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Introduction: The Mars Express and Begle-2 

lander gives possibility for detailed orbital analysis of 
the subsurface ice at the great basins with GPR, and 
in-situ analysis at the Early-Noachian aged Isidis 
Planitia [1]. In this work we summarize implications 
for the subsurface ice distribution and one possibility 
to use it as indicator of the last great climate change. 
This could hold information on planetary evolution 
[2,3]. 

Basic aspects: Isidis planitia is interesting among 
the great basins on Mars because of the following 
reasons: 1. The basin is closed in the subsurface zone 
based on its contact toward the Northern Plains. 2. 
Isidis is nearly same sized like Argyre but filled with 
basaltic cover. 3. At the edge of the basin two strati-
graphic units are in visible contact: the old cratered 
upland and the younger basaltic lowland. 4. Isidis 
had collected the subsurface and surface runoff water 
from a significant area. 5. Depth of the Noachian 
aged subsurface crust: Argyre’s depth is 5200-4000 
m below its great circular fault, the same value for 
Isidis is around 2900-3900 m (measuring the eleva-
tion difference between the circular fault and the top 
of the basalt infill). These are minimal values because 
Isidis is somewhat greater in size. We can assume 
max. 1-2 km thick basaltic cover at Isidis Planitia. 
Another approach is based on the outcrops of the 
blocks near to the edge of the basin. We had assumed 
that blocks had formed by similar process like ones at 
the edge of the southern uplands north of Isidis. The 
height of these blocks are max. 650-700 m. The dis-
tance of the outcrops of blocks at Isidis are max. 100 
km from the edge of basalt cover. This suggest min. 
1.2º slope angle for the outer part of the basalt cover. 
The max. vertical elevation of “small” peaks around 
Isidis are 1500 m above the surrounding, wich sug-
gest slope angle of 2.6º. This gives important infor-
mation on the thickness of basalt cover near to the 
edge but very uncertain results for the whole basins‘ 
depth which could be smaller than 3-4 km. Taken the 
upper depth values the possible pressure below the 
lava sheet are in the order of 100 atmosphere which 
can cause decomposition of ancient sediments below 
the lava sheet. These sediments could have been 
shielded by the basaltic cover form the aggressive 
atmosphere, and pressure driven chemical alterations 
could have happened. The possible escaping gas 
could be observable with Beagle-2 lander, and the 
suspected mud volcanoes could be the result of this 

process too [4]. Based on analogy from the Earth the 
effective porosity on basaltic lava flows are low ex-
cept between individual flows which cause horizontal 
porous layers as possible sinks of subsurface volatiles 
with great permeability [5]. 

Theory waiting for test: Great question is the 
consequence of the supposed climate changes [6,7,8] 
on the subsurface temperature and pressure. Theo-
retically we can devide into two kinds the global 
warming periods of Mars: the “internal induced” 
warming when subsurface heat source results melting 
of cryosphere and volatile release. In this case the 
cryosphere melts form the bottom toward the top at 
the location of the intrusion. The other one is the “ex-
ternal induced” where the atmosphere gets volatiles 
first from surface sinks (polar cap). In both cases 
global warming begins with atmosphere thickening 
and growing of greenhouse effect. Beside the loca-
tion of any volcanic center, during the global warm-
ing the surface gets warmer, and the heat is slowly 
conducted downward. Because of differences in the 
thermal conductivity of flood basalt and highland 
material (which is basaltoid too) and their ice con-
tent, the isotherms sink with somewhat different 
speed at different locations. There is difference in the 
permeability too: the highland material probably has 
greater while flood basalt has smaller and good per-
meability in horizontal oriented layers. Based on the 
upper mentioned, theoretically we can account on the 
phenomena visible in Fig. 1. Global warming begins 
(A), heat gets below the surface by conduction  and 
isotherms sink while isobars rise, if we account on 
free intergranular gas contact between the subsurface 
and the atmosphere. Liquid water appears at that lo-
cations where the required temperature and pressure 
frontiers overlap (C). The consequences are: 1. liquid 
water first appears below the surface, 2. the aquifier 
is closed from below by the ice filled layer (we sus-
pect non zero value for effective porosity too which 
make the case somewhat different form simple closed 
situation). 3. The final shape of the ice surface de-
pends on the draw down of groundwater flow, on the 
topography and on the effect of the length and tem-
perature of the warm period (E1, E2). In reality the 
process may be far more complicated and several 
other parameters have effect on the shape of the final 
ice surface than mentioned here. 
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Fig. 1. 

 

Conclusion: We suppose that the subsurface ice 
layers’ surface and its relation to the topography hints 
on the characteristics of the last warm period. The 
best locations for this analysis are at undulating to-
pography with great height differences, at great ba-
sins or at the frontier between lowlands and up- 
lands. In the case of Isidis Planitia we can observe 
the effect of regional slopes, a transitional case at the 
contact with the northern uplands, and in-situ surface 
analysis. The differently elevated basins inside the 
southern upland (Fig. 2.) can point out differences in 
the height of subsurface ice layers and help in the 
reconstruction of the offset of the last great warming. 
These can help to answer the following questions: 
Does global climate changes effect the subsurface 
volatiles first – or the surface signs liquid water isthe 
result of release from surface reservoires (polar caps, 
impact location)? Can Mars have two liquid water 
layers during global warming (one is heated from the 
surface, the other is the heated by geothermal heat)? 

Observable signs of subsurface structures: 1. 
GPR and topography correlation would point to the 
style of the last great warming on Mars. 2. Beagle-2’s 
Mole gives the possibility to observe subsurface gas 
enviroments. Any possible fluvial or limnic sedi-
ments below the basaltivc lava cover may contains 
gas/water bearing minerals like clathrates and can 
steam to the surface. On the Earth the upward migra-
tion of the products of hydrate decomposition can 
take part in the mud-volcanism [9]. 
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