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1. Introduction: One of the greatest puzzles in martian 
geology is the history of formation and modification of 
the polar deposits. The geologic complexity of the polar 
landforms and the relatively young age of the caps have 
been attributed to various mechanisms of deposition and 
removal of the their geologic materials [e.g. 1,2,3]. 
Polar chasmata comprise geomorphic evidence that 
large-scale removal of polar materials has taken place on 
Mars. In this work we examine the geomorphic and 
topographic characteristics of the chasmata systems in 
the southern polar cap and discuss how the irregular 
topography of the underlying basement may have played 
a significant role in the initiation and subsequent growth 
of chasmata and radial trough systems. 
2. Formation of the southern polar chasmata: Sub-ice 
discharges [4] have been proposed as mechanism for 
chasmata formation. Nevertheless, Kolb and Tanaka [2] 
show that the existence of unmodified craters and the 
complete absence of discharge related features on the 
chasmata floors and propose that the main mechanism 
for the chasmata formation was eolian erosion. The 
chasmata, which dissect the southern polar cap, have 
similar shapes and trends and their initiation regions 
occur in discrete zones along the margins of the 
Promethei Rupes impact basin rim buried under the polar 
cap (Fig. 1).  
These observations suggest that there may a 
morphogenetic association between the basement 
topographic irregularities dominated by the Promethei 
Rupes impact basin and the surface regions where the 
chasmata initiate. 
3. The Promethei Rupes divide and the chasmata 
initiation region:  In the southern polar cap, the rim of 
the Promethei Rupes basin buried under the polar 
materials is likely to form a topographic divide (the 
Promethei Rupes divide in Fig. 2). Because the ice 
thickness above the divide will be significantly thinner 
than on both flanks of the range, the Promethei Rupes 
divide will have a major control on the pressure and 
temperature distribution of the basal polar materials. We 
propose that the deepest regions along the margins of 
Promethei Rupes divide are the most likely zones where 
(1) localized basal melt in the polar materials, and (2) 
differential compaction of the polar materials may have 
occurred (Fig. 2). We propose that localized melting and 
differential compaction along the Promethei Rupes 
divide are possible mechanisms by which surface 

depressions may have formed, and that these depressions 
played an important role on the initiation of the chasmata. 
The proposed hypothesis can account for (1) 
convergence of the chasmata into the margins of regions 
of the Promethei Rupes divide, and (2) the existence of 
systems of enclosed depressions in that region. 
4.Did basal melting occur? To the present evidence is 
inconclusive. Nevertheless, if basal melting did occur it 
must have been localized and shorted-lived as suggested 
by the absence of warm-based glaciation features (which 
would have resulted if basal melt was extensive or long-
lived) and it did not result in significant sub-ice 
discharges. Any basal melting would, however, be 
extremely important for astrobiological exploration, 
since basal ice of glaciers appears to be a preferred 
microbial habitat (e.g. [5]) 
We propose a model in which basal melting may occur 
locally without resulting in significant sub-ice discharges 
or the formation of warm-based glacial systems: 
The rim and periphery of impact basins are highly 
fractured and faulted, whereas the infilling materials are 
likely to have a much lower permeability [6]. If the rim 
and periphery of the Promethei Rupes basin were dry, 
then the formation of highly pressurized meltwater 
would likely result in localized infiltration and the 
formation of an aquifer, which would extend from the 
Promethei Rupes divide to the margins of Cavi Angusti 
(Fig. 2). This aquifer would have been confined by the 
infill of the Rupes basin (depending on the permeability; 
assuming low permeability low infiltration rates may 
have occurred within the infilling materials), an 
underlying compacted basement materials / ice-saturated 
cryolithosphere, and the overlying polar materials (Fig. 
2). Alternatively or complementary, melting and aquifer 
formation may occur in the highly pressurized and ice-
enriched regions of the underlying cryolithospheric 
basement (Fig. 2).    
Melting of icy materials and subsequent infiltration of 
meltwater into the underlying porous substrate would 
result in the formation of subsurface void space. As a 
consequence, localized undermining of the overlying 
polar materials may have resulted in the formation of 
systems of surface depressions. 
In the outer periphery Promethei Rupes basin, the 
putative aquifer would have a high hydraulic head 
(Fig.2). In these regions, groundwater emanations to the 
surface or to the near surface materials are most likely to 
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occur, which could explain the formation of sinuous 
ridges interpreted to be eskers or inverted channels, as 
well as by extensive pitting in Cavi Angusti [1] (Fig. 1,2).  
Also, meltwater formed around the outer rim of the 
Rupes basin may form more unstable aquifers, than 
those formed within the basin, due to the highly 
fractured basement and the overall surface dip away 
from the rim. This could explain the abundance of 
surface depressions in the surface regions between the 
Promethei Rupes divide and the regions of Cavi Angusti 
(Fig. 1,2). 
5.Summary: The largest depressions within the eroded 
south polar-layered deposits are the chasmata, which 
mostly source near the projected rim of the buried 
Promethei basin. We propose that surface irregularities 
in the polar-layered deposits may have controlled surface 
wind currents that initiated chasmata development.  One 
possibility is that the topography of the substrate alone 
achieved this [7].  Another possibility described in this 
abstract is that localized surface subsidence may have 
occurred in the polar-layered deposits that overlie the 
Promethei basin rim. Resulting depressions could have 
controlled the initiation of the south polar chasmata. 
Wind funneling into these depressions then may have 
enlarged the depressions into chasmata (thereby 
eliminating the strained margins of the troughs, if 
deformation occurred by flexural subsidence), but 
preserving the convergence of the chasmata into the 
regions where the thickest polar materials are most likely 
to have accumulated or are accumulated (e.g. chasmata 
initiation region in Fig. 1). We also suggest that the 
proposed surface subsidence may have resulted from 
differential compaction of the polar-layered deposits and 
(or) underlying materials due to melting of ground ice.  
Accumulation of layered deposits would cause the 
underlying base of the cryolithosphere to rise, resulting 
in melting of any subsurface ice through which the 
melting isotherm rose through. If a substantial amount of 
liquid water was created (and remained stable for some 
period of time), then it might serve as a possible habitat 
for putative martian microbes.   However, because of the 
absence of evidence for glaciation associated with the 
layered deposits, including meltwater discharges, it 
would seem that such subsurface meltwater simply may 
have dissipated into surrounding, undersaturated rocks. 
The amount of compaction that would ensue would be 
dictated by the amount of support that the ground ice had 
lent to the rock column. 
Other major landforms of the polar layered deposits, 
including smaller depressions, spiral troughs, and 
sinuous scarps and ridges, occur in areas of thinner layer 
deposits and thus probably were not or to a lesser extent 
influenced by ground-ice melting. Instead, variable wind 
ablation, surface ice distribution, and insulation may 
have been the primary controls for such features. We 
intend to map layered deposit stratigraphy and structure 

in detail and search for signatures of compaction, 
collapse, and ablation in the layered deposits to better 
characterize the deposits’ various erosional features, 
with particular emphasis on the chasmata formational 
model developed herein. 
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