairakei Ignimbr i tes i n the present production
area (Figs 3, 4, & Grindley, 1965, f i g . 22).

A major f a u l t was encountered w i t h i n the
Wairakei Ignimbr i tes and associated loss
c i r c u l a t i o n zones severely impeded the d r i l l i n g
o f u n t i l t h i s zone was cased o f f . Apart
from a small permeable zone a t the top o f the
underlying Ohakuri Group and minor losses i n the
andesite , W121 was essen t i a l l y impermeable and
non-productive, despite i t s bottom hole
temperature o f 275°C. Because o f the th i ck
ignimbr i tes, the s m a l l r i s e i n temperatures and
the low permeabi l i ty , f u r t he r deep d r i l l i n g i n
the present production area i s un l i ke l y t o be
recommended. S im i l a r l y , the occurrence o f t h i ck
r h y o l i t e f lows t o the south i s a lso discouraging
f o r deep explorat ion, although i t has been 
suggested (Grindley, 1965, f i g . 55) t ha t a heat
source l a y i n t h a t d i rec t ion . Other options
need t o be considered.

GEOPHYSICAL STRUCTURE OF WAIRAKEI

Gravi ty surveys and the resu l t s o f i n i t i a l
d r i l l i ng (Beck and Robertson, 1955) ined the 
Wairakei Gravi ty High and the Wairakei Block, a
h o r s t - l i k e e leva t ion i n the Taupo Volcanic Zone
o f regional subsidence. Prel iminary estimates
plac ing basement a t km below sea-level
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(Modriniak and Studt, must be increased
fo l low ing deep d r i l l i n g (-2.1 and the
proving o f higher densi ty rocks (andesites and

a t the deeper levels, than
o r i g i n a l l y ant ic ipated. The l a t e s t in te rp re ta-
t i o n o f the g rav i t y data (Rogan, 1982) shows a
g rav i t y depression nor th o f Wairakei , extending
down t o c.2.5 km below sea- level and a g rav i t y
h igh over the Wairakei Block (base a t -1.0 t o
-1.5 km).
depending on the assumed densi ty o f volcanic
rocks over ly ing the basement.
depression ou t l i ned by Rogan (1982, f i g . 4)
appears t o be p a r t o f the Maroa Graben of
Modriniak and Studt (1959) an in fe r red major
t rending o lder graben, athwart the general
t rending grabens and horsts o f the cu r ren t l y
ac t i ve Taupo Volcanic Zone. The r e a l i t y o f t h i s
s t ruc tu re was questioned by Grindley (1965) on 
geol ogi grounds.

Again, these values a re minima

The g rav i t y

Cal ke structures have been postu lated
a t Lake Taupo, Maroa and Okataina by Healy (1962)
and are supported by low g rav i t y and high
magnetic anomalies (Rogan, 1982). The calderas
are thought t o r e s u l t from grav i t a t i ona l
col lapse fo l low ing  la rge  ign imbr i te  eruptions
and have been the locus o f r h y o l i t e dome
extrus ion u n t i l the present day. The r e l a t i o n
o f Wairakei geothermal f i e l d t o the Taupo and
Maroa Volcanic centres has no t been sa t i s -
f a c t o r i l y established. Reinterpretat ion of
d r i l l h o l e data a t Wairakei, presented here, may
shed some l i g h t on t h i s problem.

GEOLOGICAL STRUCTURE OF WAIRAKEI

A south t o north cross-section o f Wairakei
(Fig. 2) based on d r i l l h o l e data (Grindley, 
1965; Healy, 1965; Steiner, 1977) shows stab le
isotherms, the r e s i s t i v i t y boundaries o f the
f i e l d a t 600 m depth (Banwell and Macdonald, 
1965; G. Risk and P. Macdonald, pers. corn.) 
and the pos i t i on o f f au l t s a t the surface 
(Fig. 1) , some o f which extend t o depths of
0.5 km as shown by d r i l l i n g (Grindley, 1965).
The isothermal cross-section shows two "thermal
highs", one t o the south o f and one t o the
nor th o f t he present production area, both
poten t ia l deep d r i l l i ng targets.

The northern thermal anomaly coincides
w i t h a postu lated major f a u l t a f f ec t i ng the
Wairakei Ignimbrites, but no t the post- ignimbr i te
Huka Group.
Ignimbr i tes i s a t -1175 m, whereas i n
1.25 km t o the north, the base i s a t only

o f the base o f the ign imbr i te i s thus indicated.
Such a la rge displacement i n such a short
distance makes underlying topographic r e l i e f an
u n l i k e l y explanation.

I n W121 the base o f the Wairakei

An 800 m displacement (down t o the south)

Further evidence comes from a considerat ion
o f mineralogic var ia t ions w i t h i n the Wairakei
Ignimbr i tes.
three separate sheets o f ign imbr i te can be
discr iminated on the basis o f phenocryst

Despite hydrothermal t e ra t i on ,

abundance and mineralogy. The upper un i t ,
present i n and i n many wel ls t o the south,
inc lud ing i s a
quartz- feldspar c r ys ta l - r i ch ignimbr i te. An
underlying un i t , present i n W48 and a t the
bottom o f W218 and W54 i s a
hypersthene-quartz fe ldspar c r ys ta l - r i c h
ignimbr i te,  the glassy base o f which was cored
i n W48. The basal un i t , found only i n W121 and
W48, i s a hornblende-hypersthene-quartz-feldspar
ign imbr i te w i t h l i t t l e o r no b i o t i t e and a lower
c r ys ta l content. L i t h i c inc lus ions o f micro-
d i o r i te, microdol e r i t ,
granoblast ic quartz (Steiner, 1963) and glassy
r h y o l i t e are present i n a l l three sheets.

A geological i n t e rp re ta t i on shows a steep
southward-dipping f a u l t 1i m i t i n g the lower two
sheets o f ign imbr i te and probably truncated by
the uppermost sheet. An episode o f block-
f a u l t i n g o r caldera col lapse, probably resu l t i ng
from the erupt ion o f the t h i c k lower sheets o f
Wairakei Ignimbr i te, i s thus indicated.
Fau l t ing and col lapse d i d not f o l l ow erupt ion
o f the uppermost sheet of ign imbr i te, possib ly
because the erup t ive vent was fu r t he r away,
perhaps. even outs ide the caldera occupied by the
lower 2 sheets.

The Wairakei Geothermal F i e l d i s , therefore,
bel ieved t o have been establ ished close t o the
northern r i m o f a major caldera, produced as a 
r e s u l t o f col lapse fo l low ing the erupt ion o f
almost 1 km o f c r ys ta l - r i ch ignimbrites, now
almost t o t a l l y welded from top t o bottom. Such
a major outpouring o f r h y o l i t i c magma must
represent the rap id evacuation o f a la rge magma
chamber.
thermal system should become establ ished dur ing
such a major volcanic event and tha t i t should
continue t o be ac t i ve t o the present day.
Regional co r re l a t i on o f the Wairakei Ignimbr i tes
has not been c l e a r l y established.
mineralogy suggests co r re l a t i on of the uppermost
sheet o f mainly hypersthene-bearing
fe ldspar ign imbr i te w i t h the Rangi ta ik i
Ign imbr i te o f the Rang i ta ik i Pla ins (Martin,
1961). ands ey and Browne, 1976)
extending nor th t o Kawerau. The lower 2 sheets,
conta in ing b i o t i t e and hornblende as essent ia l
minerals may be co r re l a t i ve  w i t h  the Whakamaru
Ign imbr i te o f western L. Taupo, Mokai and the
Wai Val l e y (Ewart , 1965; Briggs, 1976).

I t i s no t  surpr is ing  t h a t a hydro-

Phenocryst

Dating o f these o lder ignimbr i tes has been 
attempted using the f i ss ion- t rack method on 
glass shards, bu t i s inappl icable t o the
Wai rake i Ignimbr i tes because o f t h e i r general ly
intense a l t e r a t i o n and d e v i t r i f i c a t i o n .
Prel iminary resu l t s on the Whakamaru Ignimbr i te
o f the Waikato Valley gave an age o f 330,000
years B.P. wh i le the Te Whaiti Ignimbr i te (= the
fine-grained d i s t a l fac ies o f the Rangi ta ik i  
Ignimbr i te) has given an age o f 310,000 years
B.P. (Kohn, 1973, f i g . 23). These r e l a t i v e ages
are i n agreement w i t h t h e i r proposed s t r a t i -
graphic order a t Wairakei. Caldera formation
presumably could have taken place i n the 20,000
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year i n te r va l between the two tgnimbr i te erup-
t ions.
the Rangit a i k i and Whakamaru Ignimbr i tes has
since been suggested, based on e lec t ron micro-
probe analys is o f glass shards and co r re l a t i on
w i t h the M t Curl Tephra o f the lower North Is land
(Froggatt , i n press).

A younger age years B.P.)

TARGETS FOR DEEP DRILLING

1. If the Wairakei geothermal system
fo l low ing major ign imbr i te eruptions and
caldera co l1 apse, the associated boundary
f a u l t s may s t i l l be poten t ia l  ta rge ts  f o r
deep d r i l l i n g . Accordingly, a s i t e  f o r  a
deep t e s t we l l t o 3 km has been suggested
between W215 and i n the  nor th  o f the
f ie ld . This well i s targeted on the
northern boundary f a u l t zone and i s
expected t o bypass the t h i c k ign imbr i te
sequence encountered i n and t o obta in
permeabi l i ty i n brecciated rocks of the
f a u l t zone, provided these have not been
sealed by hydrothermal a l t e ra t i on .

2. Another suggested s i t e f o r a deep t e s t we l l
i s on the western side o f the Wairakei
Fie ld, i n the Upper Waiora va l l ey area
between wel ls W215 and W202 where
major subsidence o f the Wairakei Block
took place dur ing deposi t ion o f the Huka
Group (Grindley, 1965 Fig. 14). Hydro-
thermal erupt ion breccias in te rca la ted i n
the lower p a r t o f the Huka Fa l l s Formation
(Fig. 2) a t t a i n a thickness o f 200 m i n
W215 and include fragments o f s i l i c i f i e d
Wairakei Ignimbrites, i nd i ca t i ng erupt ion
o f a deep hydrothermal system. Isopachs
(thickness contours) on the breccias

1) suggest a source i n the upper
Waiora val ley, possib ly from the Crater
Fau l t and i t s in te rsec t ion w i t h cross fau l t s .
From the source, possib ly a breccia pipe,
a debr is f low o r lahar flowed west and north
beyond the l i m i t s o f the Wairakei F ie l d
( t o W224 i n the west). Although such a
breccia pipe may now be p a r t l y sealed by
hydrothermal a l t e ra t i on , i t s t i l l cons t i tu tes
a poten t ia l d r i l l i n g target . Temperatures
o f 260-265°C are s t i l l present a t 1 km depth
i n t h i s area.

3. An add i t iona l s i t e  f o r  a deep wel l has been 
selected t o the south o f on the c res t
o f the Wairakei Block between wel ls
W205 and where pos i t i ve thermal
gradients and temperatures o f are
found a t 1 km depth.
rhyo l i t es above the Wairakei Ignimbr i tes,
such a wel l i s u n l i k e l y t o reach basement
a t 3 km depth. These rhyo l i t es are the 
northern extension o f a major r h y o l i t i c
complex, centred on the K T r i g area west of
Taupo, as shown by la rge magnetic anomalies 
(Target Anomaly o f Beck and Robertson,
1955) and considered t o be a heat source by
Grindley (1965, Fig. 55). The downward
extensions o f the Waiora and Wairakei

Because o f the th i ck

Faul ts should provide permeabi l i ty i n t h i s
area, as indicated by the "success" of the
Rogue Bore
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Figure 1. Map of Wairakei Geothermal F i e l d showing d r i l l h o l e s , i n v e s t i g a t i o n d r i l l h o l e s
(200 s e r i e s ) , a c t i v e f a u l t s , and isotherms a t -300 m, and isopachs on hydro-

breccias o f Huka F a l l s Formation (hu,) a t 50 i n t e r v a l s .

Figure 2. Cross Sect ion between d r i l l h o l e s 208, 218, 
formations , isotherms and p o t e n t i a l 1 s i t e s .

121 and 219 showing geological
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Figure 3. Geological l o g and temperatures i n
the deep d r i l l h o l e a t Wairakei
Rank o f hydrothermal a l t e r a t i o n and
loss c i r c u l a t i o n zones (arrowed) shown
alongside log.

Figure 4.
(over leaf ) o f Wairakei Geothermal F i e l d showing

Cross Section through Production Area

r e l a t i o n o f deep wel l W121 t o
product ion wel ls. Note sharp f a l l i n
temperatures t o the northeast. The
andesite d ike i s i n f e r r e d from the
geometry and thickness o f Waiora
Val ley Andesite f lows i n the
Production Area. Rhyol i te i n the
southwest i s the northern edge o f
t h i c k r h y o l i t e s erupted from the K
T r i g area west o f Taupo. The approxi-
mate boundary o f the uppermost sheet
o f Wairakei Ign imbr i tes (= Rangi ta ik i
Ign imbr i te?) i s shown by the dashed
1ine.
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