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Introduction:  Morphological studies of Mars 

show mounting evidence for the widespread existence 
of near surface ground ice deposits even at low lati-
tudes. The unique images provided by the HRSC cam-
era on Mars Express has provided us with a wealth of 
morphological detail on these deposits [1]. In the last 
year we gained completely new insights into ice de-
posits on Mars with the NASA Phoenix mission for 
the first time directly studied ice on Mars [2] and the 
SHARAD instrument on the NASA MRO mission 
detecting clear evidence for glacial deposits in the 
equatorial regions of Mars [3, 4]. 

The open question is whether these deposits are 
formed in equilibrium with the current Mars atmos-
phere or whether they could be the remnants of an 
earlier climate cycle of Mars that would favor the 
deposition of ice and snow and the formation of de-
bris-covered glaciers [5, 6]. In order to address this 
issue we use the Berlin Mars near Surface Thermal 
model (BMST) to estimate the thickness of the subli-
mation lag on such ancient deposits. A comparison of 
these values with morphological evidence and the ra-
dar data will allow us to gain a deeper insight into the 
formation and stabilitiy of ice deposits on Mars.   

This modeling is accompanied by supporting labo-
ratory studies on the detectability of hydration features 
especially in the mid-infrared range as is, for example, 
observed by PFS on Mars Express. 

The BMST: Over the last six years we have devel-
oped the Berlin Mars near Surface Thermal model 
(BMST) that allows investigation of the detailed evo-
lution of an ice-rich deposit. The main features of the 
BMST [7,8] are 1) a high vertical resolution (down to 
the centimeter range), 2) a realistic treatment of the 
thermal properties of ice-rock mixtures, and 3) a de-
tailed treatment of gas flux within the subsurface. The 
thermophysical parameters, such as thermal conductiv-
ity, and the porosity of the matrix for each layer are 
recalculated in every time step. All parameters, includ-
ing water vapor transport, ice distribution 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 also the behavior of sub-
surface ice on a timescale where the soil has not yet 
reached thermodynamical equilibrium. This approach 
allows studying “young” ice-related deposits which 
might form in response to climate variations on short 

timescales as well as “old” persistent deposits. There is 
observational evidence showing multiple climatic cy-
cles on Mars. There are older cycles, in excess of of 5-
10 Ma, as shown by evidence of glaciation in mid-
latitude and equatorial regions [9] and a recent cycle 
on the order of 100-300 ka as shown for example by 
the layering in the polar caps [10] and a few million 
years,as shown by the latitude-dependent mantle inter-
preted to represent recent "ice ages" [11, 12]. 

Recent studies: 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 landing 
site in Isidis Planitia [13], showing that ground-ice 
deposits would not be expected within the reach of the 
MOLE instrument. We have also shown, using the 
BMST model, that a morphologically identified glacial 
deposit on the northwestern flanks of Hecates Tholus 
[7] very likely still contains a stagnant ice core. There 
are several units on Mars, especially on the flanks of 
volcanic edifices, which based on morphological evi-
dence, may be glacial deposits and which possibly are 
still ice-cored [9]. We are working on a more detailed 
analysis of the deposits on the flank of Arsia Mons, 
one of the Tharsis volcanoes [14]. 
Phoenix results: The highly successful NASA Phoe-
nix landed at 68°N in the arctic regions of Mars. We 
had studied the candidate landing areas for the 
 

Figure 1 Predicted ice content profile for the Phoenix 
landing site. 
NASA Phoenix mission as a typical example for lati-
tude-dependent mantling [11,12]. Apart from the mor-
phological evidence, the observations by the neutron 
and gamma-ray spectrometers on Mars Odyssey [15] 
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have shown that these deposits are very ice-rich below 
a thin desiccated mantle.  

Our models runs had predicted that the top of a 
persistent ground ice layer could be located just a few 
centimeters below the surface. Figure 1 shows one of 
the ice profiles we obtained with the BMST model. 

It should be noted that the profile shows a highly 
dessicated upper layer on top of an ice-enriched layer 
that caps a ground ice deposit. This profile shows a 
good agreement with the findings by the Phoenix mis-
sion: a layer of almost pure ice covered by a dry soil 
layer (Fig. 2). Especially the prediction of a dry top 
layer is interesting, as a formation by diffusion from 
the atmosphere would most likely lead to an increased 
humidity in the top layer. 

 
Figure 2 Ice deposit under the Phoenix lander 
(NASA/JPL Caltech/University of Arizona/Max 
Planck Institute) 

Equatorial deposits: We have in the past studied 
the possibility of mid-latitude to equatorial ice depos-
its, especially addressing the modification of the di-
chotomy boundary by glacial and periglacial proc-
esses. Typical examples of morphological structures 
associated with this modification are northern mid-
latitude lineated valley fill and lobate debris aprons 
[16]. 

Recently the SHARAD instrument on MRO has 
gathered compelling evidence for the existence of ex-
tensive buried glacial ice in ancient debris-covered 
glaciers in both eastern Hellas [3] and in valleys and 
deposits around basal massifs at the dichotomy bound-
ary in the northern hemisphere [4]. These deposits 
consist of almost pure ice covered by an ice free debris 
layer.  

In the current Mars climate surface ice would be 
unstable at these latitudes. So the formation of the de-
bris-covered glacier must date back to a different cli-
mate period on Mars favoring ice deposition in equato-
rial and mid-latitude regions [5,6].  

Applying the same technique as done previously 
for the Hecates Tholus deposit [7] we are working on 
estimates for the maximum thickness of the sublima-
tion till covering the glacial deposit. The BMST is 
based on the idea that ice dposits are under current 
conditions not stable and that sublimation will occur. 

As a dynamical model we can follow the sublimation 
of the ice and derive a maximum velocity for the 
downward migration of the ice table. We call this 
number the burial gradient. With this gradient and the 
age of the deposit derived from crater counts we can 
give a strict upper limit for the thickness of the subli-
mation lag. Figure 3 shows the evolution of the burial 
gradient for a test run with the BMST in the Hellas 
region. We get a final burial gradiant of approx. 2 10-7 
m/a. Extrapolating this number linearly we can con-
clude that the sublimation lag can not be thicker than 
approx. 60m if we assume an age of 300Ma.  

 
Figure 3 Upper limit for burial depth of a debris-
covered glacial deposit in eastern Hellas 

Conclusions: Evidence is mounting now for the 
existence of  vast deposits of subsurface ice also in the 
mid-latitude and equatorial regions of Mars. Our mod-
eling combined with the morphological evidence lead 
us to the conclusion that we are seeing here the rem-
nants of ancient Martian “ice ages” rather than recent 
superficial deposits of ice in equilibrium with the at-
mosphere and produced by vapor diffusion. 
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d(100Ma) ≈ 20m 
d(300Ma) ≈ 60m 
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