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Introduction:  Recent geomorphological observa-

tions [1, 2, 3] as well as chemical and thermodynamic 

studies [e.g. 4, 5] suggest that liquid water could be 

stable on the present Martian surface at specific times 

during the day. The potential for liquid water at the 

present day is a key parameter in the search for extant 

life on Mars. “Recurring Slope Lineae” (RSL) [1, 2] 

are one of the features thought to be caused by present 

liquid water. RSL are dark (up to 40% darker than the 

surrounding areas), narrow (0.5-5 m) (Fig. 1) and are 

found in equatorial regions and southern mid-

latitudes. They appear and grow during warm seasons 

and fade and disappear during cold seasons. They 

develop on steep slopes (25°-40°) and favor equator-

facing slopes, which experience peak temperatures of 

~250-300K.  

 

 
Fig. 1: RSL observed in Newton Crater (HiRISE im-

age, ESP_022689_1380). 

 

The gradual lengthening and the morphology of 

RSL strongly suggests the presence of a liquid. How-

ever, there remain two problems: (1) the absence of 

clear spectral signature of liquid water at RSL loca-

tions and (2) the origin of the water. Previous experi-

mental studies have demonstrated that the orbital 

spectral detection of liquid water is only possible for a 

very wet surface [6]. Hence, water may not be detected 

with our current technology at RSL sites, even if it is 

present. Two main hypotheses have been suggested 

concerning the origin of the water [7] : (1) deliques-

cence of salts with atmospheric water vapor and (2) 

melting of ice. Even though brines are more stable 

than pure water, the first hypothesis seems unlikely 

because of the low water vapor content of the martian 

atmosphere. Seasonal ice melting thus seems more 

likely and could involve either frozen pure water or 

brine [8, 9].  

We have performed laboratory experiments in or-

der to better understand the generation of the RSL 

through the melting of ice and the geomorphological 

impacts of the resulting metastable fluid under mar-

tian conditions. 

 

Experimental setup: For each experiment a fro-

zen block was placed at the top of a 30° slope covered 

with loose sand and allowed to melt at ambient tem-

perature (around 290K) (Fig. 2a). These experiments 

were performed at both terrestrial and martian atmos-

pheric pressures. For terrestrial pressure (1 bar) we 

used the cold room at IDES laboratory (Orsay, France) 

and for martian pressure (6 mbar) we used the Mars 

chamber at the Open University (Fig. 2b, Milton 

Keynes, UK). For all experiments, the top of the block 

was covered by basalt sand in order to inhibit sublima-

tion. We used two different frozen block compositions: 

pure water or a eutectic MgSO4 brine solution. The 

slope was covered by either 1-2 mm or 3-4 mm of fine 

sand. 

 

Main results:  We found that slowly melting ice 

can produce a dark surface flow, even for pure water 

ice at Martian pressure (Figs. 2c and d). In both cases, 

the flow is linear resmbling martian RSL.  

Under terrestrial conditions (Fig. 2c), melting of 

pure water ice leads to downslope percolation of liquid 

through the sand with no surface topography being 

developed. Because of its higner viscosity, the brine-

flows are both shorter and wider, with a small channel 

being formed by overland flow. 

Under martian conditions, melting of both water 

and brine ices leads to the formation of unstable liquid 

which boils as it flows. This boiling induces sand sal-

tation and slope destabilization. The flow progression 

is characterized by repeating, successive phases of 

percolation and dry granular flow (Figs. 2d and e). 
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The resulting surface topography is a succession of 

arcuate ridges along the flowpath (Fig. 2e). The fre-

quency of dry-flow events is higher for pure water 

than for brine, which we attribute to water’s lower 

stability. Similarly to the results at terrestrial pressure, 

the brine flows are both shorter and wider than for 

pure water, and form channels.  

These experiments show that the geomorphologic 

impact of ice melting is higher under martian condi-

tions than terrestrial conditions, which is a suprising 

result considering the liquids are metastable.  

 

Discussion and Conclusions: Our laboratory ex-

periments demonstrate that the formation of RSL by 

the melting of ice is consistent with orbital observa-

tions and can occur under martian conditions. We find 

that even low-volume metastable flows are able to 

cause significant surface morphological change, be-

cause slope destabilization is brought about by boiling. 

The deposits resulting from these dry granular flows 

could explain the presence of fan deposits observed at 

the ends of some martian RSL. The arcuate ridges 

formed in our experiments are probably too small to 

be observed from orbit. This kind of slope destabiliza-

tion could also explain other seasonal phenomena 

observed on martian pole-facing slopes, which are 

linked to water ice accumulation and ablation cycles 

[10]. 

In these experiments, a surface liquid film is never 

formed, hence if RSL were formed in this way, a spec-

tral detection of liquid from orbit would not be ex-

pected. We find that both brines and water are capable 

of producing RSL-like flows, but liquid brines are a 

more plausible candidate, because they are more stable 

under Martian conditions. We envisage a hybrid hy-

pothesis whereby pure water is melted then progres-

sively enriched in salt by percolation through salty 

soil. 
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Fig. 2: a) Experimental setup. b) The Mars Chamber (Open University). c) Experiment with pure water under ter-

restrial conditions (1 bar). d) Image and e) shaded relief of experiment with pure water under martian conditions (9 

mbar). 
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