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On stress accumulation near a finite rectangular fault

BARUN PROSAD PAL, SANJAY SEN·
and

ARABINDA MUKHOPADHYAY. ·

Geological Suney II!India, Cakuua

A BST RACT. The problem of stress accumulation ncar a locked vertical rectangular strike-slip Iault is
con sidered. The fault is taken to be situated in a visco-elastic half-space. Ie is assumed thai tectonic forces
maintain a steady shear stress far away from the fault . Exact solutions are obtai ned for the displacements
and stresses in the system and it is shown that. in the abse nce of fault -slip, there would be a steady acc:umulation
of shea r stress nea r the fa ult., which would lead to a sudden slip on the fault, resulting in a n earthquake.
under suitable conditions, which are determined. The exact solutions also show that the accumulation of
shear stress would again lake place after the fault-slip.

It is shown that, under suitable conditions, this would lead to an other slip on the fault after a sufficient
time. The analytical solutions can be used to compute the influence of different facto rs, such as. the dimensions
of the fault, the effective viscosity of the litho sphere and the stress system maintained by tectonic forces, on
the time requ ired for the shear stress accumulation to reach the level necessary to cause fau lt slip. If is
also shown that. if adequate data are ava ilable on the ground deformation on the surface near the Iautt, it
would be possible to obta in estimates of the probable times of fault slip. This may be of considerable use in
earthquake predict ion an d in the estimation of changes in the seismic risk near the fault with time . Finally.
it is shown that it would also be possible to obt ain est imates of the effective viscosity of the lithosphere from
a comparison of theore tically calcula ted results and suitable observat ional data, if available.

1. Intro ducti on

In studying the problem of earthq uak e predic
t ion it is im portant to note that, a fault -sl ip gener
at ing a n eart hqua ke would normally be pre ced ed
by th e accum ulation of strcss near the fault over a
conside ra ble period of time. The fau lt slip would be
expected to occur when this stress accumulati on
reaches a cri tica l level. For stri ke-slip fault s, such as
the San Andreas fault, some t heoretical models
have been considered recently by T urcott e and
Spence (1974), Savage ( 1975) , Spen ce and
Turcotte ( 1976) a nd Budi ansky and Amazigo
(1976) . In the model s proposed by Turcott e and
Spen ce ( 1974) , Spence a nd Turcott e (1976) and
Savage (1975) , the stress accumulation is taken
to be the result of steady relative motion of the
parts of the lithosphere on oppos ite sides of the
locked fault. In these models the mechani sm
of the relative motion is not considered and the
entire system is tak en to be elastic. The models
require the existence of large and steadily increas
lng lith osph eri c stresses far away from the faul t.
Budiansky a nd Amazigo (1976) considered a
locked fa ult in a visco-elastic layer and assumed

that tectoni c forces maintain a constant shea r stress
in the layer far away from the fau lt. It is shown
that steady accumulation of shear stress would
occ ur in such a mode l. However, Budiansky
and Amazigo considered a two dimensional
problem in which the length of the fault is taken
to be very larg e com pared to its depth , moreover
the effect of fau lt-slip on the stress system is not
considered in detail. T o obtai n a more realistic
representation of the process of stress accumulation
a nd the interaction be tween th e cha nge! of stress
due: to fau lt slip and the stress accumulation
under the ac tion of tectoni c forces, we consider a
th ree dimensional problem in which a recta ng ula r
fauJt of finite length is situa ted in a visco-elas tic
half-spa ce. We suppose that tecton ic forces
maintain a consta nt shea r stress in the: half-space
far away from the fault. We then study the process
of stress-accumulation in the system both before
and after fault slip . \Ve not e in this connection
that the problem of relaxation of stress in a visco
elastic hal f-space aft er fault slip has bee n con
sldc rcd ea rlier by Rosenman and Singh (1973 a
1973 b) and Singh and Rosenm an (1974). How~
ever the int eracti on between fault slip a nd cree p
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