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Introduction:  The Spirit Mars Exploration Rover 

landed on the plains of Gusev in 2004.  From its initial 

landing location, Spirit then traveled into the Columbia 

Hills region until one of the wheels was embedded in 

soft soil in 2009.  Along the traverse path, Spirit’s suite 

of instruments identified an array of minerals, includ-

ing iron oxides, olivine, pyroxenes, sulfates, hydrated 

silica, and carbonates [1, 2, 3, 4, 5].  This abstract de-

scribes a set of studies which set up a more in-depth 

analysis of mineralogy along the traverses using visi-

ble/near infrared (VNIR) observations from the Com-

pact Reconnaissance Imaging Spectrometer for Mars 

(CRISM) instrument on the Mars Reconnaissance Or-

biter (MRO) and Spirit results. Our preparatory work 

highlights the dynamic nature of the region due to wind 

erosion and deposition of dust and sands and is needed 

to understand how to use multiple CRISM scenes to 

interpret mineralogy.  

Processing of CRISM Data and Coregistration 

with Spirit Traverse Path:  Eight CRISM scenes over 

the Columbia Hills were processed to single scattering 

albedos (SSA) using DISORT to remove gas and aero-

sol effects, followed by use of the iterative maximum 

log-likelihood method (MLM) as detailed in [6]. Data 

were then coregistered with CTX and HiRISE images 

and Spirit’s traverses.  The CRISM scenes were ac-

quired from 2006 to 2013 in three modes:  full-

resolution targeted (FRT00003192, FRT0000B39C, 

FRT0000C9FB, and FRT0000CDA5), along-track 

oversampled (still labeled “FRT”, FRT0001D678 and 

FRT0001FE00), and full-resolution short 

(FRS00027485 and FRS00029F44).  Seven of the 

CRISM observations have corresponding images from 

the CTX and three have corresponding HiRISE images. 

Coregistration with Spirit traverse.  Initially, the 

traverse shapefile and a HiRISE image were registered 

to the Mars global THEMIS basemap.  Following that, 

each of the CTX and HiRISE images corresponding to 

the CRISM observations were registered to the trav-

erse.  The CRISM S-band and L-band data were then 

registered to their respective CTX and HiRISE images 

and spot-checked with the other CRISM observations 

to verify complete coregistration.  Where necessary, 

observations were re-registered.  Figure 1 shows the 

Spirit traverse path with the coregistered CRISM ob-

servation FRT00003192 in IR false color. 

 
Figure 1.  CRISM observation FRT00003192, 2006, in IR 

enhanced false color overlain by the Spirit traverse path in 

white. Scene covers approximately 10 km in width and the 

Columbia Hills is the triangular feature in the scene.  

CRISM Scene Change over Time:  Comparisons 

of CRISM observations taken at different times show 

extensive changes in surface spectral properties, which 

are directly related to the amount of dust cover on the 

surface.  For this abstract, we will discuss the differ-

ences between FRT00003192 acquired in 2006, and 

FRT0000C9FB acquired in 2008.   

We mapped spectral changes between the two 

CRISM observations at the 1.5 μm and other bands 

into three different intervals of SSA differences:  be-

tween 0 and 0.025, between 0.025 and 0.05, and great-

er than 0.05.  In Fig. 2 red colors indicate that the SSA 

is higher in 2008 than in 2006 and blue colors indicate 

lower values. 

Overall albedo changes (both positive and nega-

tive) occur most significantly in the southern and west-

ern parts of the scene.  These changes are interpreted 

based on examination of spectra to be due to removal 

and deposition of dust (e.g., Fig. 3). In addition, the 

area directly around and including the Columbia Hills 

shows a predominately positive SSA changes associat-

ed with increased dust cover from 2006 to 2008. We 

note that both scenes were acquired during the winter 

season with similarly low atmospheric opacities. The 

main point is that the Columbia Hills change spectral 
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properties with time, a fact that needs to be incorpo-

rated into analysis of mineralogy from spectral proper-

ties.   

 
Figure 2.  Change detection difference maps overlying 

FRT0000C9FB at the 1.5 μm band.  a) 1.5 μm band in gray-

scale, overlain by b) first interval of albedo change, c) sec-

ond interval of albedo change, and (d) third interval of albe-

do change. Spirit’s traverses are also shown.  

 
Figure 3.  Mean of 100 spectra representative of the dusty 

plains and center of El Dorado Ripple Field within the Co-

lumbia Hills.  The ferrous silicate signature is evident in the 

latter spectrum. 

Ferrosilicate Detections:  For each CRISM obser-

vation, a complete suite of mineral parameter maps was 

generated. These products give a rough representation 

of minerals that are present in a given observation.  

Examination of the summary products for the eight 

scenes showed that, in general, the Gusev plains and 

Columbia Hills region exhibit strong olivine and high-

Ca pyroxene singatures and little indication of low-Ca 

pyroxene,  and hydrated phases (Fig. 4). 

The 2006 and 2008 data show that the mineralogy 

follows the same general pattern across both scenes.  

Olivines are found on the plains, but predominately in 

the southern Columbia Hills.  High-Ca pyroxene is 

found throughout the region.  The lack of low-Ca py-

roxene is consistent with the Hesperian age of the 

plains volcanism [7].  Both maps show the highest oc-

currence of these minerals in areas with lower SSA 

values, consistent with minimal dust cover. 

 
Figure 4.  Comparison of mafic mineral maps (RGB: 

OLINDEX3, LCPINDEX2, HCPINDEX2, respectively, 

from [8]) for a) FRT00003192 and b) FRT0000C9FB, over-

lain by Spirit traverse in white. Differences in spatial patterns 

represent the dynamic nature of dust erosion and deposition 

for the plains and Columbia Hills.  

Conclusions:  The Gusev plains and Columbia 

Hills is a dynamic region in terms of overall dust cover. 

At any given time, the region may be anywhere from 

entirely covered by dust to extremely clear.  From our 

comparisons of SSA changes and the mafic mineral 

maps, it is clear that the accuracy of mineral identifica-

tion in this region in particular is directly proportional 

to the amount of dust cover and this factor changes 

from scene to scene.   

Further Analysis:  Following this preliminary 

work, we plan to step along the Spirit traverse to corre-

late Spirit in-situ mineral identifications with infer-

ences that can be made from analysis of CRSIM data.  

This will include dust and mafic minerals on the plains, 

and possible mineral variations within the Columbia 

Hills wind-blown deposits and outcrops.  
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