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Variability of Surface Materials in the Equatorial Regions of 
Mars. St6phane Erard. I.A.S., 91405 Orsay campus, France. 

Introduction and abstract. A systematic search for spectral variations was performed on 
imaging-spectroscopic data of Mars acquired by ISM on board Phobos-2. The spectra were 
described by 5 to 7 spectral parameters as less sensitive as possible to photometric effects and 
atmospheric scattering. Those parameters are mostly related to iron mineralogy and hydration. 
They were checked on possible Martian analogs to insure they allow characterization of 
mineralogical composition. The nine observation sessions were studied independently by means of 
G-mode analysis, with relatively high security levels. The analysis yielded 4 to 7 main spectral 
units per session, highly correlated to geological/morphological units. The corresponding spectral 
types were then used as input to a new analysis, so as to get a global image of spectral variability in 
the equatorial regions of Mars. This study confirms the higher variability of dark regions and the 
diversity of bright materials, apparently related to the presence of different iron oxides. Current 
investigations focus on identification of macroscopic mixtures versus pure endmembers, and on the 
interpretation of materials in terms of mineralogicaVchemical composition and formation processes. 

Data set and uncertainties. The analysis focuses on the nine image-cubes of the equatorial 
regions; each one is made up of about 3,000 spectra of pixels 25x25 km2 in size, ranging from 
0.77 to 3.15 pm. The absolute calibration is performed as described by [I] and [2], except for a 
small adjustment in the eastern Valles Marineris image-cube to preserve spatial continuity of the 
spectral parameters (the discrepancy is probably due to atmospheric scattering). The accuracy of the 
channel-to-channel calibration is estimated to be better than 0.3% in most of the spectral range. 

Method. We first selected spectral parameters bearing a large part of the data variance and 
checked that they are essentially related to intrinsic surface properties (as opposed to atmospheric 
scattering and viewing geometry). The parameterized spectra were classified on each image-cube 
independently, using G-mode analysis [3]. This yielded a total of 131 spectral units, grouped in 58 
spectral types (4 to 7 per image-cube); the 13 1 spectral units were then re-analyzed using the same 
method, to determine the basic types in the observed areas. A direct analysis of the 35,000 spectra 
would have precluded identification of minor, localized, spectral types. 

Spectral parameters. Albedo variations are much larger than any other ones, and were not 
included in the analysis. Minor features were identified from variance analysis in ISM spectra, then 
their occurrence was verified on laboratory spectra. They were measured so as to minimize the 
effects of atmospheric scattering and viewing geometry [2]. They include: spectral slope at 2 pm, 
depths of 3 pm-hydration band, of 2.2 pm-pyroxene band and of 0.85 km-ferric absorption, 
surface and center wavelength of the iron band from 0.8 to 1.05 pm. Spectral slope and 3 pm- 
band depth were not used in image-cubes where they did not seem related to surface morphology 
variations. When applied to laboratory spectra, this set of parameters makes it possible to 
distinguish between classes of materials. Continuous variations of the parameters are observed on 
computed mixtures of reasonable analogs of Martian materials. 

Results. The analyses were performed in individual image-cubes with various security 
thresholds to assess the stability of classifications and to insure a consistent level of details. The 
resulting spectral units are very close to those obtained by independent methods [eg., 4,5]. In a 
second step, the 131 units were analyzed using various security levels and sub-sets of spectral 
parameters. This classification proved less stable than the analyses of individual image-cubes, due 
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to the important variations in viewing angles and atmospheric conditions between different sessions 
of observation. The classification process hence cannot be performed automatically, and the final 
map of spectral units is retrieved from various analyses with active participation from the operator. 

Interpretation. Two main types of dark units are identified, with different mafic features 
(Syrtis Major and canyon deposits); they exhibit a large degree of internal variation, representative 
of the variability of those materials. Tharsis and Amazonis Planitia appear covered by bright, 
altered material; slightly different bright materials are observed on the flanks of the volcanoes 
(mainly Olympus, Pavonis and Ascraeus), around some volcanoes' calderas (Olyrnpus and Biblis 
patera), and in particular regions (Lunae Planum and surroundings of Arsia Mom, Isidis Planitia). 
Intermediate types are found at the border between Syrtis Major and Isidis planitia, and in the 
canyon floors; they probably are large-scale mixtures of bright and dark materials. 

Conclusion. The resulting maps and average spectra of the units are consistent with previous 
analyses of the same data set and other spectral observations of Mars. This two steps-method (G- 
mode analysis of few thousands of spectra, then analysis of the resulting spectral types) will be 
most useful for first-look analysis of future, larger imaging-spectroscopy data sets of planetary 
surfaces eg., observations of Mars by OMEGA on board Mars-96. 
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