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Introduction. Lane et al. [1] and Christensen et al.
[2] conclude that 1996 Global Surveyor Thermal Emis-
sion Spectrometer (TES, ~1700–200 cm-1) spectra of
regions in Sinus Meridiani are consistent with hematite.
The observed band strengths are inconsistent with
unconsolidated, nanophase hematite dust, but are con-
sistent with laboratory spectra of pure, coarsely-
particulate hematite.

We seek to extend hematite samples studied past
pure end-members to include materials such as natu-
rally occurring hematite-rich cemented materials (e.g.
duricrust and desert varnish) in order to determine
whether they may match the spectra recorded of Mars.
Here we discuss why cemented finely particulate mate-
rials can also exhibit good spectral contrast, and we
present an interesting spectral signature of a hematite-
rich patch on a ferricrete hand sample.

Spectral contrast. A material can scatter light
through two processes: surface and volume scattering
[3]. A strong band is produced by a Fresnel reflection
from the surface (surface scattering) when high opacity
within the band gives it a mirror-like property. This
mirror-like reflectance produces reflectance peaks
called "reststrahlen bands." In the case of emission, the
surface of a body reflects radiance inward at rest-
strahlen bands [4]. Thus reststrahlen reflectance from
the surface of the grain reduces emerging radiation at
the reststrahlen feature, causing an emissivity trough.

When unconsolidated particles are small enough for
light to survive passage through the grain, volume
scattering occurs [5]. When volume scattering domi-
nates, the reststrahlen bands are offset slightly toward
longer wavelength, and appear as emission peaks.

Surface scattering dominates for opaque materials,
and smooth surfaces enhance spectral contrast [3,6].
Volume scattering dominates for optically thin materi-
als, and most materials become optically thin at small
particle sizes. However, when optically thin particles
are pressed close (~wavelength) together, they scatter
coherently, as if they were larger, opaque particles
dominated by surface scattering [5]. When they are
both close together and smooth-surfaced, they have
high spectral contrast. This occurs for smooth-surfaced
cemented, fine particles (e.g. as can occur in duricrust
and desert varnish).

Thus when reststrahlen bands are observed as
troughs with good spectral contrast, that indicates the
presence of large, smooth particles, and/or smooth-
surfaced, closely packed or cemented fine particles.

Differences in the relative contribution from sur-
face and volume scattering will affect the band depth
and shape. Pecharroman and Iglesias [7] show varia-
tions in hematite spectral character caused by different
particle shapes and thus scattering effects. In particular,
they observe variations in the width of the 575 cm-1

band and in the relative band contrasts.
Fig. 1 shows a spectrum measured of coarsely par-

ticulate hematite [8]. The dashed trace shows a spec-
trum measured of a hematite-rich spot on a ferricrete
hand sample. The ferricrete is heterogeneous [9], and
spectra of the hand sample varied with the composi-
tion. This spectrum is broadly consistent with hematite.
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Fig. 1. Hematite and ferricrete. Solid trace is hematite from
[8], and the dashed trace is a hematite-rich spot on ferricrete
[9]. Note the varying band width and shape in the ~550–
700 cm-1 region. The hematite spectrum is apparent
emissivity (εA) with respect to 690.4 cm-1 and scaled for
clarity as (0.53·εA)+0.48. The ferricrete spectrum was
converted to approximate emissivity using 1-biconical
reflectance. Biconical reflectance spectra are useful to
examine the spectral shape, but should not be used for a
quantitative examination of the band depth [10]. Future
measurements will include hemispherical spectra.

Observations of Mars. Three hematite bands in
the ~700–200 cm-1 region are available for interpreta-
tion using TES spectra. Fig. 2a and 2b show TES
spectra that have had a newly developed atmospheric
compensation applied [11,12]. We use only data meas-
ured by detector 5 to decrease instrumental effects.

TES bands centered near 575, 450, and 300 cm-1

are broadly consistent with hematite. The Fig. 2a slop-
ing continuum at higher wavenumber (>1250 cm-1) and
no clear 1100 cm-1 (9 µm) are consistent with the pres-
ence of fine-grained silicates [10]. The Fig. 2b flatter
short wavelength continuum and weak 9 µm band is
consistent with the presence of coarse silicate particles
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but less dust [10]. Christensen et al. [2] conclude the
TES 450 cm-1 band strength does not correlate well
with albedo, and this would be the expected result of
varying coverage by dust vs. coarse silicate material.
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Fig. 2a: Mars and ferricrete. The TES spectrum is in ap-
parent emissivity, and is an average of 7 spectra to increase
the signal-to-noise ratio (ICK 645130334 to -346, latitude
2.3 S, longitude 2.6 W). The ferricrete spectrum is 1-
biconical reflectance. We exclude TES data near 667 cm-1

because of the strong atmospheric 667 cm-1 CO2 absorption.
The TES CsI beamsplitter makes the spectra very noisy in the
~275-200 cm-1, so we do not use this region.
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Fig. 2b: Mars and ferricrete. The TES spectrum is an aver-
age of 8 TES spectra (ICK 633888002 to -016, latitude
2.6 S, longitude 4.7 W). The weak 9 µm band and the flatter
continuum at high wavenumbers are consistent with less
coverage by dust and the presence of coarse silicate particles.

Discussion. Accurate interpretations of remotely
sensed spectra require a full understanding of the spec-
tral signatures of all the materials that may be present.
It is reasonable to consider whether materials other
than a pure hematite end-member may be present on
Mars. Thus we have sought examples of hematite-rich
materials such as duricrust (e.g. ferricrete) and desert
varnish to improve our understanding of the spectral
variability and behavior of naturally occurring hema-
tite-rich materials. Several spectral issues need to be
addressed. First, the 575 cm-1 feature in 1971 Mariner
Mars IRIS [13] and in TES spectra needs further study
to better characterize its shape and determine the qual-

ity of match to coarsely particulate hematite (Fig. 3).
Second, insufficient knowledge exists of the spectral
behavior of cemented hematite-rich materials to deter-
mine whether or not they match TES and IRIS obser-
vations. Nonetheless, the ferricrete spectrum offers an
interesting starting point (Fig. 4). In order to constrain
what minerals or coatings may be present in the Sinus
Meridiani region, materials such as ferricrete and
hematite-based desert varnish should be sought or
synthesized and studied to determine whether they of-
fer an improved match to the observations.
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Fig. 3: The hematite spectrum was measured in apparent
emissivity (εA) and scaled using (0.2·εA)+0.79 for clarity.
The arrow marks a region that warrants further study.
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Fig. 4: Close-up of Mars and ferricrete spectra. This
shows the Fig. 1 ferricrete spectrum, scaled to half the meas-
ured band contrast for more direct comparison.
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