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Introduction and Background:
The south polar region of Mars is currently the site of an

expansive ice cap, covering an area of approximately 1.42 x
106 km2, and composed of two mapped units: Api, a residual,
high albedo unit; and Apl, a lower albedo unit that underlies
Api, and in places displays bright and dark layering [1]. Age
constraints on the present polar cap obtained from crater reten-
tion have attributed a surface age for the deposits to the up-
permost Amazonian [1, 2].

Surrounding the present polar cap, are a series of deposits,
which together compose the Dorsa Argentea Formation.
Originally mapped as two units (an upper and lower member)
[1], the DAF is asymmetrically distributed about the current
polar deposits, forming two main lobes, one centered about
0W longitude and one about 70W longitude (Figure 1), cover-
ing an area of 1.52 x 106 km2. The DAF is thought to likely
underlie the current polar cap, which would make the unit a
circumpolar deposit, with a total area of 2.94 x 106 km2 [3].
Crater counts have attributed a Hesperian age to the DAF [1,
4].

Three different scenarios have been proposed to explain
the nature and origin of DAF and associated features:

1) In 1987, Tanaka and Scott [1] proposed that the units
they mapped as the DAF likely formed from lava flows. They
based this hypothesis on the smooth texture of the deposits,
and the lobate fronts of some of the unit margins. In a search
for a source vent they identified a possible shield structure
located 50 km south of Cavi Sisyphi.

2) In 2001, Tanaka and Kolb [4] used MOLA and MOC
data and proposed a new origin, which is a variant of the vol-
canic model of Tanaka and Scott . Their new model proposes
the expulsion of fluidized, volatile-rich subsurface regolith
material, released to the surface via “instabilities” and “trig-
gering mechanisms”. Their model is largely based on the
theorized accumulation of expansive subsurface aquifers of
H2O and/or CO2 in the south polar region during the Noa-
chian. During the Hesperian, triggering mechanisms such as
impact induced marsquakes or intrusive magmatism, crack
these aquifers and release widespread, volatile-laden regolith
debris flow onto the surface to form the DAF deposits and
associated features.

3) In 2001, Head and Pratt [3] proposed a third and sepa-
rate scenario for the origin of the DAF. In their model, the
DAF represent the deposits from melting and retreat of a pre-
viously widespread circumpolar ice sheet. Evidence presented
by Head and Pratt to support the ice sheet hypothesis in-
cludes: i) sinuous ridges within the margins of the DAF inter-
preted to be the Martian equivalent of terrestrial esker systems,
ii) sinuous channels that lead away from the margins of both
the 0W and 70W lobes of the DAF and terminate in the Ar-
gyre Basin, interpreted as evidence for lateral transport of
significant volumes of meltwater away from the area, iii) a
smooth floored, low-lying, topographically enclosed valley
located at the margins of the DAF interpreted as evidence for
ponding of meltwater along the edges of the deposit, iv) pits
and cavi located within the DAF interpreted as evidence for
volatile loss and vertical degradation of the deposit, and v)
pedestal craters within the margins of the DAF which further
argue for vertical degradation and volatile-loss.

Additional work has been done since that of Head and
Pratt [3], which further supports the ice sheet hypothesis.
Ghatan and Head [5] performed a detailed investigation of a
series of massifs (Sisyphi Montes) located within the 0W-lobe
of the DAF and interpreted the mountains as subglacial volca-
noes that erupted into a thick Hesperian-aged ice sheet, possi-
bly resulting in local meltback. A study by Milkovich et al. [6]
provides evidence for extensive, lateral migration of meltwater
away from the eastern margins of the 0W-lobe, down into the
Prometheus basin. Ghatan et al. [7] have examined the Cavi
Angusti area of the 70W-lobe in detail, and have interpreted
the collection of irregularly shaped, steep-sided basins as hav-
ing formed from volatile loss due to a combination of heating
associated with intrusive and extrusive magmatic activity.
Extrusive magma/ice interaction within these basins is evi-
denced by the presence of centrally located edifices within
many of the basins, which are similar in morphology to terres-
trial subglacial volcanoes. Also, recent work by Dickson and
Head [8] has shown a significant similarity between a series of
pits and grooves located at the northern margin of the Cavi
Angusti area on the 70W-lobe and terrestrial kettle holes and
sapping channels, often found at the margins of retreating ice
sheets. Taken together, the host of features associated with the
DAF, strongly support the former presence of widespread
circumpolar ice sheet.

Here we will further test the ice sheet hypothesis by exam-
ining the relationship between two of the five external drain-
age channels with the DAF deposits. Specifically we will
examine the head regions of Channels 2 and 4 as enumerated
by Head and Pratt [3].

Description and Interpretation of the Channel Head Re-
gions:
Channel 4 (Doanus Valles):

Figure 2 shows a zoomed in view of the area where Chan-
nel 4 emerges. In this view the sinuosity of the channel can be
clearly seen, as can the manner in which the channel carves
out terrain around impact craters, and passes through the high
standing Noachian topography that abuts the 0W-lobe. Fol-
lowing the eastern-most portion of the channel into the DAF
several pits are observed that are carved into the local deposits
of the DAF.

The unit of the Dorsa Argentea Formation into which the
pits are carved composes the Sisyphi member (Hds) of the
Dorsa Argentea Formation as mapped by Tanaka and Kolb [4]
using MOLA data (green unit in Figure 1). The unit is wide-
spread throughout the poleward portions of the 0W-lobe, as
well as along the western margins of the 0W-lobe, and sits
topographically higher than all other members of the DAF as
mapped by Tanaka and Kolb except for the Cavi Member
(Cavi Angusti area) and the adjacent rugged member. Hds
weaves in and out among the Sisyphi Montes (candidate sub-
glacial volcanoes), and has lobate fronts, which were the pri-
mary basis for the volcanic origin as proposed by Tanaka and
Scott [1], and are a primary factor in the volatile-rich debris
flow model as proposed by Tanaka and Kolb  [4].

In places the lobate fronts of this unit parallel the margins
of nearby topographic highs, separated from the unit by sev-
eral tens of kilometers (Figure 3). This relationship is difficult
to explain by a flow-related origin, and is more consistent with
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a layer that has retreated from the direction of the wall. In the
context of the ice sheet hypothesis, this widespread unit repre-
sents the volatile-rich deposits of the previously widespread
circumpolar ice sheet [3, 5]. Following melting, retreat, and
thinning of the original ice sheet, this unit was emplaced.
Where the unit is absent within the margins of the DAF, melt-
ing, retreat, and thinning completely removed all remnants of
the ice sheet, and have left modified terrain (e.g. the topog-
raphically lower lying members of the DAF as mapped by
Tanaka and Kolb [4]) and unit Hpl3 as mapped by Tanaka and
Kolb (previously part of the DAF as mapped by Tanaka and
Scott [1]).

The pits near the head of Channel 4 are carved into this
volatile-rich unit. These pits appear on trend with the channel,
are generally elongated in the direction of the channel, and
some appear sinuous. The pits range from 10 to 30 km wide,
and have basal elevations that are coincident with that of the
channel. What is the relationship between these pits and
Channel 4? Could the pits represent the expression of the
channel within the DAF? We suggest that the pits formed via
surface collapse due to basal drainage of meltwater underneath
these portions of the DAF, ultimately draining into the Argyre
Basin along Channel 4. As meltwater drained along the base
of the DAF towards the edge of the deposit, partial collapse of
the overlying material could have occurred, thus creating the
observed pits. Alternatively, partial collapse of the deposit
could have occurred sometime after all meltwater drainage had
ceased.

Channel 2 (Surius Valles)
Figure 4 shows a zoomed in view of the area in and

around the head region of Channel 2. The area is dominated
by the basins of Cavi Sisyphi, which are irregularly shaped,
have steeply sloped walls (~11 degrees), are approximately
500 m deep, and vary in size from a few km up to around 100
km. These basins are carved into the same widespread mem-
ber of the DAF (Hds) into which the pits near Channel 4 are
carved. In the middle of the scene is shield structure with
heavily dissected flanks, which was proposed as a possible
source vent in the volcanic model for the DAF [1]. Figure 4
clearly shows the distribution of these basins as well as the
manner in which they loop down from the area of the 0W-
lobe, break around the area of high topography associated with
the shield in the middle of the scene, and transition into Chan-
nel 2. This general relationship between the Cavi Sisyphi
basins and the channel is similar to that observed among the
pits and Channel 4. We suggest that meltwater draining from
the area of the 0W-lobe traveled away from the area along the
base of DAF in the area occupied by the Cavi Sisyphi basins,
ultimately draining into the Argyre Basin along Channel 2,
and that the basins formed via surface collapse.

Within some of the basins of Cavi Sisyphi we observe iso-
lated sinuous ridges along the floors, which in places disap-
pear underneath the surrounding deposits of Hds (Figure 5).
These ridges parallel the trend that would be expected for
meltwater draining away from the 0W-lobe through the basins.
How do these sinuous ridges compare to the other sinuous
ridges within the DAF that have been interpreted as eskers
[3]? The elevation of the basin floors containing the sinuous
ridges is coincident with the elevation of the valley containing
the esker-like ridges. The ridges in the basins are similar in
dimension and morphology to the esker-like ridges, and dis-
play similar topographic profiles. In places the ridges on the
basin floors extend up local topographic gradients, consistent

with an esker scenario. Additionally, the ridges in the basins
are located beneath a unit thought to represent the deposits
from an ice sheet, also consistent with an esker origin. To-
gether these factors support the interpretation of the ridges
within the Cavi Sisyphi basins as eskers, which further support
an origin for the basins due to surface collapse via basal drain-
age of meltwater.

Summary and Conclusions:
Here we have attempted to further test the ice sheet hy-

pothesis for the DAF and associated features by examining the
relationship between the external drainage channels and the
margins of the DAF. Our investigations find that the head
regions of the drainage channels do not extend into the DAF.
This relationship rules out a scenario whereby the channels
postdate emplacement of the DAF. The presence of pits and
basins that appear to line up and transition into the channels
suggests that drainage with the DAF occurred along the areas
occupied by the pits and basins, and that when water reached
the margins of the deposit it carved out the external drainage
channels. The presence of basins as opposed to a continuous
internal channel argues that internal drainage occurred along
the base of the deposit. This scenario is further supported by
the presence of sinuous ridges within some of the basins that
are similar to other ridges within the deposit interpreted as
eskers.

This examination of the relationship between the external
drainage channels and the margins of the DAF where the
channels begin supports a scenario for the origin of the DAF
and related features associated with the emplacement, melting
and retreat of a previously widespread circumpolar ice sheet.
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Figure 1: Shaded relief image of the south polar region between 0 and 90W longitude. Blue line marks margins of the DAF as
mapped by [1]. Green unit marks location of Sisyphi member of DAF as mapped by [4]. Red areas mark the location of candi-
date subglacial volcanoes [5]. White lines show locations of the external drainage channels (dotted where faded or difficult to
distinguish and numbered according to [3]).  Black boxes show locations of figures 2, 3 and 4.

Figure 2: Detailed MOLA view of head region of Channel 4. Figure 3: Detailed view of margin of Sisyphi member of DAF.
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Figure 4: Detailed MOLA view of the head region of Channel 2. The distribution of the basins of Cavi Sisyphi is clearly seen, as
is the manner in which they loop down from the direction of the 0W-lobe of the DAF, break around the area of high topography
associated with the shield structure in the middle of the scene, and transition into Channel 2.

Figure 5: Zoomed in view of Cavi Sisyphi basins containing
sinuous ridges along their floors. The ridges can be seen to
disappear underneath the local deposits of the DAF (here
Hds).
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