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To simulate the water supply, we used a porous 
synthetic foam placed on the top of the rim crest with a 
controlled water supply into the foam. 

 
Effect of the permafrost table: For each experi-

ment, the material was initially saturated just before 
freezing. Frozen from the surface and permafrost was 
created at depth (0.50 m) with a temperature of –10°C. 
After freezing, the surface of the frozen soil is then 
progressively warmed from the top to induce a con-
trolled active layer formation. We used various materi-
als (sand, silt), different slope angles and different 
depths of active layers. More than 40 experiments have 
been carried out over two years [8].  
    From various  laboratory experiments, narrow gul-
lies are preferentially formed by the water supply in 
the debris from the thawing of the ice rich permafrost 
and occurs along a significant length of the flow [8]. A 
relatively thin active layer strongly favours the forma-
tion of long and narrow linear gullies like those ob-
served on Mars (figure 3). When active-layer thickness 
exceeded 5 mm, incision increases along the channel, 
resulting in a high quantity of transported material 
which then forms substantial accumulations (levées 
and terminal lobes). 

 
 

    Figure 3. Effect of active layer thickness in a perma-
frost environment. A : diffused flow on surface with an 
active layer up to 10 mm thick. B : localized debris 
flows with an active layer of 1 mm thick.  

 
    Combined effects of particule size and perma-
frost table: The morphological change of the levees is 
related to the variation of velocities which results from 
the small change in slope gradient. This observation is 
in agreement with both characteristics of Martian gul-
lies [9] and rheological properties of terrestrial debris 
flows [10]. 
 

We have observed connections between gullies and 
variation of their growth by successive wave of debris 
due to several pulses of water from the rim crest. The 
analogy batween Figure 1 and Figure 3B is striking. 

 
The best analogy have been observed with an ex-

perimental  permafrost made of silty materials with a 
very thin active layer (higher length/width ratio and % 
of total length limited by levées. Table 1).  

 

Material Lenght/width % of length 
incised % of levées

Sand 23 34 26 
Sand/silt 
mixture 41 34 48 

Silt 86 32 66 
Table 1. Morphological properties of experimental 
debris flows obtained by a thawing permafrost table. 

 
 
Conclusion: Our experiments suggest that morphol-

ogy of gullies found on Mars implies the presence of 
ice rich permafrost with a relatively thin active layer. 
In any case (whatever be the origin of the water : melt-
ing of snow, perched aquifer or melting of permafrost), 
the active layer together with the permafrost control 
the typical morphology of these linear gullies. These 
results suggest that a periglacial environment was 
probably necessary for the formation of these linear 
debris flows over sand dunes on Mars [3]. 
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