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Introduction:  Martian debris aprons, which
typically are lobate masses extending from massif
slopes, have been identified as possible indicators of
ground ice on Mars [1-8].  A concentration of these
features has been identified in the eastern Hellas
region [3-4, 6-8].  This study focuses on those
identified and examined by [8].  THEMIS infrared
images are used to examine spatial variability in both
the thermal inertia and the emissivity of these
features; changes in these properties across the
surface of the apron may be related to formation
and/or modification processes associated with these
aprons.

Background:  Debris aprons are inferred to form
from the downslope movement of a mixture of rock
and ice.  Similar to lineated valley fill and concentric
crater fill, these features are geographically
constrained to the mid-latitude ranges on Mars, with
concentrations in the northern fretted terrain and the
areas around Argyre and Hellas Basins [1-3, 6, 8].
The focus of this study is a population of 54 debris
aprons in the Reull Vallis region, just east of the
Hellas basin [8].

The Reull Vallis region is an area of the southern
highlands of Mars that shows evidence of multiple
stages of erosion and degradation throughout its
history.  The geologic history of the region has been
discussed in detail by [6].  The oldest units present
are Noachian basin rim and mountainous units
formed by impact events, degraded by fluvial and
mass wasting processes related to the formation of
valley networks and channels in the region, and
finally further degraded by aeolian activity and mass
wasting.  Hesperian-aged activity includes the
emplacement of sedimentary materials interbedded
with volcanic deposits from nearby Hadriaca and
Tyrrhena Paterae, as well as the formation of large
valles.  The valles in this region (Reull, Dao, Niger,
and Harmakhis) have collapse features indicative of
subsurface flow as well as features associated with
surface flow.  Debris aprons appear to be some of the
youngest features in the region, overlying units of
Noachian, Hesperian, and Amazonian ages [7].

These aprons are commonly thought to form by
the flow of a mixture of rock and ice, although the
exact nature of that flow is not well understood.
Potential mechanisms for apron emplacement include
rock glaciers, debris-covered glaciers, and mass
movements of ice-rich material [1-3, 8-9].  It is very

possible that multiple mechanisms are responsible for
formation of both single aprons and aprons in
different locations.  The surface expression of an
apron may be related to the method of emplacement,
as well as changes in the surface due to later volatile
loss [7, 8].

Method:  THEMIS nighttime images presented in
this abstract were analyzed using the JMARS
application written at Arizona State University.
THEMIS brightness temperature images are overlain
on a MOLA shaded relief map.  Further image
analyses will be undertaken using brightness
temperature and thermal inertia calculation routines
written in IDL for use in ENVI.  The intended output
of this processing is a set of thermal inertia “maps”
covering the debris aprons in question, which can
then be used to identify thermal surface features.

Discussion:  THEMIS nighttime images suggest
that there are a variety of temperature signatures
associated with debris aprons.  Commonly, the debris
apron appears dark in these images, in contrast to the
lighter surface over which the apron has been
emplaced, and the bright walls of the massif from
which the apron extends (Figure 1).  This brightness
difference reflects a temperature variation (10-20 K
in this example) between the apron, the underlying
surface, and the massif walls.  This temperature
difference is likely due to different thermal inertias of
the materials, which may represent a particle size
change between the surfaces. The apron surface may
consist of finer-grained material, the underlying
surface slightly coarser-grained deposits, and the
massif walls of more solid rock.  For the apron
shown, the massif is composed of Noachian
mountainous material, and the unit underlying the
apron is Hesperian smooth plains (using the geologic
map of [6]).  It is interesting to note, however, that
not all of the debris aprons examined show this type
of temperature contrast with the underlying surface.

In addition to the general appearance of the
aprons, there are also finer-scale structures that are
apparent in some of the THEMIS nighttime images.
In one case, lineations parallel to the inferred flow
direction are visible as bands of different
temperatures (T = 185-195 K; Figure 2).  These
lineations curve as the flow direction changes around
obstacles.  As with Figure 1, the apron shown here
originates from a massif of Noachian mountainous
material, and overlies Hesperian smooth plains
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(again, per the map of [6]).  In addition, some of the
lineations in this particular feature are observed to
coalesce from different sources, and terminate in
lobes at the end of the morphologic feature.  These
temperature differences may be related to slope
variations or thermal inertia variations within the
material.

While some of the aprons examined appear to
have little temperature variation across the surface,
others show multiple sets of thermal variations.  The
area shown in Figure 3 exhibits a contrast between
the apron and the underlying surface, lineations in the
apron, and changes in temperature on the massif
slopes:  the total temperature variation of the image is
170-210K. Quantitative analysis of variations in
temperature across the surface from THEMIS should
provide information on variations in particle size
and/or composition of the surface of the apron.
These changes may provide indicators of the
mechanism of apron formation, such as the presence
of multiple lobes, or potential flow features such as
lineations on the surface of the apron.

Conclusions:  Preliminary studies of THEMIS
data illustrate significant differences in
thermophysical properties across individual apron
surfaces and different thermal inertia patterns for
different aprons.  Additional analyses of THEMIS
infrared images of debris aprons in the eastern Hellas
region of Mars will be used to identify and evaluate
both thermal inertia and spectral variations on the
aprons.  These variations should provide clues to the
formation mechanism(s), internal structures, and
degradational histories of these features.
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Figure 1:  Debris apron showing temperature contrast
between the massif, the apron, and the underlying surface.
Image centered at 103E, 40.8S.  THEMIS infrared
nighttime images I07955009 (left) and I0793011 (right) are
overlain on MOLA shaded relief.  Images courtesy of
NASA/JPL/ASU.

Figure 2:  Debris apron showing temperature lineations.
Image centered at 108.8E, 41.9S.  THEMIS infrared
nighttime images (left to right) I07443007, I08554008, and
I07418013 are overlain on MOLA shaded relief.  Images
courtesy of NASA/JPL/ASU.

Figure 3:  Debris apron and massif exhibiting a complex
thermal signature.  Image centered at 105.2E, 44.8S.
THEMIS infrared nighttime images (left to right)
I07930011, I07156020, I07905017, I06407011, and
I06769008 are overlain on MOLA shaded relief.  Images
courtesy of NASA/JPL/ASU.
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