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Introduction: The Dorsa Argentea Formation  

(DAF) is a set of geomorphologic units covering ∼1.5 
million km2 in the south polar region of Mars [1-3]. It 
has been interpreted as the remnants of a large ice 
sheet that receded in the early Hesperian [4-5], with 
eskers and channels evidencing extensive melting [e.g. 
6-8]. Determining the extent and thermal regime of the 
DAF ice sheet, as well as the mechanism and timing of 
its recession, can therefore provide insight into the 
ancient martian climate and the timing of the transition 
from a presumably thicker CO2 atmosphere to the pre-
sent climate. We used the Laboratoire de Météorologie 
Dynamique (LMD) early Mars global climate model 
(GCM) and the University of Maine Ice Sheet Model 
(UMISM) glacial flow model to constrain climates 
allowing development of a south polar ice sheet of 
DAF-like size and shape. In addition, we modeled ba-
sal melting of this ice sheet in amounts and locations 
consistent with observed glaciofluvial landforms.  

 
Figure 1. The DAF (yellow and orange units) as mapped by [1]. 

Background is MOLA gridded topography [14]. 
Climate model results: In GCM simulations with 

spin-axis obliquity of 15° or 25°, modern topography, 
and a 600–1000 mb CO2 atmosphere, the annual aver-
age south polar temperature minimum is not symmetric 
about the pole but shows lobes extending along the 0° 
and 90°W meridians. The DAF has a similar shape 
(Figure 1), which our GCM results indicate is due to 
the large-scale south polar topography of Mars and the 
strong dependence of surface temperature on altitude 
under a thicker atmosphere [9-10]. Notably, the 90°W 
lobe of the south polar temperature minimum is absent 
in simulations where Tharsis has been removed. 

Due to the uncertainties in modeled precipitation 
near the poles of a rectangular-grid GCM, we used the 
potential sublimation (Spot) formulation of [11], where 
Spot minima are a proxy for regions of long-term ice 
stability. The distribution of ice stability near the south 

pole is similar to the annual mean temperature mini-
mum. The DAF region becomes especially favorable 
for ice accumulation relative to the equatorial high-
lands at low (15°) spin-axis obliquity and moderately 
high (600-1000 mb) atmospheric pressure (Figure 2); 
higher pressure causes the elevated Tharsis bulge to 
become more favorable. 

 
Figure 2. Potential sublimation plotted as log10(-Spot), where Spot has 
units kg m−2 Mars year−1, in the southern hemisphere for CO2 surface 
pressure of 1000 mb, no additional greenhouse warming, and spin-

axis obliquity 15° (top), 25° (center), or 41.8° (bottom). 
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Ice sheet model results: Since topography in the 
south polar region is relatively flat, modeled ice sheet 
surface topography is determined primarily by the cli-
mate model output surface temperature and by the 
global ice inventory used in the ice sheet model. We 
focused on the GCM simulations with 15° spin-axis 
obliquity, as ice sheet stability in these simulations 
most closely resembled the DAF. With an ice invento-
ry of 275 m global-equivalent layer (GEL) or less, pure 
CO2 atmospheres provided insufficient warming to 
allow substantial basal melting or any top-down melt-
ing of the DAF ice sheet (Figure 3). Larger ice inven-
tories result in more widespread modeled basal melting 
than is consistent with observed geology (Figure 4). In 
simulations with additional greenhouse warming by an 
idealized (“grey”) gas, the extent of the south polar ice 
sheet is smaller, but more consistent with observations 
as substantial basal melting occurs in regions such as 
Argentea Planum, Parva Planum, and Promethei 
Planum, where large eskers are observed (Figure 5). 

 
Conclusions: We conclude [12] that the large ex-

tent and unusual shape of the Dorsa Argentea For-
mation ice sheet resulted from the dependence of sur-
face temperature upon elevation in a thicker atmos-
phere [9-10]. Our simulations suggest that warming by 
a gas other than CO2 alone was necessary to enable the 
construction of glaciofluvial landforms in the DAF. 
Previously published crater exposure ages of eskers in 
the DAF [7] indicate that eskers were being exposed as 
activity was ceasing in the equatorial valley networks, 
suggesting that the warming that allowed basal melting 
at the edges of the DAF ice sheet was broadly contem-
poraneous with the carving of the valley networks [5]. 
Finally, elevated Tharsis topography is required to 
produce an ice sheet with the shape of the DAF. Thus, 
our results are not consistent with the DAF (and the 
valley networks) forming before the emplacement of 
Tharsis, as recently suggested [13]. 
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Figure 3. Basal melt rate (mm yr-1) in simulations with 15° spin-axis 

obliquity, 1000 mb CO2 and a 275 m GEL ice inventory. 

 
Figure 4. As in Figure 3 but with a 550 m GEL ice inventory. 

 
Figure 5. As in Figure 3 but with a 175 m GEL ice inventory and 

additional warming by a grey gas with κ = 5 × 10-5 m2 kg-1. 
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