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ABSTRACT

The Geothermal Resource Ass essmen t Program of
t he Hawaii Institute of Geophys ics has conducted a
series of geochemical and geophysical surveys in
ten separate locations within the State of Hawaii
in an effort to identify and assess potenital
geothermal areas throughout the State. The
techn i ques applied include groundwater chemistry
and t empe r a t ur es , soil mercury surveys, ground
radon emanometry, time-domain electromagnetic

__surveys_and_Schlumb~rger_r~sistivity. soundings.
Although geo chemical and geophys ical anomalies
were identified in nearly all the survey s ites,
those areas which show most promise, based on
pres ently availab l e data, for a geo thermal r esource
are as f ol l ows: Puna, Kailua Kona , and Kawaihae on
the i s l an d of Hawaii; Haiku-Paia and Olowalu
Ukumehame canyons on Maui; and Lualuale i Valley on
Oahu. Further surveys are planned for most of
t hese areas i n order to fur ther def i ne t he nature
of t he t hermal resource present.

INTRODUCTION

The Hawaii Institute of Geophys ics Geothermal
Resource Assessment Program has conducted a series
of geo chemical and geophysical f ield surveys i n
ten pr ospective geothermal areas of t he Sta t e of
Hawai i to assess t he ir potential. The explor a t ion
techniques which have been applied i nclude ground
water chemistry, isotopic analysis, soil mercury
and radon surveys, t ime-domain electromagnet ic
soundings, and Schlumberger resistivity s urveys
(Thomas et a!., 1980). Thes e surveys were conduc ted
in areas selected from a state-wide assessment of
all available data, including t he likeliho~d of
subsurface heat from geological criteria, regional
geophysics and chemistry of groundwater (Thomas et
al., 1979). The areas in which studies have been
conducted (Figures 1, 2, and 3) are as follows:

On Hawa i i : Kawaihae, Hualalai northwest rif t,
Kailua Kona , Mauna Loa southwest r i ft, Kilauea
lower east rift, and Keaau;

On Maui: Kaanapali-Lahaina, Olowalu
Ukumehame and Haiku-Paia:

On Oahu: Lualualei Valley.

SUMMARY OF RESULTS

Kawaihae. Geochemical sampl ing i n the
Kawaihae area has delineated an east-west trending
zone of anomalously high soil mercury concentra-
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tions and ground radon emanation which correlate
well with above ambient groundwater temperatures
in the immedia t e vici nity. Gr oundwa t e r chemistry,
sp ecifically CllMg r atios, also i ndica t e t hat t he
local groundwater chemistry may ohave been
thermally altered.

Schlumberger res istivity soundings in the
Kawai hae area suggest a highly resistive body to
the northeast o f t he mer cury any radon anomalies;
this feature is i n terpr e t ed to be a shallow
intrusive body which may be associated with a
nearby 80,000 year old eruptive vent (Malinowski,
1977).

Although t he se dat a i ndicate po t ential for 0 

l ow t emperature geo t hermal prospec ts , furt her
s t udies will be neces sary before an y estimate of
the thermal potential can be made .

Hualalai No r thwes t Rift. Geo chemical surveys
on t he northwest f lank of Hualala i volcano yielde d
onl y ve ry slight evidence of geothermal act i vity.
Soi l mer cury concentr at ions an d radon ou t gass i ng
were relat ively low throughout the region however
sli ghtly elevated mercury concentrations were
fo und to be associated wi th t he eruptive vents
a l ong the t rend of t he rift sys tem ; radon values
were no t significantly anomalous. The r e are few
gr oundwat er wel ls i n t his area and t hus only two
s e t s of chemical data are av a ilable ; only one of
these, to the south of the r ift system, showed a
signi f icant CllMg anomaly.

Schlumberger sound i ngs along the r ift were
abl e to i den tify a conductive zone at 500 m depth
near t he summit of Hua l al ai; this anomaly has been
i n ter pr e t ed to be associated with dike-impounded
groundwater which mayor may not be above ambient 0

temperatures.

The pr es en t l y available geochemical and
geophys ical data do not provide convincing
ev idence that a thermal anomaly is present in this
survey area. However, the last eruptive activity
on Hualalai took place in 1801 and it seems likely
that t his volcano could have some geothermal
pot ent ial. Cont inued surveys are planned for
Hua lalai on a limited scale.

Kailua Kona. Geochemical surveys conducted
in the north Kona district have identified several
areas in which mercury and radon anomalies are
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Fig. 3 Location of Survey Are a::: Island of Oahu
45'r-----,.-----------,.-----------,.-------------,

21'
30'

15'

(OHfOU. YALUf S • 100

15' 158' 45' 30'

present. Groundwater Cl /Mg ratios are gener al :y
elevated for these areas as well. The general
trend of the anomalous zones suggest that they
arise from beneath the h i ghe r slopes of Hua l alai .
Geophys ical surveys have not .ye t been conducted in
t his area, larely due to the extensive pipe net
works and other cultural interferances.

Although the presently available data on this
area are by no means conclus ive, they strongl y
suggest that thermal anomalies are influencing
groundwater chemistry and ground gas movement.
Continued surveys will be conduct ed in t his area i n
an effort to determine whether the origin of the
observed anomalies i s a local one or i s deepe r
within Hualalai volcano.

Mauna Loa Southwest Ri f t . Surveys on t he
lower Mauna Loa sou t hwest rift zone hav e be en
restricted to time-doma in electromagnetic and
Schlumberger resistivity soundings. Est imated
res istivit ies were about 100 ohm-m, suggesting that
there is little thermal activity i n the immediate
survey area.

Keaau. Geochemical and geophysical surveys in
the Keaau area were unpromising in regard to geo
thermal prospects. Mercury and radon surveys
showed only slight elevation above the natural
background and groundwater chemistry suggested a
simple mixing of minor amounts of sal ine wa t er wit h
local meteoric recharge. Schlumberger and time
domain soundings iden tif ied a th ick freshwater l ens
but no anomalous conduc t or s at depths less than 5
km over the entire survey region. Few, i f any.
geothermal surveys are antic i pa ted f or th is
district of Hawaii.

187

Kilauea Lowe r East Ri ft. Schlumberger and
time-domain electromagne t ic survey s were completed
over several areas of the lower east rift zone of
Kilau ea i n the vicinity of t he geo thermal well
HGP-A. Analysis of the data indicates t hat t his
area has a substantially lower resistivity t han
an y of the other survey sites stud ied and t hat
the HGP-A reservoir i s elongated along the str i ke
of the east r ift zone and extends to the south
east toward Kapoh o (Kauahika ua e t al. , 198 0).
Radon and mer cury surveys suggest an elongate
r ift-confined reservoir , with some broadening
uprift of HGP-A.

Lah aina -Kaa napali . Water chemistry from
several wells i n t he Laha ina-Kaanapal i district
s hows slightly elevated Cl/M g ratios suggesting
that a low order t hermal anomal y may be presen t
i n this area ; mercury and radon results to some
degree s ubs t an tia t e the gr oundwa t e r data although
t he anomal i es as presently defined are restricted
to the i mmedia t e vicinity of Kaanapali and a post
erosional cinder cone northeast of Lahaina. Five
res ist ivity s oundi ng s were conducted in this area.
Resist i vit ies in the order of 20 to 40 ohm-m are
interpeted as seawater saturated basalt, which
are t yp ical for Hawai i (Ma t tic e & Lienert, 1980) .

Our prel iminary assessment of th is area i s
t hat a low t emperature anomaly may ex i st which is
associated wit h t he Laha i na pos t - e r osiona l
volcanic centers . Further geochemical and geo
phys ical surveys are currently be ing carried out
to more clearly def ine t he source of the observed
anomali es.
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Olowalu-Ukumehame. The chemical analyses of
three wells in the area are considered anomalous,
one hav ing a temperature of 33"C and a Cl/Mg ratio
of 17 .7 [greater than IS is considered anomalous
for Hawaiian groundwater (Cox & Thomas, 1979)] and
two having temperatures greater than 2S"C. Soil
mercury concentrations are low, but radon survey
resul ts s how a low order anomaly. Schlumberger
resistivity surveys in Olowalu-Ukumehame canyons
have i den t i f i ed a conductive layer at a depth of
90 m to 200 m and having a resistivity of 4 ohm-m.
These results suggest that the basalts beneath the
survey area are saturated with hot seawater
(Mat t i ce & Li ener t , 1980).

The presence of anomalous groundwater chemis
try and resist ivities in this area suggests that
at least a low temperature thermal anomaly is
present.

Haiku-Paia . Groundwater chemical analyses
have delineated several areas in which Cl/Mgratios
are substantially higher than normal Hawaiian
groundwaters . The highest ratios (21 and S8) are
located in the north central corner of the survey
area near the intersection of the northwest rift
zone of Haleakala and the coast. Groundwater
temperatures s how a pattern quite similar to that
of the Cl/Mg ratios although at higher elevations
temperatures decrease, presumably due to the wells
penetrat i ng perched groundwater.

Both radon and soil mercury values substanti
ate t he observed anomalous groundwater chemistry
and temper a t u r e pa t t erns . The highest soil mercury
and radon values were found aLong the western
boundary of t he rif t zone (Cox & Cuff, 1980).

The resistivity values measured in this area
average around 10 ohm-m but cannot as yet be
ascribed to thermal water and may result from high
p~rosity basalts. It i s believed that the very
strong geochemical anomalies observed in this area
arise from a thermal source associated with the
Haleakala northwest rift s ystem. Continued geo
chemical and geophys i ca l surveys will be conducted
in this area to further define the source of heat.

Lualualei Valley. Extensive geochemical
survevs have been conducted in the area within and
around Lualualei Valley (Cox et al., 1979).
Groundwater chemistry data on several wells located
near the inferred Waianae Caldera boundary exhibit
very strong chemical anomalies: seven wells have
temperatures in excess of 2S"C, five wells have
Cl/Mg ratios in excess of IS, and six wells have
silica concentrations greater than 80 ppm. The
groundwater chemistry anomalies are generally
coincident with strong soil mercury concentrations
and ground radon anomalies. Schlumbergersoundings
in the survey area have identified a dike impounded
groundwater layer which appears to overlie basalt
saturated with fresh to brackish warm water. This
layer is in turn underlain by a highly resistive
layer of basement rock which is interpreted to be
the dense volcanic intrusive complex associated
with the Waianae volcano caldera.
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Our interpretation of the results of the
geochemical and geophysical data obtained f or
Lualuale i Valley is that residual heat is present
within the Waianae Caldera system, probably at
considerable depth, and that there is convective
transport by groundwater through the fracture
system associated with the collapsed caldera.
Further geophysical studies and deep drilling will
be necessary before estimates can be made of the
temperature and depth of the heat source.

CONCLUSION

Our prel iminary assessment of the areas
presently under study is as follows:

f.aw8i hae: low to moderate temperatures
possibly assoc iated with an ancient intrusion;

Hualrlai Northwest Rift: low temperatures
may exist but there is presently insufficient
data for a more definite appraisal;

Kailua-Kona: a strong indication that sub
surface heat has influenced the groundwater
chemistry,the source for these anomalies indicated
to be below Hualalai volcano;

Mauna Loa Southwest Rift: no indication of
any significant subsurface heat;

Kilauea Lower East Rift: surveys suggest
that the reservoir tapped by the geothermal well
HGP-A extends eastward along the rift zone
towards Kapoho;

Keaau: there is a very low probablity for a
thermal resource in this area;

Lahaina-Kaanapali: surveys suggest t hat
low order anomalous temperatures may be as sociated
with the post erosional Lahaina volcanic vent
system;

Olowalu-Ukumehame Canyons: avai lable data
have identified what is probably a low to moder a t e
temperature thermal anomaly in Olowalu Canyon;

Haiku-Paia: very strong anomalies , apparent
ly associated with the northwest r ift of Ha l eakal a,
substantiate the presence of subsurface thermal
condit ions;

Lualualei Valley: a fracture-controlled
low temperature thermal anomaly is indicat~d
within the former Waianae caldera.
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