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Introduction:  Light-toned outcrops have been 
observed with the MOC and other orbital imaging 
systems at many locations on  the martian surface 
(e.g., [1],[2]).  Exposures are concentrated primarily 
at low latitudes (i.e., equator-ward of 30˚), range in 
size from the limit of MOC’s resolution (~ a few 
meters) to tens of kilometers across, and vary in 
morphological expression from finely bedded to 
massive at MOC resolution.  Mineralogically, some 
have been found to correlate with the presence of 
sulfates and clays (e.g.,[3],[4]). Because both clay 
and sulfate minerals can be emplaced by aqueous 
processes, it is of particular interest to understand the 
relationship between the setting, morphology and the 
composition  of these outcrops.  This project focuses 
on the light-toned outcrops found in the chaotic 
terrain east of the Valles Marineris.  We are 
interested in determining the spectral variability of 
these outcrops, constraining their composition, 
determining the relationship between their 
composition and morphology, and identifying their 
association to their surroundings.  

Datasets:  We have used the calibrated and 
publically released data from the MOC and OMEGA 
instruments.  Owing to known calibration issues at 
other wavelengths, we focused our studies on the 
better calibrated spectral region of 1-2.6 µm, which 
covers diagnostic absorptions in hydrates, 
hydroxides, sulfates, carbonates, and some mafic 
minerals [5]. 

Method:  We used MOC/WA and NA images to 
identify the light-toned outcrops that are located in 
the chaotic terrain east of Valles Marineris, and 
selected the OMEGA scenes covering these outcrops.  
We then derived the I/F and performed atmospheric 
correction for every pixel in the scene using an 
autocorrection technique.  This technique uses  co-
registered MOLA topography of the scene to 
empirically derive the atmospheric opacity as a 
function of altitude and wavelength, and then applies 
this derivation to correct each pixel. The procedure 
fails in regions where the elevation changes over an 
area smaller than the MOLA pixel, (e.g. steep walls), 
regions where MOLA interpolation is inaccurate, or 
scenes where there is no topographic variation from 
which to derive reliable atmospheric profiles.  
Otherwise, it is capable of removing the atmospheric 
bands to an accuracy of less than 2%.  The channels 
where good fits cannot be performed (usually in the 
core of the 2-µm band) are excluded from the 
analysis. 

Once the data were atmospherically corrected, 
we performed a Minimum Noise Fraction (MNF) 
transform to the data and identified the most unique 
pixels using ENVI’s built-in Pixel Purity Index (PPI) 
and n-dimensional visualizer.  Of these, we selected 
only those that correlated spatially to light-toned 
outcrops.  

Results and Discussion:   
Spectra: Only a few light-toned outcrops were 

large enough to be resolved by OMEGA in Aram, 
Iani, Aureum, Capri, and Eos Chaos.  The deposits in 
Aram Chaos and Iani Chaos, as well as some of the 
deposits  in Capri Chaos have been previously 
identified and analyzed by [4].  The deposit in 
Aureum Chaos has not been previously identified in 
OMEGA data. 

Figure 1 shows the spectra of these deposits and 
of mineral library samples that have band centers and 
band shapes similar to those found in the spectra.  No 
ratioing to any reference spectrum has been perfomed 
on the data, although the spectra  have been shifted 
for clarity.  The main commonality among all the 
spectra is the presence of a 1.9-2.0 µm absorption, 
which is consistent with the presence of hydrated 
minerals.  

The spectrum of the light-toned outcrop in Aram 
Chaos stands out from the rest because its 1.9-2.0 
micron band is shifted to longer wavelengths than in 
the other outcrops’ spectra.  Its band center and shape 
indicate the presence of a mineral whose near-
infrared spectral properties are consistent to those of 
kieserite.  More subtle shifts in the 1.9-µm band of 
the other spectra are also apparent, and these are 
reflected by variations in mineralogy (compare the 
1.9-µm absorption in the spectra of gypsum, 
hematite, and nontronite).  Additional bands occur 
around 1.4- and 2.4-µm in some spectra, and the 
presence, as well as the center of these bands varies 
among spectra, indicating  additional variations in the 
mineralogy.  Absorptions at 2.4-µm have been 
interpreted to be caused by sulfates [4]. 

Morphology: MOC/NA images show that nearly 
all outcrops corresponding to the spectra in Fig. 1 
appear  massive at MOC resolution (Figs. 2a-b), 
although in some cases the massive outcrop overlies 
more finely bedded outcrops (Fig. 2b). An exception 
occurs with the outcrop in Capri Chaos 
(corresponding to the light blue spectrum in Fig. 1), 
which is finely layered throughout (Fig. 2c).   
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Stratigraphy: Comparison of the MOLA-derived 
elevations for the outcrops shows no clear 
topographic correlation between them (Table 1), 
although it is evident that none of these outcrops 
resides in topographic lows.   Stratigraphically, we 
find these outcrops are overlain by buttes and dark-
toned mesa-forming material. 

Conclusions:  We have compared the spectra of 
the light-toned outcrops in the chaotic regions east of 
Valles Marineris.  All these spectra share an 
absorption band in the 1.9-2.0µm region, interpreted 
to be a hydration band, although its band-center 
varies in position, implying variations in mineralogy.  
This shift, coupled with variations in the presence of 
additional bands at 1.4 and 2.4-µm, suggest the 
presence of sulfates.  Most of the outcrops studied 
display a massive morphology at MOC resolution.  
The only outcrop that displays a layered morphology 
is associated with a spectrum that is intrinsically 
different from the rest. The formation of these likely 
sulfate-rich outcrops will be discussed in the light of 
the formation processes of Martian chaos. 

 

 
Figure 1.  Spectra of light-toned outcrops detectable 
by OMEGA in Chaos regions, and mineral library 
spectra (obtained from [4],[6]).  Both the purple and 
the light-blue spectrum are taken from light-toned 
outcrops in Capri Chaos.  
 

     
 

 
Figure 2.  Light-toned outcrops of Aureum Chaos 
(a), Iani Chaos (b), and Capri Chaos (c).  The 
massive aspect of the outcrops in (a) is characteristic 
of most the outcrops studied (Fig. 1).  The layered 
outcrops in (c) correspond to the light-blue spectrum 
in Fig. 1.  
 
Table 1: MOLA elevations of light-toned outcrops 
Locale: Elevation: 
Aram -3029 
Iani -2671 
Aureum -3246 
Capri -2932 (light blue), -2725 (magenta) 
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