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cw A regional geothermal resource assesment has been conducted 

fo r  the major islands i n  the Hawaiian chain. The assessment was 

made through the compi 1 a t i  on and evaluation of the readi ly 
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accessible geological, geochemical, and geophysical data for  the 

Hawaiian archipelago which has been acquired during the l a s t  two 

decades. 

The geologic c r i t e r i a  used i n  the identification of possible 

geothermal reservoirs were: 

volcanism on the island and the geologic structure of each island. 

The geochemical anomalies used as traces for geothermally a1 tered 

ground water were: elevated s i l i c a  concentrations and elevated 

chloride/magnesium ion ratios. 

subsurface structure which may have geothermal potential were: 

aeromagnetic anomalies, gravity anomalies, and higher than normal 

we1 1 and basal sp r ing  discharge temperatures. 

age and location of most recent 

Geophysical data used t o  identify 

0 Geophysical and geochemical anomalies which may be the 

result of subsurface thermal effects have been identified on the 

island o f  Hawaii, Maul, Molokai and Oahu. 

. 
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INTRODUCTION 

The objective of Phase I of the Western States Cooperative Direct 

Heat Resources Assessment Program have been to: 

(1) Review all available data on groundwater geochemistry 

for the State of Hawaii. 

(2) Compile existing data on those shallow groundwater sources 

having geochemical anomalies normally associated with geothermal 

reservoirs. 

(3) Collect and compile existing data on geothermal gradients 

throughout the State. 

(4) Assist in the compilation of geologic and geophysical data 
pertinent to geothermal resource assessment. . 

dentify those area n the State of Hawaii which may have 

Geothermal resources and provide a preliminary assessmen 

their potental 

The State of Hawaii is made up of a chain of five major and several 
minor islands stretching across more than 2000 km of’ the Pacific Ocean. 

The geologic and hydrologic conditions found in Hawaii are unique to an 

island environment and are substantially different from those prevalent 

in continental terrain. 

regional surveys in the western United States have been found to be 

inapplicable to Hawaii and thus it has been necessary to modify many of 

our methods to suit the requirements o f  the Hawaiian 

assessment of the geothermal potential for Hawaii has been based on the 
following: age of the island under consideration, proximity to 
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centers of recent volcanism on the island, observed geophysical ano- 

malies indicative of structural features (e.g. buried magma chambers, 

fracture systems , etc.) normally associated w i t h  geothermal reservoirs , 
and geochemical anomal ies indicative of thermal ly a1 tered groundwaters. 

Geologic Setting 

The Hawaiian Archipelago is formed by a chain of tholeiitic shield 

volcanoes which have erupted sequentially from the central Pacific sea 

f loor  (Figure 1). The or ig in  of the intraplate  volcanism which  has 

formed the islands is t h o u g h t  t o  be a "hot spot" or "mantleplume" beneath 

the Pacific plate; the north westward migration of this plate dur ing  the 

l a s t  25 million years has resulted i n  a northwest-southeast lineation of 

islands and sea mounts increasing i n  age from Hawaii a t  the south end of 

(ri 

c 

L 

the chain t o  Midway a t  the north end. 

Each island consists of one o r  more volcanoes which have b u i l t  

steep sided cones from the ocean floor t o  heights of more than 9000 m 

above the basement rock. A1 though there are some exceptions , Hawaiian 

volcanoes are usually formed from many thousands of t h i n  lava flows 

erupted out o f  a sumnit caldera complex or  along two or  more r i f t  systems 

radiat ing out from the center of the shield. The calderas, where they 

have been exposed by erosion, have been found to consist of a system o f  cr 

closely spaced parallel and cross cutting dikes and have a generally 

circular ground plan (Macdonald and Abbott ,  1970). The summit diameter 

of the caldera systems are usually of the order of three t o  five kilo- b 

meters. Geophysical studies conducted on several of the caldera systems Li 

4i 
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L! have indicated that  the near surface dike systems are underlain by dense 

volcanic necks or  p lugs  which  extend to  depths of several kilometers ru 
below the surface (Adams and Furumoto, 1965). These dense volcanics 

probably represent the near surface portions of a crustal magma chamber 

that  existed beneath the caldera dur ing  i t s  active phase. The r i f t  e 
zones radiating out from the sumnit calderas are closely spaced as- 

semblages of dikes,and stocks w i t h  vertical or near vertical dip angles 

and have an overall w i d t h  of from one t o  three kilometers. The dike 

density i n  the r if t  zones is on the order of several hundred per kilo- 

meter and each d ike  ranging from a few inches t o  several fee t  i n  thickness 

(Macdonald and Abbott ,  1970). 

The  lavas produced by Hawaiian volcanoes generally evolve from 

basalt ic tholei i tes  i n  the ea r l i e r  stages of act ivi ty  to  more viscous 

alkal ic  rock types dur ing  the final phases o f  activity.  

basalt ic flows erupted dur ing  the i n i t i a l  stages o f  act ivi ty  produce 

The very f luid 

t h i n ,  layered, flows resulting i n  broad f l a t  shields characterist ic o f  

the younger Hawaiian volcanoes (Mauna Loa, Kilauea). The more viscous 

alkal ic  lavas erupted near the end of a volcano's act ivi ty ,  often leave 

a steeper sided cap o f  ash and dense blocky lava flows flows on the 

older systems (Mauna Kea, Haleakala). c 

Meteorology 

The climatic conditions i n  Hawaii are typical of an island en- hi 

vironment being primarily a function of topography and prevailing wind 

conditions. The northeasterly tradewinds persist throughout most o f  the 

b 

L v  
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year and have the e f fec t  of providing higher mean annual ra infal l  and 

lower mean temperatures on the windward (northeast) sides of the islands. 

The local ra infal l  distribution is both a function of the location on 

the island as  well as the overall a l t i tude  of the island: an idealized 

representation of the orographic effects on rainfal l  distribution is 

presented i n  Figure 2 (Takasaki, 1978). 

Temperature distributions show similar topographic variations: near 

shore temperatures average approximately 2 2 O C  t o  24OC decreasing by 6°C 

per kilometer increase i n  elevation to  below 0°C a t  an al t i tude of 4200 

m (Mauna Kea summit). 

Ground Water Hydrology and Geochemistry 
I 1 The ground water hydrology i n  Hawaii is  primarily controlled by . 

aquifer type,. so i l  cover, and local rock permeability and, consequently, 

is a function o f  both the age of the island and location on the island. 

A diagrammatic representation of the important hydrologic types found i n  

the State is presented i n  Figure 3 (Takasaki, 1978). 

i 

The prevailing conditions on the younger volcanic systems .is similar 

t o  tha t  shown on the l e f t  hand side o f  the igure. The rock types above- 

sea level are  generally very permeable allowing rapid percolation of 

ra infal l  down t o  the freshwater lens which f loa ts  above the denser s a l t  

he basal aquifers. The hydrologic head o f - the  basal water 

table increases by 0.5 meters per kilometer inland, which is typical 

o f  a Ghyben Herzberg lens system. 
I 

i 
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Figure 2 Orographic effects on rainfall  
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Figure 3 Hydrologic types in Hawaii 
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Impermeable ash beds are commonly found interbedded w i t h  the more 

G open fractured basalt lava flows. These have the effect  of impeding the 

downward flow of meteoric recharge and t h u s  producing a locsllized 

perched water tab le .  The near vertical d i p  angles of the d i k e  systems 

w i t h i n  r i f t  zones and calderas generally hinder the seaward flow of 

ground water through the basal aquifer which results i n  an elevated 
c 

water table u p  slope of the d i k e  zone and depressed water levels down 

slope. High level dike impounded aquifers also occur i n  areas where b 

cross c u t t i n g  dike complexes perch local recharge (Stearns and Macdonald, 

1946). 

The hydrology of the older islands (r ight  hand side of Figure 3) is 

affected by alluviation and soil formation as well as by erosional 

exposure of h i g h  level aquifers. 

sediment layers f r i n g i n g  the lower and submarine slopes of the island 

has the effect  of res t r ic t ing the outflow of fresh water from the basal 

The formation of relatively impermeable 

cr 

aquifers resulting i n  a much thicker freshwater lens beneath the i s land  

(Stearns and Vaksvik,  1935). Impermeable soi l  cover a t  the surface c 
hinders the downward percolation o f  meteoric water increasing surface 

discharge rates. Erosional exposure of ash- bed perched water tables 

and d ike  impounded aquifers has produced perennial, highlevel spring c 

discharge which  also increases surface discharge of freshwaters. 

In general, ground water geochemistry has been found to  be h i g  

localized. 

cover, surface land usage, and recharge-discharge rates. 

islands having h i g h  recharge rates, basal outflow is very rapid; rock 

I t  is strongly controlled by aquifer type, rock type, soil b 

In younger 

water interactions are minimal and thus groundwater si 1 ica concentra- b 

t ions are relatively low. Since sea water enc Chment i n t o  the basal u 

Y 
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lens is significant only i n  near shore aquifers; most s a l t s  are present 

only In very low concentration i n  the inland areas. On -those parts of 

the younger islands where recharge is low, the groundwater chemistry is 

much different.  Both t i d a l  mixing and upward migration of sea water 

s a l t s  i n t o  the basal aquifers elevates the disolved s a l t s  concentrations 

considerably; longer residence times of the groundwaters a1 so increases 

s i l i c a  concentrations. Thermal effects ,  such as those .arising from a 

hot intrusive body, serve t o  enhance both-of  these effects: mixing of 

saline and fresh waters is accelerated by thermal convection and dissolved 

s i1  lca concentrations normally increase w i t h  higher groundwater temperatures. 

Both so i l  cover and longer groundwater residence times on the older 

islands increase median s i1  ica concentrations by approximately a factor 

of two above those observed on the younger islands. Agricultural effects ,  

particularly i r r igat ion recharge, serve t o  elevate. s i l i c a  concentrations 

as well. The concentrations of other s a l t s  can be quite variable: h i g h  

level dike impounded meteoric water will have very low concentrations as 

will some inland basal waters. i n  near shore basal aquifers, where - 

heavy groundwater withdrawal has accelerated sea water migration in to  

the freshwater lens, waters are brackish t o  saline (Macdonald and 

' I  

w Abbott, 1970 

Assessment Cri t e r j a  
. The var iabi l i ty  of the local geologic structures,  and consequent 

complexity of the groundwater hydrology and geochemistry, have made i t  

w 

impossible t o  re ly  on a single s e t  of rules for  the identification of 

U 

1 

potential geothermal reservoirs. The present assessment i s  based on 

information obtained from several types of regional surveys which have 
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been carried out  on Hawaii dur ing  the last  15-20 years. Our appraisal 

of the potential for each area will be a quali tative assessment based on 

the .following types of information: 

(1) Surface geology. Surface manifestations of r i f t  zones, 

calderas, and recent eruptive act ivi ty  are easily identifiable 

although, except i n  areas of obvious thermal act ivi ty  (springs and 

G 

fumaroles), they provide 1 i t t l e  information concerning subsurface Ir 

condi t i  ons . 
(2) Infrared studies. Infrared imagery of land surface and near 

shore ocean waters can identify thermal spring discharges and 

above-ambient ground temperatures. A t  present , infrared surveys 

have been conducted only over the i s l and  of Hawaii. 

' .  (3)  Seismic studies. Passive earthquake moni t o r i n g  can identify 

structural features (fractures, r i f t  zones, etc.)  normally as- 

sociated w i t h  thermal systems. 

data is  available for any island other than Hawaii for which there 

i s  excellent coverage. 

identify buried magma chambers and intrusives; studies of use t o  

Relatively l i t t l e  passive seismic 

Seismic refraction surveys can be used t o  

the present survey have been conducted only on the Koolau volcanic (i 

pipe zone on Oahu. 

(4) Magnetic f ie ld  studies. Aeromagnetic survey have been used to  

G 

e 

e 

identify magnetic f ie ld  anomalies associated with buried r i f t  zones b 

and calderas. Although aeromagnetic studies have been made for a l l  

the major Hawaiian islands, most o f  the surveys were flown a t  high 

a l t i tude  w i t h  a depth of penetration being on the order of 10 km. t 

L 

e 
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(5) Gravity surveys. Gravity data can provide information on the 

locations of dense intrusive bodies and d ike  zones. 

reconnaissance gravity surveys of the type which have been done on 

Hawaii can provide l i t t l e  information on conditions of the iden- 

tified systems a t  depth. 

(6) Groundwater temperature data. Near surface waters having 

temperatures significantly above ambient are strong evidence o f  a 

Regional and 

nearby geothermal reservoir. Groundwater temperatures i n  Hawaii 

can vary by several degrees depending on the a1 ti  tude and temperature 

a t  which the water entered the subsurface aquifer. Further, the 

routinely available data (from the U.S. Geological Survey, S t a t e  o f  

Hawaii Board of Public Health and Department of Land and Natural 

Resources, and the counties Boards of Water Supply) were found t o  

be of variable r e l i ab i l i t y  and t h u s  were of only marginal 

u t i l i t y .  , 

(7) Groundwater geochemistry data Near surface waters can have 

geochemical anomalies (5 .  e. unusual  salts concentrations) which 

a r i se  from h i g h  temperature rock-water interaction. The s a l t s  

commonly used as indicators of thermally a1 tered groundwater are: I 

I . s i l i ca  (Si0 ) - t o t a l  concentration is a function of temperature; 

sodium,, potassium, calcium (Na, K, Ca) - equilibrium concentrations 

i n  thermal waters are related t o  the empirically derived equation: 

- 2.24 I04/ . log (Na/K) +log (Ca/Na) = 273 + 

i 
(Fournier and Truesdell, 1973); chloride, magnesium ( C l ,  Mg) -- 
Chloride ion concentrations are commonly elevated i n  thermally 
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a1 tered groundwaters by contamination from magmatic volatiles where 

as magnesium ion concentrations are  reduced .by reaction w i t h  clay 

minerals. Cl/Mg ion ra t ios  can be used t o  different ia te  between 

cold, thermally altered water and fresh water mixed w i t h  sea water. 

Difficult ies were encountered i n  interpreting the groundwater 

geochemical' data arising from: 

variations of s i1  ica concentration w i t h  local geologic set t ing (see 

above), and sea water contamination of near surface aquifers w i t h  

brackish water (see above). 

r e l i ab i l i t y  of the available data, 

Results 

The  data compiled d u r i n g  Phase I of the Direct Heat Resource 

assessment i s  presented helow and consis,s of a brief outline of the 

regional geology and geophysics as  well as a topographic-meteorologic- 

hydrologic profile of each island. 

has been compiled is presented i n  the form o f  edited, computer-generated, 

maps of a l l  wells on each island having s i l i c a  concentrations significant1 

above the median fo r  the island. 

the most recently available chemical data for each of the identified 

water sources. Those areas on each island having elevated Cl/Mg rat ios  

are  a lso denoted on the map plots. 

The groundwater chemistry data that  

Included w i t h  the maps are tables of 

The data presentation fo r  each i s land  is followed by an interpre- 

ta t ion and qualitative assessment of the geothermal potential for the 

island based on a l l  the information presented. 

c; 

Q 

c 
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Hawaii 

The island of Hawaii is  the youngest and largest  of the Hawaiian 

chain (10,438 sq. km) and is made up  o f  f ive known volcanic systems 

(two e a r l i e r  volcanic eruptive centers a re  t h o u g h t  t o  have been covered 

by more recent ac t iv i ty  of Mauna Loa). The oldest rocks exposed on the 

island surface are those of the Ninole Volcanic Series (Figure 4) and 

we about 500,000 years old; the youngest volcanic system on the island 

is  Kilauea which l a s t  erupted i n  September of 1977. The other volcanic 

system on Hawaii ( i n  order of increasing age) are Mauna Loas Hualalai , 
Mama Kea, and Kohala. A summary o f  the surface geology of the island 

of Hawaii is presented i n  Figure 4. 

Hawaiian volcanism takes place i n  a ser ies  of relatively distinc- 

tive phases, several of which are exemplified by the volcanic systems on 

Hawaii (Stearns, 1967). Kilauea (alt i tude: 1231 m) is presently i n  the 

midst of i t s  youthful shield bu i ld ing  phase: very active, e i ther  

e r u p t i n g  continuously over long periods of time or  a t  intervals of the 

order of eighteen months. The very f lu id  basalt ic lavas produced are 
t - .  

released from the summit caldera or along two major rift zones radiating 

t o  the east and southwest from the summit caldera .(Figure 5). The flows 

of the Kilauea shield are t h i n  (averaging a few centimeters t o  f ive 

meters i n  thickness) and are interlaced w i t h  lava tubes; the rocks are 

generally quite porous and highly fractured. There is l i t t l e  soil . .  cover 

present over most of the Kilauea shield and the entire system has a h i g h  

permeability t o  rain water. 

Mauna Loa (alt i tude: 4169 m) is considerably older and 'larger than 

Kilauea and i s  probably i n  the mature s h i e l d  bu i ld ing  st2ge. U n t i l  

recently, (1952), Mauna Loa erupted quite frequently w i t h  a periodicity o f  
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approximately three years. S;nce 1952, only one eruption has occurred 

and took place i n  July of 1975. The rock type and structure of Mama 

Loa is not significantly different from Kilauea. 

centers of ac t iv i ty  on Mauna Loa are a t  the summit caldera and along a 

south and an east  r i f t  zone. The rock units are fractured and undoubtedly 

u 
w 

The predominant 

w 

are  as porous as those of Kilauea although minor ash bedding occurs which 

v 

w 

v 

d 

r3 

3 

v 

w 

presents some resistance to  downward percolation of h i g h  level precipitation 

(Stearns and Macdonal d , 1946) . 
Hualalai (alt i tude: 2521 m) is  to  the northeast of Mauna Loa and 

appears t o  be i n  a l a t e  mature or post-caldera stage of act ivi ty  although, 

a t  present, i t  i s  uncertain whether a caldera ever existed for  this 

system. The most recent act ivi ty  from Hualalai took place in about 1801 

and produced a relatively small lava flow which was exceptionally rich 

i n  olivine phenocrysts (Macdonald and Abbott, 1970). Most surface flows 

on this system are highly differentiated,  olivine rich,  and are more 

alkaline than those found on Mauna Loa o r  Kilauea. Al though there is 

some evidence t h a t  typical r if t  zone eruptive act ivi ty  occurred on Hualalai, 

the r i f t  zones are n o t  clearly defined by,surface manifestations. T h w e  

tant ia l  ash layers over parts of the Hualalai shield b u t  soil 

t o  the extremely low rainfall  i n  s n o t  very advanced 

this part  of the is land.  

Mauna Kea (alt i tude: 4205 m) is i n  i t s  post caldera stage of 

act ivi ty;  the l a t  lavas a Inore differentiated kal O1 vine 

basal ts, ankarami tes, and hawai i 

the original shield are typical Hawaiian olivine basal ts. 

the Olde r  lava making "P 

Extensive 

ash 
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a caldera and 

features have 

the rift zone 

the parasit ic 

L. layers were produced by the l a t e r  more explosive volcanics and a1 though 

rift system was present a t  one time on Mauna Kea, these i 

been covered by the more recent activity.  The strikes of 

of Mauna Kea have been determined both by the lineation o f  

ash cones as well as by aeromagnetic and gravity surveys c 

(Figure 5). Extensive soil formation has taken place i n  the lower 

al t i tude areas where there i s  extensive ash cover bu t  a t  t h e '  higher 

elevations, where there is l i t t l e  rainfall  or biological act ivi ty ,  soil 

development is negligible. 

The Kohala volcanic system (alt i tude 1672 m) is considerably older 

than Mauna Kea having already undergone extensive dissection and subse- 

quent post erosional volcanic activity.  Soil  and ash cover are quite 

extensive on this system; stream erosion has cutdeep valleys ( i n  

some cases over 400 m deep) i n  the windward side of what remains of the 

original shield. Much of the h i g h  level groundwater feeding the s p r i n g  

and stream systems is from dike impounded aquifers along the northwest- 

southeast t rending r i f t  system of Kohala (Stearns and Macdonald, 1946). 

The ear l ie r  volcanic series of Kohala is made u p  of t ho le i i t i c  basalts 

and tholei i te  olivine basalts while the younger upper ser ies  is  composed 

of more alkaline olivine basalts interspersed w i t h  ash layers. 

and older series are separated by an erosional unconformity; i n  some 

The younger 

t 

cu 

e 

(L 

places as much as 15 meters of soil and weathered rock are found 

beneath the younger lavas indicating t h a t  there was a substantial t 

period of quiescence between the two episodes of  volcanism (Stearns and 

Macdonal d , 1946). 
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Extensive aeromagne 
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i c  surveys have been conducted over L e  islanc 

of Hawaii i n  an e f for t  t o  define the deeper structure of the volcanic 

systems. A total  force aeromagnetic map of Hawaii (Yalahoff and Woollard, 

1965) is presented i n  Figure 6 and their  interpretation of the magnetic 

data is found i n  Figure 7. Two types of magnetic anomalies are outlined 

i n  the figure: 

Systems." 

between the anomaly and vent systems i n  Figure 7 and the near surface 

structural and r i f t  features found on Hawaii. The observed differences 

are primarily due t o  the f l i g h t  elevation of the survey and consequent 

recognition of magnetic properties of deeper features (5-10 km) . Thus 

the anomaly zones outlined by Malahoff and Woollard probably ar ise  from 

crustal features rather t h a n  the near surface structure of the island. 

Al though  the volcanic p ipe  zones outlined by the aeromagnetic surveys 

are  associated w i t h  the near surface caldera systems, the deJineation of 

several "volcanic vent zones" which have no surface manifestation also 

indicates a strong crustal control over these anomalies as well. 

elongate anomaly zones and more confned "volcanic vent 

I t  is apparent that  there are substantial differences observed 

Gravity surveys carried out on the island of Hawaii agree w i t h  the 
. surface features of Hawaii somewhat better than do the aeromagnetic 

surveys. 

(Kinoshita, 1965). 

of the vol canoes i nd i  ca ti  ng the presence 

Figure 8 presents a Bouguer gravity anomaly map of the island 

Gravity h i g h s  are observed near the calderas o f  most 

a large mass of dense 

material w i t h i n  the main vent system and magma reservoir. Hualalai is a 

notable exception t o  this trend; the absence of an observable caldera 
I 

complex and the extreme differentiation of the lavas of  Hualalai (indica- 

tive of a small and perhaps deep magma chamber) is consistent w i t h  the 
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absence of a well-defined gravity h i g h  i n  t.his area. One other gravity 

anomaly t h a t  may also be of interest  i n  the present study is the elongate 
bi, 

Y 

feature t o  the south of Hualalai. Although there is  no known r i f t  

system associated w i t h  this gravity anomaly, i t  is i n  an area o f  h i g h  

seismic act ivi ty .  There is a fracture system through this d i s t r i c t  

(Kealakekua f a u l t  system, .(Macdonald, 1970)) and i t  i s  possible t h a t  
v 

w 

W 

Y 

v 

Y 

w 

there i s  an intrusive mass a t  some depth beneath the surface faul t .  

Seismic coverage of the island of Hawaii is quite extensive and f a r  

more da ta  has been acquired over the l a s t  several years by the Hawaii 

Volcano Observatory than could be reasonably summarized here. Recorded 

earthquakes on Hawaii number i n  the thousands per year and we feel that  

a data set covering two years will give a sufficiently accurate distri- 

but ion  of earthquakes fo r  the purpose of the present discussion. .Figures 

9 and 10 are epicenter plots o f  a l l  detected earthquakes on the i s l a n d  

of Hawaii du r ing  1976 and 1977 (Hawaii Volcano Observatory, Summary 76 

and 77 respectively). The region o f  highest act ivi ty  is along the 

southeast r i f t  and Puna area of Kilauea. Other regions of high act ivi ty  

are  found along the Kaoiki Fault System (an area of h i g h  tectonic 

earthquake ac t iv i ty  rather than volcanic) and the southwest r i f t  of 

Kilauea. Significant ac t iv i ty  a lso occurs a1 the Kealakekua Faul t  

System i n  approximately the same location as the elongate-gravity anomaly 

discussed above. 

Hualalai and Mauna Kea r i f t  systems as well as some minor act ivi ty  i n  

the Kawaihae area. I t  is u n l i k e l y  tha t  the observed seismic act ivi ty  

arises direct ly  from geothermal reservoirs i n  these areas nonetheless, 

the presence of earthquake act ivi ty  i s  thought t o  be indicative of 

. i  

. 

Seismic act ivi ty  is also somewhat elevated along the 
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Figure  9 Earthquake e p i c e n t e r  p l o t s  for Hawaii,  1976 
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other subsurface structural  features ( r i f t  zones or f au l t  systems) w i t h  

which reservoirs may be associated. 
bi 

W 

4d 

Y 
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Infrared surveys have been carried out  over some of the near shore 

areas o f  the i s l and  of Hawaii (Fischer e t  a l . ,  1966) i n  an attempt to  

identify spr ing  discharge of basal waters along the perimeter of the 

island. Although the original intent of the study was t o  identify 

springs w i t h  temperatures colder than surface ocean water, several warm 

water anomalies were observed. Figure 11 ( a f t e r  Fischer e t  a i . ,  1966) 

presents a map of areas which were surveyed as well as those parts o f  

the island dischar.ging warm water. Warm springs along the Puna and Ka'u 

coast are indicative of basal waters heated by the volcanic rift zones 

as m i g h t  be expected i n  an area of active volcanism. Thermal discharges 

along the Kona coast are  somewhat more surprising i n  that  there are no 

known active rift zones i n  the vicinity. The coincidence of warmer than 

expected groundwaters i n  an area having both gravity and seismic anomalies 

is taken as strongevidence that  thermal groundwater may be associated 

w i t h  a structural  feature i n  the vicinity. Although no other s ignif icant  

infrared anomalies have been observed i n  the coastal .discharges of 

Hawaii, i n  l i g h t  o f  the sparse coverage of the island, i t  may be profitable 

t o  consider a more detailed survey of Hawaii, and the other islands a t  

some point i n  the future. 

I 

1 

I 

Downhole temperature profiles have recently been obt 

several shallow wells around the island o f  Hawaii (Epp, i 

insure that  the downhole temperatures were i n  equilibrium w i t h  the . 

. surrounding rock, the survey was restr ic ted t o  wells 

pumped on a regular schedule and thus  only a relatively small fraction 

of the to ta l  wells on the island were surveyed, 
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L d  
A plot of the wells surveyed, and maximum downhole temperatures 

b 
recorded, are presented i n  Figure 12. Two areas of the island have 

obvious thermal anomalies: Puna and Kawaihae. The Puna district has a 

known h i g h  temperature resource a t  a depth of approximately two kilo- 
b 

meters; the presence of thermal anomalies i n  shallow wells i n  this area 

may be indicative of a near surface heat source which may be of use i n  

d i rec t  heat applications. The presence of near surface warm waters i n  
kl 

Kawaihae is stronglv indicative of a,thermal source i n  this area as  

well. Further investigation of the area is required before i t  will be 

possible t o  determine whether the potential resource is a shallow (low) c 
temperature reservoir or  whether a h i g h  temerature reservoir exis ts  a t  

a greater depth. No other obvious thermal anomalies were observed i n  

this survey. I t  is believed that  this is largely the result of incomplete 

coveraqe of the island and tha t  a more extensive survev of this tyoe 

over Hawaii, and the other major island, would provide very  useful data 

c 

for  future geothermal reconnaissance. e 

--- Meteoroloqy ---- and Hydro1 09 

The climatic conditions on Hawaii are  largely a function of the 
4d 

topography and prevailinq wind conditons. Both Mauna Loa and Mauna Kea 

reach above the tradewind inversion level and profoundly affect  the a i r  

circulation patterns around the island. An isohavetal map of Hawaii is c1 

shown i n  Fiqure 13 (State of Hawaii DOWALD Report R 34). The mean 

annual ra infal l  on the windward slopes of Hawaii is over 760 cm i n  some 

olaces whereas parts of the leeward sloDes receive less than 25 cm 

annually. 
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Figure  13 R a i n f a l l  d i s t r i b u t i o n  on H a w a i i  
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Temperatures variations show similar topographic effects (Fia. 14); CI 

the mean annual temperature on the lower windward slones a re  approx- 

imately 22°C and decrease b.y approximately 6 O C  per thousand meter 

increase i n  elevation. The temperature gradient is somewhat hiqher on 

the leeward siopes w i t h  a maximum mean annual temperature of approx- 

imately 24OC a t  the lower elevations (State of Hawaii, 1970). 

The h.vdroloqy of Hawaii is strongly controlled by the geologic 

structure of the island and, as such, is  siqnificantly different  fo r  

each volcanic system. Being an island environment, one would expect 

Hawaii t o  have hydrology conforminq the classical  Ghvben-Herzberq 1 ens 6 

model. To some extent this is the case althouqh the presence of dike 

systems, ash layering, and so i l  cover comlicate  the model t o  varying 

degree. Figure 15 Dresents a summar.y of the hydrology f o r  the island of c 
Hawaii (Takasaki, 1978). 

Kilauea volcano has, as mentioned earlier, very l i t t l e  so i l  cover 

and minimal ash interlayerins, t h u s  most ra infal l  oercolates raoidly ai 

into the qround and down t o  the s t a t i c  water table (basal lens). There 

are  no perennial streams on Kilauea and the few ephermeral streams tha t  

are  Dresent are  active only dur ing  periods of h i g h  ra infa l l .  Spring 6i 

discharge cccurs onlv i n  coastal areas and most discharges a re  brackish 

t o  saline. The s t a t i c  water level,  as a qeneral rule, increases i n  

- 

h e i g h t  bv approximately one-ha1 f meter per kilometer inland a1 thouqh t 

extensive d i k i n g  i n  the r if t  zones is thought t o  elevate the upsloDe 

water levels s l i g h t l y .  Tidal mixing occurs i n  many near shore wells 

and, under conditions of heavy drawdown, some wells further inland 

have become i ncreasi nqly sa l  i ne (Stearns and Macdonal d , 1970). Some 
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o f  the warm water wells i n  Puna have also been found to  be brackish as 

a result of thermal density inversion: warmer saline waters f l o a t  above 

colder meteoric waters. 

W 
W 

The leeward slope of Kilauea (Ka'u) receives l i t t l e  rain and has 

even less soil cover than the windward slope. Although the hydrologv i n  w 
this area i s  relatively unexPlored, one near shore basal spring i n  the 

Y 

Y 

Y 

Ka'u district is  reported t o  have wa 

for tha t  temperature and water chemist 

No data  exist a t  present 

, as discussed 

i n  the geophvsics section above, there are probablv several other near 

shore warm water seeps b u t  the inaccessability of this area has made it  

impossible t o  confirm their existence. 

Although the northeastern (windward) slopes of Mauna Loa receive a 

moderately h i g h  annual ra infal l ,  the absence o f  siqnificant soil cover 

result i n  minimal surface discharge. There are few, if  any, perennial 

swings or  streams on Mauna Loa and, of those t h a t  are present, nearly 

a l l  lose their  flow dur ing  extended Deriods o f  low rainfall. Dike- 

v impounded water is thought  t o  exist on the upper  Mauna Loa slopes 

a l though a t  the lower elevations the dikes associated with the r if t  zone 

have no observ effect on the local hvdroloqy. 

4d ceive a moderate amount of 

Y Mauna Loa; h i q h  level 

DS of imermeable 

ash and tuff beds buried under a few hundred meters o f  permeable lava 

flow (Stearns and Macdonald, 1946). Coastal swings i n  t h i s  area W 

W 
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discharge considerable quanti t i e s  o f  cold brackish water; the discharqe 

temperatures indicate tha t  the u l t imate source o f  the water i s  wel l  

LJ 
G 

in land and a t  a r e l a t i v e l y  high elevation. The south rift o f  Mauna Loa, 

which extends nearly t o  the northern end o f  the island, appears t o  have 

a minimal impact on the hydrologv o f  the Pahala and Ka'u d i s t r i c t s .  cr; 

The southern t i p  o f  the is land (South Point) along the south rift 

zone o f  Mauna Loa receives r e l a t i v e l v  l i t t l e  r a i n f a l l .  There i s  l i t t l e  
- 

cu l tu ra l  a c t i v i t y  i n  the area and, as and a resul t ,  hvdrolosic investiga- 6m 

t ions o f  South Point have been minimal. 

Although the leeward side o f  Mauna Loa (Kona) i s  cu t  o f f  from the 

normal tradewind patterns, the lower slopes s t i l l  receive a moderate i 

amount o f  r a i n f a l l  due t o  the diurnal  coastal breezes. 

basal groundwater i s  l im i ted  and many near-shore springs and wells are 

Nonetheless, 

brackish e i ther  due t o  t i d a l  mixing o r  possible thermal d isrupt ion o f  

the Ghyben-Herzberg lens. A1 though there are small amounts o f  ash- 

bed perched water on the upper slopes, there has not been enough t o  

develop groundwater sources s imi la r  t o  those i n  the Pahala d i s t r i c t .  

(u 

c 

The windward slopes o f  Mauna Kea receive higher annual r a i n f a l l  

than any other pa r t  o f  the island. 

cover are present a t  the surface as w e l l  as interla.yered wi th  the 

e a r l i e r  lavas o f  Mauna Kea. There are several in te rmi t ten t  high leve l  

swings on the intermediate slopes o f  Mauna Kea but onlv a few perennial 

Considerable depths of ash and s o i l  
G 

streams . Most 

waters perched 

s YS terns. 

o f  

on 

the hiqh leve l  water 

impermeable ash beds 

observed i s  

rather than 

the r e s u l t  o f  meteoric 

d i  ke-fed spring 

a 

t. 
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Large volu 

and tunnels a t  

resulting from the rapid withdraw1 of water from these aquifers indicates 

a large storage capacity i n  this area* The east  r if t  of Mauna Kea 

underlies the windward slooe of the mountain althouoh, to  date, its 

impact on the local hvdroloqy has not been observed. 

T h e  leeward slope of Mauna Kea and the northern Hualalai flank 

(Kawaihae) receives less  ra infal l  t h a n  any of the other low l y i n g  areas 

of the island. Soi l  cover is minimal and shallow groundwater is vir tual ly  

nonexistent. The few near-shore wells and springs that  are present 

usual1.y have brackish waters. Recent deep d r i l l i n g  a t  the mid-level 

elevations on Hualalai encountered a water level elevated several f e e t  

above the expected basal water table. T h i s  deep source water remained 

epth of approximately 1000 m below sea level and heavv 

withdrawal from the aquifers resulted i n  a neqliqible drawdown. 

well was emplaced uoslope of the north rift of Hualalai and, a t  Present, 

we believe tha t  the dike system i n  the rift area has disrupted the 

The 

w 

I 
seaward flow of basal waters resulting i n  an elevated water table above 

w i f t  and a depressed 1 There are no known 

thermal sprinqs o r  wells on the lower slopes although the brackishness 

V 



id 
the r if t  zone dike systems. Most freshwater sources i n  this district 

i; .. 
are  the result of leakage from the dike-confined water. Moderately h igh  

ra infal l  i n  this region provides suff ic ient  recharge t o  maintain these 

h i g h  level water sources throughout  the year. None of the h i g h  level 

water sources have been reported t o  be above ambient temperatures. 

Geochemi s tr;r --- 
The geochemical data compiled for  the island o f  Hawaii are presented 

i n  Appendix A Table I ,  l i s t i n g  a l l  water sources on the island havinq 

elevated s i l i c a  concentrations. The wells are l i s ted  accordingto well 

number (numbers are assigned on the basis of the latitude-lonqitude 

coordinates of the well); the most recent, available, water chemistry 

and temperature data for each well is also included. The locations of 

each well identified are  shown i n  computer generated maDs o f  the well 

locations i n  Fiqure 16; for  comparison purposes, the locations of a l l  

wells on the island are plotted i n  Figure 17. 

well locations are available upon request.) 

(Larqe scale maps o f  the 

r 

One Doint that  should be immediately apparent from 

Fiqure 17 is  t h a t  qroundwater development is  not evenly distributed over 4i 

the i s l and  and, as a resul t ,  the available data is biased toward areas 

w i t h  h i g h  Dopulation densities and of intensive 
qroundwater withdrawal. These locations are larqelv restr ic ted t o  the ii 

coastal areas. 

In some respects, this is  not a Darticular disadvantage: we 

presentlv believe t h a t  Hawaii's thermal reservoirs are res t r ic ted to  
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ih re formation 

permeabilitv is considerably lower than  that  i n  the subaerially erupted 

basalts. 

from higher elevation ar 

i n  the lower elevation, near-shore, areas. The disadvantage inherent i n  

the uneven d i s t r i b u t i o n  o f  water sources is that  there are no geochemical 

data available for a large portion of the island. 

If  this is the case, the exploitation of thermal reservoirs 

would be much more d i f f i c u l t  t h a n  exploitation 

Nearly a l l  the wells i n  the Puna d i s t r i c t  are included i n  the data 

compilation. T h i s  is t o  be expected since Puna has a woven thermal 

reservoir and many of the wells i n  the area have temperatures well above 

ambient. The ,Cl/Mg ratios encountered i n  this d i s t r i c t  range from 57.8 

down to  2.4; i n  general, the higher ra t ios  are found down sloDe of the 

r if t  zone while the lower rat ios  are  above the rift.  Al though  the 

extent of the h i g h  temperature reservoir is not known t Present, the 

f ac t  tha t  many wells i n  the area e x h i b i t  both s i l i c a  and chloride/magnesium 

ion anomalies indicates tha t  low temperature (50°C to  150°C) resources 

a r e  probably quite 

The identified anomaly i n  the Kilauea summit area is a research 

well drilled t o  a depth of approximately 1200 meters. Although a thermal 

anomalv was encountered (94OC), a t  600 m, the bottom hole temeratu 

was only 137°C a t  a depth o I t  is 

unlikely tha t  exploitation of 

economi cal ly f easi bl e i 

i e t  a l . ,  1974). 

ources i n  this area will be 

he near future. In addition, .. extensive land 

holdings of the U.S 

severely r e s t r i c t  the tyDe and extent of development which could take place. 

tional Park Service a t  ,the Kilauea summit would . 
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Ll# 
The lower Ka'u and Pahala districts have few wells w i t h  s i l i c a  i 

anomalies.and of these, fewer still  have elevated Cl/Mg ratios.  The 

source of the anomalous water is thought t o  be the Kilauea south rift 

although the scarcity of groundwater data from near the r if t  zone makes c 
i t  diff icul t  t o  give a r e a l i s t i c  assessment o f  this area. 

between the Puna and Ka'u rifts, as well as  the reDorted infrared ano- 

The similari ty 

malies along Ka'u coastline, would tend t o  indicate tha t  there are G 

potential resources i n  .this area and tha t  further exploration should be 

conducted. 

Although very  l i t t l e  geochemical data exis ts  f o r  the south rift o f  c 

Mauna Loa, i t  seems unlikely tha t  a rift system as youns and recently 

active ( l a s t  erupted i n  1868 a t  an elevation o f  900 m (Macdonald and 

Abbott, 1970)) could be completely without thermal potential. 

The leeward side of Hawaii, from South Point to  Hualalai, has a verv 

sparse distribution of shallow graundwater sources, and, as a result, 

our interpretation of the geochemical anomalies observed i s  very tentative. 

Most sources i n  the North Kona-Hualalai area have been identified 8s 

anomalous both i n  s i l i c a  concentrations and i n  Cl/Mg ion ratios.  Althouqh 

i t  is possible tha t  the unusual chemistry observed is the resu l t  o f  mete- (I 

orological and hydrological conditions i n  the Kona d i s t r i c t ,  the 

identification of thermal springs along the coastline and the presence 

of seismic and sravitv anomalies i n  this area stronglv imuly that  some G 
structural  features exists here w i t h  which  a thermal reservoir may be 

associated. Whether this structural  feature i s  sinmly a fracture system 

associated w i t h  the Kealakekua Fault or  whether i t  is an intrusive body 

will not be known u n t i l  more extensive s i te  specific surveys have been 

b 

i 

c 
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U conducted. In light of the planned future p3pulation expansion in this 

area, and consequent increased Dower requirements, it is felt that this 

area should receive detailed investigation in the near future. 

w Several wells clustered in the Kawaihae Bay area have both silica 

and chloride/magnesium ion anomalies. Shallow groundwater temperatures 

td 

Y 

these systems. The relatively hiqh 

this district seem to indicate that 

are senerally elevated as well. 

of the major or minor rift systems of Hualalai, Kohala, and Mauna Kea 

and, as such, could derive a substantial amount o f  heat from any o f  

Kawaihae'may be at, or near, the junction 

temperatures of the groundwaters in 

anomalous subsurface temperatures 

and for this reason, we have tarqeted 

investigation. 

Groundwater sources in the norbh Kohala district also have silica 

and chloride-magnesium ion anomalies. Although this is one of the 

exist at a relativelv shallow depth 

the Kawaihae district for intensive 

oldest areas of the island, it is still quite Dossible that a sisnificant 

amount of residual heat remains within the old caldera-rift comDlex. 

Nonetheless, the inaccessibility of the area as well as its low population 

density makes it less suitable for geothermal inv'estiqaiton in the near 

Y 

ivcp future. 

There are a few weak silica anomalies alonq the windward coast of 

Hawaii to the north of Hilo; most have neither significant chloride/ 

magnesium ion nor temperature anomalies. The only well which does 

exhibit a magnesium ion depletion has a near neighbor with normal ion 

td 

- 

ratios thus indicatinq a possible analytical error in the former data set. 
W Nonetheless, the fact that the Mauna Kea rift zone passes through this 
bd 



area increases the likelihood tha t  a thermal reservoir exis ts  and a 
. more complete investiqation of this d i s t r i c t  is warranted. 

b 

The d i s t r i c t  of South Hilo has a number of s i l i c a  anomalies but ,  

again, only one has a significant chloride/magnesium ion anomaly. A1 though 

local groundwater temperatures are not siqnificantly above ambient, 

recent volcanism (2000 yrs  B.P.) (Macdonald and Abbott ,  1970) has taken 

place i n  this district  near Waikea, thlrs there is 2 possibil i ty that  

a thermal resource doeseexist i n  this area. The proximitv of south-Hilo 

t o  a deep water Dort (Hilo Harbor) as well as t o  sugar-processing plants- 

makes this area suitable for rapid comercial d€?VelODment of anv resource 

which may be found. For these reasons, the Keaau area has a lso been 

b 

targeted fo r  intensive investigation. 

e 
-- SumarLAs --- sessmen t 

The island of Hawaii has several areas i n  which there i s  moderate 

t o  strong evidence for  the existence o f  a thermal reservoir. Table 1 ,  c 
below, presents a pre1iminar.y estimate of the potential for a h i g h  

temperature and a lower temperature reservoir and the probabil i t v  for  develop- 

ment of each of the areas discussed above. The appraisal of each s i t e  has 

been based on a l l  geophysical and geochemical data presentlv available. 

The ranking is i n  descending order: 

c 

1 = hishest potential (Puna, KGRA), 

10 = lowest potential. I 
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W 
TABLE 1 e 

High Temp Low temp 
Area Resource Resource 3 - 

Puna 1 1 

Ka'u 2 1 

South Point 3 2 

North Kona 5 3 

Kawai hae 5 3 

W 

Hual alai- 

L, 

45 

Prcbabi 1 i ty 
for Development 

2 

7 

5 

8 

1 
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Maui U - 
w The island o f  Maui i s  the next youngest i s l and  i n  the chain and is 

considerably smaller t h a n  Hawaii having an area o f  1886 square km. 

The is land is made up o f  two volcanic systems: West Maui (the older o f  i 

I 

1 

I 

I 
I 

d the two) and Haleakala. 

I West Maui (alt i tude 1764 m)  has gone through three phases o f  

activity. The i n i t i a l  phase o f  activity (the Wailuku series o f  lavas) 

i 

, 
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W 

trending south-southwest intersects the f irst  i n  the caldera complex. 

Extensive erosion on West Maui has exposed a number of dikes i n  the 

original r if t  system as well as several stocks which were formed during 

the l a t e r  periods of activity.  

L 4  

East Maui, Haleakala Volcano (al t i tude 3056 m), is considerably 

Haleakala has passed through the younger and larger than West Maui. 

mature post caldera stage and is presently i n  i ts post erosional period 

of act ivi ty .  The core of the volcano is made up of t ho le i i t i c  olivine 

basalt  which is almost completely covered by a l a t e r  volcanic ser ies  o f  

hawaiite and alkal ic  olivine basalt  (Stearns and Macdonald, 1942). The 

l a t e r  stages of act'ivity on Haleakala were more explosive than the 

ea r l i e r  ac t iv i ty  and produced extensive ash deposits over the eastern 

end of the is land.  

been largely confined t o  the southwest and east  r if t  zones and has 

f i l l e d  i n  several large valleys which were formed dur ing  the long inter-  

eruptive quiescent period. 

took place i n  about 1790 (G. Macdonald, Pers. Corn,) along the southwest 

r i f t  zone and t h u s  Haleakala should be considered a dormant, rather than 

an extinct, volcano. 

Posterosional ac t iv i ty  on Haleakala (Figure 19) has 

The most recent eruptions on eas t  Maui 

The structure of Haleakala is simita ther Hawaiian 

volcanoes (Figure 19). The major rift zones tren 

from the central caldera complex and the minor rift trends north-northwest 

from the summit caldera; the minor r if t  has not been active dur ing  the 

post-erosional phase o f  ac t iv i ty  (Madonald and Abbott, 1970). 

Geophysical Surveys 

W Aeromagnetic surveys have b 



\ \  

MAUI 
TOTAL FORCE MAGNETIC MAP 

ASEO ON A E R O M A G N E T I C  P R O F I L E S  

FLOWN AT 12.000 F E E T  

CONTOUR I N T E R V A L :  50 GAMMA 

Figure  20 T o t a l  f o r c e  magnet ic  map o f  Maui 

6 
c 

LI E E c E. a? e d! c" 
c 

e, 



52 @ 

w 
Y Hawaii, the structural  interpretation given (Figure 21) differs signifi-  

cantly from the surface features observed. I t  is probable that  only those 

surface features which are  crustally controlled correlate well w i t h  the 

0 magnetic data and one could infer from this that  the ver.y broad volcanic 

pipe zone which underlies the West Maui shield has produced the diffuse 

Y 

rif t  system observed there. T h i s  conclusion is substantiated somewhat 

by the results of gravity surveys (Figure 22) (Kinoshita and Okamura, 1965) 

which also indicate a very broad gravity h i g h  beneath West Maui. 

There is a similar correspondence between the aeromagnetic and gravity 

0 data from Haleakala. Both data sets delineate the major r i f t  system of 

Haleakala and, whereas the aeromagnetic interpretation indicates two 

volcanic pipe zones, the gravity surveys indicate a single very elongate 

gravity h igh .  T h i s  l a t t e r  result is probably due to  the wide spacfng o f .  

the gravity s ta t ions on Haleakala. 

A t  present, there is not suff ic ient  seismic or infrared data available 

v for  Maui or  the northern islands t o  be of use i n  a geothermal assessment. 

Meteorology and Hydro1 ogy 

0 Although West Maui is not h i g h  enough to  block the normal trade-wind 

patterns, i t  does have a significant impact on the local 

The mean annual ra infal l  on the windward side of West Maui is i n  excess 

of 1000 cm/yr (Figure 23) a t  the h ighe r  al t i tudes and decreases to  about 

a1 1 patterns. 

Y 

375 cm/yr on the lower leeward slopes (Taliaferro, 1959). Perennial 

streams, fed by d i  ke-impounded waters and surface runoff, are relatively 

common on the north slopes. They are  less common on the southern W 
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slopes and often disappear completely dur ing  extended period of dry 

weather . W 

The hydrology of West Maui i s  similar t o  that  found on the 

windward side of Kohala on .the island of Hawaii (Figure 24, Takasaki, 1978): 

a re la t ively t h i n  basal lens of fresh water is found i n  the near shore 

areas while dike-impounded aquifers provide most of the higher elevation 

groundwaters. Al though  sea water intrusion i n t o  the basal lens is not  

as ubiquitous as i n  Kohala, extensive withdrawal from the basal lens can 

increase the groundwater sal  i n i  ty considerably. 

Haleakala receives up t o  several hundred centimeters of ra infal l  

per year on the windward slope and a few tens of centimeters or less 

the leeward slopes (Figure 24). Moderate ash-bed interlayering 

is  found on Haleakal 

windward s 1 opes, ash 

where e.rosion has cut i n t o  the 

erched water maintains several perennial 

streams. Basal water underlies most of the Haleakala shield and is 

withdrawn from several near shore areas by inclined shafts skimming 

apparent impact on the hydrologic flow patterns through the shield. 
% 

~ 

a l l  identified s i l i c a  anomalies on-the island of Maui a re  

% 

I 

a l l  identified s i l i c a  anomalies on-the island of Maui a re  

n Figure 25; a l l  known water sources for  the island are  shown 

i n  Figure 26. Water quali 

a re  found i n  Appendix A Table 2. I t  is apparent from Figure 26. that , the 

ibut ion of groundwater sources fo r  the island i s  f a r  from uniform: 
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the highest concentration of wells is found i n  West Maui and 

i n  the isthmus between the two shields. T h i s  uneven distribution of 

water sources has had the effect on biasing the s i l i c a  anomaly data 

toward areas of higher  population density on the island. 

k. 
4 

The s i l i c a  anomalies located on the leeward side o f  West Maui can 

be divided j n t o  three sets: Ukumehame-Olowalu, Lahaina, and Honokawae. i. 
tu 

The Ukumehame-Olowalu anomalies are  located w i t h i n  the major rift-dike 

complex of the West Maui shield. 

Cl/Mg ion anomalies are particularly strong i n  this area, the reported 

Even though neither the s i l i c a  nor 

6 
groundwater temperature? are substantially above the expected ambient 

temperatures. The weak s i l i ca  and ion r a t io  anomalies may indicate that  

the thermal waters i n  this area are highly diluted and that  a much 

hotter resource exists a t  depth.  This location has been chosen for  
i 

further, more detailed study i n  the near future. 

The Lahaina s i l i c a  anomalies are  located close to  the post erosional e 
(most recent) eruptive centers on West Maui. The s i l i c a  anomalies are 

accompanied by a strong Cl/Mg ion anomaly i n  well 5340-02 as well as 

elevated water temperatures i n  three other we1 1 s (5240-01 , 5240-03, 

5340-01). Based on the available data, the tahaina area appears to  have 

a higher potential for  having a thermal reservoir than any other part of 

G 

West Maui and has also been selected for  intensive study i n  the near 

future. . 

e 

The groundwater sources having s i l i c a  anomalies t o  the north of 
- Lahaina, i n  Honokawai, are a l l  located well away from any of the West 

Maui rift zones or areas of recent activity.  

these water sources e x h i b i t  significantly elevated Cl/Mg ion rat ios  and 

u 
Nonetheless, several o f  

t h u 5  may be associated w i t h  a thermal source. Although evidence for  a 

geothermal reservoir is a t  best marginal, i t  is f e l t  that  resampling o f  

c 

L4 
the wells i n  this area is warranted. 

e 
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The highest incidence of s i l i c a  anomalies 07 Maui is found i n  the 

isthmus region between 

of any nearby r i f t  system, or  any Cl/Mg r a t i o  anomaly, would indicate 

t h a t  the observed s i l i c a  concentrations are largely a function of ground- 

water residence time and recharge patterns. T h i s  area seems t o  be a 

e West Maui and Haleakala shields. The absence 

particularly good example of how Cl/Mg ion ra t ios  can be useful i n  iden- 

t i fy ing  fa l se  positive s i l i c a  anomalies. 

isthmus region is n o t  planned for the near future. 

Further investigations i n  the 

The only significant water chemistry anomaly identified on Haleakala 

is tha t  f o u n d ' i n  the area of Pauwela Poin t  along the north rift. Three 

wells i n  this area (5420-01, 5424-01, 5519-02) are  associated w i t h  

re la t ively strong chloride/magnesium ion anomalies bu t  only one, 5423- 

02, has significantly elevated water temperature. 

water sources are  w i t h i n  a few miles of the nor th  rift and there may be 

thermal fluids i n  the aquifers from which their water is drawn. 

investigations of this area will be necessary t o  determine whether the 

observed anomal ies are  the resu l t  o f  thermal groundwaters. 

Several o f  the anomalous 

Further 

The remainder of the Haleakala shield has few wells and, as a 

resu l t ,  the local hydrology is so poorly understood that  an assessment 

of the thermal potential along the southwest and east  r i f t  zones based ' 

on water chemistry alone is impossible. Nonetheless, a generalized 

estimate of the resource potential can be made on the basis of the 

regional structure and geology. Heleakala is presently i n  the midst o f  

a post-erosional phase of volcanic activity.  Nearly a l l  the' eruptive 

centers during the most recent period of volcanism are located along the 

southwest and eas t  rift zones; the most recent outbreak took place a t  an 

elevation of about 610 m along the southwest r i f t  i n  approximately 1790: 
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LJ Despite the f a c t  that  there are  no known surface manifestations of 

thermal act ivi ty  along these rifts, i t  is strongly believed that  thermal 

reservoirs ex i s t  beneath both the southwest and eas t  r if t  systems of 

Haleakala and both area should receive more complete regional surveys 

i n  the near future. 

- 
(u 

, 
I 

iii 

’ Summary Assessment 

Considerably fewer data are available for  Maui than for  Hawaii and tr 

t h u s  the preliminary evalaution of Maui’s resource potential will have 

t o  be correspondingly more tentative. 

geological information available for  Maui , the preliminary assessment for  

several of the districts on t h i s  island is as follows: 

Based on the geochemical and 

G 

Area - 

Table 2 

Probabi 1 i ty  for  
Low Temperatu:-e High Temperature Development 

Haleakala 
Southwest Rift 2 

Hal eakal a 
Eclst Rift 2 

Pauwel a ’ (ndrth Rift) 3 

Lahaina 1 

Olowalu-Ukvmehame 1 

Honokawai 4 

2 4 

3 6 

4 3 

3 1 

3 2 

G 

5 2 - 
&I 

ci 
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MOLOKAI 

'The island of Molokai is the f i f t h  largest  of the Hawaiian chain 

and was b u i l t  up from three volcanic systems (Figure 27). West Molokai 

(a l t i tude,  421 m) is  a broad f l a t  shield volcano w i t h  principle r i f t  

zones trending west-northwest and west-southwest. (Figure 27) (Stearns and 

Macdonald, 1947). The Nest Molokai shield is covered by 3 t o  15 meters 

of soi l  and ash deposits and the major r i f t  complexes are visible only a t  

the head of the Waiahewahewa Gulch. The northwest r i f t  system is marked 

by a chain of cinder and spatter cones and by dikes exposed i n  the sea 

c l i f f s  along the north coast of the island.' There is considerable faulting 

and d i k i n g  on West Molokai, although there is no convincing evidence that  

a caldera complex was ever present a t  the summit; extreme alteration and 

weathering of surface rocks by acid magmatic gases imply that  the fracture 

complex near the summit of the shield was the center of volcanic 

ac t iv i ty  (Macdonald and Abbott, 1970). 

The lavas which formt the West Molokai shi el d are principal l y  

tholei i t ic  basal ts, which a f te r  a relatively extended period of volcanic 

quiescence, were fol  1 owed 

and hawaiites (Stearns and Macdonald, 1947). The majority of the West 

Molokai shield is presently covered by a thick layer (3-15 m) of l a t e r i t i c  

so i l  indicating tha t  West Molokai 

of time. 

minor amounts of alkalic olivine basalts 

s been extinct for an extended period 

The East Molokai shield (alt i tude,  1515 m) was b u i l t  along two major 

rift zones (Figure 28): One trends east-northeast and a second, larger one, 

trends west-northwest. A caldera complex does exist on East Molokai a t  the 
1 

, 
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intersection of the two r i f t  systems. 

by 7 km long, b u t  has since been f i l l e d  i n  by a l l u v i a l  material. The 

original caldera is vis ible  primarily i'n stream beds where eroison has 

removed the younger alluvium and exposed dike swarms and plugs i n  the 

I t  was originally 3 km i n  diameter 

complex (Macdonald and Abbott ,  1970). 

The e a r l i e r  lavas of the East Molokai act ivi ty  are typical olivine 

tho le i i tes  and were erupted i n  t h i n  f l u i d  flows. Where the ea r l i e r  

flows of East Molokai bank against the West Molokai shield there is 

often a thick bed .of l a t e r i t i c  soi l  

tha t  a considerable period had elapsed between the extinction of West 

Molokai and the more recent act ivi ty  of East Molokai. The upper member 

o f  the East Molokai volcanics consists largely of oligoclase andesite 

and trachyte which formed a discontinuous cover over the older lavas 

nderlying the younger lavas indicating 

(Stearns and Macdonald, 1947). The l a t e r  flows were more viscous than 

the e a r l i e r  lavas and t h u s  individual flows were considerably thicker 

and more dense than those of the lower member. The upper lavas are much 

less easi ly  eroded than the ea r l i e r  member and t h u s  have acted as a 

protective cap over much of East Molokai. 

The'most recent eruptive act ivi ty  on Molokai took place i n  the 

l a t e  Pleistocene when renewed ac t iv i ty  produced the Kalaupapa peninsula 

a t  the mid-point of the sea c l i f f s  bounding the north side of the island. 

Only one cone was formed which produced a broad, semicircular peninsula, 

4 km i n  diameter and having an a l t i tude  o f  150 meters. The Kalaupapa 

lavas a re  porphyritic olivine basalts and are highly permeable (Macdonald 

and Abbott, 1970). 
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Geophysics 
L*; 

Aeromagnetic surveys have been conducted over the i s l and  of 
G 

Molokai and have provided the total  force magnetic map presented i n  

Figure 29 (Malahoff and Woollard, 1975); the volcanic pipe and vent 

systems delineated by the magnetic data are presented i n  Figure 29. c 
Whether the East Molokai shield is i n  f a c t  the result of an extension of 

the West Molokai r i f t  system, as indicated i n  Figure 30, is unknown a t  

present i n  that  this magnetic anomaly zone could be interpreted i n  other 

ways. 

Gravity surveys conducted on Molokai have been restricted largely 

t o  the West Molokai shield w i t h  only marginal coverage over the eastern 

end of the is land (Figure 31, Moore and Krivoy, 1965). The central 

caldera and r i f t  systems of West Molokai are well defined by gravity h ighs  

and another gravity h i g h  extending eastward from the West Molokai summit e 
may be associated w i t h  a t h i r d  r i f t  system or possibly, w i t h  the East 

Molokai system. A t  present, insufficient data are available t o  d i s t i n g u i s h  

between these two possi b i  1 i ties. 
. . e  

Meteorology and Hydrology 

The rainfall  on Molokai, as  on the other islands is unevenly distributed. e 
The windward and higher sections of the island, especially on East Molokai, 

receives the bulk  of the rainfall  (on the order o f  281 cm per year) 

while the leeward side of the i s land  and West Molokai receives less t h a n  

75 cm per year (Figure 32, Taliaferro, 1959). 
G 

The hydrology of West Molokai is summarized i n  Figure 33 (Takasaki, 

1978). The basal lens beneath this end of the i s l and  is brackish to  

sa l ty  and the low rate  of recharge is insufficient t o  maintain any 
G 

Li 

b 
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Figure  29 T o t a l  force magnet ic  map o f  Molokai 
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Y 

perrennial springs or streams on this end of the island. Although 

there is  an extensive dike system i n  the middle of the West Molokai 

shield, there are no know sources of dike-impounded water. 

bd 
W 

The hydrology of East Molokai differs radically from t h a t  on the 

western pa r t  of the island (Figure 33). Much higher rates of recharge 

on the higher slopes provide sufficient fresh water t o  maintain a 

substantial basal water lens beneath the eastern end of the i s l and  

0 

W which is drawn on extensively for public water supplies. The dense 

alkalic lavas on East Molokai have acted t o  confine considerable 

quantities of h i g h  level water on this area as well. 

L, 

Geochemi s try 

The geochemical data compiled for Molokai are presented i n  

Y Figure 34 and Appen 

is found i n  Figure 

distributed and most are located a considerable distance away from any 

of the rift and caldera systems. 

A,  Table 3; the island-wide distribution of wells 

The wells on this island a r  quite unevenly 

w 
Only eight wells have be identified on Molokai as  having significant 

silica anomalies; o f  these, seven are considered t o  be false anomalies 

Y from effects other t h a n  the waters. I t  i 

trations obse i n  the centr 

e result of differing soil or rock types from which 

r3 

hich is thought  t o  indicate ome thermal potential 

is Well #loll-01 which is found i n  the northwestern end of  the island 

Y w i t h i n  the west Molokai rift system.. Although no silica data are 

b, available for this well, the measured water temperature is reported to  

be 33.9"C, well above the ambient temperatures for this area. 
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L. 
d Summary Assessment 

. .  
A1 though there are no strong indications of geothermal reservoirs 

fo r  the island of Molokai, i t  is f e l t  that  there is not yet  suff ic ient  

data available t o  make v a l i d  assessment of the potential resource. There 

is strong interest  by local commercial enterprises (Sheraton Molokai 
c 

Hotel) and u t i l i t y  (Molokai Electric) i n  developing any thermal resource 

- which may be present. For th i s  reason i t  is f e l t  that  a t  l eas t  a preliminary c 
survey should be carried out  for Molokai t o  determine whether further, 

more intensive, research should be conducted. 

c 

L 

c 
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Oahu is  the third largest  island i n  the Hawaiian Archipelago and 

has an area of 1564 square km. The island is b u i l t  from two volcanic 

systems: the older Waianae shield on the west and the Koolau t o  the 

southeast. The younger Koolau shield is overlain by two post erosional 

volcanic u n i t s ;  the Honolulu ser ies  and the more recent Kokohead series.  

The exposed Waianae Volcanic Series consists of three members; the 

f irst  phase of ac t iv i ty  produced tho le i i t i c  basalts which make up the 

b u l k  of the Waianae shield. The Middle mber is also tho le i i t i c  b u t  

grades i n t o  a lkal ic  basalt  i n  the upper par t  of the member; the lavas 

are predominantly dense ponded and caldera f i l l i n g  flows (Stearns. 

1939). The upper Waianae member corsists chiefly of hawaiite w i t h  smaller 

amounts of a lka l ic  ol ivine basalt  and a t  one time covered most of the 

Waianae sh ie ld  (Macdonald and Abbott, 1970) ; extensive erosion has 

removed most- of th i s  original cover (Figure 3 6 ) .  Soil  interbedding 

between early and l a t e  volcanics i s  minirna'l suggesting t h A t  the Waianae 

ac t iv i ty  was nearly continuous through the l i f e  of the volcano. The 

most recent volcanism on Waianae i s  estimated to  have occurred between 

2.7 and 2.8 millior! years ago (Macdonald and Abbo'tt, 1970). The Waianae 

shield was b u i l t  along three ri 

i r r 
i I 
i 
v 

1 

Y 

w 

r3 7); the major rifts 

t o  the northwest andso the central caldera 

and the minor r if t  trends t o  the northeast. The feeder d i k e  systems for 

a l l  three rift zones have been well exposed by extensive erosional 

dissection of the Waianae shield. 
J 

The Koolau volcanic system was active considerably l a t e r  than 

Waianae and much of central Oahu (Schofield Plain) was formed from the W 
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u . banking o f  Koolau lavas against the Waianae shield. Koolau volcano was 

b u i l t  p r i nc ipa l l y  by eruptions along northwest and southeast trending 

rift zones w i th  lesser a c t i v i t y  along a t h i r d  rift trending southwest 

from the summit caldera. 

The Koolau basalts are almost en t i re l y  tho le i i t es  and o l i v i n e  

Very basal t s  with oceani t e  being present i n  much smaller amounts. 

l i t t l e  a l ka la i  basal t  has been found associated w i th  the Koolau volcanic 

series; i t  i s  probable tha t  a c t i v i t y  from the Koolau caldera ended p r i o r  

t o  the t rans i t i on  from t h o l e i i t i c  t o  a lka la i  basal t  t yp i ca l l y  found f o r  

Hawaiian Systems [Macdonald and Abbott, 1970). The i n i t i a l  sh ie ld  

bu i ld ing  stage o f  Koolau a c t i v i t y  was followed by an extended period o f  

quiescence las t i ng  approximately two m i l l  i on  years during which extensive 

stream and marine erosion removed much o f  the windward (northeast) side 

o f  the shield. Post erosional volcanism resumed approximately one-half 

m i l l i o n  years ago and continued a t  Srregular in terva ls  u n t i l  possibly 

th i r ty  thousand years ago (Macdonald and Abbott, 1970). More than 

th i r ty  separate erupt ive events, scattered over the southeastern end' of 

Oahu, took place during t h i s  period (Figure 36). The lavas o f  the post 

erosional (Honolulu) series o f  basalts include nephelinites , m e l i t i t e  

nephel i n i  tes and a1 k a l i c  01 i v i n e  basal ts. 

Geophysical Surveys 

Geophysical surveys on Oahu have been directed towards def in ing the 

deeper s t ructure o f  the is land as wel l  as towards ident i f y ing  possible 

geothermal reservoirs i n  the Koolau and Waianae areas. 

Aeromagnetic surveys over Oahu are shown i n  Figure 38 (Malahoff and 

Woollard, 1965). The in te rpre ta t ion  o f  the structure o f  Oahu 
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1965). The surface structures for  both Waianae and Koolau volcanoes 

corresponds well w i t h  the inferred primary r i f t  and pipe zones indicating 

t h a t  these features are probably associated w i t h  crustal features. The 

minor rift systems and post erosional volcanic centers are not o u t  lined 

by this survey a t  a l l  and t h u s  may be strongly controlled by the shallow 

structure of the shield. 

Gravity surveys over the is land of Oahu have identified locations 

of subsurface magma chambers and r if t  zones similar t o  those arrived a t  

by aeromagnetic surveys (Figure 40, Strange, Machesky and Woollard, 

1965). Again, only the major rift systems have been identified through 

the gravity surveys ; no observable anomal ies are associated w i t h  the 

minor rifts and pos t  erosional volcanic centers. Estimates of the depth 

t o  the Koolau caldera core, based on the gravity da ta ,  are approximately 

1.5 t o  2 km (Strange, Woollard, and Rose, 1967). T h i s  estimate agrees , 

well w i t h  seismic investigations done on the same area which placed the 

top of the forme 

1965). Other seismic work done on the Koolau caldera has been reported 

t o  indicate 1 imited microseismic act ivi ty ,  which may be associated w i t h  

agma chamber a t  about L 6  km (Adams and Furumoto, 

a geothermal reservoir, near the inferred edge 

1976). 

Several preliminary geophysical surveys have been carried out  i n  

the Lualualei valley: 

and shallow soil temperature surveys (Grose and 

resistivities were observed i n  the central section of the caldera 

(Figure 37) which a lso coincided w i t h  s l ight ly  elevated subsurface 

ground temperatures a t  one meter depth below the surface. 

self-potential, ro ta t ing  quadripole res i s t iv i ty  
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A N D  VOLCANIC PIPE Z O N E S  

F igure  3 9  Primary r i f t  zones  and v o l c a n i c  p ipe  zones  o f  Oahu 
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Meteorology and Hydrology 
LJ 

The mean annual rainfall  on Oahu is sumarized i n  the isohayetal G 
map presented i n  Figure 41 (Taliaferro, 1959). Oahu's annual ra infal l  

distribution is similar t o  that  observed for  the other islands i n  that  

i t  is orographic: 

rainfall  and the leeward side considerably less. 
& the windward side of the island receives the heavier 

The mean annual temperatures on Oahu roughly follow an inverse 

relation w i t h  annual ra infal l ;  the higher temperatures are found on the 

sunnier leeward side of the island while cooler temperatures are found 

. on the windward (northwestern) side. Ambient groundwater temperatures 

are also expected' t o  be s l igh t ly  wamer i n  the leeward aquifers where 

the mean tempetatures of precipitaton i s  somewhat higher .  

c; 

4i 

The hydrology of Oahu is substantially different from that  found on 

the other islands (Figure 42).  Multiple sea level changes and subsidence 

of the island dur ing  i t s  history have allowed the formation and silting 

over of several layers of f r i n g i n g  coral reef. The impermeable limestone 

layer t h u s  formed around the perimeter of the island acts as a 

c 

c 
barrier t o  the outflow of meteoric wat.ers from coastal springs resulting 

i n  considerably elevated water tables and a much thicker basal water 

lens beneath the island. High level supplies of d ike  impounded water 

are present i n  the r if t  systems of both the Waianae and Koolau shields. 

Although the higher ra te  of recharge on the Koolau shield maintains a 

c 

nearly constant outlfow of dike fed springs, the drier Waianse system 6i 
has only intermittent discharge from natural sources. 

. .  



Y
 W

 

0
 
a
 



EXPLANAT I ON 
$. Ground-water recharge ,  m i l l i o n  g a l l o n s  p e r  day 
8 Ground-water d r a f t ,  m i l l i o n  g a l l o n s  p e r  day 
9 Pr inc ipa l  supply wells 
a Low recharge  r a t e  because most ground water i s  

accounted f o r  a s  streamflow ' 

b I r r iga t ion -wa te r  r e t u r n ,  m i l l i o n  g a l l o n s  per day 
C S i g n i f i c a n t  p a r t  o f  recharge  i s  d i v e r t e d  t o  

Pearl Harbor a r e a  by Schof ie ld  water  body 
d Low recharge r a t e  owing t o  high evapotrans-  

[ii) Hydrographic a rea  r ep resen t ing  major 
p i r a t i o n  from shal low water  . l eve l s  

d ra inage  bas in  

Ground water  impounded 
by d ikes  o r  other 

structures 

Ground water  perched on 
soil o r  ash  l a y e r s  

Basal ground wa te r  
. f l o a t i n g  on saline 

ground water  

Figure 42 Hydrologic summary o f  Oahu 
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Geochemistry_ 

The d i s t r i b u t f o n  @f s i l i c a  anomalies (Figure 43) on Oahu corresponds 

closely t o  tha t  of a l l  the wells on the island (Figure 44). 

the minimum s i l i c a  concentration for inclusion of the water source i n  

the data f i l e  served only to  eliminate a l l  b u t  those wells located i n  

Increasing 

areas of heavy i r r igat ion.  Thus the s i l i c a  concentrations are t h o u g h t  

t o  be of l i t t l e  use i n  the geochemical survey of Oahu. 

The Cl/Mg ion anomalies are n o t  nearly as scattered as those for  

s i l i c a  (Figure 43) and seem t o  be concentrated i n  f ive locations around 

the island: Lualualei Valley, Haleiwa, Laie, Kaneohe, Waimmalo, Honolulu, 

and Pearl Harbor. The differences i n  the character of each of these 

areas warrant a separate discussion of each. 

Lualualei Valley has several moderate t o  strong Cl/Mg ion anomalies; 

groundwater temperatures i n  a few o f  the wellsain the are.a are also 

somewhat elevated (Table 4, Appendix A ) .  Lualualei valley is located 

w i t h i n  the Waianae caldera complex (Figure 37) and, as discussed above, 

limited geophysical investigations of the valley have given preliminary 

indications o f  a potential thermal reservoir. Extensive geochemical 

investigations are presently underway t o  determine whether a thermal 
0 reservoir i s  present i n  th,is area. 

The s i l i c a  and Cl/Mg ion ra t ios  observed a t  Haleiwa are  only moderately 

elevated. T h i s  area probably has a significant amount of i r r igat ion 

return water i n  i ts  shallow aquifers and t h u s  the s i l i c a  anomalies are  

highly suspect. Nonetheless, this area is located on the minor r i f t  

system o f  the Waianae shield and i t  is possible that  this area has some 

geothermal potential. 

sources is necessary before i t  will he possible to  determine whether o r  

not these anomalies a re  associated w i t h  thermal groundwaters. 

w 

I t  is fe l t  that  resampling of the shallow water Y 

u 

'Ld - 
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u _ T h e  s ta tus  of Laie is similar t o  tha t  for  Haleiwa; weak s i l i c a  and 

G Cl/Mg ion anomalies exist and i t  is located adjacent to  a formerly 

active rift. Although this r if t  system has not been active for  more 

than 2 million years, i t  is more recent that  Waianae's act ivi ty  and i t  

should have a somewhat higher potential. Only two wells out of approx- 
b 

ima t e l  y 

i ndi ca t  

d i 1 u ted 

further 

of i ts  

fifteen have anomalous water chemistry; whether this is an 

on of a very low level thermal anomaly o r  of warmer water highly 

by surface recharge is not known a t  present. 

geochemical work is necessary i n  this area before a valid appraisal 

otential can be made. 

ti I t  is f e l t  that  

The avai lab1 e groundwater geochemistry data for the Kaneohe-Naiamanalo 

area is quite limited and, o f  the water sources analyzed, only three 

have elevated s i l i c a  or  Cl/Mg ion anomalies. 

the small number of anomalies identified is more the resul t  of lack of 

data rather. than the absence of any potential for  this area. The Koolau 

system is the youngest area of major act ivi ty  on the island and, i f  the 

I t  is presently fe l t  that  

c 

L 

geophysical data cited above are  correct, the former magma chamber is fi 

not f a r  beneath the surface (1.5 to  2 km). Thus  one wo.uld expect there 

t o  be residual heat i n  this system i f  i t  exis ts  anywhere on. the island. 

Evidence i n  support of geothermal potential for  this area include a c 
report of elevated groundwater temperatures near Waimanalo (Furumoto , 
1976) and elevated soi l  mercury concentrations i n  the Maunawili area 

near the northwestern edge of the buried magma chamber (Souto, 1978). b 
Further geochemical and geophysical investigations i n  this area are 

necessary t o  determine whether residual heat is  s t i l l  present i n  this 

reservoir or  not. cu 

L. 
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The presence of strong geochemical anomalies i n  the Honolulu area 

is very encouraging. Al though  the area i n  which the anomalies are  

observed is well away from the major rift system of the Koolau shield, 

i t  is quite close to  the primary centers of post-erosional Koolau act ivi ty  

(Figure 37) which is  the most recent volcanism t o  have taken place on 

Oahu. I t  is  presently f e l t  that  the available water chemistry data is 

not sufficiently re1 iable to  s t a t e  conclusively whether a low tenipera- 

ture resource exists and tha t  resampl i n  

should be done to  confirm the i n i t i a l  results. 

local groundwaters 

If  indications are s t i l l  

positive, more extensive geophysical and geochemical survey should be 

conducted around the post-erosional volcanic centers on the southeastern 

end of Oahu. 

The s i l i c a  and Cl/Mg ion anomalies i n  the Pearl Harbor area are not 

particularly strong. The area is not associated w i t h  early act ivi ty  

from either the Waianae or  Koolau syste,ms, nor has i t  experienced any 

nearby post-erosional activity.  Thus i t  is probable that  the geochemical 

anomalies i n  this area are not associated w i t h  a thermal sotrrce, b u t  ~ 

- 

~ 

rather a r i se  from cultural effects or  from the different type of aquifer 

found' i n  this area. 

- Summary Assessment 

Several areas of Oahu have geophysical o r  geochemical* anomalies 

normally associated w i t h  a subsurface geothermal reservoir. Ranking 

each according to  i ts  probability o f  being associated w i t h  a thermal 

resource provides the following table: 
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Lid 

b 

TABLE 3 

Probabi 1 i ty o f  - Area High Temperaturs Low Temperature Development 

Lual ual ei 8 5 1 

Hal eiwa 9 7 5 

5 

. 1  

Laie 

Waimanalo 

9 7 

e 
7 5 

Honolulu 8 7 

Pearl Harbor 1@ 9 4 

e 
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Yauai is the northernmost major i s l and  i n  the Hawaiian chain and d 

3 

d 

3 

33 

has an area of approximately 1450 square km. The.island was b u i l t  from 

a single volcanic system located near the center o f  the island. The 

or iginal  shield has been heavily altered both  by erosional processes and 

by faulting and collapse. 

Two distinct phases of eruptive act ivi ty  have t a k  

The earlier phases, which  b u i l t  up  the b u l k  o f  the shi 

between 5.6 and 3.3 million years ago and woduced the Waimea Canyon 

Volcanic Series o f  flows (Figure 45). During the i n i t i a l  phase of 

ac t iv i ty  t h i n  bedded flow of 01 

the i s land  (Macdonald e t  a l . ,  1960). Most of the act ivi ty  took place 

along two r if t  zones t rending west-southwest and east-southeast radiating 

1 

ine basalt formed the basic shield of 

- .  

o u t  from the center o f  the island (Figure 46). T h i s  period of act ivi ty  

was followed by the collapse of a central caldera which was approximately 

16 km i n  diameter. Contemporaneous w i t h  this collapse was the formation 

of a second smaller caldera, Haupu, several km to  the southeast and a 

faul t-bounded trough, the  Makawel i graben, t o  the south. Subsequent 

act ivi ty  f i l l e d  i n  both the central f lank  depressional features w i t h  

t h i c k  beds of dense ponded basal t  f l o  

act ivi ty  of the central volcanic system, a 

formed, the Lihue basi which was f i l led i n  by the seco 

act ivi ty  on Kauai. Lavas produced during the la ter  stage 

ac t iv i ty  graded f ro  olivine basalts t o  picrite basalts and basalt ic 

andesite (Macdonald e t  a1 b , 1960) 
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The f i r s t  phase of act ivi ty  was followed by a poriod of quiescence 

1 x t i  ng approximately two mil 1 ion years. The second phase, producing 

the Koloa volcanic series, began approximately 1.4 million years ago 

and persisted intermittently over a period o f  abcut 0.8 

million years. 

over the eastern two thirds of Kauai w i t h  a general north-south trend 

(Figure 46) (Macdonald and Abbott ,  1970). 

The eruptive centers dur ing  this act ivi ty  are  scattered 

The island i s  deeply dissected, erosion having cut steep sided 

Soil valleys several hundred meters deep in to  the original shield. 

development is quite advanced over the entire island and, i n  places 

of h i g h  ra infa l l ,  the soil has been reduced to  a t h i c k  cover of l a t e r i t e  

and clay. 

Geophysical Surveys 

Aeromagnetic surveys over the island o f  Kauai are shown i n  Figure 47 

(Malahoff and Woollard, 1965) and the interpretaiton of their data is 

given i n  Figure 48. Although the Waimea and Koloa volcanic pipe zones 

outlined i n  Figure 48 agree f a i r l y  well w i t h  the known eruptive history 

of Kauai, the North Kauai volcanic p ipe  zone has no surface expression 
and is undoubtedly o f  cr g in .  The'depth t o  the 

Waimea -and. Koloa volcani 

km respectively (klalahoff and Woollard, 1965). 

Preliminary gravit.y surveys carried out  on Kauai are shown i n  

Figure 49 (Krivoy e t  a l . ,  1965). I t  i s  apparent, as was the case for 

most other caldera complexes, t ha t  the Bouguer gravity h igh  is displaced 

a considerable distance from the centrsl caldera complex o f  the 

. 



KAUAI 
rOTAL FORCE MAGNETIC M A P  

BASED ON AEROMAGNETIC 
'ROFILES FLOWN AT 8,000 FEET 

Figure 47 Total force magnetic map for Kauai. 
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Figure  48 Primary r i f t  zones  and v o l c a n i c  p i p e  zones  o f  Kauai 
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Kauai shield. Whether this displacement i s  the result of too few stations 

between two gravity h i g h s  as suggested by the magnetic data,  or whether 

the actual source of the anomaly is  displaced from the summit caldera i s  

unknown. 

Y 

Meteorology and Hydrology 

0 

W 

Y 

Y 

The meteorology of Kauai is similar t o  t h a t  found on the other 

islands i n  the chain; 

higher  mean annual ra infal l  while the leeward side receives considerably 

less (Figure 50). 

indward side of the i s land  receives the . 

The basal groundwater of Kauai more closely follows the Ghyben- 

Herzberg lens than t h a t  of Oahu (Figure 51, Takasaki, 1978). The basaltic 

shield rocks of Kauai are highly permeable outside the central caldera 

and r if t  systems and supports an extensive basal water lens beneath the 

island. 

of the island except i n  some of the coastal areas on the leeward (southwest) 

side. Dike-impounded and ash-bed perched meteoric waters or! the upper 

Elopes of the is land provide suff ic ient  s p r i n g  discharge t o  ma 

perennial streams throughout the northeastern side of the island. 

Geochemi s t r y  

Fresh basal groundwaters can be obtained from nearly every part 

Groundwaters having elevated s i1  ica concentrations are plot ted i n  

Figure 52; Figure 53 presents a p lo t  o f  a l l  groundwater wells on Kauai. 

’ There is no apparent pattern t o  the s i l i c a  anomalies other than t h a t  their 

d i s t r i b u t i o n  i s  nearly equivalent t o  the distribution for  a l l  the wells on the 
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Figure 51 Hydrologic sunnnary of Kauai 
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EXPLANATION e Ground-water recharge, mi 11 ion 
gallons per day 

8 Ground-water draft, million 
gallons per day 

* Principal supply wells 
a Low recharge rate because most 

ground water is accounted for 
as s treamf 1 ow 

b Irrfgation-water return, mil- 
l ion gal Ions per day 

f'* - 1  I )  Hydrographic area representing 
I** major drainage basin 

Ground water impounded by 
dikes or other structures 

E 3  
Ground water perched on soil # 

ash, or thick lava flows 
above basal ground water . u .  
Basal ground water floating . 
on saline ground water 
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island. Similar t o  the case for Oahu, s i l i ca  mapping appears t o  be of 

little, i f  any, use i n  defining areas o f  geothermal interest on Kauai. 
u 

I 

Cl/Mg ion anomalies appear t o  be o f  marginal use as well. Using 

the same Cl/Mg r a t i o  threshold for Kauai t h a t  was applied t o  the other 

islands provides -only one significant anomaly: Well 02-5531-01. c 
A1 though the exceptionally low magnesium ion concentration found i n  this 

water (Table 5, Appendix A )  tends to  indicate an analytical error i n  the 

original water chemistry analysis, two other wells i n  the vicinity also ti 

have a Cl/Mg r a t io  well above that  observed for nost of the other sources 

on the is land:  Well #02-5531-01 and Well #02-5636-01. T h i s  area i s  

also one i n  which post erosional volcanism has taken  place and t h u s  i t  

i s  not inconceivable t h a t  a themal resource exists i n  this part  of the 

island. 

Groundwater temperatures substantial ly  above ambient have been 

reported for two wells on Kauai: 02-0044-04 and 02-0120-02. We believe 

tha t  both o f  these reported temperature anomalies are the resul t  of poor 

data or  sampling control. 

typical o f  noma1 groundwater on Kauai and, further,  none o f  the sources 

i n  this area have significantly elevated Cl/Mg ion  ratios. 

Several nearby water sources have temperatures 

U n t i l  the 

G 

li 

reported temperatures can be confirmed or corrected, t h i s  area will not c 

be targeted for more intensive investigation. 

u Summary 

The regional survey techniques used i n  the present study indicate 

that  Kauai has a t  best only marginal geothermal potential .  
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Nonetheless i t  should also be noted that nost of the wells on the island 

are  located i n  the alluvial  areas and do not provide sufficient coverage 

of the post erosional volcanic areas (where thermal waters are 

most l ikely to  exist) t o  assess their  thermal potential through geochemi- 

cal anomalies. A1 though the indications for thermal groundwaters are 

not particularly strong on Kauai, i t  is  f e l t  that  some further investigations 

should be carried out near the post erosional volcanic centers to  assess 

the i r  potential. 

O u r  preliminary assessment o f  the pos t  erosional volcanic centers 

is  as  follows: 

I 

I 

~ 

TABLE 4 
, 

Probabi 1 i ty  o f  
- Area High Temperature Low Temperature Commercial ization 

Post- erosional 
volcanic center 10 8 5 
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A preliminary assessment of the potential geothermal resource areas 

i n  the State  of Hawaii has been completed dur ing  Phase I of the Western 

States Cooperative Geothermal Resource Assessment. Identification and 

eva1Qation of the potential geothermal resources has heen based on the 

geological, geophysical and geochemical data presently avai table for  the 

State  of Hawaii. The types of data used i n  the evaluation of the resources 

have been as  follows: 

Geological : Structural geology of the islands and volcanoes, 

age of the islands, and age and location of most recent 

volcanism on each island. 

Geophysical: aeromagnetic data, gravity data, seismicity, 

infrared surveys, and groundwater temperature data. 

Geochemical : elevated groundwater s i1  ica concentrations and 

anQmalies i n  the Cl/Mg ion rat ios  i n  near surface waters. 

The results of the survey have identified several areas i n  the 

State  which may have s igni f icar t  geothermal potential and which should 

receive more intensive s i t e  specific surveys i n  t he  future. 

of several of the potential thermal areas i n  the State has been made i n  

terms of their probabi 

as  well as their probability for  near f u t  

A? appraisal 

f o  ing  a h igh  or low temperatur 

vel opment The l a t t e r  

. asseszmect is based on: the present; stat he a r t  i n  d r i l l ing  and 

geothermal uti1 ization technology, proximity t o  potential markets for 

heat/electric power produced, and local land  use constraints (national 

park lands, urban residential zoning, etc). Table 5, below, presents a 

summary assessment o nt ia l  resourc 
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on a scale of 1 t o  10: 

lowest. Although other areas i n  the State undoubtedly have thermal 

resources, the i r  probability fo r  development i n  the near future (1980- 

2000) is  so small as t o  not j u s t i fy  the i r  inclusion i n  the present 

1 having the highest potential, 10 having the 4 d  
G 

6 assessment. 

TABLE 5 

High Temp. Low Temp. 
Location Resource Resource 

Hawaii 
1. Puna 1 1 
2. Ka'u 2 1 
3. South Point 3 2 
4. Hualalai-North Kona 5 3 
5. Kawaihae 5 3 
6. Keaau 6 4 
7. Kohala 7 5 

Maui 
8. Haleakal a-Southwest 

Rift 3 2 
9. Haleakala-East Rift 3 2 

10. Pauwela 4 3 
11. Lahaina 3 1 
12. Olowalu-Ukumehame 3 1 
13. Honokawai 5 4 

Oahu 
. 14. Waimanalo 7 5 

15. Lualualei 8 6 
16. Honolulu Volcanic 

Series 8 7 
17. Haleiwa 9 7 

Probabi 1 i ty for 
Development 

.- 3 
7 
3 
1 
1 
1 
8 

4 

I 

18. Laie 9 7 3 
19. Pearl Harbor 10 9 1 5 

Kauai 
20. Post erosional 

Volcanic Series 10 8 5 

The approximate locations of these areas are given i n  Figure 54. 
e 

c 



W
 

Y
 

2
 

r
)
 

ry
 

5
 
t
 

2
 5
 

In
 

2
 

0
3

.
 

u u 
5

 
0
 
2
 

U
 u
.
 

M
 

ry
 

2
 

n
l 

ry
 

z
 

Q
 

ry 

I 

z
 

115 

z
 
2
 

rn 
Q

, 
.- 

c
-x

- 
-
A
=
 

Y
- 

O
 

.r( 

al 

X
 

U
 

3
 

0
 
c
 bo 1 0
 

$4 
c
 U
 

m
 

aJ 
0
 

si 
7

 
0
 

v1 
aJ $4 

d
 

cd 
a $4 
al 
c
 U
 

W
 

0
 

0
 

O
 

.r( 
U

 
cb 
0
 

0
 

d
 

z m
 

aJ $4 
1
 

M
 

.r( 
P

I 



116 

Three of the potential geothermal areas identified during the 

present study have been targeted for intensive, site specific, surveys: 

Kawaihae and Keaau on the island of Hawaii and Lahaina on the island of 

Maui.. In addition, preliminary surveys o f  limited extent will be 

conducted on those areas for wich the data are conflicting or where 

there is insufficient data to make a proper assessment. These areas 

will be on west Molokai, east Maui, adn the post  erosional volcanic 

areas o f  Oahu. 

ii 

E 

P 



117 W 

td 
w 

Y 

Y 

V 

r3 

V 

Y 

Bi bl  icgraphy an? References 

Adams, W.M. and A.S. Furumoto, 1965. A Seismic Refraction Study o f  the 

Koolau Volcanic P l u g ,  Pacific Science, v. 19, no. 3, p. 296. 

Epp, D. , Temperature Measurements i n  Wells on the Island of Hawaii, HIG 

Technical Report ( i n  prep.). 

Fischer, W.A., D. A. Davis, and T.M. Sousa, 1966. Fresh-water Springs of 

Hawaii from Infrared Images. Hydrologic Investigations Atlas, HA-218, 

Department o f  the Interior,  U.S.G.S. 

Fournier, R.O. and A.H. Truesdell, 1973. An Enipirical Na-K-Ca Geothermo- 

meter fo r  Natural Waters, Geochim. Cosmochim. Act., v. 37, p 1255-1275. 

Furumoto, A.S., 1976. Prospects for Geothermal Energy on the island of 

Oahu, Hawaii, Geothermal Energy Magazine, v. 4, no. 6, p. 7-25. 

.Grose, L.T. and G.V. Keller, 1975. Geothermal Energy i n  the Pacific Region 

Appendix A: Exploration for  a Geo 

Oahu, Hawai 4 .  ONR Report for  Contract number N00014-71-A-0430-0004. 

Kinoshita, W.T., 1965. A Gravity S 

Science, v. 19, no. 3,  p. 339. 

Kinoshita, W.T. and R.T. Okamura, 1965. A Gravity Survey o f  the Island o f  

Maui, Hawaii. Pacific Science, v.  19, no. 3 ,  p. 341. 

Koyanagi, R.T., K. Meagher, F.W. Klein, G.S. Pu 

1978a, Hawai i an Vol can0 Observatory Summa 

1976, U.S. Geological Survey preliminary report. 

Koyanagi, R.T., K. Meagher, F,W. Klein, G.S.  Puniwai ,  and J.P. Lockwood, 

1978b, Hawaiian Volcano Observatory Summary 77: 

1977, U.S. Geological Survey prelirllinary report. 

anuary t o  Decmeber 



118 

Krivoy, H.L., M. Baker, and E.E. Moe, 1965. A Reconnaissance Gravity 
Survey o f  th2 Island of Kauai, Hawaii, Pacific Science, v. 19, 

ria. 3, p. 354-358. 

Racdonald, G.A. and A.T. Abbctt, 1970. Volcanoes in the Sea, University 

Press of Hawaii, Honolulu. 

Macdonald, G.A., D.A. Davis and D.C. Cox, 1960. Geology and Ground water 

resources o f  the Island o f  Kauai, Hawaii. Bulletin 13, Hawaii 

Division o f  Hydro1 ogy. 

Malahoff, A. and G.P. Woollard, 1965. Magnetic Survey over the Hawaiian 

Ridge, Hawaii Institute of Geophysics Technical Report 65-11. 

Moore, J.G. and H.L. Krivoy, 1965 A Reconnaissance Gravity Survey of the 
Island o f  Molokai, Hawaii, Pac. Sci., v. 15, no. 3, p. 343. 

Souto, J.R., 1978. Oahu Geothermal Exploration (abstract), Transactions 

Geothermal- Resources Council Annual Meeting, 1978, Hilo Hawaii, p. 605. 

State of Hawaii, 1970. An Inventory o f  Basic Water Resources Data: Island 

of Hawaii, Report R 34, Department o f  Land and Natural Resources, 

Division of Water and Land Development. 

Stearns, H.t., 1939. Geologic Map and Guide to 9ahu, Hawaii, Bulletin 2, 

Hawaii Division o f  Hydrography. 

Stearns, H.T., 1967. Geology o f  the Hawaiian Islands, Bulletin 8, Hawaii 

Division of Hydrography, Honol ul u , Hawai i . 
Stearns, H.T. and G.A. Macdonald, 1942. Geology and Ground-k'ater Resources 

of Maui, Hawsii, Bulletin 7, Hawaii Division of Hydrography. 

Stearns, H.T. and G.A. Macdonald, 1946. Geology and Ground-Water resources 

of the Island of Hawaii, Bulletin 9, Hawaii Division of Yydrography. 

- 
Y 

(r 

c 

c 



19 119 

w 
Stearns, H.T. and G.A. Macdonald, 1947. Geolosy and Ground-G!atcr v 

Resources of Molokai, Yawaii , Bulletin 1 1  , Hawaii Division o f  Hydrography. 

Strange, W.E., L.F. Machesky and G . P .  Woollard, 1965. A Gravity Survey 

of the Island of Oahu, Hawaii, Pac. Sci., v. 19, no. 3, p. 350-353. e 
Strange, W . E . ,  G.P. Woollard, and J. Rose, 1965. An Analysis o f  the 

Gravity Field over the Hawaiian Islands in terms o f  crustal 

Structure, Pacific Science, v. 18, no. 3, p. 381-389. w 
Takasaki, K.J. ,  1978. Summary Appraisals of the Nations Ground-!dater 

Y 

Y 

Y 

Resources-Hawaii Region, U. S. Geological Survey Professional Paper 

813-M. 

Taliaferro, W,J., 1959. Rainfall of the Hawaiian Islands, Hawaii Water 

Authority, Report R 12. 

Zablocki, C . J . ,  R.T. Tilling, D.W. Peterson, R.L. Christiansen, R.T. 

Keller,-and J.C. Murray, 1974. A Deep Research Drill Hole at the 

Summit o f  an Active Volcano, Kilauea, Hawaii, Geophys. Res. Lett. 

v. 1, no. 7, p. 323-326. 



U 
Q 

. .  0 

U 

APPENDIX A 

Geochemical Well Water Data 

Meeting Temperature and/or Elevated Silica Criteria 

TABLE 1 - Hawaii 
2 - Maui 
3 - Molokai 
4 - Oahu 
5 - b U 8 i  
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6 II1*=8-0l330-0 1 mP=%%X.L 
Pn = 7.10  SPG= 
ALK= 38.00 DIS- 441.00 
CA = 9.bO SR = 
219 RG = 
CL = 205.00 BR = 
NOS= 0.70 P04:: 
SE = pm:: 

7 fD~=8-0R31-01 T'fl'=\riELL 
PB = 7.30 SPG= 
fiK= 35.00 DIS:: 329.00 
CA = 9.20 SR = 
ZN = HG = 
CL = 130.00 BR = 
NC3= 1.20 PO4= 
SE = PHE= 

8 ID#=8-0831-02 TYP=W?LL 
PH = 7.30 8PG- 
A L G  34.00 D IS= 4 1 1 . 00 
CA = 13.00 SR = 
ZN = 0.02 IIG = 
CL = 150.00 BR = 
N 0 3 =  0.17 P04= 0.28 
SE = 0.00 PIE= 0.00 

9 ID-8-083 1-03 TYP="ELL 
PH = 6.90 SPG= 
ALG 43.00 D I S =  
CA = 13.20 SR = 
ZN = 0.01 HC = 
CL = 1G5.94 BR = 
N03= 0.29 P04= 
SE = 0.00 PIE= 0.00 

10 10+=8-1138-01 TYP=TUNMEL 
PH = 7.20 SPG= 
ALK= 33.@0 DIS= 96.00 
CA = G.60 SR = 
ZN = 0.01 RG = 
CL = 3.30 BR = 
1?03= 0.96) P04= 
SE = 0.00 PIE= 0.00 

COU= HAVA I I 
tuEn= 20.00 
6US= 
Bh = 
B =  
I =  
SIO= 33.00 
CD = 

COIJ=HiIVAI I 
%ED= 174.00 
SUS= 
BA = 
13:: 
I =  
S IO= 41.00 
CD = 

COUS &WAI I 
hTD= fT3.00 
SUS= 
RA = 0.30 
B =  
I =  
SIO= 43.00 
CD = 0.00 

COWHAWAI I 
WED= 173.00 
SUS= 
I311 = 0.10 
B =  
1 : :  
SIO= 48.00 
CD = 0.00 

COlJ=€IAWAI I 
%TD= 542.00 
$US:: 
U A  = 0.30 
E =  
I =  
SIO= 43.00 
CD = 0.00 

DAT= 1972. 
SPC- 030.00 
PIC; = i . > .  00 
c11 = 
1J = 
N02= 
HA22 90.08 
ELE= 22.00 

LOC=N IFOLE-A LA", LON= 
5.40 TTM= 18.00 FLO= 

N A  = 100.00 IC = 
(*.00 BE = m.00 FET:: 
0.03 PB 0.01 AS = 

co2= 3.30 HZS- 
29.00 C03= RCO; 
0.01 AG = 0.81 P = 

LOC=lV INOLE-B 
4.90 "'EM= 21.00 

M A  89.00 
0.01 FE = 0.01 
0.10 PB = 0.01 

CO2= 
28.00 co3= 

. 0.01 AG = 0.01 

us. LON= 
FLO= 
1c = 
FET= 
A6 = 
Em= 
xco= 
P =  

LOC=PA?ULA SHUT LAT, LON= 
230.00 mm= 10.00 FLO= 

N A  7.30 IC = 
(3.03 FE = 0.02 FET= 
0.02 PI3 = 0.01 AS = 

co2= mS= 
10.00 C03= HCO= 
0.01 AG = 0.01 P = 

190829. 1553111.00 
]?fl :: 

4.40 RR = 
F =  0.20 

NII4= 
43.00 C A W  

N =  

SB = 

DAT= 1972. 

KG = 12.00 
cu = 
u =  
N02= 
m= 73.00 
ELE= 123.00 

sre- 530.09 

190832. 1553108.00 Dill'= 1974. 
EX = 6PC= 830.00 

5.90 RB = PIG = 18.00 
F =  43.10 cu = 0.02 

0.01 SB = 1J = 
NH4= N02= 0.01 

41.00 CAR= JUR= 110.00 
0.04 N = 0.26 ELE= 123.00 

190832. 1853 109.00 DAT= 1974. 
EB 2 SPC= 

5.20 13B = PIC, = 113.00 
p = 0.  15 CU = 0.01 

0.01 SI3 = u =  
NH4= NO2= 0.01 
CAR= &Ut= 96.00 
N =  ELE= 128.00 

19 1 157. 1852849.00 D A V  1973. 
ER = srw= 99.00 

1.00 RB = xc = 3.60 
F =  0.20 cu = 0.02 

0.01 SB = 
NH4= N02= 0.01 

43.00 CAR= IwR= 38.00 
N a  ELE= 774.00 

u =  



- ---a ... " .  

d 
I 

1 1  ID#=8- 1 12s-02 TIp=WELL 
PH = 7.00 SPG- 
ALK= 34.00 D I S e  110.00 
CA = 6.10 SR = 
ZR = UG = 
CL f 13.00 BR = 
N03= P04. 0.02 
SE = PHI?= 

SIO= 54.00 
CD = 

COlJ=lXAVAl I 
bTB= 931.00 ~uiu)= PH = 

ALK= 33. 94. sus = L 1  = 
CA = 7.50 SR = Bh -- ' la? = 
ZN = UG = B =  AI. 
CL = 3.20 DR = I =  02 = 
N03= P04= 0.28 8 I O =  43.00 804. 
SE = PEE= CD = CR .- 

13 r~ir-8-i LOC= P f11TlU-A 
383. GO TEIYI. 

N A  = 
FE s 
PB = 
C 0 2 =  

6.60 cos= 
AG = 

LAT,LOIQ= 1911(38. 1552816.00 
21.60 FLO= En = 
12.00 IC = 1.20 lL.8 = 
10.00 FET. F s  0.40 

1x4 = SI3 = 
6.60 YCS:: !U E4 = 

HCO= 41.00 CAR= 
P =  0.17 11 = 0.28 

LAT, LON= 
17.00 FLO= 
5.70 I(: = 
20.00 PET= 

IS = 
It? 6 = 
HCO= 
P =  

19 1225. 165293'd.OO 
1% = 

1.30 nu = 
F = 0.10 
8T3 = 
NX4= 

4o.m CARL 
0.09 N = 0.86 

13 IW=8-2102- TIP= VELL COIJ=&IVAI I LOC= PTJLAITA J.AT,LON= 192107. 1550212.00 
PH = 7.50 SPG= kXD= 350.00 WAD= m.30  IT= 28.00 IW= E13 3 
ALK= 34.00 DIS= 838.00 SUS= L f  = NA = 170.00 IC = 8.50 El3 = 
CA = 15.90 sn = 1311 = m =  0.10 m r =  F =  0.10 
ZN = 0.10 HG = Iu. = 0.00 1's = 0.01 SB = 
CL = 349.00 BR = oa z C 0 2 =  W 8 =  N 1x4 = 
N03= 0.33 P04= SI05 73.40 904:: 65.10 C03= ITCO= 54.00 CAR= 
SE = 0.00 PIE= 0 CR = AG = P =  I? = 

14 !D+=8-2317-01 LOC=ICILiIlJEh 'lTl LAT, LON= 192344. 155 1721.00 
PH = 7.30 SP WAD--: TKM= 75.00 PLO- EH = 
ALIG D IS= LI = HA = IC = R B r  
CA = S R  = BA = MIY = FE = ]'ET:: F =  
2N = HG = B =  IIL PB = 11s = SI3 = 
CL = BR = I =  02 = c02= JEG:: ISH4-s 
N03= PO+= SIO= 159.00 SO+= COS= IICO= CAR= 
SE = PHI?= CD = CR = AG = P =  N =  

15 ID#=8-3487-0 1 TYP=ruELL COlJ=KIVAI I LOC=KI~ATJO~U?I~-~ Lxr,  LON= 1924~. 154r5719.00 
PH = 7.30 SPG= bTD= 803.00 %AD= 2.90 TICK= 24.00 FLO= El3 = 
ALK= 34.00 DIS= 233.00 SUS= L I  = HA = 54.00 IC = 3.80 1ED = 
CA = 6.60 SR = BA = PfN = 6.10 FE = 0.10 FET= F = 0.20 
ZN = 0.03 RG = B =  AL = 0.20 PI3 = 0.03 11s = 0.01 SI3 = 
CL = 70.00 BR = I =  02 = co2= IES. NE4= 
N 0 3 =  P04= S I O =  41.00 604:: 22.00 C03= KCO= 52-00 CAR= 
SB = 0.05 P E =  0.01 CD = CR = AG = p .  N =  

DAT= 1914. 
SPC= 117.00 
PI:: = +. 30 
cu = 
u =  
N02= 
HAR~ 33.00 
ELE= 304.00 

DAT= 1974. 
SPC= 92.00 
P!G = 3.80 
CU = 
TJ = 
1 i m =  
JhW= 33.00 
ELE= 112.00 

DAT= l?74. 
SPC= 1050.00 
PIG = 31.20 
CTJ = 0.10 
u =  
N02= 0.00 
1L\R= 145.00 
ELE= 230.00 

DAT= 1974. 
SPC= 
MC = 
CIJ = 
u =  
N02= 
BAR= 
ELI?= 

DAT= 1974. 
SPC= 344.08 
rrc, = 3,30 
cu = 0.10 
IJ = 
N02= n:m= 30.00 
ELE= 733.00 
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31 ID*8-3587-01 " 'W~YXLL CUTJ=I4AK"S.I I 
PH = 6.80 SPG= ~ I I =  8~a3.00 
!ILK= 46.00 DIS= 173.00 SUS= 
CA = 8.80 SR = BA = 0.10 
ZN = 0.15 HG = B =  
CL = 14.00 BR = I =  
NOS= 1.40 PO41 0.46 SIO= 53.00 
SE = 0.60 PIE- 0.00 CD = 0.00 

32 ID+=8-3557-02 "P=VEk.L COTJ=HrS.%AI I 
PH = 7.20 SPG= bTD= 881.00 
X K =  43.00 DIS= 163.00 SUS= 
CA = 8 .50  SR = BA = 0.1Q 
ZN = 0.05 B =  
CL = 39.10 I =  
N03= 1-20 FO$= SIO= 41.70 
SE = 0.00 PIE= 0.00 

33 ZD*=8-3557-03 TYP 
PH = 7.30 SPG= bXD= 868.W 
ALK= 50.00 DIS= 1 
CA = 7 . 5 0  SR = . BA = 0.10 
ZN = 0.06 HG = B =  
CL = 11.00 BR = I =  
N03= 1.30 P04= SIO= 43.60 
SE = 0.00 PHE= 0.00 CD = . 0.00 

tiN)= 
LI = 
m =  
A L  = 
02 = 
S04= 
CR = 

VI#= 
L1 = 
PIN = 
IU., = 
02 = 
604- 
CR = 

LCC= KA?ULTJiJ-A w e ,  LON= 
4.00 mM= 22.00 I'L(3= 

0.01 F1' = 0.01 FET= 
0.10 PB = 0.00 AS = 

co2= 6.28 E 5 =  
11.00 C03= IKO= 
0.01 AG 0.01 P = 

r u  iu.00 IC = 

L O C = W i I L W - B  
4.00 E M =  20.00 

NA = 22.00 
0.02 FE = 0.34 
0.10 PB = 0.00 

C02-  
12.00 C03= 
0.00 AG = a. 01 

LAT, LON= 
FLo= 
I C =  
YET= 
A9 = 
IE1S 
HCO= 
Y =  

LOC= IGmf1LW-C LAT , LON= 
WAD= 4.60 TEM= 20.00 FLO= 

m =  0.01 FE = 0.04 FET= 
f u ,  = 10.80 PR = 0.01 As = 
0:: = c02= H26= 
SO4= 10.00 c03= HCO= 
CR = 0.01 AG = (4.01 P = 

L I  = r u  = 1.b. 00 IC = 

34 IW=S-35E7-0 TYP=WLL COU-FIA%AI I .- PH = 7 . 5 0  e W?D= 903.00 WAD= 
BLK= 50.00 DIS= 122.00 SUS= L I  = 
CA = 6.70 SR = RA = 0.10 MIV = 
2N = 0.01 HG = B =  = 
CL = 17.13 BR I =  02 = 
NOS= 1.30 PO$= SIO. 95.00 604- 
SE = 0.00 PHI?= .a0 cn = 8.00 CR = 

35 ID*=8-3702-01 "Yp"l"UNNEL COTJ=&lWiU I 
PH = ?.00 SPG= Vm= 203,OO vimD- 
ALII= 31.00 DIS= 08.00 SUS= L1 = 
CA = 6.00 SR = Bh = mu D- 

ZN = HG = B =  iU. = 
CL = 4.00 BR = I =  02 = 
N03= 3.80 POB= SIO= 40.00 so4= 
SE = pm:: .cn = CR = 

LOC=TGWWJWD 
4.00 n:l% 20.00 

NA = 12.00 
0.01 FE = 0.01 
0.10 PB = 0.00 

CO2= 
9.10 C03= 
0.01 AC = 0.01 

LOC=OLAA SHAFT-? 
15.00 TEM= 23.00 

NA = 5.80  
FE = 
PB = 
coa= 

5.50  C03= 
AG = 

LAT. LON= 
FLO= 
K = 
FET= 
As = m$+ 
HCO- 
P =  

193510. L1S55208.00 
EH = 

1.80 RB = 
F =  0.28 

0.01 sn = 
NR4- 

49.00 CAR= 
0.15 N = 0.96 

193505. 1555708.60 
En = 

1.80 m = 
F =  0.33 

0.01 SB = 
IUE4.: 

14.00 CAR= 
N =  

193508. 1555707.00 
ER = 

1.30 13.B = 
F =  0.30 

0.01 $13 = 
nn4= 

48.00 C A W  
N =  

193505. lXXi707.00 
ER = 

1.30 ItD = 
p r :  0.36 

0.01 YB = 
NH4= 

53.00 CAR= 
N =  

193757. 1550200.00 
ELI = 

2.40 RB = 
1P = 0.10 
813 = 
NH4= 

38.00 CAR= 
N =  

DAT- 1974. 
SIJ(:= 170.00 
Pic - 6 .50  
CW = 0.01 
T! = 
N02= (3.01 
== 42.00 
ELK= 833.00 

DAT= 1914. 
SPC= 400.00 
MG = 7.10 
cu = 0.04  
IJ = 
N02= 0.01 
b!R= 48.00 
@LE= 839.00 

DAT= 1974. 
SPC= 170.00 
?G = 5 - 2 0  
cu = 0.01 
1J = 
R02= 0.01 
HAli= 36.00 
ELE= 834.00 

DAT= 1974. 
SPC= 251.00 
PIG = 4.80 
cu = 0.01 
IT = 
N02= 0.01 
1wR= 32.00 
ELE= am.00 

DAT- 1974. 
SPC= 07.00 
MC, = 2.70 
cu = u:: 
N02= 
11m= 26.00 
ELE= 220.00 



36 ID*=8-3758-01 " P = h x L L  
PH = 7 .50  SPG= 
2&K= Ill§= 1079.00 
CA = 31.00 SR = 
ZN = HG = 
CL = 459.00 RR = 
N03= 1.50 P04= 
SE = PEE= 

LOC=KAILIJA KOXA LAT.L9N= 193750. 1555895.00 
'EM= 27.00 FLO= ER = 
N A  = 247.00 %IC = m3 :: 

FE = FET= F z  0.20 
s3 = PI3 AS = 

CO2= I.ES= N84= 
79.00 cos= KCO-: 56.00 CIIR:: 

I s  2 P =  I? = 

D i \ P  1974. 
SPC= 

CiJ = 
lj  = 
N03= 
lit'&= 
ELE= 

r x  = 27.00 

COU=l€A..AI I 
T E D =  
sus= 
nA = 
D =  
I =  
SIO= 43.00 
CD = 

KAD= 
L I  = 
pfJq :: 

AL = 
os = 
SO.&= 
CR = 

WUt= 
L I  = 
MIV = 
l a =  
02 c 
S04= 
CR = 

Wfm- 
LI = 
M3i = 
AI, = 
02 = 
S04z 
Cli = 

lviy) = 
LI = 
f i z  
0% s 
SO4= 
CR = 

rm = 

WlUt = 
LZ = 
m =  
AL = 
02 = 
S04= 
CR = 

37 ID#=8-3802-01 ' I"=biLL 
PIT = 7.40 SPG= 
l a K =  3t3.00 DIS= 80.00 
CA = 5 .60  S R  = 
ZN = 0.01 HG = 
CL = 3.40 BR = 
N03= 0.50 P04- 
SE = 0.00 Prn= 0.00 

COU= H A W A  I I 
W D =  458.00 
SUS= 
BA = 0.30 
I ? =  
I =  
SIO= 37.70 
CD = 0.09 

LOC~IaAlSU 
0.08 'mM= 

NA = 
0.03 FE = 
0.02 PB = 

C02= 
6.20 C03= 
0.01 AG = 

1 (9-31 LAT, LON= 
24.80 PLO- 
6.00 K = 
0.02 PET= 
0.01 As = 

ES. 
ECO= 

0.01 P = 

193802. 1550202.00 
ER = 

2.00 m = 
p :  0.12 

0.00 5B = 
NR4- 

36.00 CAR= 
N e  

DAT- 1973. 
SPC= 78.00 

ClJ = 0.02 
u =  
NO2= 0.01 
H.m= 40.00 
ELE= 215.00 

1% = 1.80 

38 ID*=8-3002-02 m P = b i L L  
PH =' 7.40 SPG= 
ALIP 37.00 UIS= 80.00 
CA = 4 . 9 0  sn = 
2N = 0.02 IIG = 
CL = 5.40 BR = 
N03= 0.36 PO4= 
SE = 0.00 PHE= 0.00 

COU= HAWAI I 
hTD= 458.00 
SlJS:: 
1YA s 0.10 
B =  
I =  
SIO= 34.60 
CD = 0.01 

LOC= RL';hiU-% 1 - m .  LON= 
0.08 TEN= 24.50 FLO= 

NA = 5.00 K = 
0.01 FE = 0.00 FET= 
0.10 PI3 = 0.01 11s = co2= IGS:: 
5.60 CO:% NCO- 
0.01 AG = 0.01 P = 

193803. 1580202.00 
]?H :. 

2.00 l?B J 

P 0.10 
0.01 SI3 = 

NR41 
86.00 C A R =  

N = 

DAT= 1974. 
SPC= 70.00 
MG = 2.80 
cu = 0.02 
1J = 
NO"= 0.01 
Ern= 22.00 
ELE= 215.00 

39 ID#= 8-3802-03 TW= WLL 
PH = 7.80 SPG= . 
ALK; 30.00 DIS= 85.00 
CA = 6.90 SR = 
ZN = HG = 
CL = 3.50 BR = 
N03- P04= 0.21 
SE = PHE= 

COU= mm1 I 
WED= 379.00 
8US= 
BA = 
B =  
I =  
SIO= 36.00 
CD = 

LOC=KEAATJ HILL- 1 LAT, LON= 
13.40 TEN= 113.58 FLO= 

N A  = 6.50 K = 
0.00 FE -A 10.00 FET= 

PB = AS = 
co2= 0.98 B28= 

6.20 cod= HCO= 
AG = P =  

193804. 1580202.00 
ER = 

2.00 R13 = 
F r  0.10 
SB = 
IVH4= 

36.00 CAR= 
0.07 11 = 0.49 

13151'; 1974. 
SPC= 03.00 
PIG = 3. 10 
cu = u =  
N02= 
IwR= 30.00 
ELE= 214.00 

40 IDa=8-3802-04 T Y P = t i L L  
PB = 1.40 SPG= 
ALK= 33.00 DIS= 02.00 
CA = 8.80 SR = 
ZN = HG = 
CL e 4.00 BR 
N03= 1.50 P04= 
SE = PHI+ 

cou= FIAVfiII 
bTD= 311.00 
S1JS= 
BA = 
B =  
I =  
SIO= 36.00 
cn = 

LOC=IEAAU MILL-:! LAT. LON= 193806. 1550202.00 
12.40 "EM= 22.00 FLO= . ER = 

NA = 5.20 IC = 2.10 RB = 
YE = FET= 17 = 0.10 
PI3 = A s 3  SI3 = 
coa= ]as= N H 4 =  

5.50 co3= DCOz 313.00 CAR= 
AG = P =  N =  

1);1T= 1972. 
SPC= 88.00 

cu = 
u =  
N02= 
E&R= 27.00 
ELE= 214.00 

PrG = 3.30 

c 



4 1 ID#=8-3802-05 TYP=VTLL cou= ElWlI I 
PH = 7.40 SPG= wm- 375.08 
tKK= 3 1.00 D IS= 8 1. 00 SUS= 
CA = 5 . 5 0  SR = BA = 
ZN = HG = B =  
CL = 4.00 BR = I =  
NOS= 1.50 PO-%= SIO= 36.00 
SE = PHE= CT) = 

=%ELL COlJ=I&lVAI I 
t i D =  131.06 

&I(= 29.00 DIS= 197.00 SUS= 
CA = 7.80 SR = BA = 
ZN = EG = 
CL = 64.00 BR = 
N03= 3.60 P04= 
SE = PHE= CD = 

PH = 6.00 SPG 
ALK= 36.00 DIS= 353.00 
CA = 8.90 SR = . 
ZN = HG = 
CL = 156.00 BR = 
N03= 3.60 PO43 
SE = PHE= , 

I =  
SIO= $3.00 
cn = 

44 ID#=8-40@3-0 1 "IT= KELL COU=XAW\I I 
Pi3 = 7.80 SPC= VED= 306.00 
ALIC= 37.00 DIS= 76.00 SUS= 
CA = 6.80 SR = BA = 
ZN = HG = B =  
CL = 4.00 BR = I =  
N Q 3 =  PO4= SIO= 34.00 
SE = PEE= CD = 

WAD= 
LI = 
M? = 
f1L = 
02 = 
65043 
C l i  = 

45 ID*=8-4003-03 mP=hXLL 
PH = SPG 
XI<= 44.00 DIS= 80.00 
CA = 7.20 SR = 
ZN = 0.01 IIG = 
CL = 4.00 BR = 
N03= 0.34 P04= 
SE = 0.00 Prn= 0.00 

cou=Rt~TfAI I 
kiD= 302.00 GAD= 
SUB= L X  = 

B =  Ma = 
I =  02 :: 
SIO= 36.60 S04= 
CD = 0.00 CR = 

RA = 0.10 I'IN = 

LOC=rnAfUJ ORCII-2 
8.10 mi= 19.50 

N i l  = 90.00 
PE :: 
PB = 
C O 2 =  

25.00 C03= 
AG = 

LOC=PAITfU:wA- 1 
13.10 TEM= 20.00 

N A  = 5 .  10 
FE = 
PR = 
c02= 2.30 

0.00 C 0 3 =  
AG = 

19393'7. 15500-1.3.00 DAT=1974. 
ER = !SPC= 300.00 

3.80 IU3 = ?E = 7.10 
1' :: 0 .  10 CIJ = 
!E3 = IJ = 
N34= ]$(13-: 

44.80 CAR= I T M I =  51.00 
1.16 ELE-2 92.00 a.07 I? = 

193934. 1850U-t8.80 
1% = 

5 .60  RD = 
F =  0.10 
SB = 
IW4= 

44.00 cm= 
ri = 

1941035. 1558335. C0 
En = 

1.80 l3.B = 
p =  0.00 
SB = 
r! s 

45.00 CAR= 
N =  

194040. 1550352.00 
1"i = 

1.80 N3 = 
]? :: 0.22 

0.01 SI3 = 
N 114 = 
CAR- 
N =  

mr= 1974. 
six= 300.00 
EG = 13.60 
cu = 
1J = 
E m =  
!TAR= 45.09 
ELE= 95.00 

DAT= 1973- 
BPC= 93.00 
l;;c, = 2-70 
cu = 
u =  
1W2= 
H A I b  28.00 
ELE= 206.00 

DAT= 1974. 
SPC= on.00 
rfc: = 2.30 
CIJ = 0.02 
u =  
N03= 0.01 
IIAn= 30.013 
ELE= 201.00 
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8 1 r D.a= 8-7448-04 TIP= ~ L L  C O T J = E ~ ~ , ~ ~ \ I  1 
PH = 7.30 SPG= hTD= 413.00 
i 5 i I G  D I S = .  8US- 
CA = 9.40 sn z- 1311 = 
ZIP = HC = B =  
CL = 42.00 BR = I =  

SE = PIE- CD = 
N03= 0.20 P04= SIO- 38.00 

83 1~#=8-r44a-o5 T Y P = ~ L L  COTJ=EWAI I LOC=UN ION HILL-2 LAT, LON= 20 1430. 188484 1.00 
PH = SPG= KED= 522.00  WAD^ 7.10 TEN= 22i.08 FLO= = 
A X =  96.30 DIS= SUS= L I  = N A  = 43.00 IC = 4.90 R13 = 
CA = 16.00 S R  = 1315 = 0.50  la = 0.03 Plf = 0.09 iwr= 1' = 
2IY = 0.01 nc = B =  1u, = 6.14 PI3 = 0.01 115 = 0.00 $33 = 
CL = 129.00 BR = I =  02 = ca2= 1I25= II 114 = 
N03= 0.58 P04= S I O =  31.20 S04= 13.00 COS= ECO= 118.00 
SE = 0.01 PHE= 0.00 CD = 0.00 CR = 0.05 AG = 0.01 P = N =  

83 f~#=~-7650-01  TYP=TUNNFL COTY=HAVAI r LOC=HOEA SHUT LAT, L O N =  201603. 1555032.00 
PH = 6-90  SPG= biD= Gl.00 VAD= 2.08 TLI%= 21.00 FLO= En = 
ALK= 75.00 DIS= 320.00 SWS= I1 = N A  = 92.00 rc = 4.40 N3 = 
CA = 4.50 SR = . BA = in? = 0.00 FE = 40.00 ivr= F = 8.30 
ZN = liG = B =  AL = 1'13 = lie f: SH z 
CL = 71.00 ER = I =  02 = c02= 113.08 129- N&;G 
N03= P04= 0.89 SIO= 38.00 B04= 26.00 CO3= HCO= 9 1.00 ClU%= 

0.29 N = SE = PIE= CD = CR = AG = P =  0 .  a8 

8 4  ID#=8-?652-01 TPP=TUNIJEL COiJ=HAt&II I LOC=WAIICIUIIE S ~ T T  w r .  LON= 201m3. 1 x m i 7 . 0 0  
PH = 6.90 SPC= bTD= 42.00 WAD= 0.50 TEN= 22.00 FLO= E11 = 
ALK= 118.00 DIS= 962.00 SUS= L1 = N A  = 290.00 K = 13.00 ItB = 
CA = 15.00 SR = tlA = m = 10.00 FE = 40.00 F w -  F = 0.40 
ZN = HC 2 B =  :1L = PB = 1s = S B  = 
CL = 560.00 BR = I =  0% = cc2= 29.00 rnS= NB4= 
N03= P04= 1.10 SIO= 54.00 804= 63.08 C03= HCO= 144.00 CAR= 
SE = PETE= CD = CR = AG = P =  0.36 R = 1.60 

D x r =  1 ~ 3 .  
SPC= 259.80 
m '. 7.00 
ClJ = 
u =  
N 0 3 =  
Rrn= 
ELK= 311.00 

rm= 197 1 .  
SPC= 510.00 
PIG = 1.30 
CIJ = 0.02 
1J = 
N02= 0.01 
luR= oa.00 
ELE= 420.00 

DAT= 1974. 
SPC= 416.00 
FIG = 6.20 
cu = 
IJ = 
N!E= 
II!sR= 37.00 
ELE= S 2 . 0 0  

DAT= 1974. 
SPC= 2000.00 
PlG = 27.0O 
cu = 
u =  
N02= 
HAR= 130.00 
ELK= 33.00 



€ c c. c 
6 
I 

TABLE 2 Maui 

CoU=MAUI 
%ED= 382.00 
sus= 
EA = 
E =  
I =  
SIO= 41.00 
CD = 

._ . 

1 IDcc=6-3925-V* TYP=hELL 
PB = 7.35 SPG7 
&LE= 200.00 DIS= 1110.00 
CA = 49.60 SR: 
28 = 0.10 HG = 
CL 500.00 BR = 
N03= 7.10 P04= 
SE = 0.01 PEE= 0. 00 

LOC=MAKENA-60 LAT, LON= 2039 12. imi2559. 00 
0.40 TEM= 20.00 FLO= EH = 

nA = 255.00 K = 23.00 RR = 
8.05 FE = 0.13 FET= F = 0.10 
0.05 PB = 0.01 As = 0.81 SB = 

CO2= H2S= IPII4= 
50.00 C03= HCO= 244.80 CAR= 0.00 

AC = P =  A =  

DAT= 1964. 
SPC= 
MG = 64.28 
cu = 0.10 
u =  
n02= 6.00 
HAR= 388.00 
ELE= 352.00 

vim= 
L I  = m =  
A L =  
02 = 
S04= 
CR = 

WAD= 
L I  = 
m =  
A t =  
0 2 -  
S04= 
CR = 

vm= 
L I  = m =  
A L =  
02 = 
S04= 
CR = 

L' 

WAD= 
L I  = m =  
A L =  
02 = 
SO4= 
CR = 

W M =  
LI = m =  
A L =  
02 = 
S04= 
CR = 

Y 

\ 

LOC=W&ILEA-2 LAT. LON= 20412%. 1562621.00 
2.00 "EM= 19.00 FLO- . EE = 

NA = 200.00 K = 21.00 RB = 

PB = A s =  SB = 
c02= 1.60 Fl2S= "4= 

57.00 C03= HCO= 122.00 CAR= 

FE = 20.00 FET= F = o:te 

AG = P = 4.80 A = 3.90 

DAT= 1974. 
SPC- 2008.0Q 
MG = 28.00 
cu = 
u =  
N02= 
HAR= 178.80 
ELE= 181.00 

cou= mu I 
W D =  198.00 
sus= 
BA = 
B =  
I =  

8 I O =  45.00 
cn = 

2 fDa'6-4126-02 TYP*WXL 
PH = 8.18 SPG= 
A L P  100.00 DIS= 958.00 
CA = 21.00 S R  = m =  HG = 
CL = 460.00 BR = 
N03= 17.00 P04= 15.00 
SE = PEE= 

DAT= 1974. 
SPC= 1440.00 
MG = 18.00 
cu = 
TJ = '  
N02= - 
IwR= 110.00 
ELE= 130.00 

LOC=TFSK 3-9-0 1-3 LAT, LOR= 204635. 156270 1.00 
TEM= 23.50 FLO= EH = 
NA = 240.08 K = 20.00 RB 

PB = A s -  SB = 
C02= 9.68 € E S =  "41 

AG = P = 0.29 A = 3.50 

F = 0.30 0.00 FE = 40.00 FET= 

44.00 C03= HCO= 239.80 CAR= . 

' cou=muI 
Tim= 200.00 
sus= 
BA = 
E =  
f =  
SIO= 59.00 
CD = 

3 ID*=6-4627- 14 TYP=WELL 
PH = 7.60 SPG= 
ALK= 196.60 DIS= 799.08 
CA = 13.00 SR = 
219 = HG = 
CL = 280.00 BR = 
N03= 13.00 P04= 0.89 
SE = PEE= 

LOC=KXHE I SHAFT LIST. Lam= 204721. i562?45.00 
3.50 "EM= 24.30 FLO= m =  

RA = 434.00 K = 23.00 RB 3 
FE = FET= F =  0.40 
PB = As= SEl = 
c02= H2S= "4- 

93.00 C03= 0.00 HCO= 559.00 CAR= 
AG = P =  n =  

D A P  1973. 
SPC= 2850.00 
MG = 64.00 
cu = 
U =  
N03= 
"I= 298.00 
ELE= 26.00 

4 ID#=6-4727 
PH = 7.00 
ALK= 295.00 
CA = 54.00 
219 = 
CL = 575.00 
N03= 6.80 
SE = 

-01 TYP=TUNREL 
SPG= 

SR = 
EG = 
BR = 4.40 
PO4= 0.00 
PEE= 

DIS= 1600.00 

cou= mu I 
KED= 23.00 
GUS= . .  
BA = 
B = 0.90 
I = 0.04 
SIO= 48.08 
CD = 

LOC=RIHEI EWLOR LAT, LOIT= 204827. 1562422.00 
2.80 TEM= 24.00 FLO= EB = 

NA = 95.00 K = 11.00 RB = 
FE = FET= F = 8.80 
PB = A s =  SB = 
c02= E2S= NH4= 

16-08 C03= 0.00 HCO= 232.00 CAR= 
AG = P =  n =  

DAT= 197 1 .  
SPC= 612.00 
MC = 10.00 
cu = u : :  
NO2= 
HAR= 102.00 
ELE= 593.00 

5 I D*=6-4824-8 1 TYP= bTLL 
PH = 7.70 SPG= 
ALK= 190.00 DIS= 408.00 
CA = 11.00 SR = 
ZN = HC = 
CL = 73.00 BR = 
R03= 12.00 W4= 0.08 
sE=  PEE= 

cou= MAU I 
WED= 64.0.00 
sus= 
BA = 
B =  
I =  
S I O =  87.00 
CD = 
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T A B L E 3  Molokai I 

1 IDa=4-0449-01 TYP-hXLL 
PH = 7.10 SPGO 
ALK= 57.00 DIS= 204.00 
CA = 9.20 S R =  
ZN = HG = 
CL = 65.00 BR = 
N03= 3.50 P04= 0.34 
SE = PHE= 

--I 

cou= MOLOKAI 
kXD= 43.00 
SUS: 
RA = 
B =  
I =  
SIO= 47.00 
CD = 

LOC= UALhpUP. LA", LOX= 
WAD= 4.10 "JIM= 20.00 FLO= 
L I  = NA = 39.00 K = 
m =  FE = 10.00 FET= 
A L =  PB = A s =  

S04= 7.70 C03= HCO= 
CR = AG = P =  

02 = c02= 8.90 ms= 

2184492. 1564958.01 
ER = 
F = 0.10 
SB = 
"4= 

70.00 CAR= 
0.11 N = 0.23 

3.70 RB = 

DAT= 1974. 
SPC= 360.08 m =  7.70 
cu = 
U =  
1902.: 
HAR= 55.00 ' 

ELE= 40.00 

2 ID#=4-0457-01 TYP=TolflQL COU=MOLOKAI 
PH = 6.30 SPG= %XD= 38.00 

LOC= KAtYXLA 
xAD= 1.90 TEN= 
L I  = NA = m =  FE = 
A L = .  PB = 
02 = c02= 
804. 12.00 C03= 
CR = AG = 

LAT, LON= 
21.50 FLO= 
38.00 K = 
213.00 FET= 

A s  = 

HCO= 
P =  

38.00 ms= 

210419. 1565705.01 
EH = 

3.60 RB = 

SR = 
NH4= 

48.00 CAR= 

F =-  

1.40 N .  = 0.28 

DAT= 1975. 
SPC= 280.80 
MG = 11.00 
cu = 
u =  
N02= 
EAR= 70.00 
ELE= 36.00 

h K =  39.00 DIS= 223.00 
CA = 13.00 SR = 
ZN = HG 
CL = 58.00 BR = 
N03= 0.10 PO4= 4.30 
.SE = PHE= 

sus= 
BB = 
B =  
I =  
SIO= 32.00 
CD = 

- 
DAT= 1975. 
SPC= 2850.00 
KG = 55.00 
cu = 
u =  
N02= 

ELE= 17.00 
HAR= 370.00 

3 ID-4-0603-01 TYPWELL 
PH = 7.70 SPO 

CA = 57.00 SR = 
2N = EfG = 
CL = 750.00 BR = 
R03= P04= 3. i0 
SE = PHE= 

ALK= 176.00 DIS= i320.m 

cou= MOLOKAI 
*XI)= 17.00 
SUS= 
RA = 
B =  
I =  
S I O =  53.00 
CD = 

LOC=UMIPM DV14 LAT.LON= 210638. 1570326.83 
1.10 "EM= 24.50 FLO= EII= 

NA = 320.00 K = 28.00 RB = 
110.00 FE = 60.00 FET= F = 0.20 

PB = As= m =  
c02= 6.80 H28= NH4= 

63.00 C03= HCO= 214.00 CAR= 
AG = P =  1.00 n = 0.75  

WAD= 
LI = 
M N =  
A t =  
02 = 
S(14= 
CR = 

&. I ,  

%All= 
L0C= m u m 0  I UT. LON= 

8.00 TEM= 23.00 FLO= 
RA = 240.00 K = 
FE = 53.00 F E P  
PB = As= 
c02= 0.70 H2S= 

58.00 CO3= HCO= 
AG = P =  

- 1  21071 1. 157OoO5.00 'DAT= 1974. 
EH = SPC= 1700.00 

13.00 RB = MG = 36.00 
F = 0.10 cu = 
SB = u =  
"4= NO2= 

42.00 CAR= m= 200.00 
0.06 N = 0.38 ELE= 982.00 

4 1D*=4-07OO-B 1 TYP=kFlLL 
P H =  8.00 SPG 
A€.K= 34.00 DIS= 883.80 
CA = 22.00 SR = 
ZN =' HG' = 
CL = 440.00 BR = 
N03= PO4= 0.18 
SE = PFiE= 

cou=mLoKA I 
hiD= 1080.00 
SUS= 
BA = 
B =  
I =  
SIO= 49.08 
CD = 

L t  = m =  
A d =  
02 = 
S04= 
CR = 

5 ID*=4-0801-01 TYP=bTLL 

ALK= 39.00 DIS= 193.00 
CA = 8.80 SR = 
ZN = HG = 
CL = 63.00 BR = 
N03= 1.50 P04- 0.25 
SE = PHE= 

PH = 0.00 SPG 
COU=rnLOKAI 

WED= 1095.00 
sus= 
BA = 
B =  
I =  
SIO= 44.00 
CD = 

, '  

LOC=KAULU%AI LAT,LON= 210856. 15?0112.01 
WAD= 10.70 TEM= 21.00 FLO= E13 = 
L I  = NA = 30.00 K = 2.80 RB = 
Hll = .  10.00 FE = 130.00 FET= F =  0.10 
A L =  PB = A s  = SB = 
02 = coa= 0.86 II2S= NE4= 
604= 13.00 C03= HCO= 48.00 CAR= 
CR = AG = P = 0.08 N = 0.39 

DAT= 1975. 
SPC= 310.00 
M G =  9.70 
cu = 
u =  
N02= 
BAR= 62.00 
ELE= 1005.00 



6 ID#=4-090 1-0 1 TYP=WELL 
PH = 0.00 SPG= 
ALK= 37.00 D I S =  153.00 
CA = 7.80 SR = 
ZN = HG = 
CL = 56.00 BR = 
N03= P04= 0.25 
SE = PEE= 

7 ID*=4-0902-01 TYP=k'ELL 
?H = 7.30 SPG= 
ALK= 32.00 DIS= 6811.00 
CA = 163.00 SR = 
ZN = 0.80 HG = 
CL = 340.00 'BR = 
N O 3 1  0.80 P04= 
SE = 0.01 PBE= 0.01 

~*=4-1011-01 TYP=tiELL 
SPG= 

LK= DIS= 4764.00 
:A = 393.00 SR = 
Ln = HG = 
CL = 2090.00 BR = 
N03= P04= 
SE = PHE= 

COU= MOLOKAI 
tiED= 1064.08 
sus= 
BA = 
B =  
I =  
SIO= 47.00 
cn = 

COU= MOLOKA I 
kTD= 963.00 
sus= 
BA = 
B =  
I =  

CD = 
810- 38.80 

COU= MOLOKA 1 
WED= 540.00 
6US= 
BA = 
B =  
I =  
8 IO= 
CD = 

wm= 
L I  = 
m =  
A L =  
02 = 
S04= 
CR = 

WAD= 
L I  = 
m =  
A L =  
02 = 
S04= 
CR = 

W&D= 
L I  = m =  
A L =  
02 = 
so4= 
CR = 

LOC-KALUALOHE LAT,LOn= 210903. 1570130.00 
10.60 "EM= 19.50 FLO= EH = 

NA = 21.00 K = 2.80 RR = 
FE = 60.00 FET= F =  0.10 
PB = A s =  SB = 
c02= 0.70 H2s= NH4= 

7.10 C03= HCO= 45.00 CAR= 
AG = P = 0.08 n = 0.32 

LOC= mALAPw LAT,LON= 210929. 1578210.00 
10.50 TEM= FLO= EH = 

HA = 66.00 K = m =  
FE = 0.00 F E P  F =  0.10 

1.60 PB = 0.01 1 1 s  = 0.01 SB = 
c02= H2S= NH4= 

29.80 C03= HCO= 51.00 CAR= 
AG = P =  I p =  

LOC=KAHALELM I LAT, LOIT= 2 1 1020. 157 1 155.00 
8.60 TEM= 33.00 FLO= EB = 

NA = 820.00 K = . R B =  
FE = FE- F =  
PB = A s =  SB P 
c02= H2S= HH4= 

244.00 C03= HCO= 44.00 CAR= 
AC = P =  r e =  

DAT- 1975. 
SPC= 290.00 
MG = 8.00 
cu = 
u =  
n02= 
m= 52.00 
ELE= 901.00 

DA'P 1954. 
SPC= 
MG = 64.00, 
cu = 0.01 
u =  
N02= 
EAR= 679.40 
ELE= 809.00 

IIAT= 1945. 
SPC= - 
KG = 395.00 
cu = u =  
N02= 
HAR= 
ELE= 503.00 



CL 6 e 2. c 

TABLE 4 Oa hu 

1 TD#=3-1749- 
PH = 7.30 
ALK= 49.00 
CA = 3.60 
ZN = 
CI. = 2oa.m 
N03= 
S E  = 

. .  

28 TYP=tiELL LG~.~=O.AHU 
S P G =  kEU= 411.80 
DIS' 501.00 SUS= 
SR = BA = 
HG = B =  
B R  = I =  
P04= sio= 55.00 
PFE= CD = 

LOC= w r m u  LAT , LON= 
26.50 "EM= 22.00 n o =  

NA = 160.00 K = 
F E  = FET= 
PB = m =  
c02= H2S= 

36.00 C03= HCO= 
AG = P =  

2 1 17 12 .  15749 12.00 DAT= 1972. 
ER = SPC= 834.00 

3.70 RB = MG = 4.40 
F =  0.10 cu = 
S B  = u =  
NH4= N02= 

60.00 CAW EwR= 27.00 
N =  ELE= 11.08 

Kb= 
L I  = 
m =  
A L =  
02 = 
S04= 
CR = 

1 

2 ID*=3-1849-10 TYP=VELL COWOARU 
P H  = 7.50 SPG W?D= 315.00 
a#= 121.00 D I S =  220.00 SUS= 
C A  = 5.60 SR = EA = 0.10 
ZN = (3.01 HG = B =  
CL = 18.00 BR = I =  
N 0 3 =  0.99 P04= SIO= 29.70 
S E  = 0.01 PHE= 0.80 CD = c). 00 

L O C = M O A  
25.00 TEM= 

NA = 
0.03 F E  = 
8.15 P B  = 

co2= 
8.00 C 0 3 =  
0.05 AG = 

VALLEY WT.LON= 211813. 1574952.00 
25.00 FLO= EH = 
50.00 K = 6.20 RB = 
0.02 FET= F =  0.05 
0.01 As = 0.00 S B  = 

ms= NE4= 
HCO= 148.00 CAR= 

0.03 P = n =  

D A P  197 1 .  
SPC= 
MG = 6.50 
cu = 0.02 
u =  
NO2= 0.01 
IwR= 40.00 
ELE= 36.00 

WAD= 
L I  = 
m =  
A L =  
02 = 
S04= 
CR = 

3 I D C = ~ -  ias 1-09 T Y P - ~ L L  
P H  = 9.00 SPG- 
ALR= D I S -  265.00 
CA = 15.08 SR = 
ZN = ' HG = 
CL = 88.00 B R  = 
N O 3 =  P04= 
SE = PIE= 

. cou=oANu 
&'ED= 765.00 
sus= 
BA = 
E =  

LOC=RhWAIHAO CH LAT.LON= 211829. 1575139.00 DAT= 1972. 
24.70 "EM= 21.00 FLO= EH = SPC= 362.0O 

NA = 42.00 K = 4.00 RB = MG = (3.00 
FE = FET= F =  0.10 cu = 
P B  = fi- = S B  = u =  
co2= H28= NH4 = N02= 

12.00 C 0 3 =  AGO= 35.00 CAR= HA& 71.00 
AG = P =  n =  ELE= 14.00 

WAD= 
L I  = m =  
AL = 
02 = 
so4= 
CR = 

1 : :  
S I O =  17.00 
CD = 

4 ID*=3- 1952-04 Tw= &ELL 
PH = SPG= 
ALIC= D IS-  
CA = SR = 
ZN = HC, 

NO:)= P04= 
SE = PHE= 

CL = i ia .oo DR = 

LOC= KAPUAMA LAT, LON= 
28.80 TEM= 26.08 FLO= 

NA = K =  
F E  = FET: 
PB = As= 
c02= ms= 
C03= HCO= 
AG = P =  

cou=oAHu 
&TED= 150.00 
sus= 
EA = 
B =  
I =  
SIO= 
CD = 

21 1950. 1575202.00 DAT= 1976. 
EH = SPC= 
R B =  MG = 
F =  cu = 
S B  = u =  
NH4= N02= 

, cm= m= 
N =  ELE= 16.80 

trill)= 
L I  = m =  
AI.= 
02 = 
SOB= 
CR = 

LOC= WAIMrUQALO EAT, LON= 2 12002. 15743d7.08 
"EM= 25-00 FLO= EH = 
NA = 920.08 K = 36.00 RB = 

10.00 FE = FET= F =  0.20 
PB = A s =  S B  = 
c02= 14.00 E S =  NH4= 

220.00 C03- HCO= 224.Q0 CAR= 
AG = P =  0.11 n = 5.70 

5 ID#=3-2042-13 TYP= WELL 
P H  = 7.40 SPC' 
ALK= 184.00 DIS- 3300.00 
CA = 158.00 SR = 
ZN = IIG = 
CL = 1500.00 B R  = 
N03= 26.00 P04= 0.34 
S E  = PHE= 

COTJ= OAHU 
%TD= 160.00 WAD= 
sus= L I  = 
BA = m =  
E =  f#J..= 
I =  02 = 
S10= 26.00 S04= 
CD, = CR = 

DAT= 1975. 
BPC= 4900.00 
MG = 110.00 
cu = 
u =  
N02= 
HAR= 830.00 
Em= 50.00 



WAD= 
L1 = 
M N =  
A L =  
02 = 
504. 
CR = 

WAD= 
L I  = 
m =  
A L =  
02 = 
S04= 
CR = 

WAD= 
L I  = 
m =  
A L =  
02 = 
S04= 
CR = 

%AD= 
L I  = 
M N =  
AI. = 
02 = 
S04- 
CR = 

vAD= 
L I  = 
M N =  
AI.= 
02 = 
S04= 
CR = 

LOG= WAIMAIPALO LAT,LON= 212059. 1874333.00 
31.50 TEM= 38.00 FLO= EH = 

Nb = 28.00 K = 1.10 RB = 
FE = F E P  F =  0.10 
PB = A S =  SB = 
c02= HZS= NH4= 

5.40 C03= HCO= 84.00 CAR= 
AG = P =  N =  

DA'I='1970. 
SPC= 218.00 
MG = 2.80 
cu = 
U =  
HO2= 
HdR= 47.00 
ELE= 26.00 

'L 

6 ID*=3-2043-0 1 Typ=bTEIJ.. 
PH = 7.30 SPG- 
ALK= 69.00 DIS= i3a.00 
CA = 14.00' Sll = 
ZN = HG = 
CL = 24.00 BR = 
N03= 0.10 P04= 
SE = PEE= 

cou= o m  
"ED= 730.00 
sus= 
EA = 
B =  
I =  
SIO= 22.00 
CD = 

7 ID*=3-2043-02 ' c " y p = k ~ L  
PH = 6.90 SPC= 
:LK= 121.00 DIS= 
iA = 12.00 SR = 
ZN = 0.01 HG = 
CL = 27.00 BR = 
N03= 1.90 P04= 
SE = 0.01 PHE= 0.00 

LOC=VAI M A L O  UT, LON= 2120 12. 1574322.00 
29.00 "EM= 25.00 FLO= Eli = 

NA = 36.00 K = 1.00 RB = 
0.03 FE = 0.30 FET= F =  0.05 
0.19 PB = 0.02 As = 0.00 SB = 

c02= H2S= NH4= 
10.00 C03= HCO= 148.00 CAR= 
0.05 AG = 0.01 P = I f =  

Db% 197 1. 
SPC= 
MC, = 6.80 
cu = 0.02 
u =  
N02= 0.01 
Hn= 60.00 
ELE= 142.00 

cou= o m  
WED= 280.00 
sus= 
BA = 0.10 
E =  
I =  
SIO= 35.60 
CD = 0.00 

8 IDe3-2052-07 TYP=bXLL 
PH = 6.90 SPC= 
.'.E: 157.00 DIS= 512.00 

= 20.80 SR = 
0.01 HG = 

03- 1.20 P04= 
- :?0.00 BR = 

GE = 0.01 PHE= 0.00 

cou= o m  
tiED= 321.00 
sus= 
EA = 0.10 
E =  
I =  
SIO= 20.20 
CD = 0.00 

LOC=KtPALAMA AVE LAT.LON= 212016. 1.515212.00 D A P  1971. 
25.70 "EM= 

NA = 
0.03 FE = 
0.17 PB = 

c02= 
37.00 C03= 
0.05 AG = 

- 
26.00 FLO= EX = SPC= 
70.00 K = 8.00 RB = MG = 36.00 
0.02 FET- F =  0.05 CU = 0.07 

n =  0.03 AS = 0.00 SB = 
H2S= NH4= 
HCO= 191.00 CAR= 

0.01 P = n =  
iO2= 0.01 
HAR= 198.00 
ELE= 80.00 

LAT, LON= 2 12022. 15753 17 00 DAT= 1970. 
30.00 FLO= EH = SPC= 
6.00 IC = 3.40 RB = MG = 11.00 
0.02 FET= F =  0.15 CU = 0.11 
0.01 A s  = 0.00 SB = u =  

E2S= NE%= N02= 0.01 
HCO= 84.00 CAR= IwH= 02.00 
P =  N =  ELE= 26.00 

9 r 1)#=3-2053-05 TYP= ~ L L  
PH = 6.60 SPG= 
ALK= 66.00 DIS= 660.00 
CA = 14.40 SR = 
ZN = 0.13 HG = 
CL = 60.00 BR = 
N03= 8.35 P04= 
8 E  = 0.01 PHE= 0.00 

COD= 01smJ 
%ED= 471.00 
sus= 
EA 
B =  
I =  
SIO= 41.60 
CD = 

LOC= KfkL 1x1 
23.00 TEM= 

RA = 
0.05 FE = 
0.02 PB = 

c02= 
9.00 C03= 

AG = 

10 ID#=3-2054-03 TYP=VJ?LL 
PH = 7.70 SPG= 
ALK= 32.00 DI8= 
CA = 3.44 SR = 
ZN = 0.10 HG = 
CL = 620.00 BR = 
N03= 1.86 P04= 
SE = 0.01 PHE= 0.00 

coo= o m  
KED= 668.00 
sus= 
EA = 
B =  
I =  
SIO= 28.40 
CD = 

LOC=PUULOA RU LIST, LON= 
21.00 TEM= 32-00 FLO= 

NA = 58.00 K = 
0.05 FE = 0.20 FET= 
9.05 PB = 0.01 AS = 

c02= €ES= 
25.50 C03= HCO= 

AG = P =  

212013. 1575413.00 
Ell = 

16.00 RE = 
F =  0.10 

0.01 SB = 
NH4= 
CAR= 
N =  

D A V  1965. 
SPC= 1900.00 
MG = 1.50 
cu = 0.10 
u =  
NO2= 0.00 
m=, 14.80 
ELE= C.00 1 

Q' 
c c"; 1. I CF 
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21 ~ir=3-2300-02 TYp=kiLL COIJ=OilRu 
8.10 ' SPG= WED= 214.00 

D IS= SIJS= 
PH = 
m K =  
CA = 19.00 SR = BA = 
ZN = HG = B =  
CL = 135.00 BIi = I =  
N03= 5.10 P04= SIO= 66.00 
SE = PEE= GD = 

c 

22 ID*=3-2300-01 TYp=TVTELL C!OU=OAHU 
PH = 7 . 0 0  SPG= l y 3 ? I l =  ' 

fiLLlC= 70.00 DIS= 504.00 SUS= 
CA = 44.00 SR = BA = 
ZN = 0.08 HG = n =  
CL = 89.30 BR = f .  

N03= 0.18 P04= SIO= 44.50 
SE = 0.01 PHE= 0.00 CD = 

23 IDP=3-2300-11 TM?=XTELL COU=OATlIJ 
, PH = 6.80 SPG= TvXD:: 302.00 

=IC= W . 0 0  DIS= 444.00 SUS= 
CA = 22.00 SR = BA = 
ZN = HG = B =  
CL = 180.00 5R = 1 .  
R03= P04= 0.55 SIO= 60.00 
SE = PHE= . CD = 

24 IP-'=3-2300-18 TYP=W?LL 
PB = 6.80 SPG= 
tlklT.. 44.00 D I S =  318.00 
CA = 16.00 sn = 
ZII = 0.04 HG = 
CL = 96.00 BR = 
N03= 43.86 Y04= 
S E  = 0.01 PHE= 0.00 

COU= OilRlJ 
bTD= 205.00 
SIJS= 
BA 
B =  
I =  
SIO= 6B.00 
CD 

25 XD*=3-230 1-0 1 'I"= bXLL COIJ=OAHU 
PH = a.20 SPG= WD= 425.00 
ALK= 45.00 DIS= sus= 
CA = 32.60 SR = n A  = 
ZN = 0.60 HG = B =  
CL = 51.00 BR. = I =  
.N03= 1-20 PO4= SIO= 67.20 
SE = 0.01 ?rn= 0.01 CD = 

_ .  . .  . . . . . . . . 

8 

w.ll= 
LT = 
la = 
BL = 

804= 
CR = 

03 :: 

W A D  = 
LI = 
MIY = 
AL = 
03 = 
604= 
CH = 

tfm= 
LL = 
Plly = 
A t  = 
02 = 
S04= 
CR = 

WIU) = 
L[ = 
MI? = 
AL = 
03 = 
SO4= 
CR = 

ruiu) = 
LI = 
MPI = 
AL = 
02 = 

cn 

LQC=XA IPiSfTJ LAT,LON= 212327. 1580002.00 'DAT=( 9.  
TEM= 23.00 FLO= = SlT= 666.00 
HA :: 00.00 R 3.60 XR = P1G = 23.00 

F : :  0.10 cu = FET= 
AS = sJ3 = IJ = 
]jZS:: NIT4- N02= 
IiCO= 88.0U cIm= IiA& 130.00 
p :: 11 = ELE= 10.00 

2 12322. 15a0038.00 Dxr= 1969. 
EH = SPC= 

0.30 R13 = PIG = 6.40 
F =  8.06  CIJ = 0.05 

0.00 SB = u =  
IW4= KO2= 

81.60 cm= HAH= 116.00 
Ii = ELE= 60.00 

LoC-tfAIPIw LAT, LON= 212342. 1580012.00 
21.50 TEK= 22.50 FLO- En = 

NA = 96.00 IC = 3.60 RB = 
FE = 10.00 FET= F =  
PD = &J = 8 B  = 
C03= 33.00 H 2 S =  NR4= 

31.00 C03= HCO- 89.00 CAR= 
0.18 IY = AG = P =  1.90 

LOC=WA I P I W  LA", LON= 2 12340. 15QOO 19.00 
24.20 "EM= 23.00 PLO-2 ER = 

P?A = 65.00 IC = 10.90 I?B = 
0 .05  FE = 0.02 F r r =  j 7 =  0.32 
0.01 PB = 0.01 AS = 0.00 SB = 

c02= H:"= 18124 :: 
HCO= 54.00 cIm= 
p :: N =  

28.00 C03= 
116 = 

LOC=tTA ILlCXLE PBIA IAT, LOR= 
13.80 TEPP 22-00 FLU= 

EA 2 K = 
8.80 FE = 0.10 FET= 
2.7'0 1'B = 0.01 AS 

c03= IQS= 
31.20 COS= 13CO= 

AG = P =  

DAT= 1975. 
S Y € =  700.00 
PIG = 19.00 
CIJ = 
U Z  
N02= 
IwR= 130.00 
ELE= 18.00 

DAT= 1968. 
SPC= 453.00 
PIG = 13.00 
cu = 0.0  I 
u =  
N02= 
RAR= 94.00 
ELF= 26.00 

nAT= 1954. 
SPC= 
PiG 2 10.76 
CU = 0.01 
1J = 
N02= 
IWR= 129.50 
ELE= 21.00 
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56 ID#=3-2901-08 mP=hZ!LL 
PH = 1.30 BPG= 
/ILK= 53.00 DIS= 166.88 
CB = 13.80 SR = 
ZN = 13G = 
CL = 19.00 BH. = 
N03= 2.80 P04= 
SE = pm2 

D A P  1972. 
SPC= 183.00 
PIG = 6.40 
cu = 
TJ = 
N02= 0.00 
Iii\R= 49.00 
ELE= 870.00 

212!345. I580 142.00 
ER 

1.40 IU3 = 
F =  0.10 

0.01 SB = 
NH4= 

66.00 CAR= 
N =  

DAT=1971. 
SPC= 201).00 1 

MC: = 7. DO 
cu = 0.02 
u =  
N02= 
1im= 55.00 
ELE= 873.00 

57 ID*=3-2901-09 TYP=3XLL 
PH = 6.90 SPG= 
ALK= 54.00 D I S =  303.00 
CB = 9.10 SR = 
ZN = 0.10 RG = 
CL = 21.00 BR 
NOS= 3.130 PO4= 0.00 
8E = 0.01 PIE= 0.00 

58 ID#=3-290 1- 11 "&T+iiLL 
PH = 7.50 SPG-. 
ALK= 54.00 DIS= 16G.00 
CA = 9.20 SK = 
2N = IIG = 
CL 2 19.00 UR 
K03= 3.80 P04= 0.65 
SE = 0.01 PEE= 

COU= OiUW 
vim:: 82 1.00 
SUS= 
DA = 
B =  
I =  
S I O =  74.00 
CD = 

Lot= WAB r AW U T ,  ],ON= 
WAD= 212.90 TEN= 21.50 FLO:: 
L I  J N A  = 16.80 IC = 
Ill? = 0.02 1'E = 0 .02  FET= 
AI, = PI3 = 0.02 AS = 
03 = 7.60 C02= 13.00 lES= 
S04= 5.90 C03= HCO= 
CR = 0.02 AG = P =  

212946. 1580141.00 
E n  = 

1.30 TtB = 
F = 0.10 

0.02 SR = 
NE4= 

66.00 CIUV 
N =  

DA'P 1972. 
SPC= 187.00 
PfG = 7.00 
CIJ = 0.62 
u =  
N02= 
HAR= 52.09 
ELE= 873.00 

59 IW=3-3902-01 mP=hTLL 
PH = 7.20 SPG= 
i?zK= 52.00 DIS= 177.00 
CA = 0.60 SR = 
ZN = HG = 
CL = 1'7.00 BR = 
N03= P04= 0.71 
SE = PHE= 

212948. 1580210.00 
E n  = 

1.40 R13 = 
F =  0.10 
S B  = 
NBk= 

63.00 CAR= 
0.23 I? 0.33 

DAT= 1974. 
SPC= 185.00 
MG = 6. LO 
cu = 
u =  
1?02= 
H?m= 47.00 
XLE= 866.00 

COU= OiUI1.r 
%ED= 986.00 
sus= 
BA = 
B =  
I =  
ero= 81.00 
CD :: 

60 ID*=3-2O 13-01 TYP=WZLL 
PH = 7.20 SPG= 
/ILK= 126.00 DIS= 354.00 
CA = 3,2.OQ SR = 
ZN = HC = 
CL = 92.00 BR = 
N03= P04= 0.25 
SE = PEE- 

LOC= Mf!JCiUIA 
83.50 TEPl= 

N A  = 
10.00 FE = 

PB = 
C 0 2 =  

6.60 C03= 
BG = 

LAT,LON= 212f352, 1581383.00 
20, 00 FLO= 1" = 
33.08 IC = 4.10 m = 

F x*p. p =  0.20 
AS = 613 = 

IICO- 184.00 cim= 
Y =  0.00; N = 1.90 

I G . ~  ius= rm4= 

DAT= 1976. 
SPC= 530.00 

cu = 
TJ = 
N02- 
liilR= 190.00 
ELE= 491.00 

r x  = 3o.00 

COTJ= OIUIU 
WED- 640.00 
SUS. 
B h  =, 
B :: 

I =  
SIO= 66.00 
CD = 

%ID = 
L I  = 

I l l ,  = 
0% = 
S04= 
ClE = 

:: 

E c I !  A?. LT: 
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WAD= 
L I  = 
M N =  
A L =  
02 = 
S04= 
CR = 

WAD= 
L I  = 
m =  
A L =  
02 = 
S04= 
CR = 

WAD = 
L I  = 
M N =  
A L =  
02 = 
S04= 
CR = 

KAD = 
L I  = 
M N =  
A L =  
02 = 
S04= 
CR = 

vAD= 
L I  = 
Prn = 
a =  
02 = 
S04= 
CR = 

LOC= KAOIPALEWA-7 
18.60 TEM= 22.00 

NA = 250.00 
FE = 
PB = 
c02= 

AG = 
143.00 COS= . 

LAT. LOIT= 220019. 159444a.00 
FLO= EH = 
K =  4.70 RB = 
FET= F = 0.10 
A s =  SB = 
H2S= NH4= 
HCO= 138.00 CAR= 
P =  N =  

D A F  1972. 
SPC= 3990.00 
MG = 228.00 
cu = 
u = ,  
n02= 
HAR= 
ELE- 8.00 

6 IDa=2-0844- 
PH = 7.70 
ALK= 
CA = 172.00 zn = 
CL = llRO.OO 
NOS= 0.80 
S E  = 

*13 TYP=WLL 
SPG= 
DIS= 
SR = 
HG = 
BR = 
P04= 
P E =  

COU= KAUAI 
hI.= 244.00 
sus= 
BA = 
B =  
I =  
SIO= 70.00 
CD = 

I,OC=ChMP 2 KS19 LAT, LON= 22005'3. 1594620.00 
11.80 TEM= 22.50 FLOZ Ell = 

NA = 49.00 K = 2.20 RB = 
FE = FET= F = 0.20 
PB = A s =  SB = 
c02= H2S= NH4= 

43.00 C03= HCO= 158.00 CAR= 
AG = P =  N =  

D A P  1972. 
SPC= 1230.00 
MG = 76.00 
cu = 
u =  
N02= 
HAW 
ELE= 0.00 

7 ID#=2-0045-01 "P=WJCLL 
PH = 8.10 SPG= 
ALK= D IS= 
CA = 59.00 SR = 
219 = HG = 
CL = 290.00 BR = 
N03= 1.00 P04- 
SE = PHE= 

COUr KAUAI 
WED= 193.00 
sus= 
EA = 
E =  
I =  
SIO= 67.00 
CD = 

LOC=CAMP 2 KS5 LAT.LON= 220055. 1594520.00 
18.60 TEM= 21.40 FLO= El3 = 

#A = 40.00 K = 1.70 RB = 
FE = FET= F = 0.20 
PB = A s =  SB = 
c02= H2S= "4= 

26.00 C03= HCO= 156.00 CAR= 
AG = *  P =  N =  

D A P  1972. 
SPC= 760.00 
MG = 47.00 
cu = 
u =  
NO2= 
HAR= 
ELE= 10.00 

8 ID*=2-0045-03 Typ=tuJ!XL 
PIX = 7.70 SPG= 
ALK= D IS= 
CA = 32.00 SR = zn = HG = 
CL = 145.00 BR = 

-= 0.90 PO4= 
PEE= 

COD= KMJAI 
VED= 263.00 
sus= 
EA = 
E =  
I =  
S10= 71.00 
CD = 

LOC=KALEPh RIDGE LAT,LON= 220136. 1592055.00 
10.00 "EM= 25.50 FLO= EH = 

NA = 94.00 K = 2.40 RB = 
20.00 FE = 40.00 FET= F = 0.10 

0.01 SB = 
c02= 6.60 H2S= NH4= 

32.00 C03= HCO= 206.00 CAR= 

0.60 PB = 0.03 As = 

AG = P =  0.09 n = 1.80 

DAT= 1975. 
SPC= 860.00 
MG = 33.00 
cu = 0.10 
u =  
NO21 
HAR= 220.00 
ELE= 12.00 

9 ID+=2-0 120-0 1 T Y P + h ~ L  
PH = 7.70 SPG= 
ALX= 169.00 DIS= 530.00 
CA = 32.00 S R  = 
ZN = 0.83 HC = 
CL = 168.00 BR = 
NO31 0.40 P04= 0.28 
SE = 0.05 P E =  0.01 

COW KAUAI 
WED= 240.00 
sus= 
EA = 
B =  
I =  
SIO= 77.00 
CD = 

LOC=KALEPA RIDGE I,AT,LON= 220134. 1692054.00 
10.00 TEM= 27.50 FLO= EH = 

NA = 95.00 K = 2.60 RB = 
0.05 FE = FET- F = 0.20 
0.01 PB = 0.01 AS = 0.00 sn = 

c02= H2s= NH4= 
23.00 C03= HCO= 202.00 CAR.= 

AG = P =  N =  

DAT= 1972. 
SPC= 722.00 
MG = 23.80 
cu = 0.01 
u =  
NO2= 0.01 
I€All= 140.00 
ELE= l2 .W 

10 ID#=2-012@ 
PH = 7.60 
AL.K= 166.00 

ZN = 0.01 
CL = 118.00 
N03= 13.00 
SE = 0.01 

CA = 0.00 

-02 TYP=rrnL 
SPG- 
D I S =  457.00 
S R  = 
HG = 
BR = 
P04= 
P E =  0.08 

COU= KAUAI 
&TED= 313.00 
sus= 
EA = 
B =  
I =  
SIO= 73.00 
CD = 

CD LF: 
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11 ID*=2-0 145-08 TYP=liELL COTJ=KATJAI LOC= MlLVA-4 kill', ISIN= 2% 148. 1594535.00 BAT= 1913. 
PB = 1 .80  SPG= KED= 246.00 XAD= 11.00 'mM= 22.59 FLO= En = SPC: 717.00 

1.50 l7B = Pic: = 44.00 
F =  0.20 CU = 

I IsLK= D IS= sus= L I  = N i l =  41.00 K = 
CB = 30.00 sn 2 BB = ra = FE = FET= 
ZN = HG = E =  a =  PB = 88 = SB = u =  
CL = 122.00 BR = I =  02 = CO2= IE8= IW4= NO32 
N03= 1.20 POB= SIO= 4'1.00 :$OLE= 22.00 C03= IKO= 183.00 CAR= HIUC= 

. .  
I 

SE E PHE= CD = CR = AG = P =  I i  = ELE= 29.00 

12 ID#=2-0145- TYP="ELL COU=IGllJAI LOC=MmA-5 LAT, LON= 220140. 1594535.00 DAT- 1972. 
FED= 283.00 W I ~ =  10.80 "EM= 22.59 FLO= EH = SPC= 847.00 PH = 7.90 SPG= 

ALR= D IS= SUS= L1 = IJA = 58.00 IC = 1.80 R.D = Pi(; = 46.00 
CA = 35.00 SR = BA = mi = FE = iqiyr= 1' = 0.20 CTJ = 
ZN = EG = B =  AL = PB = I W  = SB = TJ = 
CL = 152.00 BR = I =  02 = cos= IE8= "4= N02= 
N03= 1.40 P04= SIO= 6G.00 604:: 29.00 COS= HCO= 192.08 CAI% E:sR= 
SE = PHE= CD = CR AG = P =  N =  ELE= 29.00 

13 ID*=2-0145-10 TYP=hiLL COU=K.AUAI r.oc=KNyA-~ LAY'. LON= 220 140. 1594535.00 DAT= 1972. 
PH = 7.90 SPG= hiD= 270.00 KAD= 10.60 TEM= 22.50 FLO= EH = SPC= 2150.00 
U K =  141.00 DIS= 356.00 SU8= L I  = N i l  = 31.00 K = 1.40 Ill3 PIG = 313.00 
CA = 23. 6R = RA = m =  1i'E = YET= F =  0.20 cu = 
ZN = HG = B =  AL = PB = A 8  i: SI3 = u =  
CL = 350. BR = f =  02 = c02= 3.50 ms= NH4= N02= 

RAR= 220.00 N03= 4.40 Pod= SlO= 65.80 504= 16.00 co3= HCO= 173.00 CAI%= 
SE = PJE= CD = CR = AG = P =  N =  1.00 ELE= 31.00 

14 ID*=2-0145- 11 TYP=IYXLL COTJ=IGlUII 
PH = ?.70 SPG= %TED= 275.00 
tUK= 143.00 DIS- 491.00 SIJS= 
CA = 36.00 SR BA = 
ZN = . HG = B =  
CL = 175.00 BR = I =  
N03= 4.00 PO$= SIO= 59.00 
SE = PHE= CD = 

15 ID-2-0145- 12 TYP=T'iiLL COTJ=KlUAI 
PH = 8.00 SPG= FED= 272.00 
ALK= D 1 s  SUB= 
CA = 33.00 SR = BA = 
ZI? = HG = 1 3 -  
CL = 163.00 BR = I =  
N03= 1.00 PO$= SIO= 64.00 
SI? = PIE= CD = 

_ _ _ ~ -  -~ ~ 

W I D  = 
L I  = 
MIY = 
a =  
0% = 
SO4= 
CR = 

LOC= MMA-7 
10.80 T E M =  

NA = 
FE = 
PB = 
CO2= 

27.00 c03= 
AG = 

LOC= MANA-8 
WAD= 10.70 TEM= 
L I  = N A  = 
M7y = FE = 
tu, = PB = 
02 = c02= 
SO41 26.00 CO3= 
CR = AG = 

Lzr. LON= 220 140. 1594538.00 
22.50 FLO= EH = 
zii.00 rc = 1.70 1u3 = 

AS = sa = 
5.60 IQS= NH4= 

HCO= 174.00 CAR.= 
P =  N = 0.90 

p =  0.10 

LAT, LON= 220148. 1894mj. 00 
23.08 FLO= EH = 
50.00 K = 1.60 RB = 

FET= F =  0.20 
AS = SB = 
=s= NH4= 
]KO= 192.00 CAR= 
P =  N =  

DAT= 1972. 
SPC= 893.00 
MG = 52.00 
cu = 
u =  
N03= 
HAR= 300.00 
ELE= 30.00 

nAT= 1972. 
SPC= 856.00 
FIG = 50.00 
CIJ = 
u =  
N03- 
"I= 
ELE= 31.00 
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3 1 IDd'32-08 18-03 mP= WELL C O I J = ~ \ ~ A I  
PH = 6.80 SPG= &El)- 486.80 
ISLK= 86.00 DIS= 151.00 SUS= 
ca = 9.90 SR = BA = 0.10 
ZN = 0.01 BG = 
CL = 24.00 BR = 
N03= 0 . 1 1  PO4= O= 29.110 
SE = 0.00 PIE= 0.00 CD = 0.00 

LOC=UfAROLA-D LYC', LON= 220826. 159 1854.00 nAT= 1975. 
14.00 rnH= 23.58 FLO= EH = F X =  282.00 

N A  = 20.00 1'; = 1.50 K13 = MG = 11.00 
0.03 FE = 0.01 FET= F =  0.21 CIJ = (3.03 
0.10 PD = 0.01 AS = 0.01 SI3 = u =  

c02= H2S.: I? 114 = NOS= 0.01 
25.00 C03= HCO= 96.00 CAR= ILIlI= 76.00 

ELE= 270.00 0.00 AG = 0.01 P = N =  

I 32 ID*=2 LOC= rfOL0rM- 1 LAT,LON= 221030. 1591929.00 DAT~1972. 
VED= 581.00 VAD= 12.50 TICPI= 21.58 FLU= EH = 
sws= LX = NA = 15.00 K = 0.60 RE = I g f :  BA = mi FE = FET= F = 0.20 CU = 1 ZN = B =  AI. @ z SB = u =  
I =  02 = rm4= NOZ' 

I N03= SIO= 35.00 S04= ECO= 88.00 CAR= &rn= : CL = 19.00 

$ SE = CD = CR '. AG = P =  rq = 
f 

SPC= 213.00 
NG = 11.00 

PH = 

ELE; 400.00 

f 
LOC=MOLOAA-% LAT.LON= 221038. 1592038.00 

1 
I 33 ID#=2- 1020-03 TYP=W?LL COTJ=KUJAI 

kXD= 700.00 Fuiu)= 136.60 TEM= 23.08 FLOZ En = 
139.00 SUS= L I  = 311 = 14.00 1c = 0.70 RB = 

€?A = M N =  FE = FET= F : :  0.30 
B =  1 1 L  = PB = 1%' = SB = 
I =  02 :: co2= 3.50 H29= NK4= 
SIO= 36.00 SO+ 3.40 cos= DCO= 88.00 CAR= 
CD = CR = AG = P =  N =  0.00 

1 
3 

J)AT= 1912. 
SPC= 210.00 
EiG = 11.00 
cu = 
u =  
N02= 
EwR= 73.00 
ELE= 300.00 

TYP=hiLL COU=MUhI 
SPG= hXD= 600.00 VI#= 

&1C= 73.00 DIS= 147.00 SUS= L I  = 
R A  = Plly = 

ZN = HG = B =  AL = 
CL = 22.00 BR = I =  02 = 1 N03- PO42 0.15 SIO= 39.00 S04= 

PEE= CD = cn = 

LOC=AL IOMANU LAT, LON= 
41.00 "EM= 20.88 FLO= 

NA = 14.00 K = 
0.00 FE = 6.00 FET= 

PB = I 5 5  = 
c02= ms. 

4.30 C03= I K O =  
AG = P =  

221006. 1592002.00 DAT=1974. 
SPC= 217.00 

0.70 RB = MG = 11.00 
ER = 

I ? =  0.00 CTJ = 
SB = u =  
"4= K02= 

89.00 CAR= &== 13-00 
0.05 N = 0.13 ELE= 307.00 

35 ID~=2-1120-01 TYP-TUNNEL COU=ICAUAI 
PH = 6.50 SPG= hiD= %m= 
ALIC= 33.00 DIS= 168.00 SWS= L I  = 
CA = 3.80 SR = BA PiN = 
2N = 0.10 HG = .  B =  111- = 
CL = 25.00 BR = I =  02 = 
N03= 15.00 P04= SIO= 13.00 SQ4= 
SE = 0.01 PIE= 0.01 CD CR = 

LOC=MOLOIW 
250.00 TEM= 

NA = 
FE :: 

6.50 PB = 
cos= 

14.00 C03= 
AG = 

m - 3  Lm, LON= 
25.58 FLO. 
33.08 K = 

0.10 FET= 
0.01 AS = 

R28= 
0.00 HCO= 

I ? =  

221111. 1593031.00 
En = 

1 . 1 0  RB = 
F =  0.10 

0.01 SB = 
IW4= 

6.00 CAR= 
N L  

DAT= 1973. 
SPC= 251.00 
MC = 7.00 
cu = 0.01 
u =  
N03= 
Htm= 36.00 
ELE= 250.00 
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6 1 ID-2-5939-0 1 TYP=TUI?NEL C6)U=WUAI LOC= WAIrnA-9 LXP, LON:: 2 1 ~ 0 6 .  1593956.00 n m =  1975. 
SPC-t 4C0.00 

0.02 

En = 

F =  

11c 0 = CAR= 

' PH = 7.30 SPG= NTD= 43.00 ~4AIl= 9.00 ?1SIYI= 24.50 FLO- M.K= 130.00 DIS- 213.00 SlfS= LL = N A  = 33.00 1C = 1.90 1u3 z: PIG = 2 l J .  00 
CA = 12-00 SR = BA 2 0.10 la? = 0.07 1% = (3.12 Y E T =  IJ = 

0.03 EG = a =  AL = 0.10 PR = 0.01 AS = 0.01 513 = 0.01 

SE = 0.00 PEE= 0.00 CD = 0.00 CR = 0.01 AG = 0.01 P = 

0.21 cu = 

N02= 
rrim= 11R.00 

N =  ELE= 40.00 

I =  02 = CO2= IL?S= "4= ZN = 
CL = 74.00 BR = 
N03= 0.60 POC= SIO= 36.10 804= 1.98 @03= 

62 ID#=2-5942-01 mP=%ELL COIJ=ICM.JAI LOC=PUJA VALLEY LAY'. LON= 2159 11. 1594247.00 DAT= 1970. 
7.60 SPG= TYTD= 210.00 KAD= 7.50 W . 0 0  ITLO. EH = 6PC= 41El.00 

MG = 1?.00 

TJ = 

PH = 

HG = B =  ZN = CL = 41.00 BR = I =  03 = 
N03= 
S E  = PEE= CD = 

I ALK= 138.00 DIS= 275.00 BUS= L I  = Nd = 55.68 IC. = 1.80 IU3 = 
F =  0.20 cu = 

]ES= ND4= N02= 

FE = F L;Tz 

c02= 

CA = 10.00 SR = BA ,= m =  
I S L  = PR = As= SB = 

cn = AG = P =  I? = 
9.10 P04= . SIO= 48.00 so=%= 10.00 c03= HC0= 160.00 CAR= HAR= 95. 00 

ELE= 191.00 

63 ID*=Z-@343-0 1 TYP=miNEL 
PH = 7.50 SPG= 

CA = 25.00 SR = 
ZN = EG = 
CL = 340.00 BR = 
N03= P04= 0.49 
SE = PEE= 

ALK= 164.00 D I S =  570.00 

cou= KAUM 
hTD= 57.00 
sus= 
BA = 
B =  
I =  
SIO= 77.00 
CD = 

WAD= 
LI = 
m =  
u =  o:! 3 
S04= 
Clt = 

Loc=wl~IIlu~A 
TEM= 
NA = 

10.00 FE = 
PB = 
Co%= 

33.08 cud= 
AG = 

SIUFT 
24. ti0 
98.00 
30.00 

10.00 

LAT,LON= 215937. 1594342.01 
FLO= EH :I 

5.30 N3 = 1c = 
FET= F =  0.10 
15s = $313 = 
ms= I?E4= 
nco= 200.00 cm= 
p =  (3.16 I1 = 2.10 

DAT= 1975 
SPC= 1 ISF*. 00 
MG = 4.'J.00 
cu = 
u =  
N02= 
W= 240.08 
ELE= 57.00 
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