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Introduction: Landslides, notably long run-out 

landslides, are found on a variety of planetary bodies 
and environments, including icy satellites Iapetus [1] 
and Callisto [2] and Mars [3,4]. The Dawn mission 
currently at Ceres has also revealed abundant material 
flows displaying a wide range of morphologies that 
break into three types [5]: thick, lobate type 1 land-
slides, long run-out type 2 landslides, and cuspate 
sheeted type 3 fluidized flows. Landslide quantifica-
tion commonly uses the ratio of the landslide drop 
height to run-out length (H/L). Here we augment our 
prior Cerean H/L measurements and complement with 
Martian Valles Marineris (VM) landslide H/L values. 
Further, we contrast the H/L method with a volume-
area power law relationship [6] that is potentially more 
robust.  

Background: The simplest treatment for landslide 
motion considers the energy of a sliding block on a 
slope. Here, H/L reflects the conversion of gravitation-
al potential energy into lateral kinetic energy and the 
frictional dissipation of kinetic energy. Typical static 
friction coefficients for rock depend on the material 
and range from 0.45-0.7, with mixtures such as muddy 
shale reaching as low as 0.25 [7]. Long run-out land-
slides have unexpectedly low H/L values and mecha-
nisms invoked to explain the reduced coefficient of 
friction [8] include: 1) fluidizing mediums such as air 
[9], vaporized subsurface materials [10], and coarse 
debris suspended by fine grains [11], 2) non-fluid 
mechanisms such as acoustic fluidization [12], 3) 
changes in mass [13], 4) pore fluid pressure changes 
[14], and 5) seismic shaking [15]. H/L values of less 
than 0.3 that showed no systematic trends on Iapetus 
were used to argue for warmed (slippery) ice mobi-
lized from frictional heating [1]. On Mars, VM land-
slides measured H/L values ranging from 0.078 – 
0.554 [16], values low enough to argue for a fluid 
component [4,16].  

Problematically, data and resolution limits and 
measurement ease often lead to reporting maximum 
values of H and L (Hmax/Lmax); measurements based 
upon the center of mass of the failure and the deposit 
(HCoM/LCoM) better reproduce physical behavior [8]. 
These limitations can convolute interpretations of the 
material properties and mobilization mechanisms that 

govern the flow. A different approach uses the power 
law relationship for volume and area (V=αAγ), capable 
of differentiating among landslide types (Table 1) 
[6,8]. Landslide size is limited by excavation depth, 
which reflects material, and results in less than self-
similar scaling (similar regardless of scale; γ=1.5); e.g. 
soil landslides are depth-limited and so large increases 
in failure area do not correspond to equally large 
increases in volume (smaller γ-value), see Table 1.  

Methods: We analyze landslide features on Ceres 
in Dawn Framing Camera Low-Altitude Mapping Or-
bit (LAMO) images, providing the best spatial resolu-
tions at 35 m/pixel. Topographic data use the NASA 
global DTM, which has a lateral resolution of ~137 
m/pixel and a vertical accuracy of ~10 m. Martian 
analyses use Mars Odyssey’s Thermal Emission Imag-
ing System (THEMIS)-daytime infrared global mosaic, 
with a resolution of 100 m/pixel, supplemented with 
higher resolution (1.5 – 12 m/pixel) images from Mars 
Orbiter Camera, narrow angle, onboard the Mars 
Global Surveyor (MGS). Topographic data are derived 
from the MGS Mars Orbiter Laser Altimeter (MOLA) 
global map with a spatial resolution of 463 m/pixel, 
vertical uncertainty of ~3 m.  

We present and compare Hmax/Lmax and HCoM/LCoM 
measurements for both Cerean and Martian VM land-
slides. Hmax values are taken at the crown of the land-
slide or its projected location and Lmax takes the great-
est curvilinear extent, following inferred flow path. 
CoM measurements are best estimates using visual 

Application 𝛼  γ 
Shallow Soil LS [6]  0.15 1.145 +/- 0.008 
Bedrock LS [6]  0.15 1.35  +/- 0.01 
Debris Flows [8]  0.0009 1.24 (R

2
 = 0.966) 

Volcanic LS [8]  0.0115 1.104 (R
2
 = 0.968) 

Martian LS [8]  0.126 1.33 (R
2
 = 0.93) 

Ceres (this study) 0.41 1.9 +/- 0.1 
VM, Mars (this 
study) 

0.0031 1.72 +/- 0.09 

Table 1. Identified 𝛼- and 𝛾-values for a variety of 
landslides (LS) and other flow types. Soil and bed-
rock values were measured from source areas and 
so cannot be directly compared with others. 
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inspection of material volume mobilized. Lengths, 
areas, volumes, and supplemental shadow heights are 
measured in USGS ISIS and Volume-Area (V-A) 
measure the landslide deposit.  

Results: Except in rare cases, H/L increases by us-
ing CoM measurements, therefore decreasing the re-
quired friction reduction (figure 1). Hmax/Lmax can still 
generally be used to identify a long run-out landslide 
(H/L less than ~0.2), but will often over-emphasize the 
importance of friction-reducing mechanism(s). Exclud-
ing an outlying point, VM HCoM/LCoM values are a fac-
tor of 1.8 larger than Hmax/Lmax. However, some H/L 
values can change by up to 0.2 at Ceres and 0.16 at 
VM. This is enough to reclassify some Cerean flow 
types and require a weaker role or alternative mecha-
nism for friction reduction in those and some VM 
landslides.  

Preliminary V-A measurements for both Ceres and 
Mars indicate a greater than self-similar scaling (see 
Table 1 and Figure 2). In [6], volume and area are cal-
culated from the scar while here we have used the de-
posit; In [8] it is unclear which method is used, so di-
rect comparison requires caution. Therefore, future 

work we will find a better approximation to use or ap-
ply a selected method across all targets.  

Conclusions: At Ceres, HCoM/LCoM measurements 
still reflect a continuum between flow end-member 
archetypes, but with higher number of type 1 flows. 
Further, some flows may not obviously require friction 
reduction mechanisms depending on the materials in-
volved; we will present relevant friction values for 
Ceres-relevant materials for comparison. Interpreta-
tions of Cerean long run-out, type 2 flows are relative-
ly unchanged in this new method and still suggest a 
friction reducing mechanism. With the presence of ice, 
warming or melt remains the best candidate. At VM, 
the role of friction reducing mechanisms appear less 
important than previously implied [17].  

Given that γ > 1.5 was found for both Valles Mari-
neris and Ceres, measurements will be reviewed and, 
in order to appropriately compare with some terrestrial 
measurements [6], source estimations will also be con-
ducted. However, the particularly large 𝛾-value value 
for Ceres may indicate it will remain higher than the 
self-similar scaling. If this relationship holds, it would 
indicate that as landslide area increases, mobilized 
volume increases at a greater rate. One possible expla-
nation could be that the impact-fractured surface of 
Ceres allows deep failure and the ice and/or salt con-
tent is cementing the volume above; therefore, volu-
metrically larger landslides would be linked more 
strongly with excavation depth than surface area and/or 
spreading. However, other mechanisms are also being 
explored. At VM, the high γ-value, some extremely 
low H/L values, the notable difference in Hmax/Lmax 
and HCoM/LCoM, and textural differences along the flow 
may suggest these landslides separate during failure 
into a thick, volumetrically blocky section near the 
headwall and a thinner, long-runout section. 

References:  
[1] Singer, K.N., et al., (2012) Nat. Geosci. 5. [2] 
Chuang, F.C. & Greeley, R., (2000), JGR Planets 105. 
[3] Lucchitta, B.K., JGR 84. [4] Walkins, J.A., et al., 
(2015), Geol. 43. [5] Buczkowski, D. L., et al., (2016), 
Sci. 353. [6] Larsen, I.J., et al., (2010), Nat. Geosci. 3. 
[7] Goodman, R. E., (1980), Introduction to Rock Me-
chanics, John Wiley & Sons. [8] Legros, F., (2002), 
Eng. Geol. 63. [9] Kent, P., (1966), J. Geol. 74. [10] 
Goguel, J., (1978), in Devel. in Geotech. Eng. [11] 
Hsü, K. J., (1975), Geol. Soc. Am. Bull. 86. [12] 
Melosh, H. J., (1979), JGR 84. [13] Iverson, R.M., 
(1997), Am. Geophys. Union. [14] Voight, B. & Sou-
sa, J., (1994), Eng. Geol. 38. [15] Iverson, R. M. et al. 
(2015), Earth Planet. Sci. Lett. 412. [16] Quantin, C., 
et al., (2004), Planet. Space Sci. 52. [17] Bahr, B., et 
al., (1997), JGR 102. 

 
Figure 1. Selection of H/L measurements from Ceres 
and VM, Mars. Max and CoM refer to Hmax/Lmax and 
HCoM/LCoM respectively.  

 
Figure 2) Volume-Area power law relationship for a 
selection of landslide types and locations.  
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