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Introduction: We are conducting a systematic 

analysis of small (~10's of km), localized regions in 
Valles Marineris that display significant albedo differ-
ences relative to their surroundings.  This analysis is 
based on a finding that the locations of the hematite 
deposits identified by [1] in the interior layered depos-
its of Valles Marineris typically coincide with regions 
having a low MGS/TES visible bolometric albedo 
[1,2].  Until recently, it was difficult to identify the 
morphology or geologic context of the regions contain-
ing the hematite deposits.  However, with the recent 
advent of high-resolution (1/128°/pixel) MOLA grided 
topography and Mars Odyssey’s THEMIS-IR instru-
ment, it has been possible to better understand the 
morphologic context of TES observations.  This analy-
sis combines the use of PDS-released data from the 
MGS/TES visible bolometer and infrared spectrometer, 
the Odyssey/THEMIS Infrared imager, and MOLA 
grided topography.  First, the TES infrared bolometer 
is used to identify regions of interesting albedo vari-
ability, and is overlaid on Viking controlled photomo-
saics for context.  THEMIS-IR data, in conjunction 
with MOLA topography, is then used to:  1) identify 
the context and morphology of the area; and 2) identify 
spectrally unique regions at the km scale.  In prepara-
tion for the latter, all the THEMIS planes are coregis-
tered using an autocorrelation routine, the data are 
converted to brightness temperature and then each 
plane is normalized to the brightness temperature of the 
third plane (1261 cm-1).  We then perform a 3-band 
search for color variations and a Principle Components 
Analysis (PCA) of the 8 unique bands in the THEMIS-
IR dataset.  Any variability is then investigated using 
both THEMIS-IR and TES spectra of the same regions.  
In both cases, the spectra are ratioed to near-
simultaneously acquired spectra of adjacent or "aver-
age" regions that do not show this albedo variation, 
therefore allowing us to identify spectral variability 
unique to the area of interest.  This procedure also al-
lows us to account for calibration problems in 
THEMIS-IR data, and for any atmospheric effects in 
both the THEMIS-IR and the TES data. 

Observations:  One example presented here is a 
low albedo region in central Ophir Chasma (3.6°S, 
73.0°W ) that has not been identified as a hematite 
rich-deposit.  This region is located at the base of the 
interior deposits and north of the largest hematite de-
posit found in Ophir Chasma [1].  It has a relatively 
low TES albedo (0.17) compared to that of the sur-

rounding region (0.20) and of the brighter highland 
plains (0.25) (see Figure 1).  THEMIS-IR images and 
MOLA gridded topography show that this area con-
tains a 100 km2 region in a topographic low at the base 
of the layered floor deposits (see Figure 2).  Its bright-
ness temperature at 1261 cm-1 is approximately 10K 
greater than that of the average non-shadowed sur-
rounding terrain.   
 

 
Figure 1: TES visible bolometer data overlayed on a Viking 
control photomosaic of Ophir Chasma.  Note the lower al-
bedo of the region of interest relative to the surrounding 
terrain.  The next low albedo region south of this area along 
the same strip corresponds to the deposit with the greatest 
concentration of gray hematite found in Ophir Chasma by 
[1]. 
 

The THEMIS-IR spectrum of this region (cyan) 
mirrors the spectrum of the highland plains immedi-
ately north of Valles Marineris (maroon) and the rela-
tive brightness temperature of this region is well below 
the average spectrum of the entire region (red–line of 
ratioed value of 1) for all wavelengths except 795 cm-1  

(see Figure 3).  The spectral differences between the 
low albedo region and plains region are consistent with 
the effects of suspended atmospheric dust: because the 
plains are higher elevation than the average scene 
(which includes both the plains and the chasma), we 
see an inverted dust absorption relative to the average.  
The opposite is true for our low albedo region of inter-
est.  The spectra of the regions shown in blue and light 
green in Figure 2 behave similar to the cyan region, 
and are therefore not plotted.  However, it is worth 
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noting that the spectra of the interior layered deposits 
show significant spectral variability not consistent with 
atmospheric absorption.  Of particular interest is the 
spectrum of a layer in the deposits themselves (dark 
green), which shows absorptions relative to the average 
spectrum at both 979 and 848 cm-1.  Unfortunately, this 
feature is too small to be detected by TES.  However, 
the terrain responsible for the variability in the yellow 
and magenta spectra is large enough (km in size) that it 
should be detectable using TES. 

TES spectra of the region (Figure 4, top), ratioed to 
the average spectra of immediately adjacent higher 
albedo regions does not appear to show the differences 
observed in the THEMIS-IR data.  On the other hand, 
this ratio spectrum does show a positive slope in the 
low wavenumber region (200-600 cm-1) and a broad, 
shallow band between 800 and 1200 cm-1.  Neither of 
these two features are present in identically-ratioed 
adjacent spectra.  Even if the broad band corresponds 
to different optical depths through the atmospheric 
dust, the slope cannot be accounted for by atmospheric 
effects based on our modeling of dust absorption in the 
atmosphere. 

Interpretation:  Due to the fact that the largest ab-
sorptions found in the layered terrain correspond to 
only 0.06% variability in THEMIS-IR data relative to 
an average spectrum of the region, care must be taken 
when considering the validity of the observation.  
However, if the two absorptions found in the layers of 
the interior deposits of Valles Marineris are real, they 
require there to be either one material with those two 
absorption features, or more than one different materi-
als whose spectra mix linearly to generate such fea-
tures.  Comparison of the THEMIS-IR spectra of the 
layers with data from the ASU’s mineral spectral li-
brary [3] yields only two minerals that exhibit both 
observed features.  These minerals, bronzite and ensta-
tite, are both orthopyroxenes typically found in vol-
canic rocks.  If we assume instead that each feature is 
generated by one mineral, we find that practically all 
the minerals that possess either one of those two bands 
are silicates (including plagioclases, pyroxenes, amphi-
boles, and serpentines).  All of these can be found in 
volcanic rocks, although the latter two hydroxides can 
also be formed as volcanic alteration products. 

Interpretation of TES spectra is more complicated 
because the only minerals in the ASU spectral library 
that contain a positive, featureless slope at small 
wavenumbers tend to be fine-grained clays.  However, 
this is not necessarily indicative of clays, as the spectra 
for many fine-grained materials like these have not 
been published in this spectral regime. 

 

 
Figure 2: THEMIS-IR 3-band ratio view of the low-albedo 
region found in TES data (region encompasing green dot).  
Each band was ratioed to band 3.  Note other similar regions 
in the image (cyan dot), and the well-defined layers at the 
bottom of the image. 
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Figure 3:  THEMIS-IR spectra of the regions highlighted in Figure 2.  Each spectrum has been divided by an average spec-

trum of the entire region shown in Figure 2 (red) and extending northward into the plains north of the Chasma (not shown).  Note 
the mirroring effect of the spectra of our region of interest (cyan) to that of the highland plains (maroon) about the axis of the 
(red) average terrain line. This effect is caused by atmospheric dust absorption.  Also note the relatively strong absorption band 
of the layers (dark green). 

 
Figure 4: TES spectra of our low albedo region of interest ratioed to an average spectrum of the region defined in Figure 1.  

Note the  positive slope in the spectrum at low wavenumbers and the broad absorption feature between 800 and 1200 cm-1.  Note 
that the similarly-ratioed spectrum of an immediately adjacent, higher albedo region does not show these features. 
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