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Abstract
Interest in the emplacement mechanisms of large mar-
tian landslides exists because of their possible implica-
tions for the location and near surface evolution of water
on Mars [e.g., 1,2]. These landforms could have formed
as a direct consequence of the presence of such water. In
addition, these landslides represent major mass displace-
ments whose emplacement dynamics may contribute to
the long term evolution of the Valles Marineris canyon
system [3,4]. In this study, we attempt to gain some infer-
ences into the flow conditions that may generate various
topographic and morphologic attributes of long run-out
landslides on Mars, and flow velocities as inferred from
topography [e.g., 5]. Unlike previous numerical efforts
where a continuum description was used to model the mo-
tion of the Valles Marineris slides [e.g., 6], we use a 3-D
granular flow model. In this model, each grain in the flow
is treated as a discrete element [7]. We compare land-
slide observations to results of our discrete element model
(DEM) for several physical parameters describing the in-
teraction between the individual grains in the flow. The
results of this DEM are expected to differ from classic 2-
D studies such as Campbell et al.,[8] because of the 3-D
geometry.

Figure 1. A MOLA 1/64th degree topographic map that provides con-
text for the detailed profile BB’ (MOLA PEDR 11988) of a Ganges
Chasm landslide shown in the right hand plot.

Morphology and Topography of Valles Marineris
Landslides
The topography of the Valles Marineris landslides inves-
tigated tend to possess relatively mild changes in flow
thickness with distance from the source. The region
near the source are typically a little thicker than the mid-
sections of the flow where the landslides are usually at
their thinest. Their distal sections thicken slowly and are
often concave up at the their ends. These ends usually
possess a small rampart relative to the thickness of the
flow on which they form (Figure 1). In a few instances,
the Mars Observer Laser Altimeter (MOLA) shows abrupt
changes in thickness. But these are usually associated
with either the presence of several events within one

flow, or several pre-existing obstacles, both of which are
easily identified in the Thermal Emission Spectrometer
(THEMIS) and Mars Observer Camera (MOC) images.

The morphology of the landslides as seen in MOC,
THEMIS and Viking images confirms that the landslides
possess (Figure 2) a subtle distal rampart. In addition,
Viking and THEMIS images show that landslide deposits
are not very sinuous. They also indicate the presence of
lineaments both parallel and near-perpendicular to the di-
rection of flow (Figure 2). At Viking resolution ( � 100m
per pixel), broad striations parallel to the direction of
flow are visible; at MOC resolution ( � 5 m per pixel)
both broad striations parallel to the direction of flow, and
smaller lineaments nearly perpendicular to the direction
of flow are visible.

Figure 2. THEMIS (I01699006) and MOC

(E0501791) images of the landslide in fig-

ure 1 showing lineaments both parallel and

nearly perpendicular to the flow direction.

As is common for most terrestrial [e.g., 9, 10], but not
all [e.g., 11] long run-out flows, the Valles Marineris land-
slides do not possess boulders at MOC scales. In addition,
preliminary estimates of flow speed using both flow super-
elevation and run-up techniques indicate that some of the
Valles Marineris landslides were emplaced at speeds in
excess of 10-20m/s [6].
3-D Discrete Element Model
In our DEM, particle motions are calculated directly in
three dimensions by solving the equations of momen-
tum for each particle. Mechanical interactions between
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the colliding particles are expressed by the Voigt-model,
which consists of a spring and dash-pot pair [12]. The
spring simulates elastic restitution, describing the storage
and release of elastic energy that occurs during a collision.
The dash-pot acts like a shock absorber dissipating energy
during contact. A friction-slider model takes into account
friction losses between sliding particles via Coulomb fric-
tion. Two parameters- the coefficient of restitution, e and
friction, mu - parameterize energy losses due to collision
and friction respectively.

Preliminary results are obtained by computing the mo-
tion of a 60m � 30m � 30m closest packed block of 9,041
identical spheres down a 30 degree slope. For each com-
putation but one (described later), each sphere is 2m
in diameter and possesses a density of 2.7g/cm3. Fig-
ure 3 shows the initial condition used in our calcula-
tions. The domain resembles the 20-30 degree wall-slopes
and nearly flat floors of the Valles Marineris canyon.
For each computations but two (also described later),
the computational domain is smooth with dimensions
500m � 400m � 100m. The gravity is set to 1G. Our base-
line case assumes reasonable values of e=0.4 and mu=0.3.

Figure 3. Initial condition for our DEM calculations.

We explore the influence of various parameters on the
flow dynamics and emplacement of our model landslides
relative to our baseline case. We change both e from
0.8, 0.4 to 0.1, and mu from 0.5, 0.3 to 0.03. We also
carry out three additional cases: (1) the rough plain case
where we randomly fix sphere 1/4 the size of the landslide
spheres on the horizontal runoff plain; (2) the confined
flow case where we narrow the computational domain to
500m � 30m � 100m essentially creating a 2-D situation;
and (3) the case where we increase the sphere dimensions
by a factor of 10.
Preliminary results and implications

Our model results (Figure 4) do not directly reproduce
all the observations seen on Mars. We are able in some
instances to reproduce a slightly thicker profile near the
source wall of the landslide relative to its more distal re-
gions. However, the formation of a rampart, and surface
lineations are difficult.

Nevertheless, the DEM does indicate how some of
these features could be generated. Instantaneous veloc-
ity profiles across the flows show that compression occurs
during down slope motion when the front of the flows are
decelerated by the flat plain. This compression may cre-
ate waves that could be “remembered” by the flow upon

deposition as surface lineations perpendicular to the flow
direction.

The DEM also shows that changing the sphere size by
a factor of 10, which is equivalent to altering the acceler-
ation due to gravity by 10, has no effect on the flow.

Figure 4. Cross-sectional view of several results from our DEM.

The confined pseudo 2-D flow is of particular interest.
It indicates how effective confinement is at reducing flow
speed yet enhancing run-out. More importantly, these 2-D
calculations generate velocity profiles across the flow that
are curved as in past studies [8]. However, these same
profiles tend to be flat in our other 3-D calculations. Geo-
metric effects thus play a major role in effectively limiting
energy losses in 3-D flows to a small region at the base of
the flow, where the changes in flow velocity are the great-
est. These results could explain why long run-out land-
slides indeed possess long run-outs [e.g., 13]; why terres-
trial landslides preserve stratigraphy [e.g., 10]; why con-
tinuum “basal glide” models where flow is limited to the
base of a landslide describe well the topography of large
landslides on Mars [14]; and why boulders are not com-
monly observed at the distal edge of these long run-out
landslides.
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