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Introduction

It has been estimated that dune migration on Mars may
occur over ten-thousands of years [1], as wind speed
is rarely high enough to initiate/sustain saltation. If
this is the case, then polar processes such as ice subli-
mation/diffusion within the near-surface of topography
will act on comparable timescales with aeolian sediment
transport, and niveo-aeolian interactions may need to be
considered in models of dune morphology and behavior.

Additionally, niveo-aeolian interactions may result in
distinctive, measurable morphology that could be used to
determine relative process rates, etc. For example, ter-
restrial dunes located in Antartica contain inter-bedded
sand, snow, and/or ice deposits, and these niveo-aeolian
deposits can affect overall landform morphology and mi-
gration [2, 3, 4]. A study by Bourke et al. [5] identified
morphological differences between martian intra-crater
dunes and polar dunes.

We have identified a distinctive dune feature: a break
in slipface slope (Fig. 1), which is found only on dunes
located in the polar and mid-latitude regions (Fig. 2).
Due to the apparent latitudinal control on where this fea-
ture is observed, we hypothesize that this distinctive geo-
morphology is due to a niveo-aeolian process interaction.
A few slope measurements have yielded an average slip-
face slope of∼ 20

o, significantly less than the angle of
repose.

Methodology

In this study, we have considered three formation hy-
potheses:

• In in the North Polar Sand Sea, neutron current
measurements and modeling results implied the
existence of an ice-rich (and immobile) underly-
ing topography with a relatively desiccated upper-
layer (∼6cm depth) that would be mobile via salta-
tion [6]. The formation of an ice-cemented dune
core would create a sediment-limited system – as
the mobile sand within the sublimation lag deposit
blows over the cemented dune cores, it will build
up a region in the lee of the dune core, which will
lie at a shallower slope than the cemented dune
slipface, as slow diffusion processes will domi-
nate. In this case, the break in slope should mi-
grate upwards as the dune ages, making the dis-

Figure 1: An example of the break is slipface seen
in many martian polar dunes. The “bright ribbon”
that runs along the crest-line is due to a lack of rip-
ples and increased slope relative to the lower portion
of the slipface. The upper-layer is generally∼10m
in width. To see the full image (81.7N,133.6E) –
http://hirise.lpl.arizona.edu/PSP0102692620.

tance from the bottom of the slope to the break in
slipface dependent on the total amount of sand that
has blown over.

• Seasonal processes (such as freeze-thaw cycles
and CO2 sublimation outgassing) may create an
increased diffusion on the slipfaces of dunes. This
is in competition with saltation, which piles sand
up at the angle of repose near the dune crest. With
this mechanism, the distance between the crest and
the break in slope will depend on relative rates of
saltation vs. diffusion.

• A reversal in wind direction can create a break in
slipface slope [7], as sand piles up at the angle of
repose on the shallower, previously-stoss slope. In
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Figure 2: HiRISE images of dune fields were inspected to located dunes with smooth and sharp slipfaces and crestlines
(red), highly-eroded slipfaces and rounded crestlines (blue), and slipfaces with the break in slipface slope (green).
Black dots denote dunes where viewing conditions (illumination and/or frost cover) made it difficult to discern the
condition of the slipface.

this case, the distance between the crest and the
break in slope will depend on the time since the
wind reversed. A study by Ewing et al. [8] of a por-
tion of the Olympia Undae field concluded from
the dune crest and ripple orientation that the field
has evolved under varying wind directions.

To evaluate each of these formation hypotheses, we
have extended a basic linearized two-dimensional dune
evolution model (similar to that outlined in Andreotti
et al. [9]) by adding evolution equations or terms reflect-
ing the nivean processes, such as the formation of a non-
erodible subsurface ice layer [10] or increased/spatially-
variable diffusion. Through computational and analyti-
cal methods, we have estimated the characteristic length-
scales and timescales over which each nivean process
would interact with aeolian saltation, and compared re-
sultant geomorphology with the observed break in slip-
face and general martian polar dune and dune field mor-
phologies.

Our end-goal is to identify which formation mecha-
nism(s) is most likely to have created the observed break
in slipface, and then to use that model to estimate the rel-
ative saltation and polar process rates and/or timescale of
martian polar dune geomorphological evolution.
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