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Introduction: One possible origin for sand-sized 

sediments on Mars is explosive volcanism [e.g.,1,2], 
but direct evidence for explosive volcanic products in 
martian sand has not been previously identified. Low 
albedo sediments mantle the northern lowlands of 
Mars and form the north polar sand sea, which encir-
cles the north polar cap, making this region an excel-
lent location to use composition to constrain possible 
origin scenarios for these sediments. Here we show 
that the NIR spectra of the northern plains, the north 
polar sand sea, and several other dune fields on Mars 
are consistent with iron-bearing glass partially ob-
scured by a leached glass rind, potentially implying 
widespread acidic leaching and that explosive volcan-
ism is a major source of martian sand [3]. 

Methods: We have analyzed Mars Express 
OMEGA visible and NIR (0.36–2.5 µm) spectra. Spec-
tra were converted to estimated Lambert albedo and 
mapped into regional mosaics [4] prior to analysis. 
While most martian spectra have concave down shapes 
between 0.7 and 2.5 µm, we have found a class of 
spectra that exhibit unusually strong concave up slopes 
between 0.7 and 1.5 µm (Fig. 1). We parameterize this 
concavity by comparing a ratio in the concave part of 
the spectrum to a ratio at longer wavelengths: 
A(0.73)/A(1.54) – A(1.54)/A(2.30), where A is the 
average albedo of three channels near the indicated 
wavelength. Positive values of this parameter indicate 
a concave up continuum. The position of the spectral 
peak in these concave spectra is also shifted to lower 
wavelengths: near 0.68 µm, as opposed to 0.72-0.74 
µm in basaltic spectra and 0.78 µm in dusty spectra. So 
far, these parameters have been calculated for all mo-
saics between ±30°N and above 45°N. 

Typical mafic minerals may be discriminated based 
on the wavelength position and shape of the 1 µm iron 
absorption band [5]. In this study, we have examined 
the position of the 1 µm band center in OMEGA spec-
tra, after contributions from the atmosphere, dust, in-
strumental artifacts, and the overall continuum shape 
were suppressed or removed. The band center is de-
rived by locating the reflectance minimum between 
0.75 and 1.3 µm, fitting a second-order polynomial to 
the channels within 0.075 µm of the minimum, and 
finding the wavelength of the minimum of the fit. So 
far, we have applied this 1 µm band analysis technique 
to our mosaics above 45°N. 

Results: One of the largest dune fields in the north 
polar sand sea (Siton Undae), outcrops of the Cavi 

 
 
 
 
 
 
Unit (hypothesized to be an indurated sand sea) on 
Planum Boreum, and much of Acidalia and Utopia 
Planitiae exhibit high concavity values and relatively 
broad, shallow, and symmetric bands centered between 
1.10 and 1.16 µm (Fig. 2). This is beyond the band 
center range for olivine or pyroxene, but is consistent 
with high abundances (80-90%) of iron-bearing glass 
(Fig. 1) [6]. We hypothesize that the concave spectral 
slope we observe associated with the glass-rich depos-
its is consistent with the spectra of thin (3–10 µm) sili-
ca-enriched leached glass rinds (Fig. 1), formed when 
silicate glass is exposed to acidic fluids [10]. Leached 
glass rinds are distinct from depositional silica coat-
ings, which are formed by dissolution of silicates and 
precipitation of amorphous silica [7]. While rinds re-
tain the loosely bound structure of the host glass, coat-
ings have an opaline structure distinctly different from 
their substrate [8]. Also, coatings do not exhibit con-
cave up spectral signatures [9]. 

Proposed origin: We have detected spectra con-
sistent with iron-bearing glass in pixels totaling over 
one million sq. km north of 45°N on Mars in both ex-
posed surfaces (e.g., Acidalia) and in sand dunes (e.g., 
Siton Undae), and several million additional sq. km of 
glass-rich surfaces may be obscured under a dusty 
mantle. Because the glass is durable enough to form  

Figure 1: OMEGA spectra 
consistent with iron-bearing 
glass, compared with north 
polar average dust (red) and 
a spectrum consistent with 
pyroxene (orange). (A) Var-
iations in concavity. (B) 
Spectra from A ratioed with  

average regional dust spectra, compared to leached glass 
rinds [10,18]. (C) Spectra from B after continuum re-
moval, compared to lab spectra of mafic phases. Vertical 
lines indicate range of glass band centers in lab spectra. 
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sand dunes, some fraction of the glass must be sand-
sized with minor vesicle content. An analog for these 
deposits are the extensive sand sheets and dune fields 
of Iceland, which cover ~25% of the island and contain 
50-90 wt.% glass [10]. These deposits are formed dur-
ing ice-magma interactions, and are emplaced through 
airfall, fluvial processes, and massive glacial outburst 
floods. This combination of processes is more con-
sistent with the deposits we see on Mars, as neither dry 
explosive eruptions or impacts are known to produce 
such extensive, glass-rich, low vesicularity, sand-size 
deposits, but such materials are common products of 
ice-magma interactions [11]. Where these martian 
glass-rich materials were originally created is not yet 
known, but possibilities include sub-glacial volcanism 
in Southern Acidalia [12] as well as ice-magma inter-
actions related to chaos terrain formation. Deposition 
into the northern plains is also an issue, as models in-
dicate that sand-size grains are not deposited far be-
yond the immediate vicinity of the vent [13]. Thus, 
unless high-latitude volcanic sites can be identified, 
deposition in the northern lowlands may require either 
aeolian or fluvial transport. 

We interpret the leached glass rinds on the northern 
lowlands glass as the result of post-depositional peri-
glacial weathering [3]. These rinds are a common 
weathering product on glassy materials in arid volcanic 
environments on Earth, and exhibit concave up slopes 
in aerial spectra similar to those observed at lab scale 
[7,8,14]. Based on the fluid chemistry required to cre-
ate these rinds [7], we propose that the weathering flu-
id is melt from surface ice sheets or snow packs, acidi-
fied due to oxidizing conditions [15].  

Glass in equatorial dunes: To evaluate the glass 
content of dunes at lower latitudes, we have completed 
a preliminary search for weathered glass spectra in 
dune fields between +-30°N. Based on the median val-
ues of the concavity parameter, albedo, and spectral 
peak position for dune fields in this region listed in the 

Mars Global Digital Dunes Database, we have identi-
fied a number of dune fields that may contain weath-
ered glass, based on a median peak position <0.72µm 
and a median concavity >0.1. These dune fields are 
concentrated in the Syrtis Major, Valles Marineris, and 
Arabia Terra regions (Fig. 3). Further detailed analysis 
of OMEGA spectra of these dune fields will help to 
constrain the presence of glass. However, even these 
preliminary results suggest that glass may be common 
in dunes across the martian surface. 
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Figure 3: Distribution of dune fields with known or 
possible weathered glass content (red dots) compared 
to all examined dune fields (white dots). 

Figure 2: (A) Concavity 
parameter mapped over the 
Mars north polar region 
and northern Acidalia 
Planitia, showing only 
positive values. (B) 1 µm 
band center mapped over 
the same region. Blue and 
green regions are con-
sistent with pyroxene 
(CPX) or olivine, while 
yellow and red regions are 
consistent with iron-
bearing glass. 1°N ≈60 km. 
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