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A Zuni Prayer 

When our earth mother is replete with 
tiving waters~ 

When spring aomes, 
The sourae of our f"lesh, 
A"ll the different kinds of aom~ 
We shall lay to rest in the ground. 
With their earth mother's living waters~ 
They wi U be made into new beings. 
Coming out standing into the daylight 
Of their sun father, 
Calting for rain, 
To all sides they will stretah out their 

hands. 
Then from wherever the rain makers stay 

quietly 
They will send forth their misty breath; 
Their massed alouds filled with water will 

aome out to sit down with us; 
Far from their homes, 
with outstretahed hands of water they will 

embraae the aom, 
Stepping down to aaress them with their 

fresh waters, 
With their fine rain aaressing the earth, 
With their heavy rain aaressing the earth, 
And yonder, wherever the roads of the rain 

makers aome forth, 
Torrents wiU rush forth, 
Silt witt rush forth, 
Mountains wilZ be washed out, 
Logs wiU be washed down, 
Yonder all the mossy mountains 
W?-l l drip wi th water. 
The alay-lined hollows of our earth mother 
Will overflow with water, 
FPom al"l the lakes 
Wi"ll rise the aries of the ahildren of the 

rain makers, 
In aU the "lakes 
There wiU be joyous dancing -­
Desiring that it shou"ld be thus, 
I send forth my prayers. 

As quoted by Ruth L. Bunze"l 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 

SevePal 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 scanning 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 scanning survey along the coastline did not reveal 

any thermal anomalies that are reasonably attributable to previously 

unknown outflows of bPackish 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 is 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 rrpported jointly by the Hawaii 

~!~<~e:partment of Na!ural Res~ur<ces, .and the Office of Water Resources 

Research, U. S. Department 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 is specified. Pirst, 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) 1 in their chapter entitled, "Ground 

Water in Igneous and Metamorphic Rocks," 

Few tasks in hydrogeology are more difficult than 
locating drilling sites for water wells in igneous 
and metamorphic rocks. 

lprom Davis, S.N. and R.J.M. DeWiest. 1966. 
HydrogeoZogy. 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 bet\"een Kawaihae 

and Kailua-Kana 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 was made (Brilliande and Lepley, 1969). 

GEOLOGY 

The coastal area between Kawaihae and Kailua-Kana is underlain 

5 

by lava flows from Mauna Kea, Mauna Loa and Hualalai volcanoes (Fig. 1.2). 

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, 1961). 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 
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FIGURE 1.1. LOCATION ivV\P OF THE COASTAL AREA IN THE VICINiTY OF 
KAWAIHAE TO KAILUA-KONA., HAWAI I (AFTER USGS 
1:250.,000 SCALE TOPOGRAPHIC MAP). 
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FIGURE 1.2. SURFACE GEOLOGY OF l1-IE COASTAL AREA II\J THE VICINITY 
OF KAWAIHAE TO KAILUA-KONA" HAWAII (AFTER STEARNS 
AND MACDONALD" 1946). 
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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 

flows 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 ~1auna 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 aZ.~ 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 aZ.~ 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 (1965J 

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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FIGURE 1.4. LOCATION MAP OF THE PRINCIPAL STREAMS AND DRILLED WELLS 
IN THE VICINITY OF KAWAIHAE TO KAILUA-KONA, HAWAII. 
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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 

Cl-, 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 ch10rinities 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 I-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 Cl at Well No. 12-3 to only 8 ppm Cl at Well No. 12-5. In general, 
o the water temperatures range from about 70 to SO F. However, at Well 

No. 16 approximately 4 miles inland from Kawaihae, the water has a tem­

perature uf 96 to 9SoF. 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 al.~ 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 



TABLE 1.1. SUMMARY OF DRILLED WELLS 

ALTITUDE STATIC 
WELL OWNER AND (USE) C~EET 

DEPTI-i WATER LEVEL 
NUMBER 

SEA 
(FEET) (FEET ABOVE 

SEA LEVEL) 

12 BWS (TEST WELL) 595 615 1.0 

12-2 BISHOP ESTATE (TEST WELL) 100 194 

12-3 STATE Of' HAWAI I (TEST WELL) 801 853 1.5 

12-5 BWS (KONA WATER SYSTEM) 833 881; 4.0 

12-6 BWS (KONA WATER SYS TEM) 839 881 4.0 

12-7 HUALALA I DEVELOP. CORP. 501 528 4.0 
(DO/1:STlC AND IRRIGATION) 

12-11 STATE OF HAWAII (TEST WELL) 680 702 3.2 

14 STATE Of' HAWAII (KAWAlrw: 579 620 3.3 
AND PUAKO WATER SUPPLY) 

15 STATE Of' HAWAII (TEST WELL) 392 '+30 3.3-5.1 

16 STATE Of' HAWAI I (TEST WELL) 982 1040 5.2 

17-1 DILROCK EASTERN CIRRlGATlON) 350 376 4.5 

17-2 DILROCK EASTERN CIRRlGATlON) 188 218 2.0 

17-3 DILROCK EASTERN (AIR 50 90 LESS ll1AN 
CCif'()ITlONII>G) 1.0 

19 STATE OF KAWAll (TEST WELL) 3613 924 I'«l WATER 

PARKER BOISE CASCADE (IRRIGATION) 8U 850 6.1 
K 1 

PARKER BOISE CASCADE (IRRIGATION) &21 5.1 
12 

PARKER 1 BOISE CASCADE (IRRIGATION) 1200 
B 

MAUl PARKER RANCH (STOCK WATER). 40 
SHAFT 

lUpdated data for Parker #3: Depth 1233 ft; Static 
Rate - 150 gpm; Drawdown - 2 ft. 

BETWEEN KAWAIHAE AND KAILUA-KONA. 

MNJAL 
CHLCRIDES PI.M' TEST RESULTS 

Pl.M'AGE 
(PARTS PER TEM'ERA TURE 

(MILLION 
MILLION) 

(OF) PI.M' I I>G RATE DRAIoII:lOON 
GALLONS) (GALLONS PER MI"-ITE) (FEET) 

400-600 445 2.0 

100'0 

3500 58 100 0.9 

100 8 70 300 0.7 

50 15-20 70 320 10.5 

50 370 100 0.5 

740 70 300 2.0 

300 81 180 0.4 

500 79 180 0.0 

265 96-98 200 8.5 

600-700 

600-700 550 1.0 
730 2100-2800 

500 82 400 1.8 

370 81.S 

700 80 850 0.9 

Water Level - 20 ft; Chlorides - 25 ppm; Pumping 

I-' 
Vol 
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Keauhou, which are sources in the Kona system of the Hawaii County 

Board of Water Supply, Well No. 12-7 near the Kona Village resort, 

a source for irrigation water and for domestic water which is subse­

quently treated, Well No. 14 near Kawaihae, which is a stand-by source 

in the Kawaihae-Puako system of the county water supply, and Wells No. 

17-1, 17-2, and 17-3 at the Mauna Kea Beach Hotel near Kawaihae, which 

are sources of golf course irrigation water and air-conditioning cooling 

water. The Boise Cascade wells (Parker No. 1 and Parker No.3) may soon 

be used as sources for irrigation water. In addition, small quantities 

of brackish water are pumped from the Parker Ranch Maui shaft and other 

shallow wells along the coast for watering livestock and for other uses. 

The potential supply of fresh basal ground water in the area be­

tween Kawaihae and Kailua-Kona is not known with certainty. Cox, et 

al. (1969) estimated that the recharge to the basal ground-water body 

north of Hualalai and extending approximately to Kawaihae is probably 

less than 50 million gallons per day and that the shoreline discharge 

averages only a few million gallons per day per mile. Davis and Yamanaga 

(1968) estimated that the average daily recharge in the wet zone on the 

west slope of Hualalai probably amounts to several tens of millions of 

gallons. 
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INTRODUCTION 

This report covers the second and final phase of a project begun 

in June 1968 and previously reported by Adams and Lepley (1968). An 

infrared survey was made of the coastlines of the island of Hawaii 

under the sponsorship of the Hawaii State Department of Land and Natural 

Resources, Division of Water and Land Development and the Office of 

Water Resources Research. The first phase conducted in June 1968 sur­

veyed the coastlines of the Kau and Puna Districts on the island of 

Hawaii and the second phase surveyed the coastlines from Cape Kumukahi 

clockwise to Upolu Point during June 1969. 

As in the earlier effort, the infrared images were recorded in 

real-time imagery with AGA Thermovision instrumentation. However, 

based on past experience, the present effort attempted to establish 

a smoother operation and improve the reconnaissance technique and 

increase productivity. To accomplish this, a wider angle lens (11 0 x 11°) 

was employed with the AGA Thermovision, and an instrument port was 

installed in the same Apache aircraft used during the earlier survey 

conducted in 1968. In addition, the camera and auxilIary equipment 

used to photograph the infrared images were also modified. 

Index maps of all areas surveyed and a few sample mosaics of 

coastal areas having thermal anomalies have been compiled and are in­

cluded in this report. 

AREAS COVERED 

The survey effort reported here was concentrated on the Kona to 

Kawaihae coastline although the southeast coast was also included. The 

area between Kailua-Kona and Kawaihae, located on the west coast of 

the island of Hawaii, span more than 20 miles of coastline (see Fig. 

2.1). The climate of this leeward coastal area is generally dry except 

during periods of "Konal! weather. 

TRAINING 

Since the field chief had been directly involved with the previous 

phase, this previously gained experience eliminated much of the trial­

and-error testing. The four members of the research team, besides the 
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field chief, included the navigator, camera operator, and film 

processor. They were trained in all aspects of the operation, al­

though each had a specialized job. Each member had previous experience 

in his specialization before the main research effort began. 

Field pre-tests of the AGA Thermovision with a scanner having 
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an 11° x 11° field of view was completed at Portland State University, 

Portland, Oregon. Dr. Leonard Palmer of the Department of Earth Sciences 

at Portland assisted in the pre-testing of the instruments. This op­

eration was performed one week prior to the scheduled research effort 

in June. Pre-testing the equipment on the mainland proved to be 

particularly advantageous because equipment malfunction was discovered 

during the trial tests. The wider field of view of the scanner was 

deemed specially desirable, but acceptable images could not be obtained. 

Hence, the equipment was immediately returned to the manufacturer's 

service plant in New Jersey for electronic repairs. 

INSTRUMENTATION 

The AGA Thermovision instrumentation and basic operation has 

been described in a previous report (Adams and Lepley, 1968). Basically, 

the AGA Thermovision is a high-speed scanner which converts infrared 

energy in the 2 to 5.5 micron band from an electromagnetic wave to a 

visible image on the face of a cathode ray tube (CRT). Thus, it operates 

in a fashion very similar to a home television system. 

There were several instrumentation changes during the past year 

which directly affected the scanning operation. Of these changes, the 

most important was the addition of a wide-angle lens to the infrared 

camera unit (Model 665). The wide-angle lens, which is attached to 

the forward end of the camera unit, has a field of view of 11° x 11° 

and, at the same altitude covers Slightly more than four times the area 

covered by Model 661 which was used previously (Fig.2.2). The electro­

optical operation is the same as described previously by Adams and 

Lepley (1968). However, when the wide-angle lens is removed, the 

range of focus is about 21 inches with a field of view of 5° x 5°. 

In other words, without the snap-away wide-angle lens, the user is left 

with a limited model. Therefore, the user should be absolutely certain 

that the wide-angle model of the Thermovision is suitable for the 
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AGA THERMOVISION 

IMAGE FIELD OF VIEW 

MODEL 665 : 11 0 X I 10 

MODEL 661 : 50 X 5° 

FIGURE 2.2. COMPARISON OF FIELD OF VI~W - 5° X 5° VS 11° X 11°. 
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intended application. The benefits and disadvantages of this system are 

discussed in the RESULTS section. 

A second change in instrumentation was the optional use of a 3.5 

micron cut-on filter. This filter was designed to eliminate the sun­

glint which was a frequent problem during the June 1968 effort. When 

the filter is installed, the electromagnetic spectral band width is re­

duced to 2 microns (3.5 to 5.5). Thus, the filter effectively eliminates 

energy in the 2 to 3.5 micron band. 

During pre-testing in Portland, the filter was found to be diffi­

cult to install during flight. It was necessary to remove the back 

plate of the camera and several components had to be disconnected 

before the filter could be mounted into place. Because of this diffi­

culty, the filter was generally not used. Flights were completed before 

sunlight reflection became a problem. The Model 665 Thermovision was 

found to operate effectively at a sensitivity range of IOoC without 

being affected by sunglint and still be effective for detecting temper­

ature anomalies (a fuller discussion is presented in the RESULTS section). 

A third change was the use of an automatic or semi-automatic 

Nikon F Photographic Recorder. This system greatly facilitated the 

photographic process and was a far more efficient system than the 36-

exposure manual-drive Minolta used in the previous research effort. 

Proportionately more time could be spent photographing instead of 

rewinding and threading film cassettes. 

AIRCRAFT MOUNTING OF THE SYSTEM 

The mounting of the system in the Piper Apache aircraft was 

greatly improved by the construction of an instrument port in the 

floor of the aircraft. The instrument port made it unnecessary to 

open the baggage door. To protect the camera unit and mirror, the 

l8-inch square instrument port, large enough to install other cameras 

to obtain a vertical downward view, was closed during takeoffs and 

landings. The layout of the system is shown in Figure 2.3. Since the 

AGA Thermovision should be forward looking and not angled more than 

15° from a vertical axis, a front-surface mirror (provided by AGA) 

was attached to the camera to obtain the downward view. This mirror 

could be rotated about a horizontal axis in line with the fuselage of 
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the aircraft and allow the operator to track the coastline in a 

sweep perpendicular to the flight path (see Fig.2.4). Mounting the 

mirror completely within the aircraft cabin also eliminated some of 

the adverse effects which occurred when the unit was extended out of 

the baggage door in the earlier survey. The major improvement is the 

elimination of a flash which blotted out nearly one-fourth of many 

images. 

As in the previous surveys, the power required to operate the 

system (300 watts at 110V AC) was provided by the electrical system of 

the aircraft via an inverter. A 20-amp circuit breaker was installed 

within reach of the pilot to enable him to control the l2V DC aircraft 

power line which was connected to a solid-state power inverter. Good 

grounding was essential to prevent noise from entering the system. 

This was particularly true when using the Nikon photographic recording 

system. Without proper grounding much noise was introduced into 

the system. The aircraft VHF transmitter also introduced noise into 

the system even with proper grounding, hence, the pilot refrained from 

transmitting during imaging. 

The camera unit was mounted on the floor of the cabin with the 

display unit and inverter installed into a rack directly in front of 

the camera-operator. He remained in his seat while operating the 

camera rotation unit or the Nikon Recorder with his right hand and the 

display unit control with his left (Figs. 2.3 and 2.4). 

FIELD PROCEDURE 

An early morning flight was planned for each day. Adverse 

weather conditions (clouds, haze, etc.), personnel, and aircraft main­

tenance problems cancelled about 20 percent of the planned operations. 

A volcanic eruption on the island caused atmospheric contamination 

which adversely affected the images (see RESULTS section). 

Nearly every morning during early summer, the Kona area has a 

cover of haze, which eventually "burns" off by late morning. This haze, 

has a detrimental effect on infrared images and results in varying 

degrees of attenuation of the incident infrared radiation at the de­

tector. Most flights were completed during the daylight hours before 

9 AM to avoid the adverse effects of the sun's radiation as well as to 





complete infrared scanning during low tide. 

Each flight crew consisted of a pilot, navigator, and camera 

operator. The camera operator was responsible for filling the AGA 

Thermovision with liquid nitrogen, having enough film, and so forth. 

The navigator was responsible for planning flight paths and having 

proper maps and charts for each flight. The field chief coordinated 

all aspects of the survey. 

Inflight operations were directed by the navigator with the 

operator indicating when acceptable images had been recorded. The 

navigator acted as the central communicator between the instrument 
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operator and the pilot. In addition, it was the navigator's responsibility 

to map the areas scanned and to catalog film cassettes exposed in flight. 

PHOTOGRAPHING THE IMAGE 

A major improvement over the previous effort was the use of the 

Nikon F photographic recording system to photograph, and thus record 

permanently. the image appearing on the face of the cathode ray tube 

in the thermovision display unit. This system used 250-frame 35-mm 

film strips with continuous or semi-automatic advance and shutter 

operation. Since the continuous operation mode could not be adjusted 

to be slower than 2 frames per second, the system was used in the manual 

mode with automatic advance. This mode permitted the operator to 

photograph the image by pushing a button, located conveniently near the 

camera unit, which automatically advanced and cocked the film. Ground­

area coverage was thus obtained without undue overlap of images and the 

time needed for loading and unloading film was reduced considerably. 

Forty percent overlap was preferred. 

For comparison and identification purposes, color infrared and 

color ektachrome were used on certain flight paths in dual Minolta 

35-mm cameras hand held and aimed orthographically through the instru­

ment port. 

RESULTS 

The 11° x 11° field of view was a notable improvement over the 

5° x 5° used in the previous research effort. Combined with good flight 

path planning, the wider field of view allowed for complete coverage of 
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all bays and peninsulas. Figure 2.5 shows a comparison of the coastline 

coverage of the Paiahaa Bay area on the southeast coast of Hawaii of 

the 5° x 5° lens with that of the 11° x 11° lens. There also seems 

to be an improvement in the tonal quality. The 11° x 11° model was 

used at a sensitivity of 10°C although the 5° x 5° model had best been 

utilized at 5°C. 
The AGA's temperature sensitivity, or the temperature difference 

between black and white, of IOoe (~t = IO°C) allowed for more gray 

tones with the consequent advantages of being able to identify both 

the thermal anomalies in the water and the features on land. Mounting 

the front-surface mirror inside the aircraft reduced sung1int. However, 

during certain positions of the aircraft, the angle of incident solar 

radiation did have an effect on the visual resolution of the image. 

Since the AGA Thermovision operates with either emitted or re­

flected energy available in the 2 to 5.5 micron band, the lack of sun­

light and its reflecting energy greatly assists the spatial identifi­

cation of ambient or cooler temperatures. Thus, it was found that the 

best images for coastal water anomalies were obtained with minimum 

sunlight, between 5:30 and 9:30 AM before the more adverse effects of 

solar radiation had set in. Ground observations had indicated that by 

9:30 black rocks around the cool fresh-water springs warmed up the 

sea water, and on-shore winds caused the warmer sea water to mask the 

cooler fresh water. 1 

During June 1969, the eruption of Kileaua volcano caused heavy 

pollution of the lower atmosphere and affected the quality of the infrared 

images by causing an effect similar to that caused by dense haze. Atten­

tuation of the incident infrared radiation caused reduced thermal and 

spatial resolution in the images. This was presumably caused by the 

effective absorption and scattering of infrared radiation by the parti­

cles and gases, especially CO2, spewed into the atmosphere by the erupting 

volcano. When weather conditions were clear, most of the images were 

of high quality. 

Although many cool zones were discovered, as was pointed out in 

a previous report (Adams and Lepley, 1968), the image only reveals a 

thermal anomaly. Ground-based observations are required to ascertain 

lLepley, personal communication. 
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water quality. Designation of the locations of notable thermal anomalies 

does not necessarily imply association of fresher water. Other work 

has emphasized that not all thermal anomalies have associated fresher 

water, and not all fresher water has associated thermal anomalies. An 

infrared survey should only be considered a reconnaissance technique to 

obtain an instantaneous, synoptic sample. No meaningful quantitative 

or qualitative information can be obtained with current airborne pro­

cedures. Figures 2.6 and 2.7 are mosaics of the Kawaihae coastline 

which show thermal anomalies as darker areas. along the coastline. 

The compiling and cataloguing of this year's data has also 

greatly benefitted from the experience of the previous research efforts 

(see Appendix). 

The measurements obtained during the June 1968 offshore survey 

are considered to be suitable for comparison with both the 1968 and 

1969 infrared data. Offshore temperature and conductivity measurements 

were made at the surf zone from a 16-foot boat by alternately measuring 

temperature and conductivity at a cell suspended in two inches of water 

off the bow of the boat. Geographic distribution of the data is shown 

for the Kona coast in Figures 2.8, 2.9, and 2.10. Temperature above 

70°F is shown by the bar to the left and resistivity is shown by the 

bar to the right. Comments on shore features visible from the boat, as 

taken from the log, are given in the enlargements of the areas covered. 

The northernmost resistivity high at Pauoa Bay is associated with a tem­

perature high (not low) and Pauoa Bay did not display an infrared thermal 

anomaly. The resistivity anomaly at Waialua Bay had no corresponding 

thermal anomaly and hence no infrared anomaly was noted. The offshore 

ground survey indicated that the fresher water in Anaehoomalu Bay is 

not cooler than the ambient waters and, hence, no infrared anomalies 

were recorded. Based on these observations, it should be noted that not 

all coastal discharges have the associated cooler anomalies, and further, 

not all thermal anomalies are associated with coastal discharges, as 

emphasized by Adams and Lepley (1968). 

Similar comparisons can be made for the remainder of the coast 

between the conductivity anomalies, temperature anomalies, and infrared 

anomalies shown in the Appendix. 
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CATALOG OF THE IMAGES 

The purposes of this report are to describe the instrumentation 

and procedures used, present representative examples of infrared 

imagery, and catalog the images for the western 'and southeastern coast­

line of the island of Hawaii. 

In the course of the survey, more than one thousand usable 

Thermovision images of the coastline of Hawaii have been recorded. 

Due to overlap, approximately half of these suffice for complete 

coverage of the coastline. 

The images are catalogued by geographic location. The image 

containing any particular point on the coastline is located by: 

1) Finding the point of interest on the master index map, 

2) Noting the number of the enclosing sub-index catalog map. 

(there are 44 such maps), 

3) Turning to the appropriate sub-index catalog map, 

4) Locating the point of interest on the sub-index catalog map, 

5) Noting the number of the enclosing frame. 

6) Finding the nearest triple-number code: an Arabic number, 

hyphen, Arabic number, hyphen, Roman numeral (see explanatory 

diagram). 

The first Arabic number is the roll of film used that day, the 

second Arabic number is the day in June 1969 on which the imagery was 

taken, and the Roman numeral is the section of the film rolls (the 

film rolls were sectioned for ease in handling). 

The original film are on file at the Water Resources Research 

Center on the Manoa Campus of the University of Hawaii. A montage of 

the entire coastline is also available for inspection there. 

39 

The end of a film section and the beginning of a new film section 

is indicated by a solid arrow with the pertinent code above or below the 

arrow. (See the sample explanatory diagram. The code designation above 

marks the end of section V of film roll 3 taken on June 8, 1969). When 

two sections overlap, the end of the lower-numbered section is indicated 

by a dashed-line film frame; the higher-numbered section by a solid-line 

film frame (see diagram), 

Notable relative thermal anomalies are indicated by five-pointed 

stars. Any star not enclosed by a numbered film frame, for example, 
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bottom of sub-index map no. 5, can be located inside a numbered film 

frame on another sub-index catalog map (see map no. 6.). 

38 

36 

34 
FRAME DESIGNATION ~ 

31 

TRIPLE NUMBER CODE 
27 

ROLL DAY SECTION 
NUMBER NUMBER .. 

ROLL DAY SECTION 
NUMBER NUMBER 

\ 
3-8-% 
3- 8-& 

~-- FILM FRAME 

--COLD THERMAL 
ANOMALY 

DIAGRAM OF CODE AND SYMBOLS USED IN THE CATALOG OF THE IMAGES. 



20' 

19" 

13 

14 

33 

156' 

OWAIMEA 

xMAUNA KEA 

XMAUNA LOA 

34 

MASTER INDEX MAP 

o 
I 

41 

HAWAII 
S 10 IS 
I I I 

MILES 

20' 

44 

19' 

230 CATALOG MAP 

o TOWNS 

x MOUNTAIN PEAKS 

155' 



2000 , 
FEET 

CONTOUR IN'rERVAL 40 FEET 

5-8-m 
5- 8-II 

Haen 

5-8-m 

\ 
I 

A W I 

SUB-INDEX MAP NO. 1 

( 
/ 

( 

43 

WT 

f 
J I 

j 
,~I I ,,-vi 

,/ I 
I ·WT; L_.I I 

, i 



44 

5-8-rr 
12 

1/ 

I "", 

I 

\ / ( 
v' " .T, 

I ~/! 

, , 
, 'I 

;', ".J. \ 
...... --""i ......... ,: :,' I 

9 " - , , , 
" , 
, I 
\ 
, I 

'----'''''''"''='nr' " .If t: 

7 

38 

37 

1000 0 2000 
~ iii 

FEET 

CONTOUR INTERVAL 40 

SUB-INDEX MAP NO. 2 

I 

'" .. o 



.. 
5-8-I 

+-

2000 
! 

FEET 

CONTOUR INTERVAL 40 FEET 
5-8-1 

( 
N 

~~ , i '" \ 

){v; 1\\ \ 
I ' 

\ 
, ' 

( 

v/~ 

SUB-INDEX MAP NO. 3 

45 



46 

5-8-1 

1000 o 2000 --- ---- 5-8-1 FEET 

CONTOUR INTERVAL 40' FEET 

SUB-INDEX MAP NO. 4 



5-8-I 

\ 

\ ( 

\ 

~) 
'7 

5-8-1 

SUB-INDEX MAP NO. 5 

.~' . 
I ~.<~:E;' 

, ".~I.""""«!; 

1000 0 
..,...§ 

47 

FEET 

t t \.' '0: \ • _. 

(' .'" "'~l",\"":"="::"". ,:,",'.~:: .; .... ';". 



48 

3-8-Jr ; 
I 
I .,., 

,I 
-; 

.. , 

) 

1000 0 2000 --- ----
FEET 

ONTOUR INTERVAL 40 FEET 
34 

K •• h. P 

31 

\ 
\ 
'" " 27 

\ 

25 
Kauna 

4.- 24 

'" 3- 8-Jr 
'<9 3-8-:m:: 

. -, ..., 
..... , 

/ , 

' ..... , 

SUB-INDEX MAP NO. 6 

. , , 
" 

·.-:i .. \ 



1000 0 "'--- 2000 

FEET 

ONTOUR INTERVAL 40 

I 

3-8-m/ , 

, 

'Jk, 3ie r;r;~';',<}:j;'.\' n \, f' 
- ,I.. I " :';',.:.::;:: .!".'~::: I; '.: J' 

, L~hulJfUaa:, :,,·,x .. t, . .' ,', ! 

~
" /'" ';::. ::",:: .. ::':;'.1' " 'I II \\ 

~ ~ '.' ":::' '.'::::"!'. I. l\~~ \, 
M4fWk 'I ,~.:)I.' d.:" .• ::: ..... :':,:.:!;-:~'!. : / ')) 

/i ••• "...d H~~ Fl.hp.ind < ...... : •. ::::, \) ~\~r-

\~,' /; ( ~~;W(jf:at.;;r~jJrj.;\.1 ((\\ 
/ ) \ '\ I \ •• ~ ·~·'''':·:.~.:i " .... ~ 
'( ,(.J \/i '-;.::'; / "<'" 'j' 

,/ (' ,i )" - ~{ )1 ,~, 
! '.J~ '" 

/f "." "', 
/] , .. \ ,~ '" \ '( l\ 

, I 

3-8-DZ: 
31"'8-m 

, 
) 

I 
'/,0 . \ 

, , 

SUB-INDEX MAP NO. 7 

, , 

\ , 

f' 

\ 

,', 

49 

, 'I 

0 

hi; 



50 

:+ 
1000 0 ,,---

FEET 

CONTOUR INTERVAL 

Wellwell 

3-8-1I 

3-8-m 
3-8-n 

2000 , 

3-8-m 

( 
) 

Hawahln. Rock 

u 
~n 

. \ 
\ 

14 
( 

SUB-INDEX MAP NO. 8 

, , , 

flO 

.! 1 
(I 

4t 

'" 

"- . 
\. 

, ! , 
\. 

~ r" , 
'. \ . ... , 

'''0 

~..q 
IV, 
~u 

&0 

\ 
\ 

\ , , ., 

, 
, , , 



1000 0 

( 
\ 
\ 
! 

/ 

2000 --- ----
FEET 

CONTOUR INTERVAL 

3-S-II 

40 FEET 

I 
~ 

-~~ 
-?' 

3-S-U: 

! 
.1 

~-1 
~ A>; 

I 
I 

I 

Fl,.bW 

t 
t 
\ 

q 
j .. ~ 

I 
I 

f 
I 

t 

OF 1859 

• I' _ 

• Kih61<f/ 

SUB-INDEX MAP NO. 9 

': .~ 

\ 
( 

/ 

( 
\ 

I 

( 

p 

\' 
( 

/ 
1 

t 

{; 

\ 
\ 
( 

51 



52 

> l I . .. , 
/ 

/"', 

\, 
.n 

\. 
\ 

' .... , \ 

\ , 

1/\ 
, '~ 

\ 
" \ -, \ 

( 

( \ 

(" I 

) 

\ ( 

'/' 

'\ \ 

" 

,6, • 

r;P-N 
I 

\ ( , 
\ \ \ ) 

'\ 
\ ) 

\ ~ -I , \ \, " ! 
, CD 

I 

~ ~ 

Y \. 
,/ 

ro 
\ 

I, ) 
0 '4,f>. ...... 

/ 

\.f>. 
» "I, 'l.._.1 

\ 

~ 
I 

~\} 
0... \.I~ 

{ 1 ~ ~\} 
1- ' , I 

Q ( 

\ 
I, 

l X I I 
./ 

W 
0 
Z r' 

I 
....... 
1 

" , 
CO \ ;:) Iy fj) 

.... 
( /.-J 

" \ " 
// 

./ / , 
'\, .r \ , 

\ 
., 

/ 
'I ' . ttl 

" 

I / ~ 

,\ ( 

.... 
I 

W 

I 
/ 

W 

.,., 
) '\ 

II " 
"- \ 

/ 

----

~ 
, /" 

/ 

I 
ttl 

----/ / 

0 

lilt 
, 

/ ... / // ,. ( 
..J -4. 

I-t 

/ 

I 

CD 
f- ~ W 

/ , 

cr.: 
/ 

/ 

IIIIIIII[ W 
W 

• 
/' 

"- f-

ro 
, 

0 
!: I 

I 

0 cr.: ( 
~ 

0 !:) I ~ 
\ 2 ~ 

u ;::, ( .. 
J 

Z 
\ '{' 

I 

0 
~ 

\ 
U 

t:!I 
,\ 

I 

" t» 
i' , 
I 

/, I 

"-<D 



6- 9-nL 

) 

, I I . " 
f 

f " 'I \./ ) / 
(/ 

60 

( 

! ( 

,1 

J \ 

\ 
I 

1\ \ I 

Ii i 
, 'I 'I \ 

I" 
i 

'0 

.J 
( 

6-9-& 

f 

~ I 
( 

\" \ 
,(" 

I 

" 
d 

f '''./ 
, I , 

I \ ( 
( 
) 

\) 

\ 
I 

\ 

If i \ f I \-

! 
( I 

! \ 

1/ 
\ 
\' i\~ 

, \/ 
\ ' 

\ 
I 

1000 0 

"'"---- FEET 

:\CONTOUR INTERVAL 

1\ If' 1\; 

SUB-INDEX MAP NO. 11 

S3 

) I 

\ 

2000 
! 

40 FEET 



54 

)' 
.n 

/ 
/ ! 

SUB-INDEX fvIA P NO. 12 

- 2000 --o 
FEET 

40 FEET 
'-c 



6-9-JZI 

) 

41 

4 

6 

28 

30 

,-'-

6-9-JZI 

\ 
-" ;' t 
., I \ 

I \ 
) \ 

" . ' 
/" , 

\ 

) \ 
\ 
\ 
\ 
\ 
\ 
\ , 

\ 

'--, 
" , 

\ 
\ , 

\ 

, 
,\ 

) 

/( 

I 
I 

1000 0 

()' f j , , 

2000 --- ----
FEET 

CONTOUR INTERVAL 40 FEET 

SUB-INDEX MAP NO. 13 

55 

1 



56 

\ 
\ 

14-15-1 :\ 
\ 

1000 0 

>11 

2000 ---.---
FEET 

, 
\ 

CONTOUR INTERVAL 40 FEET 

\ 
\ 
\ 

\ 
\ 

\ 
\ \ 

\ 

'. I 
Kilioko 

I I ( 
I 

: 

\ 
\ \ \ 

\ 
\ 

SUB-INDEX MAP NO. 14 

...-r 

~ 

\, 
I. 



1000 o 

\ 
\ 

14-15-JI 

+ 

2000 _ ... - ----
FEET 

CONTOUR INTERVAL 40 FEET 

15 

20 

22 

24 

25 

SUB-INDEX MAP NO. 15 

.­-
14-15-m 
14-15-DZ: 

( 
.0 

" 

v.. 

57 

\ 

\;\ ·0 

t. 
,.. 

, 
I 
\ 





14-15-ll: 

\ 

\ 
\ 
\ 

/" /' 
/' 

/1 \ 
\ 

Kamo 

\ 

SUB- INDEX M4P 1'lO. 17 

59 

-. 

1000 o 2000 
" ---------

FEET 



60 

\ 

298 

308 

SUB-INDEX MAP NO. 18 

1000 0 
~~S 

FEET 

2000 
7 

I ' 
\ i 

/ ( 
( 

INTERVAL 40 fEET 



14-15-JlI 

14 

17, 

Pa4m./l4i,..,+--"'1 

;9 
Paapa 

I 

HL---I~..;.....J 

12 
, 

--.-..,.......-_.J :L 
'1'1 
:'" 
',' 
" 

" f ,-\ 

~ \~, 
r' 

i 
N.nu""."I"!Ir4;----l 

18 

SUB-INDEX MAP NO. 19 

1000 o 2000 .. ----
FEET 

f, 

" 

. " 
" 

CONTOUR INTERVAL 40 FEET 

61 



62 

Pt 

41 

43 

UMI 

3 

14-15-JZII 
14-15 -'JZII[ 

II 

~ ; 
~ 

E 

( 
A. 

1000 o 2000 -_. ----FEET 

21 

14-15-lX 

SUB-INDEX MAP NO. 20 

" 

.. 
~ ... ' , 



63 

KEALAKEKUA 

BAY 

14-IS-X 
.. 

K E 

•• + 

E 

( 

1000 o 2000 -- ----
FEET 

CONTOUR INTERVAL 40 FEET 

--

Honaunau 

SUB-INDEX MAP NO. 21 



64 

Ho"au"a" 

,--

+ 

·0 
, 

15-15- I 

..-+­
I 

f,.";,,VJI' 

~--

-<---1 

K 

) 
"'b 

~ 

---

----
,../ 

_J~ 
( .' f: 

E ~ K 

fK E \ "":'11" 

./ 
,~J-

.\ ." 
1 

1000 0 2000 --- ----
FEET 

CONTOUR INTERVAL 40 FEET 
\t 'v, 

---'/.. 
/ 

\\ 

SUB-INDEX MAP NO. 22 



65 

15-15-1 

33A 

35A 

37A 

41A 

+ 
43A 

15-15-I 

1000 0 2000 --- ----
FEET 

CONTOUR INTERVAL 40 FEET 

SUB-INDEX MAP NO. 23 



66 

+-

1000 0 2000 
~- ' FEET 

15-15-I 

CONTOUR INTERVAL 40 FEEJ 

SUB-INDEX MAP NO. 24 

----I 
I 

/ 



67 

15 - 15 - r 
I-:""!-_~ ;r (p I In 1),1 HAL r ,) ... ( ( 

J ( f ( ,2 I( I J J ' . t: ~ 

')J' < )"f{ ..J£7
f ..,.' . s' ~~. J 

~ , (((".f."";'f)AN~ - ~! IN li!lNtT - -; ~-Qrt/}.1!t fOM./:~hAn~r 
KAA'fUH~ ~'AVA '), FLd~ OF l~!)~--'~)" 

"f f '0 '( ) . \~ IP ,~)'NA ~;~. 
/'.,,,./ 1 1/) 

j-- \) " f 
// -I- Ii M~ dBL ( '_ 

( / /I,? > 
, ~Y) 

I j.}' 
~ ,f 80 

i p ~ H/O E H 
I \ OREs 

~ ~ I 0 

""I;" ,,(~,' ( 1, ' 

, ,d' :' I' , , ' 

s 

i ' , 
~ .-y" 

15-15-1 19C 
i' , '\ i 

21C 

SUB-INDEX MAP NO. 25 



68 

15 -15 - r 
23C 

+ 

SUB-INDEX MAP NO. 26 



15-15-1 

15-15 -1 
3E 

J 
~t·puupuu 

I 
i 

(' 

I 
\ 

--- ----
FEET 

I 

'( . 
'/ 

{/',,}} CONTOUR INTERVAL 40 , ) 
I. .J 

I (/' I 

\~I ! \ 

~ I' I I I t"" I 
/ I I 1\ I I 

" I '. \ . '- ; 

SUB-INDEX MAP NO. 27 

I 

1 I I 
L 
{ ,'/ / 
\ 

FEET 

69 



70 

15-15-n 

,; { 

+ 

I 
I! 

I 

15-15-I 

8om~II'II(J 
r.taet 

, , ,', 

, I 
I 

I I, 

\ 
\ I 

?< ,., , f 

.\ 

I', ; ,} 

\ 

\ 

fjO t I 

,~ '[' 
)' / ,,! / I' . ( 

, ! 

. I 

\ 

1000 0 ..,...--

SUB-INDEX MAP NO. 28 

I 

.~' 

) 

}, \ 

I I. 
\ ) 

, 
\ 

)'. \ 
( 

, 
( 1 

'. 
\. 

2000 
! 

" 
/ , 

I I 

1 

g 

:"\ 
\ 

\ 
\ 

, 
RO(Io 
W.I 

t;:.vel 



15-15- I 

16-15 - I 

1000 0 
1Il'5l"-

FEET 

15-15-1 

, , 
'. 

2000 
I 

16-15-l[ 

CONTOUR INTERVAL 40 FEET 

) 

/' 
'. 

I 
I, 

\ 

I 
/ 
I 

, , 

./ 

I 
} 

! ! J 
'( 

, 
I 
, '"'0 

I , 

, , 

16 - 15 - n 

SUB-INDEX MAP NO. 29 

\ 
I 

I 

i 
I 

\ ' 

/ 

II 

71 



72 

'\ 

) 
~ r 

f 

) \ 

I 

( 
J 

" ? '. 

, 

i 
/ 

r 
) 

I I 

'-... 
~ ... 

~}:#r 

~tP 

\ 

;; ,I r' -: .... 
I , i \ 

I 

( , , I 
I 

, . \ 

\ 

i,' 

\ 
0 ( .' .v ( 

... ..It \ 
" j ) ~ 

I 

r; ~ j I 
I 

( 
" \ 

( 
I" 

! 
, 

\ ( r ( I 
~ ,. I 

I 
( {, .\ .J \ 4 .... ~ 

--~ -..J 
r i 

,,\ 

~ 

I 
I 

/ / 

r, 

\ 
I 

I 
) 

j 

fill 

I ,I 

It:. \ 
I 

I 
I 

!!2 
/ , I 

CD 
I , 

\ 
I 

I 
I 

/ , 
" , , 

I I 
i, 

) , \ 

1, i 
f .! I 

'-', , \ 

; 

( 
) / " , 

/ 
i 

) I ) 

~/ 
( 

I 
( 

\ 

I 
j 

) 1 ;,rl / 
( 

j 
.1 I \/ 

f 
) ( 
\ 

( 
I 

\ 
! 

f-
LU 
lIJ 

~ 
k, 

0 .. 
,'a : 

,,' 

..J 
f- ~ &II a: &II 

~ 

') 

lI.. 
0 

!: 
; 

.\ 

a: ~ 0 
J 

, 0 

~ It) 2 
z I 

8 

j 

CD 

), 
" " I 
-;) I :.r j II, } 



I') 
\ ,r 

\ \ 
/ \ I 

! 
........ , (") 

'\ \ 
...... j, 

\) 

0/\ 

\, 
\ 

/' 
I, 

) 

/ 

)' 

\ 

~o 
) ..., 

~ 

" \ 
"-

'i 

(' 
) I 

, " \I,~' ) 

, 
I 

'">", 

\' 
I 
\ 

'. t, 
/ 

('10 J 
/ 

\ 
\ 

'--\ 

I 
/ 

~ 
I 

It) 

I 
U) 

,'-
~ r r 

I I I, I 
r 
\ 
\ 

Q.I '\ I 
\i 1\" 

.,\ 
~ 

U;." 

'\~ 
" '\ 

/ 
.i' 

.:/ 0 

,I' 

\ 

\ "' ... A rf\ l ~J ~ 
f 

" "j ) ~, ,. 
"", ,- '\. 

"'. /\, 
/ l' \ 

00/ 

I , 
J 

I , 
; ~ 

(, r., , 
¢ 
! 
'! 

) 
~ 

I 

r It) 
( 

I 

~ 

---r::z: ~ 

J.. 

..y 

I 
rt) 

o 

o o 
2 

'" Q 

'" .. 
'" 

~ z 
8 

73 

. 
o 
Z 

0.. 

~ 
x 
w o 
Z 

I 
co 
::J 
(f) 



'", 

," ~ . 

~ 

'\ + 

\~'rv-

... / 
~ 

,:;;,+'Y" 
<$}. 

/ uo 

'" ~ 

g 

-< :Ii 
,+<:? 

/ ~,~~ 
'" / /"0 

13-14-11: 

1000 0 2000 ..,...... , 
FEET 

CONTOUR INTERVAL 40 FEET 

~ 

~ 

C> 
.:t 

,73 Puu 

*" 

,Waimanalo 

13-14-][ 

"\ 

,lO 

-. 

- <,. '0 

.:t-
O 

<,." 

~~ 

,," r ',--

SUB-INDEX MAP NO. 32 

:roQ:) 
Q:) .... 

.. , 

..; 

v'% . 

co 

I 
I 

-.7" 
1': I' 

" o I~ 
-J t 

" '1. ..... "--:!-
f r.""- -- '"' 

, :J I 
"1:.'-, -;,.. - \', ,p;. 

"'f I-~~ 
-I I . 

/'1:;:-:;; / 
~ '" -1.1 \'. r 

,~ 1\ ( ,: 
() Ilr·- - /-
') - . 
'-. , 

, 
\ 
"­
I 

<' 
I 

( . 

"1 

..... 
:::.:;, 

~ 

,', 

I '" 
" ~,\ 
" "(1'" 

/' 

( 

i 
\ 

.( '<,. 

.'~ 
,11 

f 
~! .. 

.... - - \ 

~ 
t· 

\~:.. -.: 
) ..... 
)/ 
I 0 

.; • .1 " , . 
\ 
}~~-'- "~A. 

J \'" 

\ 
_I 

I 
'I 
.. "'-

\ .. ..r' 

'" ( " .. ) I 

... 
0 l, 
~ 

.. /I 

0 ( ) ; 
...J / '\ i ... 
'" 

V, 
:> )'-1 ~ ... 

...J )/ 
J"/ 

't.. 
t:~ 

'" "" 
" 

( ~ 
\-' 0 

/- ..... 
I .... 

j ,~ 
,f-, "<'0-' • 
it '"" ___ ~ 
q '--~: 

II' 
\ . ,.--\ 
,,~ ) '0\( 

;:.. 

I 
/' 

'-/ -( 

" / 

j 
j 

,< 
( 
i ,... 

"" <Ib, ~{ '-, 

" 

'0\( 

..... 

-.....J 
.f:::>. 



13-14-'lZ' 

fEET 

2000 
1 

16-15-m 

16-15-m 

CONTOUR INTERVAL 40 fEET 

r, ' 
I "i \ ) 

28 

SUB-INDEX MAP NO. 33 

1 / 

39 

r, 
:" 

\.;"-', 

75 

" 

II ) 
,I" ~ 

(', 







) 

+ 

16-15 -12: 

SUB-INDEX MAP NO. 36 

;;0 

" 

/' 
uah,alulu 

i 

I / .. 

16-15-12: 
<' 

1000 0 2000 
""-'; 

FEET 
CONTOUR INTERVAL 20 FEET 

'-J 
00 



30 1000 

29-18-m 
2000 __ 0 ---

FEET 

CONTOUR INTERVAL 20 FEET 

SUB-INDEX fv1A 

79 

408 
29-18 -IT 

29-18-n 
29-18-m 

-t-

P NO. 37 











84 

\ 

1000 o 2000 ---_ .. _-
28-18 -.JZ: FEET 

CONTOUR INTERVAL 20 FEET 

SUB-INDEX MAP NO. 42 



SUB-INDEX MAP NO. 43 

L 

r " 
\ ' 

i"'-, '-

1000 

'64 

\~ 

29 -18-JZ: 

o 2000 __ M _ - .. -
FEET 

CONTOUR INTERVAL 20 FEET 

85 



86 

" 

L 

l 
'-

29-18-:JZ: 

!> ; JA;; 
II· 
n . , 

." 
" , 

'" : 
J II , 

II 

" . -t ~ ~ ~~ 
• II 

II , 
II 
II 
II 
II 
k _ 

,J 

" ,\ 
.\ . 
- " 

" 
" " " • II 

" " -.• _J-- -~ ~ 
II , 
" " , 
" II 

.JI._ 

29A 
Kumukahi 

8B 

liB 

29-18 - JZ: 

1000 o 2000 --- ----
FEET 

CONTOUR INTERVAL 20 FEET 

SUB-INDEX MAP NO. 44 



AERO -
MAGNETICS 
SURENDRA P. 
MATHUR AND 
WILLIAM M. 
ADAMS 



89 

INTRODUCTION 

The aerial magnetic survey effort attempted to delineate subsurface 

rock structures which might control the flow of ground water under 

the basaltic terrain of South Kohala between Kawaihae and Makolea Point 

along the NW coast of the island of Hawaii (Fig. 3.1). 

INSTRUMENTS AND PROCEDURES 

The total magnetic field observations were made by using an ELSEC 

Proton Magnetometer type 592/G (mfr. Littlemore Scientific Engineering 

Co., Oxford, England) ,towed by a Piper Apache twin-engined, 5-seater 

aircraft. The magnetometer units (Fig. 3.2) are transistorized and 

packaged for easy handling and maintenance. 

The instruments were installed in racks mounted in the space made 

available behind the pilot's and co-pilot's seats by removing the two 

passenger seats. The interconnection of the battery, location camera, 

and various magnetometer units are shown in a block diagram (Fig. 3.3). 

The magnetometer sensing head, the "bird," which was stowed near the 

baggage door of the airfraft when not in used, was suspended through 

the baggage door by means of a braided polyprophylene rope through 

which the cable connecting the head to the recording instruments was 

passed. The door was closed after the lOO-foot cable was fully extended. 

The end of the suspension rope was anchored to a ring welded to the 

instrument rack. 

The procedure given in the brochure provided by the manufacturer 

was followed for operating the magnetometer. In brief, the steps to 

be taken are as follows: 

1. Check the battery voltage and the circuit continuity. 

2. Check the zeros and nines of the counters. 

3. Set the tuning knobs properly for the ambient magnetic field 

strength. 

4. Run the instrument on automatic fixed period polarization 

cycle. 

5. Check the proper operation of the camera and the synchroni­

zation of the time marks on the chart. 
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Magnetic storms during flight cause the magnetometer to become 

erratic and,hence, the nearest magnetic observatory should be contacted 

for weather information before and after each flight. 

A l6-mm Bell and Howell movie camera, Model 200EE, was mounted 

vertically on a rack (as shown in Fig. 3;2) to enable the camera to 
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take color photographs of the ground in flight through a port in the 

floor of the aircraft. The camera was triggered electrically at a speed 

of 1 frame/second. A synchronous time mark on the chart in the recorder 

unit provided a means of correlating the camera and the recording chart. 

Additional correlation was obtained by holding a light colored filter 

in front of the camera lens for a few seconds and marking the corre­

sponding position on the chart. The power for both the magnetometer 

and the camera units was supplied by a 24-volt battery accumulator which 

lasted for 12 hours of continuous operation. 

The aircraft was flown at speeds of about 100 mph. Polarization 

cycling periods of 6.4 or 2.6 seconds were chosen for the recording of 

the magnetic field,depending on the magnetic gradients encountered. At 

a speed of 100 mph the 6.4-second period permitted a surface sampling 

interval of about 800 feet. 

All the flight lines in the Kawaihae-Kiholo Bay area were run 

from east to west from the high mountainous terrain to the east to the 

coastline to the west. On January 24, 1969, the lines were flown at 

about 4,000 feet above sea level and covered the area between Kawaihae 

and Anaehoomalu Bay wih an a-line spacing of about 1 mile. On March 

29, 1969, the aircraft was flown at about the 3,000-foot altitude and a 

closer spacing of about 1/2 to 1 mile in the area south of Anaehoomalu 

Bay to Makolea Point in an effort to get a more detailed picture of the 

magnetic field. 

The operations were greatly hampered by the amount of air turbu­

lence encountered when flying on land near the coasts. The turbulence 

prevented the aircraft from flying any lower than 3,000 to 4,000 feet or 

maintaining the intended heading or spacing of the flight lines and also 

caused the aircraft altitude to fluctuate by as much as 500 feet. 

Rapid and large changes were encountered in the magnetic field. 

Low altitudes made it difficult for the observer to manually mark at 

the right moment the hundred-digit value of the counter reading. Only 

the unit and the ten-digit values were automatically recorded on the 
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chart. Figure 3.4 is an example of the records where the hundred-digit 

values have been added with the possibility of large errors. Still 

another difficulty occurred because of poor time synchronization mech­

anism, i.e., the triggering of the camera to produce the tick marks 

recorded on the chart, it was difficult to correlate correctly the pic­

tures with the chart readings. This could have introduced an error 

of as much as ±5 seconds (i.e., 700 feet) in the matching of pictures 

with the magnetic readings. 

RESULTS AND DISCUSSIONS 

The total magnetic field as mapped at about 4,000 feet in the 

Kawaihae to Anaehoomalu Bay area is shown as Figure 3.5 and that mapped 

at about 3,000 feet from Makolea Point to Anaehoomalu Bay is shown as 

Figure 3.6. The two maps were not combined because the altitudes in 

the two cases differed by about 1,000 feet. However, the small area 

east of the Anaehoomalu Bay, overlapped by the two surveys, shows 

similar anomaly features in the two figures. 

For comparison, the regional magnetic field map of the island of 

Hawaii by Malahoff and Woollard (1965) is reproduced here as Figure 3.7. 

As expected, the Figures 3.5 and 3.6 show a higher value of the field 

strength and greater details of the anomalous features than the Figure 

3.7, although the general pattern of the field remains the same. 

The main features of Figure 3.5 are: 

1. A magnetic high in the north-central area which is a part of 

the Kohala dipole field. Its southern extension (A) is rather 

pronounced and has a closure of about 150 gammas and is 

elongated in an east-westerly direction. 

2. A small plateau area (B) with two small (50 gammas) closures 

on the southwest flank of the high (A). 

3. Steep gradient on the southeast flank of the high CA) towards 

the regional low (C) of the Mauna Kea dipole field. 

South of Anaehoomalu Bay the magnetic field pattern continues into 

Figure 3.6. The field steadily decreases in strength southwards and 

shows the following features: 

1. A second plateau area CD) east of Keawiaki Bay with a sInal1 
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FIGURE 3.4. SAMPLE OF CHART SHOWING THE RAPID 
VARIATIONS IN THE FIELD OBSERVATIONS. 
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nose-like feature (E) protruding towards the southeast. 

2. A pronounce NW-SE trending low valley (F), southeast of 

Kiholo Bay. 

3. A flat low area (G) on the southwestern flank of the valley 

(F) • 
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All the above features, except the regional pattern and the effect 

of the Kohala and Mauna Kea dipole fields, have been delineated as a 

result of the low-level and closely-spaced aeromagnetic profiles. 

The steep gradient in the magnetic field between the high (A) and 

the regional low (C) in Figure 3.5 could be due to an ~_-.west dike 

or intrusive-filled rift zone and it corresponds to a sharp break in 

the apparent resistivity profile along the Waimea to Kailua-Kona Road 

(Lepley and Adams, 1969). The audiomagnetotelluric (AMT) survey there 

shows high resistivity to the northern side and low to the south. The 

zone of steep gradient towards the valley (F) seems to indicate a.D.orth­

west extension of the Hualalai rift-zone,as proposed by Stearns and 

Macdonald (1946), and 

profile. 

picked up as a resistivity low in the AMT 
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