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Introduction: Our WUSTL processing pipeline 

[1,2,3] for hyperspectral image data acquired with the 

Mars Reconnaissance Orbiter’s (MRO) CRISM in-

strument (0.362 to 3.92 µm, [4]) models atmospheric 

contributions and the Hapke function [5] to convert 

from I/F values measured by the instrument to an esti-

mate of surface single-scattering albedos (SSA). SSA is 

a measure of surface scattering efficiency independent 

of atmospheric conditions, lighting, and viewing geom-

etries. We also use a neural network approach to model 

the mixed solar reflection and thermal emission portion 

of the CRISM data for wavelengths >2.65 µm [6]. In 

this abstract we apply these techniques to CRISM data 

over Mount Sharp for regions traversed and to be trav-

ersed by the Curiosity rover, with a focus on the de-

tailed characteristics of the sulfate-bearing strata [7]. 

We also introduce the concept of back-projecting high 

resolution topographic data to CRISM sensor space to 

populate local incidence and emergence angles, which 

are used in radiative modeling to retrieve slope-

corrected SSA spectra and surface kinetic temperatures 

(SKT) at 12 to 18 m/pixel spatial scales. 

SSA Retrieval and Regularization Over Mount 

Sharp: CRISM scenes FRT0000B6F1 and 

FRT000248E9 (and ATO) covering the northern por-

tion of Mount Sharp traversed and to be traversed by 

Curiosity were processed using our pipeline. The 

DISORT radiative transfer code was used to remove 

gases and aerosols and retrieve SSA spectra, then a log 

maximum likelihood algorithm was used to retrieve the 

best estimate of the SSA spectra in the presence of 

Poisson-dominated noise [1,2,3]. Our neural network 

was used to retrieve SKT and SSA values at long 

wavelengths. Illustrative results are shown in Figs. 1, 2 

and described in the caption for Fig. 1. In addition, 

relatively high values of the 3 µm integrated band 

depth (Fig. 2), indicative of hydrated phases, can be 

seen in Glen Torridon, where CRISM data also show 

evidence for ferric smectites based on a 2.3μm absorp-

tion [8]. Several other areas of enhanced hydration are 

also evident in regions to the north traversed by Curi-

osity and also associated with selected strata on Mount 

Sharp above Glen Torridon. Results shown in the Fig-

ures will help define Curiosity’s traverses. 

High Spatial Resolution Local Incidence and 

Emergence Angles: Although our pipeline utilizes 

local incidence and emergence angles on a pixel by 

pixel basis the results are compromised by use of 

MOLA-based slopes to compute these values. The in-

trinsic individual pixel size for projected CRISM data 

is ~18 m. On the other hand MOLA gridded data have 

pixel sizes ~250 m. Thus there is a large spatial differ-

ence between the two data sets and only broadly vary-

ing angles can be computed (Fig. 3). We have thus also 

pursued use of a 6 m/pixel DEM generated from MRO  

Context Image data and provided courtesy of Michael 

Malin, MSSS.  Specifically this high resolution DEM 

was used to compute local incidence and emergence 

angles at a spatial scale equivalent to CRISM pixels, 

and then back-projected onto the CRISM sensor space 

to use in our pipeline processing. 

The DEM was first coregistered to CRISM 

FRT0000B6F1 projected data using an  orthorectified 

CTX mosaic generated as part of the MSSS stereo 

pipeline. Slope angles at each CRISM pixel were esti-

mated from the gradient in the DEM calculated through 

second-order finite differences [9], and the surface 

radius at each CRISM pixel was estimated from 

MOLA data. The direction of the sun (accounting for 

surface curvature) and direction of MRO (accounting 

for the motion of the spacecraft as the observation was 

made) were then determined. The angles between each 

of those directions and a vector normal to the local 

surface gradient, respectively, gave the CTX-derived 

local incidence and emergence angles (Fig. 4). 

An additional useful result is the identification of 

surfaces where the incidence or emergence angle (or 

both) is greater than 90° for a given CRISM observa-

tion. These high values mean that a given surface is 

either shadowed or tilted away from MRO at such a 

high angle that it is entirely unobserved. Any pixels in 

a CRISM observation where one of these orientations 

occurs cannot be used to provide a valid SKT or SSA 

value. These features can only be identified through 

spatial data at this resolution; MOLA topography is too 

coarse to identify hidden pixels in the scenes tested. 

Work is proceeding on incorporation of CTX-

derived local angles into our pipeline. Initial back pro-

jection into sensor space and use in processing are en-

couraging in that much more stratigraphic and mineral-

ogic detail is evident, particularly for the sulfate sec-

tion. In addition, finer details are evident in retrieval of 

SKT values, longer wavelength SSA values, and 3 µm 

hydration absorption patterns. 
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Figure 1: The color coding uses RGB as SINDEX2, 1.9 
µm hydration, and high calcium pyroxene, respective-
ly, from [10]. Blue areas based on comparison with 
HiRISE and Curiosity data correspond to modern 
wind-blown basaltic sands. The green areas contain 
hydrated phases. The yellow areas correspond to poly-
hydrated sulfate-bearing strata. The red areas, on the 
other hand, do not have a significant 1.9 µm hydration 
absorption, and examination of spectra show the pres-
ence of a 2.1 µm absorption indicative of the presence 
of one or more mono-hydrated mineral(s) such as kie-
serite. White line shows Curiosity’s traverse and yellow 
line shows the MSAR-8 planned extended mission 
traverse. The smaller frame is the ATO and parameter 
maps are shown overlain onto a HiRISE-based mosaic. 

 

Figure 2: Retrieved 3 µm integrated band depths are 

shown for FRT0000B6F1 and indicate enhanced 

hydration in Glen Torridon and selected areas in other 

regions. Vera Rubin Ridge and Greenheugh pediment 

do not show high values. 

 
Figure 3: Incidence angles (INA) in degrees derived 

from smoothed MOLA topography over Gale Crater 

for CRISM scene FRT0000B6F1 over a HiRISE mosa-

ic. Illumination is from the west (~303° clockwise from 

north) at ~32° above the local horizon; sun-facing 

slopes have low incidence angles. 

 
Figure 4: Incidence angles (INA) derived from the 

CTX DEM over Gale Crater for CRISM scene 

FRT0000B6F1, using the same color scale as Figure 1. 

CTX-derived incidence angles provide much more 

detail as compared to angles derived MOLA data. 

6205.pdfNinth International Conference on Mars 2019 (LPI Contrib. No. 2089)


