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Results from the ISM imaging spectrometer on Phobos 2 [1,2] indicate spatial differences in the presence and 
abundance of Fe-containing phases, hydroxylated minerals, and molecular H20 in Martian soil [l-51. We have 
used ISM data to characterize and map soil "units," and to determine their relationship with surficial geology. 
The two geographically largest groupings are "normal dark soil," which exhibits absorptions due to pyroxene and 
a relatively weak 3 - p  H20 absorption; and "nonnal bright soil" which exhibits femc absorptions at 0.85-0.92 
p ,  a strong 3-pm absorption, and a weak absorption near 2.2 pm attributed to hydroxylated minerals. These 
groupings correspond with most areas that are "dark gray" and "bright red" at visible wavelengths, and are 
consistent spectrally with particulate basaltic materials and oxidized, hydrated alteration products, respectively. 
However their occurences cut across geologic boundaries, suggesting an origin largely as mobile sediment. The 
remaining -15% of the observed surface consists of "anomalous" soils whose properties are not consistent with 
simple mixtures of normal bright and dark soils. Spatially, anomalous soils are correlated with areas having 
"dark red" visible color (Lunae Planum, western Arabia) and with specific geologic units (in Isidis and VaLles 
Marineris). The spectral properties and geologic correlations of "anomalous" soils are consistent with exposures 
of the substrate underlying surficial, mobile sediient. Dark red areas are consistent with duricrust, as previously 
proposed, but soils covering layered materials in Valles Marineris probably represent bedrock exposures. 

Analysis. We investigated three broad regions, eastern Tharsis-Valles Marineris, Arabia, and Syrtis Major- 
Isidis, which exhibit examples of most of the variations in visible color, thermal inertia, and geology recognized 
in Viking data [6-91. The six data "windows" covering these areas were calibrated using previously described 
techniques [2,10]. They were registered with the digital topographic map of Mars, and reduced to a suite of 
"parameter" images that describe key sources of spectral varia6ility of surface materials. These include reflectance, 
strength of a narrow absorption near 2.2 p attributed to hydroxylated minerals, strength of the 3-pn H20 
absorption, depth of the broad 2 - p  absorption attributed to Fe in pyroxene, and NIR spectral slope which is 
thought to be related to the texture and style of mixing of soil components [11,12]. 

The paramerized data were classified into groupings or units using principal components analysis. Three 
principal components were found able to account for most of the observed variance in NIR spectral properties. 
Spatial variations in the contributions or "loadings" of the principal components defme coherent regions of soils, 
or units, having distinctly different spectral properties. Representative spectra were extracted from all groupings 
to validate their properties, and to ascertain shape and position of the 1-pn and 2-pn absorptions which are 
indicative of Fe &eralogy [13,14]. The map projections of these groupings or units are being compared with 
mapped geology and with Viking visible color and thermal inertia maps to ascertain their possible origins. 

Nonnal Soil.  About 85% of the area observed by ISM exhibits a restricted set of attributes, and we refer 
to such areas as "normal" soils. "Normal dark soils," which correspond with most areas having "dark gray" [cf. 71 
visible color, exhibit a relatively weak 3 - p  absorption. Their " 1 - p "  Fe absorption is centered at 0.93-0.98 
p and there is a broad, shallow absorption centered at 2.05-2.20 pm (Fig. 1). These observations are consistent 
with a relatively anhydrous material rich in pyroxene, inferred by several workers [e.g. 91 to occur as mobile sand. 
"Normal bright soils" have a "bright red" visible color, and correspond closely with low thermal intertia regions 
interpreted previously as accumulations of "dust" by airfall [e.g. 6-91. They have ferric-like absorptions at 0.85- 
0.92 pm, a strong 3-pn absorption, and a weak, narrow 2 . 2 - p  absorption (Fig. 1). These observations are 
consistent with an altered lithology containing femc and hydroxylated minerals. Both the dark and bright soils 
exhibit regional variations in the shapes and positions of Fe absorptions, indicating regional-scale mineralogic 
differences in pyroxenes and femc minerals [3-51. "Transitional" soils occur mostly at borders of normal bright 
and dark soils. Their albedo, absorption strengths, and position of the 1 - p  absorption are intermediate to 
nonnal bright and dark soils, consistent with a mixed composition. However their spectral slope is generally 
highly negative (Fig. 1). suggesting that the bright component coats or is intimately mixed with a darker 
substrate [10,12]. Most or all occurences of normal soils cut across geologic boundaries, despite their 
heterogeneities, consistent with an origin as regionally derived mobile sediment. 

Anomalous Soils. The remaining -15% of the observed surface is covered by "anomalous soils," with 
properties not consistent purely with mixtures of normal dark and bright soils. They occur in two major geologic 
settings, in regions with "dark red" visible color and on a restricted set of geologic units. The latter include basin- 
fill of Isidis and the layered materials of Valles Marineris. It is not possible to devote adequate space in this 
abstract to describe all of the anomalous soils, but discussion of two occurrences illustrates that they probably 
represent exposures of substrate underlying the surficial cover of mobile sediment. 
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"Dark r e d  areas of Lunae Planum and western Arabia (Fig. 1) exhibit an albedo, 2.2-pm band strength, and 
2-pn pyroxene band strength that are generally interemediate to normal bright and dark soils. These properties 
are consistent with a mixed bright-dark lithology. However the dark red areas lack the negative spectral slope 
characteristic of "transitional" soils, suggesting a textural difference. They also have a much stronger 3 - p  
absorption than either normal dark or bright soils, suggesting either a textural difference or a greater H20 content. 
Previous studies [e.g. 91 have suggested that dark red soils represent "duricrust." Elemental abundances at the 
Viking Lander sites indicate enrichment of S in the duricrust there, probably as a cementing sulfate [15]. The 
dominant salt in the SNC meteorites is gypsum, a water-bearing sulfate [16], and this phase is characterized 
spectrally by strong H20 absorptions [17]. Thus the ISM data do not directly indicate duricrust in dark red areas, 
but they do support its occurrence by revealing a strong 3-pm absorption consistent with a sulfate cement. 

Anomalous soils occur throughought much of Valles Marineris, and their spatial distributions are correlated 
with layered materials and related deposits [18]. However, soils covering different occurrences of layered material 
form different spectral units. Low-albedo soils on layered material in Melas and Eos Chasma (Fig. 1) have a 
stronger 2 - p  pyroxene absorption than most other dark regions [4], yet also a stronger 3 - p  absorption than 
most bright regions. Their flat spectral slope suggests that soil grains have minimal oxidized coatings. These 
properties are consistent with an unaltered pyroxene-bearing lithology, possibly with a higher water content than 
in most other dark areas [4]. Layered materials in the eastern and western parts of Candor Chasma (Fig. 1) have a 
higher albedo, a very strong 3-pm absorption, a very negative spectral slope, and a 1-pm absorption with 2 
minima suggesting both ferrous and femc components. There is no clear evidence of a 2-pm pyroxene 
absorption. An intervening high albedo layered deposit ("Candor Mensa"), separated by only tens of km from the 
above occurrences, exhibits a weaker 3 - p  Hz0 absorption and absorptions at 1 p and 2 pm that are more 
indicative of pyroxene (Fig. 1). The properties of the high-albedo layered deposits are not dignostic of a specific 
lithology, though they do suggest it is higly altered. The correlation of the "anomalous" spectral units with 
layered materials is consistent with exposure of the bedrock substrate, yet the differences between units indicate 
that layered materials are compositionally heterogeneous. This heterogeneity supports previous inferences, based 
on stratigraphic relations, that layered materials were emplaced under differing environmental regimes [18,19]. 
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