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Introduction and Motivation: Sand, dust, and 

lithic fragments are all major components of low-
albedo soils at five widely-separated landing sites on 
Mars [1–3]. Soil measurements at these locations ap-
pear remarkably homogeneous with respect to ele-
mental chemistry and mineralogy [3–4]. Soils have 
been widely regarded as the products of a global 
mechanism in which bolide impacts and aeolian pro-
cesses (e.g., transport, sorting) are partially responsible 
for their homogenization [2–5]. 

Is compositional homogeneity also true for aeolian  
bedform sand, which have a greater potential than soil 
and regolith for mobility and therefore for aeolian frac-
tionation? Density and particle size fractionation can 
arise from variations in settling velocities, grain en-
trainment thresholds, and grain transport velocities 
[e.g., 6], and can profoundly affect compositional vari-
ability of sediment. Additionally, local (10’s kms) der-
ivation of sediment may contribute to sand composi-
tional heterogeneity [7–8]. Here we test the hypothesis 
that dune sand composition of low- to mid latitude 
dune fields varies regionally and locally due to aeolian 
fractionation and local sourcing.  

Data Sets and Methods: To assess dune composi-
tions, we used visible to near-infrared reflectance 
(VNIR, 0.45 to 2.6 µm) data from CRISM [9]. CRISM 
hyperspectral (at 18 or 36 m/pixel) and multispectral 
(at 100 or 200 m/pixel) scenes were processed and 
corrected via the method described by [10] in order to 
identify major mineralogic trends (Fig. 1, triangles). In 
coordination with CRISM-mapped mineralogy, 
HiRISE multi-band color images (IR at 874 nm, RED 
at 694 nm, and BG at 536 nm, at ~50 cm/pixel) were 
used to assess meter-scale variations in dune color and 
inferred composition [11]. With these data a survey 
was performed of low- and mid-latitude (50°N–50°S) 

dune fields. In addition, we conducted a focused study 
of dune fields within the Valles Marineris (VM) to test 
for the heterogeneity of intra-rift sand compositions.  

Results: CRISM spectra of 23 dune fields outside 
of the VM rift (Fig. 1) were separated into four classes 
based on their spectral shape: high-calcium pyroxenes 
(HCP; 38% of all detections), low-calcium pyroxenes 
(LCP; 15%), olivine (23%), and a class that included 
similar spectral contributions from both pyroxene and 
olivine (23%). In addition, we integrated results from 
Tirsch et al. [12] who examined 37 dune fields with 
OMEGA data (Fig. 1, circles). That study found detec-
tions of pyroxene were the most common, either alone 
(59%) or with olivine (41%). CRISM and OMEGA 
[12] results show the predominance of detected basal-
tic mineralogies in association with dune sand, but 
with some variability in the spectrally dominant phase. 

The distribution of CRISM mineralogic detections 
of 50 VM dune field surfaces is shown in Fig. 2. Basal-
tic mineralogies are the most frequently detected: HCP 
(17%), LCP (5%), olivine (17%), and pyroxene and 
olivine (39%). Other dune spectra are found consistent 
with spectral attributes of weathered Fe-bearing basal-
tic glass, as described by Horgan and Bell [13]. These 
dune spectra attributed to weathered glass collectively 
account for ~15% of VM detections. Diagnostic spec-
tral absorption features at ~1.9, ~2.1, and 2.4 µm in 
dune spectra are attributed to monohydrated sulfates, 
and account for ~8% of detections.  

HiRISE color observations of several dunes (Fig. 
3) reveal distinct color patterns associated with dark-
toned dunes (purple) and mid-toned megaripples or 
ripples (tan). Calibrated HiRISE I/F color band ratio 
values (not shown) for these two classes of surfaces are 
consistent with minerals containing either ferrous- or 
ferric-iron [14], respectively.   

 

Fig. 1. MOLA shaded relief map with CRISM results of 23 dune fields (triangles) studied herein, in comparison to OMEGA-
derived compositions of 37 dune fields (circles), as mapped by Tirsch et al. [12]. The dashed box indicate extent of Fig. 2 and 
numeric distributions of detections are provided.  
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Discussion and Summary: With a few exceptions 
in the high northern latitudes [13,15], martian sand has 
generally been thought to be relatively compositionally  
homogenous by eons of saltation and derivation from a 
uniform crustal component [1]. However, spectral 
mapping with higher resolution data reveals intra-
regional variability that not all dune sand is homoge-
nous. As in earlier studies [12,16], our CRISM results 
indicate pyroxene (particularly HCP) is the most com-
monly detected sand mineralogy, but resolve subtle 
geographic variations in mafic compositions over sev-
eral scales. For example, results in Meridiani Planum 
(Fig. 1) display variability over the regional-scale  
(100’s kms), whereas Gale crater dune sand composi-
tions (olivine and HCP) vary over shorter local dis-
tances (10’s kms). Although no clear evidence for al-
teration products was found in our CRISM analysis of 
these dune fields, preliminary results using OMEGA 
and TES data suggest dunes partially composed of 
weathered glass extend into the lower latitudes [17], 
indicating greater variability than is shown in Fig. 1. 

Whereas these results for non-VM low- to mid-
latitude dune fields show subtle spatial variations in 
basaltic compositions, analysis of VM dune spectra 
reveals substantial compositional heterogeneity at sev-
eral scales. At the basinal scale, four mineral classes 
were detected with dunes in Juventae and Ganges 
chasmata (Fig. 2; olivine, HCP, LCP, sulfate) [8]. 
Sometimes the spectrally dominant mineral detected in 
one dune field was different from another area a few 
kilometers away (e.g., Juventae Chasma) [7]. At small-
er scales, adjacent dunes (~1 km) in Ganges or Cop-
rates chasmata show different spectrally dominant 
phases [7–8] and provide evidence for aeolian compo-
sitional fractionation, attributed to variable mineral 
densities and the sorting capacity of the wind. HiRISE 
color analyses reveal textural and compositional dis-
tinctions between different order aeolian bedforms 
(i.e., dunes, megaripples, ripples) at the 100-m-scale 
(Fig. 3). These trends are interpreted as evidence for 
aeolian fractionation of ferrous- or ferric-bearing sed-
iment populations that segregate into different mor-

phologies. In addition, the detected compositional di-
versity is consistent with evidence for local derivation 
of dune sand from multiple lithologic sources (e.g., 
spur-and-gully walls, interior layered deposits, land-
slides) [7–8].  

We suggest the availability of regional and local 
sources of varying origins (e.g., extrusive lava flows, 
intrusive igneous rocks exposed in walls, sedimentary 
units composed of water-altered minerals) and ade-
quate transport pathways, to be important factors in the 
observed sand compositional heterogeneity. We also 
propose aeolian fractionation to produce dune-scale 
changes in bedform composition. These and other 
[13,15,17] examples of spectrally distinct dune fields, 
dunes, and smaller bedforms in proximity are evidence 
in support of the inhomogeneity of martian aeolian 
bedform sediment. 
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Fig. 3. HiRISE ESP_022276_1670_(top, Capri Chasma) and 
ESP_028923_1700 (bottom, Melas Chasma) false-color 
views of VM aeolian bedforms. Color band ratio values (not 
shown) of dunes (white arrows) and lower-order megarip-
ples or ripples (black arrows) are consistent with either fer-
rous or ferric-iron [14], respectively. 
 

Fig. 2. MOC wide-angle mosaic of Valles Marineris, with 
dune field compositional classes determined from CRISM. 
Dune fields are shown in blue and numeric distributions of 
detections are provided.  
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