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Introduction:  Evidence for the presence or absence 

of liquid water on Mars’s surface provides important 
constraints on the climatic and dynamic evolution of 
the Martian surface and interior. Here we analyze the 
geometric properties of landslides on Earth and com-
pare these with landslides in Valles Marineris  [17] to 
learn about the dynamics of Martian landslides. The 
goal is to determine whether liquid water played a sig-
nificant role in forming Martian landslides in Valles 
Marineris. 

Landslide models:  An analytical model of 
sturzstroms – giant landslides that travel long runout 
distances at high velocities – can be derived from the 
geometric characteristics of a landslide, mechanical 
energy dissipation, frictional stress, and fragmentation 
of particles within the flow [14]. The results yield L ~ 
V1/3 and L ~ g for whole-body flow, where L is the 
runout distance of the landslide, V is the volume of the 
landslide, and g is gravitational acceleration. For basal 
boundary layer flow, in which the bulk of the energy 
dissipation occurs within a thin layer at the base of the 
flow, results are L ~ V1/2 and L ~ g5/6 [14]. 

L may also depend on drop height (H), slope, mate-
rial properties, and other parameters of the landslide; 
however these are assumed hereafter to be constant in 
the relationships L-V and L-g. 

An analytical model of turbulent, suspension-
driven pyroclastic gravity currents, called low-aspect 
ratio ignimbrites, produces L ~ g1/8 and L ~ V3/8 [7]. The 
aspect-ratio of a flow is the ratio of its average thick-
ness to the radius of a circle over which it spreads. 

Observations:  Figure 1 shows data for Martian and 
Earth’s landslides [2, 9, 11, 12, 15, 16, 18, 23, 24]. Table 1 
summarizes the least square equations for each trend. 

Comparing the equations for observed trends for 
terrestrial and Martian landslides suggests that Martian 
landslides are more similar to volcanic or dry landslides 
than wet landslides on Earth. Comparing observations 
to analytical models shows that Martian data most 
closely resemble whole-body flow model [14]: L ~ V1/3. 
Model for dilute flows [7] (L ~ V3/8) is significantly dif-
ferent from the trend of Martian data (L ~ V0.29). We 
thus argue that Martian flows were largely dry and not 
water-saturated flows, and that their dynamics were 
governed by whole-body flow. 

Runout distance-gravity relationship: The empiri-
cal relationships between runout distance and volume 
of Earth’s volcanic flows and Martian flows can be   

Table 1. Least square approximated trends and their uncer-
tainties for the data of Martian and terrestrial landslides.  

Name L vs. V trend 
Martian Landslides (Valles 
Marineris), combined data 
from MOLA and non-
MOLA sources 

02.029.0)8.0(2.7~ ±± VL
R2 = 0.8527 

Volcanic Landslides on 
Earth 

02.031.0)1(16~ ±± VL  

R2 = 0.7641 
Dry Landslides on Earth 04.026.0)1(8~ ±± VL  

R2 = 0.594 
Wet Landslides on Earth 05.052.0)70(316~ ±± VL

R2 = 0.884 
 
used to learn about the role of gravity in the flow   
movement. Wet landslides are excluded from this com-
parison because the observed trends show that Mar-
tian landslides behave more similar to volcanic or dry 
landslides. Since R2

volcanic  > R2
dry  (Table 1), we adopt the 

power law for volcanic landslides for our comparison. 
The empirical power laws for Earth’s volcanic and 

Martian landslides are (Table 1): 
LEarth ~ 16(±1) V0.31                                                             (1)                                       
LMars ~ 7.2(±0.8) V0.29                               (2) 
After rescaling (2) so that V is taken to the same power 
as in (1) and assuming a power law relationship             

L ~ ζg  we obtain: 
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where CEarth = 16±1 and CMars = 6.2±0.7 are proportional-
ity constants in the power laws (1) and (2), gEarth = 9.78 
m/s2, and gM = 3.69 m/s2. From (3) ζ  = 1.0±0.2 and the 

empirical power law becomes L ~ g1.0 V0.31. This power 
law shows that runout distance depends approximately 
linearly on gravity. 

The result of L ~ g supports the hypothesis that 
Martian flows are best modeled as dry or volcanic 
whole-body flows. In contrast, analytical model of di-
lute flows predicts L ~ g1/8 [7].  

Melting of surface ice:  It is possible that massive 
landslides in Valles Marineris melted frozen water in 
pore spaces as the potential energy (PE) of falling land-
slides was converted into the thermal energy and    
energy of fusion. We assume that dissipated potential
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Figure 1. L-V plot for terrestrial and Martian landslides. Table 1 summarizes the least square equations and uncertainties for each 
trend. Lines L~V1/2, L~V1/3, and L~V3/8 are predictions of analytical models [14, 7] respectively.
 
energy primarily goes into the latent heat of fusion and 
neglect the energy contribution to warming the rock, 
ice, or liquid water. Thus PE→ Q, where PE = 

landslideρ gVH, landslideρ  is the average density of land-

slide (~ 2000 kg/m3), H ~ 6000 m [9], Q = Vmelt iceρ Lf is 

the heat of fusion of ice, Vmelt is the volume of melted 
ice, 

iceρ  is the density of ice (~ 900 kg/m3), and Lf = 

334 x 103 J/kg is the latent heat of fusion of ice at normal 
atmospheric pressure, gives: 
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Thus, on average Martian landslides could melt a vol-
ume of ice about 10% of their total volume, a large frac-
tion of the pore space (~ 30%) that could be filled with 
liquid water or ice.  

Conclusion:  Based on this study we conclude that 
Martian landslides in Valles Marineris are more similar 
to dry or volcanic landslides on Earth and dynamics of 
Martian landslides are governed by whole-body flow. 
Thus, liquid water probably was not a significant part 
of Martian landslides. This is consis tent with the chro-
nology estimate that Valles Marineris landslides oc-
curred between 1.2 Ga and 8 My [21], suggesting that 
Martian landslides are younger than possible episodes  
of liquid water on Mars. Possible triggering-mechanism   

 
for landsliding may be volcanic activity or Marsquakes, 
but probably not rainfall or melting of subsurface ice. 
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