
 

 

Figure 1: (a) Nili Fossae landslide study here 

(ESP_027480_2075), (b) & (c) Other smallest land-

slide with same morphology (ESP_057110_2075, 

ESP_053457_2075). (NASA/JPL/UofA) 
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Introduction: There is a wide morphological range 

of landslides on Mars [1–3]. They can mobilize large 

volumes of material: estimates range from 106 to 1012 

m3 [4]. Those formed during Amazonian are interpret-

ed as being dry landslides [e.g., 5,6]. This study focus-

es on a small landslide, which we estimate to have a 

volume of 106 m3, located in the Nili Fossae region. 

We performed a morphological analysis of this land-

slide and found similarities with mudslides on Earth. 

Terrestrial mudslides necessarily involve the pres-

ence of liquid water. The morphological similarities 

between the martian landslide and terrestrial mudslides 

raises the question of the potential role of water on 

Mars. To analyze the rheology of the martian landslide 

we conduct numerical simulations using the numerical 

model SHALTOP [e.g., 7,8]. 

The initial results from our simulations lend support 

to our interpretation that the landslide in question 

flowed like a terrestrial mudslide and had a viscous, 

rather than granular, behavior. Dry simulations could 

not reproduce the mass distribution of the landslide, as 

well as being poor matches from terrestrial analogy. 

Approach: To conduct the morphological analysis 

of the landslide we used High Resolution Imaging Sci-

ence Experiment (HiRISE) images with a resolution of 

25-50 cm/pix and ConTeXt imager (CTX) at 6m/pix. 

In order to perform the numerical simulation we creat-

ed a Digital Elevation Model (DEM) at 2 m/pix from 

HiRISE stereo images using the Ames Stereo Pipeline 

[9]. We estimated the pre-landslide topography using 

the methods in Conway & Balme [10] and then calcu-

lated the mobilized volume. The DEM and the estimat-

ed release volume were used as an inputs to 

SHALTOP. The aim of the simulations was to vary the 

types of dry or viscous behavior in order to reproduce 

the runout and the mass distribution of the deposit of 

the landslide. For dry flows we used the Pouliquen and 

Forterre frictional law which parametrizes a dense 

granular flow in terms of Froude number, friction coef-

ficient, velocity and thickness of the flowing layer [11]. 

For viscous flows we used the Bingham frictional law, 

which parametrizes amongst others the yield stress and 

viscosity [12].  

Morphological results: The landslide studied here 

is located in a 25 km diameter impact crater to the 

north of the Nili Fossae. The landslide detached from 

the inner crater wall with a slope of 21°. It is composed 

of at least of two depositional lobes (Fig. 1a). The 

smallest is about 1000 m long by 230 m wide. The 

largest one is 1800 m long and 200 m wide. For each 

deposital lobe the scar marking their source, seems to 

be well-preserved and relatively fresh. We estimated 

the age of the landslide to be 4.5±3.5 Ma using crater 

size-frequency dating methods [13]. Particularly no-

ticeable are: the presence of flow-normal ridges, high 

relief margins, levees and tens of meter scale boulders 

on top of the lobes ranging from 4 to 10 meters in size. 

Some or all of these attributes are shared by three other 

smaller landslides in the same impact crater. These 

landslides are all located at the same elevation (Fig. 

1b,c), hence a geological peculiarity at this stratigraph-

ic level could explain the similar morphology of these 

landslides. Spectral data also indicate the presence of 

clays in the local area [15,16]. 

Each of the morphological features listed above can 

also be identified on terrestrial mudslides we have 

studied in Iceland [14] and in Washington State 

(Fig. 3). The mass distribution is similar for the martian 

and American landslides (Figs. 2 & 3), with deposits of 

fairly uniform thickness found beneath an irregular, 

deep scar. The Washington State landslide detached from 

a glacial valley wall with a slope of 25°, only slightly 

steeper than the slope for the Nili Fossae landslide.  

Numerical simulation results: The results from 

our modeling show that simulations using the Bingham 

law are a closer match in terms of mass distribution and 

runout as observed on the surface of Mars than dry 
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granular simulations (Fig. 2). The simplified rheology 

in the model and the fact that the landslide comprises 

in reality at least two events explains why the match is 

not perfect even with the Bingham law (Fig. 2a,c). Dry 

granular simulations tend to result in a  concentration 

of the mass in or near the erosion zone (Fig. 2b), 

whereas in reality the mass is evenly distributed across 

the depositional zone. 

Conclusions: (1) We report on a landslide near the 

Nili Fossae whose morphology resembles mudslides on 

Earth. (2) Our modelling efforts confirm that the vis-

cous rheological behavior matches that expected of 

mudslides on Earth. (3) To form mudslides on Earth 

the soil must contain a certain proportion of clays and 

there is evidence for clays in the area where the land-

slide occurred. (4) The fact that this landslide and other 

smaller ones are sourced at similar stratigraphic levels 

suggests a relationship between the surface and the 

subsurface (outcropping clays, groundwater seeps?), 

but no other landslides with this morphology are local-

ly observed at this level outside this impact crater. (5) 

Liquid water is an essential ingredient in mudslides on 

Earth and our future work includes investigation the 

hydration levels of clay required to form such mud-

slides.  
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Figure 2: (a) Representation of deposit thickness of Nili Fossae landslide overlain on image 

ESP_026781_2075. (b) and (c) are deposit thickness derived from numerical simulation using (b) Poulin-

quen frictional law and (c) Bingham frictional law. (NASA/JPL/UofA) 

Figure 3: Terrestrial landslide located in Washington 

State. (a) shows the deposit thikness and (b) LiDAR 

hillshade image. (LiDAR data courtesy of Washington 

Department of Natural Resouces) 
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