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Abstract
The main goal of the science-technology project
MARSES TDEM is the adaptation space technology
for geophysical searching frozen roks on the Earth and
during of the future space missions on Mars and Moon.

1. Introduction
There are many evidences that water once was abun-
dant on Mars. There are stream lined islands formed
by flowing water,flow patterns reminiscent of wadis in
Earth deserts, and outflow channels thought to have
been formed by sudden out-rush of subterranean wa-
ter. The secondary task is to measure the soil proper-
ties of the subsurface of Mars, which include porosity,
electrical resistance of the liquid phase,thermal con-
ductivity, temperature dependence. A main task of the
MARSES system is to examine changes in subsurface
properties of local areas regolith on the martian sur-
face, and to relate them to optical images and other re-
mote sensing data in order to understand the nature of
different terrain forms. The dryed up regions of Mar-
tian frozen rocks is considered to have been develop-
ing during more than 3.5 bln years, so the upper layer
boundary of permafrost can serve as an indicator re-
flecting the course of martian paleoclimate evolution
[1, 2].

2. Subsurface Science
Analysis of the ground-based geophysical cryolitho-
zone related to electromagnetic studies, which takes
into account characteristics of the preliminary electro-
dynamics model of martian cryolitozone. This model
based on the current geological concepts of the cry-
olithozone structure, on the estimations of the ice con-
taining material or wet fraction of subsurface horizons
at negative temperatures, on physicalchemical tran-
sitions in the solutions of KCl , NaCl, CaCl2 with
the martian regolith and so on. All of them show

the potential possibilities of the Mars electromagnetic
sounding in the depth range up to one kilometer both
the planetary surface or satellite orbit.The presence of
the low conductivity screens in the cross section struc-
ture and bad grounding conditions decrease the effi-
ciency of the traditional (or so called vertical methods
of electric sounding or VES) contact sounding meth-
ods. But such a screen is not a barrier for magnetic
field and in these conditions an inductive sounding
with controlled source is The usefulness of different
methods of the inductive sounding (frequency modu-
lation or impulsed one) in cryolithozone studies is de-
fined by the following factors:
- cryolithozone is characterized by the relatively low
conductivity of permafrost soil of weak contrast of
geoelectric section;
- the season variations of phase state of upper and deep
layers of martian surface may exit;
- the high and low conductivity screens at the surface
and in the depth of permafrost soil may also exit.
These aspects can limit the possibilities of the high
frequency sounding (HFS) method for Mars cryolitho-
zone structure studies. The experience in experimental
studies of permafrost clay formation in the earth con-
ditions, which are similar to martian permafrost soil,
shows that the depth limit of HFS methods is about 50
m.
Martian soils and subsurface geoelectrical structures
are substantially different according to their properties
in comparison with the pure surface ices and gletcher
ices on the Earth. The relative magnetic susceptibil-
ity of the Earth soils is close to 1, but Martian soils
may have much more higher values of magnetic sus-
ceptibility. Estimations show that the attenuation in
this environment could be several orders of magneti-
tude higher than in ice. Therefore even in martian
equatorial regions ( from -300 to +300 latitude ) with
several hundred of meters palagonites or montmoril-
lonites layers the HFS method could not give an infor-
mation about cryolitozone structure up to the depth of
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500 m, which is upper border of icebearing layer. In
the middle latitude region ( from 300 to 500 ) the depth
of upper border of permafrost layer should be equal
to 100-150 m and though at high latitudes it might be
even at the surface and in this case HFS method allows
one to measure the depth of permafrost[3, 4].
The difficulties of the estimation of attenuation (which
is in its turn the sounding depth) require the compar-
ative studies in the natural earth conditions close to
martian ones.

Figure 1: This is the example of the geoelectrical sec-
tion in the field testing by MARSES TDEM on the ge-
ological deposit Centralnoe in winter time under -25C

3. Comparative investigation of
martian and Earth’s frozen
rocks

The goals of the MARSES Experiment based on
the TDEM instrument is comparative investigation of
martian and Earth cryolithozone ( possible investiga-
tion of subsurface relics of martian life) and the inter-
pretation of geophysical data of subsurface soil struc-
ture [5, 6], including:
- the theoretical development of comparative models
of subsurface frozen structure for typical rocks which
formed martian cryolithozone in the mixture of poligo-
nites and montmorillonites;
- the development of the software package for de-
tailed analysis of subsurface martian structure, poros-
ity, electrical resistance of liquid phase, thermal con-
ductivity, temperature dependence, which are in agree-
ment with the interpretation of data obtained in the
field testing and laboratory supporting measurements;
-the estimation of maximum depth of sounding and
resolution of the MARSES instrument in the condi-
tions of rocks close to martian subsurface soil;
- possibility to study subsurface frozen water compo-
nent using TDEM instruments and induced polariza-

tion (IP) device in several areas which are close to
martian conditions: Antarctic, Iceland, Hawaii (vol-
canic area);
- improvements of hardware and software on the base
of the field studies in order to use in the earth condi-
tions, including environmental and geophysical appli-
cation, and future space experiments on the martian
surface.
Choosing right methods and instruments for Mars’
cryolitozone structure research is the present day task
for future missions on Mars. Data analysis of Mars’
near-surface element composition (Mossbauer spec-
trums from Mars Exploration Rovers) shows magnetic
materials presence on the surface. In some extent
it confirm the “theory of meteoriteMars’ upper crust
evaporating”. At the same time crust structure will de-
velop under any frequency or time-domain sounding
methods in additional induced polarization effects.

References
[1] Ozorovich Y.R., Linkin V.M., Smythe W., “Mars Elec-

tromagnetic Sounding Experiment – MARSES”, Pro-
ceedings of LPI Conference, Houston, 1999.

[2] Ozorovich Y.R., et al. “Geomonitoring shallow depth
structure and groundwater by MARSES TEM instru-
ment”, Proceedigs of SEG Conference , Houston , 1999.

[3] Ozorovich Yu.R., et al, “Operational system for ground-
water, salt/water intrusion and pollution determination
and monitoring”, July 2001, Proceedings of the Confer-
ence New Paradigms for the Pre-diction of Subsurface
Condition – EuroConference on the Characterisation of
the Shallow Subsurface:Infrastructure and Assessment,
Spa , Belgium.

[4] Ozorovich Yu., et al, “Operational system for ground-
water and pollution determination and monitoring” , “A
New Hydrology For the A Thirsty Planet”, Proceedings
of IAHS Scientific Assembly, Maastricht, The Nether-
lands, 18-27 July 2001, Workshops 7.

[5] Ozorovich Yu. R., et al, “Operational system for ground-
water and pollution determination and monitoring into
the coastal zones”, Proceedings of the SWIM17 - 17th
Salt Water Intrusion Meeting, Delft May, 2002.

[6] Ozorovich Yu. R., et al, “Operational System for
Groundwater,SaltWater Intrusion and Subsurface Pollu-
tion Determination and Monitoring into Coastal Zone”,
Proc. Interntl. Conf. On Soil and Groundwater Contami-
nation and Clean-up in Arid Countries. Muscat, January
20-23, 2003. Part II, pp.35- 36. Al-Nahda Press.


