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ABSTRACT 

Energy demand on the Island of O‘ahu is greater than all the other islands in the state combined, 
such that the viability of developing a (currently unproven) geothermal resource on this island 
would be high. Although the State of Hawai‘i’s geothermal resource is largely uncharacterized, 
subsurface heat that may constitute a geothermal resource is most likely to exist within the 
caldera region of the state’s large shield-type volcanoes.  Two shield volcanoes comprise the 
Island of O‘ahu:  Ko‘olau and Wai‘anae. The Hawai‘i Groundwater and Geothermal Resources 
Center is in the process of completing an over 5 year-long statewide geothermal resource 
assessment funded by the U.S. Department of Energy (Hawai‘i Play Fairway grant # DE-
EE0006729).  This project 1) identified and compiled existing data relevant to subsurface heat, 
fluid, and permeability across the state; 2) identified priority sites for additional geothermal 
prospecting; 3) outlined and pursued a cost-effective strategy for such prospecting in priority 
locations, and 4) deepened an existing well proximal to the caldera of Lāna‘i volcano to 
approximately 1 km (~3500 feet) and found an elevated temperature gradient there. In general, 
we suggest a step-wise collection of field data within locations of interest as follows:  i) collect 
and analyze groundwater samples from existing wells, ii) perform a magnetotelluric geophysical 
survey to image the electrical conductivity of the subsurface, and iii) drill at least 1 slim hole to a 
depth of 1.8 to 2 km (~6000 feet) to define the deep thermal gradient.  A dearth of groundwater 
wells, proximity to the ocean, and large amounts of electrical infrastructure within the caldera 
region of the Wai‘anae and Ko‘olau volcanoes render groundwater and magnetotelluric data 
collection infeasible.  As such, the next prudent geothermal exploration step for this region is the 
drilling of a slim hole.  Limited groundwater data that exist within or in the vicinity of both 
calderas, as well as the preliminary results from the drilling on Lāna‘i (in 2019) suggest that the 
presence of elevated groundwater temperatures within the two shield volcanoes on O‘ahu is 
entirely plausible.  Note that drilling to depths sufficient to define the deep temperature gradient 
is the only way to uniquely validate the presence of subsurface heat.  We have estimated that 
funding in the amount of $2.5 to 3M to the University of Hawai‘i would enable us to: 1) obtain 
needed permits from the state, city and county; 2) drill a continuously-cored slim hole from 
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surface to a depth of approximately 1.8 to2 km (~6000 feet); and 3) conduct downhole testing on 
water parameters, including temperature, for up to a year following wellbore completion. 

1. Introduction  
This paper is intended to outline the authors recommendation for slim hole drilling into the 
caldera region of Wai‘anae and/or Ko‘olau volcano as the next prudent step for geothermal 
prospecting on the Island of O‘ahu. This conclusion is based on the authors’ in-depth knowledge 
of Hawai‘i’s geology, experience with geothermal prospecting in Hawai‘i since the 1970s, and 
the results of an ongoing, U.S. Department of Energy (DOE) funded, statewide geothermal 
resource assessment that started in 2014 and is referred to elsewhere as the “Hawai‘i Play 
Fairway project”.  As will be elaborated on below, the Play Fairway project culminated in the 
drilling of a slim hole proximal to the caldera of Lāna‘i Volcano and demonstrated an elevated 
temperature gradient there; the project also identified the caldera regions of Ko‘olau and 
Wai‘anae volcanoes as the highest probability geothermal resource locations on the island of 
O‘ahu.  This paper will: a) provide background on Hawai‘i’s geology and geothermal resources; 
b) review the relevant results of the ongoing statewide assessment; c) outline recommended 
geothermal prospecting steps; and d) hone in on slim hole drilling within the Ko‘olau and 
Wai‘anae caldera regions. 

The authors would like to note too, that the results of slim hole drilling provide information not 
only about subsurface thermal conditions, but also regarding the water quality within the region.  
Similar drilling projects in other locations have revealed unexpected information about the 
subsurface hydrology, including an abundance of fresh groundwater (DePaolo et al., 2008; 
Thomas and Haskins, 2017; Thomas et al., 2017a; Thomas et al., 2017b; Thomas et al., 2017c) 
as well as identified new geothermal resources.  Further comment on water quality is not within 
the scope of this paper.   

2. Hawai‘i’s Geology and Geothermal Resource 

Updated from Lautze et al. (2017).  Hawai‘i is an ocean island hotspot environment in which 
subsurface magma is the source of geothermal heat. The hotspot currently underlies the 
southeastern portion of Hawai‘i Island (commonly known as ‘the Big Island’), including the 
active shield volcanoes Mauna Loa and Kīlauea. The age of volcanic activity in the state 
generally increases to the northwest, such that Kaua‘i is the oldest of the main Hawaiian Islands 
(Figure 1). 
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Figure 1: Map showing the mantle hotspot origin of magma, which provides the heat for Hawai‘i’s 

geothermal resource.  The names of the state’s five biggest islands and the average age of the shield 
building stage of volcanism are shown.  Age increases to the northwest.  (Map Source:  TASA Graphic 
Arts, Inc. © 2009) 

Each island is composed of one or more shield volcanoes (Figure 2, Table 1). Typically, each 
Hawaiian volcano exhibits four stages in a complete life cycle: a) pre-shield, b) shield building, 
c) post-shield, and d) rejuvenation, although not every volcano experiences each stage (Table 1). 

 
Figure 2: Statewide map showing the seven islands that comprise the State of Hawai‘i. A white triangle 

designates the summit of each shield volcano. Surface geologic features including calderas, rift zones, 
volcanic vents, dikes, and faults were mapped with data from Bianco et al. (2005), Garcia et al. (2012), 
Sherrod et al. (2007), and U.S. Geological Survey (2006).   

 



Lautze and Thomas 

The pre- and post- shield stages occur just before and just after the shield building stage, which is 
when the largest volume of magma is erupted to form the bulk of the volcanic edifice. During the 
shield building stage, most eruptions occur at a caldera that sits above the main magmatic 
conduit rising from the mantle plume, and along rift zones that project laterally from the caldera 
(Figure 2). Magma is transported laterally from a shallow reservoir that resides below the 
caldera, into a rift zone within a few kilometers of the surface (Figure 3). More rarely during the 
shield stage, eruptions occur at ‘satellite’ vents, or vents not within the caldera or along rift 
zones. This contrasts with rejuvenation phase volcanism, whose vents most typically do not 
occur along any recognizable pre-existing structures (i.e. rift zones) or pattern of distribution. 
Rejuvenation phase volcanism occurs after a pause of 0.5 to 2 millions of years after the end of 
the shield stages of activity (Bizimis et al., 2013); for example Ko‘olau Volcano’s (Oahu) post 
shield activity ceased ~1.8 Mya but the most recent rejuvenation activity on Oahu occurred as 
recently as ~80 ka (Table 1). Rejuvenation phase eruptions are thought to be typically of short 
(days to weeks) duration and extrude a relatively small volume of magma. Whether an amount of 
subsurface heat adequate for a geothermal resource could be associated with rejuvenation 
activity remains an outstanding question.  
     

Table 1: List of shield volcanoes on each island and the age of each stage of activity at each volcano 
(Data from Bianco et al., 2005; Garcia et al., 2012; Sherrod et al., 2007; U.S. Geological Survey, 
2006). 

Island Volcano Shield (Ma) Post Shield (Ma) Rejuvenation 

 Kīlauea 0.275 to present n/a n/a 

Hawai‘i Mauna Loa 0.75 to present n/a n/a 

 Hualālai 1.0 to 0.15 0.15 to present n/a 

 Mauna Kea 0.9 to 0.25  0.25 to 0.0044 Ma n/a 

 Kohala 1.3 to 0.30 0.38 to 0.06 Ma n/a 

Maui Haleakalā 1.6 to 0.6 0.6 Ma to 0.4 ka None 

 West Maui 2.3 to 1.3 1.3 to 1.1 0.61 to 0.39 

Lāna‘i Lāna‘i 2.1 to 1.1 None None 

Moloka‘i East Moloka‘i 2.2 to 1.5 1.5 to 1.3 0.8 to 0.6 Ma 

 West Moloka‘i 2.5 to 1.7 1.4 to 1.7 None 

O‘ahu Ko‘olau 3.2 to 1.8 None 1.1 to 0.08 Ma 

 Wai‘anae >3.9 to 3.2 3.2 to 2.9 None 

Kaua‘i Kaua‘i 5.6 to ~3.9 ~3.9-3.7 2.6 to 0.38 Ma 

Across the state, there are volcanoes currently in each stage of the recognized life cycle: the 
submarine volcano Lō‘ihi, located on the submerged flank of Mauna Loa, is in the pre-shield 
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stage; Kīlauea and Mauna Loa on Hawai‘i Island are in the shield building stage; Hualālai and 
possibly Mauna Kea on Hawai‘i Island and East Maui volcano (commonly known as Haleakalā) 
are in the post-shield stage; and several volcanoes can be considered to be in the rejuvenation 
stage. Direct evidence of thermal anomalies (e.g. in water wells) has been identified across most 
of the islands, including Kaua‘i (Thomas et al., 1979; Thomas, 1985; unpublished data), which 
indicates that all stages of volcanism can contribute geothermal heat to the shallow crust.  

 
Figure 3: Cartoon of subsurface relationships expected along Kīlauea’s East Rift Zone (KERZ). Magma is 

channeled from a summit reservoir beneath the caldera into a rift zone within kilometers of the earth’s 
surface. Eruptions occur within the caldera and at individual vents along the rift zone. (Diagram by J. 
Johnson, 2000) 

 

2.1 Hawai‘i’s Geothermal Resource 

The only volcanic system in the State of Hawai‘i from which geothermal electric power has been 
produced is along the most volcanically active rift zone of the most recently active volcano:  
Kīlauea’s East Rift Zone (KERZ).  Within KERZ, and prior to the 2018 Kīlauea eruption (which 
caused a suspension of power production to this writing), the Puna Geothermal Venture (PGV) 
geothermal power plant, operated by Ormat Technologies Inc., produced up to 38 MWe from 
>300 °C fluids at depths of up to 2.5 km. This capacity provided 30.8% of Hawai‘i Island’s and 
~3% of the state’s energy needs (Hawai‘i Department of Business Economic Development and 
Tourism, 2019).  One study postulates that 1535 MW of geothermal energy exists on the islands 
of Hawai‘i and Maui alone (GeothermEx, 2005), suggesting that the state is vastly under-
utilizing its geothermal potential. 

 
Figure 4: Map of the Puna region of Hawai‘i Island highlighting Kīlauea’s lower east rift zone and springs. 
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Figure 4 shows deep wells that have been drilled along KERZ.  Outside of KERZ, very few deep 
wells have been drilled throughout the state.  These include 3 wells on Hawai‘i Island that 
approach or exceed ~2 km which were drilled for groundwater or scientific purposes (noted by 
stars in Figure 5), one of which exhibited elevated temperature below 1 km (the red star), and 1 
well >1 km on Lāna‘i (Well 10) that was drilled last year as part of Phase 3 of the Hawai‘i Play 
Fairway project.   The temperature gradient for these and a few of the geothermal test wells 
within KERZ are shown in Figure 6.   Note that several of the wells show an elevated 
temperature gradient only below 1 km (PTA-2, SOH-1, SOH-2), emphasizing the importance of 
drilling to a depth of ~2 km.  We expect this to be particularly true outside of the expected 
highest temperature resource areas associated with recent volcanism.  The depth achieved on 
Lāna‘i was funding-limited; however, the elevated temperatures measured are encouraging.  
Additionally, downhole activity (fluid circulation) on Lāna‘i occurred as recently as February 
2020, so the temperatures reported here are preliminary.  We suspect that the system is still 
equilibrating and may heat up.  

 
Figure 5: 5a) a map of Hawai‘i Island showing the location of Kīlauea’s east rift zone (KERZ). The location of 

three deep wells drilled outside of KERZ are shown as stars. 5b) a map of Lāna‘i Island showing the 
location of Lāna‘i Well 10.  

Another important characteristic of geothermal resources in Hawai‘i is that they are mostly 
“blind”, meaning that they have only weak, or no, surface manifestations of thermal activity. 
Kīlauea’s lower east rift zone is the only area of Hawai‘i with known surface manifestations. 
These include warm springs along the Puna coast that are probably supplied by outflow from the 
rift zone (Figure 4) and sparse very weak fumaroles in some deep pit craters (Thomas 1987, 
1989; Conrad et al., 1997). High lateral permeability in the first kilometer (~3200 feet) below the 
ground surface (predominantly subaerial lava flows) does not allow for the formation of surface 
thermal features in other locations. Given these challenges, the ongoing statewide geothermal 
Play Fairway Analysis (PFA; more below) has provided an effective exploration strategy to 
guide geothermal resource exploration in Hawai‘i. 
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Figure 6: The Temperature versus Depth plots. 6a) results of the three deep wells on Hawai‘i Island that 

correlate to the stars in Figure 5a plus Lāna‘i Well 10. 6b) results for Lāna‘i Well 10 and geothermal 
wells drilled within KERZ.      

3. The Hawai‘i Play Fairway Project 
Prior to the ongoing Play Fairway project, the last statewide geothermal resource evaluation was 
published in 1985 (Thomas, 1985).  It indicated the presence of geothermal prospects on all of 
the main Hawaiian Islands, but little broadly focused geothermal work had been done since that 
work. In 2013, D. Thomas led a US Army-funded drilling effort of two slim holes in search of 
groundwater in Humu‘ula Saddle region between Mauna Kea and Mauna Loa volcanoes (Figure 
5a, red and blue stars).  The initial hole identified water at ~1.4 km (4600 feet) amsl – a much 
higher level than the roughly sea level predicted by current models- and at an elevated 
temperature (~140 °C) at a depth of ~1.7 km (5600 ft) in a location not previously recognized as 
a geothermal area of interest (Thomas et al., 2014). With respect to geothermal these findings 
were a two-fold benefit:  the discovery of high temperature water expanded the state’s 
geothermal resource potential and also underscored that our understanding of Hawai‘i’s 
geothermal resource is far from complete.	  

In 2014, the US Department of Energy (DOE) - Geothermal Technologies Office announced the 
“Play Fairway” Funding Opportunity.  The Play Fairway (PF) exploration technique originated 
and has been used successfully in the oil and gas industry.  This approach involves identifying 
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the characteristics necessary for a resource to exist; identifying and ranking the data that inform 
such characteristics in a given geographic area, or Fairway; and then systematically applying a 
probability analysis to the disparate datasets to yield an internally consistent probability map of 
resource regions (Plays).  In the case of geothermal exploration, and as defined by the DOE, the 
required elements for a viable geothermal Play are subsurface heat (H), permeability (P), and 
fluid (F). Heat is needed for the resource to exist, fluid is needed to transport heat from the 
resource to the surface, and permeability is required so that fluids can be replenished in the 
subsurface as they are extracted during energy production.  The DOE granted funding for this 
project in three phases, with a competitive down-select between each phase:  Phase 1 tasks 
included identifying, compiling, and weighting existing datasets relevant to H, P, F and 
integrating such data into a probability map, while mathematically assessing confidence in the 
probability calculation.  Phase 2 involved obtaining new data in high priority areas, and in Phase 
3 we were tasked with validating results through drilling.  The Hawai‘i Play Fairway team, led 
by N. Lautze, defined the entire State of Hawai‘i as the study area, or Fairway, and has detailed 
the results of phases 1 and 2 of the project in four publications in the journal Geothermics as 
follows:  

• Paper 1 explains the rationale behind the datasets identified as relevant to H, P, F (Lautze et 
al., 2017a)  

• Paper 2 presents the data scaling and Bayesian statistical methodology developed and used 
to calculate geothermal resource probability and confidence in the probability (Ito et al., 
2017) 

• Paper 3 details an assessment of the development viability that we considered in the 
identification of phase 2 targets, which included: community acceptance, compatibility of 
land use/zoning, natural hazards vulnerability, electrical grid integration as well as resource 
probability (Lautze et al., 2017b) 

• Paper 4 outlines the results of Phase 2 data collection efforts (Lautze et al., 2020) 

The most relevant aspects of the Play Fairway project to this paper are: i) the datasets that 
indicate resource probability (Figure 7); and ii) the preliminary results of Phase 3 drilling on 
Lāna‘i (unpublished).  Figure 7 shows the data sets linked to subsurface heat, fluid, and 
permeability in Hawai‘i, grouped as geological data (in brown), groundwater data (in blue), and 
geophysical data (in red).  For reasons described below, obtaining groundwater and geophysical 
data in the vicinity of Wai‘anae and Ko‘olau calderas is difficult to infeasible.  However, the two 
calderas are the highest priority locations on the Island of O‘ahu, particularly based on the 
encouraging results of the PF project’s Phase 3 drilling proximal to, but not within, the caldera of 
Lāna‘i Volcano.  The Lāna‘i project measured a maximum temperature of 66°C at a depth of just 
over ~1km (3500 ft).  Note that funding constraints for the Lāna‘i drilling (~$1.3M for Phase 3) 
placed severe restriction on both the drilling location and depth of this slim hole.  In order to 
reduce drilling costs, we opted to deepen Lāna‘i Well 10, which had an initial depth of 1400 feet 
and was adjacent to our area of interest (shown as a dashed circle in Figure 5). 



Lautze and Thomas 

 
Figure 7 From Lautze et al. (2017a): The data types used in the probability modeling to indicate the 

probability/likelihood of geothermal Heat, Fluid, and Permeability. The numbers in parentheses 
indicate the relative ranking of reliability, from 1 (low) to 10 (high), that the given data set is indicating 
the desired characteristic. Data types are color coded: brown for surface geologic features; red for 
geophysical data; and blue for groundwater data.   

4. Geothermal Prospecting in Hawai‘i and for Ko‘olau and Wai‘anae volcanoes 
In general, we suggest the following as a cost-effective, step-wise method of prospecting for 
geothermal resources in Hawai‘i:  i) target locations of interest based on surface geology, 
volcanic history, and/or existing groundwater or geophysical data;  ii) collect and analyze 
groundwater samples from existing wells to validate prior anomalous data; iii) perform a 
magnetotelluric (MT) geophysical survey to image the electrical conductivity of the subsurface; 
and iv) drill at least 1 (ideally more) slim hole(s) into the region of interest, to a depth of ~1.8 km 
(~6000 ft) in order to define the deep thermal gradient below the zone of shallow groundwater 
advection.   

The location of the caldera and rift zones for Ko‘olau and Wai‘anae volcanoes have been 
identified on the basis of volcanic features (e.g. Figure 8a & b) and gravity data (Figure 9).  
Dikes are dense rock that form from (unerupted) magma that is trapped in the subsurface.  
Clusters of dikes represent subsurface magma pathways, i.e. calderas and rift zones.  Gravity 
data collection is a fairly simple type of surface geophysical measurement that indicates the 
cumulative density of rock below.  Each circle in Figure 9 represents a single gravity 
measurement. Differences in density can indicate differences in subsurface rock characteristics.  
In Hawai‘i, high gravity indicates high density rock (dikes or mineral cumulates) in the 
subsurface.  Note in Figure 9 that the highest density rock on O‘ahu is measured on the Mōkapu 
Peninsula (NE facing shore); the other high density region on the west coast of O‘ahu is the 
caldera of Wai‘anae Volcano.  From the surface geology and gravity data, both calderas are 
regions of interest. The Ko‘olau caldera includes Mōkapu Peninsula (Marine Corps Base 
Hawai‘i), Kailua, and portions of Kāne‘ohe, Maunawili, Bellows Air Force Base, and 
Waimānalo.  The rift zones of Ko‘olau Caldera extend along the current ridge line of the Ko‘olau 
Mountains, to the NW and SE of the caldera.  As shown in Figure 8a & b, Ko‘olau Volcano 
experienced a massive landslide to the NE, which is reflected in the current topography and 
bathymetry.  The majority of Wai‘anae caldera is owned and maintained by the U.S. Navy with 
the balance held by state and county agencies as well as a number of small landowners.  The rift 
zones of Wai‘anae volcano extend along the ridge that is apparent in Figure 9 and is largely 
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state-owned land. 

 
Figure 8: Shows the location of Ko‘olau Caldera 8a) before the giant landslide and 8b) after the giant 

landslide (from Hazlett and Hyndman, 1996)  

 

 
Figure 9:  Gravity data for the island of O‘ahu (from Flinders et al., 2013).  The red points represent high 

density locations that mark the two caldera regions.  The rift zones for both volcanoes trend along the 
ridge lines.  Wai‘anae volcano experienced a giant landslide to the southeast. 

Moving to geothermal exploration step ii), there is a surprising lack of groundwater wells within 
the Ko‘olau and Wai‘anae calderas, which renders further collection of groundwater data 
infeasible.  This being said, we have heard several second-hand historical reports of warm water 
wells and springs located in the region of Ko‘olau volcano and suspect there is some truth to 
these.  With respect to Wai‘anae, historical groundwater chemistry data in a few wells to the 
south of the caldera exhibit geothermal anomalies; it has not been possible to gain access to the 
same wells despite our attempts to do so. Regarding iii), the performance of an MT geophysical 
survey, a technically challenging and costly exploration technique, is based on the fact that the 
electrical conductivity of rock depends on several factors among which are both the chemical 
composition of the water with which the rock is saturated as well as the temperature of the rock.  
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High temperatures and high salinities are usually associated with highly conductive rocks.  
However, the results of this method are termed “non-unique” because one is unable to 
distinguish between high conductivity associated with cold saline water or heated freshwater.  
We have found it to be an informative geothermal prospecting method in some locations in 
Hawai‘i including the Humu‘ula Saddle of Hawai‘i Island and on Lāna‘i Island (Pierce and 
Thomas, 2009; Lautze et al. 2020, respectively).  However, utility infrastructure and proximity to 
oceanic currents create noise in the electric and magnetic fields measured by magnetotellurics 
(Chave and Jones, 2012).  Previous experience collecting MT data in such locales, including the 
caldera region of Wai‘anae Volcano, has proven to result in noisy and uninterpretable data, even 
when utilizing robust remote reference processing techniques (Sigurdardottir, 2016).  We do not 
believe this method will be successful for the highly populated region of Ko‘olau caldera since it 
will be impossible to isolate the effects of human and marine electrical signals from those 
produced by deep conductive sources. The cost of MT data collection and the likelihood of 
uninterpretable data for the caldera regions of both Oahu volcanoes have been weighed against 
the vertical resolution obtained by drilling.   

Drilling to depth is the only way to uniquely validate the presence of subsurface heat and drilling 
of a slim, small-diameter hole is the most cost-effective and data-rich drilling method.  The 
specifics regarding the mechanics of this method of drilling will be elaborated on below.  The 
intent of the slim hole drilling in a previously uncharacterized resource area is to define: i) the 
temperature gradient at depth within the prospective resource (how deep is it necessary to drill 
for economically recoverable energy); ii) the characteristics of the rock (how much fluid/energy 
can be extracted from the resource by a well); and iii) the characteristics of the resource fluids 
that will be produced (how difficult will it be to operate and maintain a power production 
system).  Each of these characteristics is key to determining the economic viability of power 
production from the prospective resource.  If the results of the initial slim hole are favorable, 
then additional drilling can be done to further characterize the aerial extent (subsurface volume) 
of the resource and the production capacity of the energy extraction wells.  The latter wells can 
employ slim hole drilling –OR– (much more expensive) production well drilling.  Often the 
latter wells are funded by the private sector as part of a development program.    

5. Slim Hole Drilling within Ko‘olau and/or Wai‘anae calderas  

The goal of the slim hole drilling into the caldera region of Ko‘olau and/or Wai‘anae volcanoes 
on O‘ahu Island would be to develop a better understanding of the subsurface hydrological 
characteristics, including groundwater quality, temperature and subsurface permeability.  We 
suggest that the work be conducted as follows: 

1)    a drill rig owned by the University of Hawai‘i (UH) Hawai‘i Institute of Geophysics and 
Planetology (HIGP) be setup in a 1 to 2 acre area within either caldera.  Drill a maximum 4” 
diameter borehole using diamond wireline coring technology to a depth of approximately 1.8 km 
(6000 feet). 

2)    Rock core from the borehole be collected continuously.  It will be logged and 
archived.  Study of the rock core can provide insight into hydrological characteristics and the 
thermal regime. Images of boxed rock core from a similar drilling effort on Hawai‘i Island is 
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at: https://www.higp.hawaii.edu/hggrc/projects/humuula-groundwater-research-project/hgrp-
photos/hole-1-core-box-photo-archive/ 

3)    The optimal drilling schedule is 24/7, supported by 2 crews that work 12 hour shifts. One 
crew consists of 1 certified driller and 2 drill hands, plus a drilling supervisor that works 1 of the 
shifts. The 24/7 schedule can be supported for 4-6 weeks, followed by a few weeks break, before 
restarting again.  UH’s prior experience drilling in Hawai‘i is that it is possible to get from zero 
to 6000 feet in ~6 months on the above schedule; however, this depends on whether or not any 
significant drilling obstacles are encountered, and/or new supplies are needed and available. 

 
Figure 10: The project drill rig and shipping containers at a drilling site on Lāna‘i Island, Hawai‘i. 

4)    A separate crew of 3-4 will log and archive the rock core during daylight hours.  This 
involves washing, cutting, drying, photographing, and placing the core into boxes. 

5)    A conservative estimate for project schedule is as follows:  6-9 months for regulatory review; 
3 months for procurement and shipping of supplies; 9-12 months for drilling; if desirable, up to 
12 months for testing and logging of water temperature/quality and analyses of the 
core.  Including post-drilling activities, total project duration could be 3 years. 

Further logistical information: 

- Temporarily affected would be 1-2 acres of land, on which a few shipping containers and the 
drill rig will sit (Figure 10).  There will be foot traffic between shipping containers and the drill 
rig.  The drill rig is truck mounted and has a mast that is approximately 45’ high (Figure 11).  

- Permanently affected will be a ~4 inch diameter hole from ground surface to depth.  At the 
project conclusion, the landowner can decide whether to have UH plug and abandon the well or 
to keep it open for monitoring.  If the latter, a roughly 3x3’ concrete slab around the well head 
would be helpful to the monitoring process (downhole testing over time). 

Funding in the amount of $2.5 to 3M would enable the University of Hawai‘i to 1) obtain needed 
permits from the state, city and county, 2) drill a continuously-cored slim hole from surface to a 
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depth of approximately 1.8 km (~6000 ft), and 3) conduct downhole testing on water parameters, 
including temperature, for up to a year following wellbore completion. 

 

 
Figure 21: Mounted on a truck, the drill rig holds a mast that stands approximately 45’ high. 

6. Conclusion  

O‘ahu is the most populous island in the State of Hawai‘i, and has an energy demand that is 
higher than all the other islands in the state combined.  Whether a geothermal resource exists on 
the island is untested, although existing data suggest there is a reasonable probability that such a 
resource exists.  The highest probability resource areas on O‘ahu are the caldera regions of the 
island’s two shield volcanoes:  Ko‘olau and Wai‘anae. Based on our experience with geothermal 
prospecting in Hawai‘i, and given the results of an ongoing statewide geothermal resource 
assessment funded by the U.S. Department of Energy (Hawai‘i Play Fairway grant # DE-
EE0006729), we recommend slim hole core drilling to ~1.8 km (6000 ft) into either or both 
calderas as the next prudent geothermal exploration step.  Drilling to a depth sufficient to define 
the deep temperature gradient is the only way to confirm the presence of subsurface heat.  The 
University of Hawai‘i can fully execute such a drilling project for $2.5-3M.   

Acknowledgements 

This paper was motivated by those that have inquired about a geothermal prospect on O‘ahu, to 
specify in writing the most logical next steps.  The authors thank Daniel Dores, Colin Ferguson, 
Alice Kim, the entire Hawai‘i Play Fairway Team, the land- and well-owners that provided 
access for data collection, those that shared existing data toward this effort, and the U.S. 
Department of Energy’s Geothermal Technologies Office for providing funding and 
management of the Hawai‘i Play Fairway project under award number DE-EE0006729.   



Lautze and Thomas 

REFERENCES 

Bianco, T.A., Ito, G., Becker, J.M., and Garcia, M.O. “Secondary Hawaiian Volcanism Formed 
by Flexural Arch Decompression.” Geochemistry, Geophysics, Geosystems, 6, (2005), 1–24, 
https://doi.org/10.1029/2005GC000945. 

Bizimis, M., Salters, V.J.M., Garcia, M.O., and Norman, M.D. “The Composition and 
Distribution of the Rejuvenated Component across the Hawaiian Plume: Hf-Nd-Sr-Pb 
Isotope Systematics of Kaula Lavas and Pyroxenite Xenoliths.” Geochemistry, Geophysics, 
Geosystems, 14, (2013), 4458–4478, http://dx.doi.org/10.1002/ggge.20250.   

Chave, A.D., and Jones, A.G. The Magnetotelluric Method: Theory and Practice. Cambridge 
University Press, Cambridge, U.K. (2012). 

Conrad, M.E., Thomas, D.M., Flexser, S., and Vanneman, T.W. “Fluid Flow and Water-rock 
Interaction in the East Rift Zone of Kilauea Volcano, Hawaii.” Journal of Geophysical 
Research, 102, B7, (1997), 15,021-15,037.  

DePaolo, D.J., Stolper, E.M., and Thomas, D.M.  “Hawaii Scientific Drilling Project: Objectives, 
Successes, Surprises and Frustrations.” AGU Fall Meeting, (2008), V13D-2142. 

Department of Business, Economic Development and Tourism. Hawaii Energy Facts and 
Figures. Honolulu, HI, (2019), 49.  

Flinders, A.F., Ito, G., Garcia, M.O., Sinton, J.M., Kauahikaua, J., and Taylor, B. “Intrusive Dike 
Complexes, Cumulate Cores, and the Extrusive Growth of Hawaiian Volcanoes.” 
Geophysical Research Letters, 40, 13, (2013), 3367–3373, https://doi.org/10.1002/grl.50633. 

Garcia, M.O., Hanano, D., Flinders, A.F., Weis, D., Ito, G., and Kurz, M.D. “Age, Geology, 
Geophysics, and Geochemistry of Mahukona Volcano, Hawai‘i.” Bulletin of Volcanology, 
74, (2012), 1445–1463, https://doi.org/10.1007/s00445-012-0602-4.  

GeothermEx, Inc. Assessment of Energy Reserves and Costs of Geothermal Resources in 
Hawaii. GeothermEx, Inc., Richmond, CA, (2005, accessed March 2020), 
http://hdl.handle.net/10524/48063. 

Hazlett, R.W., and Hyndman D.W. Roadside Geology of Hawaiʻi. Mountain Press Pub., 
Missoula, MO (1996). 

Ito, G., Frazer, N., Lautze, N.C., Thomas, D.M., Hinz, N., Waller, D., Whittier, R., and Wallin, 
E. “Play Fairway Analysis of Geothermal Resources across the State of Hawai‘i: 2. Resource 
Probability Mapping.” Geothermics, 70, (2017), 393–405, 
https://doi.org/10.1016/j.geothermics.2016.11.004. 

Lautze, N.C., Thomas, D.M., Hinz, N., Ito, G., Frazer, N., and Waller, D. “Play Fairway 
Analysis of Geothermal Resources across the State of Hawai‘i: 1. Geological, Geophysical, 
and Geochemical Datasets.” Geothermics, 70, (2017), 376–392, 
https://doi.org/10.1016/j.geothermics.2017.02.001. 

Lautze, N.C., Thomas, D.M., Waller, D., Hinz, N., Frazer, N., and Ito, G. “Play Fairway 
Analysis of Geothermal Resources across the State of Hawai‘i: 3. Use of Development 
Viability as One Criteria to Prioritize Future Exploration Activities.” Geothermics, 70, 
(2017), 406–413, https://doi.org/10.1016/j.geothermics.2017.07.005. 



Lautze and Thomas 

Lautze, N.C., Ito, G., Thomas, D.M., Frazer, N., Martel, S.J., Hinz, N., Tachera, D.K., Hill, G., 
Pierce, H.A., Wannamaker, P.E., and Martin, T. “Play Fairway Analysis of Geothermal 
Resources across the State of Hawai‘i: 4. Updates with New Groundwater Chemistry, 
Subsurface Stress Analysis, and Focused Geophysical Surveys.” Geothermics, 86, (2020), 
https://doi.org/10.1016/j.geothermics.2019.101798.  

Pierce, H.A., and Thomas, D.M. Magnetotelluric and Audiomagnetotelluric Groundwater survey 
along the Humu‘ula Portion of Saddle Road near and around the Pohakuloa Training Area, 
Hawaii. U.S. Geological Survey Open-File Report 2009-1135 (2009, accessed March 2020) 
https://pubs.er.usgs.gov/publication/ofr20091135. 

Sherrod, D.R., Sinton, J.M., Watkins, S.E., and Brunt, K.M. Geologic Map of the State of 
Hawaii. U.S. Geological Survey Open-File Report 2007-1089, scale 1:250,000 and 
1:100,000 (2007, accessed March 2020) http://pubs.usgs.gov/of/2007/1089/. 

Sigurdardottir, T. Audiomagnetotelluric Exploration across Waiʻanae Range, Oʻahu, Hawai`i. 
Master of Science in Geology and Geophysics thesis, University of Hawai‘i at Mānoa, 
Honolulu, Hawaii (2016). 

Thomas, D.M. Geothermal Resources Assessment in Hawaii: Final Report. Hawaii Institute of 
Geophysics Technical Report HIG-85-2, (1985), 115. 

Thomas, D.M. “A Geochemical Model of the Kilauea East Rift Zone,” chapter 56 in U.S. 
Geological Survey Professional Paper 1350. In: Decker, R.W., Wright, T.L., Stauffer, P.H. 
(Eds.), Volcanism in Hawaii. U.S. Geological Survey, (1987), 1507–1525.  

Thomas, D.M. “Hydrothermal Systems in Hawaii,” chapter 12, the Hawaiian-Emperor chain, of 
vol. N. The Eastern Pacific Ocean and Hawaii, Geological Society of America Series, 
Decade of North American Geology, (1989), 271–277. 

Thomas, D.M., Cox, M.E., Erlandson, D., and Kajiwara, L. “Potential Geothermal Resources in 
Hawaii. A Preliminary Regional Survey.” Hawaii Institute of Geophysics Technical Report 
HIG-79-4, (1979), 185 (accessed March 2020) http://hdl.handle.net/10125/20122. 

Thomas, D.M., Wallin, E., Lautze, N.C., Lienert, B.R., and Pierce, H.A. “A Blind Hydrothermal 
System in an Ocean Island Environment: Humu’ula Saddle, Hawaii Island.” AGU Fall 
Meeting, (2014), V21A-4731. 

Thomas, D.M., and Haskins, E. “Reconsidering Hawaii’s Hydrogeologic Conditions in Light of 
Recent Exploration Results.” AGU Annual Meeting, Cordilleran Section, (2017), Session 6. 

Thomas, D.M., Pierce, H.A., and Lautze, N.C. “Integrated Geophysical and Drilling Results for 
Mauna Kea Volcano: Hydrologic Implications.” AGU Annual Meeting, (2017), Session 369. 

Thomas, D.M., Pierce, H.A., and Lautze, N.C. “Reconsidering Volcanic Ocean Island 
Hydrology: Recent Geophysical and Drilling Results.” AGU Fall Meeting, (2017), H34C-04. 

U.S. Geological Survey. Quaternary Fault and Fold Database of the United States.  (2006, 
accessed March 2020), http://earthquake.usgs.gov/hazards/qfaults/. 

 

 


