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Introduction: We show results for full radiative 

transfer modeling of CRISM scenes covering Mawrth 

Vallis, including two scenes taken in Along-Track 

Oversampled (ATO) mode.  Surface scattering was 

modeled along with atmospheric dust and gas to re-

trieve single scattering albedos (SSA) using the emis-

sion phase function portions of the observations as 

“lever arms” to ensure proper modeling of both atmos-

pheric and surface radiative streams.  Spectra from 

these regions clearly show absorptions indicative of 

smectite minerals.  Radiance coefficient spectra de-

rived from the SSA retrievals are then used in conjunc-

tion with laboratory spectra to evaluate both mineralo-

gy and relative abundances. 

Data Processing:   CRISM observations included 

FRT000089F7, ATO00023F87 and ATO0001EB5F 

(Fig.1).  I/F values for the three images were processed 

to single scattering albedos using the DISORT 

radiative transfer code, following the methodology 

outlined in [1].  Atmopheric dust, ice and gas bands 

were explicitly modeled.  Surface scattering was mod-

eled using the Hapke function with a modestly 

backscattering single particle phase function.  The 

retrived single scattering albedos are independent of 

lighting and viewing geometries.  The along-track 

oversampling of the ATOs allowed recovery of 5 

m/pixel spatial resolutions near the center of the 

scenes. For FRT000089F7 the emission phase function 

portions of the scene were used to constrain the 

radiative solutions using a chi square approach, adjust-

ing atmospheric parameters until the differences in 

SSA values for overlapping regions were minimized. 

Al and Fe-Mg Smectite SSA Spectra: Spectra for 

ROIs were chosen based on visual inspection of band 

depth and minimal noise (Fig. 2).  Numerous regions 

in the central-eastern portion of these images show Fe-

OH/Mg-OH absorptions at 2.3 and 2.4 µm indicative 

of an Fe/Mg-rich smectite, as already observed by nu-

merous authors [e.g., 2].  Scattered regions in the west-

ern portion of these images show broad Al-OH absorp-

tions near 2.2 and 2.4 µm indicative of an Al-rich 

smectite, which as previously noted is probably a mix-

ture of montmorillonite and hydrated silica [e.g., 2].  

Spectra with the strongest absorption features are 

found in the regions shown in Fig. 2.  Average spectra 

from points in these regions are shown in Fig. 3.  Band 

depths for 2.2 and 2.3 µm features are estimated at 1-

4% in single scattering albedo spectra. 

Comparisons to Laboratory Spectra: Average 

spectra from Mawrth featuring strong smectite absorp-

tions were recast to radiance coefficients to enable 

direct comparison to RELAB bidirectional reflectance 

laboratory observations acquired at i=30, e=0.  Mawrth 

average spectra were then compared to spectra of  la-

boratory mixtures of nontronite and basalt in varying 

proportions [3,4].  Direct comparison of the depth of 

the 2.3 µm band suggests that these areas may be be-

tween 5-10% nontronite; however, the band depth to 

wt. % clay relationship is highly depended on the grain 

size and the optical properties of the additional com-

ponent(s). These first mixtures of nontronite and basalt 

had grain sizes of 45-75 µm. 

Future Work: We plan to conduct more in-depth 

laboratory mixing experiments and modeling of 

smectite mixtures to constrain the mineralogy of ob-

served regions of Mawrth Vallis.  This will include 

employment of the Hapke equations using the linearity 

among endmember single scattering albedos with as-

sumed grain sizes. Laboratory-based mixing experi-

ments using a variety of materials will also be con-

ducted and modeled for comparison with the Mawrth 

spectra. 

  

 
 

Fig. 1 – Mosaic of CRISM images FRT000089F7, 

ATO00023F87 and ATO0001EB5F (L data).  Each is 

~ 10 km wide.  FRT000089F7 is centered at 24.05 N, 

341.07 E. 
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Fig. 2 – ATO0001EB5F (L data) showing boundaries 

of regions from which ROI spectra were taken.  Green: 

Al-smectite-rich region, red: Fe/Mg-smectite-rich re-

gion.   

 

 
Fig. 3 – ATO0001EB5F average of 100 spectra from 

for each of the two regions shown in Fig. 2.  Absorp-

tions indicated at 1.9, 2.2, 2.3 and 2.4 µm.  

 

 
Fig.4 – Continuum-removed radiance coefficient spec-

tra (red), compared with nontronte-basalt mixed spec-

tra for 5% and 10% nontronite from [4]. 
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