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Introduction:  During experimental simulation 

work in 2017, we discovered a new sediment transport 
mechanism: “levitation” of saturated sediment bodies 
on a cushion of vapor released by boiling [1,2], which 
can trigger dry avalanches. This mechanism only occurs 
under low, Mars-like pressures with a relatively ‘warm’ 
surface. The combination of levitation with dry ava-
lanches engenders a large increase in the amount of sed-
iment transported by small amounts of water. Sediment 
levitation must therefore be considered when evaluating 
the formation of recent and present-day martian mass 
wasting features such as gullies and recurring slope 
lineae (RSL), as much less water may be required to 
transport sediment than previously thought [1]. Our lat-
est experimental campaign focussed on the influence of 
different slope angles and water flow rates, as well as 
refining the results from our former experiments [1,2] 
by using better hardware. 

Background:  Recent and present-day downslope 
sediment transport has been observed and analyzed in 
gullies and RSL: the activity of gullies is often attributed 
to CO2 ice sublimation and dry avalanches [3,4,5], ac-
tivity of RSL is explained by liquid briny flows [6,7] or 
dry mechanisms [8,9]. However, past gully activity has 
often been attributed to liquid water, such as the melting 
of surface ice [10], melting of snowpacks at high obliq-
uity [11], or groundwater aquifers [12]. Furthermore, re-
cent formation and/or activity of gullies within the last 
millions of years show a variety of morphological types 
(e.g., classic gullies, linear gullies) at different latitudes 
(and therefore different climatic conditions) and on dif-
ferent substrates (e.g., sand dunes, dust-ice mantle). To-
gether, this indicates different formation mechanisms or 
a combination of different mechanisms and, no pro-
posed formation mechanism has been completely ex-
cluded. Our past experiments [1,2] have shown that the 
involvement of liquid water, which is unstable at current 
martian conditions, should not be excluded as a trigger-
ing factor for recent or present-day mass wasting activ-
ities on the martian surface. When surface temperatures 
are high enough, water at the surface of Mars will boil, 
which causes the effect of “levitation”. This is similar to 
the Leidenfrost effect [13] but with a sand-water mix-
ture, rather than a simple liquid, and a granular sediment 
bed instead of a solid surface. This process on Mars can 
be generated under much lower temperatures than on 

Earth (above ~5 °C surface temperature) due to the low 
pressure and the lower boiling point of water. 

Our previous experiments showed that the amount 
of transported sediment is 9 times greater with the effect 
of levitation and can be caused by a temperature differ-
ence of only ~19 °C under martian pressures and terres-
trial gravity [1,2]. As a result, the amount of water 
needed to move a fixed quantity of sediment could be 
an order of magnitude lower than for non-boiling water. 
Thus, this should be considered when evaluating the for-
mation of recent and present-day martian mass wasting 
features  (gullies and RSL) [1,2]. 

Methods:  The experimental apparatus comprises a 
90 × 40 × 50 cm sediment bed (~63-200 μm grain diam-
eter sediments), which can be inclined at different an-
gles (10°, 25° and 32.5°) located within a pressure 
chamber [1,2]. The pressure was maintained at  
~7 mbar. Sediment surface temperature was at ~24 °C. 
For each experiment, pure water was introduced near 
the top of the slope at 1.5 cm above the sediment bed 
and the resulting flow behavior was observed. The water 
was pumped into the chamber from an external reservoir 
maintained at ~5 °C; we tested flow rates of 5, 7.5, and 
10 ml s−1 (Fig. 1). Each run consisted of  
60 s of water flow and was performed in triplicate; dig-
ital elevation models (DEMs) of the bed were created 
both before and after each run using multiview digital 
photogrammetry [1,2]. 

Figure 1: Experimental setup for low-pressure experi-
ments. Modified after [2]. 
 

New results: We have performed 26 experiments 
comparable to [1,2] but with variations of the slope an-
gle (10°, 25° and 32.5°) and flow rate (5, 7.5, 10 ml/s) 
to investigate the influence of parameters not taken into 
account during our original experiments [1,2]. We ob-
served a linear increase in the amount of sediment trans-
ported with increasing flow rate (Fig. 2a). An increase 
in slope angle results in a nearly exponential increase in 
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sediment transport (Fig. 2b), which is greater than ex-
pected via the simple increase in the speed of flow prop-
agation with increasing slope gradient. We suggest this 
is due to the increasing proportion of granular flows.  

 
Figure 2: Experimental results of (a) flow rate vs. trans-
ported sediment at a constant slope angle of 25° 
(y=90.734x), and (b) slope angle vs. transported sedi-
ment at a constant flow rate of 10 ml/s 
(y=80.434e0.1189x). 

 

Furthermore, we wanted to confirm our results in [2] 
based on more data. In our previous experiments, we 
used surface temperatures of 5, 15, and 24 °C [1,2] and 
our new experiments are at ~21 °C (Fig. 3a). We found 
a comparable amount of transported sediment at 21 °C 
compared to that measured at 24 °C during our previous 
work. This suggest that the effect of levitation (Lei-
denfrost effect) reaches its maximum efficiency at >~21 
°C and that higher temperatures will not further increase 
the amount of transported sediment.  

Furthermore, in [2] we proposed that the water tem-
perature had only a very minor influence on the amount 
of transported sediment, and that the increased volume 
of transported sediment is dominated by the sediment 
temperature [1,2]. Fig. 3b shows the sediment tempera-
ture plotted against the transported sediment at 25° [2] 
and at 10° (new experiments) slope angle. The amount 
of transported sediment does not significantly vary with 
water temperature at either slope angle. 

Figure 3: Experimental results compared with the re-
sults from [2]: (a) sediment temperature vs. transported 
sediment volume as presented in [2] and during the new 
experiments (grey), and (b) water temperature vs. trans-
ported sediment volume at slope angles of 25° (black) 
[2] and 10° (grey), respectively. 
 

Conclusions:  I. Flow rate has a linear influence on 
transported sediment volume. Levitation can also occur 
when flow rates were very low (drops per minute). II. 
Slope angle seems to have an exponential influence on 
transported sediment volume. Steep slopes (like slopes 
with RSL) [14] need a lot less water to transport com-
parable amounts of sediment compared to shallower 
slopes. III. It is possible that there is a threshold of the 
sediment temperature between 15° and 21°C where the 
maximum effect of the levitation (Leidenfrost effect) is 
reached. IV. Water temperature has no influence of the 
amount of transported sediment. 
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