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Introduction:  The Compact Reconnaissance Imag-
ing Spectrometer for Mars (CRISM) instrument on the 
Mars Reconnaissance Orbiter (MRO) has been identify-
ing mineralogy at Gale crater since 2006 [1], but it is 
only recently that MSL Curiosity has reached the exten-
sively mapped terrain of Mount Sharp (formally known 
as Aeolis Mons) within the crater [2]. With the multi-
spectral image data  acquired by Curiosity’s Mastcam 
instrument [3, 4], we are able to make comparisons be-
tween orbital predictions and ground-based observa-
tions. 

To facilitate the comparison between orbital and 
landed spectral data, a radiometric transform was per-
formed on a CRISM Full Resolution Targeted (FRT; 
~18 m/pxl) image cube over the lower Mount Sharp re-
gion with the Mastcam instrument band passes applied 
to the CRISM hyperspectral data. 

Parameter maps identifying hematite signatures 
from the 867 nm band depth were then made with the 
transformed orbital image cube and a ground-based 
Mastcam multispectral observation from the Curiosity 
rover traverse.  

Background: Gale crater is a 154km diameter im-
pact crater located near the Martian dichotomy bound-
ary where the MSL Curiosity rover landed in 2012. The 
crater contains a 5.5km tall sedimentary mountain in the 
center called Mount Sharp.  

Previous work by Fraeman et al. 2013 [5], Fraeman 
et al. 2016 [6], Milliken et al. 2010 [7] and others have 
identified a stratigraphic sequence in the central mound 
of Gale crater that contains 7 defined units including Fe-
Mg smectites in the lower layers, and more hydrated 
sulfates in the upper layers. Crystalline hematite was ob-
served in Gale crater, and later confirmed upon a visit 
by the Curiosity rover to the Vera Rubin Ridge, a hem-
atite ridge in the foothills of Mount Sharp that is approx-
imately 200m wide and extends about 6.5km northeast 
to southwest. 

The CRISM instrument has broad wavelength range 
and high spectral resolution, with 544 channels span-
ning 362-3920 nm. The Mastcam instrument has 12 nar-
row band filters which sample the 445-1013 nm wave-
length range, in addition to the RGB Bayer color filter 
array. The advantage of the Mastcam instrument is that 
while it has far fewer spectral channels, the spatial res-
olution of a landed instrument (<10 cm/pxl for 1km dis-
tance and 150 µm/pxl at a 2m distance) is much higher 
than that of the orbital CRISM instrument (~18 m/pxl) 

so it can be used to analyze the local geology in much 
finer detail.  

CRISM Data Processing: Prior to the application 
of the CRISM/Mastcam transform, the CRISM image 
cube was corrected using a variant of the Targeted Em-
pirical Record (TER) data processing workflow, which 
corrects the data for geometric, atmospheric, and instru-
ment effects. The radiometric transform then results in 
a CRISM/Mastcam image cube that has the spatial, ge-
ometric, and calibration characteristics of the corrected 
CRISM image, and the spectral characteristics of the 
Mastcam instrument. 

 The CRISM data processing and CRISM/Mastcam 
transform together result in an orbital image cube that 
can be more effectively compared with observations 
made in situ by the MSL Curiosity rover. 

Parameter Maps: A hematite spectral parameter 
map was made from the radiometrically transformed 
image (Figure 1) using an equation derived from Vivi-
ano-Beck et al. 2014 [8] to calculate the 867 nm band 
depth: 
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Where RC is the Mastcam simulated R5 (867 nm) 
reflectance, RL is the left shoulder (Mastcam R3) and RR 
is the right shoulder (Mastcam R6). The 867 nm band 
depth hematite signatures were also observed in a Mast-
cam image taken on sol 1877 (Figure 2). 

Caveats: The orbital/landed comparisons are not 
1:1 due to the spatial scale disparity, and since the 
CRISM/Mastcam image includes bidirectional contri-
bution from the Martian atmosphere while the Mastcam 
instrument is on the surface. The transformed  image 
also uses interpolated data over the 650-725 nm bands 
due to the 675 nm CRISM boundary. 

Future work:  Future work will include the investi-
gation of additional spectral parameter maps, and an 
evaluation of the orbital/landed comparisons. In addi-
tion, we plan to apply this approach to the CRISM data 
for the Mars 2020 rover landing and field sites in and 
around Jezero crater, making use of the Mastcam-Z fil-
ter set. In this manner the spatial distribution of materi-
als identified from orbit can be presented as they will 
appear spectrally to the landed remote sensing instru-
ments. 
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Figure 1: 867 nm band depth (Hematite signature) parameter map over Gale Crater as viewed through Mastcam band passes. The 
Curiosity rover traverse map through sol 2098 is marked in white. Hematite signatures are represented in a red color gradient with 
values of band depth greater than zero. (CRISM image: FRT0000B6F1, CTX context map: P21_009149_1752_XI_04S222W) 
CRISM stamp location on CTX image is approximate. 

 
Figure 2: Table Mountain Mastcam image observed by MSL Curiosity on Sol 1877 displaying an 867 nm band depth gradient in 
red with values greater than zero. Includes a standard deviation stretch (n=2.5). This is a cropped Mastcam left eye image. Note 
the dashed line outlining stronger hematite signatures.  
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