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A mechanism of stress accumulation ncar a strike-slip fault
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ABSTRACf. A vertical strike. slip fau lt. situa ted in viscc.elastic layer. repre senting the lithosphere. is co nside­
red. The upper part of the faul t is assumed (0 remain locked. except during an eart hquake, when it slips. It is assu­
med that the lower part of the fau lt slips freely. so thai the parts of the lithosphere on oppos ite sides o f the lower
pari of the fault slip past each other. It is a lso assumed that tectonic forces mainta in a shear stress far away from
the fault . Exact solutions are obtained for the displaceme nts and stresses in the system and it is sho wn thai gradual
accumulation ofshea r stress wou ld occ ur in the neighb ourhood of the fault . Th ere would be considerable amplifl .
ca tion of shea r stress on the locked part of the fault. leading finally to a sudden slip of the upper part of the fault
under sui ta ble circumstan ces. The mathematical results are compared with some relevant observation' on the
surface de formations in the neighbourhood of strike-slip fault s. It is shown [hat such comparison can be used
to obtain estimates of the probable time of sudden fault slip, if sufficient data are avai lable, and would a lso
lead to est imates of the ra tio of the effective viscosity of the lithosphere in the ne ighbourhood of the fau lt and
the shear stress main ta ined by tecton ic forces far awa y from the fault. It is also shown thai the results are likely to
he useful in ob tai ning greater insight into the prob lem of earthquake prediction a nd in est imating the changes of
seism ic risk with time near an act ive fault .

1. Introduction
In recent years the prob lem of earthquake pre..

di ct ion has a tt racted wid espread attention among
the seismologists and it is hoped that effective
p rogra mme of earthquake prediction would be..
com e feasible in the near future. In thi s connec tion
it would be useful to have a better understanding
of the mechanism of stress accumulation in the
neighbo urhood of the fa ults, which may lead even­
tually to a sudden fault slip generating an earth..
quake. If it is possible to devise suitable th eore­
tical mod els wh ich incorporate the essenti al fea­
tures of the mechanism of stress accumulation ,
then an effective quantitative analysis of the st ress
accumulati on and fault slip would be possible.
For strike..slip fault s, some th eoretical moods have
been developed by Turcotte and Spence (1974) ,
Savage (1975), Spence a nd Turcott e (1976) and
Budian sky and Amazigo (1976). Turcott e and
Spence (1974), Savage (1975) and Sp ence and
Turcotte (1976) co nsider models in which the
st ress accumulation ncar locked faults is taken to
be d ue to relative motion of the parts of the litho­
sphere on the two sides of the fault. The mechanism
of this relative moti on is not considered in such
models. I n th e model considered by Budiansky

and A.mazigo. (1976). a loeke.d ver tical strike slip
fault situated m a visco-el astic layer which is free
to slide over the material below it is con sidered. A
consta nt shear stress is taken to be maintained In

the layer far away from the fault . I t is shown that
a ccumulation of shear stress wou ld occ ur in the
layer due to the creep of th e material. But the
accumulation of shear stress docs not exceed the
shea r stress maintained far away from the fault .
\Ve not e, however, that fault slip would normally
require fai rly high shear stress and hen ce a large
shea r stress has to be maintained far away from the
fault to ca use sufficient stress accumulation for
fa:u1t slip . The evidence for the existence of tecto­
nrc forces capable of maintaining such large shea r
stresses does not appea r to be ad equate. ~[oJTOver
the observed coseismic fault slip on shallow strike
slip faul ts, such as th e San Andreas fault , is often
found to extend to depths of 10 km or 15 km
on ly. One possible expla nation of this phenomenon
would be that although the ac tua l fault extends
f~om the surface to the boundary between the
lithosphere and the asthenosphere, on ly the upper
part .of the fault (to a depth of 10 km to 15 km)
remains locked and the lower part of the fau lt slips
freel y as stress accumulates. Such an assumption
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