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Abstract

We perform the stress field analysis of different
zones on the surface and in the lithosphere of Mars in
order to reveal the areas of maximum shear and
extensional stresses as potential marsquakes’ sources.
Joint analysis of recent gravity and topography data
truncated to degree 90 spherical harmonic in a frame
of the static method is applied. The source of gravity
anomalies is assumed to be the topographic loading
and density anomalies at the crust-mantle boundary.
Only non-equilibrium components of gravity and
topography fields are considered: an outer surface of
the hydrostatic equilibrium form of the planet is
taken as a reference surface for topography and
gravity field of Mars. Numerical calculations of
extension-compression stresses and maximum shear
stresses are carried out for an interior structure model
of Mars having 150-300 km thick lithosphere, with a
1x1 arc-deg spherical grid and up to 1000 km depth.

1. Introduction

Studying of stress field in the Martian interior is of
importance for forecasting seismic activity of the
planet (for the seismic exploration of Mars).
Discovery Program mission InSight (Interior
Exploration using Seismic Investigations, Geodesy
and Heat Transport) will place a single geophysical
lander with a seismometer in Elysium Planitia on
Mars to study its deep interior [1], as well as the
international project of Russian Space Agency and
European Space Agency suggesting seismic sounding
of Mars is under preparation [3]. The estimates of
global seismicity are reported in [2]. The youngest
volcanic and tectonic features near Elysium Planitia
are assumed to provide potential seismic sources.
The purpose of this paper is to reveal areas of large
shear and extension-compression stresses in the
lithosphere of Mars as possible marsquakes’ sources.

2. Method

Numerical simulation is based on a static approach
(the loading factors technique or the Green’s
functions method) [4], [5], [7]. According to this
method a planet is modelled as an elastic, self-
gravitational spherical body. It is assumed, that
deformations and stresses which obey Hooke’s law
are caused by the pressure of relief on the surface of
the planet and anomalous density dp(r, 0, o),
distributed by a certain way in the crust and the
mantle.

3. Interior structure model

As a benchmark real model for the planetary interior
we use a trial model of Mars M_50 from [6] which
satisfies  currently available geophysical and
geochemical data. The mean density of the crust is
2900 kg m3, the thickness of the crust is 50 km, the
density contrast at the crust-mantle boundary is 360
kg m3,

4. Results

The results of modelling at depth 10 km are
presented at figure 1.

The performed analysis shows that of particular
importance are the areas beneath the impact ring
basins, mascons Hellas Planitia and Argyre Planitia;
the areas adjacent to the Tharsis rise Mare Acidalia
and Arcadia Planitia; and huge canyon Valles
Marineris. Beneath these regions, both the maximum
shear stresses and the extensional stresses are quite
high.
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Figure 1: Non-hydrostatic shear stresses (up) and
extension-compression stresses (down, extensional
stresses are positive) at depth 10 km.
Lithosphere 300 km.

5. Summary and Conclusions

High non-hydrostatic stresses may lead to relatively
increased seismic activity for the above regions. The
results could be of interest for the forthcoming
seismic experiment on Mars. Investigation of areas of
large stresses would be useful for further seismic
events analyses.
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