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Introduction:  Deformation systems locally affect 

the South Polar Layered Deposits (SPLDs) along the 
margins of the Promethei Lingula (PL) ice-sheet 
(southern ice-dome, Mars; [1], [2]). One example is the 
S2, characterised by brittle and brittle-ductile struc-
tures related to kilometre-scale shear zones that deform 
the sequence [3]. By the structural analysis of normal 
and transtensional faults and by characterising the 
cross-cutting relationships of the structures, [3] pro-
posed two superimposed, well-defined tectonic stages, 
related to soft-sediment and deep-seated gravitational 
slope deformation (DSGSD) mechanisms.  

In the present work, the structural constraints of the 
S2 have been integrated with thermal modelling ([4]) 
to develop an overall qualitative and quantitative over-
view of the deformational system.  

Thermal modeling:  The input parameters (i.e. li-
thologies and layers thicknesses) for thermal modelling 
were obtained from a stratigraphic model (Fig. 1), de-
rived from the analysis and mapping of the S2 log 
([3]). The thermal conductivity, density and specific 
heat were obtained from the literature (e.g. [5], [6], [7], 
[8], [9], [10], [11]). 

Thermal modelling resolved the heat equation for 
conduction, discretised the heat conservation equation 
with finite difference and investigated the effects of 
different initial conditions. We obtained the solution of 
the 2D Eulerian temperature equation by modifying a 
code proposed by [12] for a moving medium with vari-
able conductivity and resolved with the implicit meth-
od. For each thermal model, the upper surface tem-
perature (Tsurface, i.e. at a depth of z=0) and the lower 
surface temperature (Tbasal, at a depth of z≈1000 m) 
were left constant. As the boundary conditions of the 
right-hand and left-hand side of the model were also 
constant, the horizontal heat flow was assumed to be 
zero. The simulations were performed for a period suf-
ficiently long enough to reach a steady state. 
The first model (TMa: Fig. 2) represents present-day 
surface temperatures for both the minimum and maxi-
mum estimated heat fluxes. The following five models 
represent possible past thermal conditions. The models 
TMb to TMe were run with incremental increases of 
10 K at the surface for each, and the last model, TMf, 
had a Qs=50 mW/m2 and a thermal gradient of 0.02 
K/m.  

Fig. 1. Stratigraphic model of the S2 section (adapted 
from [4], Fig. 4, The Geological Society of London ©). 
 

The thermal models were performed to determine 
the temperature field from the surface to the base of 
the stratigraphic model until the first softening/melting 
was observed. Our attention was mainly focused on 
layers inferred to be composed of CO2, and in particu-
lar on the “LyB”, “LyD” and “LyP”. The results ob-
tained from the thermal models were compared with 
the H2O–CO2–CO2 clathrate hydrate phase diagram 
([13], [14], [15]). For the SPLD, at z=0 m (~8 × 10-3 
bar) and z=1000 m pressures (~50 bar), the melting 
temperature of water ice is ~273 K. For depths equiva-
lent to pressures between ~5 bar (z=100 m) and ~50 
bar (z=1000 m), the melting temperature of dry ice is 
~216 K.  
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Discussion and conclusions:  According to the 
thermal models, we found that the bedding planes 
“LyB”, “LyD” and “LyP” are likely composed (in part 
or entirely) of CO2 ice. Furthermore, they melted (in 
particular in the case of the “LyP” layer) or were de-
formed when surface temperatures were higher than 
present day. These results entail that dry ice layers act-
ed, in different ways, as preferential shear and/or de-
tachment planes, driving the deformation of the S2 sys-
tem. Our results also exclude CO2 clathrate ice (as hy-
pothesised by [3]) as an alternative to water ice be-
cause this material does not meet the competency and 
thermal requirements for ductile and soft-sediment de-
formation under the present-day and past physical con-
ditions we investigated. The thermal models are con-
sistent with the structural assessment of [3].  
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Fig. 2. TMs for the S2 stratigraphic section (adapted from [4], Fig. 5, The Geological Society of London ©). 
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