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Introduction:  The 2007 Phoenix Mars Scout will 

land at a site between 65° and 75º N, where the 
Gamma Ray Spectrometer (GRS) on Mars Odyssey 
(MO) observed near-surface ground ice. The main 
selection criterion for the landing site is the high prob-
ability for the presence of ice as determined by GRS 
data. However the spatial resolution of the GRS data is 
extremely coarse with a footprint of about 600km. To 
increasing the probability of finding near surface ice 
deposits at the landing site an extensive modeling ef-
fort is necessary. 

One of Phoenix science goals is to search for clues 
to the origin of the ice. The magnitude of the ice signa-
ture seen by Mars Odyssey is difficult to explain by a 
diffusive model. We have therefore just started to use 
the BMST (Berlin Mars near Surface Thermal model) 
[1] to study the stability of ice deposits over long peri-
ods of time in the planned landing area of Phoenix. 
This allows to test the hypothesis of the ice being a 
remnant of a once large ice cap. The modeling, espe-
cially the data on surface and subsurface temperature 
distribution, volatile transport and ice abundance can 
support the landing site selection process. 

We have also started to consider the implications 
for the existence and extend of habitable zones in the 
subsurface. 

The model: The BMST is based on a standard 
model for cometary surfaces [2]. While most models 
used today for the near surface layer of Mars assume 
constant physical properties with depth, our model is 
based on a layered structure of the subsurface material, 
in which each layer can have different physical and 
thermo-physical properties. The main features of the 
BMST are a high lateral resolution down to the centi-
meter range, the realistic treatment of the thermal 
properties of ice-rock mixtures, a detailed treatment of 
gas flux within the surface and into the atmosphere 
and a variable temporal resolution which allows to 
study daily as well as annual variations. [1]   

We have used the BMST successfully to study dif-
ferent landing sites on Mars. For the Beagle 2 landing 
site in Isidis Planitia we have studied the subsurface 
temperature distribution and have derived a map for 
the minimal burial depth of ground ice deposits [5]. 
For the MER backup landing site in Isidis Planitia we 
have performed studies on the stability of ice for dif-
ferent subsurface structures [1]. For Gusev Crater we 

are currently studying scenarios for shallow longtime 
stable ice deposits [6]. 

The Phoenix Mission:  Phoenix is the first fully 
competed and investigator lead mission as part of 
NASA’s new Mars Scout program.  

Phoenix will study the history of water in all its 
phases.  The mission will be capable of quantifying the 
volatile inventory within the artic soil and search for 
evidences of wet chemistry. 

An important focus of Phoenix is the search for 
evidences of habitable zones and assessing the poten-
tial for biological activity at the ice-soil boundary. The 
lander will be equipped with instruments acquiring 
surface samples and testing for signatures related to 
biology. This equipment can easily detect organic 
molecules even in small amounts. 

Available Datasets:  The TES instrument on MGS 
and the THEMIS instrument on Mars Odyssey (MO) 
have already provided a wealth of information on the 
thermo-physical parameters of the Martian surface. 
However the coverage of the polar terrain is limited 
due to the orbit inclination of these missions. The re-
cently arrived ESA Mars Express (MEX) mission is on 
a polar orbit and provides therefore a much better cov-
erage of the polar region. The Planetary Fourier Spec-
trometer (PFS) on Mars Express will provide detailed 
thermo-physical data of the proposed landing area for 
Phoenix between 65° and 75°N.  

We will compile the available data and derive con-
strains for the surface properties. The different tech-
niques used and the different spatial scales make these 
datasets complementary and a combination might yield 
significant synergies. 

The thermo-physical data can be compared to 
imaginary and topographic data, as derived from MOC 
and MOLA on MGS and THEMIS on MO. Again 
MEX will complement this data by imaginary deliv-
ered by the HRSC.  

Stability of shallow ice deposits: Our studies of 
other areas on Mars [1, 5, 6] have shown that the sta-
bility of ice deposits close to the surface relies on a 
wide variety of parameters. For Gusev Crater for ex-
ample we found minimal burial depth of ice ranging 
from only 40cm assuming a cover of very fine dust 
with low thermal conductivity down to more than 2m 
assuming coarse grain sand on the surface [6].  

The constrains derived by remote-sensing on sur-
face properties like pore size or porosity are naturally 
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limited. It is necessary to study a wide range of values 
for these parameters. This is of special importance for 
the landing site selection. Based on the parameter stud-
ies worst and best case scenarios can be derived.  

GRS data for the northern circumpolar area indi-
cate ice abundances of up to 80% by volume within 
50cm below the surface. While some of this ice may 
be due to diffusion processes from the atmosphere, it is 
unlikely that such amounts can be produced by diffu-
sion only. However starting with an ice indurated soil, 
our preliminary results indicate that ice deposits within 
a depth of 50cm can be stable over long periods of 
time at these latitudes. The hydrogen enrichment found 
by GRS in the circumpolar area might therefore be the 
remnant of a once larger ice cap, as has already been 
suggested in the literature.  

However, the amount of 80% by volume ice re-
ported by GRS might be misleading. As already re-
ported in [1] we typically observe in our modeling an 
enrichment of ice just below the ice table. If ice is sub-
limated in the soil upward and downward diffusion in 
the pore space is observed. Water vapor reaching 

colder areas recondensates filling the pore space 
gradually. Depending on the characteristics of the sub-
surface material, this effect can be significant as shown 
in Fig. 1. 

An important issue which has to be kept in mind 
when using GRS data is the relatively large footprint 
of (~600km) of the instrument. The derived ice abun-
dance is an average over this area, but local variation 
might be significant. Phoenix is equipped with an arm 
which can dig trenches down to some 10’s of centime-
ters. The modeling we have performed for the Beagle 
2 landing site showed variations of more than 0.5m 
over the extension of the landing ellipse [5]. This 
modeling has been performed with a spatial resolution 
of only about 8km, equivalent to the resolution of the 

TES thermal inertia data [7].  Modeling for the Scout 
landing site has to be performed with a lateral resolu-
tion of far less than 1km and might show even larger 
local variations. High resolution maps of limits for the 
burial depths of ice will be derived using the BMST 
assuming a variety of parameters for the thermo-
physical properties of the surface material. 

Biological potential:   The potential for biological 
activity depends on a number of key parameters. One 
of the interesting questions is the temperature in the 
subsurface. While microbial life can be dormant over 
extended periods of time, active biological processes 
need temperatures not too far from the freezing point. 
These temperatures have to be reached close to the ice 
table, where at least temporally sufficient levels of 
humidity are available. 

Habitable zones in the subsurface will be limited to 
narrow depths bands. Even more important their po-
tential to support biological activity will vary over the 
seasons. Modeling the extend of these zones in depth 
and in time can significantly increase the chances of 
finding evidences for biological signatures. 

   
Summary: The Phoenix mission has the potential 

to be first lander to study shallow ice deposits in the 
Martian soil directly. The most critical issue is the se-
lection of the landing site.  

The BMST can contribute to this effort by studying 
the near surface layer with high spatial resolution. Sur-
face temperatures, volatile transport processes and the 
abundance of ice in the subsurface can be studied in 
details. The combination of thermo-physical data as 
derived from PFS on Mars Express, THEMIS on Mars 
Odyssey and TES on Mars Global Surveyor will sup-
port the modeling effort.  

We will result our very first results of the modeling 
effort and present a roadmap for further work. 
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Figure 1 Example of a model run showing the en-
richment of ice abundance just below the ice table

Lunar and Planetary Science XXXV (2004) 1243.pdf


