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MARTIAN FLUVIAL-TaERMAL EROSION : LABORATORY SIMULATION. Costard F., 
Aguirre-Puente J, R. Greeley 2, G. Guillemet and Makhloufi N. URA 1694 "GComorphologie et 
Transferts de Surface", CNRS, rue des Tilleuls, 14000 Caen, France. Arizona State University, 
Planetary Geology Group, Tempe, Arizona 85287-1404. 

Examination of the Martian conditions leads to the idea that analogies may be considered between the 
Martian and Terrestrial periglacial climates. Particularly, the formation processes for Martian outflow 
channels and Siberian valleys seems to be similar: the presence of ground-ice and wide rivers, both on 
Mars and in Siberia, suggests the occurrence of thermal erosion during the flooding event. Thermal 
erosion is the result of ground thawing produced by the heat transfer from the water flow to the frozen 
ground. In Arctic regions, the strong flow of water during the spring and summer annually interact with 
ice and other frozen obstacles, resulting in erosion of the river banks. The dynamics of these flows under 
cold climate conditions induce the propagation of a thawing line in the ground ice and a rapid bank 
recession, with removal of sediments equal to 19 to 24 mxyear-l(1). In order to estimate the thermal 
erosion efficiency on Mars, we have utilized a one-dimensional model. The theoretical model was also 
tested with experiments. 
Ablation model: In 1994, an ablation model was proposed (2,3). This model considers application of a 
constant heat flux in association with an immediate removal of thawed sediments. It allows a theoretical 
evaluation of the fluvio-thermal erosion. A phase change problem is considered where the melting soil is 
immediately swept away. In the more general case, after the surface reaches the melting temperature 
(heat-up period), thawing with removal of melt will exhibit a short transient period after which a steady- 
state ablation regime is established. This model predicts an erosion rate of 36 cm a day on Mars. 

4, - pVaL = - k ( y )  The ablation velocity is Va = qc / p L, with Ti = Tf 
x=o 

Experimental set-up: Our theoretical fluvial-thermal model (ablation model) needs to be calibrated by a 
laboratory simulation. To test the abaltion model, a hydraulic channel has been built. The purpose of the 
experimental study is to measure the propagation of the thawing line in a simulated Martian ground ice 
and the thermal erosion rate. In order to monitor the ablation conditions, the ground ice sample block 
(O.lmx0.2m active area, 0.22m high) is located in the upper level of a rectangular cross-section tube. The 
frozen sample, in thermal contact with the water during the experiment undergoes a strong thermal 
action. Here, the thermal erosion is considered as the result of the thawing of the ground by heat 
exchange between the water flow and the frozen ground, followed by transport of unfrozen sediments. 
The surface is at the melting temperature and undergoes a constant thermal flux. 
The channel discharge was calculated to produce a turbulent regime and to insure the immediate removal 
of the thawed sediments. The turbulent conditions is determined with the help of the tube Reynolds 
Number formula. The following parameters were considered : Water temperature : Tw = 5°C ; ground 
ice temperature : Tf = -5°C ; hydraulic diameter : Dh = 0.1 14 m ; discharge rate : Q = 2.13 1 o - ~  m3 s-I ; 
Reynolds number : 10 000 ; Nusselt number : Nu = 75 ; Prandtl number : Pr = 11.19 (for water at 5°C) . 
To obtain these conditions, the channel is fed from a water tank. A pump enables recycling of the water. 
Temperature measurements are registered with regularly spaced thermocouples. A data acquisition 
system allows the information acquisition and control of the experiment. The apparatus is placed in a 
cold room in which temperature could be maintained at a regulated value (+ 0.5 K). During the 
experiment runs, the cold room and water temperatures are held at +S°C. The frozen sample is fixed in 
the main axis of the hydraulic channel on a mounting support and can slide along a linear steel track 
(figure 1). To obtain well-defined temperature conditions, the frozen sample is cooled from the top by an 
ethanol cooling coil. 11 thermocouples are vertically placed into the sample at different depths. The loss 
rate of the frozen sample during the experiment is controlled by two infrared beams at the corresponding 
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level of the sample base. This infrared system measures the thermal erosion and controls the vertical 
sliding of the frozen sample. 
We prepare ice samples, by freezing various mixtures of water, sand and/or silt samples in a mold. A 
variety of thermo-mechanical properties are determined before the experiments, including mean density, 
porosity, etc. Different kinds of frozen samples will be used in the future, including pure ice at different 
temperatures, ground ice, etc. 
Conclusion: Preliminary experimental results shows conformity between the ablation model and the 
laboratory simulation. Validity of theoretical estimations is acquired by comparing the calculations to the 
observed backwearing of the banks of some Siberian rivers. 
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Figure 1: Schematic view of the simulation. 
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Figure 2: Rate of thermal erosion vs time 
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Figure 3: Ice temperature profile as a function of time. 
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