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Abstract

Seismically active regions are associated with fault
systems and the movement of these faults influences the
nature of stress accumulation/release in that region. For
an in-depth analysis of the effect of such movement, we
here developed a mathematical model by considering a
surface breaking, inclined, finite strike-slip fault in the
visco-elastic medium of Burger’s rheology. The caused
deformation in the medium was then considered. Analyt-
ical expressions for displacements, stresses and strains
were derived using Green’s function technique and
Laplace transform. The variation of displacements,
stresses and strains due to the locked fault was studied.
These variations are graphically depicted for different
inclinations of the fault with the free surface and for
different fault movement velocities using MATLAB.
Such studies may shed some light on the nature of stress
and strain accumulation/release due to fault movement in
Burger medium.
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1 Introduction

Earthquake is the shaking of the surface of the earth,
resulting in the sudden release of energy in the earth’s
lithosphere that creates seismic waves. Tectonic earthquakes
occur when there is sufficiently stored elastic strain energy to
drive fracture propagation along a fault plane. Recently,
researchers have shown an increasing interest in the study of

the nature of stress and strain accumulating/release due to
fault movement in seismically active regions. While ana-
lyzing the dynamics of the earthquake process in that region,
the study must be carried out not only during seismic periods
(when an earthquake takes place) but also during the
apparently static aseismic periods which involve slow, sub-
surface movements. These phenomena stimulated us to
develop a mathematical model during aseismic periods to
study the stress–strain accumulation/release due to seismic
event.

A pioneering work on earthquake fault including static
ground deformations in elastic media was started by Steketee
(1958a, b). Okada (1986) presented an analytical expression
for the surface displacements, strains and tilts due to inclined
faults in a half-space for point and finite rectangular sources.
Further, Okada (1992) calculated the internal displacements,
strains and tilts for the same model as explained in 1986. In
his book, Paul Segal (2010) has vividly described the elastic
solution in continuum mechanics including the basics of
volcano deformation and some advanced topics including
visco-elasticity, elastic gravitational coupling and friction.
Mondal et al. (2018) developed the effect of movement of an
infinite, buried, inclined fault in visco-elastic half-space of
Burger’s Rheology.

In most of these cases, the material is taken as elastic or
visco-elastic half-space of Maxwell type or layered medium
of standard linear solid representing the lithosphere-
asthenosphere system. To the best of our knowledge, no
theoretical model has been previously developed with finite
fault in the visco-elastic half-space of Burger element type to
represent earthquake faults. Hu (2016) suggested that Bur-
ger’s type visco-elastic material may be a suitable repre-
sentation of the lithosphere-asthenosphere system in the
seismically active region during aseismic periods. Also,
Burger’s rheology has been used to describe post-seismic
deformations as found in Pollitz (2003) and Hetland and
Hager (2005). The Burger model which is the combination
of Kelvin-Voiget and the Maxwell type material gives a
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comprehensive model for deriving time-dependent solutions
for displacements, stresses and strains.

2 Model Description

In this paper, a theoretical model of a finite, strike-slip fault
in the lithosphere-asthenosphere system in visco-elastic
medium of Burger’s rheology was considered. The fault
was taken to be inclined to the free surface, and the nature of
displacements, stresses and strains was analyzed. Graphical
representation of displacements, stresses and strains for
different inclinations of the fault and various fault movement
velocities was depicted from the analytical study.

A three dimensional theoretical model of a finite, locked,
surface breaking, inclined, strike-slip fault of length 2L (L-
finite), width D and inclination h with the free surface was
taken in the lithosphere-asthenosphere system. To represent
this, we introduced a rectangular Cartesian co-ordinate sys-
tem (y1, y2, y3) with plane free surface as y3 = 0, y3 axis
points to the half-space, y1 is on the free surface parallel to
the upper edge of the fault, y2 axis is perpendicular to y1–y3
plane. For convenience, we introduced a new co-ordinate
system (y′1, y′2, y′3) as shown in Fig. 1 which is related to
(y1, y2, y3) via the following relations;

y01 ¼ y1; y02 ¼ y2 sin h� y3 cos h; y03 ¼ y2 cos hþ y3 sin h

To determine the displacements, stresses and strains, we
considered the constitutive laws in the Burger medium
which gave a relation between stress and strain including
time derivatives. If the inertial forces are too small for a
small deformation then the acceleration can be taken to be

negligible and the body forces will not act in the system
during our consideration. Under such situation, we consid-
ered the quasi-static equilibrium equations for the
visco-elastic half-space. Along with the constitutive equation
and stress equation of motion, suitable boundary conditions
on stresses and initial conditions were taken. We started with
a situation when the system is in an aseismic state. In this
case, the displacements, stresses and strains are continuous
throughout the system and their solutions can be found by
using Laplace transform w.r.t time t to get a boundary value
problem. Finally, inverse Laplace transform was considered
to get the solutions for displacements, stresses and strains in
the absence of any fault movement. It is to be noted that due
to the sudden movement across the fault, the accumulated
stress will be released at least to some extent and the fault
becomes locked when the shear stress near the fault has been
sufficiently released. For a comparatively short period of
time during and after sudden fault movement, the inertial
forces are not small and cannot be neglected. We leave out
this short period of time during and immediately after sud-
den fault movement and consider the model after the
restoration of the aseismic state which occurs when the
seismic disturbances near the fault gradually disappear. We
determined the displacements, stresses and strains during
this second phase of aseismic state which is restored in the
system after the sudden fault movement. The solutions of
displacements, stresses and strains of this phase can be
obtained using Laplace transform and Green’s function
technique (Maruyama 1966; Rybicki 1971). Hence, the final
solutions for displacements, stresses and strains can be
obtained by taking the sum of displacements, stresses and
strains before and after the fault movement.

3 Discussion

Some graphical representations of analytical expressions for
displacements, stresses and strains against variation in depth,
distances from the fault, inclinations and time were plotted
which can depict the pattern of displacement, stress and
strain accumulation/release due to fault movement in a
Burger medium. Such representation may help develop an
earthquake prediction program.

4 Conclusions

The explicit expressions for displacements, stresses and
strains for a surface breaking, locked, inclined, finite
strike-slip fault in visco-elastic half-space of Burger’s rhe-
ology have been obtained. These analytical solutions are
useful in modeling the lithospheric-asthenospheric defor-
mation associated with strike-slip faulting in the earth.

Fig. 1 A finite, surface breaking, inclined, locked strike-slip fault in
visco-elastic half-space of Burger medium
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Graphically, it was observed that the nature of displace-
ments, stresses and strains were affected by the variation of
inclination of the fault with free surface, velocity of the fault
movements. The model was validated numerically and
computed using suitable values of the model parameters. It
was observed that the total displacement due to an infinite
fault in a Burger medium (Mondal et al. 2018) is greater than
that of a finite fault in the same medium. Permanent surface
deformations which occur as a result of faulting can be
measured by geodetic survey carried out before and after an
earthquake. It was also observed that there are stress accu-
mulation and release due to fault movement. The nature and
the rate of stress accumulation/release near the fault may be
used to study the behavior of the medium.
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