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Introduction:  Landslides are one of the most sig-

nificant geological processes shaping the surface of the 

Earth, and surface gravity is the main factor driving 

terrestrial mass movements. The effect of gravity can 

be investigated by comparing the size and morphology 

of mass failures in different Solar System bodies. To 

date, landslides have been observed on the Moon [1-3], 

Mars, e.g. [4-6], Venus [7], Mercury [8,9], and some 

icy satellites in the outer Solar System, e.g. [10]. Re-

cent planetary exploration programs delivered a large 

volume of high-resolution imagery, which allows us to 

resolve and identify morphologic structures on plane-

tary surfaces in detail. On Mars, large landslides de-

tected in Valles Marineris are hypothesized to be seis-

mically induced [6,11]. Numerous landslides of various 

scales have been observed on the Moon, from mass 

movements less than 1 km
2
 in area [3] to larger land-

slides on the ejecta deposit of the Tsiolkovskiy basin 

[12]. On Mercury, formerly studied landslides are 

large-scale failures associated with crater ejecta depos-

its and they are somewhat similar to layered ejecta de-

posits on Mars [8]. Here, we focus on large slope fail-

ures observed on internal walls of impact craters on the 

Moon and Mercury.  

Methodology:  To recognize and map the land-

slides on the two planetary bodies, we adopted the 

same visual criteria (e.g., color, tone, pattern, and tex-

ture of images) commonly used by geomorphologists to 

identify landslides in aerial photographs or satellite 

images on the Earth (e.g. [13]).  

For the Moon, we visually analyzed images acquired at 

100 m/pixel resolution by the Wide Angle Camera 

onboard the Lunar Reconnaissance Orbiter Camera 

[14]. For Mercury, we examined images at an average 

resolution of 250 m/pixel obtained by the Wide Angle 

Camera onboard the MESSENGER spacecraft [15].  

In order to analyze the effect of the surface gravity in 

the slope failure mechanism, we focused on probable 

post-impact landslide features, as opposed to terraces 

formed during the modification stage of impact crater-

ing.  

We selected and mapped large landslides in cavities 

that do not exhibit an inward collapse involving the full 

crater rim. The aim is to deal with mass movements 

driven by the planet surface gravity, and not induced 

by the energy released during the impact process itself. 

It is believed that the trigger of post-impact landslides 

is seismic shaking caused by nearby impacts [16].  

Figure 1 shows two examples of craters hosting land-

slides on the Moon (a) and Mercury (c), respectively, 

and the corresponding failures (b) and (d) mapped in 

the two cavities. To better identify the landslide scarp 

that deformed the crater rim, we traced a circle that 

likely represents the early transient crater (blue circles 

in Figure 1b and 1d). We mapped separately the scarp 

(purple and red shaded areas) and the deposit (green 

and light blue shaded areas). 

 

Figure 1. Example of craters hosting landslides on the 

Moon (a) and Mercury (c) and the mapped mass 

movements (b) and (c). Landslide scarps are the purple 

and red shaded areas; deposits are the green and light 

blue shaded areas. 

Results:  We compiled two new inventories of (i) 

60 landslides mapped in 35 craters on the Moon and 

(ii) 58 landslides mapped in 38 craters on Mercury. 

Adopting categories used to catalogue terrestrial mass 

movements, landslides in the two inventories were 

classified as rock slides. We obtained the planimetric 

area, AL, of the mapped failures in a GIS, and we calcu-

lated the probability density distribution of the land-

slide area for the Moon and Mercury (grey and orange 

dots in Figure 2).  
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Figure 2. Probability distributions of landslide area on 

the Moon and Mercury. p(AL) is the non-cumulative 

probability density of landslide area for 60 rock slides 

mapped on the Moon (purple) and 58 rock slides on 

Mercury (orange). Colour lines show corresponding 

best fit models of the distribution tails. Box plots show 

statistics of AL for both data sets. 

Inspection of Figure 2 reveals that rock slides mapped 

in impact craters on the Moon are on average larger 

than analogous rock slides on Mercury, which begin to 

occur at smaller scales. The two distributions exhibit 

different modal values, the mode of Mercury being 

lower (AL = 2·10
7
 m

2
) than that of the Moon (AL = 

4·10
7
 m

2
). This result could be an effect of the stronger 

surface gravity of Mercury (3.70 m·s
-1

) compared to 

the Moon (1.60 m·s
-1

). For landslides larger than about 

4·10
7
 m

2
, the probability is always smaller on Mercury 

than on the Moon, indicating that more larger land-

slides are likely to occur on the Moon. This could be a 

consequence of a lower mobility of landslide materials 

on Mercury.  

The scaling exponent, , calculated for Mercury is 

higher than that obtained for the Moon and is similar to 

what is found for the terrestrial landslides, where  = 

2.2 to 2.4 [17]. 

We also investigated the relationship between the indi-

vidual rock slide area, AL, and the area of the early 

transient crater, AC, and we compared the results from 

the two inventories (Figure 3). We found that rock 

slides on Mercury initiate at a smaller crater area. The 

above finding seems to confirm the effect of the weaker 

surface gravity of the Moon compared to that of Mer-

cury. 

Figure 3. Probability distributions of landslide area, 

AL, on the Moon (grey dots) and on Mercury (orange 

dots) as a function of the early transient crater area, AC.  

The largest landslides are in the range of complex cra-

ters for the Moon and Mercury [18]. These landslides 

are possibly incomplete terracing during the modifica-

tion stage of the crater, which can have experienced 

different conditions for downward movement of inner 

rim materials from typical landslides. 
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