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Abstract

The climate under which the Martian valley networks
formed is still under debate, was it wet or dry, cold
or warm. The morphology of the valley networks on
Mars shows similarities to those of river networks on
Earth. Climate has an influence on the morphology of
river networks on Earth. The volume of sediment, the
volume of water, and source of water—groundwater or
rainfall—are influenced by climate. To compare dif-
ferent watersheds we characterize the watersheds us-
ing a limited number of key parameters. The param-
eters considered here are: volume of erosion, outlet
channel and/or valley dimension, slopes, evolution of
channel cross-section downstream. We consider four
regions, two on Earth and two on Mars, identify the
genetic processes, and give time duration constraints.

1. Introduction

The climate under which the Martian valley networks
formed is still under debate, was it wet or dry, cold
or warm. It is currently analysed whether the Martian
valley networks were shaped by rainfall or groundwa-
ter. Identifying the genetic process of Martian chan-
nel networks as either rainfall or groundwater, gives a
strong indication of the past Martian climate [1].

The morphology of the valley networks on Mars
shows some clear similarities to those of river net-
works on Earth. The morphology of valley networks
on Earth is influenced by two main categories. 1) The
physical attributes of the surroundings, i.e. the ero-
sional properties of the subsurface, slopes of the water-
shed. And 2) the attributes of the erosional process in-
volved, i.e. the amount of sediment, available amount
of water, and the source of the water: groundwater or
rainfall. The erosional processes are linked to the cli-
mate, sediment flow is controlled by plant growth and
ice formation and the amount of water depends on the
circulation of water in the atmosphere [2].

In our research we identify a number of morpho-

logical parameters that identify the attributes of the
erosional processes: volume of erosion, outlet channel
and/or valley dimension, slopes, evolution of channel
cross-section downstream.

Most of the previous studies have looked at large
scale valley networks due to the resolution constraints
of the data used (MOLA) [3]. Looking at smaller val-
ley networks brings certain parameters (such as Hack’s
law) closer to terrestrial values. Both on Earth and on
Mars we employ digital elevation models with similar
resolutions of 30 —50m per pixel. For Earth we use the
ASTER GDEM dataprocut, for Mars we use the High
Resolution Stereo Camera (HRSC) processed DEMs.

2. Regions

In the research described here we compare two terres-
trial and two Martian valley networks. The two terres-
trial networks can be considered Mars analogues, one
is shaped by rainfall, the other by groundwater pro-
cesses. On Mars we have identified two valley net-
works that are hypothesized to have the same distinc-
tion in genetic process.

The Rio Colorado is a river that ends in the Alti-
plano endorheic basin of Salar de Uyuni in Bolivia
[4]. It is a system that is predominantly fed by rainfall,
which has very little vegetation. The climate is very
dry (130mm of average rainfall, 1300mm of aver-
age precipitation potential), with a short-duration wet-
season and a prolonged dry season.

The Qattara depression in the Sahara desert in Egypt
is a large paleo-endorheic basin that was groundwater
fed. Like on Mars there are many paleo channels visi-
ble which give us a good alternative to look at Martian
channel morphology.

The Warrego Valles system on Mars shows much
resemblance with terrestrial valley networks. One of
the hypothesis for the formation process of the system
is that the valley networks formed under the influence
of an atmospheric water cycle, in a series of erosion
events [5].



Figure 1 shows the Eberswalde crater (33W, 245)
is part of the heavily cratered "southern highlands" of
Mars. The crater formed during the early Noachian
(£4Ga). It was subsequently covered by debris from
the Holden crater to the south. A theory of origin for
the water is that it is linked to the formation of the
Holden crater, whereby the terrain mantled by the hot
ejecta blanket was heated up, releasing underground
ice deposits [6].

3. Parameters

In our research we identify a number of morphological
parameters that identify the attributes of the erosional
processes: volume of erosion, outlet channel and/or
valley dimension, slopes, evolution of channel cross-
section downstream. In order to extract these parame-
ters we use a combined approach of automatic extrac-
tion [7] and manual methods.

The volume of erosion we estimate using a num-
ber of methods that depend on the local morphology.
In the Eberswalde Delta and the Salar de Uyuni delta
there are clear lower limits to the volume from the sed-
iments deposited in the deltas. In other circumstances
we identify an estimate of the local surface before ero-
sion, by subtracting the current surface we have an or-
der of magnitude for the amount of material eroded
away.

The cross-section of the outlet channel gives a good
constraint on the maximum amount of water dis-
charge, @, that a channel can endure.

The slopes of the channels in the watershed, and of
the entire watershed give an indication of the amount
of erosion that takes place, and how well sediment is
transported [8].

The width of the channels in terrestrial valley net-
works formed by rainfall show increases downstream.
The few terrestrial valley networks that are predomi-
nantly groundwater fed show a constant width as the
channel is followed downstream.

4. Summary

Studies have shown that terrestrial and Martian val-
ley networks show similarities in their morphology.
We analyse the morphology of two terrestrial and two
Martian valley networks. Using models that describe
the time duration required to form the valley networks
[8] we analyse the timing of these. In combination
with a model of the genetic processes involved in the
formation of these valley networks we provide new in-
sights in the climatic conditions on Mars at the time.

Figure 1: A mosaic of the Eberswalde upstream wa-
tershed and delta created using various datasources
(CTX, MOLA) in JMars.
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