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On stress accumulation in the lithosphere and
interaction between two strike-slip faults
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ABST RACT. The problem ofstress accumulation near locked vertical strike-slip faults in the lithos phere, and
the interaction between two parallel strike slip faults arc cons idered. The 1"'0 parallel faults are taken to be situated
in a visco-elastic half space. It is assumed that tectonic forces maintain a steady shear stress far away from the fault.
Exact solutions are obtained for the displacements and the stresses in the system. It is shown that in the absence
of fault slip, there would be a steady accumulation of the shear stress near the fau lts, which would lead to a
sudden slip on one of the faults. resulting in an earthquake. The subsequen t chan ges in shea r stress in the neigh
bourhood of the fault system are investigated and exact solutions are obtained for the d isplacements and stresses.
It is seen that the fau lt slip On one fau lt affects the accumula tion of shear stress on the ot her and the effect leads to
significant changes in the rate of stre ss accumulation in the neighbo urhood of fault s if the fault s are close to
each other. Th is inturn, affects significantly the return time bet ween consecutive slips on the fault . It is sho wn that the
theore tical results obta ined may be useful in the estima tion of seismic ris k and also in eart hqua ke prediction.

1. Introduction

Strike-slip faulting is considered to be a major
ca use of tectonic ear thquakes. It would be expec
ted that fault slip on strike-slip fau lts wou ld be
preceded by accu mulat ion of shear stress over a
considerable period of time, a nd fau lt slip would
occur when the stress accum ulat ion reaches a
cri tical level. Turcotte and Spe nce ( 1974).
Spence an d Turcotte (1976) , Savage (1975) an d
Bud iansky and Amazigo (1976) have recently
considered some theoreti cal models to explain
the accumulation of stress. In the models pro
posed by T urcott e and Spence ( 1974), Savage
(1975) an d Spe nce and Turcotte ( 1976) th e stress
accum ulati on is supposed to be du e to steady re
Ia rive motion of the adjacent parts of the litho
sphere , leadi ng to accumulation of shea r stress on
th e locked fau lt.

The mechanism of the relati ve motion is not
considered in these model s, a nd the lithosphere is
taken to be elastic . These mod els requi re the
existence of very large and steadily increasing
lithospheri c stresses far away from the fault . I n
th e model considered by Budiansky and
Amazigo (1976), a locked fau lt in a visco
eleas tic layer is considered, and it is supposed that
tectoni c forces maintain a consta nt shear stress
in the la yer far away from the fault . It is shown
th at steady accumulati on of shear stress would
occur in such a mod el. In a ll these models, the

presence of a single fault is considered . Ho wever,
in a fault system, there is often more th an one
fault along which fault slip can occur. One may
menti on in th is connection the Hayward an d
Ca lvaeras fault s which arc approxima tely
parallel to the San Andreas fault. In such cases,
fault slip on one fault may have considera ble
in fluence on the stress accum ulation On a neigh
bouring fau lt, and hence on the time of slip on
the neighbou ring fault. We try to study this
effect by using a simple theoreti cal model. \\'c
con sider two ver tica l para llel fault s, situated in a
halfspace. \\'e assume that th e halfspace is visco
clast ic, and that tec ton ic forces main tain a con
stant shear stress far away from the faults. \Ve
study the accumu la tion ofshear stress in this mod el,
and the effect of slip on one fau lt on stress
accumulati on on t he othe r.

2. Formulation

\Ve conside r two verti cal par allel faults F a nd
Pi, reachin g upto the surface we assume that thc
lengths of the faul ts are large compared to thei r
depths D and D), \Ve int roduce rectangular care
tesian co-ordina tes (x, y, e) , with the : -axis,
parall el to the length of the fault P, the free sur
face as the plane x= O, the s-axis vertically
downwards. an d the or igin on th e line of inter
sect ion of the fault F and the free surface. The
faul ts F a nd FJ are shown in Fig. I. which
represents a section of the system by the plane
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