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Introduction:  Valles Marineris (V.M) is affected
by about 50 landslides. From Viking orbiters images,
they were initially interpreted as large debris flows
occurring during a unique activity period in the early
history of Valles Marineris [1,2]. In contrast to this
interpretation involving water intervention, a second
study has found analogies between Valles Marineris
landslides and dry terrestrial rock avalanches [3]. The
role of fluids in the martian landslide dynamic is not
unanimously admitted yet. A systematic analysis of
geomerty, morphology and chronology of the land-
slides is the key parameter to precise their dynamic.
We then present results of a multidisciplinary study of
Valles Marineris landslides using  images with differ-
ent spatial resolutions (Viking, MOC and THEMIS),
Altimetric Data (MOLA) and dating methods.

Characteristics of Valles Marineris landslides:
The dimensions of landslides measured with MOLA
data are one order in magnitude larger than terrestrial
ones (average size is 36 x 32 km). The mass movement
mobilizes the whole hillslope in opposition with  the
terrestrial landslides which often affect only a part of
the wallslope. The thickness of the landslide deposits
decreases onward from about 2 km at the foot of the
scarp to 100 m at the front of the landslide.
Morphology : 46 landslides have been classified in
three morphologic types from the geometry of the land-
slide deposit : (1) chaotic, (2) structured deposit with-
out debris aprons and (3) structured deposit with debris
aprons. The chaotic type displays a rough deposit
without well identified tectonic structures (Fig.1). The
structured deposit without debris aprons have tectonic
structures at the back of the deposit whereas the front
displays unorganised roughness (Fig.2). The structured
landslides with debris aprons also show well identified
extensive structures at the back of the deposit whereas
the main part of the deposit is constituted  by large
debris aprons (Fig.3). These aprons are 200 m thick
with a lobated shape. On a corresponding DEM
(Fig.4.), a zone of increasing thick material at the toe
of the apron is identified implying fluidization mecha-
nisms [4]. At the toe of this kind of landslide, there are
mostly several debris aprons corresponding possibly
with different pulses during sliding events [1,2]. On the
available M.O.C. images, all debris aprons show lon-
gitudinal ridges resulting from mechanisms of sliding
at high velocity [2,5]. Then, wihtin Valles Marineris
and somethimes within a same deposit it coextists brit-

tle structures suggesting sliding mechanisms and debris
aprons suggesting fluidization mechanisms.

Fig.1. Chaotic type : a) Viking context, b) Topographic
profile (MOLA).

Fig.2. Structured deposit without debris aprons type a)
Part of MOC and THEMIS images mosaic, b) Topo-
graphic profile (MOLA).

Fig.3. Structured deposit with debris aprons type a)
Part of MOC and THEMIS images mosaic, b) Topo-
graphic profile (MOLA).
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Fig.4.: Debris aprons topography a) Viking context, b)
Digital Elevation Model (MOLA), c) Topographic
profile.

A spatial analysis of the repartition of the morphologic
types reveals that the chaotic landslides are mainly
located within narrow canyons like Ius Chasma and in
the enclosed Hebes Chasma. The type with debris
aprons takes place essentially in the widest canyons of
Valles Marineris (Gangis Chasma and on the walls of
the central parts of V.M.). The distribution of the land-
slides type seems to be organized according to the
width of the canyon where they are located.
Mobilities : The mobility of landslides is measured by
the ratio between the vertical drop and the runout of the
landslide. This ratio is directly related to the coefficient
of friction of the material [6]. The mobility of the mar-
tian landslides ranges from 1.8 to 12.7. These large
mobilities are also supported by the low deposit slopes
of Valles Marineris landslides which are lower than 5°.
Long run-out and low deposit slopes involve a fluidi-
zation mechanism or a basal decollement layer. Recent
numerical simulations trying to explain the long run-
out of Martian landslides, indicate that nor Bingham
rheology, nor acoustic fluidization and not even a fric-
tional rheology correspond to Martian landslides [7].
Volume balances :  In 2D,  the overlap of the profile
with and without landslide shows two types of volume
on both sides of the profile crossing : the eroded vol-
ume (EV) for the part before the crossing and the set-
tled volume (SV) for the other part (Fig.5.).

Fig.5. The two types of computed volumes

 These two types of volume were estimated in 3D for
each landslide by DEM substraction between a DEM

covering the landslide zone and a pre-landslide DEM
constructed for each landslide from the topography of
the unslided wallslopes on the both sides of the land-
slide. A part of the settled volume has filled up a part
of the eroded volume at the foot of the scarp. This vol-
ume, that we have called "filling up" is an important
part of the total displaced volume and was added to
both types of volume. With the two types of volume,
volume balances were also computed.

Fig.6. Distribution of the volumes and volume balances
within Valles Marineris. The areas of the circles are
proportional to the settled volumes. Colours gradation
correspond to  increasing classes of material deficit.

The settled volumes range from 50 km3 up to 5000
km3. The eroded volumes range between 60 km3 to
9000 km3. The volume balances display deficits rang-
ing from 5 % for the more equilibrated balances and up
to 70 % for the largest deficits. The landslides with the
largest volume deficits are located in Hebes Chasma.
All the five landslides of this canyon have a material
deficit larger than 50%. Hebes Chasma is an enclosed
canyon where material exportation after the landslide
can not explain this deficit. These deficits could result
from the porosity of the landslide source supporting the
karstic origin hypothesis [8] of this kind of canyon.

Ages of Valles Marineris landslides: Valles
Marineris landslides were dated by Lucchitta [2] from
Viking images. At the spatial resolution of these pic-
tures, only few landslides are affected by impact cra-
tering. All the landslides of V.M. have been dated by a
unique crater count. This crater count assumed that the
landslides were contemporary. The results displayed an
early event in the history of Valles Marineris.

MOC high spatial resolution images covering the
landslide deposits are now available and show a large
range of crater density. For most of V.M. landslides,
several MOC images cover their deposit and allow us
to estimate an age for each landslide. In order to have
some chronological markers, crater counts were also
made on MOC images covering the canyon’s floor near
landslides.

The example presented on Fig.7 is located within
Gangis Chasma. The deposit is at least constituted by
three landslide events with debris aprons. The main
debris apron covers at the East a second underlying
apron probably coming from a previous landslide.
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Crater counts on both debris aprons and on the canyon
floor were realized.

Fig.7. Localisation on a THEMIS images mosaic of the
MOC images used to date the floor of Gangis Chasma,
the underlying debris arpons and the upper debris
aprons of a Gangis Chasma landslide.

The results of crater counts on images covering the
floor follow the isochrones of absolute ages. The dis-
tribution of crater count correspond to an age between
2.5 Gy and 3 Gy (Fig.8). This age means that this re-
gion of Gangis Chasma did not submit to resurfacing
process after the formation of the 2.5 Gy old floor sur-
face.  The distribution of crater count corresponding to
the underlying debris apron also follows the isochrones
implying an age between 1 Gy and 2 Gy (Fig.9).  The
crater count results for the upper debris apron follow
the isochrones giving an age between 10 My and 100
My (Fig.10).

Fig. 8. Result of crater counts on 2 MOC images cov-
ering Gangis Chasma floor. Absolute ages are taken
from Hartmann et al. [9].

Fig. 9. Result of crater counts on 3 MOC images cov-
ering the underlying apron of a Gangis Chasma land-
slide. Absolute ages are taken from Hartmann et al. [9].

Fig. 10. Result of craters count on 5 MOC and
THEMIS images covering the upper apron of a Gangis
Chasma landslide. Absolute ages are taken from Hart-
mann et al. [9].

This chronology of events implies that landslides
correspond to distinct events during time and that the
activity period of these landslides spread out in the
time up to the lower 100 My history of Valles Marin-
eris. These results are in agreement with the dating of
about 40 other landslides of Valles Marineris.  The
triggering mechanisms are  then reproducible during
the time. The seisms induced on Mars by impact cra-
tering or by a continuous tectonic activity wihtin Valles
Marineris are reproducible mechanisms.

Conclusion :  The morphological study reveals that
landslide morphologies display fluidization features
(thin debris aprons, mobilities...). The volume balances
computing on the landslides are always  deficient. It
can be interpreted as large porosities in the landslide
sources. Then, the question of the presence of fluids
filling up a part of the regolite porosity of the landslide
dynamic could be raise. The ages of the landslides
spread out in the time up to recently. These results re-
inforce the hypothesis of seism triggering landslide (by
impact cratering or tectonic activity). This large activ-
ity period during the time also implies that they are
available fluids in the martian regolite  to produce flu-
idization morphologies up to recently.
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