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Introduction: The Mawrth Vallis region is one of 

the four finalist landing site candidates for the Mars 
Science Laboratory (MSL).  It is of particular interest 
as a site for exobiological studies of Mars because it 
presents a well-exposed and intact stratigraphic col-
umn of altered Noachian crust ([1], [2]).  Past spectro-
scopic studies using CRISM and OMEGA have re-
vealed large (~10’s – 100 km) continuous exposures of 
uncomformably layered phyllosilicate-bearing rocks 
[3].  Stratigraphy is not only defined by lithologic con-
tacts, but also by mineralogy, with Al-phyllosilicate-
bearing units (e.g., Al-smectite and kaolinite-group 
minerals) and hydrated silica overlying Fe/Mg-
phyllosilicate-bearing units ([1], [4], [5]). The pro-
posed landing ellipse covers a large, continuous strati-
graphic section of this eroded and altered crust.  How-
ever, the mineralogical diversity, stratigraphy, and 
morphology observed there is also observed in out-
crops throughout the western Arabia Terra region at 
length scales of over 1000 km. This suggests that 
whatever processes were responsible for the formation 
of these rock units operated on regional scales.  Pro-
posed processes for the deposition of the rock units 
include deposition of ejecta by multiple impacts, sedi-
mentation in fluvio-lacustrine or marine settings, and 
airfall of dust, volcaniclastic material, or impact pro-
duced fines [3].  Additional proposed processes for the 
formation of the observed hydrated minerals and their 
stratigraphy include climate-driven top-down altera-
tion, fluvio-lacustrine deposition, and diagenesis of 
volcanic materials (e.g., [3], [4], [5]). 

In this work, we show that the terrain within and 
around the landing ellipse displays a broader range of 
hydrous mineralogy than previously realized, including 
the presence of acid-leaching products, sulfates, and 
dehydrated Mg-smectites. 

Datasets and Methods: We have used calibrated 
(calibration level TRR2) I/F data from Full Resolution 
Targeted (FRT) CRISM observations acquired inside 
and outside the ellipse (Fig. 1).  Atmospheric opacity-
correction was performed using volcano scan [7] and a 
newly derived EPF-based technique. Subsequent data 
processing includes destriping and despiking [8].  Pa-
rameterization (e.g. [9], [10]) is used to identify and 
map spectrally interesting units.  In some cases, we 
took ratios of the spectra of interest to the spectra of 
known spectrally neutral units in the same detector 
column in order to remove uncertainties that may be 
introduced by potential column-dependent systematic 
errors, and to develop confidence in our detections. 

 
Figure 1.  RGB composites of the CRISM images used in 
this study overlaid on CTX data. Landing ellipse is in yellow. 
Contour intervals are set every 100 meters. 

 
Results: Spectroscopic and morphological studies 

of the walls of the craters in FRT00094F6 have al-
lowed us to identify a stratigraphic section consisting 
of at least four primary compositional units: two 
Fe/Mg-smectite-bearing units at the bottom of the 
stratigraphy, an Al-phyllosilicate-bearing unit above 
that, and in some instances, an Mg-phyllosilicate-
bearing unit above that.  The Fe/Mg-smectite-bearing 
units typically show clear evidence for layering in the 
un-brecciated portions of the crater walls.  The layer-
ing is not always flat and may exhibit truncations, rip-
ple-like bedding and synclinal forms reminiscent of 
buried channels or craters.  The layers under the syn-
clinal forms are not deformed, supporting the hypothe-
sis that these synclinal forms are cross-sections of bur-
ied channels.  The Al-phyllosilicate-bearing unit often 
shows spectral evidence for an enhanced concentration 
of ferrous material at its base, as well as mineralogical 
evidence for limited exposure to acidic fluids (Fig. 
2A).  This unit typically presents fracture patterns near 
the top, and layering near the base.  In the context of 
an impact crater wall, it is difficult to determine 
whether this pattern is caused by the impact itself or by 
some other depositional or pedogenic process.   

We have also identified material with the spectral 
signature of the sulfate bassanite or the zeolite anal-
cime just east of the proposed landing ellipse (Fig 2B).  
This material is associated to a unit that has a pitted 
and etched morphology and underlies the layered 
Fe/Mg-smectite-bearing units (although Fe/Mg-
smectites are also prevalent throughout the rest of this 
unit).  The specific mineralogy of the material cannot 
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be uniquely constrained at this time based on spectral 
studies alone.  However, bassanite has been identified 
further north within Mawrth Vallis [11], and some 
additional constraints can be placed in this case by the 
morphology of the unit that it is associated with.   

The pitted-and-etched terrain in which this mate-
rial is found is interpreted to result from volume loss 
by dissolution.  Sulfates have a much higher solubility 
than zeolites, and their dissolution could create major 
subsurface volume loss.  Hence, the pitted-and-etched 
morphology supports the potential identification of 
sulfates, immediately east of the ellipse.   

Discussion: The observed data indicate that the 
proposed MSL landing ellipse retains a record of tem-
poral variations in the environmental conditions of the 
region.  Fe/Mg smectites are very susceptible to altera-
tion by acidic water (e.g., [12]), and their presence 
records alkaline to neutral conditions during the period 
of their formation, and their subsequent preservation.  
On the other hand, Al-smectites tend to be a little more 
resistant to acid-alteration than Fe/Mg smectites.  
However, absorptions observed at 2.20 and 2.27 !m in 
the spectra of portions of the Al-phyllosilicate bearing 
unit (Fig. 2A) are consistent with absorptions observed 
in the evaporitic residue of solutions formed from low-
grade leaching of phyllosilicates by mild acidic solu-
tions (e.g., [13], [14]).  Hence, the presence of these 
alteration products suggests that at least part of the Al-
phyllosilicate-bearing unit was exposed to acidic con-
ditions at some point after its formation.  

This observation is intriguing because it could po-
tentially help explain TES spectral results. TES spectra 
of the phyllosilicate-bearing surfaces are dominated by 
aluminous or ferric silica [15].  If weathering of the 
clays has resulted in silica-rich coatings, it could result 
in a dominant thermal IR spectral component, even if 
the coatings are thin (<5 microns) [16].  

Finally, the tentative identification of bassanite in 
the pitted-and-etched unit is of particular interest be-
cause in order for pitting to occur upon their dissolu-
tion, the sulfates must have been playing a structural 
role in the unit:  they must have been deposited as part 
of the original unit rather than as pore fill within the 
unit, suggesting the deposition of a sulfate-bearing unit 
that either predates or occurred in association with the 
deposition of the clay-bearing materials. 
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Figure 2.  (A) Comparison of unit 4 to I/F CRISM spectra 
(tones of red) to Melas I/F spectra (green) and library spectra 
(tones of blue) of montmorillonite, jarosite, and precipitate 
from the alteration of smectite at pH 4 for 14 days.  Note the 
formation of a band at 2.27 !m in the precipitate.  (B) Com-
parison of continuum-removed CRISM ratio spectra to the 
continuum-removed reflectance spectra of analcime and 
bassanite.  Red and green lines are spectra of two locations. 
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