
STATISTICS OF MASS MOVEMENTS IN VALLES MARINERIS, MARS.  M. T. Brunetti
1,2

, M. Cardinali
1
, 

F. Fiorucci
1
, M. Santangelo

1
, F. Guzzetti

1
 and G. Komatsu

3
, 

1
Research Institute for Geo-Hydrological Protection – 

Italian National Research Council (Via della Madonna Alta 126, 06128 Perugia-Italy, Ma-

ria.Teresa.Brunetti@irpi.cnr.it), 
2
University of Perugia (Piazza Università 1, 06100 Perugia-Italy), 

3
University of 

Pescara (Viale Pindaro 42, 65127 Pescara-Italy). 

 

 

Introduction:  On Earth, landslides contribute to 

shaping the landscapes in various geological, tectonics 

and climatic regions. Besides the Earth, Mars is the 

planet for which more information exists on landslides, 

and other mass wasting processes [1-3]. Rainfall, 

snowmelt, earthquakes and volcanic activity are the 

primary natural triggers of terrestrial landslides, but the 

triggers of Martian landslides remain largely undeter-

mined. We compiled a geomorphological inventory of 

mass movements in the Valles Marineris (VM), adopt-

ing the same visual interpretation criteria used by geo-

morphologists to detect, map and classify terrestrial 

landslides [4,5]. The inventory covers two E-W-

striking chasmata in the western sector of the VM, the 

Tithonium Chasma and the Ius Chasma, where slope 

failures were previously recognized and are known to 

be abundant [2-3]. The study area covers 10
5
 km

2
 with 

elevation in the range from -4500 to 6200 m, and local 

relief exceeding 0.8 km/km. We exploited the new ge-

omorphological inventory of landslides in VM to de-

termine the statistics of landslide area AL and volume 

VL.  

Methodology:  When single or multiple landslides 

occur in an area, they change the local topography and 

the radiometric properties of the land surface, leaving 

discernible morphometric [6] and radiometric [5] sig-

natures that can be detected and interpreted.  

To detect and map landslides and other geomorpho-

logical features in the Ius Chasma and the Tithonium 

Chasma, we analyzed visually the photographic charac-

teristics of color, tone, pattern, and texture of images 

captured by the HRSC [7] and by the CTX [8]. Both 

HRSC and CTX images have a ground resolution ade-

quate to detect and map landslides on Mars with un-

precedented detail and geographical accuracy. In addi-

tion, we analyzed the local topography at 463 m/pixel 

resolution captured by the MOLA [9]. In particular, the 

MOLA digital elevation model (DEM) was used to 

reconstruct 3D views of the landslide areas, to facilitate 

mapping of the mass movements. 

Slope failures were classified according to [10] 

based on morphological similarity with terrestrial land-

slides. No inference was made on the geomorphic pro-

cesses that have triggered, or modified, the slope fail-

ures. 

Results:  We completed a systematic mapping of 

landslides in a 10
5
 km

2
 area in the Tithonium and Ius 

Chasmata, Valles Marineris, Mars, where landslides 

are abundant. Using visual interpretation of medium to 

high resolution optical images, we mapped and charac-

terized 219 geomorphological features, including rock 

slides, complex/compound failures, rock avalanches, 

debris flows, and rock glacier-like features. 

On Earth, the non-cumulative probability density of 

landslide area, p(AL), exhibits a typical shape, with the 

number of landslides increasing with their size up to a 

maximum value, after which the abundance decreases 

rapidly following a power law distribution with nega-

tive scaling exponent α [11-13]. The non-cumulative 

probability density p(AL) of 82 landslides (rock slides 

and complex/compound failures) mapped in VM was 

determined through a kernel density estimation. The 

non-cumulative probability density p(AL) of the VM 

landslides follows a power law for most of the range of 

the mapped landslides (5×10
5
 m

2
 < AL < 10

10
 m

2
), with 

a scaling exponent of the distribution α = -1.01 ± 0.01, 

considerably smaller (in absolute value) than the scal-

ing found for terrestrial slides, α ~ -2.4 ± 0.5 [14]. This 

is the evidence of the fact that the proportion of very 

large landslides (i.e., AL > 10
7
 m

2
) is significantly high-

er on Mars than on Earth. The distinct difference ob-

served in the scaling of the power law of terrestrial and 

Martian landslides points to differences in the mechan-

ical properties of the materials involved by the slope 

failures.  

The probability density of landslide volumes p(VL) 

for VM slides also obeys a negative power law trend, 

with negative scaling exponent β = -1.03 ± 0.01, in the 

range 10
9
 m

3
 < VL < 10

12
 m

3
. This value is typical of 

terrestrial rock falls and rock slides [15]. 

Joint analysis of the measurements of AL and VL for 

49 deep-seated slides allowed determining an empirical 

relationship to link the area to the volume of the VM 

landslides. A power law equation of the form  

VL = η × AL
γ
  

where η e and γ are a coefficient and the scaling 

exponent, respectively, was fitted to the empirical data, 

using robust linear fitting to minimize the effects of the 

outliers [16]. The obtained empirical relationship is  

VL = (4.1 ± 1.6)× AL 
(1.17±0.02)

 

The scaling exponent is out of the range of expo-

nents found for terrestrial landslides, which are be-

tween 1.332 and 1.450 [17]. This was expected, since 

the distribution of landslide area on Mars largely dif-
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fers from that on the Earth, whereas the landslide vol-

ume distribution is very similar on the two planets. 
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