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Introduction: The global-scale surface type 2
(ST2) unit first identified with the Mars Global Sur-
veyor Thermal Emission Spectrometer (TES) [1] re-
mains enigmatic.  Competing hypotheses suggest that
it represents either basaltic andesite or some form of
altered basalt rich in dioctahedral smectite clay miner-
als and/or spectrally similar amorphous silica phases
[2-7].  Results from the Mars Express OMEGA spec-
trometer demonstrate an absence of phyllosilicates as
well as other hydrated phases in the areally extensive
ST2 terrains of the northern lowlands [8-10].  Addi-
tionally, OMEGA spectra show no evidence for mafic
minerals in these terrains [10].  A pair of spectral indi-
ces developed to search for dioctahedral smectite clay
minerals using TES spectra provide further support for
an absence of these phases [11].  However, spectral
characteristics highlighted by these indices strengthen
the case for primary or secondary amorphous silica
phases in ST2 material.  One of the two indices serves
as a proxy for ST2 and allows for the production of the
highest resolution (16 ppd) map of this material to
date.  The map reveals tens of isolated occurrences in
the high southern latitudes (>-50°) where ST2 material
is associated with dunes.  Similar spectral characteris-
tics have now been observed for the first time in Gusev
Crater using the Miniature Thermal Emission Spec-
trometer (Mini-TES), but in material very different
than dune sand.

Methods: The spectra of ST1 and ST2 identified
by [1] are shown in Figure 1 along with laboratory
spectra of candidate components in ST2.  Wyatt and
McSween [2] demonstrated that if volcanic glass is
excluded from the spectral library, up to 30% clay
minerals/sheet silicates could be modeled in the CO2-
excluded ST2 spectrum, with montmorillonite and Fe-
smectite as the dominant phases.  We have recon-
structed their modeled results to include the full spec-
tral range spanning the CO2 region (Figure 1).  The
result shows a spectral “doublet” with minima at ~530
cm-1 and ~465 cm-1 that arises from the modeled smec-
tites.  Ruff [12] and [11] developed two spectral indices
to test whether the doublet is actually present but not
previously observed in non-atmospherically-corrected
TES spectra.  This doublet feature also has been sought
in Mini-TES spectra from Gusev crater.

465 Index. The ST2 candidate phases (Figure 1)
share a generally V-shaped feature centered near 1100
cm-1 and a second one near 465 cm-1 consistent with

aluminosilicate stretching and bending modes, respec-
tively [e.g., 7].

Figure 1.  Comparison of TES surface types with labo-
ratory spectra of various candidate phases.

The 465 index, as defined by [11], is sensitive to
the ~465 cm-1 feature and serves as a spectral proxy for
ST2.  It uses a ratio of the average of TES channels 34
and 35 (~497 and 508 cm-1) to the average of channels
31 and 32 (~466 and 476 cm-1) and is applied to the
global TES data set.  Because the 465 index uses only
the low wavenumber portion of TES spectra, which
has the highest signal-to-noise ratio (SNR) and is least
sensitive to spacecraft-induced spectral artifacts [13]
and atmospheric dust, relaxed constraints on tempera-
ture limit (250K), orbit range (up to orbit (OCK)
26183), and dust opacity (up to 0.29) are permissible.
Consequently, this map serves as the highest resolution
(16 ppd), highest SNR map of ST2, revealing a re-
markable level of detail that is not evident in the origi-
nal [1] or more recent  [14] 1 ppd global TES maps.
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530 Index. The ~530 cm-1 feature of the smectite
doublet occurs within the CO2 exclusion region of
atmospherically-corrected TES spectra and thus is not
available for spectral deconvolution.  Between 560 cm-

1 and the typical lower limit of CO2 exclusion at 508
cm-1, the absorption by CO2 is limited to a “hot band”
at ~545 cm-1 [e.g., 15] (Figure 1).  The atmosphere
becomes increasingly opaque at wavenumbers > 560
cm-1.  Because of the relative transparency of the at-
mosphere between 508 and 560 cm-1, spectral features
of surface components are discernable.  This has been
demonstrated in the case of olivine, which has one of
its compositionally diagnostic features near 520 cm-1

[16].
The 530 index, as defined by [11], uses a ratio of

TES channel 40 (~561 cm-1) to an average of channels
36 and 37 (~518 cm-1 and  ~529 cm-1).  This set of
channels avoids both the major absorption by CO2

above 560 cm-1 and the minor CO2 hot band at ~545
cm-1.  All constraints on TES data selection are the
same for the two indices.  Global maps of the index
values were binned at 16 pixels per degree (ppd) and
gores and gaps were filled via a nearest neighbor inter-
polation technique.

Results: We have produced polar maps of the indi-
ces to emphasize the high latitude distribution of can-
didate phases.  The map of the 465 index (Figure 2)
clearly highlights Acidalia Planitia and other locations
in the northern lowlands including parts of Vastitas
Borealis where ST2 material has been identified previ-
ously.  The 530 index map (Figure 2) shows spatially
coherent distributions with elevated index values but
none in the northern lowlands or high southern lati-
tudes.  We interpret this as an absence of a detectable
smectite doublet but the clear presence of a single ab-
sorption feature at or near 465 cm-1 consistent with
amorphous silica, either as a primary or secondary
phase, and little else.  Ruff and Christensen [11]
showed that the 530 index distribution correlates well
with olivine occurrences due to the presence of an oli-
vine absorption near 530 cm-1 (Figure 1).

The 465 index map of the south pole (Figure 2) re-
veals 10s of isolated locations in the southern high
latitudes (>-50°) that have intermediate to high values
of the 465 index but low 530 index values, suggestive
of ST2 material.  Some of these are large enough to
show up as single pixels in the 1 ppd maps of [14] but
might be dismissed because they are so isolated.  We
have examined many of these occurrences and found
them to be associated with dune fields and sand sheets
within and between craters in most cases.  For exam-
ple, the largest set of occurrences are adjacent to Men-
del Crater (Figure 3) where the dunes (Figure 4) have
TES spectra with 465 index values comparable to the
dunes in Vastitas Borealis.  An averaged spectrum
from these dunes clearly displays ST2 characteristics
following atmospheric correction (Figure 5), demon-
strating that not only is a feature near 465 cm-1 com-

mon to both locations, but the full ST2 spectral char-
acter is as well.

Recent Mini-TES observations in Gusev crater
(beginning on sol 1101) have for the first time revealed
material with a feature remarkably similar to the 465
cm-1 feature found in ST2 material (Figure 5).  Three
separate occurrences separated by many 10s of meters
of very rough textured, highly eroded outcrops with a
nodular appearance have the same Mini-TES spectral
character.  Although the 465 cm-1 feature strongly re-
sembles that of amorphous silica, the middle wave-
number region (~800-1200 cm-1) does not.  The sur-
faces of these outcrops are heavily contaminated with
soil that perhaps distorts this part of the spectrum.
Additional observations are planned to address this
issue.

Discussion: The absence of an absorption
feature near 530 cm-1 throughout the northern lowlands
severely constrains the possible mineral phases that
can be present there because very few silicate phases
lack an absorption feature in this spectral region.
Combined with OMEGA results, the presence of clay
minerals in ST2 material is increasingly unlikely.
Among the candidate components for ST2, high-silica
volcanic glass such as obsidian and aluminous or
opaline silica show no absorption in the region of the
530 index (Figure 1).  Many zeolites display only mi-
nor absorptions in this region but because they have a
~1.9 µm feature that has not been observed by
OMEGA or any other near infrared spectrometer ob-
serving the northern lowlands, they are less likely can-
didate phases.  High silica amorphous phases thus re-
main as the best candidate components of ST2 mate-
rial, although we cannot distinguish between primary
and secondary forms using our methodology.

The apparent association of elevated 465-index
values with high southern latitude dunes is notable
given the fact that the highest values of the 465 index
in the northern hemisphere occur in the dunes of the
north polar erg (Vastitas Borealis).  It is these dunes
that display the most intense ST2 signature in the
original map of Bandfield et al. [1].  Perhaps the asso-
ciation of ST2 signature with high latitude dunes in the
northern and southern hemispheres implies a link to
polar processes.  Such speculation is consistent with
the geographically constrained distribution of ST2
material suggested by [2] and [17].  The association
with dunes also could simply reflect the fact that the
dunes in these cases are locally the darkest and least
dusty surfaces, yielding the best spectra.  Careful ex-
amination of the southern hemisphere ST2 occurrences
and the new results from Mini-TES and the other in-
struments on the Spirit rover in Gusev crater may pro-
vide the answer to the remaining question of primary
or secondary origin for the high-silica component that
c lear ly  i s  present  in  ST2 mater ia l .
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Figure 2. (previous page)  Polar maps of spectral indices developed from TES data overlaid on MOLA shaded relief
maps.  The dust cover index (DCI) of [18] displays in shades of red through green, locations where the spectral fea-
tures of the surface are obscured by surface dust.  Note that the DCI maps have a larger unmapped region than the
other two indices (gray areas) due to the higher temperature limit requirement (≥260K vs. ≥250K).  White box in S.
Pole 465 index map indicates region around Mendel crater shown in figure 3.

Figure 3. TES 465 index map (overlaid on MOLA
shaded relief) of region highlighted in figure 2.
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Figure 4.  THEMIS VIS image (16982009) of dune
field near Mendel crater.

Figure 5.  TES and Mini-TES spectra of materials
with a similar 465 cm-1 feature.
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