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Abstract

Recent work has shown that gullies are among the
most youthful features on Mars [1] and have been
taken as evidence for significant amounts of liquid
water in the recent past. Recent studies show that the
gullies located on the Russell Crater dune are not
only extremely youthful but also appear to be still
active [2]. Here we report of a polygenic evolution of
debris flow dunes with two phases:

1/ debris flows on hill slopes in recent Martian
times (less than 10 My) could be formed by (i) runoff
and debris flows with liquid water from groundwater
aquifers [1]; [3], (ii) snow-melt ([4]; [5], (iii) various
CO,-driven mechanisms ([6]; [7]; [8]) or (iv) melting
of near-surface ground ice (< 1m meter) at high
obliquity [9];

2/ defrosting activity at present time with
formation of relatively small sinuous hand branching
channels.

1. Methods

Using an assemblage of 26 HiRISE images over a 31
months period (November 2006 - May 2009), it's
possible to follow the morphological evolution (and
possible change) of the Russell dune through time.
The high resolution of HIRISE images (25 - 50
cm/pxl) allows detailed morphic observations on the
dune. The image analysis has been conducted to be
sure that apparent changes are not artifacts due to
solar incidence modification.

2. Morphology and process

2.1 Past debris flows activity

A total of about 300 long and narrow gullies are
observed on the western SW flank of the Russell
megadune over a total area of 20 km large. Gullies
are strongly parallel over 2.5 km and all follow the
direction of the slope as expected for gravity-process.
Geomorphic features like channel sinuosity indices
higher than 1.05 and connections of the channels
show that gullies over dunes involve flows with a
significant proportion of liquid [10].

The occurrence of levees on each side of the channels
implies that these flows are typical of a particular
kind of flow with yield strengths similar to terrestrial
debris flows [10].

Several gully termini that show evidence for multiple
flow events (or pulses) have been observed on
several leveed lobate termini of gully channels. Each
subsequent flow event eroded a deeper and wider
channel into the earlier ones. Most recent flows
stopped further upstream on the hillslope than olders.

2.2 Present seasonal frost activity

Present seasonal frost activity was observed in early
spring from LS 198°-221° in the Martian Year 29.
The defrosting area has a low albedo compared to
pristine material on the rest of the dune. This area
grew by more than 10.000 m2 between two Martian
years. The growth of the defrosting area occurs at
early spring in the southern hemisphere.

This defrosting activity generates a sinuous
(sinuosity indices is ~1.1) and branching morphology
of new channels with incisions into the dune surface
implying a flowing material causing the erosion.
Moreover, using hyperspectral CRISM data, CO,
defrosting activity during winter has been identified
on the SW flank of the Russell dune which generates
dark flow features at the top of the dune [12].
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Figure 1: Increasing of the defrosting area (+ 10 124 m2) associated with creation of new braided and sinuous channels
between PSP_003326_1255 (left image) in the first year and ESP_012213 1255 (right image) in the second year

3. Discussion

Two distinct gullies morphologies were identified on
the Russell dune:

(1) Past debris flows (less than 10 My) long and
narrow gullies possibly with low sinuosity;

(2) Present activity of dunes due to seasonal
defrosting with morphologies similar to slush flows
or terrestrial pyroclastic flows (high sinuosity and
branching). This seasonal activation of gullies
involving volatiles (or fluid) can be explained with:

(a) transient melting of small amounts of H,O-ice
triggering slurry flows consisting of sand mixed with
liquid water [2];

(b) out gassing of CO, gas due to sublimation
below a snowpack [13] and leading to avalanching of
a snow and debris mixture, generating additional
vapor lubricating the flow, which then behaves like a
fluid [7].
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