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Abstract:  MOLA data support the interpretation of the
Dorsa Argentea sinuous ridges as eskers and suggest that
polar deposits occurred near the South Pole during the Hes-
perian and subsequently underwent extensive subglacial
melting and retreat.

Introduction:  A number of features and units on Mars
have been attributed to processes of glaciation [1-5]. Sinu-
ous, braided, kilometer-wide ridges as long as 150 km
which occur in a number of places on Mars, preferentially at
middle to high latitudes, are among the most distinctive of
these features [4-7]. These sinuous ridges occur singley and
in groups or systems up to 800 km long, and display a vari-
ety of patterns including cross-cutting, braided and den-
dritic. Among the most prominent locations of ridge sys-
tems are those near the South Pole, forming Dorsa Argentea
[4]. On the basis of their similarities to terrestrial eskers,
these sinuous ridges have been interpreted by several work-
ers [2,6,7-11] to be martian eskers associated with glacial
processes, but this interpretation has not been widely ac-
cepted, and other candidate origins have been proposed
[2,4,8-10]. New MOLA data showing the topography and
regional setting of the Dorsa Argentea sinuous ridges near
the South Pole [12] allow us to assess candidate origins for
these features.

Proposed  modes  o f  or ig in :  Candidate origins for
these sinuous ridges include lava-flow related ridges or
wrinkle ridges [4], exhumed dikes of igneous [8] or clastic
[9] origin, linear sand dunes [10], fluvial and/or lacustrine
spits or bars [10], inverted stream topography [2], and es-
kers [2,6,7-11].

Discuss ion  and  interpretat ion:  Wrinkle ridges
[4] typically differ in their cross-sectional shape, lateral
continuity, and detailed structure and texture, and commonly
show a topographic step-down across the ridge that is not
seen in these examples [13]; however, this interpretation
cannot be ruled out, particularly if these are partly exhumed
and thus modified in some unusual way. The topographic
symmetry and map patterns of the ridges argue against lava-
flow related ridges [4]. Exhumed dikes of igneous [8] origin
seem unlikely because of the braided and sinuous patterns,
relatively atypical of dike propagation patterns [14]. Clas-
tic dike origins [9] are more difficult to assess without spe-
cific models of formation, but the scale (complex systems,
some elements continuous over hundreds of km) seems un-
likely. Similarly, although abundant sand dunes are seen on
Mars, individual laterally continuous linear sand dunes
many hundreds of km long seem less likely [10]. The to-
pography of individual ridges and their relation to the to-
pography of the valley argue against an origin as fluvial
and/or lacustrine spits or bars [10]. Inverted stream topog-
raphy [2] might be favored by the relationship to the over-
lying mantled unit, but the lack of relation of the ridge pat-
terns to underlying topography seems to argue against this
hypothesis.

Criteria for assessment of esker origins have been out-
lined by Metzger [11] and Kargel and Strom [6], supported
by an abundant literature on terrestrial esker  morphology
[15] and physics [16]. On Earth, eskers are long, narrow
sinuous ridges composed of stratified glacial drift deposited
by a stream of meltwater flowing beneath a glacier in a tun-
nel or subglacial stream bed. Eskers form from glacial
meltwater streams which can be supraglacial, englacial or
subglacial.  Broken or discontinuous eskers suggest engla-
cial flow and disruption as the esker settles to the valley
floor during meltback. Most continuous eskers are inter-
preted to have formed in subglacial streams forming tunnels
in which the sediment is deposited to ultimately form the
esker. Eskers form in stagnating glaciers when glacial re-
treat exposes the ridges of sediment on the subglacial
stream floor. Two different types of terminus retreat are
commonly observed: 1) active-retreat, in which the con-
tinuous forward flow of the glacier deforms and distorts the
esker system and produces end-moraines; 2) stagnant-
retreat, in which generally long continuously exposed sec-
tions of eskers are well-preserved, and end moraines are
minimal. An important part of the tunnel nature of subgla-
cial streams is that the water is under hydraulic head, ac-
counting for why eskers commonly climb and cross topog-
raphic divides [16]. 

Eskers can occur as lone sinuous ridges, in alignments
of bead-like hills, or in complex systems, including den-
dritic and anastomosing planimetric structures reflecting
meltwater drainage, or rectilinear or orthorhombic systems
reflecting drainage through glacial crevasses. Eskers can
have confluent and diffluent branches, can cross subglacial
topographic divides and may cross-cut one another, and in
cross-section are known to be sharp-crested, rounded, flat-
topped, and double-ridged; morphology is often related to
flow processes [16]. They are known to range to over 400
km in length, up to 200 m high and up to 6 km wide. Be-
cause of their distinctive and unusual properties and asso-
ciations, eskers are extremely diagnostic of the presence of
glaciation in different areas of the Earth.

The Dorsa Argentea sinuous ridges share many of these
characteristics [12]. They fall in the same range of dimen-
sions and display the same range of shapes. They are sinu-
ous, and form anastomosing, somewhat dendritic systems,
with both confluent and diffluent branches. They cross one
another and meander and migrate up and down slope, consis-
tent with a hydraulic head driving force, in contrast to sim-
ple surface flow. The stratigraphic relations revealed by the
topography strongly suggest that the sinuous ridges emerge
from beneath an overlying layer to the southwest. This
layer appears to be fragmental, occurs toward the pole and is
stratigraphically below the Amazonian-aged polar layered
terrain. In summary, on the basis of the available data on
morphology, topography, stratigraphy, and stratigraphic
and areal proximity to present polar deposits, we favor the
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interpretation of the Dorsa Argentea sinuous ridges as mar-
tian eskers [2,6,7,11]. 

If this interpretation is correct, there are several impli-
cations. First, the presence of eskers implies that the area
of esker exposure was once covered with ice-rich deposits
which have subsequently melted back. The extension of the
ridges for a distance of over 800 km to a latitude of about -
70 then suggests that during the Hesperian, polar ice-rich
deposits would have extended to those latitudes. Esker
height of at least 100 m is a minimum thickness for these
deposits. Secondly, the preservation of numerous eskers
extending many hundreds of km would imply that the polar
deposits consisted of significant amounts of water ice, and
that their continuity and lack of abundant moraines sug-
gests extensive stagnant-retreat, as opposed to active-
retreat, implying a period of significant warming at these
latitudes. Further, if polar deposits occurred here during the
Hesperian and are so intimately associated with later Ama-
zonian-aged layered deposits, it suggests that the present
south pole has been a cold trap at least during significant
parts of these two periods. These structures also imply that
subglacial melting was an important process at some point
in the Hesperian, a conclusion consistent with other find-
ings at the south pole [17, 18]. If melting occurred, where
did the water go? Did it sublime or soak back into the sub-
strate? The most obvious place is downslope flow into the
adjacent low part of the valley. The distal end of the valley
in which the esker-like ridges occur is very flat and smooth
compared to others in the southern hemisphere, suggesting

that there may have been ponding and sedimentation. In
addition, a notch-like breach occurs at the distal end of the
valley; a topographically distinct channel has been traced
from this breach down into the adjacent Argyre basin [19],
supporting the hypothesis that liquid water flowed from the
distal parts of the retreating polar deposits, onto the floor
of the valley, and through a pass and channel, down onto
the floor of Argyre. 
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Figure 1. Block diagram illustrating the relationships among the esker-like features and related deposits.
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