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ABSTRACT

An integrated geophysical  survey, involving
resistivity, gravity and magnetic measurenents,
was conducted early in 1987 over a 300kn2 area
within and north of the Tarawera Forest, to
investigate potential geothermal resources for

Fl et cher Chal lenge  Ltd. Two  significant
anomal i es have been delineated. The first is the
Ti kor angi resistivity and magnetic | ow,

associated with the north-eastern boundary of the
Haroharo Caldera and centered south of the
Tikorangi solfataras. The second anomaly, which
is situated within the Puhipuhi Basin, east of
the caldera, is postulated to represent a
separate but cooling geothermal system with
i mplications of possibl e epi t her mal
m neral i sation.

Interpretation of the gravity neasurenents has
led to identification of a north-east trendin
graben passing through Lake Rotong, an
I ntersecting the Har ohar o Cal dera near
Ti korangi . conbined interpretation O  all
available data resulted in a pre-drilling
conceptual hydrol ogical model for the Tikorangi
gysftlem and a target for future exploration
rilling.

| NTRODUCTI ON

This paper presents the results of a geophysical
investigation of prospective geothermal resources
in and near the Tarawera Forest (between Rotorua
and Kawerau) for  Fletcher allenge Ltd.
Previous studies (Nairn, 1981, Yanmada, 1985)
provided encouraging evidence for the possible
existence of a geothermal system in the area
between Lake Rotoehu, Lake Rotomn, and the
Tarawera River. Thermal nmanifestations, occur
along the shores of both | akes, at Tikorangi, and
within the Te Haehaenga Basin further south. The
Puhi puhi Basin, south of the Tarawera River, was
added to the area of interest because of evidence
of intense alteration on Puhipuhi Hills, and the
existence of the neighbouring Vaiaute warm
springs.

A nunber of previous geophysical  surveys,
conducted in this area, were used to guide the
recent work. These included: an assessnent of
Ckataina Vol canic Centre using gravity, seismc,
resistivity and aero-magnetics ?Rogan, 1980); a
brief resistivity survey of the Rotoma-Tikorangi
area by students from the Geothermal Institute
éDoe_ns, 1985, Kohpina, 1985);.and a sequence of
etailed aero-magnetic surveys flown over the
Haroharo and Tarawera conplexes (Salt, 1986).
These are discussed in more detail by Hochstein
et al. (1987). Late in 1987, another two
tmstrture students (Ayala, Estrada) conducted
followup resistivity and gravity work.

The geophysical studies described here include a
gravity survey of 208 stations, a resistivity
traversing survey of 278 stations (with AB/2
spacings of 500m and 1000m), 40 deep resistivity
soundings, and some additional rmagnetic property
measurements on surface rock sanples.

GEQLOGY

Ceol ogical  inferences suggest that the nost
promsing geothermal prospects are |ocated along
the north-eastern boundary of Haroharo Caldera,
which lies within the Ckataina Volcanic Centre.
The Haroharo and Tarawera conplexes have been
spor adi callr active for the last 250,000 years,
nost recent ?/ in 1886. This suggests that a magma
chanber still underlies the caldera (Nairn, 1981).
Important structural features of the caldera in-
clude its margin and the Haroharo and Tarawera
vent lineations. As a result of nultiple, shallow
diR sl unping, associated with the caldera margin,
ennhanced vertical permeability in the upper
kilometre may be distributed over a broad zone.
In addition, the underlying ring fault probably
creates a deep zone of substantial Fern‘eability.
Recent vents form two broad parallel [Iineations
orientated at 50° which are probably associated
with deep-seated basenent fractures. The Haroharo
vent lineation intersects the caldera bhoundary, at
a position marked by Tikorangi, a small 5,000 year
old rhyolite dome. Wthin the caldera there are
very few mpped faults which is probably a
function of the relatively young: age of the
surficial  vol canics. However, outside the
cal dera, nunerous north-east trending faults have
been mapped, and many of these my also pass
through the  caldera, providing  vertical
permeabi | ity beneath the surficial volcanics.

The near surface geology of the Haroharo Conplex
consists of a relatively thick sequence of recent
rhyolite lavas (approximately 5,000 to 9,000 years
ol d), volcanic breccias and pyroclastics. East of
the caldera boundary, the approximtely 200,000
year old Haparangi rhyolites ke up the
Maungawhakamana massif and Rere hills bordering
Lake Rotona. To the south, the Puhipuhi Basin
marks the site of a small depression or caldera
now largely filled with lacustrine sediments and
igninbrites which were uplifted and altered by the
enpl acenent  of  the Puhipuhi dacite volcano
(160,000 years old). The Puhipuhi dacite is

-highly brecciated and has been intensely altered

by acidic fluids to an assenbl a?e consisting of an
advanced argillic cap of alunite-cristobalite
(opal) and pyrite, underlain by kaolinite and
pyrite. Silica flooding is also common. This
advanced argillic ca,o is typical of the surface
expression of shallow boiling in epithernal
environnents, and it nay be underlain by a
pal eo-boiling zone containing mneralisation.
Gld and silver traces were reported by
prospectors in the 1920's in opalised pyritised
quartz veins.  The lack of significant surface
thermal features around Puhipuhi suggests that
this prospect is probably a waning hydrothernal
system

The ngjor thermal features of interest (see Figure
2) are located at Tikorangi (solfataras), Lakes
Rotoma and Rotoehu (Véitangi and Qtei Springs), in
the Te Haehaenga Basin (Mangakotukutuku Spring),
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and west of Puhipuhi Hlls (Wiaute Springg].
Qher nearby thermal features are located on the
south eastern shore of Lake Okataina, Hu hreis
Bay of Lake Tarawera, and the Centre Basin of Lake
Rotoi ti. Descriptions of the mgjor thermal
mani festations are given by MNairn (1981) and
Yamada (1985).

During the present geophysical survey another
thermal feature was discovered in a swanp along
Vterfal|l Road next to the Tarawera River (Qid:
N77 993029). An extensive area of CO, degassing
is associated with warm chloride fluids-within the
swanmp. A maxi num tenperature of 30°C was recor ded
innmud at about Imdepth. Measurenents of flow
rate and chloride concentration of the Tarawera
_ River have identified a substantial increase in
total chloride flux (about 150 gn's) entering the
river between the Tarawera Falls and the Vterfall
Road bri dge.

RESI STIVITY SURVEYS

Previous resistivity measurements in the area
include an early DSIR traversing survey along
State Hghway 30 and six Schlunmberger soundings,
sone di pol e-di pol e neasur enent s and
magneto-tel luric soundings by Ro?an (1980) al ong
the Tarawera River. Rogan's nodels are reasonably
consistent wth subsequent resistivity sounding
interpretations, although there is sone doubt over
the existence of a 1 ohmm layer at 3 km depth
near Lake Tarawera, which is based on one noisy
di pol e-di pol e reading. A deeply penetrating
magneto-telluric sounding located beside the
outlet of Lake Tarawera revealed apparent
resistivities of less than 10 ohmmat a period of
10 seconds, increasing to nore than 100 ohmm at
200 seconds. Again reliable interpretation is
hindered by noisy data and three-dinensional
effects, but a sinple layered nmodel of the
magneto-telluric curve suggests that if a 1 ohmm
layer exists at 2 to 3 km depth, then it is
probably only about 500m thick and is underlain by
much higher resistivities (in excess of 500
ohmm). Ceothermal Institute students Kohpina
(1985) and Doens (1985) conducted a total of 10
soundings and 18 traversing measurements between
Rotoma and the Tarawera River. These have been
reinterpreted in conjunction wth the recent
resistivity survey.

The resulting apparent resistivity traversing
contour maps reveal a conplex zone of noderatel

low resistivities elongated in a north-sout

direction along the eastern caldera boundary (see
Figure 1). The anomaly is bounded in nost
directions by resistivities in excess of 400
ohmm The low resistivity zones form two
anonmalies: the Tikorangi-Rotom-Te  Haehaenga
anomaly and the Puhipuhi anomaly. The only zone
of very low apparant resistivity (less than 10
ohmm is a 1.2 ke fan-shaped area north of the
Ti korangi sol fataras sug?esting the existence of a
shal l ow mineralised aquifer supplying the Witangi
and Cei Springs. The low resistivity corridor
connecting the Tikorangi-Rotoma anomaly with the
Te Haehaenga anomaly, is nmost obvious in the 1000m
AB/2 data, which suggests the existence of a
fairly deep connection.  Soundings (wth maxi num
AB/ 2 spacings of up to 1800@ located within the
traversing anomalies confirm deep resistivities of
20 to 40 ohmmin the Te Haehaenga Basin, and 3 to
20 ohmm in the Tikorangi-Rotoma Valley. Several
soundings located outside the anomalies recorded
background resistivities at depth in excess of 500
ohmm  Another broad zone of low resistivities
lies to the south of the Tarawera River centred
within the Puhipuhi Basin. This anomaly consists
of apparent resistivities in the range of 20 to 50
ohmm Soundings within the basin confirm that
deep resistivities approach constant values of 20
to 40 ohmm Resistivitg cross-sections (Figure
3) have been prepared from the one-dinensional
interpretations of soundings. The locations of
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FI GURE 1
Apparent Resistivity Contours : AB/2 = 1000M

the soundings and selected section lines are shown
in figure Interfaces between the layers are
connected to portray subsurface variations in the
factors that have caused the resistivity
contrasts. In general, these factors are
variations in porosity, tenperature, saturating
fluid nineralisation and ‘intensity of clay
alteration. Together, these factors can provide
powerful indicators of the shallow hydrol ogical
processes occurring in a geothermal  system
al t hough care is necessary to avoi d
msinterpretations caused bY conbi nations  of
alteration, porosity and fluid mineralisation
contrasts without a corresponding change in
t enperat ure.

The first interface that appears in all the
sections is closest to the surface, and probably
represents the ground water table. It is marked
by a contrast in resistivity of approximtely one
order of magnitude from several thousand ohmm
(unsaturated porous pyroclastics, rhyolites etc)
to several hundred ohmm $interpreted to be porous
vol canics saturated with fresh ground water). As
expected, the ground water table appears to be
strongly controlled by the lake levels to the
north  (about 300m and the Tarawera River
elevation to the south (about 100m). Several
soundings over the high elevation Haroharo
Vol canic Conplex reveal a ground water table close
to lake level (about 320m elevation) sugﬂesting
that the top few hundred metres of this rhyolite
conplex is very perneable. This is supported by
the absence of streams and surface erosion in this
area of high rainfal 1.

The resistivity of the ground water aquifer
decreases dramatically to the north of the
Tikorangi solfataras in the Rotoma Valley, where
it is clearly affected by ?eotherrral factors
(elevated tenperatures, mineralised fluids, and
varying degrees of hydrothermal clay alteration).
In the Te Haehaenga Basin there is also evidence
of localised ground water contamination by
geothermal  products (possibly including rising
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steam and gas from a nuch deeper boiIin?
geothermal aquifer), in the inmediate vicinity o
warm springs at Mangakotukutuku, and a warm swanpy
area along the Tarawera River. These |ocalised
shallow anomalies are probably related to
structures al | owi ng rapid  vertical fluid
convection. Nai rn (1981) associ at es
Mangakot ukutuku  Springs, for exanple, with
localised north east trending faults. Also, a
lineation in the apparent resistivity contours
links the shallow anomaly near the Tarawera warm
swanp with the NE trending Maungawhakamana fault.

The second resistivity interface that appears on
all the sections marks the top surface of an
internediate low resistivity layer with values
ranging from about 20 to 50 ohmm  The major
features identified by this interface are two
large doning anomalies: one associated with the
Puhipuhi Basin and dacite massif, and the other
associated wth Te Haehaenga Basin. Near
Tikorangi, an intermediate-low resistivity Iarer
can also be found- overlyin deeﬁer, very-[ ow
resistivity, particularly south of the sol fataras.
This is interpreted to indicate a zone of noderate
to intense alteration, possibly saturated by a
mxture of ground water and secondary fluids
derived from boiling of a deeper, high-tenperature
mneralised aquifer.

The third interface, marks the to‘) surface of
formations with a resistivity of less than 20
ohmm This is interpreted to indicate the
presence of intense alteration with associated
aquifers of high  tenperature  mineralised
geot her mal fluids, particularly where the
resistivities are less than 10 ohmm  The nature
of these aquifers could be either primary neutral
chloride fluids }rrost likely at depth) or
secondary ¢ mineralised fluids  created by
condensation of steam and gas into ground water
(more IikeI?/ at shallower |evels). These shallow
secondary fluids are usually acidic at source (ie:

Resistivity Sounding Sections
(average values in ohmm

acid condensate fluids) but may neutralise along a
flow path as a result of rock water reactions, and
evolve into neutral sodium bicarbonate fluids
FOSSI bly containing a noderate concentration of
eached chloride ions.  The chenical conposition
of Witangi Springs, near Lake Rotoehu, fits this
model, although there is also a possibility that
these discharging fluids are a mnixture of
outflowing condensates, ground water, and primry
chloride ~fluids, wth the mixing process
facilitated by  deeply penetrating  faults
associated with the caldera boundary.

Another resistivity interface that has been
identified in several soundi n([;s marks an increase
in resistivity at depth to values in excess of 50
ohmm It is possible that this interface
represents a resistivity basenent caused by
reduced alteration intensity and decreased
Eorosny or tenperature. Such basements can occur
eneath lateral outflow tongues from a geothernal
system and be diagnostic of a significant
tenperature inversion. This is not the only
ﬁpsmble interpretation, however, because sinilar
igher resistivity basements can occur wthin
prograde high tenperature systens as a result of
significant reductions in porosity or changes in
alteration type and intensity. Never -t he-1ess,
the location of these resistivity basements can
assist in constructing conceptual  geothermal
model s.  The Puhipuhi and Te Haehaenga resistivity
anommlies are separated by a steeply dipping
basement of 60 to 80 ohmm underlying several
soundings.  The Puhipuhi anomaly also appears to
be constrained to the east, ere one sounding
reveals a high resistivity basement at about 800m
bel ow sea-level. This interface is probably true
greywacke basenent because its resistivity (144
ohmm is very sinilar to the basement resistivity
of another sounding (135 ohmn) located outside
the Puhipuhi Basin, and the slope of the
interpreted resistivity interface is consistent
with a west dipping high-velocity seismc
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refractor identified by Rogan as greywacke
basenent .

Lateral resistivity contrasts that inply the
existence of vertical boundaries to the geothernal
sKstem are also shown on the resistivity sections.
These contrasts can be used, together with the
agparent resistivity traversing contour maps, to
obtain an approximte estimate of the size of the
anomalies. The area of the Tikorangi-Rotpna-Te
Haehaenga anommly is approximately 40 km* and
that  of the } j hi puhi Basin'  anomaly is
approxi mately 38 km".

GRAVITY SURVEY

The gravity method is frequently enployed in
geothermal exploration for two nain reasons:

(i) to locate regions of subsurface densification
caused by  deposition of  hydrothernal
alteration products, and

(i) to delineate miéor structures, such as
grabens and calderas that could provide

enhanced vertical permeability.

Hydrothermal  densification has been cIearI?/
demonstrated at several New Zealand geotherma
fields, notably Broadlands and Kawerau. Because
densification is a time related process, there may
be a relationship between the age of a
hydrothermal system and its associated gravity
anonal y.

Rogan (1980) has shown a clear correlation between
a large negative gravity anomaly centred beneath
the outlet of Lake Tarawera and the location of
the Haroharo Caldera, with very steep gradients
occurring near the cal dera boundari es.
Interpretation of the residual anomaly map
consisted of a three-dinmensional  subsurface
density nodel of the Haroharo Caldera structure,
api)rom mating an inverted cone extending to five
kilometres depth. A nean density difference for
the caldera infill of -0.5 gmcm?was used, and a
terrain density of 217 gmcm® was chosen.
| medi atel¥| east of Puhipuhi  Basin, basenent
greywacke has bheen interpreted to occur at a level
of "100m below sea level. Further north-east
éthrough Kawerau) the greywacke surface becones
eeBer and eventually it forms the Wakatane
Graben (probably 2 kmdepth).

Rogan attributed a proportion of the 5 km thick
cone of low density material underlying Lake
Tarawera outlet to nolten rhyolite because of the
lack of a corresponding ma(};netic high in this
area. removing the effect of rmagnetised
caldera infill (using an assumed 2.5 A/m average
magnetisation in nodelling of the aeromagnetic
data), it was predicted that the resultin
demagnetised |owdensity material (nolten migrm();
has an uPper surface at just 2.8 kmdepth, and a
volume of 200 to 300 km* depending on the water
content of the magma (wet magma has a |ower
density).

Stern (1982) conducted a  very thorough
reinterpretation of gravity data, supported by
seisnmic refraction surveys and density
determnations, covering the Central Volcanic
Region, and enconpassing the Okataina Volcanic
Centre. He called into question the distinction
between "volcanic cover" and "basement" because
average neasured densities of the volcanic fill
approach those of greywacke at 2 to 3 kilometres
depth. It was concluded, however, that major
neFatlve residual gravity anomalies in the Central
Volcanic Region (such as (kataina) can be
expl ained by large thicknesses of very low density
pumice tuff or breccia in the top few kiloneters
of volcanic fill with a possible contribution from
a deep body of low density nmolten rhyolite.
Smal | er residual anomalies can be accounted for by
hydrot hermal densification, or lateral variations
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in the relative thicknesses of tuff/breccia and
lavas in the top kilometer of volcanic fill. It
was also found that the average density of
rhyolite sanples is 2.27 gmcn’ and the average
density contrast between ‘infil] volcanics and
greywacke basement is -0.4 gmcm®.

In 1987, an additional gravity survey was
conducted in order to provide nore information on
the area of prime interest for geothermal
exploration, particularly Tikorangi, Rotoma, Te
Haehaenga  Basin  and ~ Puhi puhi. St andar d
corrections to the gravity neasurements were
applied, including instrument drift, earth tide,
and terraia.corrections using a terrain density of
2.27 gnicmd. Elevations were determ ned usmg
barometry, corrected for atnospheric pressure an
tenperature changes.  Absolute gravity readings
were obtained by tying the survey into previous
gravity network stations. Residual gravity values
were calculated by subtracting the regional
gravity determined using a polynomonial given by
Rogan (1980).

The additional gravity data have contributed
usef ul new i nformation, al l owi ng a
re-interpretation of the subsurface density
structure beneath the Rotoma-Tikorangi areas,
while at the same time confirmng Rogan's large
negative gravity anomaly centred beneath the
eastern armof Lake Tarawera. Where the data sets
overlap there is an excellent mtch between the
calculated gravity anomalies.

The nost significant new feature to appear in the
residual anomaly contour map (Figure 4) is a broad
north-east trending graben structure extending
be¥ond the north-eastern rim of the Haroharo
Cal dera, and passing through the southern basin of
Lake Rot orma. Prelin nary qualitative
interpretation of this structure has been achieved
using two-dimensional gravity rmodelling. The
density nodel consists of a vvedg?e shaped graben
structure with a width at sea level of about 7 km
a basement depth of 1.3 km (bel ow sea level) and a
basement width of about 3 km Thg density
contrast used in the nodel is -0.4 gmcm’.

Some mnor inflexions in the anomaly contours
along the south-western shores of Lake Rotomm, and
in the upper Rotoma Valley, suggest Iocal
variations in the densities of near surface
l'ithol ogies. Near Tikorangi, in the Rotoma
Val l ey, there appears to be a north-south trending
zone of relatively low density, associated with
the previously described low resistivity anomaly.
This low density body beneath the valley 1is
ﬁrobably caused by a relatively thick sequence of
igh porosity tuffs and pyroclastics. These
porous pyroclastics cause low resistivities when
saturated with high tenperature mineralised
fluids.  Therefore It appears that the shallow
aquifers near Tikorangi reside in zones of
relatively high porosity, and that deposition of
alteration mnerals has been insufficient to
reduce the porosity and produce significant
positive gravitK anonmalies. ~ The inplication of
this model is that the shallow hydrothermal system
at  Tikorangi is relativel young  because
insufficient time has lapsed for the geothermal
fluids to deposit significant quantities of
mnerals into available pore-spaces. This is
consistent with the young age FS,OOO years) of
nei ghbouring volcanic vents  (Tikorangi and
Haroharo). However, the deep-seated hydrothermal
system which feeds the shallow aquifers at
Tikorangi may be much ol der.

A small positive gravity anomaly occurs along the
eastern shore of Lake Rotoehu, north of the
Witangi Spring. This anomaly coincides with an
outcrop of pre-caldera Hal rhyolite along the
Haraharo Cal dera boundary, and also lies northwest
of the Rotoma Gaben. It seems likely that high
density basenent lies close to the surface in this
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area. Further north the residual gravity values
decrease again, and it is likely that another
depression filled wth low density volcanics
(about 1.7 kmthick according to Stern, 1982) lies
to the north of Lake Rotoehu.

The large negative residual gravity anomaly
centred beneath the eastern arm of Lake Tarawera
remains simlar in shape to the anomaly contoured
by Rogan (1980). Therefore, Rogan's three
di mensional subsurface density nodel is accepted
as a reasonable interpretation of the anomaly.
This nodel includes a very steep boundary (70°
dip) between Mungawhakamana and Te Haehaenga
Basin. Interpreted depths to basenent around the
remainder of the caldera boundary vary from
sea-level to 1 km below sea-level, wth the
exception of the upper Rotoma Valley where the
caldera is intersected by the Rotoma G aben.

The broad intersection of these major structures,
can be considered a prime location for enhanced
vertical permeability at depth, suitable for the
rapid establishment of a convecting hydrothernal
system  The lack of discernable density increase
associated with the low resistivity anomaly in
this area, suggests that the shallow part of this
systemis relatively juvenile.

MAGNETI C SURVEYS

Magnetic surveys are often useful in geothermal
exploration because magnetite is easily destroyed
by hydrothermal alteration causing broad magnetic
lows. To nmodel magnetfc anomalies with any
confidence, know edge of the magnetic vector
direction as well as information on the magnetic
properties of the rocks is required.  Previous
workers (Rogan, 1980, Salt , 1986) have used an
average effective magnetisation of 2.5 A'm which
is summed from a normal remanent magnetisation of
2.2 Am and an induced magnetisation of 0.3 A'm
However published data suggests that there is a
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wi de ran%e of rhyolite magnetisations within the
Taupo Vol canic Zone. For example, Cox (1970)
found an average effective magnetisation for
Taravera rhyolites of only 0.3 Aim  Therefore, it
was consi'dered prudent to add to the available
data set by measuring remanent nagnetisations and
susceptibilities of local  Haparangi rhyolite
sanples. The results still show a wde range in
magnet i sations, however the sanples can be grouped
into young rhyolites (less than 20,000 years ol d)
with an average of 1.4 Am, and old Haparangi
rhyolites (greater than 200,000 years) wth an
average 4.5 Alm  The magnetic susceptibilities
are very low and contribute about 0.15 Amto the
total effective magnetisation. (Because of the
young age of the sanples, the orientation of the
remanent magnetisation vector is assumed to be
ggg)mal, with a declination of 0° and a dip of
Early high-level aeromagnetic surveys flown at
1500m and about 4 km line spacing, were used by
Rogan (1980), (assuning a magnetisation of 2.5
A to obtain a depth to magnetic basenent
beneath the Ckataina Volcanic Centre of 1.0 to 2.5
km A conparison of the magnetic and gravity data
was used to suEport the existence of a relatively
shal low (2.8 km depth) magma chanber centered
beneath the eastern armof Lake Tarawera. However
our results suggest that the range in calculated
depths to magnetic basement could be a pseudo
efrect caused by substantial variations in
magnetisation of the rhyolites.

In 1985 and 1986, Auckland University Geothermal
Institute (Salt, 1986) conducted nore detailed
aero-magnetic surveys over the Ckataina Volcanic
Centre with a flight altitude of approximately
800m Several positive anonalies, revealed in
this survei/], correlate with known volcanic
features such as the young Haroharo vents and |ava
flows, and the older Haparangi rhyolites east of
the caldera boundary (Mungawhakamana and Rere
Hlls). A large positive anonaly south of the
Tarawera River has no obvious explanation at the
surface, but correlates with high resistivities at

depth  (approachin 1000 ohm-m). It is
interpreted, therefore, to indicate an unaltered
buried dome or intrusive. Regions of zero

magnetic response (when the negative dipole effect
is taken into account) generally correspond with
the low resistivity anomalies in the Rotom,
Tikorangi, Te Haehaenga and Puhipuhi basins,
supporting the interpretation that hydrothermal
demagnetisation is the principal cause of these
magnetic lows. The centre of the strongest relgi on
of demagnetisati-on is the upper Rotoma Valley,
approximately 2 kilometres SSE of Tikorangi where
ii 1(|) ohmm anomaly lies at about 200m bel ow sea
evel .

GEOTHERMAL RESCURCE MODEL

Based on the preceding arguments, an integrated

“exploration nodel of the geothermal resources in

the project area is &Eoposed. From the geology it
is clear that the Okataina Volcanic Centre is
relatively young, and that the associated Haroharo
Caldera is underlain at some unknown depth by a
large body of nolten rhyolite, which constitutes
the ultimate heat source for hydrothermal systens
in the area. A broad zone of enhanced vertical
Eerneability probably occurs along the caldera
oundary. Wthin the project area, this form a
north-south trendi'ng zone from Lake Rotoehu
through Tikorangi and the western flanks of
Maungawhakanana. Large nunbers of north-east
trending structures also exist. These include
numerous faults outside the caldera, the Haroharo
vent lineation, and the newy described Rotoma
Gaben ‘from gravity interpretation).  Vertical
permeability is likely to be particularly high
near the intersections of these sets of
structures. The near-surface rhyolites of the
Haroharo conplex also have a high ﬁrimary
permeability allowing rapid downflow of recharging
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neteoric ground water. The ground water |evels
are generally controlled by the lakes to the
north, and the Tarawera River to the south.

An assessment of the geothermal prospects in the
project area is best treated by separation into
two principal anomalies:  Tikorangi- Rotoma-Te
Haehaenga and Puhi puhi Basin.

The nost prospective anomaly is associated with
the Tikorangi solfatara field, which is the
hottest known thermal feature (tenperatures of at
least 134°C at 30m depth). Large flowate hot
sFrings of diluted sodiumbicarbonate- chloride
fluids occur about 3 km to the north and
north-east of  Tikorangi Witangi and Qei
springs, respectively). These are thought to
represent outflowing fluids which contain a
significant proportion of neutralised condensates
from the Tikorangi area. Fluid geothermonetry
suggests mnimum tenperatures of 200°C for the
shall ow aqui fer supplying these thermal features.
Gas isotope geothernometry suggests rmuch higher
tenperatures at deeper |evels. .

The Tikorangi-Rotoma-Te Haehaenga resistivity
anomaly covers an area of about 40 km-, and is
elongated along the caldera boundary between the
Tarawera River and Lake Rotoehu. North  of
Tikorangi a small area of less than 10 ohmm
resistivities is interpreted to be caused by a
shal low condensate aquifer. It has caused some
hydrothermal alteration but insufficient mneral
deposition to significantly reduce the Porosity of
the vol canic breccias and pyroclastics fornming the
aquifer.  Soundings further north and north-east
suggest that this shallow condensate aquifer feeds
the Waitangi and Qei Springs. The area between
Tikorangi and the head waters of the Kaipara
Stream (labelled the quer Rotoma Valley) s
underlain by a 10 ohmm layer at about 200m bel ow
sea level, which is interpreted to represent a
near-hoiling geothermal brine. This area is the
centre of a si?nificant demagnetised zone,
presumably the result of hydrothermal alteration.
It also lies at the junction of two ngjor
structures identified by gravity the Haroharo
Cal dera boundary, and a north-east trending graben
through Lake Rotoma. These structures presumably
provide the deep fracture perneability that has
enabled rapid establishment of a high tenperature
convecting geothermal system

Further south the Te Haehaenga Basin contains an
upwel ling resistivity anomaly of about 30 ohmm
ich approaches the surface near the Tarawera
River and connects with the Tikorangi anomaly
through the Kaipara Valley. The entire anomaly is
demagnetised. The association of thermal fluids
with the anomaly is confirmed by the presence of
warm dilute springs which are thought to be
related to recent north-east trending faults
allowing circulation and mixing of deeper
outflowng geothermal fluids with a near-surface
%round water aquifer. The Te Haehaenga anomaly is
ounded to the south by a very high resistivity
formation, coinciding with a positive magnetic
anomal y whi ch, btl) its shape, suggests the presence
of an unaltered buried intrusive or dome.

The Puhi puhi Basin also contains a domng |ow
resistivity anomaly with values of,30 to 40 ohmm
covering an area of about 38 km and reaching
highest ~ elevations near the exEosed acidic
alteration on Puhipuhi Massif. The alteration
assenbl age is typical of the surface expression of
a shall ow paleo-boiling zone in an epithermal
environment, which suggests that the Puhipuhi
anomal y represents a waning hydrothermal systemin
the later stages of tenmperature decline. However,
the possible association of the anomaly with the
nei ghbouring . warm \Miaute Springs inplies the
existence  of some  residual heat , with
geothernometry predicting subsurface tenperatures
as high as 170°C. Hgh resistivities and a
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positive magnetic anomaly beneath Huea road (to
the south of Waiaute Springs) inplies the absence
of any substantial connection between this anonal
and Tarawera Vol cano. A near zero residua
magnetic field over the Puhipuhi Basin confirms
that most of the volcanic material overlying the
non-magnetic greywacke basement has experienced
extensive hydrothermal demagnetisation. -

In view of the geothermal resource nmodels
presented above, it is reconmended that future
exploration activity should concentrate on the
nost prospective area in the upper Rotonma Valley
between Tikorangi and the head waters of the
Kaipara Stream  The principal target is a very
|ow resistivity formation occurring at about 200m
below sea level. It is inportant to obtain
informtion on the cause of this anomaly to test
the proposed model. The information required
includes subsurface tenperatures,  pressures,
hydr ot her mal alteration, porosities,
permeabilities, and if possible the chenical
nature of the fluid.
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