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Introduction: We have begun to create a compre-
hensive set of thermal infrared (TIR, ~1650 – 200 cm-

1, ~6 – 50 µm) spectra of palagonitic and hydrother-
mally altered soils that exhibit a range of mineralogical
and chemical compositions for use in analyzing MGS
TES data. Palagonite, a phyllosilicate-poor hydrolyti-
cally altered tephra, has been suggested as a possible
component of the martian soil/dust based on visible
and near infrared (VNIR) spectral similarities with
martian dusty regions (see reviews by [1 and 2]). The
chemistry and crystallinity of altered tephras are highly
variable depending on the parent material and local
environmental conditions, and are important indicators
of alteration processes.

Early results of our work [3] demonstrated that: 1)
spectra of unaltered basaltic tephras have band minima
in the 1300 – 800 cm-1 region that are at lower wave-
numbers (~1050 cm-1) than in obsidian (granitic) glass
(~1090 cm-1), 2) unaltered tephras are easily distin-
guished from altered tephras by their TIR spectral sig-
nature, and 3) the dominant mineralogy of altered
tephras can be distinguished in TIR data.

Current objectives:  1) Search for variations in H2O
bending (~1640 cm-1, 6.1 µm) band strength as a func-
tion of wt.% LOI (as a proxy for H2O in samples
lacking sulfate alteration), and evaluate its potential
usefulness for interpreting water content in TES data,
2) Compare altered tephra spectra to a TES-derived
surface dust spectrum to evaluate likely alteration
products in martian dust.

Samples and Data Acquisition:  The source loca-
tions, chemistries, and other properties of many of the
20 samples included in this study are fully described
by [1] and [4], and new samples have been included as
well [5]. Most samples were collected from Mauna
Kea, Hawai’i and are available in two new size frac-
tions: 500 – 1000 µm, and <45 µm (some <20 µm).
Emission spectra (~2000 – 200 cm-1, ~5 – 50 µm) of
all samples were acquired in the Thermal Emission
Spectroscopy laboratory at Arizona State University
using standard collection/calibration procedures.

Results – Variations in H2O Content:  The H-O-
H fundamental bending vibration occurs in the thermal
infrared at ~1640 cm-1. We examined fine and coarse
particle size fractions (<45 µm and 500 – 1000 µm,
respectively) of our tephra samples for the presence of
this feature. The H2O feature is well resolved in fine
particulate sample spectra because of the increased

transparency (reduced emissivity) that occurs at short
wavelengths as the particle size approaches the wave-
length of observation. We calculated the H2O band
strength by taking the average value of the peak emis-
sivity at 1640 cm-1 and subtracting the average of the
emissivities on either side of the band. We found that
all fine particulate samples displayed this feature, with
differing relative strengths. No correlation between
band strength and wt.% LOI was observed, however.

Among the coarse samples, the H2O feature was
strongly apparent only in spectra of samples known to
contain phyllosilicates (kaolinite and/or smectite) [5],
which are not the samples with the highest wt.% LOI.
Only a very weak correlation could be found between
wt.% LOI (for samples not sulfatetically altered) and
the strength (or lack) of the H2O band.

Correlation of the ~1640 cm-1 feature in these
spectra with water abundance (based on LOI) or any
other chemical abundance is likely complicated by the
strong dependency of the feature strength on particle
size. Although the particle size ranges of our samples
are known, the particle size distribution within those
ranges (for each sample) is not. As a result, variations
in H2O band strength are at least partially controlled by
the dominant particle size of the sample. In the case of
the coarse samples, the phyllosilicates in the samples
showing the H2O feature may be fines clinging to the
large particles, resulting in particle size effects in the
spectra. These particle size effects reduce the emissiv-
ity of the spectra at short wavelengths, emphasizing the
H2O band, regardless of actual water content. Because
samples in the 500 – 1000 µm suite that do not exhibit
the H2O feature are unlikely to be perfectly free of
clinging fines, we suspect that some characteristic of
the phyllosilicates promotes the observation of particle
size effects when they are present; perhaps they are
more likely to form fine particulates than other altera-
tion minerals upon comminution. Ultimately, analysis
of even more narrowly constrained particle sizes may
be necessary to ascertain whether water content can be
determined from infrared emission spectra.

Despite our inability to correlate H2O band strength
with chemistry, several conclusions may nonetheless
be drawn from this work. First, at fine particle sizes,
very small absolute amounts of H2O (down to 1.15
wt.% LOI in this study) in a sample will be discernable
in thermal emission spectra of tephras. In spectra of
fine particulate samples or on surfaces of unknown
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particle size distribution, the spectral effects of particle
size may preclude quantitative determination of water
content. Second, coarse particulate tephras (altered and
unaltered) do not appear to display a strong H2O fea-
ture unless phyllosilicates are present.

Results – Comparison to TES Surface Dust: [6]
retrieved spectra of the surface dust in martian high
albedo regions. These spectra are dominated by fine
particulate (<40 µm) materials, and exhibit spectral
features at ~1640 cm-1 and ~800 cm-1 that are consis-
tent with the presence of one or more hydrated phases
and one or more framework silicates. VNIR spectro-
scopic observations of Mars indicate a spectrally neu-
tral material, palagonite, may be a component of high
albedo materials, and could be a source of silica or
silicate minerals in the dust.  A 3-µm H-O-H stretching
fundamental is also observed.

Figure 1 shows the martian surface dust spectrum
[6] compared to various fine particulate tephras.
HWMK11 is a dry, high-T, oxidized sample,
HWMK919 and JSC-Mars-1 are typical palagonites
(hydrolytic, low-T alteration), HWMK515 is a sul-
fatetic hydrothermal (HT) tephra with abundant
jarosite, HWMK742 is a hydrolytic HT tephra with
abundant phyllosilicate, and HWMK12 is a virtually
unaltered basaltic tephra. The only tephra spectrum
that resembles the martian surface dust spectrum is that
of HWMK11, which is dominated by an absorption at
~800 cm-1 and exhibits the H2O bending fundamental
at ~1640 cm–1. Mössbauer analysis indicates that
hematite is the primary iron-bearing alteration product
in the sample. X-ray diffraction analysis shows that
~no phyllosilicate minerals are present in the sample.
Bulk chemical analysis [5] shows a high Fe3+/Fe2O3(T)
ratio of 0.96 (with ~12 wt.% Fe2O3(T)), and only 1.15
wt.% LOI. The spectrum of the coarse fraction of
HWMK11 displays spectral features characteristic of
basaltic tephra (glass), so glass plus plagioclase likely
are the dominant Si-bearing phases in the sample.

Interpretation: The similarity between HWMK11
and the martian spectrum suggests that a basaltic
tephra altered under dry, high-T, oxidizing conditions
could be a (significant) component of the martian dust.
This composition, including a high proportion of ferric
iron, is generally consistent with VNIR observations.
VNIR spectra of HWMK11 indicate the presence of
greater quantities of red hematite than are estimated to
be present in the martian dust.  Oxides are graybodies
in the 6 – 14 µm region, so a lower quantity of hema-
tite in the tephra would only alter spectral contrast, not
shape. Our observations that strong H2O features are
present in spectra of fine particulates regardless of
water content (and the low H2O abundance in
HWMK11 in particular) suggest that the H2O feature

in the martian dust spectrum does not require high
abundances of H2O be present in the martian dust, al-
though absolute abundance cannot be constrained.
Variations in the strength of the 3-µm H2O fundamen-
tal band can be attributed to either adsorbed water
content or mineralogical variation [7], and the physical
nature of the H2O observed in the thermal infrared is
no better constrained.

Martian soils, and by inference, martian dust, con-
tain significant amounts of S in an unknown phase.
Sulfur-bearing tephras do not match the thermal infra-
red spectrum of martian dust, leaving the identity and
abundance of the S-bearing phase unconstrained.

Ongoing work:  We are applying linear deconvo-
lution to the tephra samples to determine how well
their mineralogies, including minor components, can
be detected.
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Figure 1.  Mars surface dust [6] compared to various
tephras.  HWMK11 is a <20 µm sample and exhibits
greater short wavelength particle size effects than the
<40 µm samples. All spectra are shown at full contrast.
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