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Characterization of altered volcanic sites on Earth 
provides essential data for interpreting the weathering 
history and climate on Mars. Visible/near-infrared 
(VNIR) reflectance spectra were analyzed here for a 
suite of altered volcanic samples enriched in clays and 
iron oxides. Nontronite, halloysite/kaolinite, paly-
gorskite, hematite, goethite and ferrihydrite are com-
mon alteration minerals in these samples. Basaltic 
glass and volcanic ash are also present. 

Field Site: Lāna’i is a small, arid island in the 
Hawaiian island chain, west of Maui (Fig. 1). Lāna’i 
spans ~20 by 30 km and the highest peak is 1030 m. 
Average rainfall is ~800-1000 mm per year and much 
of the NW part of the island is desert where plants are 
not cultivated, receiving only 500 mm of rain per year. 
The Polihua Trail leads toward Polihua at the NW 
coast of the island. The Polihua Trail field site (Fig. 2) 
is located near 20° 52’ 41” N and 156° 59’ 56” W at 
490 m elevation. 

The field site was investigated using an ASD Halo 
VNIR spectrometer that collects spectra from 0.35-2.5 
µm. We canvassed the region to assess the degree of 
variation across the site. Color, grain size, spectral 
properties and magnetic properties were used to differ-
entiate the materials. Eight samples were selected for 
detailed analyses in the lab. 

Fig. 2.  View of the Polihua Trail field site showing 
variations in color due to Fe-rich alteration materials. 
Sample JB1627 was collected from this red hill.

Fig. 5.  Much of the altered 
fine-grained material was 
attracted to a magnet (espe-
cially JB1624 pictured here), 
although the color varied 
from red to tan for the mag-
netic grains. Black grains 
were not observed at this site, 
so maghemite is more likely 
responsible for the magnetic 
character than magnetite.

Fig. 1.  View of the island of Lāna’i with the site of the 
Polihua Trail marked in red.

Fig. 3.  View of grey outcrop with VNIR Halo instru-
ment for scale. Grey material is eroding off of the 
rocks; this was collected (>1 mm) as sample JB1621.

Fig. 4.  View of orange alteration on hard cemented 
unit. Spectral analyses indicate the presence of kaolin-
ite plus ferrihydrite and goethite.
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Samples: Aliquots of the eight samples were dry 
sieved to <125, 125-250, and 250-500 "m (if fines 
were included), then the coarse fraction was ground 
and dry sieved to <125, 125-250, and 250-500 "m. The 
purpose of this procedure was to determine the degree 
of alteration of the samples by testing the mineralogy 
of multiple size fractions as well as comparing poten-
tial surface dust to coarse grains that comprise the bulk 
of the sample. 

Methods:  VNIR reflectance spectra were collected 
in the field using a Halo VNIR field instrument, in the 
lab at the SETI Institute using an ASD FieldSpecPro 
instrument and at Brown University’s RELAB. The 
spectra measured at RELAB under ambient conditions 
using a bidirectional instrument from 0.3 to 2.5 "m are 
typically spliced at ~1.2 "m to data acquired from a 
Nicolet FTIR spectrometer while in a H2O-purged en-
vironment [e.g. 1]. The <125 "m ground material from 
each sample was also sent out to the Bureau Veritas in 
Vancouver for major element analysis using X-ray 
Fluorescence (XRF) as well as C and S analyses. 

Results - Chemistry:  Most of the samples studied 
exhibit roughly 32-34 wt. % SiO2, 26-28 wt. % Al2O3, 
and 22-23 wt. % Fe2O3, which is characteristic of sam-
ples rich in clays and iron oxides/hydroxides. The loss 
on ignition (LOI) values are ~11-12 wt. %, represent-
ing a high volatile fraction consistent with hydrated 
clays. C and S abundances are # 0.1 wt. % for all sam-
ples, indicating little contamination from organics or 
hydrothermal alteration. Sample JB1621 (grey tephra, 
Fig. 3) differs from the others with elevated SiO2, and 
lower Al2O3, Fe2O3 and LOI values, consistent with a 
higher fraction of unaltered feldspar in this sample. 

Results - VNIR Spectroscopy:  VNIR spectra of 
selected Polihua Trail (PHT) samples are shown in 
Figs. 6-7 compared to spectra of minerals that are like-
ly present. All of these spectra were measured under 
controlled, dry conditions at RELAB. Shifts are seen in 
the band centered near 0.87-0.97 "m due to changes in 
the Fe-bearing samples. As expected, the red tephra 
(JB1622) exhibits a band near 0.87 "m, similar to that 
of hematite. This sample also has the strongest kaolin-

ite features. The orange tephra (JB1623) spectrum is 
consistent with nontronite, pyroxene and polygorskite, 
while the spectrum of the brown fines (JB1624) is at-
tributed to kaolinite, hematite and maghemite.  

Implications: This collection of altered tephra and 
fines include weathering products of volcanic materials 
in an isolated, arid environment. Multiple VNIR spec-
tral features are observed that could be used to distin-
guish alteration minerals in these kinds of materials on 
a martian rover. 

References:  [1] Bishop J. et al. (2007) Characterization 
of Alteration Products in Tephra from Haleakala, Maui …, 
Clays Clay Minerals, 55, 1-17.

Fig. 6.  VNIR spectra of <125 and 125-250 "m frac-
tions of grey tephra sample (JB1621). The fines are 
brighter than the coarser grains but exhibit the same 
spectral bands, consistent with the phyllosilicates non-
tronite and palygorskite. The tephra spectra are darker 
than the clay spectra due to basaltic components.

Fig. 7.  VNIR spectra of the <125 "m fractions of sam-
ples JB1622, JB1623 and JB1624. 

Table 1.  Major element chemistry as wt. % oxides.
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