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Introduction: There has been little focus on the aeo-
lian features associated with troughs and valleys on
Mars. We look at these features for two reasons. First,
the new suite of high resolution data permits an inves-
tigation of aeolian processs dynamics at the landform
scale. Second, it is important to understand the extent
to which geological signatures of past fluvial activity
have been modified by aeolian processes. Mars Orbital
Camera (MOC) images show that there is an abun-
dance of transverse bedforms on trough floors [15] but,
to date, other within-valley dune forms have not been
identified. Valleys on Earth are known to act both as
sediment sources within dune fields [11, 14, 19] and
also as interceptors or 'sinks' blocking or truncating
sediment pathways.  On Mars the approach to deter-
mining sediment sources, transport pathways and sinks
has tended to be global in scale [1] and few studies
have focused on the landform scale.

Topography affects both wind velocity and
direction. Sediment transport and erosion may increase
as wind velocities increase on the windward side of
topographic features such as hills and valleys [9]
whilst zones of flow separation on the downwind side
may be areas of preferential deposition [8]. Wind flow
patterns predicted by general circulation models for
Mars and Earth show correlation with the orientation
and location of aeolian deposits [1, 3] .  Terrestrial re-
search on the interactions between synoptic scale wind
flow and trough topography suggests that the presence
of troughs will initiate not only a within-trough wind
regime, but also may affect the strength and orientation
of wind on the Planitia surface [5, 16].

This paper focuses on the interaction between
trough topography and aeolian sediments on Mars.
Using detailed observations from narrow and wide
angle MOC images of troughs in Syrtis Major (and
elsewhere), the effects of interaction between regional-
scale wind patterns and trough topography on aeolian
depositional forms are described.  We highlight the
range of  dunes found within the trough, suggest po-
tential sediment sources and consider the role of the
trough as a temporary sediment sink and/or store.  Us-
ing work that has been undertaken on valley-wind in-
teraction on Earth, a preliminary 2d model is devel-
oped to investigate similar interactions under Martian
conditions. We suggest that, through its impact on
aeolian sediment transport pathways, the trough pro-
vides an important link (source/sink) for exchange of
sediment between different aeolian forms and different
parts of the surface. There is a sediment transport con-
tinuum between the trough and the aeolian features
both within and adjacent to it [4].

Aeolian deposits on the Planitia surface: Two
types of aeolian deposits are identified on the Planitia
surface adjacent to the trough - wind streaks and drift
deposits. Both bright and dark albedo markings feed
into and extend from troughs. These are similar to the
coalesced individual bright streaks reported by Thomas
et al., [18]. Most of the bright and dark albedo mark-
ings are discontinuous across the trough indicating a
change in streak composition. The details of the bright
albedo markings are seen in high resolution MOC im-
ages and are identified as drift deposits. Drift deposits
are accumulations of wind blown particles not orga-
nized into bedforms [9]. They appears to be a thin,
discontinuous, sediment sheet and the dark albedo area
appears devoid of (bright albedo) sediment at this
resolution. There are two types: sand patches and sand
streamers. Sand patches are irregularly-shaped areas,
the largest measuring 1.7 km2. Some appear to be
trapped in topographic lows such as degraded impact
craters. Streamers are narrow, slightly sinuous and
sometimes discontinuous. They have an average width
of 12 m and are of variable length (100-400 m). The
development and origins of the two types of deposit
appear to be linked as streamers frequently feed into
and extend from patches.  Lancaster [12] suggests that
sand patches are initiated in a zone of spatially and
temporally fluctuating winds and disperse as surface
roughness increases and sand supply is reduced.

Trough aeolian deposits: The trough floors have a
variety of aeolian deposits. As falling, transverse and
climbing dunes in troughs have been described else-
where [4] we will not repeate that data here. The range
of aeolian features detected  in troughs is now ex-
panded to include sand ramps, barchan, barchanoid and
linear dunes (see Fig. 1). Here we describe sand ramps.
These low albedo deposits have accumulated along
sections of the downwind  trough walls. The features
have scalloped upper margins, and overlie the trans-
verse ridges on the trough floor. MOLA profile data
intersecting one such feature indicates it climbs to at
least 28 m up the trough wall.  We interpret these de-
posits to be a series of sand ramps, where fine-grained
slope debris from the trough wall (and possibly floor)
is blown back up the trough wall. Sand ramps on Earth
are commonly composed of mixed materials such as
aeolian, fluvial and colluvial sediments [13].  Sand
ramps have not been previously reported on Mars.

Computational fluid dynamic modeling: W e
have undertaken preliminary 2-D computational fluid
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dynamic (CFD) modeling of the flow field generated
in an isolated trough in a flat, plateau terrain under
Martian conditions. The CFD used for this study was
developed by Ferziger and Peric [7] and uses an im-
plicit finite volume scheme with a pressure correction
method (SIMPLE scheme).We consider the idealized
situation where a wind blows steadily over the top of a
canyon consisting of two 90 m vertical walls separated
by an 800 m flat floor, and an 880 m plateau further
downstream. We assume that incoming wind velocity
possesses a flat profile and thereby crudely simulate
the surface acceleration of wind as it passes over the
upwind edge of a valley in wind tunnel experiments
[8].

Surface roughness on the upstream plateau and
within the Vallis probably ensures turbulent flow con-
ditions. We thus use a version of the SIMPLE scheme
that includes a _-_ turbulent flow model, where _ pa-
rameterizes the turbulent energy of a flow and _ esti-
mates the energy dissipation by turbulence in shear
zones near surfaces and at the edge of obstacles.  We
use values of _ = 0.015 and _ = 0.0037 that are com-
puted from the streamwise turbulence measured in the
wind tunnel experiments of Garvey et al., [8] using
typical equations for estimating these parameters [2].

Because we are considering steady state flows, the
outflow conditions assume zero velocity gradients at
the boundary and the same total mass flux as at the
inlet.

CFD Model Results: We present results for three
wind speeds:  1m/s, 10m/s and 20m/s.  The first two
encompass the wind speeds measured by several of the
Mars Landers on a typical Martian day [10, 17]. The
last corresponds to typical wind speeds measured dur-
ing Martian dust storms.

For all three wind speeds, similar flow streamlines
are produced. The results for the 1m/s model run is
presented in figure 2. We see a zone of recirculation
behind the upstream trough wall, recirculation associ-
ated with corner flow at the base of the downstream
wall, acceleration of flow and flow separation at the
top of the downstream trough wall, and formation of a
subsequent recirculation zone on the downwind sur-
face.  All the flow patterns are consistent with the wind
tunnel experiments presented in Garvey et al. [8] ex-
cept for the downstream corner flow re-circulation
zone.

  In our numerical results, the reattachment point is
at approximately at 5.9h, which is essentially identical
to that observed in the wind tunnel

Implications: This modeled modification of the
synoptic wind pattern by the trough has a number of
implications for sediment transport adjacent to troughs
on Mars and compares well with the distribution of
sediment observed in troughs.  First, the model of Gar-
vey et al., [8] suggests that there will be a region im-

mediately upwind of the trough where little or no aeo-
lian deposition takes place due to accelerated flow.
Second, the CFD illustrates a zone of flow separation
and consequent reduction in velocity at the upwind
trough wall.  We expect that, where sediment is avail-
able, significant amounts will be deposited at the foot
of the slope. Third, there may be erosion or a zone of
low/no deposition at the point of reattachment (~5.6h).
Fourth, there may be deposition in the recirculation
zone at the foot of the downwind wall. Fifth, as the
velocity increases at the top of the wall we suggest that
sediment erosion/entrainment may be enhanced and
would expect no or low deposition in this reach. Fi-
nally, beyond the trough we expect a zone of deposi-
tion.

The model indicates that maximum wind velocities
are generated at the trough outlet. These velocities are
an increase of ~30% for upwind values. The modeled
acceleration indicates that regional winds on the order
of 4.2 m/sec can mobilize sand in certain topographies.
As these lower magnitude winds occur more fre-
quently, we hypothesize a higher frequency of sand
transport in these locations. Dunes on Mars have not
actively migrated in the last ~30 years [6, 20]. We have
shown that topography can accelerate wind velocities
under Martian conditions. It may be that current dune
activity is limited to locations of accelerated flow and
features such as sand streamers and climbing dunes
associated with topography should be targeted in future
dune activity investigations.

Sediment sources and pathways:  Four potential
sediment sources for aeolian deposits in troughs have
been identified; wind streaks, ambient Planitia sedi-
ment, dunes and the trough (walls and floor). In addi-
tion, intra-dune nourishing is proposed as an important
component in the sediment transport pathway. A
trough can act as both a throughflow area for aeolian
sediments as well as a store, sometimes being signifi-
cantly modified by the aeolian deposits. Wind streaks
and ambient Planitia sediments, and in certain loca-
tions dunes, are sediment sources and means by which
sediment is transported across a surface on Mars.
Troughs (and valleys) will act as topographic barriers
to sediment flux, temporally storing sediment in a
range of bedforms.  Under appropriate conditions and
nourished by sources within the trough, sediment is
supplied to the downwind Planitia surface. These data
show that different styles of aeolian deposit can be
both physically connected and linked as sinks and
sources along sediment transport pathways.

Conclusions: Interaction between wind regimes
and topography can give rise to complex suites of aeo-
lian landforms.

There is a wider range of deposit types in troughs
on Mars than has previously been documented.  These
include wind streaks, falling dunes, ‘lateral’ dunes,
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barchanoid dunes, linear dunes, transverse ridges, sand
ramps, climbing dunes, sand streamers and sand
patches.

The sediment incorporated into these deposits is
supplied by wind streaks and ambient Planitia sedi-
ment as well as originating within the valley itself,
notably from the trough walls and floor.  There is also
transmission of sediment between dunes of different
types.

The flow model indicates flow separation on the
upwind side of the trough followed by reattachment
and acceleration across the trough. The inferred pat-
terns of sediment deposition and removal compare well
with the distribution of aeolian forms.

Model data indicate a speedup of wind velocity by
~ 30% on the downwind trough margin. This suggests
that, in suitable topography, the threshold wind speed
necessary for sand mobilization on Mars may be gen-
erated from regional wind velocities as low as 4.2
m/sec.

The range of aeolian deposits recorded at Arnus
Vallis (and in the Nili Patera Caldera and Candor
Chasma) may be inherently linked to regions of high
sediment flux, wind streak development and the pres-
ence of troughs and valleys.
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Figure 1
Trough in Central Candor Chasma MOC image

(E03-00746) 7.01°S, 72.69°W, 4.30 m/pixel. Image
shows sig infilling of trough system with sand that
significantly modifies morphometric signature (a),
transverse forms on adjacent surface (b). low albedo
dunes, falling dunes (c) and linear dunes (d), feeding
low albedo linear and barchan dunes (e) on downwind
side of trough.

Figure 2.
Streamline (top) and flow vector (bottom) results of

CFD model. The red arrows are equal to the incoming
flow speed. Reduced wind speeds are indicated in col-
our: from red, through yellow, green and to blue. The
arrow length indicates relative flow velocities. Mod-
eled flow is from left to right.  Streamlines and flow
vectors at 1 m /sec. Flow reattachment is at x/l = 0.7,
x/h = 5.9.
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