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Abstract

The main objective of this study is the hydrological
characterization of an area located in the transition
between Arabia Terra and Noachis Terra, approxi-
mately centered at 22.5° S and 7.5° E. Mapping the
hydrogeological features will allow to uncover the
presence of large water masses and a potential
coastline regression at southern latitudes on early
Mars.

1. Introduction

Since the formation of the planet, early Mars envi-
ronmental conditions were very different from the
present [1]. The planet was characterized by an ac-
tive hydrosphere with significant implications for both
climate and life [2, 3].

For this reason, unveiling the geomorphological rec-
ord of aqueous processes on Mars is paramount, and
following the evolution of fluvial landforms provides
the key evidence for climate change on a planetary
scale.

In order to understand the hydrological evolution of
Mars, our study is focused in the southern equatorial
regions, in the transition between Arabia Terra and
Noachis Terra and centered at approximately 22,5 S
and 7,5 E, where we describe landforms related with
the past presence of liquid water. We use orbital
imagery to observe and model valley network sys-
tems and the remains of other indicators of aqueous
erosion and deposition processes on Mars.

These evidences of fluvial activity include incisions on
the surface that we interpret as valley networks, and
impact craters with sediments that we think are paleo-
lakes. All these features suggest that large bodies of
water may have covered the surface of early Mars [4,
5], corroborating the existence of past aqueous activi-
ty on the region and making this study area on Mars
an attractive place in terms of habitability.
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2. Methods.

The drainage network map and stream ordering,
shown in Fig.1, were calculated using the ArcMap
Spatial Analyst ‘ArcHydro’ tools and the digital terrain
model (DTM) from Mars Orbiter Laser Altimeter
(MOLA; ~ 460 m/pixel, [6]) to determine the water-
shed area.

In support of our analyses, we used available Context
Camera (CTX; ~ 6 m/pixel, [7]) High Resolution Imag-
ing Science Experiment (HIRISE; ~ 25 cm/pixel [8])
images and High Resolution Stereo Camera (HRSC
up to 10 m/pixel [9]) topographic data.

After defining the candidate basin at the site of inter-
est, we mapped and described features that are con-
sistent with aqueous activity using the ArcMap Soft-
ware.

3. Preliminary results

The drainage network and stream ordering obtained
by ArcMap reveal a significant aqueous activity in the
study area during early Mars. That network indicates
the best places to search morphologies related with
past presence of liquid water.

The overlap between landforms formed through vastly
different processes and times often requires a subjec-
tive interpretation. Likely some of the best morpholo-
gies to identify this type of features would be incisions
or valley-like features for channels, and smooth and
filled circular impacts for paleobasins where materials
were deposited.

Topographic profiles of impact craters reveal flat
floors, coherent with the impact processes melting the
surface rock [10]. The craters form natural dams and
help water accumulation inside the rim. This, coupled
with that many times these type of morphologies are
associated with hydrated mineral deposits such as
phyllosilicates, and also with other aqueous morphol-
ogies like paleochannels, means they were filled with
possible lake sediments and for that reason we inter-
pret it as paleolakes.
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All these features suggest that large bodies of water
may have covered the surface of early Mars [4, 5],
corroborating the existence of past aqueous activity
on the region and making this study area on Mars an
attractive place in terms of habitability.

4. Acknowledgements

This research is funded by the Project “icyMARS”,
European Research Council, Starting Grant no.
307496. Authors also thank the Agencia Estatal de
Investigacion (AEI) project no. MDM-2017-0737 Uni-
dad de Excelencia “Maria de Maeztu” and Rey Juan
Carlos University.

5. References

[1] C. P. McKay & C. R. Stoker. (1989) Reviews of
Geophysics, 27, 189-214. [2] J. P. Cassanelli & J. W.

Head. (2019) Icarus, 321, 216 — 231. [3] F. Salese et
al., (2019) The Journal of Geophysical Research
Planets, 124. [4] M. H. Carr. (2012) Philosophical
Transactions of the Royal Society A: Mathematical,
Physical and Engineering Sciences, 370, 2193-2215.
[5] V. Baker. (2006) Italian Journal of Geosciences,
125, 357-369. [6] D. E. Smith et al., (2001) Journal of
Geophysical Research, 106, 23689-23722. [7] M. C.
Malin et al., (2007) The Journal of Geophysical Re-
search Planets, 112, E05S04. [8] A. McEwen et al.,
(2007) Journal of Geophysical Research, 112. [9] G.
Neukum & R. Jaumann, in: A. Wilson & A. Chicarro.
(2004) Volume 1240 of ESA Special Publication, pp.
17-35. [10] C. S. Edwards et al., (2014) Icarus, 228,
149-166. [11] A. N. Strahler (1952) Geological So-
ciety of America Bulletin, 63.

Value
o High : 3013 i

-Luw:-1m

10°E

Figure 1. Drainage network (obtained using ‘ArcHydro’ tools from ArcMap) over the CTX mosaic, superposed on
a MOLA topographic map. The streams have been classified following the order of importance defined in [11].
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