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Introduction:  The visible to near-infrared (VNIR)
spectrometer Observatoire pour la Mineralogie, l’Eau,
les Glaces et l’Activité (OMEGA) onboard the Mars
Express spacecraft has identified the presence of
phyllosilicates, specifically clay minerals, in some
places on the Martian surface [e.g. 1-4].  These detec-
tions in the VNIR provide an opportunity to study the
spectral character of confirmed Martian phyllosilicate-
bearing materials in the thermal infrared (TIR) range.

Phyllosilicates are identified in VNIR data by re-
flectance minima at ~1.4, 1.9, and 2.2 – 2.4 µm from
O-H, H-O-H, and metal-OH bonds in the minerals.  In
TIR data (Si, Al)-O bonds result in the most prominent
features [e.g. 5].  In some cases the TIR features of
phyllosilicates are broad with low spectral contrast,
which may make their identification at low abundances
more difficult than for other minerals with stronger,
more narrow features (e.g. olivine [6]).  Because min-
eral spectra are assumed to add linearly in proportion
to their abundance in the TIR wavelength region
(shown to be a good approximation in most cases [e.g.
7, 8]), a mixed spectrum can be linearly deconvolved
to determine the modeled mineral abundances.  Linear
deconvolutions of Martian surface spectra collected by
TES report phyllosilicate abundances of ~15% over
much of the surface [e.g. 9, 10].  The reliability of such
abundances have been debated because of the possibil-
ity that they maybe not be distinguished from silica or
poorly crystalline phases [5, 10], or because they may
be surface coatings of phyllosilicate material which
would not add linearly and result in an exaggerated
abundance [9].  OMEGA VNIR detections of phyl-
losilicate-bearing material appear to be more limited
on the Martian surface than these TES TIR modeled
abundances would suggest.  A more detailed study of
the phyllosilicate-bearing areas may be helpful in un-
derstanding the characteristics of phyllosilicates in TIR
data and reliable TES detection limits for modeled
abundances.  We analyze TIR data for qualitative and
quantitative spectral characteristics that may be used to
differentiate phyllosilicate-bearing material from non-
phyllosilicate-bearing material.

Study area.  One of the few notable concentrations
of phyllosilicate detections by OMEGA is in the region
in and surrounding the Nili Fossae [2, 3], the concen-
tric grabens along the northwest margin of the Isidis
basin.  In our investigation we look at four of the oc-
currences of phyllosilicate-bearing material (suggested

to be Fe- and Mg-rich clays such as nontronite [2]) in
this region.  The location of these study areas is shown
in Figure 1.  The ‘trough’ study area has been proposed
as a landing site for the Mars Science Laboratory [11].
Michalski et al. [12] have previously reported an initial
TIR investigation of the ‘basement outcrop’ in this
region.  Their study suggests that subtle compositional
differences may be present, but that the materials are
dominantly basaltic.

Approach:  We use multiple data sets and methods
to conduct a detailed analysis of our study areas in the
vicinity of the Nili Fossae.  TIR data for this work is
from the Thermal Emission Imaging System
(THEMIS) and the Thermal Emission Spectrometer
(TES).  THEMIS is a multispectral TIR spectrometer
with a visible imaging subsystem onboard Mars Odys-
sey [13], and TES is a hyperspectral TIR spectrometer
included on the Mars Global Surveyor spacecraft [14].

To investigate spectral variation in the study areas,
we perform a decorrelation stretch (DCS) [15] on
THEMIS daytime TIR images.  This stretch uses three
specified wavelength bands and redefines each axis in
the way that maximizes variation and removes corre-
lated information between bands.  We produce atmos-
pherically corrected THEMIS spectra by removing the
atmospheric components of each image using the proc-
ess described by Bandfield et al. [16].

We select the best quality TES spectra available for
the area of interest and ratio them with spectra of the
surrounding region from the same orbit to determine if
any difference is apparent in these measured spectra
[17].  We conduct linear deconvolutions [7] of the TES
spectra and analyze the resulting modeled abundances.

FIGURE 1:  Shaded relief map of the region around
the Nili Fossae indicating the four areas analyzed in
this work.
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We also use factor analysis and target transformation,
as described in [18], to help retrieve independently-
varying spectral shapes in the region, an approach that
does not rely on the exact spectral shape to be present
in a pre-determined end-member set.

Additionally, we are in the process of using nu-
merical mixtures of basalt and phyllosilicates to better
understand the detection limits and uncertainty of
modeled phyllosilicate abundances.  We combine a
basalt spectrum (e.g., Mars’ surface type 1 –ST1) with
that of a phyllosilicate (e.g., nontronite) in increasing
proportions from 0 to 100%.  We then deconvolve the
resulting spectra and compare the modeled phyllosili-
cate abundances to the known proportion of the phyl-
losilicate spectrum in the mixture.  We will vary this
approach by using a range of phyllosilicates, along
with basalt spectra produced by different methods (i.e.,
ST1, a lab-measured basalt spectrum, and a spectrum
synthesized from a combination of the lab spectra of
basaltic mineral components).  In addition, we will
investigate the effect on the modeled abundances of
other variables such as noise, spectral resolution,
wavelength range, and the absence of the phyllosilicate
in the mixture from the end-member set.  This work is
similar to that of Koeppen and Hamilton [19], who
used simple numerical mixtures to analyze uncertain-
ties of phyllosilicates and glasses as part of their larger
work of phyllosilicate and glass discrimination. Our
study builds on this by using complex mixtures that
more accurately represent TES measurements of the
Martian surface.  We are concerned primarily with
phyllosilicate abundances, though we are also aware of
the anti-correlation that may exist between phyllosili-
cate and glass abundances [19], which will be exam-
ined in our study. Koeppen and Hamilton [19] also
showed the importance of including multiple phyl-
losilicate and glass phases in end-member sets. In the
future we will perform laboratory studies of physical
mixtures of phyllosilicates and basalt.

Results: Figure 2 shows the DCS radiance images
of the four study areas (THEMIS bands 9/7/5 as
R/G/B).  Spectral variation is expressed as differences
in color in the DCS images.  The phyllosilicate-bearing
materials clearly exhibit differences in color from the
surrounding basaltic materials.  The blue boxes in each
image indicate the area within the phyllosilicate-
bearing material from which atmospherically corrected
emissivity spectra were averaged to produce the spec-
tra in Figure 3.  The red boxes in the DCS images indi-
cate the area from which the “plains” emissivity spec-
tra are derived (this area is outside of the image for the
Crater study area).  We include additional spectra from
interesting areas of spectral variation for the Area 1
study region.  The shape of the THEMIS spectra from

the phyllosilicate-bearing materials differs from that of
the non-phyllosilicate-bearing materials.  Error bars on
the emissivity spectra represent the standard deviation
of the averaged spectra.

Ratios of TES spectra from the regions of interest
to their surrounding plains do show small differences,
likely a result of differing compositions.  However,
these ratio spectra do not appear to be strongly similar
to the spectra of phyllosilicates from the kaolinite, il-
lite, and smectite classes (including nontronite).

Atmosphere-removed TES spectra, shown in Fig-
ure 4, differ in shape between the phyllosilicate-
bearing area and the surrounding plains, though these
differences are slight in some cases, such as for the
Basement Outcrop study area.  The modeled abun-
dances of these surface spectra are shown in Figure 4.

FIGURE 2:  DCS radiance images of the four study
areas (THEMIS bands 9/7/5 in R/G/B).  Colored
boxes correspond to the average spectra in Figure 3.

FIGURE 3:  THEMIS atmospherically corrected
emissivity spectra from each of the four study areas.
Specific locations from which spectra are derived are
indicated by the boxes in Figure 2.

Seventh International Conference on Mars 3095.pdf



Detection limits and uncertainties are generally
thought to be ~10-15% [20].  Comparisons of the
modeled abundances further suggest that the phyl-
losilicate-bearing materials and the plains are different
in overall composition.  However, the modeled phyl-
losilicate abundances show either little variation be-
tween the region of interest and the plains (e.g., for the
Basement Outcrop and the Crater study areas), or have
the opposite trend than would be expected (i.e., have a
higher phyllosilicate abundance for the plains than the
region of interest).  Additionally, many of these mod-
eled abundances are near or below the general detec-
tion limit of 10-15%.  The Area 1 spectra are domi-
nated by olivine, which is a result of sub pixel mixing
between the small phyllosilicate-bearing spots and ad-
jacent olivine-rich material.

We are currently analyzing the results from factor
analysis and target transformation of TES data.
Though we have identified unique spectral shapes, we
have not yet found any indication that phyllosilicates
are varying independently of the surrounding material.

Initial numerical mixture analysis results with
mixtures of the ST1 and nontronite spectra suggest that
phyllosilicates as a group may be overestimated in
modeled abundances by up to ~10% when using our
“control” values for variables in the deconvolution (i.e.
no added noise, 1302-305 cm-1 range, TES resolution,
specific nontronite end-member present in end-
member set) (Figure 5).  We observe this same behav-
ior when the range over which the spectra are decon-
volved is decreased to 350 cm-1 and 400 cm-1.  The
modeled abundance of nontronite alone is also overes-
timated in these trials by up to ~6, 13, and 17% for the
three wavelength ranges from 1302 to 305, 350, and
400 cm-1, respectively.  We show this first case in Fig-
ure 5.  However, modeled abundances remain at zero
unless the proportion of nontronite in the mixture is
above ~15-20%. Work on these numerical mixture
analyses is ongoing.

Discussion:  In an effort to understand the qualita-
tive behavior that might be expected when phyllosili-
cates are with mixed basaltic material within the same
THEMIS pixel, we produce numerical mixtures of ST1
and nontronite at THEMIS resolution in proportions
between 0 and 100% (Figure 6).  As the proportion of
nontronite in the mixture increases, THEMIS bands 5
and 6 decrease in emissivity whereas bands 4 and 7
increase, resulting in an increase in slope between
bands 6 and 7 (Figure 6).  A comparison of the
THEMIS spectra for the regions of interest and the
plains shows that they display slope differences be-
tween bands 6 and 7, with the spectra of the phyllosili-
cate-bearing materials having the higher slope (Figure
7).  This is consistent with, but not necessarily solely

FIGURE 5:  Left - Plot comparing the % nontronite
modeled to the proportion of nontronite in the numeri-
cal mixture for our ‘control’ study (see text for de-
tails).  Right - Plot illustrating the % phyllosilicates
(as a group) modeled (red) compared to the % of
phyllosilicates expected (green).  Expected values are
calculated from the % nontronite in the mixture with
the addition of the phyllosilicates modeled for ST1 in
proportion to the % ST1 in the mixture.

FIGURE 4:  TES atmosphere-removed surface emis-
sivity spectra for each phyllosilicate-bearing area and
the surroundings.  Black lines are measured spectra
and red lines are the best-fit modeled spectra.  Plains
spectra are offset by –0.05.  Below each graph are the
modeled abundances (%).  The ‘other’ category con-
sists of phases modeled well below the detection limit.
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attributable to, an increase in phyllosilicate abundance
in the regions of interest.

TES spectral shapes and their modeled abundances
are clearly different between the regions of interest and
the plains, but the differences between these regions
represent more than just the presence or absence of
phyllosilicates. There are other changes that reflect
either different starting materials, chemical alteration,
the addition of younger materials, or all of the above.
The lack of a resemblance of spectral ratios to phyl-
losilicate shapes also suggests a difference in overall
composition not specifically related to the phyllosili-
cates.  This does not preclude the presence of phyl-
losilicates in these areas, but our results may indicate
that they are not in high enough abundances to be re-
liably detected by TES.  Our further investigations into
detections limits for phyllosilicates may help to better
constrain these abundances.

Summary & Ongoing Work:  We observe spec-
tral differences between the locations where OMEGA
detects phyllosilicates and the surrounding materials in
the vicinity of the Nili Fossae.  In THEMIS data the
spectral characteristics are consistent with an increase
in phyllosilicate abundance in the regions of interest,
though other interpretations may be possible.  TES
data indicate compositional differences between the
regions of interest and the plains, but a change in
phyllosilicate abundance is not distinguishable.  This
may be a result of low absolute phyllosilicate abun-
dance, which may allow for detection by OMEGA but
limits reliable detection with TES TIR data.  We are
continuing to investigate the implications of the mod-
eled abundances from the numerical mixture analyses
and the effects of varying the basalt and phyllosilicate
used, along with other deconvolution constraints.  Fu-
ture laboratory analysis of physical basalt and phyl-
losilicate mixtures may provide additional insight into
the detection limits and uncertainties of phyllosilicates
in TES data.
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FIGURE 6:  Numerical mixtures of nontronite and
ST1 at THEMIS resolution.  The shadowed area high-
lights the change in slope between bands 6 & 7.

FIGURE 7:  THEMIS atmospherically corrected
spectra.  Each spectral group is offset by –0.05 from
the previous group.  Where needed the plains spec-
trum is shifted downward to better illustrate differ-
ences in slope between the plains and the phyllosili-
cate-bearing spectra.
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