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Introduction:  There are several units on Mars 

which have been interpreted as glacial deposits based 
on morphological evidence. Many of these units are 
found on the flanks of volcanic edifices. The recent 
imaging by the HRSC camera on Mars Express has 
provided us with a wealth of new examples and greater 
morphological detail [1]. These include very young 
deposits, for example on the flanks of Hecates Tholus 
[2]. We have recently studied this deposit and found a 
high likelihood that it is still ice cored [3]. We have 
now started to study other similar deposits. Our current 
focus is the Arsia Mons fan-shaped deposit [1, 4]. We 
will report some preliminary results of our prospecting 
for ice in one of the young units of the Arsia Mons 
deposit. 

Arsia Mons flank deposits: The Arsia Mons 
shield volcano has an 180,000-km2 fan-shaped deposit 
present on its west-northwestern flank (Fig. 1). Previ-
ous work suggests that this fan-shaped deposit repre-
sents the depositional remains of a large cold-based 
glacier that formed on the west-northwestern flank in 
the late Amazonian [4]. One of the three main facies 
(smooth facies; Fig. 1) was interpreted as debris-
covered rock glaciers [5]. 
 

 
 Figure 1: Arsia Mons fan-shaped deposit (black line) 
and smooth facies (SF, white line) from [5] 

 
An 8 to 15-km-wide graben cuts through the center 

of the Arsia fan-shaped deposit (Fig. 1). This graben 
contains arcuate fill material that appears to originate 
at two cirque-like alcoves along the base of the scarp 
in the SE corner with concentric ridges indicating 
northward flow within the graben [5]. It has been sug-

gested based on the topography that the fill material 
may still be ice-cored [5]. 

A mapping of the stratigraphy of the whole deposit 
is currently underway. The major deposit at Arsia has 
an age of several hundred million years based on im-
pact crater counts [10]. However there are small units 
including the smooth material filling and overflowing 
the graben with much younger ages, possibly 10’s of 
Ma [10]. 

 

  

 
Figure 2: TOP Albedo – BOTTOM Thermal inertia, 
both derived from TES data and projected on MOLA 
topography [6,7] 
 

From the thermophysical point of view the deposit 
seems to be covered by a very fine dust with a low 
thermal inertia. The albedo and thermal inertia as de-
rived from TES data for the region are shown in Figure 
2 projected on MOLA topography [6,7]. The albedo 
distribution is very narrow ranging from 25% to 32% 
with distinctive maxima at 29-30%. Similar the distri-
bution of thermal inertia values is very narrow with 
almost 90% of the values below 100 Jm-2s-1/2K-1. Un-
fortunately only very few datapoints are available for 
the thermal inertia determination in this area. However 
a comparison with THEMIS nighttime IR data (eg. 
I05129002) confirms the  existence of a dust layer 
with a very low thermal conductivity.  

Climate Modeling:  A number of studies using 
GCMs have been done to understand the scenario of 
glacier formation. Most recently a study [8] has shown 
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that at high obliquity (e.g. 45°), ice accumulates on the 
western flanks of the great Tharsis volcanoes and leads 
to the formation of glaciers if the current northern po-
lar cap remains a source of water. This includes the 
Arsia Mons flank deposit. The agreement between 
observed glacier landform locations and model predic-
tions points to an atmospheric origin for the ice and 
permits a better understanding of the details for forma-
tion of Martian glaciers. Using the same model, it was 
shown that when Mars returns to lower obliquity, the 
low and mid-latitude glaciers on the surface become 
unstable, ice partially sublimes and tends to accumu-
late in both hemispheres above 60°. 

The BMST: Using the Berlin Mars near Surface 
Thermal model (BMST) we have started to look at the 
detailed evolution of a glacial deposit under current 
day obliquity conditions. The main features of the 
BMST [3,9] are a high vertical resolution down to the 
centimeter range, the realistic treatment of the thermal 
properties of ice-rock mixtures and a detailed treat-
ment of gas flux within the subsurface. The thermo-
physical parameters like thermal conductivity and the 
porosity of the matrix for each layer are recalculated in 
every time step. All parameters including water vapor 
transport, ice distribution and changes in the porosity 
can be monitored. The model is evaluating the diffu-
sion based on the matrix properties including porosity, 
pore size and tortuosity and traces the actual move-
ment of volatiles with the matrix. This dynamic ap-
proach allows one to study the behavior of subsurface 
ice on timescale where the soil has not reached a ther-
modynamical equilibrium.  

Prospecting for ice: For the study presented here 
we have focused on the graben that cuts through the 
center of the Arsia fan-shaped deposit, (AGF on fig1. 
see [5]).  

 We did an initial test run assuming a two layer 
model for the subsurface; a base layer covered by a 
dust layer of variable thickness. For the moment we 
assume that an ice and dust mixture, possibly in the 
form of snow fall, has been emplaced at some point in 
the past during a phase of higher obliquity. We do not 
consider for now periodic emplacement of further ice 
during any of the minor climate cycles. This will be a 
subject of follow-up studies. 

For now we followed a similar approach as done 
for the flank deposit at Hecates Tholus [3]. We derive 
limits for the burial depth of ice based on the velocity 
vD of the downward moving ice table. The decrease in 
downward motion due to sublimation follows an ex-
ponential law. Therefore values for vD derived from 
runs over only a few 10 thousand years are very gen-
erous upper limits. Extrapolating vD linearly yields a 

very robust upper limit on the depth of the theoretical 
ice table.  

For the test run we assumed a bright cover with an 
albedo of 30% for the graben as suggested by the TES 
measurements. For the thermal inertia we used the 
upper limit of 100 Jm-2s-1/2K-1 which translates to a 
thermal conductivity of ~0.02WK-1m-1. The initial 
snow-dust mixture has properties similiar to fine sand 
with a porosity of 0.2, a tortuosity of 3.0 and a pore 
radius of 10µm. All of these are conservative estimates 
and will tend to increase the velocity of the ice table 
movement. Therefore this test run is extreme in its 
capability to remove ice from the subsurface. A more 
realistic scenario will yield much lower velocities and 
therefore shallower depths to the ice table. 

Figure 3: Velocity of the downward moving ice table 
over time for the first test run  
   

Preliminary conclusions: From our first test run 
we have obtained an upper limit for vD of ~ 1 µm/a 
after a 60 thousand year model run (Fig. 3). If we con-
sider the fact that the fill material in the graben is at 
least a few hundred meters thick, this preliminary es-
timate for the evolution of a sublimation till indicates 
that even after 20 million years parts of this deposit 
should still be ice cored.  

 A much more detailed analysis of the whole flank 
deposit is underway. This will allow us to understand 
in more detail the evolution of the glacial deposits and 
can provide an estimate of amounts of ice that may still 
exist on the flanks of Arsia Mons. 
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