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Introduction:  Large-scale landsliding has been 

observed on Mars within the Valles Marineris system 
since the arrival of Mariner 9 [1], and early investiga-
tions of Martian landslides and their possible triggering 
mechanisms have largely focused on the Valles Mari-
neris area [2] [3]. However, the recent proliferation of 
high-resolution imagery of the Martian surface provid-
ed by the Mars Context (CTX) camera has enabled the 
creation of a global GIS inventory of Martian land-
slides by Crosta et al [4]. We apply this inventory, in 
combination with slope-stability modeling software, to 
investigate factors that may be important to setting the 
geographic distribution of landslides on the Martian 
surface. In particular, we investigate the relations be-
tween steep topography and observed landsliding on 
Mars, as well as the possible impact of tectonic seis-
micity.  

Methods:  We first isolated the effect of steep to-
pography on Martian landsliding by applying the 
Scoops3D modeling software [5] to quantify the rela-
tive stability of slopes in different regions of the Mar-
tian surface. Scoops3D uses input DEM data in combi-
nation with an assumed set of material properties to 
calculate the ratio between forces driving and resisting 
movement, referred to as the “factor of safety”, on a 
large number of candidate curved, rotational failure 
planes beneath the landscape. The factor of safety cor-
responding to the most-unstable candidate failure plane 
below a given DEM pixel is assigned to that pixel, 
enabling export of parameters such as the factor of 
safety and most-probable landslide volume across 
landscapes.  

We input a set of constant material properties for 
all areas corresponding approximately to weak intact 
rock, to isolate the impact on stability of topography 
alone. We exclusively used DEM data from the High 

Resolution Stereo Camera (HRSC) project, resampled 
to a common resolution of 200 m/pixel to eliminate 
any biases in slope stability calculations resulting from 
differing DEM resolution. Fig. 1 shows the coverage 
of our study areas across the Martian surface.  

Regional differences in topographic stability. To 
relate topographic stability to the occurrence of land-
sliding, we divided regions of the Martian landscape 
into 20-km cells, and within each cell quantified the 
percentage of slopes that were unstable below a certain 
factor of safety threshold value. We then grouped cells 
from particular regions of the Martian surface and cal-
culated the frequency of occurrence of unstable slopes 
and the average number of landslides, per region. The 
relation between topographic instability and landslide 
abundance was plotted (e. g., Fig 2) and compared 
across differing regions of the Martian surface to spot 
variations in landslide abundance that are not associat-
ed with changes in topography. The statistical signifi-
cance of geographic variations in landsliding was as-
sessed via the use of a Wilcoxon rank-sum test, applied 
to the populations of stability group windows from the 
pair of geographical areas being compared.  

 
Fig. 1: Total coverage of HRSC data analyzed. Green poly-
gons indicate selected regions of comparison as defined in 
this study. KV = Kasei Valles, VM = Valles Marineris, NH 
= Noachian Highlands. Cyan points indicate cells which 
contain a landslide and are close to a mapped fault.  

 
Fig. 2: Comparison of landslide abundance between groups of topographic windows in Valles Marineris and in Noachian Highlands 
terrain (left), and in Kasei Valles and Valles Marineris (right). Shaded areas of the graph indicate groups of windows for which the 
differences in landsliding between the two terrains are statistically significant. Annotations indicate sizes of window populations in 
selected bins.  
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Seismicity. We investigated relationships between 
possible Martin tectonic seismicity and landsliding 
using an inventory of Martian faults as mapped by 
Knapmeyer et al [6]. We identified all topographic 
windows lying within 50 km of a mapped fault (Fig.1), 
and compared this population to the population of 
windows not lying within 50 km of  mapped fault, via 
grouping of windows by their abundance of unstable 
slopes, as for the previous region-to-region analysis.  

Results:  Our comparisons of landsliding across 
differing regions of Mars revealed a large variation in 
landsliding between Valles Marineris and the rest of 
Mars not accounted for solely by the exceptional 
abundance of unstable slopes in Valles Marineris (Fig. 
2b). Unstable terrain in Valles Marineris exhibits far 
more landsliding than equivalently unstable terrain 
elsewhere on Mars. Other region-to-region compari-
sons were executed for areas including Kasei Valles, 
Nili Fossae, Libya Montes, Olympus Mons, and Elysi-
um Mons, but compelling regional variations in land-
sliding not associated with topography were typically 
not observed, and landslide populations outside of Val-
les Marineris were generally low.  

Our comparison of fault distribution relative to 
landslide occurrence did not reveal much difference in 
landsliding between landscapes close to/not close to a 
fault, outside of the most-unstable areas of the Martian 
landscape, which hosted more landslides if they were 
near a mapped fault (Fig. 3). However, the areas driv-
ing this difference are located almost entirely within 
Valles Marineris and Kasei Valles. When Valles Mari-
neris and Kasei Valles are excluded from the analysis 
no significant differences in landsliding are observed 

between areas that are close to/not close to a fault. No-
tably, Valles Marineris and Kasei Valles exhibit signif-
icant differences in landsliding in highly-unstable ter-
rain (Fig. 2) despite the occurrence of faults near 
mapped landslides in both regions (Fig. 1).  

Discussion: Greater landsliding in Valles Marineris 
could be influenced by a combination of  factors, in-
cluding greater tectonic seismicity, more groundwater 
flow and increased pore pressures, and lower material 
strength of wallrock at Valles Marineris. Connections 
between faulting and large-scale landslides in Valles 
Marineris have been suggested by previous work, due 
to the apparent large range of ages of landslides, which 
imply a triggering mechanism not related to water 
availability [4]. Additionally, previous slope-stability 
modeling work has implied that landsliding at the scale 
observed in Valles Marineris is more probable if the 
triggering mechanism is a seismic event [7].  

The length of slopes at Valles Marineris could 
combine with particular material properties to increase 
landslide susceptibility there relative to other parts of 
the Martian surface such as Kasei Valles. Variations in 
lithology are inferred from spectral observations [8]. In 
particular, a widespread presence of materials with low 
internal friction, such as clays, in rock layers or joints 
within Valles Marineris’s stratigraphy could reduce 
slope stability, particularly on the large, deep-seated 
failure planes under high normal stresses that are fa-
vored at Valles Marineris. The notion of strength prop-
erties being set by joint strength at Valles Marineris is 
supported by observations of low hillslope angles 
throughout Valles Marineris, which imply material 
strengths that are below those of intact rocks [7].  
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Fig. 3: Comparison of landslide abundance between groups of 
topographic windows that are or are not within 50 km of a 
mapped Martian fault. On the left, all global data including the 
Valles Marineris area is included. On the right, windows in the 
Valles Marineris and Kasei Valles regions are excluded. Anno-
tations indicate window population sizes in selected bins. 
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