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Introduction: The Perseverance rover landed on
the floor of Jezero crater on 18 February 2021. The
landing site, named “Octavia E. Butler” is located ~2.2
km from the SE-facing erosional scarp of the western
fan deposits, which are of strong interest for the mission
[1-2]. Images obtained using the Mastcam-Z camera
and the Remote Micro-Imager (RMI) of the SuperCam
instrument provided the first Mars ground-based
observations of this western fan (Fig. 1). At the distance
images were taken, the RMI images offer a pixel
resolution of 2.2 cm, thus enabling identification of
objects of typically 7-8 cm (3-4 pixels). Observations of
the residual butte Kodiak confirmed the presence of a
lake within Jezero crater, but also showed that the lake
deduced from the deltaic architecture at Kodiak had a
level ~100 m lower than expected (-2495/-2500 m), and
was thus a closed system for a significant period [3]. In
addition, the coarser deposits (boulder conglomerates
and pebbly sandstones) observed near the top of all of
the scarps are typical of fluvial floods with high energy,
reflecting a change in hydrology of the fluvial system.
Here, we focus on the hydrological characteristics of
fluvial deposits observed within the scarps of the delta,
both as topsets and as boulder conglomerates.

Observations: Sub-horizontal topset beds at Kodiak
are homogenous deposits, likely sandstones, as
highlighted by numerous cross-bedding relationships.
Beds are typically 20-30 cm in thickness and display
various  depositional  directions  suggestive  of
meandering [4]. These observations are consistent with
the deposition of sand/gravel material within relatively
regular flows. The presence of occasional boulders 20-
30 cm in long axis within the Kodiak butte topsets and
foresets points to locally higher intensity flow
conditions, but no clast-supported coarse conglomerates

are observed in topsets, although gravel conglomerates
with pebble sizes mostly limited to 6 cm cannot be
discarded at this distance. No obvious channel fills are
observed, suggesting progressive truncations of each
bedset before deposition of the next one.

Massive deposits are observed at or close to the top
of all scarps observed. They display faint layering,
irregular shapes and blocks up to 1.5 m in length, a
geometry consistent with fluvial floods from relatively
ephemeral activity. In five scarps, these deposits display
a discontinuity against a base of finer-grained topsets
that is interpreted as a truncation, except in the
northernmost case where the transition seems more
regular but largely hidden by erosional debris [3]. The
rounding of many clasts indicates that they have
undergone abrasion by fluvial processes. The rounded
to subrounded shape as well as the lack of apparent
internal bedding in these clasts suggests an igneous
lithology. The overall geometry of the sedimentary
body suggests that it is a channel deposit. The boulder-
rich conglomerates are present at elevations higher than
-2495 m. Thus, most of their occurrences take place at
an elevation above that deduced from Kodiak deltaic
architecture (-2490/-2500 m), confirming an origin as
subaerial flood deposits rather than gravitational slide
deposits below water. The persistence of a lake at the
time of these deposits is currently unknown.

Discharge rates estimations: Boulder size
distribution and geometry of the channel helps to
estimate discharge rates. The Darcy-Weishach
equations are usually applied to estimations of discharge
rates (hereafter Q), where estimations of channel width
W, water height H, and slope s can be made in
association with measurements of clast size distribution
that help to fix the friction factor f [5]. This relation has
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been modified for Mars conditions enabling the use of
local martian gravity gm (3.72 m.s):

Q=A(8gmRs/f)*? (Equation 1)
Used on the boulder conglomerates, this equation gives
results from 1.63 to 8.64 m s for velocities and 76 to
3000 m®s* for discharge rates assuming channel depths
of 3-10 m as seen from the channel fill shape of this
body. This method does not enable measurements of
flow velocities in sandstone topsets in which no grain
size distribution can be determined and no typical shape
of channel fill has been observed. Another approach to
estimate velocities and discharge rates is based on the
largest clast lifted up by the flow. Several studies have
developed methods taking gravity into account [6] by
estimating the critical force necessary to initiate the
motion of a spherical boulder:
V= (4/3 Dg(pr/pr1)u-0.5a/g)*> (Equation 2),
where D is the boulder diameter. This equation helps to
estimate the velocity of the large boulder in Figure 1b
(1.25 m in average diameter) as 1.91 m s Used on the
largest boulders of the Kodiak topsets (0.25 m in
average), the corresponding velocities is of 0.85 m s,
which gives a strict maximum flow velocity for all the
topsets where no such boulders are observed. The most
energetic topset flows were thus >2 times less energetic
than the boulder conglomerates.
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Figure 1: (a) Close-up on the RMI image of Kodiak
butte showing, from bottom to top, foresets, topsets and
boulder conglomerates. (b) Close-up of the RMI image
of the delta front. Topsets include a few 20-30 ¢cm in
long axis clasts while boulder conglomerates include
many boulders some of them being >1 m.
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Origin of the hydrological change: Flood episodes
illustrated by boulder conglomerates could have formed
by a variety of processes such as rainfall events,
snowmelt episodes (from climatic origin or heating by
volcanism or impact), or through progressive building
of glaciers and (sub)glacial lakes that could have
generated episodic surges. Although not understood yet,
this transition in flow intensity at Jezero crater may be
related either to paleoclimatic shifts, or changes in
watershed hydrology (new craters, building of
glaciers...). It is currently unknown whether these
floods occurred during the presence of a lake at lower
elevation (-2500 m or below), or after a complete loss
of water from Jezero crater floor.

Conclusions and implications: The hydrological
regime observed in the fluvial topsets point toward
regular, low to medium energy fluvial flows consistent
with meandering or sinuous braiding streams assessed
at Kodiak [4] and the curvilinear deposits observed
from orbital data in erosional windows of the delta [5].
The boulder-rich conglomerates observed ontop of the
sequence are present stratigraphically above all topsets
deposits. They usually consist of high-energy floods
with a difference in flow velocity by a factor of two, at
minimum. The future rover traverse includes an access
to the top of the delta where it should cross the transition
from topsets toward conglomerates. Thus, it should
enable more precise calculations of discharge rates and
a better understanding of the origin of this transition
toward a more ephemeral river activity. Boulders also
present an opportunity to analyze and sample crustal
rocks sourced from outside Jezero before leaving the
crater.
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