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equilibrium between water and rock minerals, the relative
concentrations of several cations are present in specific
ratios that correspond to the temperature at which equilibrium
was achieved. It was on the basis of these equilibrium
concentrations that cation geothermometers have been developed
(e.g., Fournier and Truesdell, 1973). Specific conditions
must be met before calculations of this type can provide
reliable reservoir temperature estimates: equilibrium
between hot waters and reservoir rock must have been attained,
ascent of the reservoir fluids to the surface must be
sufficiently rapid to prevent reequilibrium from taking
place at intermediate temperatures, and contamination by
surface or saline waters must be very minor. The presence of
variable concentrations of seawater and the type of near­
surface groundwater being studied render it virtually
impossible to use these geothermometry calculations with any
reliability. Nonetheless, marked anomalies have been observed
in ion concentration ratios of several cations. Thus, even
though quantitative estimates of reservoir temperatures are
not usually possible, cation ratios can be used as reliable
qualitative indicators of thermally altered groundwater.

The cation concentrations observed in eighteen of the
wells in Lualualei Valley area are presented in Table 5;
Figures 22 and 23 present plots of the Na/K ratio and Ca/Mg.
ratio versus chloride ion concentration. The data indicate
a tendency toward higher concentrations of Ca and Mg relative
to Na and K with increasing distance inland. We believe that
this is the result of progressive ion exchange between
intruding seawater (which loses Na and K) and the calcareous
valley fill (which takes up Na and K and loses Ca and Mg).
Mink (1961) provides a detailed discussion of the ion exchange
reactions that take place between marine sediments and seawater.
In the plot of Na/K ratio versus chloride ion concentrations,
several other water sources known to contain thermally altered
water are also included for purposes of comparison. Decreasing
chloride concentration with increasing distance inland and with
increasing altitude is apparent in the groundwater chemistry.
There appears to be no obvious trend in the Na/K ratios that
can unequivocally be attributed to thermal alteration (i.e.,
toward ratios similar to those observed in HGP-A). Although
well #2508-02 (which has the highest water temperature
observed in Lualualei Valley, 27°C) falls within the "altered
groundwater" triangle, its nearest neighbors (2409-07, 2409-23,
and 2508-07) do not. It is suggested that a combination of
at least two different reactions isbeing observed: low­
temperature clay mineral-salt water ion exchange is increasing
the relative Na/K ratio, whereas thermal alteration of deeper
circulating groundwaters is decreasing the Na/K ratio.
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Figure 23 presents a plot of Ca/Mg ratio versus chloride
ion concentration; other thermally altered groundwaters are
also plotted. It is apparent that several of the water samples
indicate substantial thermal alteration of the Ca/Mg ion
ratios. The correlation between increasing Ca/Mg ion ratios
with thermal alteration is thought to originate from higher
temperature rock-water interactions that strip Ca from the
reserv~ir rock whereas clay mineral formation can remove
nearly all available Mg. In contrast to the Na/K versus Cl
ratios, there appears to be a strong correlation between Ca/Mg
alteration and the observed thermal anomalies; all the wells
in the valley that have thermal anomalies are within the
"altered groundwater" triangle with the exception of well
#2508-02. (The data in Table 5 indicate that 2508-02 is
tapping water from two aquifers and that the water in the
shaft is stratified; the water at the top is less saline than
that at the bottom. Thus, it is unlikely that samples of
water obtained from this well will give a valid representation
of either water source.)

The Cl/Mg ion ratios for several of the water sources are
presented in Figure 24. Although this ratio has been used
with considerable success for regional assessment of ground­
waters for geothermal potential (Cox and Thomas, 1979), it is
apparent that these ratios provide results similar to those
for Ca/Mg versus Cl in this area and thus serve only to
reinforce the conclusions drawn from the latter.

Even though geothermometry calculations based on cation
concentrations in this environment should be attempted with
caution, if at all, several such calculations were made on
selected water sources within the valley. The resultant
temperatures for most sources were relatively low (40°C to
80°C); however, well 2808-01 at the head of the valley had a
calculated temperature of 141°C. Although this calculated
temperature may not correspond precisely to the reservoir
temperature, we believe that it strongly suggests that
thermally altered fluids are entering shallow groundwaters in
this area.

Sulfate concentrations in most of the Lua1ua1ei Valley
groundwaters are within the range normally expected in high
level and basal aquifers. Three wells, however, do have
sulfate concentrations distinctly higher than average: 2409-07
and 2409-23 in the southern side of the valley and 2808-01 at
the head of the valley. On the basis of the median S04/Cl ion
ratios found in other parts of the valley, the sulfate
concentrations in both 2409-07 and 2409-23 appear to be normal,
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whereas 2808~01 has a ratio that is a factor of five higher
than most of the other sources. Further, wells 2808-02 and
2809-06, which are located to the north of 2808-01, also have
slightly elevated SOq/Cl ratios.

The high concentration of SOq in 2808-01 has also been
noted by other workers as being anomalous. Both Takasaki
(1971) and J. F. Mink (1978; unpub. rep.) have noted the high
concentrations, and Mink stated that 2808-01 had the highest
known sulfate concetitrations on Oahu. He described a
sulfurous odor during well testing and attributed it to
"rising goethermal fluids carrying reduced forms of sulfur
that oxidize to sulfate on mixing with meteoric water."
Although we do not have sufficient data to attribute the high
sulfate/chloride ratios directly to thermal groundwater
alteration, we do believe that there is a source of sulfate
present at the head of the valley which is not present in
other locations. This source could be rising thermal fluids
or, alternatively, sulfate remobilized by shallow groundwaters
from hydrothermal minerals formed within the caldera boundary.
In light of the presence of several other anomalies in this
well, including temperature, we suggest that significant
geothermal heat may still be present in the general area.

Summary of Geochemical Results

Table 6 presents a qualitative appraisal of the
geochemical and temperature anomalies observed at sampled
wells within the Waianae area. An approximate point system
has been applied to each of the anomalies ranging from 0 for
typical chemical or temperature results through a value of
3 for results considerably outside normal variations. The
area of well 2808-01, at the head of Lualualei Valley. is
considered to be highly anomalous, with strong water chemistry
and ground radon anomalies as well as a moderate temperature
anomaly. The apparent absence of water chemistry anomalies
in its nearest neightbor, 2808-02, is considered significant
primarily in terms of the applicability of the individual
survey techniques to different environments (e.g., basal
water chemistry anomalies versus dike-impounded water chemis­
try) rather than as a contradiction of the anomalies observed
in 2808-01.

A second group of wells (2409-07, 2409-23, 2508-02.
2508-07) are also sufficiently different from the typical
characteristics of groundwater in the valley to indicate
alteration of the water and soil chemistry. Although not as
strong as those at the head of the valley, the anomalous
results in nearly all the survey techiques applied are
considered significant.
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Table 6. Summary of geochemical anomalies

WELL NUMBER GROUND SOIL CC{M9 Cl
S04RADON MERCURY TEMPERATURE SILICA Mg TOTAL

2409-07 2 1 1 3 2 2 1 12
2409-23 1 2 1 3 2 2 1 12

2508-02 2 2 3 1 0 0 0 8
2508-07 3 1 1 3 2 2 0 12

2607-01 1 2 0 3 0 0 0 6
2609-X 0 1 0 0 2 1 0 4

2709-08 1 1 2 3 1 2 0 10
2712-01 0 2 0 3 0 0 0 5

2808-01 2 2 2 2 3 1 3 15
2808-02 3 2 0 1 0 0 0 6

2809-05 1 2 0 0 0 0 4
2809-06 3 2 0 0 0 6

2811-02 0 0 1 0 0 0 2
2812-01 0 1 1 0 0 0 3

2908-02 3 0 0 0 0 0 0 3
2911-01 0 0 0 1 0 0 0 1

'"2912-01 0 0 0 0 0 0 0 0 "

o = not significantly anomalous 1 = slightly anomalous near the upper limit of natural, nonthermal variation
2 = above the upper limits of natural, non thermal variations 3 = highly anomalous, probably of thermal origin
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The areal distribution of the geochemical, chemical and
temperature anomalies is summarized in Figure 25. Geochemical
anomalies of varying magnitude have been identified in many
parts of Lualualei Valley; however, at least two broad areas
have an obvious coincidence of anomalies determined by
different techniques: one at the southern edge of the inferred
caldera and the other at the head of the valley, to the
northeast. Although none of the observed surface anomalies
can be uniquely attributed to the presence of geothermal
fluids, we consider the coincidence of several anomalies in a
few areas around the valley to be indicative of a strong
perturbing influence on both groundwater chemistry and ground
gas chemistry which we believe can be most reasonably
attributed to thermal fluids entering the near-surface
environment. For this condition to occur, the existence of
anomalously high rock temperatures below these areas must be
assumed.
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CONCLUSIONS

Several important features of the geology in Lualualei
Valley have been identified or reinforced by the present
series of studies:

1. Waianae volcano's main vent area is located between
Puu Kailio (SW of Kolekole Pass) and Mauna Kuwale,
and the original caldera extended to the southwest
of this point and had a diameter of nearly 17 km.

2. Two rift zones trending NW and SE, currently
expressed by linear belts of fracturing and old
eruptive features, extend out from the ancient
caldera, and a NE rift zone is also indicated.

3. Erosion, fracturing and subsidence around and
within the caldera have dramatically altered the
volcano to its present form.

4. Minor amounts of hydrothermal alteration products
are present in the soil in the vicinity of the
caldera boundary and near the rift zones.

5. A layer of basalt saturated with warm, fresh to
brackish water is present near the head and in the
east of the valley.

6. Broad areas with anomalous characteristics believed
to be associated with leakages of thermal fluids
into the near-surface environments through deep
fracture systems associated with the calera
boundary and rift zones are delineated.

7. Elevated groundwater temperatures associated with
the chemical anomalies strongly suggest that these
anomalies are associated with a presently active
thermal environments.
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RECOMMENDATIONS

Although more surface studies would provide a more
detailed delineation of the observed anomalies, we believe
that evidence is sufficient to substantiate the presence of
geothermal heat in the Lualualei Valley area. We now consider
it necessary to obtain subsurface data to gain an understanding
of whether the required geological conditions exist for the
formation of a geothermal fluid reservoir. If such a reservoir
exists, data must be obtained to provide more direct
indications of the magnitude of temperatures and its capacity.

Consequently, we recommend that the next phase of
investigations be comprised of a preliminary (exploratory)
drilling program.

1. On the basis of the current studies five drill sites
have been selected, and numbered 1 to 5 in order of
priority (Fig. 25).

2. We suggest that exploratory holes be considered
at least for sites 1 to 3 (within the Lualualei Naval
Reserve) .

3. We recommend that drillholes should be about 10 cm
(4") diameter (at bottom of hole), and between 500
to 1000 m (1600 to 3200 ft) deep.

4. We recommend downhole studies of:

a. hydrological conditions/controls

b. stratigraphy/petrology

c. alteration mineralogy

d. temperature/thermal gradients

e. deep aquifer water chemistry

f. downhole geophysics.

5. We also recommend that geological field mapping
continue in the Waianae region to provide a better
understanding of the volcanic structure.
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