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ABSTRACT 

X Lou 12q:ei a i r x r n e  magnetic sur-iey tal- 
titucis 7 6 5 ,  a.s.1.. mean nominal neignt 
above terrain: 3 G O  m) over the Mokai aeoth- 
srmai field and the surrounding arsa has de- 
line3ted an area oi relatively low total 
force maunetic anomaly associated with the 
geothermal field. This low magnetic anomaly 
appsars to be ths sifect of a hydrothermally 
demaunetized body Gf volcanic rocks within 
the Mokai reservoir at depths of about 0 to 
- 500 m a.s.1. 

The Pukemoremore rhyolite dome lyinu di- 
rectly to the east of  the Mokai geothermal 
field is also demagnetized. It is possible 
that part of the Mokai reservoir extends 
further to the east beneath the Pukemoremore 
dome. 

INTRODUCTION 

The Mokai qeothermal fieid lies about 25 
km north-west oi Taupo iflap 1) in the cen- 
tral volcanic reaion of North Island. New 
Zealana. Although the occurence o i  surface 
thermal msnifestations in this area [the lo- 
cation snown in Hap l j  had been reported in 
1937 (Grange, 19373. interest in the geoth- 
ermal prospect gas revived only in 1577 
following the results cr' a multiple-quadru- 
pole resistivity survey by Geophysics Di-Ji- 
sion DSIR ibibby. 1977: Bibby et al., 19u4). 
Following this survey. more detailed surveys 
including Schlumberger resistivity mappina 
ibibby et a1..1934). qeolouical mapping 
( L l o y d .  19783 and chemical studies of  the 
suriace manifestations (Henley and Glover. 
1 9 8 0 )  were conducted. 

Since 1980. six deep exploratory holes 
have been drilled in the Mokai geothcrmal 
field (Map 1 )  and one or' the wells. MKS. was 
found to be the most productlve exploration 
well ever drilled in New Zealand (mass ilow 
of about 7 0 0  tonnss/hour: equivalent to 
about 25 MW electrical power,. 

GEOLOGY 

The Mokai geothermal field is situated 
betseen the rh:iolite dome c0mpii.x of the Ma- 
roa volcanic cenrre s n d  a western belt o i  
smaller rhyolite. domes (known as tha MoKai 
Rinu Complex {Heal:!. 19621). see Map 1 .  The 
Maroa volcanic centre is one of the six 
known malor volcanic centres of the Tsupo 
Voicanic Zone and has been active f o r  the 
last 230 thousand years (Wilson et al.. 
1484). 

The rnyclite domes o i  the Xar.35 3:entrs 
and the western iome belt bre surrounded by 
ignimbrite flows iaee Map I ! .  Apart  f rom 
these produccs o i  rhyolitic volcznic activi- 
ty, which. accorciinu to Lloyd 1 1 4 7 8 )  snd 
supported by drillhole data <Wood. l?b2a and 
b: 1983a.b and c: 1984). has been dominant 
in this area for more than 300 thGusanci 
years. small outcrops o f  basaltic lava h n a  
scoria can also b i  found in some plsces 
around the Maroa volcsnic centre (Healy 
et al.. 1964: Wilson et al., 1984). 

MAGNETIC SURVEY 

Hydrothermal processes have been known to 
alter ierrimagnetlc minerals like naunetite 
and/or titanomagnetite to non-magnetic min- 
erais such as hematite. pyrite. leucoxene or 
sphene (Browne. 1 9 8 2 ) .  This causes che res- 
ervoir rocks to become partiall? or com- 
pletely demagnetized. Results of ground 
magnetic survsys cver Kawerau iStudt. 1956: 
Macaonald and Muffler. 1972) ana Broaalands 
(Hochstein and Hunt, 1970) geothermal fields 
in New Zeaiand show significant low magnetic 
anomalies uhich were interpreted as the e f -  
iect of  hydrothermaily demagnetized volcanic 
rocks. Similar anomalies have also been ob- 
served over some Icelandic geothermal fields 
as shown irom airborne magnetic surveys over 
Reyklanes CBlornsson et al., 1 4 7 O j  and Hen- 
uill tblorncson and Hersir, 1581). 

A low level airborne magnetic survey tal- 
titude 7 6 0  m a.s.1.) covering the Mokai 
geothermal field and the surrounding arsa 
was conducted on the 21st of March 1984 
(Soengkono.. 1985i.The residual total-force 
magnetic anomalles observed in this survey 
are shown in Map 3 .  One of the inost inter- 
esting features on this map is the region of  
relatively l o u  magnetic anomaly that coin- 
cides with the geothermal field as defined 
by the low rssistivity sncmaly t Bibby 
et al. 1981!. The czntre of this m a q n e t i z  
inomaiy, hercaiter reierred to 3s the Mokal  .~ 

magnetic leu. lies ~liqntl;,~ to n3r;T: c z  
the centre of t h e  l o w  resistivity re<:cf l ,  
suggesting thst the source o f  C;?e ZI?Z~?~:?:  

anomaly lies within the  lor^ reSistlc;?t.; r s -  
gion. 

A less pronounced area or' relatively -:.: 
magnetic anomaly is also preaenc near Clnc:i:-- 
Oto where a small low resistivity reTicn h2.d 
been mapped and interpreted to be a e s o c l ~ i ' _ c  
wlth a lateral outflow of ueorhermal u a t e r  
from Mokai towards the Waikato rivzr ( b i b 9 - f  
et n l . .  1984). 
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F igure 1. 
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Figure  2 .  



27  

Soengiiono 

INTERPRETATION OF THE MAGNETIC DATA 

MAGNETIC MODELLING 

It has been known chat steep topography 
of volcanic Terrain may give rise EO magnet- 
ic anomalies ~Parasnis. 1 4 7 9 ) .  In case of 
the magnetic data in hap 3 .  this phenomenon 
is indicated by the correlation betveen po-  
sitive marlnetic anomaly centres .with exposed 
rhyolite domes vhich form the hills 3round 
the Mokai geothermal iieid. To investigate 
che possibility wether the Mokai magnetic 
low iz controlled by topography, magnetic 
effect of the ropography was computea using 
2-D modeiiing. The polygonal terrain modei 
is snown in iiuure 1. The magnetization was 
assumed to be normal and having a magnitude 
of  2 . 5  A / m .  using values o i  HoariniaK and 
Studt ( 1 9 5 8 , .  Hochstein and Hunt ( 1 9 7 0 1  and 
Rogan ( 1 9 6 2 ) .  

The theoretical topographical eifect. 
which was computed for a 1 0 0 0  m grid. is 
presented in Map 2 .  This map does not show 
any low magnetic anomaly near the Mokai 
geothermal field nor at Ongaroto and thus 
confirms that the Mokai magnetic low ana the 
low magnetic anomaly near Ongaroto are not 
caused by effects of the surrounding tmag- 
nrtici topography. 

Thirteen ccre samples were taken r'rom the 
Mokai drillhole: these exhibit a very low 
magnetic susceptibility and low remanent 
magnetization. Figure 3 shows that the 
magnetization of the samples taken from 0 to 
- 500  m a.s.1.  levels is less than 9 . 2  A / r n  
compared tc! about 2 . 5  X / m  ior voicanic rocks 
ourside the Mokai reservoir. This result 
aireaay indicates that the Mokai magnetic 
lcw is causea by demagnetized rock3 within 
the Mokai reservoir. 
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Figure 3 .  Plot of remanent magnetization against 
depth,  fvlokai gecthermcl field. 

There is a signiricsnc aifrersnce Detween 
thc computed (Nap 2 1  and cDserved iH?D 31  
anomalies over rhe PuKemoremore and Maroanui 
domes in the Maroa '~olcanli: centre and t n 2  
Glhakaahu dome to the vest of  rhe uescern 
doms b e i t .  The fact char tne oDserved mag- 
necic anomalies IC Puxsmorznorz snci ."taronnu1 
are almost featureless (sits ~ a p  31 inaicates 
that the rhyoiltes rorminq che domes are 
non-magneclc. A t  Whakaanu. the observed 
magnetic anomalles are stronaly neqatlve 
wnicn suggests that m e  rhyaiites are re- 
versely magnetizes and chus pr2aace the 
6runhes-Hatu~~ama poiericy apocn ( 7 5 0  thou- 
sand year3 ago). 

A second 3D-magnetic model was then con- 
struczaa wnich aiiows for t h e  topographic 
effects o f  the inodel shown in figure 1 and 
includes demagnetized masses beneath m e  Mo- 
kai field. the Ongaroto area. the Pukemore- 
mors and Hsroanui domes ana wnich also al- 
lows for a reversed magnetization of the 
Whakaahu dome. The polygcnal model for the 
latter ifiects is shown in r'iuure 2 :  the com- 
puted anomalies &re presented in Hap 4. -3s 
can be seen in map 4 .  the new maanetic mod- 
el rzproduces the broad region of low mag- 
netic anomaly in the areas of the Hokai geo- 
h e m a l  field and Ongaroto. the featureiess 
anomaly at Pukemoremore and Haroanui and 
the negative anomaly at Whakaahu. 

DISCUSSION 

It has been shown that the volcanic rocks 
inside the Mokai reservoir have been de- 
magnetized and that the sfr'ect or' this de- 
magnetization can bit observed by t i 12  meaa- 
urement of magnetic field at 7 6 0  m a.s.1. 
inbout 300 m above the ground suriacei. 
Magnerizacion measurements of drillhole sam- 
ples and modelling of the observJed magnetic 
anomaly suugest that the demagnetization of 
rocks occured mainly at 0 to -595 rn levels. 
Demagnetized rocks could extend to areater 
depths since the computed anomalies are not 
much affected by the actual level of the 
lower boundary. the same holds  for the com- 
puted effect of the demagnetized Pukemore- 
more body.  Results of petrography and X R D  
analyses of cores and cuttings from Mokai 
drillholes (Wood. 1 9 8 2  a and b: 1983 a. b 
and c: 1984) indicate that the hydrothermal 
alteration at depths below 0 m is quite in- 
tense and that alteration minerals pyrite 
and sphene are common. Thus. the demagneti- 
zation of the volcanic rocks inside the Ho- 
kai reservoir is clearly associated with hy- 
drothermal processes, i.e. activity o r  the 
HOkai geothermal field has caused nydrother- 
mal dsmagnetization. 

The Pukemoremore rhyolite dome lying di- 
ritct1:g to the east of the Mokai geothermal 
field is also non-magnetic. It is possible 
that hydrothermal activity in rhe past also 
demagnetized this rhyolite dome and that es- 
cape of  stcam to the surface has been ccn- 
trolled in the past b y a  :/et- unknown E - 2  
trending fracture zone. Schlumberaer trav- 
ersina data (Bibby et n l . ,  1 9 4 4 )  s n ~ w  that. 
around PukGmoremore. the apparent resistivi- 
ty drops rapidly from about 700 ohm-m for 
A B / 2 = 6 O U  m to about 1 5 0  ohm-m for Ab/2=12CIG 
m .  suugesting low resistiviry st deptha. 
Also. the contrast between infsrrnd msximum 
and Ininimurn apparenr- resistivity il~riveci 
from the multipole- quadrupols data (Libby 
et al., 1 9 8 4 )  beneath the Pukemoremore dome 
is not as hlgh .as that airt.ctly outzide the 
geothermal field to the south and vest. I t  
is thus posslble that the Hokai reservoir 
actuallv e:<tt.nds t o  t h e  east of the rnaappci 
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r ~ s i s c i ~ i i t ~  boundar:, . 3.n inrsrr+a -3xtSns:nn 
o i  the geothermal t ' i e l i  basea on chzse arSu- 
ments is shown in iiuure 2 .  
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