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Introduction: Martian lobate debris aprons (LDA)
are convex-up, mid-latitude surface features extending
up to tens of km from the bases of escarpments and are
interpreted as debris-covered glacier systems [1, 2]. Pre-
vious studies in geomorphology [2], climate modeling
[3], flow modeling [4], and radar stratigraphy [5] have
shown LDAs to be remnants of multiple obliquity-driven
glacial cycles on Mars and thus valuable records of Ama-
zonian palaeoclimate.

Orbital radar sounding of LDAs by the Shallow
Radar (SHARAD) instrument on Mars Reconnaissance
Orbiter (MRO) has revealed subsurface basal reflectors
with little to no internal volume scattering, consistent
with pure water ice containing only a small dust content
[1, 6]. SHARAD data acquired over LDAs in the di-
chotomy boundary region of Deuteronilus Mensae (DM)
exhibit a spectrum in the strength of observed basal re-
flectors, from strong and clear to weak and ambiguous
or nonexistent returns. A longitudinal trend is apparent,
with western DM dominated by unambiguous returns,
while eastern DM contains relatively few, weak returns.

We explore this regional variability in LDA basal re-
turn strength by testing for differences in internal com-
position and surface properties which may affect sig-
nal attenuation and feature penetration, respectively, of
SHARAD sounding of LDAs. Two LDA complexes, one
each representative of western and eastern DM, are se-
lected for this study.

Figure 1: MOLA-derived map of Deuteronilus Men-
sae with analyzed SHARAD ground tracks mapped as
black lines, candidate subsurface reflectors under LDAs
mapped in yellow. Selected LDA in eastern and western
DM are highlighted in red boxes.

Surface Properties: LDA surfaces often exhibit
“brain terrain,” a unit of high roughness on the 10s m hor-
izontal scale which consists of strangely patterned subli-

Figure 2: (A) THEMIS mosaic of LDA complex in west-
ern DM displaying ground tracks of current SHARAD
coverage (yellow) and HiRISE imagery footprints (red).
(B) Example SHARAD radargram (mapped as bold yel-
low bar in A) over the LDA complex displays a strong
subsurface reflector. (C) Sample of HiRISE imagery over
the LDA complex (position marked by a green star in
A) displays polygonal-patterned mantling material on
the surface. Right side figures (D-F) display the same
datasets over LDA complex in eastern DM, where a clear
subsurface reflector is not apparent (red arrows indicate
clutter from off-nadir sources) and the LDA surface is
characterized by high-roughness brain terrain.

mation pits and buttes on the order of several meters high
[8]. Roughness at this scale is highly scattering to the
SHARAD signal and thus reduces subsurface penetra-
tion. This mechanism is hypothesized to contribute sig-
nificantly to observed regional differences in radar prop-
erties.

To test this, relevant geomorphic units at the 10s m
horizontal scale are defined and mapped on HiRISE im-
agery of the LDA surfaces. Six geomorphic units are
defined (see figure 3). Units 1-3 form a continuum of
various levels of debris-cover modification via sublima-
tion, similar to that noted by [9]. Polygonal patterned
ground (unit 6) is interpreted as an ice-rich mantling de-
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posit, which overlies older LDA debris cover. This serves
to either smooth or completely bury other units such as
brain terrain, reducing the surface expression of rough-
ness. “Open-cell” brain terrain (unit 5) is likely a result
of this softening.

HiRISE images for each LDA complex studied are
divided into roughly 2 km by 2 km grid cells. Grid cells
are chosen at random for geomorphic characterization:
units are then mapped and estimates of surface roughness
are produced by measuring feature length scales, widths,
and shadow lengths. The cumulative results from each
of the western and eastern DM LDA complexes are then
compared and correlated against radar results.

Internal Composition: Variation in the conductive
dust-ice fraction of LDAs is hypothesized to be respon-
sible for varying degrees of SHARAD signal attenuation
in LDA interiors. Dust-ice fraction is also responsible for
limiting the growth of ice grains as ice metamorphoses,
ultimately affecting the resultant rheology of LDA ice.
We therefore employ flow modeling of LDA ice using the
relevant grain-size-sensitive rheology developed by [7]
to provide constraints on the dust contents of the LDAs
represented in this study. This modeling experiment will
provide additional constraints on the flow age of these
features, as well as basal slopes where they are not re-
solved by SHARAD.

High Resolution Stereo Camera (HRSC) topography
data is used to extract flow-parallel topographic profiles
to compare between sites and against the results of the
GSS modeling.

Initial Results and Discussion: Geomorphic results
were produced for one grid cell on each LDA complex.
The western LDA complex is covered by 88% polygonal
mantle deposits (unit 6), with the remaining 12% being
smoothed brain terrain (unit 5). The eastern LDA, on the
other hand, is 26% sharp brain terrain (unit 2), 68% unit
3, and 6% unit 1.

The eastern DM LDA features over double the extent
of high-roughness brain terrain compared to the western
DM LDA. In addition, all the brain terrain observed in
the western DM LDA is softened by mantle deposits.
It may be that all LDAs in DM exhibit radar-scattering
brain terrain on their debris surfaces, yet an overlying
layer of mantle deposits increases signal penetration for
some LDAs. A wider study is needed to properly assess
the strength of this correlation.

Topographic profiles on the eastern LDA complex
were found to be generally less convex than that of the
western LDA complex (see figure 4). This could be due
to differing degrees of surface modification, or it could
be due to differing rheologies, which would imply signif-
icantly different attenuating dust contents. Results from
flow modeling will shed light on these observations.

Figure 3: Geomorphic units defined for characterization
of LDA surfaces, all displayed at the same scale. Unit
1: relatively unmodified debris cover. Unit 2: closed-
cell brain terrain. Unit 3: deflated, striated debris
cover. Unit 4: heavily aeolian-modified terrain. Unit
5: modified/softened or open-cell brain terrain. Unit 6:
polygonal-patterned mantle deposits.

Figure 4: Plot of the mean normalized topographic pro-
files from HRSC data for nine selected profiles on each of
the eastern and western DM LDAs. Note that the eastern
LDA appears to be generally less convex than the west-
ern LDA.
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