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Introduction. The interior of Valles Marineris is partially filled by a variety of Amazonian- and Hesperian- 
aged materials [1,2]. Origins proposed for the deposits include modifkation of wall material [3], deposition of eolian 
sediments [4,51, fluid volcanism, fluvial sedimentation [6,7,81, hydrovolcanism [5], and carbonate deposition [9]. 

We have investigated the interior deposits using both Viking images and data from the 0.76-3.16 p imaging 
spectrometer ISM on Phobos 2. Geomorphic units resolvable spatially by ISM were mapped using Viking images. 
The units' spectral properties were then determined using ISM data. Finally, we used our results to test various 
models for the origin of the interior deposits. Calibration of the ISM data is described in detail elsewhere [10,11,12]. 
Spectral variations on which we focused our efforts include albedo, center and strength of a -1 p absorption due to 
femc or mafic minerals and a -2 p absorption due to pyroxene, spectral slope at 1.7-2.5 p ,  strength of a broad 3 
pm water absorption, and strength of a weak metal-OH absorption centered near 2.2 pm. Centers and strengths of 
the 1-pm and 2 - p  absorptions provide information on surface mineralogy including femc iron phases, olivine, and 
pyroxenes of different composition [lo and references therein]. Spectral slope provides information on texture of 
dark mafic and bright femc surface components [13 and references therein]; at a backscattering geometry flatter 
spectral slopes can indicate "clean" or particulate surfaces, and negative slopes a femc coating. At a constant albedo, 
variations in the strength of the 3 - p  absorption can be related to variations in water content. Analysis of ISM data 
in an accompanying abstract [12] demonstrates that bright regions also exhibit a weak absorption centered at 2.2 p ,  
attributable to A1-OH bonds; the strength of this absorption is interpreted to be related to silicate lithology. 

Physical Geology of the Interior Deposits. The structural framework of the chasmata consists of 
Noachian-aged basement exposed in chasma walls and landslides. We mapped four additional morphologic units of 
interior deposits superposed on this basement. Layered materials (unit "La" in Fig. 1) form eroded plateaus of 
alternating lighter and darker strata [5]. Some strata, including those forming "cap rocks" of the eroded plateaus, 
have steep escarpments at their margins and are interpreted as well-indurated and erosion-resistant. Strata forming 
gentler slopes have a rounded to undulatory surface, and are interpreted as less indurated. Rolling chasrna floor 
material (unit Frl) exhibits a smooth to undulating surface similar to that of "layered material" in Eos and Melas 
Chasma, and occurs marginal to these layered materials. Small-scale relief is subdued or absent. The unit is 
interpreted as a poorly consolidated mantling related to the layered materials. Smooth chasrna floor material (unit 
Fsm) exhibits a flat to hillocky surface on a several-km scale; many areas are dune-covered 171. Rough chasma floor 
material (unit Frg) exhibits sharp relief features including ridges, flow-like features, and closely-spaced mesas [cf. 81, 
consistent with a well-indurated lithology. In central Candor Chasma this unit appears to have formed by 
degradation of the smooth unit, suggesting that at least locally it also is floored by well-indurated materials. 

Spectral Properties of Interior Deposits. Interpretation of the interior deposits requires consideration 
of the surrounding plateau plains, which are dominated spectrally by two materials [lo]: (i) Dark surfaces ("mafic 
rock and soil") exhibit weaker 3 - p  water absorptions, an absorption several percent deep centered at -0.98 p ,  a 
broad, shallow absorption centered near 2.1-2.2 p ,  and a negative spectral slope (Figs. la, lb). These properties 
are consistent with pyroxene-bearing rock (basalt) thinly coated by "dust" or an oxidized rind [10,11]. (ii) Bright 
surfaces (mobile "dust") exhibit a stronger 3 - p  water absorption, an absorption at -0.86 p ,  a flat spectral slope, 
and a weak narrow absorption centered at 2.2 p (Fig. lc). These properties are consistent with an uncompacted, 
hematite-bearing, hydrated material containing an Al-bearing phyllosilicate such as montmorillonite [12]. 

Chasma walls are similar spectrally to "matic rock and soil" on the plateau, suggesting at least a locally similar 
composition for the basement material of Valles Marineris. The interior deposits exhibit a great deal of spectral 
heterogeneity, but generally form three groups distinct from the plateau plains: 

Group 1 (Figure la): This group correlates with materials interpreted on the basis of morphology to be well- 
indurated, including smooth and rough chasrna floor materials and "cap rock" of layered material in Melas Chasma. 
These materials are low albedo, and exhibit negative spectral slopes and weak 3-pn water absorptions. Most exhibit 
-1 p and -2 p absorptions indicative of pyroxene, with greater strengths than in "mafic rock and soil." The 
center of the -1 p absorption varies from -0.94-0.98 pm, indicating different pyroxene compositions. The -2-pn 
absorption is weak in unit Frg, and very weak or absent in unit Fsm within Ius Chasma; both regions have 1 - p  
absorptions extending to longer wavelengths, and unit Frg exhibits an inflection at 0.9 p. Interpretation: Surfaces 
of these materials consist of various water-poor basaltic lithologies, possibly with higher olivine/pyroxene ratios in 
some areas (units Fsm in Ius Chasma, Frg). In addition unit Frg contains significant ferric oxide. 

Group 2 (Figure lb): This group correlates with material interpreted as poorly indurated, including layered 
material in Melas and Eos Chasma and the surrounding rolling chasrna floor units. These materials are low albedo, 
but unlike other dark materials exhibit flat spectral slopes and strong 3 - p  water absorptions. They also have 
strong -1 pm and -2 p absorptions indicative of pyroxenes; -1 pm band centers (-0.94-0.96 p )  are consistent 
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within each Melas and Eos Chasrna, but differ between the two regions. Interpretation: These materials have basaltic 
compositions rich in pyroxene, are relatively free of femc coatings, and have a large fraction of incorporated water. 
Mineralogic affinities between the layered materials and the surrounding rolling chasma floor materials suggest that 
the rolling chasma floor materials are derived from the same source as the adjacent layered-material plateaus. 

Group 3 (Figure lc):  This group consists of layered materials in Candor and Ophir Chasma. These materials 
have a high albedo comparable to "dust," but differ in other respects. They have much stronger 3-pn water 
absorptions, a strongly negative spectral slope, and the weak 2.2 pm absorption characteristic of dust is very weak or 
absent. The -1 pm region contains two absorptions, one at 4 . 9  pm indicative of femc oxide and the other at -1.0 
p. Candor Chasrna may exhibit a very weak, broad absorption centered at -2.1-2.2 pn. Interpretation: These 
materials are distinct from "dust." They both contain a larger fraction of incorporated water relative to bright plateau 
plains, femc oxide, and another Fe-bearing phase (possibly pyroxene). Unlike dust, phyllosilicates are either absent 
or very poorly crystallized. The negative spectral slope suggests that the femc component occurs as a coating. 

Implications for the Origin of the Interior Deposits. Layered and chasrna floor materials exhibit a 
variety of spectral properties, all at least partly mafic but affected to varying degrees by incorporation of water and 
ferric oxides. Their distinctiveness from "dust" and "mafic rock and soil" does not support an origin by accumulation 
of unmodified plateau plains material. The heterogeneity of smooth and rough floor materials suggests a variety of 
origins, such as exposures of substrate, eolian sediments derived from chasma wall strata unresolved by ISM [7], or 
fluvial sediments derived from other parts of the chasmata [6,8,14]. The mafic nature of the layered materials does 
not support an origin as carbonate deposits or accumulations of "dust", but is consistent with a volcanic origin. 
Specifically, a hydrovolcanic origin [cf. 15,161 of layered materials could account for their differing morphologic and 
spectral properties. Incorporation of different amounts of water would cause varying degrees of fragmentation during 
eruption, resulting in differentially indurated deposits, and varying degrees of hydration and coating by oxidized rinds. 
Emplacement in standing water could also explain the deposits' restriction to chasma interiors [cf. 51. 
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