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Background - Historyof Geothermal Surveys i n

The f i r s t systematic reconnaissance survey the h
spr ings of Fi j i was made i n 1956 b y John Healy .
Although he vis i ted only a quar te r of the hot  springs known
on V i t i and 8 of the 25 on Levu. he did include
the observations of ear l ier works thereby compiling a fa i r ly
complete catalogue of locations and relevant prel iminary
data. Figure 1 shows the location of the Geothermal
Prospects i n Fi j i .

Du r i ng the ear ly 1970's fu r t he r detailed analyses were made
of many o f the hot spr ings A t this stage i t
realized that more careful invest igat ion the Savusavu and
Labasa hot sp r i ng areas might yie ld useful resul ts, since
these areas contained the hottest spr ings i n Fi j i th is work
was star ted in 1975. The resul ts can be found i n f i ve
repor t published by the Mineral Resources Department

Th is work was followed by a gradient
d r i l l i ng programme throughout Vi t i Levu and Vanua Levu by
N Skinner""' AS p a r t of the work commitment fo r
of fshore oil prospect ing, a fu r t he r reconnaissance study of
F i j i was undertaken i n 1978 by Pacific Energy and Minerals
L t d . I n 1979. the above work was reviewed b y

i n order to i m rove understanding of the
geothermal potential i n .

I n Sept. 1981, bu i ld ing what was known, J.R. McNitt
car r ied out an assessment of f PI- requirements for
geothermal explorations i n ' . I n 1982, MRD p u t
fo rward for f u r t he r invest igat ions on the
Savusavu hot sp r i ng area. The objective was to establish a
detailed programme of invest igat ion stage p r io r to
deep exploratory dr i l l ing . A change i n the Government
policy later that year resul ted i n the postponement the
programme.

I n 1987, Department of Scientif ic and Indust r ia l
Research of New Zealand surveyed the hot  
spr ings a t Savusavu. Th is data was analysed and a
conceptual model of the geothermal prospect was proposed.
A similar survey was carr ied i n Al l
invest igat ions till th is that a deep electrical
res i s t i v i t y survey should be in the Savusavu
area especially around Mt . and the Savusavu
peninsula.

I n 1991, KRTA L t d New Zealand (now called Kingston
Morrison) undertook deep DC electrical t ravers ing and
sounding res is t iv i ty surveys of the Savusavu peninsula
from September to 1991 Fi j i DOE and MRD co-
ordinated and assisted i n th is survey . Other associated

...

analyses, of the hat
spr ings a t Savusavu and Labasa were also conducted by
KRTA. Al l th is work was aimed a t re f in ing the conceptual
model of the geothermal prospects. The survey clearly
ident i f ied a geothermal f ie ld an the Savusavu peninsular
wi th possible power production capabil i ty of approximately
25 I n mid 1992 a deep electrical res is t iv i ty survey
was conducted over the Labasa hot springs system to
determine a geothermal anomaly the resul ts indicated that
only heat for industr ies be available from the
Labasa geothermal

I n December 1992, an independent consultant, E
was recrui ted by DOE to assess all work conducted on

the hot  springs of Fi j i to date. A repor t was submitted at the
end of th is recommended that all
surface studies on the hot spr ings of F i j i have been
conducted and the next step was to deep d r i l l to correlate
the theoretical . Both sites require deep
dr i l l ing to the geophysical hypotheses.

In October 1993, P R L and M r N were
contracted to assess the dr i l l ing equipment available i n Fi j i
and the local i n f ra- s t ruc ture , compile dr i l l ing methodology
from dr i l l i ng data and samples from prospect sites,
determine an overall dr i l l ing programme for Fi j i , etc, . The
repor t submitted indicated that a complete deep dn l l i ng
programme and test ing of the potential costs around

and take 2 years

I n December of the Geothermal
Ins t i tu te of Auckland Univers i ty studied the aeromagnetic
data over the Labasa d ra f t repor t was
submitted.

SAVUSAVU PROSPECT

The hot springs are at level and l ie along the
coastal l ine on either side of the Savusavu peninsula the
system approximately 15 prominent hot spr ings
and a couple of cold spr ings. Detailed repor ts electrical
res is t iv i ty aeromagnetic data, In f ra- red imagery
and heat f low available from the Mineral Resources
Department.

Electrical Resist iv i ty Surveys

An electrical res is t iv i ty survey gather- data on the extent
and hydrology of the s stem commissioned i n 1991 and
undertaken by Al l the electrical measurements
i n this survey were conducted using the
electrode conf igurat ion.

Travers ing and data

A total Of 147 travers ing Stations were occupied i n the
1991 survey b y KRTA and resist iv i t ies for500

m and 1000 m were The Savusavu
Peninsula, including known thermal outflow and
the adjacent par ts of Vanua a re characterised b y
resist iv i t ies which are generally less than while
fu r t he r to the north-east. the resist iv i t ies increase to
between i s considered therefore that the low
resist iv i t ies measured the Savusavu Peninsula,
surrounding areas known thermal outflow. represent the
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effects of a geothermal system. Given tha t the rocks around
Savusavu are thought  to  be Miocene Pliocene in age and
their weathering i n the high local rainfal l g iv ing
reduced res is t iv i ty , KRTA used the to
delineate the margin the geothermal f ie ld. Within the 100

contour, the res is t iv i ty decreases towards the south-
west reaching below on both 500 m and 1000 m
spacing only west of a line connecting the Savusavu Town
and Bay and remain relat ively constant over the

depth .

A total 15 soundings conducted d u r i n g the su rvey .
F igure 2 shows the apparent res is t iv i ty

t ravers ing res is t iv i ty  contours. Note that
all b u t three of the sounding detected apparent
resist iv i t ies of  less than 30 nearly all of the
curves. Th is observation shows tha t low res is t iv i ty  rocks 
ex tend from depths of several hundred meters nearly to  the 
surface over the Savusavu Peninsula.

Data and In f ra- red Thermal Imagery and Heat
Flow

Aeromagnetic data available from
Bar r i nge r Research The data available from

have been in terpre ted b y and
featureof d a t a f o r t h e

Savusavu area i s an elongated negat ive anomaly which
extends from east, parallel to the Coast to  the 
Summit of Mt. West of Mt the
anomaly rap id ly dies and i s hard ly apparent the
Savusavu Peninsula or r idge. Cox
suggested tha t the anomaly might be caused b y a ow
i n t rus i ve body related to the Savusavu Basalt. Caldwell

suggests tha t the anomaly i s a topographic ef fect  related 
to a range of hi l ls which runs parallel to the coast. He
implies tha t a st rong magnetic anomaly west of
Mt . that t h i s region has undergone
suf f ic ient hydrothermal alteration t o destroy most of the
magnetite.

reported the resul ts of in f ra- red imagery
flows i n These detected anomalies corresponding to
the known major thermal areas, b u t did not conclusively
detect any other- s igni f icant anomalies.

A one meter soil temperature survey was carr ied b y
in 1980: i t i s b y also

undertook additional measurements. These surveys show
temperature the of the known
spr ings. There i s a l i t t l e heat flow to surface other t an
t ha t discharged b y the spr ings themselves. Cox
estimated tha t the springs discharging a total of 60

thermal f l u id , w i t h a heat of almost 1

and and Petrology Surveys

Samples from various Springs at  Savusavu and Labasa were
collected and analysed b y various consultants along w i t h
available histor ical data. I t i s seen t ha t the water chemistry 
for  the Savusavu spr ings been stable f o r  a t  least
years [ear l iest  analyses in, 18721 and the temperatures
far even survey included water
chemistry, water geothermometry [cation and sil ica
geothermometry, temperatures] ,mixed
trends, isotopes i n water and in sulphate
and water, chemistry, gas isotopes and gas
geothermometry studies.

The most thorough summary of geology of Vanua i s
t h a t of w i t h accompanying scale
geological maps. Additional information re la t ing more
specifically to  the Savusavu b y

which concludeand Skinner

tha t the Savusavu Peninsula is p a r t o f a th i ck pile of
formations of basaltic composition,

erupted from several centers. However. the hydrothermal 
system could be related to a la ter  in t rus ion and this i s not
inconsistent the tectonics. Hydrothermal alternation of
the surface formations widespread, part icular ly in t he
western pa r t of the Savusavu Peninsula, and 

I n contrast. re l ic t at
implying deep erosion, b u t th is

outside the current ly- act ive hydrothermal System .

SAVUSAVU GEOTHERMAL AND HYDROTHERMAL
ACTIV ITY MODEL

3 outl ines the model proposed b y and

the main p a r t on Vanua Levu . w i t h which Cox agrees.

Heat Source, Hydrogeological and Recharge Models

concluded that there i s no evidence any
connection between th i s geothermal system on

models of tectonic
and magmatic type. favour what they describe as a
"magmatic" type system, b u t re fer respectively "molten
rack" and "magma". A geothermal gradient of  and
groundwater c i rculat ion to 2 km depth would encounter
temperatures A t depths km temperatures
would be I t i s considered here tha t there no need
to refer to a "magma" as a heat and therefore no
need expect magmatic f lu ids .

Various f lu id flow models are discussed b y and
conclude with a "magmatic-related hydrothermal system" of
an upflow relat ively near to the spr ings. An alternate
model i s considered here basically it i s a (and
par t l y l i thological) reservo i r thermal f lu ids below the
peninsula (F igure The source of the water i s from
recharge over approximately 15 km to the east from the
ranges of Vanua Levu. Considering the dominant SE Trade
winds and the development of windward rainfal l coasts th is
could explain the isotopically heavier nature of  the thermal
water relat ive to local creek water at Savusavu (of
immediately local or ig in ) .

Th is model also allows the development a signif icant
hydrau l ic head from higher level recharge. Perhaps t h i s
could d r i ve the system (w i th thermal enhancement)
inc lud ing pushing the water th rough to discharge along the

Coastline. W i t h such a model there could be 
hotter, deeper waters moving within fau l t
(approximately 225 C a t 2.5 This water may then enter
the peninsula reservo i r where could re-equi l ibrate at  the
lower temperatures of Such a reservoir  and re-
equi l ibrat ion within i t could a l ~ ~help explain the law
gas, lack of oxygen isotope sh i f t (enrichment) and the
widespread hydrothermal alteration .

discuss the

LABASA PROSPECT

The main Labasa hot spr ings l ie  with a basin South of Labasa
Town wi th a number hot spr ings towards the West and
East of the main Springs.

Electrical Resist iv i ty Surveys

The Labasa geothermal fields were to deep electrical
res is t iv i ty  surveys,  b y KRTA i n 1992.

Traversing and data

A total Of 220 t ravers ing stations were occupied dur ing th is



apparently Pliocene, but there were later dyke swarms
th rough much of the immediate and surrounding area which
show the depth and these
racks tha t may be best considered a heat Source.

There are several dominant fau l t t rends b u t the intersection
of faults may be of prime importance because v i r tua l l y al l
the hot spr ings are located with streams [ faul ts and
topographic The may be a combination of
bath s t ruc tu re [ fau l ts and associated and
l i thology [permeable rocks such sandstone].

LABASA GEOTHERMAL AND HYDROTHERMAL ACTIVITY
MODEL

Figure 5 the model proposed b y and
fo r Labasa. Fallowing a re l is ted the main indicated

features of the system based an s u r v e y s t o date:

Faults are the main control f l u id migration,
especially i n a vert ical direct ion.
There i s Central zone from around 1000 m
depth, or greater, associated Intersections of
la rge faults, and around km i n diameter.
To the east and west the upflow are Of

outflow, possibly from 500 m depth. The permeability
to allow this fluid movement may be bath Structura l
and lithological.
A t shallow depth. 20 m to 150 m, the thermal
groundwater has spread lateral ly mostly within
sandstones and breccias. This "body" thermal
water i s commonly 100 m th ick , but i t may not be
uniformly continuous. The top the thermal water

may be at a depth of about 30 m at the Center of
the overall zone, b u t i s becomes deeper t o the
northeast and southwest, where i t may be to 50

System and Geothermal Fluids

considered th is system to be a transit ional
between the tectonic and magmatic geothermal systems.
There i s deep circulat ion of meteoric water to
wi th in a zone of a s l ight ly elevated geothermal gradient.

average gradient i n the ear th 's c rus t i s 30

At the surface there i s visible gas discharge and only
very minor steam condensing wi th a i r conditions.

f lu ids with
chemical t ype . The waters are near saturat ion wi th

respect anhydr i te and th is mineral i s l ike ly to deposit.

Development prospects

Geothermal have the potential to he developed to
supplement Fi j i ' s presently predominant Hydro Elect r ic i ty
Power generated energy supply. This could only be
made possible the economic v iabi l i ty of geothermal
resource i s assessed and proven th rough th is assessment
programme. This i s par t icu lar ly important f o r Vanua Levu
where the prospects for a signif icant sized HEP potential i s
severely l imited. There i s potential f o r pr ivate sector

i n th is area i f any prospect i s ident i f ied and
proven viable.

i s to be noted that an explorat ion deep dr i l l i ng programme
has also been drawn b y GENZL f o r the Savusavu and
Labasa prospects i n 1993.

F u t u r e

The next step of the assessment programme i s deep dr i l l i ng
to prove the resource. F i j i proposed along wi th other
Pacific Is land wi th geothermal f ields (Vanuatu,

d u r i n g the Annual of the South

survey apparent f o r the 500 m and 1000 m

electrode spacing were calculated. The s tudy area
extended south from and hot spr ings
and i s characterised b y res is t iv i t ies general ly less than 20
n m . The rat io of the 500 m t o m apparent
res is t i v i t y i s i t shows how the t r u e

are increasing wi th depth. Fur ther to the
south, the 500 m resis t iv i t ies are l o w , less than 10

being equal t o or less than the m spacing
res is t iv i t ies, suggesting that the res is t iv i t ies a re constant
or decreasing wi th depth. l o w implied
by wi th hydrothermal alterat ion
at depth and such may represent an of geothermal
fluid.

A total of 8 soundings were conducted b y in
1992 and the 12 soundings conducted
by 1981 4 shows sounding

locations, apparent res is t i v i t y curves and 1000 m t ravers ing
res is t i v i t y contours. The cu rves be div ided in to
groups all of Cox's soundings and have ve ry clear
uptu rns which imply that they are successively by

re la t ive thin layer of res is t iv i t ies and a h igh
res is t i v i t y basement. res t of show
constant res is t iv i t ies which suggest that the soundings a re
underlain b y re lat ive ly constant low from the
sur face to depth.

Surveys and Heat Flow

There are several features in the contoured aeromagnetic
data which are not ing, the most prominent are :
[a ] the several small bipolar- anomalies that prov ide

f u r t h e r suppo r t f o r existence of in t rus ions at
depth
a large magnetic [a round 8 km i n diameter] which
may well re f lect a substantial zone of hydrothermal
alteration a breakdown of magnetic rock
minerals] at dep th . I t i s however possible th is
alterat ion may be re l i c t [ foss i l ]

The hot test Springs are boi l ing indic ted
tha t the deep reservo i r temperature of water around

Cox i n f e r s that would he possible that s l ight ly
h igher temperatures may be encountered wi th in dr i l lab le
depths i n the upflow zone [possibly 500-750 There are
discrepancies i n the various repor ted calculations of heat
lost f rom the system subsurface measurements are
requi red.

Geochemistry and Geology and Petrology Surveys

A substantial p a r t KRTA Geochemistry studies
the his tor ic MRU resul ts and

interpretat ions. KRTA f l u i d geochemistry includes:
Conventional water chemistry and several addit ional minor
elements; i n measurements; prel iminary gas
geochemistry; su lphur isotopes [ reassessment of
stable isotopes [oxygen and hydrogen] application
chemical geothermameters. Gas samples show atmospheric
association and and there were gases, such
as ti and that would magmatic source. Water

shows that the thermal water i s a
type: r i ve r waters are type; of

the water i s t o alkal ine. Stable isotopes
analyses show that the thermal water i s relat ively local
recharge and i s meteoric o r ig in .

The Labasa system with in a basic s t ruc tu re although
there i s some disagreement whether it i s in te r- or
volcano. What i s important i s that the system appears to be

la rge ly w i th formations o f permeable as
[sandstones], rocks and

breccias. suggests tha t the youngest volcanism
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Pacific Applied Geoscience Commission (SOPAC) to
part ic ipate i n a Regional Geothermal Programme which will
be coordinated b y SOPAC. I t i s envisaged that the deep
dr i l l i ng phase geothermal invest igat ion i n Fi j i wil l be
funded under th is regional programme. SOPAC cur ren t l y
negotiating wi th the New Zealand Government far funding
this regional geothermal programme.

A Japanese organisation has also shown interest i n
geothermal invest igat ion i n Fi j i - adeep dr i l l i ng

funding proposal i s to be submitted t o short ly .

I f such a programme proved an exploitable geothermal
resource. the Government of Fij i would view a
Build-Own-Operate-Transfer (BOOT) scheme proposal as a 
means of real is ing this resource.
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SOUNDING CURVES AND APPARENT
TRAVERSSING RESISTIVITY CONTOURS.
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