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Introduction:  The Mawrth Vallis region has been 

intensively studied largely on the basis of its extensive 

exposures of phyllosilicate-bearing outcrops [e.g., 1-4]. 

However, sulfates have also been observed in the form 

of isolated exposures of the ferric sulfate jarosite near 

the top of its stratigraphic section [5,6] and scattered 

exposures of a phase described as an acid-leaching 

product [7]. The CRISM “SINDX” parameter [8], 

which is a measure of the convexity of spectra at 2.29 

m, can result from water and/or sulfate molecule ab-

sorptions in the 1.9 to 2.1 m region and/or at 2.4 m. 

There are scattered areas with high values of the 

SINDX parameter in a number of CRISM scenes. Here 

we examine several CRISM full-resolution targeted 

(FRT) and half-resolution long (HRL) scenes from the 

northern portion of the Mawrth Vallis region (Fig. 1) 

in order to determine what mineralogic phase or phases 

might be responsible for these high SINDX values. 

Processing of CRISM Data:  Atmospheric correc-

tion of CRISM near IR “L” spectrometer scenes was 

performed using the “volcano scan” approach resident 

in the CRISM Analysis Tools (CAT) software package. 

Mitigation of atmospheric dust effects in the visible to 

near IR “S” spectrometer data was achieved by sub-

tracting an average of several pixels in shadow in each 

scene and dividing through by a spectrally flat average 

spectrum. 

Given that a number of sulfate minerals have ab-

sorption featues in the 2.3 to 2.6 m region, special 

attention was paid to this spectral region using a set of 

spectral matching metrics including a spectral feature 

fitting approach [9], a spectral similarity value [10], 

and a Pearsonian correlation coefficient [11]. Region 

of interest (ROI) average spectra over high SINDX 

areas were also examined using a non-linear unmixing 

methodology based on Shkuratov scattering theory 

[12]. 

Results from CRISM “L” Spectrometer:  Aver-

age ROI spectra from FRT0000AA7D and from 

FRT0000863E are shown in Fig. 2A with continuum-

removed versions of these spectra in the 2.3 – 2.6 m  

range shown in Fig. 2B. The latter spectra highlight the 

presence of absorptions near 2.4 and 2.52 m. Com-

parisons of these and other spectra were made to a 

spectral library convolved to this spectral range and to 

CRISM resolution that included sulfates, phyllosili-

cates, and zeolites. The best matches through both the 

spectral matching approaches and through the non-

linear unmixing were to a group of ferrous or mixed 

ferrous/ferric sulfates including rozenite, melanterite, 

copiapite and ferricopiapite. Continuum-removed li-

brary spectra of these minerals over the same spectral 

range as in Fig. 2B are shown in Fig. 3. 

Results from CRISM “S” Spectrometer:.  Fig. 4 

shows spectra from the CRISM “S” spectrometer over 

areas corresponding to the “L” spectrometer high 

SINDX regions. These spectra have band minima near 

0.87 m and, for some of these regions, sharp 0.43 m 

absorptions. These features are more consistent with a 

copiapite or ferricopiapite than with rozenite or melan-

terite (Fig. 5). 

Discussion: The presence of a mixed ferrous/ferric 

sulfate such as copiapite or ferricopiapite or possibly 

ferrous sulfates such as rozenite or melanterite in this 

region are further evidence of the action of acidic wa-

ters in the Mawrth Vallis region. In [13], we discuss 

the broader implications of the action of acidic 

groundwaters, potentially as a fluctuating groundwater 

table, producing conditions similar to those observed in 

association with terrestrial acid sulfate soils [e.g., 14]. 

The acidic waters could also have played a role in the 

formation of the upper Al phyllosilicate unit in Mawrth 

Vallis. 
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Fig. 1. Northern Mawrth Vallis region considered in 

this study with outlines of primary CRISM scenes. 

 

 

 
Fig. 2. A. Smoothed ROI average spectra over high 

SINDX areas from two CRISM scenes. B. Continuum-

removed portions of those spectra over the 2.3 to 2.6 

m range with absorptions near 2.4 and 2.52 m noted 

by arrows. 

 

 
Fig. 3. Continuum-removed CRISM library spectra of 

best spectral matches in the 2.3 to 2.6 m region. 

 

 
Fig. 4. CRISM “S” spectrometer spectra over high 

SINDX regions. 

 

 
Fig. 5. Library spectra of candidate Fe sulfate minerals 

over VNIR range of CRISM “S” spectrometer. 
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