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Introduction: Mars is an active aeolian planet with 

over 1000 dune fields mapped across the surface [1]; 
however, the origin of the sediments that comprise the 
dunes is poorly understood. Processes that could 
produce dune sands include explosive volcanism, 
erosion, and impacts [2]. In this study, we conduct a new 
investigation of the composition of the global martian 
dune population in order to constrain their origin. 

Previous visible/near-infrared (VNIR) spectral 
studies of the global population of martian sand dunes 
have suggested that the dune sands are uniform in 
composition, and are a mixture of high-calcium 
pyroxene (HCP) and olivine [3]. However, regional 
studies have shown that much more diversity in present. 
In the north polar region, the large sand seas are 
composed of HCP, weathered Fe-bearing glass, and 
gypsum [4], and much of the dark sediments of the 
northern plains may also be glass-rich [5,6]. Valles 
Marineris dune fields contain olivine, HCP, low-
calcium pyroxene (LCP), sulfates, and weathered glass 
[7]. Recent in situ mineralogical analysis of active dunes 
in Gale crater by the Curiosity rover have shown that 
pyroxene, olivine, and probable glass are all present [8]. 
Thus, these results suggest that dune compositions are 
diverse and may provide some insight into the origin of 
the dune sediments.  

Methods: Our survey uses spectral data from the 
Compact Reconnaissance Imaging Spectrometer for 
Mars (CRISM) aboard the Mars Reconnaissance Or-
biter (MRO). The initial part of the survey was con-
ducted using MTRDR images that coincided with the 
USGS Mars Global Dune Database (MGD3). Addi-
tional MGD3 sites were added to the survey list using 
an arbitrary selection of TRR3 sites coinciding with 
MGD3 dunes of interest, for a total of 22 dune fields 
analyzed to date (Figure 3). Spectra were collected for 

each dune using the CRISM Analysis Toolkit (CAT) for 
ENVI (Figure 1). TRR3 images were corrected by at-
mospheric volcano observation, observation angle, 
CIRRUS destripe and despike. Dune regions of interest 
(ROI) were determined using an intersection of a hand-
defined geometric region defining the extent of dune 
morphology and a mask based on low values of 770 nm 
albedo. The spectra we present are the ratio of this dune 
ROI to a spectrally neutral ROI, defined by the intersec-
tion of high albedo and low HCPINDEX3, 
LCPINDEX3, and OLINDEX3 CRISM summary pa-
rameters [9], as well as the concavity parameter of [5]. 
The jump in reflectance across the detector boundary 
near 1 µm present in many spectra was suppressed by 
scaling the visible portion of the spectrum to match the 
near-IR. Iron mineralogy is determined based on the 
band centers and shapes of the 1 and 2 µm iron absorp-
tion bands (Figure 2), which were calculated from ratio 
spectra as discussed in [4]. Higher band centers indicate 
olivine or glass, lower band centers indicate HCP or 
LCP, and high band assymetries indicate olivine or 
glass/pyroxene mixtures. 

Results: Sand dunes in our set of 22 dune fields ex-
hibit a diverse range of 1 and 2 µm band centers and 
asymmetries that are consistent with a variety of Fe-
bearing minerals. Two dune fields exhibit low 1 µm 
band centers consistent with a mixture of LCP/HCP, 
while five dune fields exhibit bands between 1-1.05 and 
2-2.2 µm consistent with HCP, likely with a minor oli-
vine component based on elevated asymmetries. Five 
dunes exhibit a band between 1.05-1.08 µm and ele-
vated asymmetries consistent with olivine, and four 
dunes exhibit similar band centers but lower asymme-
tries more consistent with HCP/glass mixtures. Eight  
dune fields exhibit bands between 1.08-1.12 µm con-
sistent wth glass. 

Figure 1: Ratio 
spectra from CRISM 
MTRDR and TRR3 
observations over 
dune fields shown in 
Figure 3. Dune 
spectra are sepa-
rated into classes 
based on spectral 
slope and the pres-
ence or lack of clear 
1 and 2 µm absorp-
tion bands. 
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An additional parameter that varies across the da-
taset is the spectral slope, as shown in Figure 1. While 
many dunes exhibit spectra that are flat or red sloped 
(Class 1), more than half of the 20+ dune fields investi-
gated so far exhibit strong blue slopes that are apparent 
in both reflectance and ratio spectra (Class 2). Some of 
these red sloped spectra exhibit clear 1 and 2 µm bands 
(Class 2a), while others do not (Class 2b). Class 1 dunes 
exhibit a range of 1 and 2 µm band centers, but Class 2a 
dunes only exhibit 1 and 2 µm bands between 1.07-1.12 
and 2-2.1 µm, consistent with primarily glass with some 
olvine or HCP components. Thus, this spectral slope ap-
pears to be a characteristic of glass-rich dune fields. 
Similar spectral slopes have been identified in associa-
tion with glass-rich dunes in the north polar region [4], 
and have been attributed to leaching of the glass surface. 
These results are consistent with previous OMEGA in-
vestigations suggesting that weathered glass could be 
present in more than 1/3 of global dune fields based on 
spectral slope [10]. 

Discussion: Sand dune mineralogies on Mars are 
diverse, as would be expected for a planet with a long 
sedimentary history. However, more than half of the 
dunes investigated here exhibit spectra consistent with 
domination by glass or weathered glass. This is notable 
as glass is a weak absorber and must be present at high 
abundances (>70-80 wt% [3]) to be detected. Thus, a 
majority of these dune fields are likely composed of 
primarily glass. Concentrated sand-sized glass is not 
commonly produced in terrestrial surface processes. 
Volcanic eruptions produce large quantities of glass 
only when eruption rates are very high (e.g., cinder 
cones) or when magma interacts with significant ice or 
water [11]. A terrestrial analog for glass-rich sands are 
the extensive sand sheets and dune fields of Iceland, 
which cover ~25% of the island and contain 50-90 wt.% 
glass [12]. These deposits are formed during ice-magma 
interactions, and are emplaced through airfall, fluvial 
processes, and massive glacial outburst floods. This 
combination of processes is more consistent with the de-
posits we see on Mars, as nei-
ther dry explosive eruptions or 
impacts are known to produce 
such extensive, glass-rich, low 
vesicularity, sand-size depos-
its, but such materials are 
common products of ice-
magma interactions [13].  
These results suggest that ice-
magma interactions may have 
been common on Mars, and 
may have contributed signifi-
cantly to the global sediment 
inventory. 

References: [1] Hayward et al. (2014) Icarus 230 
38-46. [2] Edgett & Lancaster (1993) J Arid Env 25, 
271-297. [3] Tirsch et al (2011) JGR 116, E03002. [4] 
Horgan et al. (2014) Icarus 234, 132-154. [5] Horgan & 
Bell (2012) Geol 40, 391-394. [6] Soare et al. (2015) 
EPSL 423, 182-192. [7] Chojnacki et al (2014) Icarus 
232, 187-219. [8] Achilles et al (2017) JGR 122, 2344-
2361. [9] Viviano-Beck et al (2014) JGR 119, 1403-
1431. [10] Horgan et al. (2012) PDW3, #7050. [11] 
McBride et al (2017) AGUFM, #V3F-0568.  [12] Ar-
nalds et al. (2001) J. Arid Env., 47, 359. [13] Heiken & 
Wohletz (1991) Sedimentation in Volcanic Settings, 
SSG Spec. Pub. 45, 19-26. [14] Martínez-Alonso et al. 
(2011) Icarus 212, 597-621.  

 

 
Figure 2: 1 and 2 µm band parameters for all dune spectra 
with detectable absorption bands. (top) 1 vs. 2 µm band 
centers. (bottom) 1 µm band center vs. asymmetry. Typical 
ranges for lab spectra from [3] are circled and labeled. 
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