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Introduction:  Valles Marineris on Mars is known 

as a place of numerous and well preserved large scale 
landslides due to the collapse of the huge canyon walls. 
The average drop height of these landslides is about 
6.5 km and the average run-out length is about 40 
km[1]. Their morphology reflects the dynamics of the 
emplacement of collapsed materials and is consider as 
indicator of the subsurface material properties. In par-
ticular, this study focuses on the long-standing debate 
about the role of subsurface volatiles (water ice, clath-
rates, ground water). First order examination based on 
Viking images considered the apparent friction coeffi-
cient. This parameter given by drop height divided by 
the maximum run-out length ranges from 0.05 to 
0.2[2] which is quite smaller than the one for dry mate-
rials (e.g., 0.6 in [3]). To explain the low friction of 
such long run-out landslides, several fluidization mod-
els are proposed such as internal fluid (melt water or 
atmospheric gases), particles interaction, and/or acous-
tic fluidization[4,5]. On the other hand, the friction 
coefficient depends to the total volume of deposit, and 
is mostly independent on the drop height. Then, dry 
rock-avalanches comparable to their terrestrial coun-
terparts are thought to be also plausible [6,7]. Several 
works based on the cross sectional shape or volume 
measurement were carried out[1,4,8] since MOLA 
digital terrain model were made available. However, 
the question whether the Martian landslides were wet 
or dry is still discussed.  

 
Insights into the dynamics of landslides can be ob-

tained from different measurements. In order to meas-
ure the dissipated energy during the flow, we have to 
substract the potential energy of the deposit mass from 
the potential energy of the displaced mass before the 
event. Then the rate of dissipation can be estimated 
from the drop height and run-out distance.  We may 
also want to measure the volume difference of the dis-
placed mass after and before the collapse event. Such 
estimations require accurate measurements of different 
geometric parameters, surfaces, and volumes. The vol-
ume of landslides in Valles Marineris were already 
measured [1] 5% to 70% of volume deficit in the de-
posit were found, suggesting a substantial amount of 
volatile in the wall which have been removed from the 
deposit. However, the presence of sublimation feature 
is not clear on the deposits. Despite of exciting results, 

the actual measurement method of the deposit has still 
space for improvement. In this study, we develop pre-
cise methods and evaluate them to discuss the error 
bars on volume measurements. In addition to volume 
measurements, the developed method is intended to 
estimate the location of the gravity center of the dis-
placed mass after its collapse and for the present de-
posit. This work can be considered as a key prerequi-
site study to any statement about energy balance of 
material flow dynamics of Valles Marineris landslides.  

 
Methodology:  For the accurate estimation of the 

volume of landslide deposits, three topographic sur-
faces are defined (see Fig. 1 and 2). 

 
 
 
 
 
 
 
 
 
 
 

 
Extraction of the landslide surface. The present 

landslide surface (continuous line in Fig. 1) is defined 
from the present elevations of points belonging to the 
area which was affected by the modification (points 
inside the red line of the Fig. 3). The present landslide 
surface is obtained directly by MOLA digital terrain 
model.   

 
Extraction of the pre-landslide surface. The pre-

landslide surface (dashed line in Fig. 1) is defined by 
the reconstructed elevations before the mass flow 
event of the same points (inside the red line of the Fig. 
3) belonging to the present landslide surface. To com-
pute pre-landslide surface, we used linear interpolation 
method in a given direction from points surrounding 
(SP) the landslide which have been defined manually. 
For each desired interpolated point, we define a 
straight line in a given direction. The same direction is 
used for all the interpolated points and is usually paral-
lel to the wall of the canyons. Then, the four closest 
points to the lines are selected from all the surrounding 

Fig.1  Schematic diagram of three surface defini-
tions.  
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points. MOLA interpolates are excluded in the sur-
rounding points, and only true MOLA measurements 
are considered. Surrounding points on local topog-
raphic changes such as mounts and crater rims have 
been also discarded. From the interpolation of the pre-
landslide surface, we also define the region affected by 
displacement (moved area as defined on the Fig. 3). 
This surface includes the edges of deposit on the basal 
flat valley floor, the sides and the upper cliffs which 
have been modified by the mass flow. The pre-
landslide surface was used to replace points inside the 
MOLA DTM to provide a view of the region before 
the landslide occurred (Fig. 4).  
 

.   
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Extraction of the slipping surface.  The slipping 

surface (dotted line in Fig. 1) is defined by the eleva-
tions of points corresponding to the subsurface bound-
ary along which the mass flow occurred. One part of 
this surface is exposed at the upper cliff after the mass 
flow, while the other part is covered by deposited ma-
terial. 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Slipping surface is composed from three 
parts; the basal flat area and the slope are which are 
covered by landslide deposit, and the exposed area on 
the upper cliff (surface belonging to MA but not to DE 
in Fig. 3). The exposed part is obtained by the extrac-
tion of the present landslide surface. The slipping sur-
face on the floor is also given by the pre-landslide sur-
face assuming for this first study little erosion of the 
valley floor by the landslide. The last part covered by 
the landslide deposit and along the wall is obtained by 
interpolation between the two other parts by both sim-
ple plane and minimum surface curvature [9] to check 
the influence of methods on the total volume estima-
tion. Total volume estimation is important because it 
affects the measurement of the displacement of mass 
center and the volume deficit ratio given by the com-
parison with total volume. However, absolute value of 
the volume deficit or of the dissipated potential energy 
would not be affected by the slipping surface estima-
tion. Indeed the common volume between the pre-
landslide topography and topography after the land-
slide, which is bounded by the poorly defined slipping 
surface, cancels out in the volume difference estima-
tion. 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

 

Fig.3  Schematic diagram of measurement 
method. 

Fig.2 Birds-eye view of one landslide. Eye line 
suggests the view direction of fig.2.  

Fig.5  THEMIS IR-day mosaic image with all the 
data positions utilized in interpolation (left), and 
procedure result of “present DEM – pre-landslide 
surface” with deposit edge (right).  

Fig.4  Present DEM from MOLA grid map of one sam-
ple site located at 11.7S, 292.2E (left) and computed 
pre-landslide surface (right). White line corresponds 
to the moved area (MA).  
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Estimation of the volume. By subtracting slipping 

surface from present landslide surface, we get the total 
volume of the deposit (moved and transported materi-
als from their previous position). By subtracting pre-
landslide surface from present landslide surface, we 
find negative and positive thicknesses of material. This 
corresponds to areas of mass removal and mass depos-
its. Summing all the volume within the landslide area 
gives the absolute value of volume change after dis-
placement.  

 
Result and Discussion:  We measured 2 landslides 

along Valles Marineris as a preliminary test. Site1 and 
2 is located around 11.7°S 292.2°E, 13.3°S 300.7°E 
respectively. Extracted present surface, pre-landslide 
surface, and slipping surface are shown in Fig. 4,5,6. 
The input data locations are shown in  Fig. 5 left. 
Some regular noise parallel to the interpolation direc-
tion is usually found, especially on the deposit which 
covers the flat basal area. They are coming from 
bumps along the west edge of surrounding points. In 
the case the flowing material met obstacles such as 
mounds or another landslide deposit, the estimation of 
deposit thickness or deposit volume would be affected. 

 
The remarkable point is that the volume changes in 

the two sites show opposite trend even if similar vol-
ume balance was measured in [1]. Site 2 shows 
slightly different value while site 1 shows larger dif-
ferences when compared to [1].  The main difference 
is found in the total volume mass estimated before the 
landslide event. Topographically the site 1 shows a 
peculiar topography in comparison to other landslide 
sites. The upper part is not bounded by a plateau, so it 
is not possible to estimate the previous summit eleva-
tion of the landslide.  In consequence, the reconstruc-
tion of the collapsed slope may underestimate the total 
volume of mass before it collapsed.  We have also to 
consider a possible underestimation of the volume 
deposit in the case where a rough topography of the 
valley floor have lead to the inclusion of bumps in the 
estimation of this part of the pre-landslide surface. 
This interpretation means that the discussion of col-

lapsed material based on the volume difference re-
quires extremely careful measurements. The discussion 
of landslide mobility needs displacement of mass cen-
ter which also needs careful mass distribution estima-
tion.  

 
 Site 1 Site 2 
Total volume by minimum curve surface 
Before landslide [km3] 249.08 1479.08 

After landslide [km3] 472.12 1081.56 

Volume change [%] 189.55 73.12 
Total volume by plane interpolation  
Before landslide [km3] 215.52 1392.84 

After landslide [km3] 438.56 995.36 

Volume change [%]  203.50 71.46 
Upper shadow volume [km3] 199.68 1347.00 

Lower shadow volume [km3] 422.76 949.48 

Volume difference [km3] +223.05 -397.52 
Dissipated potential energy [kJ] 9.7e+18 1.6e+20 

Estimation of Quantin et al (2004) 

Initial Volume [km3] 500.00 1583.46 
Deposit Volume [km3] 346.52 1021.61 
Volume balance [%] 30.69 35.49 
Volume difference [km3] -153.48 -561.85 
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Fig.6  3D views of the slipping surfaces pro-
duced by simple plane interpolation (left) and 
minimum curve surface interpolation (right).

Table.1  Result of estimated value in site1 and 2. 
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