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Morphogenetic classification of Martian
landforms has provided a context for the infer-
ence of surface processes and paleoclimatic
conditions on Mars [1][2][3][4][5][6]. The
complexity of extensive valley network pat-
terns (Figure 1) suggests that fluvial conditions
formerly existed on Mars [7]; however, surface
reworking and the lack of absolute age control
complicates the precise definition of this time
period.

We summarize and review this literature in
the context of analogous terrestrial settings
where detailed field studies and chronostrati-
graphic data are available. Extensive linear
drainage patterns such as Wadi Mareef in south-
ern Egypt (Figures 2 and 3) are similar to some
type of valley networks on Mars such as Nirgal
Vallis (Figure 4). The morphological charac-
teristics of drainage pattern and density of Wadi
Mareef and Nirgal Vallis are strongly similar.
Field study indicates that Wadi Mareef was a
spring-fed stream which intermittently flowed
during the Cenozoic, which was dominantly an
arid time period [8][9]. Along Wadi Mareef,
carbonates were precipitated via discharge of an
ambient waters emerging from springs [10].
Petrographic examination of prepared thin sec-
tions reveals no clear textural evidence for a
hydrothermal origin of the carbonate rocks,
suggesting a shallow meteoric origin of the fos-
sil-spring waters. Sapping and fluvial dissection
processes played roles in the geomorphic evolu-
tion of the drainage networks in Egypt [11].
Radiometric dates from the region suggest that
the episodic streamflow was modulated by
abrupt hydroclimatic variations which can be
linked to variations of the Earth's orbital cycle
of 100 ka [12][13].

Though the Egyptian landscape has been
dominantly hyperarid over the past 2 million
years [14], the region of Wadi Mareef has ef-
fectively preserved the geomorphic evidence of
rare rainfall and streamflow events. Without
the benefit of surface studies and isotopic dates,
a casual interpretation of the aggregate surface
morphologies would suggest a predominantly

wet climate. This terrestrial example illustrates
that drainage networks are aggregate features or
palimpsests which may evolve over many time
scales. Moreover, landscape features may be
genetically and climatically non-specific.
Hence, paleoclimatic inferences from valley
network patterns may be oversimplified. It is
essential to view landscape features through the
vantage of equifinality: features may evolve
through a number of pathways as a nonlinear
function of multivariate processes over many
time scales, from the episodic-catastrophic to
the aggregate. In general, the main controls on
long-term landscape development on Mars are
similar to those observed in terrestrial arid
lands: primarily relief and exhumation, with
lithology and rock structures exerting secondary
controls on landscape evolution. The availabil-
ity of water controls the rate and style of ero-
sion and landform development. The influence
of local controls is apparent in the juxtaposi-
tion of drainage patterns with differing degrees
of development and complexity.
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WADI MAREEF: K. Nicoll and G. Komatsu

Figure 3. Landsat MSS image of Wadi Mareef.
The frame width is about 55km.

Figure 1. Mars Global Surveyer image of drain-
age pattern in Nanedi Vallis.
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Figure 4. Viking image of Nirgal Vallis, Mars.
Figure 2. Geographic location of Wadi Mareef, The frame width is about 180km.
southern Egypt (23-24°N, 31-32°E).



