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Abstract. We use a computer algorithm to obtain a de-
tailed and consistent map of valley networks over the entire
Margaritifer Sinus quadrangle on Mars. This map consti-
tute a significant update of an existing map and contains 3.4
times more valleys. We also map drainage density at the pixel
level. The two new maps revel that valleys are ubiquitous in
the Noachian terrain, but their spatial distribution is hetero-
geneous and crosses the boundaries of established geological
units. Numerous regions of high drainage (D ∼ 0.1 km−1)
exist throughout the quadrangle, but predominantly in its east-
ern part. We suggest the widespread presence of valleys over
regional scales indicate runoff erosion as their origin, although
spatial variability of drainage points to precipitation regime
unlike that found on Earth.

Introduction. Margaritifer Sinus (MC19) quadrangle
(315o – 360oE, 0o – 30oS) is a region on Mars that exhibits
numerous, well-preserved valley networks (VNs) and chan-
nels. The quadrangle is centered on the Chryse Trough, a ma-
jor topographic low extending from the Argyre basin (south
of MC19) to the plains of Mare Acidalium (north of MC19).
Previous work [1,2] has assessed that drainage via VNs, that in-
tegrates into large systems of Samara and Parana-Loire Valles,
dominated the eastern side of the trough. By contrast, the
drainage of the western side of the trough was drained by
the large outflow system without significant contribution from
VNs. We re-examine the character of drainage in the Margar-
itifer Sinus region by precision mapping of VNs in the entire
quadrangle.

VNs in selected portions of MC19, where valleys are most
pronounced, have been mapped in details [1,2] by visual in-
spection of images. However, such manual procedure cannot
be extended into mapping the entire quadrangle due to exces-
sive labor cost and concerns about mapping consistency. As
a result, the only presently available, quadrangle-wide map of
VNs is an extract from the global database of VNs compiled
by Carr [3], which lacks details and completeness to address
the drainage properties in a comprehensive manner. Detailed
mapping of VNs over large regions can be much more ef-
ficiently and consistently carried out by a computer using a
novel valleys delineation algorithm [4]. This algorithm has
been already successfully applied [5] to produce a detailed
map of VNs in the Mare Tyrrhenum (MC22) quadrangle, re-
sulting in significant revision of the values of drainage density
in the Noachian parts of MC22. We use the same algorithm to
map VNs in the Margaritifer Sinus.

Methods. The mapping algorithm [4] is based on terrain
morphology, and its goal is to map VNs in agreement with
visual evidence. This is in contrast to some earlier attempts
[6] to automate delineation of VNs by using an algorithm
based on drainage directions, which often has mapped val-
leys in places where there was no visual evidence for them.

The present algorithm calculates the topographic planar cur-
vature that influences the divergence/convergence of potential
flow; the VNs are identified by positive values of curvature.
Landforms other than VNs, but also characterized by positive
curvature, are filtered out by a series of morphologic opera-
tors and masks. Excellent agreement between automated and
detailed manual maps was established [4]. Nevertheless, the
computer-generated map is visually inspected and corrected in
few places where an expert deems necessary to overwrite the
automatic mapping.

Results. Fig.1A shows in blue the 115,429 km of VNs
delineated by our algorithm. This is over 3.4 more valleys than
present in the Carr map, shown in red on Fig.1A. Note that the
Carr map is slightly shifted with respect to the actual valleys
because his dataset is registered in MDIM 1 and the underlying
topography data is coregistered with MDIM 2.1. In places
where VNs are very pronounced (like, for example, Parana
and Samara Valles) the Carr map contains major valleys, but
our map reveals additional, less pronounced valleys. However,
there are many places where VNs exist and are delineated by
our algorithm but are absent in the Carr map. Fig.1B shows a
site located at the southwester flank of the Ladon basin. Valleys
are clearly visible in the THEMIS image of this site. Fig.1C
shows that our algorithm has mapped these valleys correctly
but only two deepest segments of the network are accounted
for in the Carr map.

Our map reveals varied degree of dissection across the
MC19 quadrangle. Noachian age surfaces, that constitute
81% of the quadrangle’s area, contain 92% of the valleys.
The Npld unit, that occupy 15% of the area, contains 33% of
the valleys. The drainage density, D, of the Npld unit, that
contains Parana and Samara Valles, is 0.046 km−1. The value
of D for the Npl1 unit, that contains Loire Valles and many
dissected regions along the Uzboi-Ladon-Margaritifer (ULM)
outflow system on the western side of the Chryse Trough, is
0.024 km−1. However, distribution of valleys even within
the Npld unit, and especially within the Npl1 unit, is highly
heterogeneous making traditionally calculated values of D an
ineffective tool of drainage characterization. A better tool to
characterize drainage is to calculate D at the pixel level as
described in [5]. This method, originally proposed in [7], pro-
vides a continuous map of D (in the same sense as a map
of elevation) and provides means for mapping variability of
D over large areas without reference to geological units or
drainage basins. Such map (not shown here) reveals existence
of several “hot spots" in distribution of drainage density. In
these spots, which sometimes cross boundaries between geo-
logical units, D reaches values of ∼ 0.1 km−1. Many spots
of high D are located, as expected, on the eastern side of the
Chryse Trough. A prominent spot covers the Parana Valles,
Parana basin, and extends to the Loire Valles. Another spot
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Figure 1: (A) Map of valley networks in the Margaritifer Sinus quadrangle on Mars. Blue lines indicate VNs mapped in this study,
red lines indicate VNs mapped by Carr [3]. (B) Themis image superimposed on topography showing VN on the southwestern flank
of the Ladon basin (black box on panel A). (C) Valley networks mapped within the site shown in (B).

follows the Samara Valles, and yet another is located on the
western slopes of the Newcomb crater. However, regions of
enhanced D are also observed around the ULM outflow sys-
tem, especially on the western sides of Holder crater, Holden
basin, and Ladon basin.

Discussion. Precision mapping of VNs on the quadrangle
scale is made possible by automating the mapping process.
Application of a mapping algorithm [4] to the Margaritifer
Sinus quadrangle yields results consistent with an earlier ap-
plication of the same algorithm to the Mare Tyrrhenum quad-
rangle; the algorithm maps several times more valleys than
are present in the manually collected global database of VNs
[3]. In both quadrangles the new maps reveal that present,
dissection-based, boundaries between the Npld and Npl1 units
are inaccurate due to an incomplete mapping of VNs in the
Carr database. The new, continuous map of D shows that
highly dissected regions occur throughout the MC19 quadran-
gle and cross boundaries of geological units. Most regions of
enhanced D are located in the eastern part of the quadrangle
that coincides with the eastern flank of the Chryse Trough, but
some are also found in the western flank of the trough, adjacent
to the ULM system. The ubiquitous presence of VNs through-
out the Noachian part of the quadrangle (although in varying
degree of spatial density) suggest spatially extended formation
mechanism. Precipitation-recharged groundwater sapping was
suggested [1,2] mostly to account for observed morphometry
of the valleys. However, groundwater sapping requires a spe-
cific combination of topographic and lithologic conditions that
are unlikely to be met everywhere in such a large region, as

well as in the Mare Tyrrhenum quadrangle where we have also
found [5] VNs to be ubiquitous in Noachian terrain. On these
grounds we suggest that runoff erosion was mostly responsi-
ble for the origin of VNs. The valley morphometry and high
spatial variability of D can be reconciled with runoff if pre-
cipitation takes form of infrequent and isolated storms [8] a
scenario not encountered on Earth except in extreme climatic
conditions like the Atacama desert.
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