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Introduction: Orbital data over Gale Crater have 

been a key resource for providing a broader geologic 

framework for in situ observations made by the Curi-

osity Mars rover. These data are also an invaluable aid 

in strategic path planning, and are necessary for find-

ing traverses that visit scientifically interesting loca-

tions while maintaining rover safety.  Here, we focus 

on predictions for Curiosity’s traverse to Mt. Sharp 

using data analysis from the Compact Reconnaissance 

Imaging Spectrometer for Mars (CRISM).  The large 

wavelength coverage (0.4 µm - 3.9 µm) and high spec-

tral resolution [1] of this dataset provides important 

information regarding terrain physical properties and 

surface composition.   

CRISM Coverage and Processing: One 18 

m/pixel full resolution targeted (FRT) and one 18 

m/pixel full resolution short (FRS) CRISM cube cover 

Curiosity's traverse from the Kimberley drill location 

to the base of Mt. Sharp (Murray Buttes): 

FRT0000C0EF and FRS00028349 (Fig. 1).  Addition-

ally, three along-track oversampled (ATO) observa-

tions were recently acquired over the same area, and 

these images can be processed to spatial resolutions ~6 

m/pixel in the along-track direction [2] (Fig. 2).  Two 

of the observations, ATO0002EC79 and 

ATO0002F1E9, were acquired on 26 March 2014 and 

11 April 2014 respectively and a third is scheduled to 

be collected 28 April 2014.   

 

 
Figure 1: 18 m/pixel coverage from Curiosity’s landing site to the 

base of Mt. Sharp.  Curiosity’s traverse to the Kimberley is shown as 

a black line. 

 

 
Figure 2: 6 m/pixel expected (outlined in red boxes) and acquired 

ATO coverage from Curiosity’s landing site to the base of Mt. Sharp.  

Curiosity’s traverse to the Kimberley is shown as a black line. 

 

Atmospheric contributions to the CRISM data were 

modeled using the Discrete Ordinates Radiative Trans-

fer (DISORT) program [3], and single scatting albedos 

(SSA) that are by definition independent of lighting 

and viewing geometry were derived.  When available, 

data from the short (0.4 - 1.0 µm) and long (1.0 - 3.9 

µm) wavelength detectors were co-registered and 

merged. ATO0002F1E9 and the April 28th scheduled 

ATO cover short wavelengths (0.4 - 1.0 µm) only. 

Spectral endmembers: Two major spectral 

endmembers are present in all of the CRISM scenes 

over this area: dusty plains materials and dunes/Mt. 

Sharp materials (Fig. 3,4). Dusty plains spectra are 

characterized by high SSA, steep slopes from 0.4 µm 

to 0.7 µm, and no strong mineral absorptions (Fig. 5).  

Mt. Sharp and dunes material endmembers are charac-

terized by lower SSA, more gentle slopes from 0.4 µm 

to 0.7 µm, and broad Fe absorption features near 1 µm 

and 2 µm controlled by the presence of olivine and 

pyroxene (Fig. 5).   

The area of Curiosity's traverse to the base of Mt. 

Sharp is intermediate between these endmembers (Fig. 

3,4).   Pixels within this mixing zone that are spectrally 

closer to Mt. Sharp/dunes material tend to occur in 

low-lying valleys that often appear as relatively 

smooth areas (probably sandy) in 30 cm/pix High Res-

olution Imaging Science Experiment (HiRISE) images. 

These areas also likely contain fewer sharp cemented 

rocks, so traversing through them may result in less 

wheel wear. 
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Figure 3: SSA at 440 nm versus 770 nm for FRT000C0EF.  This 

combination of wavelengths represents the slope of the ferric edge, 

but similar spectral endmembers occurs for many other combination 

of band scatter plots.  

 

 
Figure 4: Corresponding locations of spectral endmembers circled 

in the same colors in Fig. 3 shown on FRT000C0EF. 

 

 
Figure 5: Single scattering albedo spectra showing average spectra 

from same colored areas in Fig. 3 and Fig. 4. 

 

 

First Mt. Sharp Materials: In high spatial resolu-

tion HiRISE images, the first unit Curiosity will en-

counter at the base of Mt. Sharp is characterized by a 

lack of clear bedding. Previous studies using full 18 

m/pixel observations have shown this unit contains a 

combination of olivine, hydrated material, sulfate min-

erals, and possible iron oxides [4,5], although the sub-

tlety of these signatures makes it difficult to determine 

their exact locations. Initial analyses of the ATO ob-

servations yield similar results, with some pixels hav-

ing a 2.4 µm absorption indicative of sulfate materials 

and many areas showing a broad 1 µm absorption 

characteristic of olivine.  

By combining less noisy 18 m/pixel data acquired 

several years ago with the higher spatial resolution but 

noisier ATOs just acquired by the aging CRISM in-

strument (Fig. 6), we will present locations of specific 

outcrops responsible for these features. Results from 

these analyses can be used in combination with geo-

logic mapping to help guide strategic path planning.  

When this unit becomes visible to rover, results from 

CRISM analyses can also be used to target the collec-

tion of ChemCam passive spectra (0.40-0.84 µm) and 

Mastcam multispectral data (0.44-1.01 µm), which can 

confirm areas of interesting mineralogy through 

"ground-truth" observations [6].  

 

Figure 6: False color (R: 2.5 µm. G: 1.7 µm, B: 1.05 µm) 18 m/pixel 

and 6 m/pixel coverage of Murray Buttes and the Mt. Sharp basal 

unit.  More detail can be resolved in the 6m/pixel ATO observation. 
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