“Cyroclasticflows” on Mars — granular flows driven by the sublimation of ices
and their implications for Martian surface processes in the Late Amazonian
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Introduction:

Martian gullies are alcove-channel-fan systems
that are undistinguishable from debris-flow systems
on Earth (Figure 1.a)%. Therefore, they have long been
hypothesised to be formed by the action of liquid wa-
ter and brines*2. However, over the past decade, the
formation hypothesis of these landforms has shifted
away from a water-driven process and towards a CO»-
driven process, related to the seasonal sublimation of
CO; ice®*. Over the last years, we have conducted
three experimental campaigns (at the Open Univer-
sity, UK, and Aarhus University, Denmark) at varying
scales tn exnlore the feasibility of the CO-driven
granular flow hypothesis. More recently, we have also
investigated if the sublimation of water ice can also
promote sediment mobility along a slope under Mar-
tian conditions. The rationale behind this campaign is
the existence of pseudo gullies (Figure 1.b) around the
equatorial latitudes on Mars®. The formation of these
underdeveloped gully systems cannot be explained by
a CO.-driven process due to the absence of CO; ice at
these latitudes. However, H,O ice is observed around
these latitudes, even in close proximity to the pseudo
gullies.
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Figure 1: (a) Mid-lattitude gullies on Mars (CaSSIS MY37_023207
_118_0), (b) equatorial “pseudo’-gullies on Mars (HiRISE
ESP_032324 _1715)

Granular flows driven by the sublimation of
COgz ice: From our experimental results with CO,-
driven granular flows we can conclude that these
types of granular flows can occur on Mars under a
range of specific environmental conditions, that the
sublimation of small amounts of CO; ice very effi-
ciently fluidizes sediment (Figure 2)57, that the flow
dynamics of these flows are akin to terrestrial water-
driven debris flows and pyroclastic density currents’,
and that these CO,-driven granular flows are effective
erosive agents (Figure 2.b)8, likely even more effi-
cient than terrestrial water-driven debris flows. These
results combined, advocate for the possibility that
CO,-driven granular flows have been the dominant
force in the evolution of Martian gullies in the past 5
million years®. However, if either granular flows
driven by liquid water, or COp-driven granular flows
have played the dominant role in Martian gully for-
mation can only be resolved by carefully assessing
where, and under which specific micro-climatic con-
ditions on Mars these processes occur.
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Figure 2: Stills of high-speed footage of experimental CO,-driven
flows under Martian atmospheric conditions. Without (a) and with
erosion of an erodible sand bed (b).2



The power of H20 sublimation: Our experi-
ments under Martian atmospheric pressure (5.5 mbar)
show that the sublimation of very small amounts of
H0 ice (5 grams) within a granular mixture (1.2 kg
of sand) can severely increase the mobility of the
granular material on a steep slope (27 degrees) (Fig-
ure 3). The more H20 is present in the granular mix-
ture, the more mobile the material becomes.

Figure 3: Resulting deposit after releasing 1.2 kg of sand under
Martian atmospheric pressure (5.5mbar) on a slope of 27°, with
zero H,0 ice on the left (a), and 5 grams of granular H,0 ice mixed
into the sand on the right (b).

Food-for-thought: Determining the relative role
of liquid water-driven debris flows, H-O sublimation
induced granular transport, and CO»-driven granular
flows in the long-term formation of all Martian gullies
is only possible by carefully assessing where, and un-
der which specific micro-climatic conditions on Mars
these processes occur.

These “windows of opportunity” for either water-
driven or CO»-driven gully formation than need to be
mapped over Martian climate cycles during the Late
Amazonian. Although this exercise is beyond the
scope of our current research, we present some food-
for-thought hypotheses (Figure 4) and hope to inspire
discussion within the Martian climate and surface pro-
cesses community; when and where are/were these
processes active, do/did they interact with other cry-
ospheric processes on Mars, and if so; how?
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Figure 4: Hypotheses on the occurrence and influence of CO,-
driven gully formation processes during the Late Amazonian.® |
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