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Introduction: We report on our currently ongo-
ing systematic survey of potentially ice-rich deposits 
on Mars. The analysis builds on our recent studies 
dedicated to selected sites on Mars. We are now fo-
cusing more on a general understanding of the link 
between morphologial and physical properties to in-
terpret ice-related landforms on Mars. Therefore, the 
survey covers typical examples of different land-
forms associated with ice-rich environments and de-
posits on Mars. For each of these we are performing 
parameter studies using the Berlin Mars near Surface 
Thermal model (BMST). This modeling yields esti-
mates on the potential for the stability of a persistent 
ground-ice deposit, including associated timescales. 
Furthermore, the modeling allows one to derive 
minimum thicknesses for a potential sublimation till. 
Apart from advancing our understanding of the ice 
and water inventory of Mars and its evolution over 
the geological history of Mars, this work is aimed at 
supporting upcoming and proposed missions to Mars, 
for example ExoMars, MSL or ARES. 

Background: We have performed over recent 
years several studies assessing the likelihood of the 
presence of localized ground-ice deposits on Mars. 
This includes studies for the planned Beagle 2 land-
ing site in Isidis Planitia [1], showing that ground-ice 
deposits would not be expected within the reach of 
the MOLE instrument. We have also shown recently, 
using the BMST model, that a morphologically iden-
tified glacial deposit on the northwestern flanks of 
Hecates Tholus [2] very likely still contains a stag-
nant ice core. There are several units on Mars, espe-
cially on the flanks of volcanic edifices, which based 
on morphological evidence may be glacial deposits 
and which possibly are still ice-cored [3]. We have 
begun a more detailed analysis of the deposits on the 
flank of Arsia Mons, one of the Tharsis volcanoes 
[4]. 

The BMST: For this survey we are using the 
Berlin Mars near Surface Thermal model (BMST) 
that allows investigation of the detailed evolution of 
an ice-rich deposit. At present, we have restricted 
ourselves primarily to present-day obliquity condi-
tions. The main features of the BMST [5, 6] are 1) a 
high vertical resolution (down to the centimeter 
range), 2) a realistic treatment of the thermal proper-
ties of ice-rock mixtures, and 3) a detailed treatment 
of gas flux within the subsurface. The thermophysical 
parameters, such as thermal conductivity (Fig 1), and 
the porosity of the matrix for each layer are recalcu-
lated in every time step. All parameters, including 

water vapor transport, ice distribution (Fig 2) and changes 
in the porosity, can be monitored. The model evaluates 
the diffusion based on the matrix properties (including 
porosity, pore size and tortuosity) and traces the actual 
movement of volatiles within the matrix. This dynamic 
approach allows us to study the behavior of subsurface ice 
on a timescale where the soil has not yet reached thermo-
dynamical equilibrium. 

Survey areas:  As previously discussed, the topic of 
this survey is not to model a specific site, but rather to 
improve our general understanding of the link between 
morphological interpretation and physical modeling.  We 
have therefore selected five candidate ice-rich geological 
environments and deposits that are intimately linked to 
our understanding of the climatic evolution of Mars.  

The candidate landing areas for the NASA Phoenix 
mission have been selected as a typical example for lati-
tude-dependent mantling [7]. Apart from the morphologi-
cal evidence, the observations by the neutron and gamma-
ray spectrometers on Mars Odyssey [9] have shown that 
these deposits are very ice-rich below a thin desiccated 
mantle. The MARSIS radar on Mars Express has shown 
an extensive subsurface layering in this area. As a com-
parison, the Dorsa Argentea Formation [20] is part of the 
survey. For this southern circumpolar deposit, MARSIS 
has detected layering similar to the polar layered deposits 
[10].  

Our survey includes several examples of candidate 
locations for young debris covered glaciers, similar to the 
ones we have already studied at Hecates Tholus. These 
include several structures on the western scarp of Olym-
pus Mons [3, 21] as well as structure in the Thaumasia 
Region [11]. 

The Arsia Mons deposit is being studied in more de-
tail as a typical example of tropical mountain glaciers and 
their sub-environments [22]. The Arsia Mons deposit ex-
hibits three facies; ridged, knobby and smooth. These 
facies are related to the evolution of the deposit and may 
indicate different degrees of preservation of ground-ice 
deposits [12, 4]. 

Finally, the survey addresses the modification of the 
dichotomy boundary by glacial and periglacial processes. 
Typical examples of morphological structures associated 
with this modification are northern mid-latitude lineated 
valley fill and lobate debris aprons [13, 14] 

Current status:  We have defined examples for all 
regions of our survey and are currently working on mod-
eling each of these areas. Existing modeling, as performed 
for Arsia Mons [4], Thaumasia [10] and Hecates Tholus 
[2] is being updated and integrated into the survey. Where 
necessary for this survey, the BMST is being updated, as 
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recently done for surface-atmosphere interactions.  
For some of the different areas our knowledge of 

the thermophysical parameters necessary for the 
modeling is very limited. To address this issue we 
perform parameter studies with the BMST. In these 
studies the parameters are varied within reasonable 
limits; some limits can be derived based on remote 
sensing data, as for example the thermal inertia from 
TES observations [15]. The range for other parame-
ters, as for example, subsurface structure or porosity, 
can only be defined by assumptions based on analog 
sites [e.g., 23, 24] or inferred from morphological 
studies.  

Importance for upcoming and proposed mis-
sions: Within the next decade Mars will be visited by 
an armada of landers, rovers and possibly even more 
advanced mobile platforms. While both MERs are 
still exploring Mars, the NASA Phoenix mission is 
getting ready to explore for the first time in-situ cir-
cumpolar deposits. The NASA Mars Science Labora-
tory will have a high degree of mobility, permitting 
regional studies. ESA will join the in-situ exploration 
of Mars with the ExoMars rovers [16]. Even more 
advanced platforms, such as the ARES airplane [17] 
have been proposed. 

Our survey will support the selection of landing 
sites as well as support the long-term strategic plan-
ning for upcoming missions. Platforms like ARES 
[17], which allow regional exploration, can particu-
larly benefit from the type of survey presented here. 
At the same time, the modeling allows one to define 
critically need measurements as priorities for upcom-
ing missions. The Geophysics and Environment 
Packages (GEP) [18] proposed for the ESA ExoMars 
rover will, for example, measure a depth profile of 
the thermo-physical properties of the soil with the 
HP3 instrument system. Definition of this instrument 

system is currently being supported by modeling with the 
BMST, based on scenarios similar to those outlined in this 
survey [19]. 

Summary: The aim of this survey is to link morpho-
logical interpretations with physical modeling to study 
potentially ice-rich deposits on Mars. We will present the 
current status of our survey and preliminary conclusions 
concerning the persistence of ground ice deposits at mid-
to-low latitudes on Mars. 
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Figure 1 Example for the evolution of the 
thermal conductivity over time in a BMST 
run 

Figure 2 Formation of an ice lens structure in a 
model run for a “Hectates Tholus”-like deposit 
[5] 
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