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Abstract

Noting that the Real Earth being highly laterally inhomogeneous
where, the rigidity of the material of the Earth gradually increases/
decreases as we go apart from any earthquake fault .In the present
paper the lithosphere- asthenosphere system is considered up to a
depth of 200 km. from the free surface where rigidity is assumed
to vary linearly with distance from the fault. We have tried to de-
velop a mathematical model to investigate the effect of this variation
of rigidity with distance on stress and strain accumulation/release
in the lithosphere-asthenosphere system due to the movement across
the long strike slip fault assumed to be situated vertically and sur-
face breaking. The associated boundary value problem is numerically
solved by finite difference method in presence of discontinuity and
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a MATLAB program is developed. It is found that the continuous
change of rigidity with distance from the fault has considerable effect
on the nature of stress-strain accumulation /release in the system as
compared to the elastic half-space and elastic layered model.

Keywords: Intraplate earthquake, long strike slip fault, inhomogeneity, Mantle

convection, Stress accumulation.

1 Introduction :

Large earthquakes within stable continental regions show that significant amounts

of elastic strain can be released on geological structures far from plate bound-

ary faults, where the vast majority of the Earth’s seismic activity take place.

The 1811-1812 New Madrid events in the Mississippi valley are classical ex-

amples of large intraplate earthquakes (e.g Nuttli,1963;Johnston ,1996;Hough et

al.,2003),but the reason of such intraplate earthquake is not still clear. In our

present paper we have tried to develop a mathematical model to investigate the

possible reason of such intraplate earthquake and its spatial prediction.

In the layered model (vertical/horizontal) the rigidity or the viscosity of dif-

ferent layers were taken to be different with a suitable boundary condition at

the interface. But the sudden changes of the parameters (rigidity/viscocity)

were not well explained. And also, it is the experimental result that the rigid-

ity of the Earth crust continuously changes as we go distance apart from any

fault.(Rybicki.K and Kasahara . K ,1977).

In our paper we have considered an elastic half-space with continuously in-

creasing/decreasing rigidity with distance from the fault and a long strike slip

fault is considered to be situated in the medium. The fault is assumed to un-

dergo a sudden slip when the stresses in the region exceed certain threshold value.

The medium is under the influence of tectonic forces due to mantle convection or

some related phenomena

Numerical computational works have been carried out with finite difference

scheme in presence of discontinuity, suitable values of the model parameters and

the nature of the stress and strain accumulation in the medium are obtained

both before and after movement across the fault, following the observational data

mentioned by (Chift, P., Lin, J. and Barcktiausen, U. 2002), (Karato Shun-Ichiro.

2010).
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Associated MATLAB program is developed. The convergence and stability

analysis of the associated finite difference scheme have also been done. Higher

dimensional interpolation (Lagrange’s Interpolation) and higher dimensional nu-

merical differentiation are used for stress and strain calculation.

The solution shows a significant change both in quantitative and qualitative

behavior in the nature of displacement, stress and strain field as compared to the

elastic half-space and elastic layered model.

In our present paper we have shown that the continuous change of rigidity

of the Earth material may be one of the possible reasons for intraplate earth-

quake.Also, spatial prediction of earthquake has been done.

In the earlier models, the Earth was represented by an elastic half-space (Chin-

nery, M.A. 1961; 1964; 1965), (Maruyama, T. 1964; 1966), (Rybicki, K. 1971),

(Chinnery, M.A. et al., 1972), (Singh, S J. and Rosenman, M. 1974), (Matsu’ura,

M. and Sato, R. 1975), (Rani, S. and Singh, S J. 1992), (Sen, S. et al. 1993),

and/or elastic layer (Steketee, J A. 1958), (Segal, P. 2010), and/or elastic layer

over viscoelastic half-space (Nur, A. and Mavko, G. 1974), (Mukhopadhyay, A.

and Mukherjee, P. 1979), (Cohen, S.C. 1980), (Mukhopadhyay, A. et al. 1980),

(Ghosh, U. et al. 1992), (Savage, J C. 1998), (Mondal, S. C. et al. 2018), (Kundu,

P. et al. 2021), or viscoelastic layer over viscoelastic half-space (Debnath, S.K

and Sen, S. 2013).

2 Formulation

We consider a long strike-slip surface breaking vertical fault F, width D situated

in an elastic half space of linearly increasing/decreasing rigidity. A Cartesian

coordinate system is used with a suitable point O on the strike of the fault as the

origin, the strike of the fault along the X axis and Y axis is as shown in Figure 1,

and Z axis pointing downwards, so that the fault is given byF : (y = 0, 0 ⩽ z ⩽

D).

Let u be the displacement component along X-axis, τ1j,e1j, j= 2,3 be the

stress and strain components associated with strike slip motion and µ (y) is the

effective rigidity which is a continuous function of distance y from the fault.

For an elastic medium the constitutive equations associated to long strike slip

fault are taken as:

τ12 = µ(y)(e12) = µ(y)
∂u

∂y
(1)
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τ13 = µ(y)(e13) = µ(y)
∂u

∂z
(2)

The stresses satisfy the following equations:(assuming quasi static deformation

for which the inertia terms are neglected and the body forces do not change during

the investigation).

∂(τ12)

∂y
+

∂(τ13)

∂z
= 0 (3)

The boundary conditions are taken as, with t=0 representing an instant when

the medium is in aseismic state:

τ12(y, z) = τ∞(t), as |y| = d, z ⩾ 0, t ⩾ 0 (4)

, where d is sufficient large .

On the free surface,

z = 0, (−∞ < y < ∞, t ⩾ 0), τ13(y, z) = 0 (5)

Also, as

z → ∞, (−∞ < y < ∞, t ⩾ 0), τ13(y, z) = 0 (6)

[where τ∞(t) is the shear stress maintained by mantle convection and other

tectonic phenomena].

3 (A) Solutions in the absence of any fault dis-

location:

Using equations (1) & (2) in (3), we get the boundary value problem

∇2u+
kF

1± kF |y|
∂u

∂y
= 0 (7)

where µ(y) = µF (1±kF |y|) is the rigidity on the fault andkF=0.0016/km.(the

value of kF is estimated by least square method), µF = 3× 1010newton/m2

We solve the boundary value problem (7) with the boundary conditions (4)

to (6) by finite difference method.
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We have the finite difference scheme as

(
2

h2
+

2

k2
+

1

h
.

kF
1± kF |yi|

)ui,j =
1

h2
ui−1,j +

1

k2
(ui,j+1 + ui,j−1) + (

1

h2
+

1

h
.

kF
1± kF |yi|

)ui+1,j

(8)

yi = ih , i = 0,±1,±2,±3, .......,±300 zj = jk , j = 0, 1, 2, 3, 4, ............, 600

where h=step length along Y axis and k=step length along Z axis.

Boundary conditions before dislocation:

ui+1,j − ui,j =
τ∞(t)

µF (1± kF |yi|)
(9)

for i = ±300 , j = 0, 1, 2, 3, ......, 600

ui,j+1 − ui,j = 0 (10)

for i = 0,±1,±2, ........± 300 , j = 0, 600

using the boundary conditions (9) & (10) in finite difference scheme (8) we

get the modified finite difference scheme as

(1 +
h2

k2
)ui,j −

h2

k2
ui,j−1 − ui−1,j = (1 +

hkF
1± kF |yi|

)
τ∞(t)

µF (1± kF |yi|)
(11)

From the numerical solution we find thatτ12increases with time and

tends to τ∞(t) as t tends to ∞ , while τ13 tends to zero.

3. (B) Solutions after the movements across the fault (dislocation):

We assume that after a time T1 the stress componentτ12(which is the main

driving force for the strike-slip motion of the fault) exceeds the critical valueτc,

the fault F starts slipping. Then we have an additional condition characterizing

the dislocation in u due to the slipping movement as:

[(u)]F = ∇Uf(z)H(t1) (12)

where, H(t1) is the Heaviside function,t1 = t−T1 , ∇U (slip across the fault) is

constant,f(z) is the slip function which satisfies (A) and [(u)] F = the discontinuity

18



Debnath S.K et al. Volume 4 Issue 1 May 2026

of u across F given by

[(u)]F = lim(y→0+)(u)− lim(y→0−)(u) (13)

y = 0, (0 ⩽ z ⩽ D).

We assume that the geological conditions as well as the characteristic of the

fault is such that when the stress-component τ12 reaches some critical value, say

τc < τ∞(t) then the fault F starts slipping.

For bounded stress and strains, the slip function should satisfy the following

conditions as discussed in (Mukhopadhyay, A. et al. 1980).

(C1) Its value will be maximum on the free surface.

(C2) The magnitude of the slip will decrease with z as we move downwards and

ultimately tends to zero near the lower edge of the fault. (y = 0, z = D). The

slip function f(z) should satisfy the above conditions. We try to find the solution

as,

u = (u)1 + (u)2

τ12 = (τ12)1 + (τ12)2

τ13 = (τ13)1 + (τ13)2

e12 = (e12)1 + (e12)2

e13 = (e13)1 + (e13)2

where (u)1,(τ12)1 ,(τ13)1 ,(e12)1 ,(e13)1 respectively are displacement, stress,

strain before the fault dislocation satisfying equations (1) to (6) and(u)2 ,(τ12)2

,(τ13)2 ,(e12)2 ,(e13)2 respectively are displacement, stress, strain after the fault

dislocation satisfying the modified boundary value problem.

The resulting boundary value problem can now be stated as:(u)2 satisfies 2D

Laplace equatrion

∇2(u)2 +
kF

1± kF |y|
∂(u)2
∂y

= 0 (14)

With modified boundary conditions (12) & (13) and the other boundary condi-

tions remains the same as before. We solve the resulting boundary value problem

by finite difference method (finite difference method in presence of discontinuity)
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and get the modified finite difference scheme as :

(
2

h2
+

2

k2
+

1

h
.

kF
1± kF |yi|

)(u)2i,j =
1

h2
(u)2i−1,j +

1

k2
(u)2i,j+1 + (u)2i,j−1)+

(
1

h2
+

1

h
.

kF
1± kF |yi|

)(u)2i+1,j

(15)

yi = ih for i = 0,±1,±2,±3, .......,±300 zj = jk for j = 0, 1, 2, 3, 4, ............, 600

(u)2i+1,j − (u)2i,j = 0 (16)

for i = ±300, j = 0, 1, 2, 3, ......, 600

(u)2i,j+1 − (u)2i,j = 0 (17)

for i = 0,±1,±2, ............± 300, j = 0, 600

(u)2i,j+1 − (u)2i,j = ∇Uf(zj) (18)

for i = 0 , j = 0, 1, 2, ....., 10

Using the boundary conditions (16) to (18) in (15), we get

(u)2i,j =
1

(1 + h2

k2
)
[
h2

k2
∇Uf(zj) + (u)2i−1,j +

h2

k2
(u)2i,j−1] (19)

3. (C) Convergence and Stability Analysis:

For the linear partial differential equation

f1 uy2y2 + f2 uy3y3 + f3 uy2 + f4 uy3 + f5 u = f6 in a region R,

The difference scheme will be of the form

β0 u((y2)i, (y3)j) + β1 u((y2)i + h1, (y3)j) + β2 u((y2)i, (y3)j + h2)

+β3 u((y2)i − h3, (y3)j + β4 u((y2)i, (y3)j − h4)=(f6)ij
(20)

here f1,f2, f3, f4, f5, and f6 are continuous functions ofy2 and y3 and following

(Jain, M, K. et.al. 1994), we get coefficient values as:
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β0 = (f6)i,j−
[

1
h1h3

{2(f1)i,j + (h3 − h1)(f3)i,j}+ 1
h2h4

{2(f2)i,j + (h4 − h2)(f4)i,j}
]
,

β1 =
2(f1)i,j+h3(f3)i,j

h1(h1+h3)
, β2 =

2(f2)i,j+h4(f4)i,j
h2(h2+h4)

,

β3 =
2(f1)i,j−h1(f3)i,j

h1(h1+h3)
, β4 =

2(f2)i,j−h2(f4)i,j
h2(h2+h4)

.

By applying difference scheme (8) at all the nodal points in the region R, we

get a system of algebraic equations with the same number of equations as the

number of unknowns and this system of equations can be written in the matrix

form

AX=B (21)

Under the following conditions

2(f1)i,j > max [h3|(f3)i,j|, h1|(f3)i,j|] , 2(f2)i,j > max [h2|(f4)i,j|, h4|(f4)i,j|] .
(22)

We have

β0 < 0 and |β0| > β1 + β2 + β3 + β4 (23)

i.e. off –diagonal terms of A are positive, diagonal elements are negative and A

is diagonally dominant. Thus, the matrix A is irreducible and by these properties

we assume the convergence of system of equations.

In our problem the linear partial differential equation is given by (7) i.e.

f1 = f2 = 1, f4 = f5 = f6 = 0, and f3 = kF
(1±kF |y|) for a square network

with (h = k). So, the condition (22) is satisfied for all values of (y) when (kF =

0.0016/km)

It is important to note for the elliptic equation method of support operators

(which we use for the finite difference scheme) that automatically gives us a stable

finite- difference schemes (Shashkov. M. 1996).

4 Numerical Computations:

Following (Aki, K and Richards, P G. 1980) and recent studies on rheological

behavior of crust and upper mantle by (Karato Shun-Ichiro 2010), (Matsu’ura,

M. and Sato, R. 1975) the values of the model parameters are taken as: µF =
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3 × 1010 N/m2 D = Depth of the fault = 10 km., [nothing that the depth of

almost all major earthquake faults is in between 10-15 km] τ∞(t) = constant =

τ∞ = 2 × 107 N/m2(200bars), [post seismic observations reveal that in most of

the cases, stress released in major earthquake are of the order of 200 bars or less,

in extreme cases, it may be 400 bars. We assume τc = 2.5×107 N/m2 (250 bars).

We take the slip function f(x3) =
(
1− 3

D2x
2
3 +

2
D3x

3
3

)
, with ∇U = 0.00001

km, satisfying the conditions stated in (C1)− (C2).

MATLAB program:

[1] Initialize parameters: imin = −300, imax = 300, jmin = 0, jmax = 600

Grid steps: h = 1 (x-direction), k = 1 (y-direction) Grid sizes: Nx = imax −
imin + 1, Ny = jmax − jmin + 1 Initialize U(i, j) = 0 for all i, j Define grid points:

xi = linspace(imin, imax, Nx) yj = linspace(jmin, jmax, Ny) Precompute constant:

r = h2

k2

i = 2 : Nx j = 2 : Ny Compute source term:

source term =

(
1 + h

0.0016

1 + 0.0016xi(i)

)
2× 108

3× 1011
(1 + 0.0016xi(i))

Update solution using finite difference scheme:

U(i, j) =
r U(i, j − 1) + U(i− 1, j) + source term

1 + r

Display the computed U(i, j) matrix

5 . Results and Discussion/Conclusion:

Spatial variation before movement across the Fault:

i. Variation of surface shear strain: Figure2 shows that magnitude of the

free surface shear strain is of order 10−7 which well agrees with the observational

data (Segal, P. 2010). Therefore, lateral inhomogeneous model of the Earth is

agreeing with observed ground deformation.

ii. Variation of displacement with distance from the fault: The Fig-

ure3 shows the symmetric/anti-symmetric nature of displacement with respect to

fault y=0 remain unaltered, but qualitative and quantitative changes occur i.e,

as we go distance from the fault the displacement gradually increases .

iii. Causes of intraplate strike-slip Earthquake: The reason of intraplate

strike-slip earthquake was not clear to the seismologist. From the Figure 4, it
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is observed that as we move away from the fault , the shear stress continues to

accumulate at the greater distance. We thus may conclude that the continuous

variation of rigidity with distance from the fault may be a possible reason of such

Earthquake.

iv. Spatial prediction of intraplate Earthquake: From Figure4, assum-

ing the value of critical stress τc = 200 bar, we see that at a point distance apart

from the fault for example y= 50 km. the accumulated shear stress exceeds τc

at a depth z=10km (approx..)which is in good proximity with the observational

data (Hough et al.,2003) .

Spatial variation after movement across the Fault:

v. Variation of shear strain with distance: Figure 5 shows that mag-

nitude of the free surface shear strain is of order 10−6 which well agrees with

the observational data (Segal, P. 2010). It is also observed that the shear strain

increases with depth and attains its maximum nearer to the bottom of the fault

and also increases with the distance from the fault.

vi. Variation of displacement with distance from the fault: The Figure

6 shows the symmetric nature of displacement with respect to fault y=0 remain

unaltered, but qualitative and quantitative changes occur i.e, as we go distance

from the fault the displacement gradually increases. Figure 8, Figure 9, shows the

surface displacement after earthquake in the elastic two layered model (Rybicki,

K. 1971). It is observed that the displacement is anti-symmetric with respect to

the fault and is of magnitude of few centimeters whereas in our model the surface

displacement is symmetric - a qualitative change is observed. Also, in our model

the displacement is of order few millimeters. Therefore, a quantitative change is

also observed in our model.

vii. Variation of shear stress with distance: From the Figure 7 it is

observed that after the occurrence of intraplate strike slip earthquake the shear

stress accumulation pattern drastically changes. While the shear stress was accu-

mulating at the greater distance from the fault before fault movement, but after

the fault movement it is accumulating at a greater rate at the nearer of the fault,

which indicates that the occurance of the intraplate earthquakes enhances the

possibility of occurance of the interplate earthquakes.

23



Debnath S.K et al. Volume 4 Issue 1 May 2026

References

[1] Aki, K and Richards, P G. (1980) Quantitative Seismology: Theory and

Methods; W.H. Freeman, San Francisco, California.

[2] Ben-Menahem, A and Gillon, A. (1971) ‘Crustal deformation by earthquakes

and explosions’, Bulletin of the seismological society of America, Vol. 60,

No.1, pp.193-323 215.

[3] Chinnery, M. A. (1961)‘The deformation of the ground around surface

faults’,Bulletin of the seismological society of America,Vol.51, pp. 355-372.

[4] Chinnery, M. A. (1964) ‘The strength of the Earth’s crust under horizontal

shear stress’, Journal of Geophysical Research, Vol. 69, pp. 2085-2089.

[5] Chinnery,M.A.(1965)‘The vertical displacements associated with transcur-

rent faulting’, Journal of Geophysical Research, Vol. 70, pp. 4627-4632.

[6] Chinnery, M. A. and Dushan, B. Jovanovich (1972) ‘Effect of the Earth’s lay-

ering on earthquake displacement field’, Bulletin of the seismological society

of America, Vol. 62, pp. 1629-1646.

[7] Chift, P., Lin, J. and Barcktiausen, U. (2002) ‘Evidence of Low Flexural

Rigidity and Low Viscosity Lower Continental Crust during Continental

Break-up in the South China Sea’ ,Marine and Petroleum Geology, Vol.

19, pp. 951-970.

[8] Chun-Ying Wu., Xue-Yan Liu., A. Scarpas. and Xiu Run Ge. (2006) ‘Spectral

Element Approach for Forward model of 3D layered pavement’, Journal of

CMES, Vol.12, No. 2, pp. 149-157.

[9] Cohen, S. C. (1980) ‘Post seismic viscoelastic surface deformations and

stress-1, Theoretical considerations, Displacements and strains calculations’,

Journal of Geophysical Research, Vol. 85, No. B6, pp. 3131-3150.

[10] Cohen, S.C. (1992) ‘Post seismic Deformation and Stress Diffusion due to

viscoelasticity and comments on the modified Elsasser model’, Journal of

Geophysical Research, Vol. 97(B11), 15395.

24



Debnath S.K et al. Volume 4 Issue 1 May 2026

[11] Debnath, S.K and Sen, S. (2013) ‘Pattern of stress-strain accumulation due

to a long dip-slip fault movement in a viscoelastic layer over a viscoelas-

tic half-space model of the lithosphere–asthenosphere system’, International

Journal of Applied Mechanics and Engineering, Vol.18, No.3, pp. 653-670.

[12] Ghosh, U., Mukhopadhyay A. and Sen, S. (1992) ‘On two interacting creep-

ing vertical surface-breaking strike-slip faults in a two-layered model of litho-

sphere’, Physics of the Earth and planetary interior, Vol.70, pp. 119 129.

[13] Hough,S. et al. (2003) ‘Intraplate Triggered Earthquakes :Observations and

Interpretation’ Bulletin of the Seismological Society of America ,Vol 93,No.

5,PP. 2212-2221.

[14] Jain, M.K, Iyengar, S.R.K and Jain, R.K. (2009) ‘Numerical Methods for

Scientific and Engineering Computation’ 5th Edition, New Age International

Publishers.

[15] Johnston,C.A.(1996) ‘Seismic Moment Assesment of Earthquakes in Stable

Continental Regions –III.New Madrid 1811-1812,Charlston 1886 and Libson

1755’ Geophysical Journal International,Volume 126,Issue 2,P 314 344.

[16] Kasahara, J. (1978) ‘Crustal Deformation Associated with a Fault Forma-

tion estimated by the Finite Element Method’, Bulletin of the Earthquake

Research Institute, Vol.53, pp. 339-357.

[17] Karato Shun-Ichiro (2010) ‘Rheology of the Earth’s mantle: A historical re-

view’, Gondwana Research, Vol.18, Issue. 1, pp.17-45. Koseluk, R. A. and

Bischke, R. E. (1981) ‘An elastic Rebound Model for Normal Fault Earth-

quakes’, Journal of Geophysical Research, Vol. 86, No. B2, pp. 1081-1091.

[18] Kundu, P., Mondal, S.S. and Mondal, D. (2021) ‘Creeping effect across a

buried, inclined, finite strike-slip fault in an elastic-layer overlying an elastic

half-space’, GEM-International Journal on Geomathematics,Vol. 12, No. 2.

[19] Love, A. E. H. and M.A. (1892) ‘A Treasure on the Mathematical Theory of

Elasticity’, Cambridge: At the University Press.

[20] Mamada, Y., Kuwahara., Y., Ito, H. and Takenaka, H. (2002) ‘3-D finite

difference simulation of seismic fault zone waves-Application to the fault zone

structure of the Mozumi-Sukenobo fault, central Japan, Journal of Earth

Planets Space, Vol. 54, pp. 1055-1058.

25



Debnath S.K et al. Volume 4 Issue 1 May 2026

[21] Maruyama, T. (1964) ‘Statical elastic dislocations in an infinite and semi

infinite medium’, Bulletin of the Earthquake Research Institute, Tokyo Uni-

versity, Vol. 42, pp. 289-368.

[22] Maruyama, T. (1966) ‘On two dimensional dislocations in an infinite and

semi-infinite medium’, Bulletin of the Earthquake Research Institute, Tokyo

University, Vol. 44, (part 3), pp.811-871.

[23] Matsu’ura, M. and Sato, R. (1975) ‘Static deformation due to fault spreading

over several layers in multi-layered medium part-II-Strain and tilt’, Journal

of the Physics of the Earth, Vol.23, No.1, pp. 12-33.

[24] Melosh, H.L. and Raefsky, A. (1983) ‘Anelastic Response of the Earth to a

Dip-Slip Earthquake’, Journal of Geophysical Research, Vol.88, No. B1, pp.

515-526.

[25] Mondal, S. C. and Debsarma, S. (2018) ‘A Mathematical Model to study

the stress distribution due to a strike slip fault creeping with a reducing

velocity’, Bulletin of Calcutta Mathematical Society, Vol. 110, (4), pp. 265

280.

[26] Mukhopadhyay, A. and Mukherjee, P. (1979) ‘On stress accumulation and

fault slip in lithosphere’, Indian journal of Meteorology, Hydrology and Geo-

physics (Mausam), Vol.30, 2 & 3, pp.353-358.

[27] Mukhopadhyay. A, Sen, S. and Paul, B.P. (1980) ‘On Stress Accumulation in

a Viscoelastic Lithosphere Containing a Continuously Slipping Fault’, Bul-

letin Society of Earthquake Technology, Vol. 17, No. 1, pp. 1-10.

[28] Mukhopadhyay. A, Sen, S. and Paul, B.P. (1980) ‘On Stress Accumulation

near a Continuously Slipping Fault in a Two Layered Model of Lithosphere’,

Bulletin Society of Earthquake Technology, Vol. 17, No. 4, pp. 29-38.

[29] Nuttli,O.(1963) ‘Seismological Evidence Pertaining to the Structure of the

Earth’s Upper Mantle’ Reviews of Geophysics ,1(3),351-400.

[30] Nur, A. and Mavko, G. (1974) ‘Post-seismic viscoelastic rebound’, Science,

Vol 183, Issue 4121. pp. 204-206.

[31] Rani, S. and Singh, S J. (1992) ‘Static deformation of a uniform half space

due to a long dip-slip fault’, Geophysical. Journal International, Vol. 109,

pp. 469-476.

26



Debnath S.K et al. Volume 4 Issue 1 May 2026

[32] Rybicki, K. (1971) ‘The elastic residual field of a very long strike slip fault

in the presence of a discontinuity’, Bulletin of the Earthquake Research In-

stitute, Vol.61, pp.79-92.

[33] Rybicki, K. and Kasahara, K. (1977) ‘A strike-slip fault in a laterally inho-

mogeneous medium’, Tectonophysics, Vol.42, Issues 2-4, pp. 127-138.

[34] Sato, R. (1972) ‘Stress drop of finite fault’, Journal of Physics of the Earth,

Vol. 20, Issue 4, pp. 397-407.

[35] Sato, R. and Matsu’ura, M. (1975) ‘Static deformation due to fault spreading

over several layers in multi-layered medium part-I-Strain and tilt; Journal

of the Physics of the Earth, Vol. 23, No.1, pp.12-33. Savage, J C. (1998)

‘Displacement field for an edge dislocation in layered half space’, Journal of

Geophysical Research, Vol.103, No. B2, pp. 2439-2446.

[36] Segal, P. (2010) ‘Earthquake and Volcano Deformation’, Princeton Univer-

sity Press.

[37] Sen, S., Sarker, S. and Mukhopadhyay, A. (1993) ‘A Creeping and surface

breaking long strike -slip fault inclined to the vertical in a viscoelastic half

space’, Mausam, Vol. 44, No.4, pp. 365-4, 372.

[38] Shashkov, M. (1996) ‘Conservative Finite-Difference Methods on General

Grids’, 1st Edition, CRC Press.

[39] Singh, S. J. and Rosenman, M. (1974) ‘Quasi static deformation of a vis-

coelastic half-space by a displacement dislocation’, Physics of the Earth and

Planetary Interiors, Vol.8, Issue 1, pp. 87-101.

[40] Steketee, J A. (1958) ‘On Volterra’s dislocations in a semi- infinite medium’,

Canadian Journal of Physics, Vol. 36(2), pp. 192–205.

[41] Steketee, J A. (1958) ‘Some geophysical applications of the theory of dislo-

cations’, Canadian Journal of Physics, Vol. 36(9), pp. 1168-1198.

[42] Wahir, J. and Wyss, M. (1980) ‘Interpretation of Post-seismic deformation

with a viscoelastic relaxation model’, Journal of Geophysical Research, Vol.

85, No. B11, pp. 6471-6477.

[43] White, J. L. (1968) ‘Finite Elements in Linear Viscoelasticity’, Defence Tech-

nical Information Centre, Ft. Belvoir.

27



Debnath S.K et al. Volume 4 Issue 1 May 2026

[44] Yang, M. and Toksoz, M. N. (1981) ‘Time Dependent Deformation and Stress

Relaxation after Strike slip Earthquakes’, Journal of Geophysical Research,

Vol. 86, No. B4, pp. 2889-2901.

[45] Zhao, S., Muller, R. D., Takahashi, Y. and Kaneda, Y. (2004) ‘3-D finite

element modelling of deformation and stress associated with faulting: effect

of inhomogeneous crustal structures’, Geophysical Journal International,

Vol.156, pp. 1-18

28



Debnath S.K et al. Volume 4 Issue 1 May 2026

29



Debnath S.K et al. Volume 4 Issue 1 May 2026

30



Debnath S.K et al. Volume 4 Issue 1 May 2026

31



Debnath S.K et al. Volume 4 Issue 1 May 2026

32


