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Introduction: On January 3, 2004, the Mars Ex-

ploration Rover (MER) Spirit landed successfully on 
Gusev crater. This site was selected for one of the 
two MER landers because of its potential for hosting 
fluvio-lacustrine deposits. The Gusev surface depos-
its have been previously characterized in terms of 
their geomorphological [1, 2, 3, 4] and thermophysi-
cal [4] properties. Fluvio-lacustrine, volcanic, aeolian 
processes, and combinations of all of them have been 
proposed to explain their origin [1, 2, 3, 4]. 

Here we present initial results from the analysis 
of newly available data for the Gusev region [5], 
compiled in support of the MER team and supported 
by the JPL Critical Products Data Analysis Program. 
These data include TES [6] albedo and thermal iner-
tia mosaics, and THEMIS [7] brightness temperature 
and thermal inertia mosaics. The thermophysical and 
spectral properties of the Gusev crater region (a 3-by-
3 degree region centered at 14.5 S, 184.5 W), as de-
rived from the datasets mentioned above as well as 
from other remote sensing datasets (TES emissivity, 
MOC [8], MOLA [9]), will be discussed. 

Thermophysical and geomorphological analy-
sis: According to their diurnal temperature variations, 
albedo, and thermal inertia, four main thermophysical 
units have been identified in Gusev crater (Figure 1): 
- Low albedo unit (yellow in Figure 1), equivalent to 
the “low albedo” unit of [4]. It presents the lowest 
albedos in the region, high daytime temperatures, 
medium-high nighttime temperatures, and intermedi-
ate thermal inertias (average TES-derived values are 
near 300 J m-2 s-1/2 K-1) . It is located along two large, 
sub-parallel NW-SE stripes intersected by the land-
ing ellipse, and in smaller outcrops in the southern 
side of the Thira crater rim and overlaying the units 
to the south of Thira. The low albedo unit is, at least 
in some locations, related to aeolian processes, very 
active as shown by multitemporal MOC data. 
- High thermal inertia unit, (pink-red-orange in Fig-
ure 1). It comprises part of the “wrinkled”, “etched” 
and “alluvium” units of [4], an elongated stripe in the 
SW corner of Gusev classified as “plains” unit in [4], 
as well as numerous crater ejecta. Characterized by 
high nighttime temperatures, low daytime tempera-
tures, low-intermediate albedos, and the highest 
thermal inertias in the study area (TES-derived val-
ues up to 530). 
- Plains unit, (green in Figure 1), it includes the 

“plains” unit and part of the “wrinkled” unit of [4]. 
Localized mainly in the western half of Gusev’s 
floor. It presents intermediate night and day tempera-
tures, intermediate albedos, and intermediate thermal 
inertias (average TES-derived values are near 300).   
- Low thermal inertia unit, (blue in Figure 1), com-
prises part of the “wrinkled”, “lobate”, and “etched” 
units of [4]. It presents low night and day tempera-
tures, high albedos and the lowest thermal inertias 
(average TES values near 250) in the region. 

 
Figure 1. Color composite of Gusev crater. Red: 
THEMIS-derived night brightness temperature mo-
saic. Green: THEMIS-derived day brightness tem-
perature mosaic. Blue: MOC wide-angle albedo data 
[10]. MER-Spirit landing ellipse shown for reference.  
 

According to their morphology, the High thermal 
inertia and Plains units can be further subdivided: 
- Rough high thermal inertia materials. Located 
south, west, and east of Thira crater. 
- Smooth high thermal inertia materials, with distinct 
lobate boundaries. Located mainly south of Thira 
crater. 
- Stripe of high thermal inertia in the SW corner of 
Gusev, parallel to one of the low-albedo regions and 
morphologically similar to the surrounding units. 
- High thermal inertia ejecta materials associated with 
young, small impact craters. 
- High plains. Mesas near Ma’adim Vallis. 
- Low plains. Smooth Gusev crater floor materials. 
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Spectral analysis: We present initial results de-
rived from the analysis of single-scan TES emissivity 
data available for this region. The TES data were 
filtered according to several quality criteria (no 
spatial or spectral averaging, acquisition geometry, 
low dust and ice opacities, radiance temperatures 
equal or greater than 250 K, and instrument 
performance). The spectral endmembers necessary to 
explain the spectral variability present in the data 
were extracted from the data themselves. The Pixel 
Purity Index technique [11] was applied to identify 
the spectrally purest spectra or endmembers in each 
scene. The spatial distribution of the spectral end-
members was calculated applying the Spectral Angle 
Mapper algorithm [12], which determines the simi-
larity between two spectra (endmember and un-
known) by calculating the angle between them, treat-
ing them as vectors in an n-dimensional space (where 
n is the number of spectral bands).  

Four spectral endmembers have been detected in 
the TES data (Figure 2), consistent with: 
- surface type 1 [13], interpreted as basaltic composi-
tion material. It coincides with the low-albedo and 
high thermal inertia thermophysical units. Presents 
locally the highest thermal inertias in the region. 
- dust, widely present in Gusev, coinciding with the 
plains and low thermal inertia thermophysical units. 
It presents locally intermediate thermal inertia values 
that could indicate a certain degree of induration. 
- dusty surface type 1, always found in the periphery 
of areas covered by surface type 1 materials.  
- water ice, located mostly within a single TES orbit, 
indicating the atmospheric character of this class.  

These preliminary results are in agreement with a 
previous analysis of the global spectral variance of 
TES emissivity data [14]. In that analysis, this region 
was found to have a very low spectral variance index, 
(≤ 1), indicative of a spectrally bland surface cover-
age. (The variance index is the number of standard 
deviations of the residuals between observed and 
expected spectral variance per surface unit).  

Discussion: Eight units (five of them in the land-
ing ellipse) have been identified in Gusev according 
to their thermophysical and geomorphological prop-
erties. The spectral analysis shows the presence of 
dust that could be locally indurated, and of basaltic 
materials. MER-Spirit could potentially access and 
analyze with its array of instruments a wide variety 
of geological materials. Consequently, our under-
standing of the geology, climate, and exobiological 
potential of Mars may improve drastically. 
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Figure 2. (Top) TES-derived spectral endmembers. 
Blue: atmospheric water ice. Red: surface type 1. 
Green: dust. Yellow: dusty surface type 1. (Bottom) 
Spatial distribution of the TES spectral endmembers 
on MOC albedo data. Same color scheme as above.  

Lunar and Planetary Science XXXV (2004) 1951.pdf


