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Supplementary Figure 1. Photos showing important details of the flumes. The details of

the small-scale experiments conducted in the Mars chamber at the Hyper Velocity and Impact

lab (HVI) of the Open University (UK) are shown in panels (a), (c), (e), and (g). The details of

the large-scale experiments conducted in the Mars Simulation Wind tunnel at Aarhus University

(Denmark) are shown in panels (b), (d), (f), and (h). Note that the sensors depicted in panel (h)

are used in both flumes.
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Supplementary Figure 2. Grain size distributions of the three different sands used; (a)

frequency distribution, (b) cumulative particle-size distribution. Note that the mixture is used for

all experiments in the main manuscript, this mixture comprises for 60% of silver sand and 40%

builders sand.
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Supplementary Figure 3. Photos showing important details of the experimental routine,

from storing the CO2 ice (a-b) to the loading of the material before an experiment (g-h). The

experimental routine for the small-scale and large-scale experiments are mostly similar. The

most important differences are depicted in this figure. For the small-scale experiments, the CO2

ice was crushed by hand (c), whereas for the large-scale experiments a grain mill was used (d).

The resulting grain size of the ice is similar for both methods (see insets of (c) and (d)). In the

small-scale experiments, the sediment-ice mixture was poured into the reservoir and the reservoir

was loaded into the flume, whereas in the large-scale experiments, the sediment-ice mixture was

directly poured into a reservoir permanently connected to the flume.
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Supplementary Figure 4. Results of the CO2 sublimation tests. With these tests, we quan-

tified the loss of CO2 during depressurization and determined the amount of CO2 ice in the

sediment-ice reservoir at the start of an experiment. In panels (a) and (b) the fraction of CO2

relative to the initial CO2 mass is given over time and pressure, for the large-scale set-up and

the small-scale set-up respectively. In panel (c) the final CO2 mass in the sediment-ice reservoir,

when reaching a chamber pressure of 8 mbar, is plotted against the initial CO2 mass. Panel (d)

shows the final CO2 mass fraction against the initial CO2 mass fraction. Note that for the large-

scale set-up, we used a digital lab scale and automatically recorded the weight at a frequency of 1

Hz, whereas for the small-scale set-up, we used simple analog kitchen scales and wrote down the

remaining weight every minute.
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Supplementary Figure 5. Frontal flow velocity (a) and maximum flow depth (b) for the

large-scale experiments over the distance along the flume, seen from the outflow point. The ex-

periments shown are conducted under a chute angle of 30° with varying CO2 mass fractions.

Colors correspond to individual experiments. Note that the flow velocity is calculated from the

difference in arrival times of the flow front at two consecutive locations. Therefore, the flow ve-

locity depicted here is an average velocity over a certain distance. For the locations in the flume

where the flow is still accelerating, this means that the depicted velocity is likely lower than the

actual velocity at that location in the flume. This is the case for the flow velocities depicted at

106.5 cm from the outflow point.

–35–



manuscript submitted to JGR: Planets

Supplementary Figure 6. Frontal flow velocity (a), maximum flow depth (b), and maxi-

mum differential pore pressure of the two different sensors (c) for the small-scale (S) experimental

flows with three different sand types; 1) silversand, 2) a mixture of silver sand and builder sand

and 3) builders sand. The mixture is used for all other experiments presented in the main text.

All experiments presented in this plot are conducted under a chute angle of 30° with a CO2 mass

fraction of 0.15 at the beginning of the experiment, which is derived from data presented in Sup-

plementary Figure 4.
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Supplementary Figure 7. Froude numbers for the granular flows in the large-scale and

small-scale experiments conducted with different CO2 mass fractions (left column) and under

different chute angles (right column). The horizontal lines indicate the transition from subcritical

to supercritical flow.
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