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A Zuni Prayer

When our earth mother is replete with
living waters,

When spring comes,

The source of our flesh,

All the different kinds of corn,

We shall lay to rest in the ground.

With their earth mother's living waters,

They will be made into new beings.

Coming out standing into the daylight

Of their sun father,

Calling for rain,

To all sides they will stretch out their
hands.

Then from wherever the rain makers stay
quietly

They will send forth their misty breath;

Their massed clouds filled with water will
come out to sit down with us;

Far from their homes,

With outstretched hands of water they will
embrace the cornm,

Stepping down to caress them with their
fresh waters,

With their fine rain caressing the earth,

With their heavy rain caressing the earth,

And yonder, wherever the vroads of the rain
makers come forth,

Torrents will rush forth,

Silt will rush forth,

Mountains will be washed out,

Logs will be washed down,

Yonder all the mossy mountaing

Will drip with water.

The clay-lined hollows of our earth mother

Will overflow with water,

From all the lakes

Will rise the cries of the children of the
rain makers,

In all the lakes

There will be joyous dancing —-

Desiring that it should be thus,

I send forth my prayers.

As quoted by Ruth L. Bunzel in
Forty-Seventh Annual Report of
The Bureau of American Ethnology
to the Secretary of the Smith-
sonian institution 1929~1930.
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ABSTRACT

Several geophysical surveys have been conducted over the coast-
line area between Kawaihae and Kailua-Kona for the purpose of locating
the optimum sites for possible development of ground water from the
basal lens. A low-level aeromagnetic survey over the area and an
infrared scarnming effort along the coast with surface verification
provided general reconnaissance information. Audiomagnetotelluric
and D. C. electrical resistivity profiles defined more detailed, local
structures.

The infrared scanming survey along the coastline did not reveal
any thermal anomalies that are reasonably attributable to previously
unknown outflows of brackish water of magnitudes adequate for currently
anticipated commercial exploitation. However, the aeromagnetic and
audiomagnetotelluric surveys locate four lines which are possible bar-
riers to lateral movement of basal ground water. Due to recharge
considerations, only two areas were identified for test drilling, and
these lie at elevations of more than 1,200 feet. The D. C. electrical
resistivity profiling was conducted at an elevation of about 100 feet
or less. Based on the resistivity data, three possible sites for
test drilling are selected -- two are in the north near Puako Bay and
the other ie above the present Kona Airport. The anomaly suggesting
this latter site has probably been adequately tested by the test well
already completed mauka of the site.
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PREFACE

The studies reported here were supported jointly by the Hawaii
State Department of Natural Resgurcesjpnd the Office of Water Resources
Resé;;ZB: at“gwaepartment of the Interior. The work constitutes a
part of the Water Resources Research Center's project supported in part
by the federal agency, to develop geophysical methods of investigation
of ground water in Hawaiian terrains. The particular phase covered
in this report was a broad geophysical reconnaissance covering the
coastal area between Kawaihae and Kailua-Kona, contributing to a part
of the state agency's overall investigation of the water resources
of the western part of the island of Hawaii.

Utilizing several geophysical methods to study subsurface geology
indirectly from the surface, the reconnaissance had a two-fold objective:
(1) to provide a fast, economical areal reconnaissance aid in the eva-
luation of ground-water resources and (2) to assist and provide supple-
mental data for the exploratory drilling phase of water-resources
investigations in the area.

This report is the result of work by numerous scientists. To
best identify the contribution of each, the authorship of the chapters
in this report 1is specified. First, a geological review is presented.
The geophysical surveys are then given, proceeding from the most general
to the more specific. Additional contributions to the work are noted
in the appropriate acknowledgements.

The reader is urged, at all times, to remember the opening sen-
tence of Davis and DeWiest (1966)! in their chapter entitled, "Ground
Water in Igneous and Metamorphic Rocks,"

Few tasks in hydrogeclogy are more difficult than

locating drilling sites for water wells in igneous
and metamorphic rocks.

'From Davis, S.N. and R.J.M. DeWiest. 1966,
Hydrogeology. J. Wiley and Sons, Inc. p. 318.
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The area covered by these geophysical studies extends roughly
from Kawaihae in the north to Kailua-Kona in the south and from the
shoreline inland to the belt highway (FAP 19) on the west coast of
the island of Hawaii (Fig. 1.1). These lands as well as adjacent por-
tions of the western coast of Hawaii, because of their unique scenic,
climatic, and recreational attractiveness, are being rapidly developed,
by both the state of Hawaii and private agencies. Much of this area
is very dry, and the lack of a readily available water supply has been

the most serious deterrent to its development earlier.

SCOPE OF WORK

Four different geophysical surveys were made between Kawaihae
and Kailua-Kona from June 1968 to June 1969. Infrared and aeromagnetic
surveys were flown along the coastline, a surface resistivity survey
was conducted a few hundred yards inland from the shore, and an audio-
magnetotelluric (AMT) survey was run along the belt highway. A
review of the literature on the geology and hydrology of the area and

a study of the tidal-zone algae was made (Brilliande and Lepley, 1969).

GEOLOGY

The coastal area between Kawaihae and Kailua-Kona is underlain
by lava flows from Mauna Kea, Mauna Loa and Hualalai volcanoes (Fig. 1
The lavas generally are basalt flows, partly pahoehoe, but primarily
aa, although the Mauna Kea lavas of the Hamakua series in the northern
part of the area are capped by Pahala ash. Sub-surface lava flows
date back to perhaps the late Pliocene, however, all exposed rocks are
Pleistocene in age (Doell and Cox, 1861). Both Mauna Loa and Hualalai
historic flows are present in the area.

The northern part of the area is underlain by Mauna Kea lava
flows of the Hamakua and Laupahoehoe series. The Hamakua volcanic
series consists primarily of basalt and some andesite lava flows with
minor amounts of inter-bedded ash. The Hamakua lavas are covered by
Pahala ash, which is a few feet thick near the belt highway, and are
found only in scattered patches along the coast. In general, the

Hamakua lavas are moderately to highly porous and permeable and yield

.2).
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water freely to wells. Flows of the Laupahoehoe volcanic series out-
crop along a two-mile-wide strip just south of the Hamakua lavas.
These rocks consist primarily of andesite flows with numerous cinder
cones at the sources of the short flows. The Laupahoehoe lavas
generally are less porous and less permeable than the Hamakua lavas.

South of the Mauna Kea slopes, a strip of Mauna Loa lavas approx-
imately 3% to 7 miles wide flowed through the saddle between Mauna
Kea and Hualalai and down into the ocean., These lavas, which are all
members of the Kau volcanic series, are basalt flows similar in com-
position and structure to the Hamakua flows. One of the Kau flows in
the area, the Kaniku flow,which erupted in 1859, is historic. The Kau
lavas, like the Hamakua lavas, are highly porous and permeable and
are saturated near sea level.

To the southwest of the 1859 flow is the slope of Hualalai. This
slope is underlain generally by basalt lava flows of the Hualalai vol-
canic series, similar to the Kau flows from Mauna Loa and the Hamakua
fiows from Mauna Kea. At the north edge of the Hualalai lavas and
approximately 5-miles inland from the sea, a thick trachyte flow, which
erupted from Puu Waawaa, is exposed. The flow is partly covered with
later Hualalai basalt flows and its base is not exposed. The Hualalai

lavas generally are highly porous and permeable.

HYDROLOGY

This area, owing to its location within the rain shadow of Mauna
Kea and Mauna Loa, receives little trade-wind rainfall. The rainfall
on the area north of Hualalai is very slight and along the shoreline
is only about 10 inches per year (Fig. 1.3). However, the rainfall
near Kailua-Kona is considerably greater than on the northwestern
coastal area. Along the shoreline the median annual rainfall is about
25 inches. The zone of greatest rainfall runs parallel to the 3,000-
foot elevation contour on the southwest slopes of Hualalai and has
about 75 inches of rain per year. Throughout the area more than half
of the yearly rainfall occurs during the months of May through Septem-
ber (Taliaferro, 1958).

The infiltration capacity of the surface is very high and there

are no perennial streams. Overland flow is negligible except very
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FIGURE 1.3. MEAN ANNUAL RAINFALL IN NORTHWEST HAWAII.
CONTOURS ARE IN UNITS OF INCHES PER YEAR.
(AFTER COX, ET AL., 1969)
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locally during and immediately after severe storms when the gulches
may have heavy discharges. The largest streams in the area are Waiaha
Stream near Kailua-Kona and Waikoloa Stream near Kawaihae (Fig. 1.4).
Streamflow records for these streams have been summarized by Davis and
Yamanaga (1963 and 1968). No streams in the area offer promise of
large dependable supplies of water.

Small amounts of ground water may be perched on ash beds or other
tight layers under the slopes of Mauna Kea, Mauna Loa, and Hualalai,
however, no perched ground water is definitely known in the area and
there are no perched-water springs.

Dikes deep within the rift zones of Mauna Kea, Mauna Loa, and
Hualalai possibly form compartments capable of impounding ground water
at levels above the basal-water bodies. However, dikes probably do
not control ground-water flow at or above sea level in the nearshore
areas (Cox, et al., 1969). The line of cinder cones northwest of the
summit of Hualalai and the cinder cones north of the summit suggest the
existence of dikes in these areas. The nature of their influence on
ground-water movement is not known, but they appear to be so oriented
and of such continuity as not to constitute a major barrier to ground-
water flow (Cox, et al., 1969). Cinder cones on the south flank of
Manua Kea and on the north flank of Mauna Loa likewise suggest the
existence of dike systems that may possibly intersect in the saddle area
between the two mountains. Recent resistivity soundings by Zhody (1965)
suggest that high-level dike-impounded water may be found in this area.

Probably the only significant ground-water body is a Ghyben-
Herzberg lens, floating on and displacing sea water in the lava flows
near sea-level throughout the coastal area between Kawaihae and Kailua-
Kona. In general, recharge of fresh water to the basal lens is small
throughout the area except on the western slopes of Hualalai where it
is moderate to large. Consequently, the water-table gradient and the
thickness of fresh water are both very small. Mixing of fresh ground
water and sea water by ocean tides extends inland several thousand feet
to a few miles and produces brackish ground water in the nearshore areas.
Small amounts of brackish water from basal aquifers discharge freely
along much of the shoreline.

Observations of the basal lens can be made only at and near the

shore where numerous shallow wells, water holes, and coastal springs
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occur. However, there are a few sites inland where deep wells provide
additional information pertinent to higher elevations. Stearns and
Macdonald (1946) reported the chlorinity of more than 30 dug wells,
springs and water holes between Hapuna Beach and Keauhou, approximately
5 miles south of Kailua-Kona. With the exception of the old Camp Drewes
Marine well at Hapuna Beach, which produced water containing 560 ppm
C1™, all of the chloride contents reported were greater than 1,000 ppm
and most were greater than 2,000 ppm. A shoreline sampling program of
coastal springs, ponds, and water holes between Kawaihae and Kailua-
Kona was conducted to provide ground control for the infrared study,
which appears as one of the sub-sections of this report. In general,
the chlorinities measured ranged from 1,000 to over 15,000 ppm, and

most of the values were greater than 2,500 ppm.

At least 17 known deep wells and one Maui shaft have been drilled
in the near-coastal area between Kawaihae and Kailua-Kona (Fig. 1.4 and
Table 1.1). Static water levels in these wells vary from less than 1-foot
above sea level at Wells No. 17-3 and 17-4 only a few hundred feet from
the shore to about 20 feet above sea level at Parker Ranch Well No. 3
approximately 5 miles from the shore. The chlorinity varies from 3,500
ppm C1~ at Well No. 12-3 to only 8 ppm C1  at Well No. 12-5. 1In general,
the water temperatures range from about 70 to 80°F. However, at Well
No. 16 approximately 4 miles inland from Kawaihae, the water has a tem-
perature of 96 to 98°F. The high temperature appears to be the result
of residual volcanic heat, and presumably not only the fresh water but
the underlying salt water may also be warmed. Furthermore, the under-
lying salt water may be warmer than normal even where no temperature
anomaly is detected in the fresh water. If this is the case, the indi-
cated head of 5 feet may be anomalously high, and in fact, the fresh-
water lens may be significantly thinner than is normally indicated by
this head. This would occur because the warm salt water has a lower
density than sea water of normal temperature, and consequently, the
reference level for the Ghyben-Herzberg balance may be significantly
higher than sea level (Cox, et ql., 1969).

The basalts comprising the basal aquifer generally are highly
permeable and generally yield water readily to wells. The available
results of pump tests are summarized in Table 1.1. At present, the prin-

cipal pumpage from the basal aquifer is at Wells No. 12-5 and 12-6 near











































































































































































































































































































































































































