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The present climate of Mars is cold and arid, and its surface is that of a desert the size of all the 
continental land surfaces on Earth put together. In such an environment, aeolian processes are dominant in 
surface modification. Sand is important in aeolian processes, as saltating grains create bedforms, lift dust into 
suspension, and contribute to the erosion of surfaces [I-41. Aeolian dunes are typically composed of sediments 
which saltate, usually solid sand grains or sand-sized aggregations of finer particles. A number of locations on 
Mars appear to be covered by dunes and other windblown material; the morphology and thermophysical properties 
of dunes in the middle and equatorial martian latitudes have been used to infer that they are composed of sand- 
sized grains [5-71. Sand dunes are located in the north polar sand sea [8,91, crater floors and other topographic 
traps in high southern latitudes [lo-131, on the floors of other craters and in Valles Marineris [5,6,12,14], in 
Syrtis Major [15,16], and various locations seen at very high resolution [17]. Windblown sand has been 
proposed to occur in some places where dunes are not observed, such as the dark intracrater "splotches" [12,18- 
201, the low-albedo Terra Meridiani [21,22], and in dark, "depositional" wind streaks [15,23,24]. The discovery 
of dunes on Mars has been a contributing factor over the past 20 years in the renewed interest in aeolian physics 
and geological processes [3,25]. The presence, morphology, and geological associations of dunes have specific 
implications for the present and past climate [3,4,10-131. In addition, aeolian sands on Mars may provide a 
relatively dust-free, potentially unweathered martian surface material that may be indicative of bedrock 
composition [12,14,19,22,26-291. 

The prevalence of a particular mineral type as a sand-forming material is dependent upon its abundance 
in source rocks, the rate at which the material is formed, and the rate at which it is destroyed by mechanical and 
chemical weathering. On Earth, the dominant aeolian sand is quartz [4], others consist of evaporites [30], 
carbonates [31], clay aggregates [32], and volcaniclastic materials [33,34]. For Mars aeolian sand, the following 
have been proposed: mafic and ultrarnafic materials [14,28,29,35,361, clay or dust aggregates [37,38], metallic 
oxides such as magnetite [26,27], and metallic hydroxides like limonite [39]. Martian sands may be produced by 
impact cratering, explosive volcanism, past fluvial erosion, small-scale mechanical weathering, or aggregation of 
finer grains [34,35]. 

Unlike their quartz-rich terrestrial counterparts, sand dunes on Mars tend to have low albedos (< 0.16) 
[13]. Thomas and Weitz [13] found the reflectance properties of martian dunes to be similar, even among 
deposits of vastly different locations on the planet. This observed similarity might be an indication that all 
martian dunes are composed of like materials; if so, there arises the question of whether this indicates a global 
mixing and homogenization of martian sands through time, or if the similarities are simply an indication of the 
types of minerals that are most stable as sand in the martian surface environment. 

Clues to the composition of martian sands have come from (A) theoretical contraints on the martian 
bedrock composition, (B) the ability for different materials to survive as sand-sized grains in the present martian 
climate, and (C) observational constraints: albedo, visible and near-IR spectral reflectance, thermal-IR emissivity, 
and photometric (scattering) properties. The following are examples of dune sand composition results: 

Syrtis Major. Syrtis Major is a low, broad shield volcano with a very dark, sandy surface [15,16,40- 
421. Dunes are seen near the volcanic calderae [15,161, the overall rock abundance is low [42], and the fine- 
component thermal inertia is in a range consistent with unconsolidated sand [7,41]. Adarns and McCord [43] 
concluded from visible/near-IR Earth-based spectroscopy that the dark materials of Syrtis Major may be relatively 
unoxidized mafic sands. Supporting evidence comes from other Earth-based observations [44,45], from Viking 
IRTM-derived thermal emissivity [46], and Phobos 2 ISM data [47]. Simpson et al. [40] suggested that 
pyroclastic volcanism in the Syrtis volcanic complex could have served as a s o m e  for these sands. 

Valles Marineris. Dune deposits in Juvcntae Chasma appear to be spectrally identical, in the 
Viking VIS bandpasses, to material eroding from an in-situ layer in the south wall of Coprates Chasma, several 
hundred krn to the south [141. If these are indeed the same material, then we can constrain the age of these sands 
based on the stratigraphic position of the Coprates dark layer, which is presumably older than Lower Hesperian. 
Multispecual mapping results based on Viking color images and dark wind streak orientations suggest that the 
Juventae Chasma sands might be a local source for the widespread dune materials found in the lower Marineris 
chasma to the east [141. Juventae Chasma sands are strongly forward-scattering, probably indicative of smooth, 
semitransparent grains free of internal defects [48]. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



3 2 8  LPSC SXIIl 

MARS DUNE COMPOSITION: K.S. Edgett, P.E. Geissler, and K.E.  Herkenhoff 

Polar Regions. The greatest concentration of dark sand on Mars is at high northern latitudes, 
surrounding the perennial north polar ice cap. Tsoar et al. [9] presented several lines of evidence to suggest that 
these dunes are currently active; and the material which comprises these dunes appears to have been relatively 
recently eroded from the north polar layered deposits [11,13]. Similar geological relationships cannot be 
unambiguously identified in the south polar region due to the lack of high resolution images, but the color and 
albedo of the surface units in the south polar layered terrain suggest that dark, saltating material was eroded from 
these deposits [49,50]. It is difficult to envision how sand grains could be codeposited with dust in the polar 
layered deposits; but this possibility has specific implications for the interpretation of past martian climate [e.g., 
see 11,27,50]. Dark material in the polar regions may consist of either sands of similar composition to other 
dark sediments on Mars [13] or aggregates of finer particles (perhaps magnetite) which might form from the 
sublimation of water ice from dust-ice deposits [38,27,50,51]. 

Dark Intracrater Features. A combination of photographic surveys, Viking color image analyses, 
and Viking IRTM studies have indicated the prevalence of sand, in some places dunes, in the dark material found 
on the floors of many martian craters [5,12,15,18-201. IRTM-derived thermal emissivities at 7 ,  9 ,  1 1 ,  and 20 
pm for ten of these features suggest that dark intracrater sands are mafic to ultramafic in composition, with a 
possible domination of olivine and pyroxene [28,29]. 

CONCLUDING REMARKS: Study of the composition of dark martian sands using Viking orbiter 
images and IRTM data is continuing [26-29,48,52,53]. We expect that these studies, and certainly the Mars 
Observer data, will provide valuable information about the composition and origin of the martian dark aeolian 
sediments, as well as provide insight as to the properties of the soil, bedrock, and martian resource potential. 
Detailed understanding of these sedimentary materials will, in turn, constrain important apsects of martian 
geologic history, such as the mechanisms of climate pattern change in the formation of layered deposits at the 
poles [ l  11. 
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