TES/THEMIS spectral analysis of the proposed Mawrth Vallis MSL Landing Sites
Dust cover

     The average emissivity between 1350-1400 cm-1 is a proxy for areal dust cover, where low values (< 0.95) indicate high dust cover and high values (> 0.97) indicate minimal dust cover [Ruff and Christensen, 2002].  For a 10 x 10° area surrounding each candidate landing site, DCI values were binned at a resolution of 16 pixels per degree and overlain on a THEMIS daytime radiance mosaic.    Candidate landing ellipses 1-3 in Mawrth Vallis exhibit index values of 0.95-0.99, 0.94-1.00, and 0.94-0.99, respectively.  TES data falling within the selection constraints are absent over candidate site 4.  Relative to the classic high-albedo regions on Mars, these DCI values are moderate to high, indicating moderate to low dust cover.  Light-toned units with 1.1 µm albedo values of ~0.18 are host to phyllosilicate minerals identified in NIR data [Poulet et al., 2005; Michalski and Noe Dobrea, 2007; Mustard et al., 2008].  The light toned units do not exhibit significantly higher DCI values than surrounding units (with some exceptions), supporting the notion that the high albedo value is an intrinsic property of the clay-bearing rocks.

Spectral units

     Two spectral units, which are spectrally similar to TES surface types 1 and 2 [Bandfield et al. 2000], were identified in THEMIS data.  The second unit may be modeled as the combination of the first unit plus olivine, therefore, spectral unit maps [Bandfield et al., 2004] were produced using the first spectral unit, olivine [Koeppen and Hamilton, 2008], surface dust [Bandfield and Smith, 2003], and blackbody to account for variable spectral contrast. Because the surface dust end-member is relatively featureless between ~8-12 µm, its distinction from the blackbody end-member is considered less reliable, and the distributions of these two endmembers were combined. Spatial variations in blackbody/dust abundance may indicate varying surface dust abundance or particle size/textural variations within the other two spectral units.  TES-derived surface emissivity spectra extracted from the two units are spectrally similar to TES surface types 2 and 1 [Bandfield et al. 2000], respectively, and are distinguished primarily by differences in olivine and high-silica phase abundance.  Using the TES derived mineral abundances, both units are classified as basalts and are referred to as “basalt 1” and “basalt 2”.  Both units contain a significant amount of high-silica phases, which may be secondary in origin, thus both units may be altered.  The basalt 1 unit contains a greater abundance of high-silica phases than the basalt 2 unit, however.
     The basalt 1 unit is found throughout the region, with the strongest concentrations associated with the phyllosilicate areas identified by OMEGA/CRISM.  The basalt 2 unit is concentrated near the western side of the study region, both in the plains that flank Mawrth Vallis, as well as in linear outcrops exposed at the base of the channel and in low albedo deposits near the mouth of the channel.  It is absent in the areas identified by OMEGA/CRISM as having positive detections of phyllosilicate minerals.  Though dust abundance is generally low throughout the study region, the THEMIS spectral unit maps do reveal variations in dust cover.  Areas of higher dust cover are associated with light-toned outcrops where no phyllosilicates are observed by OMEGA/CRISM, as well as in plains to the east of Mawrth Vallis.  

     Two TES orbits that cross phyllosilicate-bearing surfaces were analyzed in an effort to quantify the difference in total high-silica phase abundance between phyllosilicate-bearing surfaces and surrounding low albedo areas.  Deconvolution of TES spectra on and off the phyllosilicate regions reveal that the high-silica phase abundance is higher than that of surrounding surfaces by 10-15%.  Aside from the difference in high-silica phases, phyllosilicate and non-phyllosilicate surfaces within the THEMIS basalt 1 unit are nearly identical mineralogically.  The difference in high-silica phases is not large enough to produce significant differences in the 8-12 µm spectral region, which explains why the phyllosilicate-bearing surfaces are not distinguished from non-phyllosilicate-bearing surfaces within the basalt 1 unit in THEMIS data. 

TES 465/530 cm-1 indices

     Two spectral indices were developed by Ruff and Christensen [2007] to distinguish dioctahedral smectites in unatmospherically corrected TES data.  The 465 cm-1 feature is present in hematite as well as several phases with high Si/O ratios, such as clays, zeolites, amorphous silica, and high-silica glass.  Spectral features near ~530 cm-1 are present in olivine, pyroxene and some clays.  High values of both spectral features can be indicative of a “doublet” that is found in dioctahedral smectite clays, including montmorillonite, nontronite, and Fe-smectite.  The indices were derived from TES emissivity spectra selected using the constraints described in Ruff and Christensen [2007], and binned at a resolution of 16 ppd for a 10 x 10° area surrounding each landing site.  Maps of “positive detections” of both indices represent the sum value of both indices for each pixel, and are masked where either index is below the detection thresholds established by Ruff and Christensen [2007] (1.006 for the 465 index, 1.005 for the 530 index).  As described by Ruff and Christensen [2007], the clays measured for the ASU spectral library are in packed particulate and fine powdered forms.  If the phyllosilicate materials on the surface are in a low-porosity form similar to the packed particulate samples in the ASU library (such as surface coatings), then they would have to be present in abundance greater than 10-20%, depending on the clay composition, in order to produce positive detections of the smectite doublet in TES data.  Smaller particle sizes or clays in loose form may be present at higher abundances.
     The 465 spectral feature exhibits moderate to high values (up to 1.02) in the phyllosilicate regions as well as in areas mapped as “basalt 1” in THEMIS data.  The 530 spectral feature exhibits moderate values that coincide with areas mapped as “basalt 2” in THEMIS data.  Areas where both indices are present above the detection threshold are sparse throughout the study region, with little spatial coherence and almost no coincidence with phyllosilicate regions identified in OMEGA/CRISM data. One area where both indices are above the threshold values was selected for further spectral and quantitative mineralogical analysis.  This region also coincides with a phyllosilicate-bearing surface identified by OMEGA/CRISM.  The 465 index is high (1.02), and the 530 index value (1.007) is just above the threshold defined by Ruff and Christensen [2007] (1.005).  A ratio of these spectra with those from a nearby bright region within the same orbit show little evidence for the smectite doublet, however, the 465 feature is strong in the ratio spectrum.  Deconvolution of the spectrum with high 465 and 530 index values indicates that high-silica phases constitute more than 35% of the surface.  Nearby surfaces covered by the same orbit are mineralogically similar, with the exception of high-silica phases, which are lower by ~15%.    
     The lack of a smectite doublet is in the TES 465/530 index data over CRISM/OMEGA phyllosilicate detections may be attributed to 1) low phyllosilicate abundance (<10-20%, depending on the clay composition) and/or 2) texture/particle size effects. For the areas examined in detail with TES data, the surface emissivity is well modeled by coarse-particulate phases and exhibits spectral contrast typical of low-albedo regions.  These observations are inconsistent with a strong presence of fine particulate grains, suggesting that the 10-20% upper limits are more likely.  
     The TES analyses indicate that, in addition to the phyllosilicates detected by OMEGA/CRISM, the phyllosilicate regions also contain significant concentrations of a high-silica phase that does not exhibit a smectite doublet, such as zeolite or amorphous silica.  The total abundance of high-silica phases is higher for phyllosilicate regions than surrounding surfaces.  Strong positive detections of the 465 cm-1 feature in TES data support the deconvolution results.  
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