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Introduction:  Phyllosilicates in the Mawrth Vallis 

region of Mars were first detected using the OMEGA 
instrument [1].  Observations from CRISM confirmed 
this detection and revealed diversity in phyllosilicate 
composition in this region, e.g., [2-4].  In the near-
infrared wavelength region used by these instruments, 
phyllosilicates have absorption features due to water 
(~1.4 and 1.9 µm) and the cation-hydroxyl bond in the 
octahedral layers (~2.2-2.3 µm).  In the thermal infrared 
wavelength range used by TES, phyllosilicates have a 
broad absorption from 7.7-11.1 µm (~1300-900 cm-1) 
from the fundamental vibrational mode of tetrahedral 
sheet Si-O stretching [5], and a Si-O bending absorption 
feature centered at ~21 µm (470 cm-1) [6].   

Unmixing of TES data from Mawrth Vallis has re-
vealed significant Si-rich materials (e.g., opal or Si-rich 
glass) and zeolites where OMEGA and CRISM detects 
phyllosilicates.  Phyllosilicate abundances in this region 
are modeled with TES data at detection limits (~15%) 
[7].  In this same area, however, Poulet et al. [8] have 
used radiative transfer modeling of OMEGA reflectance 
spectra to estimate a 30-70% phyllosilicate abundance.  
Potential factors that may account for this discrepancy 
have been outlined by Michalski and Fergason [7] and 
include:  

Hypothesis 1) Sub-pixel temperature differences in 
phyllosilicate-rich and phyllosilicate-poor surfaces.  In 
this scenario, cooler phyllosilicate-rich material will 
contribute less to the overall thermal infrared radiance 
and therefore be under-modeled in the calculated emis-
sivity.  If sub-pixel temperature variation is occurring at 
a scale >100 m/pixel, THEMIS data may be used to 
address this factor.  

Hypothesis 2) Low absolute phyllosilicate abun-
dance (below TES detection limits).  The abundances 
reported from TES analyses (at detection limits) may be 
attributed to either a) low abundances of phyllosilicates 
that are evenly distributed within deposits (intimate 
mixing), or b) sub-pixel mixing of high-abundance phyl-
losilicate materials interspersed amongst predominantly 
phyllosilicate-poor material (checkerboard mixing).  
We suggest that the latter can potentially be addressed 
using if the scale of mixing is resolvable by higher spa-
tial resolution THEMIS data (100 m/pixel vs. 3 
km/pixel TES resolution). 

Although TES data have a much higher spectral 
resolution than THEMIS data and can be used to dis-
criminate different mineral species more readily, the 
high spatial resolution of THEMIS is useful for phyl-
losilicate detection, as there will be less sub-pixel mix-
ing of silicate phases present at the surface, and less of a 
disparity in surface temperatures that contribute to sin-
gle pixel.  To address Michalski and Fergason’s [7] Hy-
potheses 1, 2a, and 2b, we will model sub-pixel tem-

perature variation and test the effects of THEMIS and 
TES spatial resolutions on real data, in order to estimate 
the increased sensitivity to phyllosilicates THEMIS may 
have. 

Methods:  THEMIS IR image I01199005 was used 
to extract realistic example surface temperatures for our 
models. This scene was chosen for its low atmospheric 
opacity, significant coverage over the phyllosilicate-rich 
outcrops in Mawrth Vallis, and past successful use in 
resolving THEMIS multiband spectral variations diag-
nostic of the phyllosilicate-rich material, e.g., [10-12].  
The image was initially processed using the THEMIS 
web interface (http://thmproc.mars.asu.edu), and emis-
sivity was calculated using a TES-derived multiplicative 
atmospheric correction [13] for eventual linear unmix-
ing.  CRISM Full Resolution Targeted (FRT) image 
frt0000b643_07 was used to map the phyllosilicates at 
~20-m spatial resolution.  It was processed using the 
CRISM Analysis Toolkit (CAT) v. 6.6.  The D2300 
parameter, sensitive to the 2.3-µm phyllosilicate absorp-
tion feature [14], was applied to each scene and con-
firmed by analyzing actual spectral data. 

Supporting Hypothesis 1, we find that THEMIS 
measured surface temperatures of phyllosilicate-rich 
material in scene I01199005 to average 248.1±2.6 K, 
whereas the surrounding material are 255.9±2.4 K.  To 
evaluate the effects of variable surface temperature, the 
CRISM scene was used to simulate a realistic phyllosili-
cate spatial distribution at ~20-m resolution.  Where the 
CRISM D2300 parameter detected phyllosilicates, we 
set the pixel to have a thermal emissivity spectrum of 
70% saponite, 30% surface type 1 (ST1) [15], (where 
70% is the upper end of modal phyllosilicate abundance 
estimates by [8]).  All other pixels were assigned an 
emissivity spectrum of 100% ST1 signature.  To model 
the effects of thermal variations, phyllosilicate-rich pix-
els were converted a radiance signature at 248 K.  The 
surrounding ST1 emissivity pixels were converted to a 
radiance spectrum at 256 K.  This resulted in a simu-
lated high-resolution thermal infrared image (Figure 1, 
left panel).  This image was then deresolved from 
CRISM spatial resolution to THEMIS resolution (Figure 
1, center panel) and to TES spatial resolution (right 
panel), and converted back to emissivity using a maxi-
mum brightness temperature approximation.  

To model Hypothesis 2a (intimate mixing, no tem-
perature variation), the measured band depth of the 2.3-
µm absorption feature was used to crudely approximate 
weight % phyllosilicate, using findings from [16].  As 
the bulk density of clay-rich soils are ~1, e.g. [17], 
weight % is a suitable replacement for modal abun-
dance, in this case.  Assuming proportionality between 
abundance and 2.3-µm band depth, this approach results 
in phyllosilicate abundances from 0 to 57% (Figure 2a, 
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left panel).  Similarly to Hypothesis 1, pixels were re-
placed with corresponding linear mixtures of phyllosili-
cate thermal emissivity spectra.  This result was 
deresolved to THEMIS and TES spatial resolution, re-
maining in emissivity space (Figure 2a, center and right 
panels).  

Finally, to evaluate Hypothesis 2b (checkerboard 
mixing), conditions were set identical to testing Hy-
pothesis 1, but with no temperature variation.  Results of 
simple checkerboard mixing are shown at the three reso-
lutions in Figure 2b.   

Results and Discussion:  The results of the mixing 
and spatial sub-sampling in all three hypotheses reveal a 
significant decrease in phyllosilicate detectability, as 
anticipated.  However, by modeling these factors with 
actual temperatures from the surface, and crudely ap-
proximated modal phyllosilicate abundances, we can 
better estimate which of these factors may actually be 
the source of the discrepancy in phyllosilicate detection.  
Temperature variations (Hypothesis 1) appear to bias the 
calculated abundance, particularly at the TES resolution.  
In our model, there is almost a 20% increase in the ob-
servable phyllosilicate at the THEMIS resolution (com-
pared to TES).  Intimate mixtures (Hypothesis 2a) of 
phyllosilicates at the surface quickly become much less 
detectable with decreased spatial resolution.  In our 
model, phyllosilicate abundance would be well below 
detection limits at the TES resolution.  Simple checker-
board mixing (Hypothesis 2b) results in the greatest 
likelihood of phyllosilicate detection at the TES resolu-
tion. 

It is significant to note that each hypothesis tested 
yields a ~10-20% higher abundance of modeled phyl-
losilicate in the THEMIS model than the TES model. 
The significant spectral uniqueness in THEMIS data of 

phyllosilicate-rich material (see introduction) paired 
with our modeled increased sensitivity with spatial reso-
lution suggests THEMIS might be used to detect phyl-
losilicates that are otherwise obscured in TES detec-
tions.  The drawback of the low spectral resolution may 
be overcome by choosing a few THEMIS endmembers 
already detected by comparison with OMEGA/CRISM 
and TES.  Spectra mix linearly in the thermal infrared 
wavelength range, so unmixing of THEMIS spectra can 
provide approximate quantitative phyllosilicate abun-
dance.  Phyllosilicate-rich emissivity spectra from the 
scene I01199005 subset modeled in this study were av-
eraged and linearly unmixed using just three endmem-
bers, and resulted in ~21% saponite, 7% basalt, and 31% 
andesite. Unmixing may provide an upper limit on phyl-
losilicate abundance in this region. 

Conclusions: The results of this study indicate that 
discrepancies between OMEGA/CRISM observations of 
phyllosilicates and the at-detection-limit observations by 
TES could realistically be attributed to surface composi-
tionally-correlated temperature variations or intimate 
mixing of phyllosilicates at the surface, based on meas-
ured values at our example location.  Due to limitations 
from a low spatial resolution for the TES instrument, 
and challenges associated with non-linear mixing in the 
OMEGA/CRISM wavelength range, THEMIS may be 
able to provide the most reliable approach to determin-
ing phyllosilicate modal abundance in well-
characterized regions. 
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Figure 1. Left: 70% saponite, 30% ST1 at 248 K (white), 
100% ST1 at 256 K (black), Center: THEMIS resolution 
and measured saponite abundance (max=63%), Right: TES 
resolution and measured saponite abundance (max=45%).  
Figure 2a. Left: Grayscale range of saponite abundance for 
intimate mixture (see text), Center: THEMIS resolution 
and measured saponite abundance (max=16.5%), Right: 
TES resolution and measured saponite abundance 
(max=6%, less than detection limits).  
Figure 2b. Left: 70% saponite, 30% ST1 (white), 100% 
ST1 (black), Center: THEMIS resolution and measured 
saponite abundance (max=70%), Right: TES resolution 
and measured saponite abundance (max=48%). Red 
squares on all panels indicate abundance measured as 
>15% (TES detection limits). 

1.  Temperature discrepancy 

2a.  Intimate mixing 

2b.  Checkerboard mixing  
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