
MORPHOLOGIC AND TOPOGRAPHIC CHARACTERIZATION OF THE ARGYRE BASIN, MARS: INITIAL MOLA
OBSERVATIONS

H. Hiesinger, J.W. Head III, S. Pratt
Dept. of Geological Sciences, Brown University, Providence, RI, 02912; email: Harald_Hiesinger@brown.edu

Introduction
The geologic map of Scott and Tanaka [1] shows

several geologic units which are associated with the
Argyre basin. The Charitum and Nereidum Montes
are of Noachian age (Nplh) and are interpreted as
ancient highland volcanic rocks and impact breccia,
which were uplifted by tectonism and impact basin
formation (Fig. 1). In the valleys of the Charitum and
Nereidum Montes the unit Hpl3 is exposed. This is a
smooth, relatively featureless unit and is interpreted
as thick interbeded lava flows and aeolian deposits
that bury most of the underlying rocks. In age be-
tween unit Nplh and Hpl3 is unit Nple, which is ex-
posed in the central parts of the basin floor. This unit
shows a rough, etched texture which is produced by
deeply furrowed, sinuous, intersecting grooves. Scott
and Tanaka [1] suggest that this unit was formed by
degradation of a cratered unit by wind erosion, decay
and collapse of ground ice, and minor fluvial proc-
esses. Unit Npld, which is visible southwest of crater
Galle, is of the same age as unit Nple. Npld is a dis-
sected unit and is a mixture of lava flows, pyroclas-
tics and impact breccias that were heavily eroded by
fluvial processes. Finally, in the southern and south-
eastern parts we see a unit that consists of Hesperian
ridged plains material (Hr). The Hr unit is interpreted
as extensive flows of low-viscosity lavas, which
erupted from numerous sources at high rates. Ac-
cording to Scott and Tanaka [1] the ridges are either
volcanic or tectonic in origin.

Morphologic features such as ridges, grooves,
smooth plains, very steep mountain slopes, and rock
glaciers led Kargel and Strom [2] to conclude that
Argyre was glaciated in its past. They interpret ridges
as eskers, the smooth unit (Hpl3) as deposits within a
proglacial lake, and the rough unit (Nple) as formed
by collapse features of a retreating glacier. In their
model, ice accumulated in the mountainous rim of
Argyre, i.e. the Charitum Montes, and on adjoining
cratered uplands and flowed into the basin. Erosional
processes associated with ice movement carved the
steep slopes of Charitum Montes. Subsequently es-
kers and collapse features formed at the basin floor
when large amounts of melt water were produced and
the glacier rapidly retreated. According to Kargel and
Strom [2], meltwater accumulated in a proglacial lake
and deposited smooth glaciolacustrine plains.

Fig. 1: Geologic map of the Argyre Basin. See text for description

Analyses and Results
We use MOLA data to characterize the Argyre ba-

sin and its deposits and to assesss their origin. Com-
pared to the previously published topographic map
[3], which had a vertical accuracy of 1-2 km, MOLA
offers an improvement of two orders of magnitude.
The deepest point in Argyre occurs within a small
crater in crater Hooke at –5121 m. The highest point
of the Argyre rim is at 5393 m and is located in the
Charitum Montes southwest of crater Galle. The
summits of the Charitum Montes are generally higher
than the surrounding terrain outside the basin rim and
are separated by deeply incised valleys. MOLA data
show that the basin floor of Argyre is tilted to the
north and northwest and lays approximately at –2900
m. The surrounding terrain in the northeast of Argyre
is at an elevation of 400m; southwestern parts are
generally higher and occur at about 800 m. Towards
the Tharsis region the terrain is even higher. The vol-
ume of the Argyre basin (4x106km3) is about 15 times
smaller than the Hellas basin but its watershed is of
similar size, i.e. 20x106 km2 [4]. Several channels
breach the southern rim and empty into the Argyre
basin [5,6]. Following the regional topography, water
from the channel which enters the basin at 45˚W/-
53˚S could have flowed along the western rim and
ponded in the lowest region in the north. Based on
MOLA data we performed several flooding models in
order to study where potential water would pond
within the basin. Flooding up to –3500 m shows that
water would be confined to the crater Hooke and
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some small ponds in the SW of the basin floor and W
of Galle. Most of these ponds occur along the border
between the etched unit Nple and the smooth unit
Hpl3. Further flooding to –3000 m indicates that wa-
ter would pond in an arc in the NW, mainly covering
unit Hpl 3 and surrounding unit Nple. However, large
parts of unit Hpl3 are not covered by water and there
are also parts of unit Nple below the water level. This
implies that the geologic contact between these two
units does not parallel MOLA contours. At a level of
–2500 m the basin floor would be completely flooded
with water. Rising the water level to –2000 m only
slightly enlarges the flooded area. At –1500 m the
water enters the numerous small valleys of Charitum
and Nereidum Montes, producing a radial dendritic
pattern. This dendritic pattern is even more evolved
at –1000 m. Galle and numerous larger craters in the
NE are filled. Some larger ponds occur in the channel
to the North, i.e. Uzboi Vallis, which was interpreted
as an outflow channel [6]. At –500 m the dendritic
pattern is fully evolved, the ponds in the outflow
channel get interconnected and numerous small cra-
ters in the NE are flooded. At 0 m Galle gets con-
nected to the basin center but the outflow channel is
still separated from the center. However, crater Hale
postdates the channel and has certainly modified the
original channel topography. At 500 m the channel is
connected to the basin center but there occurs a broad
spill over in the NE, which makes it doubtful that the
channel ever was the main outflow from Argyre. This
channel is at such a high elevation that the entire ba-
sin has to be filled before spill over would occur. As
the smooth unit Hpl3 occurs at a broad range of ele-
vations, a formation solely from deposition of lacus-
trine sediments appears unlikely. In a global slope
map Argyre appears as a very rough annulus with
steep slopes of up to 15˚. Slopes are generally steeper
in the NW, SW, and SE quadrangle but less steep in
the NE. Within the south and southeast of the basin
center we find a very smooth region, which correlates
with the Hr unit. This unit is located at the mouths of
channels that probably provided meltwater and sedi-
ments from the south polar sources [5]. MOLA data
indicate that unit Hr is a very flat lying area and that
the ridges do not follow a prominent slope. Ridges of
the unit Hr in the Argyre basin were interpreted as
wrinkle ridges [1] or eskers [2]. Kargel and Strom [2]
argued that eskers are symmetric in cross-section and
wrinkle ridges are asymmetric. MOLA data show
that the elevation of the terrain on either side of the
ridges is at different levels like for wrinkle ridges, but
the morphology of the ridges is much more similar to
eskers than wrinkle ridges [e.g., 5].

Fig. 1 MOLA grided topography of the Argyre Basin. Elevations
below –3600 m are shown in violet, areas above 2700 m are dis-
played in red.

Conclusions
At present we see no strong and compelling evi-

dence that the Argyre basin contained vast quantities
of water. Unit Hpl3 occurs at very different elevations
and its borders do not parallel MOLA contours. From
this we conclude that Hpl3 probably did not form
solely from deposition of sediments of a proglacial
lake. If there was a lake in the Argyre basin then the
water could only have drained from the basin in times
when the entire basin was filled because a possible
outflow channel, Uzboi Vallis, is at very high eleva-
tions. We speculate that if water ever ponded in the
Argyre Basin large amounts would have sublimed,
evaporated or migrated into the substrate rather than
flowing through the outflow channel. It was sug-
gested that Charitum Montes were sculptured by an
ancient glacier entering the Argyre Basin from the
South [2]. However, the slopes of Nereidum Montes,
which form the northwest rim of the Argyre Basin,
are the same as in Charitum. Ridges interpreted as
eskers [2], are concentrated in unit Hr. Although we
do not find evidence for widespread glaciation as
envisioned by [2], the presence of Hesperian chan-
nels draining from the south polar regions suggests
that the very smooth unit Hr may be related to an
aqueous emplacement.
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