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ABSTRACT

Resistivity data froa several areas were compiled, ana­ 

lyzed, and interpreted in terms of possible geologic models. 

On the > basis of this analysis alone, two areas have been 

ruled out for possible geotheraal exploitation, two have 

been interpreted to have a moderate-temperature resource, 

and two have been interpreted to have a high-temperature re­ 

source.

The two areas which have been ruled out are the Keaau and 

South Point areas. The Kawaihae area and the lower nor­ 

thwest rift zone of Hualalai appear to have anomalous resis­ 

tivity structures, which suggest a moderate-temperature re­ 

source in each of these areas. Finally, specific areas in 

the lower southwest and lower east <rift zones of Kilauea 

have been outlined as locations where high-temperature 

fluids may exist at depth.
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1

IH1BODUCTIOH

Hawaii is the largest and youngest of the Hawaiian is­ 

lands and is located at the southeastern end of the chain. 

It is composed of the products of five volcanoes (see Fig. 

1) . FCohala and Mauna Kea are the northernmost and oldest;

Hualalai, Mauna Loa, and Kilauea dominate the southern half•>

of the island and are the youngest. All three have been ac­ 

tive in historic time, although only Mauna Loa and Kilauea 

have remained active to the present day.

Active volcanoes are abundant sources of heat and would 

be natural targets for geotheraal exploration if surface 

manifestations of heat alone were an adequate heat resource; 

however, the real resource in volcanoes is the heat that may 

be trapped in their interiors. The source of this heat is 

the numerous bodies of initially molten magma which are in­ 

truded into the summit and rift zones of active volcanoes. 

Although large amounts of heat can be expected beneath ac­ 

tive volcanoes, significant amounts of heat may still be 

trapped beneath older volcanoes. In addition, the lower 

risk of damage to resource development from volcanic activi­ 

ty also makes older volcanoes more desirable targets.



Caldera

Approximate edge of 
rift zone at surface
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Deep geothermal wells

Figure 1: Hap of the island of Hawaii showing prominent 
volcanic structures and the locations of the 
subareas (stippled) discussed in this report.



In practice, a geotheraal resource requires not only 

heat, but also abundant water with which to extract the heat 

from the ground. Hawaii groundwater comes from two basic 

sources: rainfall which percolates down through porous vol­ 

canic rock to a basal water body, and seawater which infil­ 

trates the porous island below sea level and is present be­ 

neath most of the island. The basal freshwater floats on 

the underlying seawater in an equilibrium which can be dis­ 

rupted 'by excessive pumping of wells, low recharge from 

rainfall, or higher-than-normal temperatures.

Although most groundwater on the island is in a basal 

configuration, it is the water confined within dike complex­ 

es which is probably most important with regard to an area's 

geotheraal potential. The normal basal lens is never more 

than 300 or 400 m thick because water is free to flow later­ 

ally and is eventually lost to the ocean; however, dike-con­ 

fined water can achieve much larger dimensions owing to its 

confinement* In many areas, the water is impounded to such 

great elevations above sea level, that it is difficult to 

imagine that seawater still exists at the great depth re­ 

quired for support. Of the two deep geothermal wells 

drilled into Kilauea, the one on the summit encountered re­ 

latively freshwater at an elevation of 700 m above sea lev­ 

el, and the other on the lower east rift zone encountered 

relatively freshwater throughout its length even though it 

was drilled to 1750 m below sea level. Both wells must have



been located within dike-confined water bodies; both were 

anomalously warm.

It is because water is such an important part of the 

resource that electrical geophysical methods are so well 

suited for geothermal exploration. The electrical proper­ 

ties of most rocks are ordinarily a function of the electri­ 

cal properties of the water in its pores; anomalously low 

electrical resistivity can be a direct indicator of high 

pore-water temperature, or salinity, or high rock porosity.

This paper assesses several prospective geotheraal ar­ 

eas on Hawaii primarily using electrical geophysical data. 

Emphasis is placed on the results of a recent survey, alt­ 

hough data from previous investigations are reviewed. Six 

areas are discussed; they are the area near the town of Ka- 

waihae, Hualalai volcano, the south rift of Manna Loa, the 

southwest rift of Kilauea, the area around the town of 

Keaau, and the east rift of Kilauea (see Fig. 1).



2 

DESCRIPTION OF DATA AND ELECTRICAL EXPLORATION TECHNIQUES

The data used in this assessment comes froa three 

sources. Primary emphasis is placed on the results of a 

survey completed during the summer of 1979 by a crew of USGS 

and Hawaii Institute of Geophysics (HIG) staff. Twenty-six 

vertical electric soundings (VES) , thirteen time-domain 

electromagnetic (TDEM) soundings and one self-potential 

profile from this survey are presented for the first time. 

The findings are coupled with those of a similar survey car­ 

ried out by HIG staff during the summer of 1974 which used 

VES, TDEM, equatorial DC soundings and dipole-bipole techni­ 

ques (Klein and Kauahikaua, 1975). The third source of data 

is a series of groundwater exploration surveys done by Water 

Resources Research Center (Dniv. of Hawaii) staff during the 

late 1960's. These surveys made use of local aeromagnetic 

and gravity coverage as well as various electrical techni­ 

ques.

As already mentioned, most of the electrical data were 

obtained with two techniques: VES, using the Schlumberger 

electrode configuration/ and TDEM sounding, using a horizon­ 

tal grounded-wire source and a vertical magnetic-field sen­ 

sor. Both methods yield information on resistivity varia-



tions with depth; however, in our present application, each 

method was used to sound different ranges of depths. Any 

one technique would require an unrealistically large range 

of either spacings (for a VES method) or frequencies or 

times (for an EM method) to adequately resolve the whole 

range of resistivities present within the first few kilome­ 

ters beneath a typical area of Hawaii, The largest resis­ 

tivity contrast is between rocks that are saturated and 

those €hat are unsaturated with groundwater; rocks above 

the water table may have typical resistivities in the thou­ 

sands of ohm-n whereas those below nay have resistivities 

lower than 5 oha-m (Zohdy and Jackson, 1969; Kauahikaua and 

Klein, 1977a). Because of the inherent sensitivity of EM 

techniques to low resistivities, the TDEM technique was used 

to resolve resistivities within the saturated rocks; the VES 

technique was used to resolve resistivities within the unsa­ 

turated range of depths and to determine the depth to satu­ 

rated rock.

2« 1 VERTICAL ELECTBIC SOONDING METHOD

In any direct-current (DC) technique, the depth of in­ 

vestigation is a function of the distances between the cur­ 

rent electrodes and the voltage-measuring electrodes, and 

the resistivity structure of the ground. The basic rela­ 

tionship is that the greater the distance between current 

and voltage electrodes, the greater the depth of investiga-
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tion. The field application of the Sclumberger VES method 

requires that a pair of current electrodes be progressively 

expanded in opposite directions about a point at which two 

more closely-spaced electrodes are being used to measure the 

resulting voltages. Data from larger current-electrode ex­ 

pansions provide information from greater depths.

Our field method consisted of expanding the current 

electrodes so that one-half the current electrode separation 

varied ;from 3 a (10 ft) to 914 m (3000 ft) at logarithmical­ 

ly-equal intervals. Ten spacing expansions per decade was 

the maximum data density for each sounding. The voltage- 

measuring electrodes were expanded twice per decade. All 

four electrodes were in line and the distance between the 

current electrodes was at least five times the distance bet­ 

ween the voltage electrode spacing. By maintaining this mi­ 

nimum ratio between current and voltage electrodes, the max­ 

imum measurement error, due to a finite voltage-electrode 

separation, is less than 13X (Mundry, 1980).

At each spacing an apparent resistivity was computed 

from the measured voltage, the known current, and the known 

distances between electrodes (Keller and Frischknecht, 1966, 

p« 95) . The apparent resistivities at each electrode spac­ 

ing were then used as input to a computer program which 

could find an earth model made of discrete, horizontal lay­ 

ers whose response fit the data in a least-squares sense 

(Anderson, 1979), The number of layers in the model was in-
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creased and the program was rerun until the match between 

data and model response was no longer improved significant­ 

ly. At this point, estimates of the errors in the deter­ 

mined parameters (resistivities and thicknesses of each lay­ 

er in the model), as well as estimates of the correlation 

between parameter errors, were computed (Inman, 1975). The 

final interpretation was based not only on the parameters of 

the final model, but on an analysis of the parameter error 

and correlation estimates as well.

The data for each sounding were plotted as apparent re­ 

sistivity versus current electrode half-separation (denoted 

as AB/2) on log-log graph paper. If fences or pipe lines 

were crossed during a sounding, the point of crossing was 

noted on the plot. The interpreted model is shown at the 

bottom of the plots in bar form with resistivity, thickness 

and the respective errors specified for each layer. Those 

resistivities or thicknesses which do not have errors speci­ 

fied were poorly resolved (standard deviations greater than 

the parameter value) or were not allowed to vary during the 

fitting process (signified by an equal sign with three dash­ 

es) . Several soundings did not reyuire detailed interpreta­ 

tions in order to extract the information relevant to geoth- 

ermal assessment; only the data are plotted for those 

soundings. Finally, because most soundings reflect the lo­ 

cal hydrology, sea level is indicated by a dashed line in 

each sounding.
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In practice, the 7ES method, as described above, works 

well for delineating the sequences of resistive, unsaturated 

rock units to depths of 600 to 800 m. However, when water- 

saturated rocks are encountered, usually at depths less than 

600 m, the resistivity is generally poorly resolved due to 

the high contrast between unsaturated and water-saturated 

rock resistivities. On the island of Hawaii resolution of 

the saturated rock resistivity with the VES technique has 

been generally poor, but significant improvement in resolu­ 

tion would require electrode expansions of at least eight 

tines the elevation (Roy and Apparao, 1971). Doing sound­ 

ings at lower elevations means doing soundings near the oce­ 

an's edge, and the effect of a low-resistivity ocean would 

have to be considered. The ocean has the effect of decreas­ 

ing resolution since electrical current would have a tenden­ 

cy to flow laterally into this extremely conductive medium 

rather than penetrating the rock layers below (Sundry and 

Horzyk, 1979). By contrast, EM soundings need source-sensor 

distances of only one or two tines the elevation to resolve 

saturated rock resistivities. Thus, an EM method is used 

for exploring the restivities of the saturated rocks.
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2-2 TIHE-DOBAIH ELECTROMAGNETIC (TDEB1 SQPEPIHG BSTHOP

EM methods exploit the time-varying nature of electro­ 

magnetic fields produced either by natural sources (geomag­ 

netic field variations, lightning, etc.) or by artifical, 

controlled sources to penetrate the earth. The depth of in­ 

vestigation of these methods is primarily a function of the 

frequency of the EH field and the resistivity structure of 

the ground, and secondarily a function of the distance bet­ 

ween tlie observation point and the EB source. For natural 

source methods, the source of the EM field is generally as­ 

sumed to be hundreds of kilometers from the survey area so 

that the EM field variations take the approximate form of a 

plane wave impinging upon the earth. Penetration is inde­ 

pendent of the distance to the source for this case (Keller 

and Frischknecht, 1966).

For controlled-source methods, observations of the 

field are made at distances of much less than 100 km from 

the EM source. The depth of penetration of the EM energy is 

still predominantly a function of its frequency; however, it 

is more difficult to accurately measure the changes in the 

transmitted signal brought about by the earth's resistivity 

structure at distances from the source of less than one wav­ 

elength. A wavelength of EM energy in the earth is a func­ 

tion of the resistivity structure and the frequency only. 

Therefore, application of the controlled-source EM technique 

would be optimum if the range of source-sensor distances and
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EM frequencies were chosen such that a. sensor was never sig­ 

nificantly closer to the source than the shortest wavelength 

used.

For all EM methods, the depth of investigation is lar­ 

ger for EM energy at lower frequencies than it is for EM en­ 

ergy at higher frequencies. When using a controlled EM 

source, energy at several frequencies can be transmitted 

simultaneously and the resulting transient EM field can be 

recorded and analyzed as a function of time rather than fre­ 

quency. For these so-called time-domain EM (TDEM) methods, 

the depth of investigation is larger at later times {rela­ 

tive to the start of the source signal).

The TDEM sounding method was used in both ,the 1979 and 

the 1974 surveys but in slightly different applications. In 

both surveys, the vertical magnetic field produced by a hor­ 

izontal, grounded wire was recorded as a function of time. 

Several sources were used; each was 400 to 3000 m long and 

was pulsed with up to 15 amps of electrical current for 12 

seconds out of every 24 seconds. Data were recorded less 

than 10 km from each source. The difference between the two 

surveys was in the method of magnetic-field detection. The 

1974 survey used a horizontal wire loop, which is sensitive 

to the time-derivative of the vertical magnetic field; the 

1979 survey used a cryogenic magnetometer, which is sensi­ 

tive to the magnetic field directly.
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The TDEH data were also analyzed in different ways for 

each survey. Data from the 1974 survey was manually digi­ 

tized from paper records made in the field; several IDEM 

responses were stacked for each sounding; each sounding was 

digitally corrected for the imperfect response of the re­ 

cording electronics; finally each sounding was interpreted 

using a computer program similar to the one described for 

VES sounding interpretation (Kauahikaua, 1980). Full de­ 

tails of the data acquisition, reduction, and analysis may 

be found in Klein and Kauahikaua (1975), Kauahikaua and 

Klein (1977b), and Kauahikaua (1981b). Data from the 1979 

survey was recorded digitally in the field. Reduction con­ 

sisted only of stacking several responses for each sounding. 

The reduced data were then transformed to apparent resistiv­ 

ities versus apparent depths of penetration; apparent depth 

of penetration is defined as the deepest possible vertical 

penetration for a horizontally-layered earth with a perfect­ 

ly conductive basement (Kauahikaua, 198 1a). Because of the 

reconnaissance nature of the survey, it was decided that de­ 

tailed interpretation would not be necessary. An adequate 

picture of the resistivity structure could be obtained from 

a qualitative evaluation of the data in this form.

The TDEM soundings were effective in determining the 

saturated rock resistivities in several areas. An earlier 

application of the technique at the summit of Kilauea volca­ 

no (Jackson and Keller, 1972) delineated low resistivities
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between 900 and 2100 m below the surface which were thought 

to indicate increased temperatures at these depths (Keller 

and Rapolla, 1976). The 1974 survey confirms a similar BO- 

del for the East Rift Geotherial Area (Kauahikaua, 1981b). 

The 1979 TDEM results were not as densely spaced in other 

areas and, as a consequence, structures were less clearly 

resolved. The 1979 data were obtained at greater distances 

from the source than earlier surveys and probably resolved 

deeper ^structures. For exanple, all 1979 soundings showed a 

tendency for increased resistivities below 3 km depth; ear­ 

lier TDEM data only resolved resistivities less than 2 km 

deep and did not detect this generally-present strata. The 

details of each sounding will be discussed in the appropri­ 

ate sections.
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RESISTIVITY STHDCTDHE AND GBOTHEBMAL IHPLICATIOHS IN SIX
AREAS

3- 1 THE CHOICE £F EIPLOBATION ABBAS

The choice of the areas for exploration that we discuss 

in this report was based in general on previous geotherial 

assessments by Macdonald (1973) and Thomas and others 

(1979). Further specific criteria pertinent to the choices 

are as follow:

1. proximity to eruptive centers which have been active 

within the last 200 years,

2. existence of either anomalous well temperatures or 

infrared anomalies on the ground or in coastal wa­ 

ters, and

3. maximum depth of 2000 m to rock saturated with water. 

A brief explanation of criterion 3 may be useful, as it is 

based on the current capabilty of drilling contractors and 

on the known depth of geothermal resources that have been 

drilled in Hawaii. The maximum drillable depth for rigs in 

Hawaii appears to be less than 3000 m. In both geothermal 

holes drilled on Kilauea so far, elevated temperatures were 

reached only after drilling at least 1000 m below the sur­ 

face. Therefore, it seems likely that only prospects at
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less than 2000 m elevation will be recoverable in the near 

future and that this should he a criterion for reconnais­ 

sance-level exploration.

The six areas chosen are the following (in the order 

that they will discussed):

1. the Kawaihae area,

2. Hualalai,

3. the southwest rift zone of Mauna Loa (South Point),

4. the southwest rift zone of Kilauea,

5. the Keaau area, and

6. the east rift geothermal area of Kilauea (Puna) . 

The areas are outlined on the nap in Fig. 1 .

3.2 K&HAIHAE

The Kawaihae exploration area is centered on highway 19 

between the towns of Kawaihae and Waimea (see Pig. 2). 

The area along the highway and to the south has a number of 

water wells whose temperatures range from 26° to 28<> c. One 

well has a temperature of 37° C. There are no Known struc­ 

tures within this area which might be responsible for the 

heat, although the area is bordered by rift zones and cinder 

cones of both Kohala and Mauna Kea volcanoes. The youngest 

of these cones appears to be Puu Loa on Kohala with a K/Ar 

age of 80,000 years (Malinowski, 1977).

Few geophysical surveys had been done previously in the 

area. A DC Benner resistivity profile run along the coast

- 15 -



A26° Water Well 
(with Temp.)

VES Location

Figure 2: Map of Kawaihae area showing prominent volcanic 
features, and VES locations. The stippled area 
is a magnetic high (greater than 36,200 gammas) 
observed by Malahoff and Woollard (1965).

between Kawaihae and Mahukona to the north (Adams, 1968) 

suggests that water-saturated rocks near Kawaihae are aore 

conductive (less than 10 obm-a) than those to the north 

(greater than 10 ohm-m). This night be explained by waraer 

seawater or, alternatively, a larger proportion of seawater 

saturating the rocks nearest Kawaihae.

From an audiomagnetotelluric (AMT) profile along high­ 

way 190 and a total-field aeromagnetic survey (flown at 1200 

meters), Adams and others (1969) concluded that a deep la­ 

teral change in resistivity takes place about 16 km south of 

Waimea along a roughly east-west boundary. The Maimea Plain
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to the north appeared to be underlain by more resistive 

strata than to the south; the higher resistivities were at­ 

tributed to "the higher resistivity of Mauna Kea lavas or to 

a higher water table . . ."

The aeromagnetic data show a complex anomaly , which is 

part of the larger Kohala volcanic pipe anomaly (Malahoff 

and Woollard, 1965), crossing Hwy 19 west of the warmest 

well. Six Schlumberger soundings were situated in and 

around 'this magnetic high to see whether the body responsi­ 

ble for the magnetic anomaly might be detected by resistivi­ 

ty methods. The sounding locations are shown in Fig. 2 and 

the apparent resistivity data and interpreted resistivity 

sections are shown in Fig. 3 and 4 .

10
S5/2 (m) 

IOO

IOOO

IOO

KAWAIHAE

d VES 2 
A VES 5

/>, = 7lflm± 19% 

d, = 37 m ± 36 %

pz = 830 flm ± 86%

VES 2

/>, = III flm ±64% 

d, =2lm ± IIO%

pz = 400 flm ± 34 % 

d2 = I9O m ±52 %

/>3 =1450 flm ± 31% j

I VES 5

Figure 3: VES obtained on Kohala lavas. The approximate 
position of a pipe crossed during sounding is 
noted for VES 5.
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c{

100
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260 ftm p. 
i * 3.7 m d

>2 =72!0 
I 2 « 5 m

/33 « 787 ftm ± 5% 
d 3 * 325 m

0 flm 
•37! m

• 1430 flm ± 47J 
d, -15m ± 15% I

, * 650 Om ± 6% I
dz • 255 m ± 22 %

^z 10.0OO Hm 
VES 3

Figure 4: VES obtained on Mauna Kea lavas. The relatively 
small amount of data for VES 4 and 6 precluded 
quantitative interpretation.

The soundings appear to be of two basic types depending 

on whether they were on Kohala or nauna Kea lavas. VES 2 

and 5 were located on Kohala lavas; each is dominated by an 

increase in apparent resistivity with.increasing AB/2. VES 

1, 3, 4 r and 6 were located on Mauna Kea lavas; in each of 

these soundings, the apparent resistivities either increase 

slightly or decrease with increasing Afl/2.

The difference between the two groups appears to be 

confined to the surface material since rocks below 30 m are 

uniformly between 650 and 850 ohm-m in all soundings. VES 1 

is the only sounding which has a descending branch at the 

largest spacings. This is interpreted as the top of a low-
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resistivity layer, thought to be the normally-found case of 

seawater-saturated rock beneath a freshwater lens. The oth­ 

er three soundings on Mauna Kea lavas - VES 3, U, and 6, do 

not encounter a low resistivity basement; in fact, modeling 

VES 5 with a highly resistive basement about 160 m below sea 

level improves the fit by 30%' over layered models with a 

conductive basement. This result is unusual for Hawaii un­ 

less we assume that the sounding was done at an elevation 

high en6ugh so that the base of the freshwater lens was out 

of reach of our range of spacings. VES ** and 6 might be ex­ 

plained by a freshwater lens whose surface was about 6 m 

above sea level depressing the base of the freshwater 2UO m 

below sea level; however, the VES 3 location would require 

a water table at an unlikely 12 o above sea level* Of the 

six soundings, VES 3 is the only sounding which cannot be 

explained with normal, hydrologic models.

A bipole-dipole resistivity survey along the highway 

(Keller and others, 1977) gives results that support the in­ 

terpretation of a high resistivity basement just west of the 

warm water well and a conductive basement near the coast. 

However, the data were primarily collected along roads with 

buried water pipes, which may have channelled current along 

the roads. There is a strong possibility that the data have 

been contaminated by this" channelling.

Deep EM soundings would be able to answer many ques­ 

tions about the Kawaihae area and its geothermal potential.
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Only limited conclusions can be drawn about the existence 

and location of a heat source from the data compiled so far. 

the best candidate is the body responsible for the magnetic 

anomaly crossing Hwy 19. TDEH soundings were tried during 

the 1979 survey but failed because of problems in obtaining 

large enough currents in the grounded wire source. The fine 

ash covering most of this area is very dry and electrical 

grounding is very difficult in it. Geothermal prospects are 

neither ruled out nor confirmed; further work should use EM 

soundings, preferably with an ungrounded source.

3.3 HOALALAI

Hualalai is a dormant volcano on the west coast of Ha­ 

waii. Most of its exposed lavas are alkalic olivine basalt 

which are thought to mantle a tholeiitic shield volcano be­ 

neath. There is no summit caldera on Hualalai nor is there 

evidence that one ever existed. Volcanic activity has oc­ 

curred along two principal rift zones which trend northwest 

and southeast from the summit. A third minor rift zone ex­ 

tends north from the summit. Puu Haawaa, a large trachyte 

pumice cone from which an extensive trachyte lava flow is­ 

sued, is located on the minor rift zone. The only recorded 

activity on Hualalai was two eruptions in 1800 and 1801 on 

the northwest rift and an intensive swarm of earthquakes in 

1929 under the volcano's north flank (summarized from Macdo- 

nald and Abbott, 1970; see Fig. 5).
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A Well
TOEM SOG Location 

X——X IDEM Source
VES Location
Cones

Figure 5: Schematic geologic map of Hualalai volcano (after 
Macdonald and Abbott, 1970). Superposed on the 
geology are outlines of the particular areas 
studied in 197U, 1978 r and 1979,

The earliest geophysical work on Hualalai was a ground- 

water assessment survey (Adams and others, 1969), which cov­ 

ered the north and west slopes below 600 m elevation with 

low-level aeromagnetics, resistivity profiling and audiomag- 

netotelluric (AMT) profiling. Based on preliminary in­ 

terpretations, the investigators concluded that Huala.lai's 

north and northwest rift zones are marked by high horizontal

- 21 -



magnetic gradients and lower than normal apparent resistivi­ 

ties; groundwater was expected to be channelled from higher 

elevations by the north rift structure. The significance of 

the rift f s geophysical characteristics was not discussed.

The first exploration survey for geothermal resources 

on Hualalai concentrated on the southeast rift zone (see 

Fig. 5). Two separate grcunded-wire sources were set up and 

electric field and tiae-domain electromagnetic field data 

were collected at sites up to 2400 meters from the source 

(Klein and Kauahikaua, 1975). A reexamination of that data 

showed uniformly high resistivities in excess of 50 ohm-m 

from the TDEH and 98 to 683 oha-m from the electric field 

data. Taken together , the data preclude any anomalously 

conductive zones under the area studied to a depth of rough­ 

ly 2 km; the results are not encouraging for a major geoth­ 

ermal resource but, as a sidelight, may suggest high-level 

groundwater less than 900 ID from the surface. The electric 

field apparent resistivity values seem to cluster between 

500 and 700 ohm-m r a value that is associated with freshwa­ 

ter-saturated basalts on Oahu (Zohdy and Jackson, 1969).

Most recently, a commercial geothermal exploration sur­ 

vey was conducted on the north slopes of Hualalai for the 

Puu Waawaa ranch (Charles Helsley, written communication, 

1978). Reconnaissance magnetotellurics, seismicity, resis­ 

tivity sounding, soil mercury, and electrical self-potential 

surveys were conducted; all results seemed to point to the 

areas immediately around Puu Waawaa cone as anomalous. The
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prospect was drilled at two locations in early 1979 to 

depths of 1.7 and 2 km, respectively; however, abundant but 

exceptionally cold groundwater was encountered and the ef­ 

fort was abandoned (A. ShadducJc, oral communication, 1979).

The 1979 phase of exploration consisted of seven 

Schlumberger soundings and three TDEH soundings on the nor­ 

thwest rift and summit areas of Hualalai (Fig. 5). The most 

intensive effort was on the lower northwest rift in the vi­ 

cinity of the 1801 eruptive vent; the trace of the rift be­ 

comes more diffuse in this area as is shown in Fig. 6 . 

Data and interpretations from the two lower Schlumberger 

soundings, VES 1 and 7, are shown in Fig. 7 . They do not 

differ greatly in character nor in interpretation; both 

show surface resistivities of about 8000 ohm-m, a second 

layer of a few thousand ohm-m, and a basement of very low 

but unresolvable resistivity. High surface resistivities 

are common in recent volcanic terrain on Hawaii and repre­ 

sent fresh, unaltered lava flows containing very little wa­ 

ter. The intermediate resistivity layer may represent a 

slight increase in the moisture content of these lava flows. 

The very low resistivity of the basement or lowermost layer, 

suggests completely saturated rocks with the pore fluid be­ 

ing brackish water or seawater. The elevation of the top of 

this basement with respect to sea level should determine 

whether there may be freshwater floating on salt water at 

this location. VES 1 suggests no freshwater as depth to
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Figure 6: Detailed locations for TDEB and VES soundings 
within the area labeled 1979 in Fig. 4. 
Puhiopele is the vent for the 1801 Hualalai 
eruption.

basement equals the elevation, and VES 7 suggests a hydraul­ 

ic head of no more than 1.6 m. In good agreement, water 

wells in the ijaoediate vicinity yield slightly brackish wa­ 

ter with a hydraulic head of .3 to 1.3 m (Davis and Yamana- 

ga, 1973).

VES 2 and 4 were located at higher elevations and did 

not detect the low-resistivity basement; however, the sec­ 

tion of undersaturated rock is detailed (see Fig, 8). VES 4 

shows a well-developed thickness of low resistivity soil at
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Figure 7: Data and interpretations for Hualalai VES 1 and 
7.

the surface which overlies highly resistive lava flows. The 

soil layer is absent in VES 2 where resistive lava flows 

outcrop at the surface*

It is the low-resistivity basement, that is, the water- 

saturated rocks, which are of direct geothermal interest; 

therefore, three TDEM soundings were obtained near the 1801 

vent to better determine its deep structure. The data and 

the derived apparent resistivity versus apparent depth 

curves are presented in Fig. 9 . Soundings 5-2 and 6-2 show 

almost identical structures of about 15 ohm-m decreasing to 

9 to 12 ohm-m at a depth of 1500 to 1800 n. Sounding 2-2 

shows quite a different picture: apparent resistivities as 

low as 9 ohm-m over a more resistive basement at 803 to 900 

n depth. The lower resistivity at the shallower depths in
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Figure 8: Data for VES 2 and 4. Approximate position of 
fences crossed during sounding are noted.

the water table could suggest local heat while the resistive 

basement may be the heat source, analogous to the Kawaihae 

model discussed previously. The resistivities interpreted 

for VES If which is very close to TDEM 2-2 are also signifi­ 

cantly lower than for VES 1; in particular, the intermedi­ 

ate layer has a resistivity of about 1000 ohm-in in VES 7 and 

about UOOO ohm-m in VES 1. In other words, the Schlumberger 

results are consistent with the TDEM results for the Puu Mau 

area, even though the two types of soundings do not detail 

the same depth range. Resistivities are locally lower at 

least to depths of 800 to 900 a and may signify the effects 

of heat.
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Figure 9: Converted TDEM data froa the lower northwest rift 
zone of Hualalai.

Three more Schlumberger soundings were located at high­ 

er elevations along the northwest and north rifts and the 

summit. Their data and interpretations are shown in Fig. 10 

The shallowest 300 o of each of them consisted of one or 

two 3000 to 6000 ohm-m layers and a very high resistivity 

layer. These two layers totally describe the VES 6 sounding 

located slightly southwest froi the 1800 Kaupulehu vent. By 

interpretation, no water-saturated rock was found to 900 m 

depth. An 800 ohm-m basement was detected only 300 m be­ 

neath the surface by VES 5 on the upper north rift which nay 

represent high-level freshwater.
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Figure 10: Data and interpretations for VES 5, 6, and 8.

Of more direct geotheraal significance is the 

low-resistivity basenent delineated by VES 8 at Hualalai's 

summit. It's resistivity is too low to be uniquely deter­ 

mined by this sounding but it aust be less than 100 ohm-m; 

its surface is U80 m below the summit. A similar resistivi­ 

ty section has been interpreted beneath the summit region of 

Kilauea volcano (Dallas Jackson, oral communication, 1979) 

where the low resistivity basement coincides with water-sa­ 

turated rocks discovered by drilling (Zablocki and others, 

1974). The temperature of the shallow water at Kilauea is 

not particularly warm, ' but it does increase to about 130° C 

at the hole bottom. On the basis of the similarity between 

VES 8 and the more completely studied structure at Kilauea,
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we believe that water-saturated rocks occur 480 IB beneath 

the sumnit of Hualalai; however, the water may not be ano­ 

malously warm.

In summary, there are no strong anomalies on Hualalai, 

but there are two areas that warrant future exploration; 

the lower northwest rift around Puu Mau, and the summit. 

The resistivity data in the puu Mau area directly suggest a 

heat anomaly; however, the source may be small. Interpreted 

resistivity structures beneath the summit are ambiguous as 

far as their geothermal significance is concerned. Both 

prospects are marginal on the basis of the data compiled 

here, but may be worth exploiting because of their close 

proximity to major demand centers (Thomas and others, 1979).

3-* THE SODTHHEST BIFT ZONE OP HADHA LOA (SOOTH POINT)

The southwest rift zone is the only one of Mauna Loa's 

two major rift zones that extends to the coast. It has had 

seven historic eruptions, all but one occurring above 2300 m 

altitude (flacdonald, 1977). The eruptions below 3000 m al­ 

titude have generally occurred at progressively higher al­ 

titudes with time, and conseguently farther from the coast. 

Along the lowest 17 km of the rift, a west-facing, normal 

hinge fault marks the rift trace. This fault, known as the 

Kahuku fault, extends a*t least 40 km offshore (Fornari and 

others, 1979).
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The primary indicators for geothermal potential in this 

area were the numerous, recent eruptions and anomalies deli­ 

neated by aerial infrared photography. Fischer and others 

(1964) noted thermal sources along the rift and wara springs 

flowing into the ocean where the rift intersects the coast. 

Abbott (1975) photographed thermal anomalies along the cliff 

face of the Kahuku fault (possibly residual solar heat), as 

well as a large patch of warm water directly offshore.

Most of the initial electrical exploration was concen­ 

trated on the area east of Kahuku fault, principally to 

evaluate possible sources of the cliff-face anomalies. The 

1974 survey crew completed 10 TDEM soundings and two equato­ 

rial DC soundings. A preliminary interpretation of the TDEM 

soundings found that subsurface resistivities might be as 

low as 10 ohm-m (Klein and Kauahikaua, 1975) ; however, the 

DC results showed a much aore resistive structure. Even 

with the large amount of scatter in Fig. 11 , the represen­ 

tative vertical section is obviously 800-1000 oha-m to about 

1 km depth, underlain by 10-100 ohm-m material. Although it 

would be difficult to prove, the TDEM soundings were proba­ 

bly distorted by the many kilometers of galvanized pipe laid 

over this area to water cattle. The pipe network may have 

an effect similar to that of a highly conductive surface 

layer, and might explain the discrepancy between TDEM and DC 

results.
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EQUATORIAL SOUNDING RESULTS, SOUTH POINT (1974)
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Figure 11: Equatorial sounding results from the 1974 survey 
of South Point.
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Figure 12: Map of the lower southwest rift zone of Mauna 
Loa showing 7ES locations.
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The TDEM method was not used in the small amount of 

follow up work during the 1979 survey. Several VES were at­ 

tempted in locations east and north of the Kahuku fault 

(Fig. 12), but only three were successful; pipes were found 

to be so close together that an undistorted VES was impossi­ 

ble in many places. The three Schlumberger soundings and 

their interpretations are shown in Figs* 13 and 14 „ Anoma­ 

lously low resistivities were not detected in any of the 

soundiiigs.
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± 20%
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Figure 13: Data and interpretations for VES 2 and 3.

VES 4 was noticeably distorted between the 100- and 

200-meter spacings. These spacings were precisely where the
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Figure 14: Data and interpretations for VES 4.

electrodes crossed a prehistoric eruptive fissure. In order 

to determine more about this fissure, a self-potential (SP) 

traverse was run along the VES line; the results are plotted 

in figure 15.

A narrow -140 mV anomaly was found centered over the fis­ 

sure. Because SP anomalies caused by subsurface heat are 

generally positive (Zablocki, 1976), this fissure is possi­ 

bly not of geothermal interest.

The admittedly sparse reconnaissance has uncovered no 

evidence to suggest that warm water exists beneath the South 

Point area, despite the infrared findings. Reconnaissance- 

level work still needs to be done west of Kahuku fault for 

complete coverage.
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Figure 15: SP data measured along the line of VES 4.
Negative peaJc is centered over a prehistoric 
fissure.

3-5 THE SOUTHWEST BJFT ZONE OF KILADEA

The southwest rift is the least active of Kilauea's two 

rift zones having only erupted five times in history. This 

includes a fissure eruption in 1823 involving about 21 km of 

the 'Great Crack 1 , the building of the Mauna Iki shield in 

1919 (Kacdonald and Abbott, 1970, p. 71,77), and the two 

most recent eruptions which occurred on subparallel sets of 

en echelon fissures near the summit in 1971 and 1974. Erup­ 

tions have progressed towards the summit in this period, and 

since 1975, activity in the form of seismicity, has been 

confined principally to the upper few kilometers of the rift 

zone. This portion of the rift zone is within the boundar­ 

ies of Hawaii Volcanoes National Park and is off-limits for 

exploitation; the following discussion focuses on the lower 

rift zone.
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Groundwater exploration was the first application of 

geophysical methods in this area. Hussong and Cox (1967) 

delineated the southwest and southeast boundaries of high- 

level water beneath the town of Pahala by means of several 

Schlumberger (VES) soundings. The authors hypothesize that 

the principal impounding structure is a series of northeast- 

striking dikes below a prehistoric eruptive fissure just 

southwest of Pahala (see Fig, 16), The water table eleva­ 

tion drops fron 61 m beneath Pahala to about 20 m seaward of 

the fissure. Subsequent studies by Adams and others (1970) 

substantiated these conclusions by deionstrating that the 

boundaries they had inferred from DC soundings were detecta­ 

ble using shallow resistivity, gravity profiling and low- 

level aecomagnetics.

A recent examination of data taken during the 1974 sur­ 

vey (Klein and Kauahikaua, 1975) demonstrates that the fis­ 

sure boundary is also a contact between high resistivity 

rocks to the west and low resistivity rocks to the east (Ki- 

lauea side). Fig, 16 shows the locations of three DC bipole 

sources and several dipole measurement locations, whereas 

Fig. 17 shows three plots of apparent resistivity versus 

distance along two lines normal to the rift trend. The 

atrupt change in apparent resistivities along these lines 

marks the contact quite1 precisely: near Pahala (line B-B') 

the contact coincides with the prehistoric fissure thought 

by Hussong and Cox (1967) to be a hydrologic barrier, and
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farther north (line A-A')* the contact is about 1 ka west of 

the Great Crack. The sane contact can be traced farther up 

the rift zone to the summit caldera using the dipole-bipole 

mapping data of Keller and others (1977, p. 42), and proba­ 

bly represents the easternmost extent of dikes or cracks as­ 

sociated with the southwest rift. The resistivity data 

shows that the contrast is deep enough (below sea level) to 

require water saturation; the Mauna Loa side has a resistiv­ 

ity of : a few hundred ohn-m and probably represents cold, 

freshwater saturated rocks (Hussong and Cox, 1967) , while 

the Kilauea side has a resistivity of 2-3 oha-m, which may 

represent warm, water-saturated rocks.

Several TDEM soundings were obtained during the 1974 

survey; however, consistent interpretations from sounding to 

sounding along each of the two lines were impossible. Noth­ 

ing could be gained from the data set as a whole, therefore 

the soundings are not presented here.

The available data are encouraging and suggest that a 

geothernal resource is located in the southwest rift area. 

Surface data suggest that the subsurface resistivities are 

low, and therefore the teaperatures may be high. The actual 

values obtained are similar to those determined in the East 

Rift Geothermal area. Further work is warranted here.
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Figure 16: Map of Kilauea's southwest rift zone showing 
prominent volcanic features (frota Holcomb, 1980) 
and the location of the two bipole lines 
discussed in the text.
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profiles shown in Fig. 16. Also shown are the 
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3*6 KEAAU

At first inspection, the Keaau area seeas an unlikely 

geotheraal prospect; however, two features nay aake it an 

area possibly worth investigation. First, the area is on 

the projected trace of Mauna Loa's northeast rift zone. If 

it exists, the rift would now be buried by younger Kilauea 

lavas. This portion of the rift nay still be hot at depth 

even though it has not been active for at least 1000 years 

(the oldest overlying flow; Holcomb, 1980). Second, shal­ 

low wells tap groundwater which is somewhat anomalous geo- 

chemically (Thomas and others, 1979; p. 35).
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Figure 18: Map of the eastern cape of Hawaii showing the 
locations of Keaau and Puna VES soundings.
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Figure 19: Hap of the eastern cape of Hawaii showing the 
locations of Keaau and. Puna TDEW soundings.



Figures 18 and 19 show the locations of VES and TDEM 

work completed in the Keaau area during the 1979 survey. 

The VES data are plotted in Figs. 20 and 21 . The data are 

all consistent with a model containing highly-resistive, un- 

dersaturated lavas (3000-20,000 oho-n) overlying cold, 

freshwater-saturated lavas (500-900 ohm-m), which in turn 

overlie seawater-saturated lavas (less than 100 ohm-a)• The 

depths to these various interfaces are not well resolved, 

but are not important to this assessment. For evaluating 

the possibilities of deep residual heat r it is the resistiv­ 

ities of seawater-saturated rocks that are the nost impor­ 

tant. Three of the four sets of transformed TDEH data in 

Fig. 22 show that these resistivities are greater than 30 

ohm-m between the approximate depths of 1 to 3 km. Sounding 

2-3 suggests that this value may be as low as 13 ohm-m; how­ 

ever, this value nay be suspect because this sounding is 

flanked by two others that both show more resistive strata 

at depth*

The prospects are not good for a large geothermal re­ 

source beneath this area. A value of 30 ohm-a is typical 

for cold r seawater-saturated lavas on Oahu (Zohdy and Jack­ 

son, 1969) and is the highest resistivity yet determined for 

these depths on Hawaii. The lower resistivity value of 

sounding 2-3 may be explained as an area of higher porosity.
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Figure 20: Data and interpretation for Keaau VES K1
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3.7 THE EAST IH2 GEO ABBA OF KILAOEA (PUNA)

With the exception of its summit, the east rift zone of 

Kilauea, now a Known Geothermal Resource Area (KGRA) , has 

been studied to a much greater extent than any other volcan­ 

ic feature in the state of Hawaii. The earliest geophysical 

studies clearly showed that the lowest fluid-saturated-rock 

resistivities on the island were found in Puna (Klein and 

KauahiXaua, 1975; Keller and others, 1977). More detailed



studies located several anomalies within the rift and 

beneath the southeastern rift flank (Keller and others, 

1977; Kauahikaua and Klein, 1977a and 1977b; Zablocki, 

1977; Kauahikaua, 1981b). HGP-A, the successful geothermal 

test hole, was located near one of the self-potential anoma­ 

lies within the rift structure.

Follow up work during the 1979 survey consisted of sir 

deep TDEM soundings southwest of HGP-A and six VES along the 

rift* ' The purpose was to nap the lateral and vertical ex­ 

tent of the resource. Locations of all soundings are shown 

in Figures 18 and 19 .

Detailed interpretations of VES P10, P7, P9, P5, and P4 

have already been published (Kauahikaua and Klein, 1977a; 

listed as G1, G3, GU, G5, and G6, respectively). With the 

exception of P7, each of the interpretations had a highly 

variable surface layer over a relatively uniform, 6000-7000 

ohm-ai layer that extended down to sea level. For AB/2 spac- 

ings greater than the soundings' elevation, the apparent re­ 

sistivities always dropped dramatically, signifying a resis­ 

tivity too low to resolve with this data. Sounding P7 was 

different because its interpretation reguired material of 

moderate resistivity (2500-600 ohi-m) below the 6000-7000 

ohm-m layer; additionally, the apparent resistivities for 

this sounding do not decrease as dramatically for AB/2 spac- 

ings greater than the sounding elevation.



Analysis of the additional soundings obtained during 

the 1979 survey seemed, to confirm that VES obtained in the 

vicinity of the east rift would be of two basic types. The 

first kind is exemplified by VES P3: a thin, variable sur­ 

face layer of resistivity greater than 4000 ohm-a, over a 

thick, rather uniform layer of 6000-7000 ohn-n that extends 

to sea level, over a halfspace where the resistivity was too 

low to resolve.

10,000 
am

1,000 
am

LOG AB/2

Figure 23: VES data in area I laterally shifted along the 
AB/2 axis so that the spacings corresponding to 
sea level were coincident.
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Fig. 23 is a composite plot of data from seven soundings in 

this category aligned horizontally so that the AB/2 corres­ 

ponding to each of the soundings' elevation are coincident. 

The data from two soundings that are considered transitional 

to the second class of soundings are also plotted (P6 and 

P1). With the exception of P2, which was measured perpendi­ 

cular to a graben structure and may therefore be distorted, 

the deeper portions of each of the soundings in this first 

class are remarkably similar to each other when plotted in 

this way.

The second class of soundings is exemplified by P7: a 

thin, surface layer of less than 4000 ohm-m resistivity over 

the 6000-7000 ohm-m layer which, in turn, overlays material 

in the range of 2500-600 ohm-n resistivity. Fig. 24 is a 

composite plot of the two soundings definitely in this cate­ 

gory (P7 and P8) as well as the two transitional soundings 

(P6 and P1) already plotted in Fig. 23 .

The primary distinction between the two groups of 

sounding interpretations is whether moderate resistivity ma­ 

terial can be found between the 6000-7000 ohm-m layer and 

sea level. Using this classification, Keaau VES K2, K3, and 

K4 also fit into the second category, and the sounding cate­ 

gories begin to fit a spatial pattern. Category I soundings 

are located either within the rift east of HGP-A, or on the 

rift's southeastern flank. Category II soundings are locat­ 

ed within the rift west of HGP-A or on the northwest flank 

of the rift.
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Figure 24: VES data in area II laterally shifted along the 
AB/2 axis so that the spacings corresponding to 
sea level were coincident.

The pattern of soundings bears a striking resemblance 

to the pattern of basal-water occurrences in this area. 

Wells drilled within area I (the category I area) generally 

tap brackish-to-saline water with a hydraulic head of less 

than 1 m and an abnormally high temperature. Hells drilled 

within area II (the category II area) tap a well-developed 

basal lens of fresh, cold groundwater with a hydraulic head 

of about 3 to 7 m. The distinction between area I and area 

II soundings appears to be a distinction between the pres­ 

ence or absence of a significant thickness of freshwater. 

The distinction has theoretical grounds,in that rock satu­ 

rated with fresh, cold water is up to 20 times more resis-



tive than roclc saturated with warm, brackish-to-saline wa­ 

ter. The detection of federate resistivity material above 

sea level lay be detection of freshwater directly.

Because there are no wells drilled within the rift 

structure west of HGP-A, we must use the VES results to make 

inferences about the hydrology there. The interpretation of 

sounding P7 (Kauahikaua and Klein, 1977a) and P8 are consis­ 

tent with the presence of cold, freshwater at an elevation 

of at least 9 to 17 IB above sea level; if so, this is too 

high for basal water and aust be dike-impounded water. Mov- 

ing east towards HGP-A, VES P6 results suggest that the wa­ 

ter table is still elevated, but not as high as farther 

west. Moving farther east past HGP-A, the transition to the 

situation of virtually no basal lens is coaplete at the lo­ 

cation of VES P4 and P5. The decline in water-table eleva­ 

tion is mirrored in the seismic refraction results west of 

HGP-A (Suyenaga, 1978) and is coincident with an L-shaped 

self-potential anomaly near HGP-A (Zablocki, 1977; Zablocki 

and Koyanagi, 1979).

The early controlled-source EM data also show systemat­ 

ic differences between soundings in the two areas. Small- 

separation audio-frequency soundings detected resistivities 

of less than 7 ohm-m just below sea level within area I. 

These low resistivities' were interpreted to be warm, seawa- 

ter-saturated rocks (Kauahikaua and Klein, 1977a). Deeper 

resistivity structures were delineated by TDEM surveys. Be-

- 49 -



neath most of the rift (east of HGP-A) and southeast flank, 

a layer of 2 ohm-m or less has been mapped generally at 

depths greater than 1 ka below sea level (Skokan, 1974; 

Kauahikaua, 1981b). The exception to this occurrence is the 

area within the rift east of HGP-A. The low-resistivity 

layer comes to within 500 D below sea level and is thought 

to represent high-temperature fluids at depth ' (Kauahikaua r 

1981b), The few soundings in area II do suggest that the 

area is one of generally higher resistivity.

The distinction between areas is also clear in the 1979 

TDEW data. If we look at the minimum apparent resistivities 

for each curve plotted in Fig. 25 , we see that soundings 

1-4 and 8-4 have the highest values of 28 and 120 oha-m ; 

these soundings are near the boundary between the two areas. 

The rest of the soundings are well within area I and have 

minimum apparent resistivities between 13 and 23 ohm-m.

The use of larger spacings between source and TDEM 

sounding locations offers better resolution of deeper struc­ 

tures at the expense of resolution at shallow depths. Each 

of the apparent resistivity curves in Fig. 25 begins to in­ 

crease below 3 km indicating a resistive basement layer at 

those depths. This interface seems to be resolved much bet­ 

ter than the first 1.5 km in these soundings, contrary to 

the 1974 TDEM soundings that could only resolve resistivi­ 

ties down to 1.3 km. The presence of the resistive basement 

may prevent the TDEM apparent resistivity values from reach-
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Figure 25: Puna TDEM data presented as apparent 
resistivities versus apparent depth.

ing the apparent resistivity asymptote for those depths 

shallower than basement (analogous to the niddle-layer reso­ 

lution problems in a type-H VES curve; see Keller and 

Frischknecht, 1966, p. 135),

The geologic interpretation of this compilation of 

electrical geophysical data is rather simple. The shallow 

subsurface electrical differences seen between areas I and 

II are readily accounted for by differences in hydrology;
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little or no basal lens of freshwater exists beneath area I, 

whereas a very thick: basal lens of cold, freshwater is main­ 

tained beneath area II (Davis and Yamanaga, 1973, p. 34-35). 

The lack of an appreciable lens in area I is attributed, in 

part, to mixing of seawater and freshwater caused by the 

thermal effects of the rift.

The deeper electrical structure is attributed primarily 

to the effects of heat on water-saturated rocks. An anoma­ 

lously ''conductive stratua mapped at rather uniform depths of 

1000-1300 m below sea level beneath the flanks of the rift 

and 250-500 m below sea level beneath the portion of the 

rift downrift of HGP-A has been interpreted to represent wa­ 

ter temperatures greater than 200° C (Kauahikaua, 1981b). 

The 1979 IDEM data strongly suggests that the area I-area II 

distinction is still seen at depth.

The resistive basement observed below 3 km depth in the 

1979 TDEM soundings is probably due to a decrease in porosi­ 

ty caused by ambient pressure conditions at the time and 

depth of eruption. A similar layer has been delineated be­ 

neath the summit of Kilaaea (Kauahikaua and others, 1979), 

Hualalai, and Keaau, and probably does not have much geoth- 

ermal significance except that it marks the lower boundary 

of any exploitable resource.

Area I is the most promising part of the east rift for 

further geothermal exploitation. Temperatures are expected 

to be greater than 200° C at depths greater than 1 km below
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Figure 26: Locations of area I and II on the east rift zone 
of Kilauea. Area I is the most promising for 
geothermal exploitation.

sea level beneath the flanks and 250-500 n below sea level 

within the rift east of HGP-A (Kauahikaua, 1981b). Tempera­ 

tures may also be high 1 km deep beneath the rift west of 

HGP-A; however, the chances of high temperatures are proba­ 

bly greater towards the southeastern edge of the rift zone. 

Subsurface temperatures are much cooler north of the rift 

zone structure and are probably unsuitable for geothermal 

development.

- 53 -



15 km

KAWAIHAE

KAILUA

\
HUALAlAI

Figure 27: Sumaary map of exploitable areas on the island 
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COHCLOSIOHS

The Keaau area has been ruled out as a geotheraal 

resource area based on four VES and four TDEM soundings. 

These results indicate that the seawater-saturated rock unit 

has a resistivity range from 13 to 30 ohm-a and can be ac­ 

counted for by typical porosities in Hawaiian basalt. Proa 

ten TDEM, three VES and two equatorial DC soundings located 

in the South Point area, no anomalously low resistivities 

were found. Although much of the data may be distorted by a 

extensive pipe-network, there is no indication of a geother- 

mal resource in this area.

In the Kawaihae area, low apparent resistivities (less 

than 5 ohn-m) are observed near the coastline, while a high 

resistivity basement coincides with a magnetic anomaly near 

a warm-water well. The resistive basement may represent a 

heat source for a moderate-temperature resource in this 

area. A similar structure to that observed in Kawaihae is 

observed near Puu Mau on the northwest rift zone of Huala- 

lai. A low resistivity layer (less than 9 ohm-m) is under­ 

lain by a more resistive basement. This structure may 

represent a warm fluid-saturated layer underlain by a resis­ 

tive heat source.
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By far the most data have teen collected on the east 

rift zone of Kilauea Volcano. A specific area of very low 

resistivity (less than 3 ohm-m) has been outlined, where 

high-teaperature fluids are expected to exist at depth (Fig- 

26) . A structure similar to the east rift zone has been ob­ 

served on the southwest rift zone of Kilauea, implying a 

high-temperature resource is located in this area as well- 

Future work is suggested in the southwest rift area in order 

to bett'er assess the size of the resource. The areas with 

geothermal promise are presented in Figure 27.
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