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Abstract
Continuous rock core was collected for 1764 m (5786’) on the Pohakuloa Army Training base 

near the center of the big island of Hawaii. The core traverses basaltic lava flows from the volcano’s 
shield-building phase, and perched aquifers and higher temperature groundwaters were encountered. 
The collected samples record water-rock interactions of basaltic materials in a setting that may be a 
model for groundwater interactions on Mars. We collected visible and infrared point spectra of materials 
in the lowest portion of the core, where alteration was noted to become more prominent. We identi-
fied three types of phyllosilicate spectral signatures and three types of zeolites. The phyllosilicates 
show similarity to those identified on Mars using data from the Compact Reconnaissance Imaging 
Spectrometer for Mars (CRISM). Based on the field survey, 25 depths were selected for sampling and 
petrographic analysis of thin sections. The spectral data and thin section work have a strong agreement 
in the types of materials identified by the two different techniques. Both the spectral and petrographic 
data indicate low to moderate temperature geothermal alteration occurred in the lower half of the core. 
The field spectra are a useful reconnaissance tool for selecting mineralogic diversity for subsequent 
higher resolution and more time-consuming laboratory analysis.
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Introduction
Hawaii has long been studied as a Mars analog, both for its 

volcanic geology and also because early telescopic data showed 
palagonite (a poorly crystalline alteration product of basaltic 
tephra) was a reasonable analog to the average martian spectrum 
(e.g., Singer 1982; Bell et al. 1993). As with Mars, the Hawaiian 
volcanic stratigraphy records a basaltic crust interstratified with 
basaltic sediments and weathered basaltic soil profiles. Several 
previous studies have used airborne imaging spectroscopy to 
map surface alteration for comparison to Mars orbital spectral 
data (Guinness et al. 2007; Seelos et al. 2010). Additional field 
studies have explored the spectral properties of alteration prod-
ucts formed in the desert surface environments of Hawaii (e.g., 
Bishop et al. 2007; Minitti et al. 2007; Chemtob et al. 2010). 
These previous studies have exclusively examined surface altera-
tion as an analog to Mars. Given recent reports of long-lived and 
widespread martian groundwaters (Andrews-Hanna et al. 2010; 
Ehlmann et al. 2011; Michalski et al. 2013), the subsurface of 
Hawaii represents a crucial little-explored analog.

Between 1989 and 1999, five drill holes were made on the 
island of Hawaii to assess geothermal energy development po-
tential and to examine volcanic geology expressed in the young 

shield areas (e.g., Moore and Trusdell 1993; Garcia et al. 2007). 
Science Observation Holes (SOH) 1, 2, and 4 were drilled into 
the Kilauea Eastern Rift Zone, and the Hawaii Scientific Drilling 
Project (HSDP) drilled two deep holes near Hilo (Fig. 1) (Bargar 
et al. 1995; Quane et al. 2000; Garcia et al. 2007). All these drill 
holes are near the coastal margins and substantially penetrate 
volcanic strata that were erupted subaerially but are now below 
sea level. Alteration observed in the SOH holes is influenced by 
seawater (Bargar et al. 1995, 1996), as well as temperatures up to 
350 °C. Site selection of the HSDP project was designed to avoid 
the rift zones to minimize alteration (Garcia et al. 2007). Altera-
tion in HSDP2 was mild to moderate and mostly in the intervals 
of submarine hyaloclastites (Garcia et al. 2007). In contrast, the 
drill core that we examined in this study was drilled in the center 
of the island (Fig. 1) and did not reach submarine elevations, so 
that alteration is not expected to be driven by marine fluids, but 
instead groundwater or past subaerial exposure. The core thus 
provides an analog for surface or subsurface alteration on Mars, 
which is now exposed via erosion or impact gardening. Prior 
studies also have not collected data for the entire core length, but 
only of representative sections using cut samples from various 
lithologic units. Our field survey was designed to collect frequent 
measurements over a large depth interval.

In 2007 geophysical field surveys conducted across the 
Humu’ula Saddle Region between the Mauna Kea and Mauna 
Loa volcanoes identified subsurface conductive formations 
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