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On stress accumulation and fault slip in the lithosphere
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ABSTRACT . A mechanism 01 accumulation of ...hear stress in the neighbourhood of a locked verti cal
strike-slip faul t in the lithosphere is co nsidered. The raul! is taken to be situated in an elast ic layer resting
on and in welded contact with. a visco-elastic half space, in which shear stresses an: maintained far away from
the fault by tectonic forces. Exact soluti ons are obtained for the displacements and stresses in the system in the
absence of fault slip, taking into acc ount the displacemen t') a nd stresses present initially. It is shown that stress
accumulation would occur continuou sly in the upper layer ncar the fault till the fau lt slips suddenly. genera ting an
earthquake. Exact solutio ns arc next obtained for the displacements and stresses follo·...'ing the fault slip , tak ing
into account thedisplacements and stresses present before fault slip.and it is shown that stressaccumulation would
again occur in the upper layer. till the fault slip, again. The mat hem atical resul ts are applied to some relevant
observations on the accumulation of shear strain In the neighbourhood of the San Adreas fault. It is shown that a
comparison of the mathematical results o btained and the observations on the ground deformations on the
surface near the fault ca n be used 10 arrive at reasonable estimates for the times between consecutive slips on
act ive strike slip fault s. The result s arc also expect ed to lead 10 greater insight into the pro blem of
earthquake prediction. It is sho wn that . if sufficien t data on SUI face deforma tion are available, the resultscan be
used to estimate the effective viscosity of the lower litho sphere.

I. Introduet lon

The problem of earthquak e prediction has a t­
t ra cted the at tention of many seismo logist... in
rece nt years. d ue to th e practical importance of
earthquake pred iction, ami due to the fact th at
steady accumulati on of relevant seismological
da ta and the . improvements in the techniques of
a nalysis have ma de it possible to ho~c !hat .eff­
ecrive programlllcs ofea rthqu a kes predi ction might
become possibl e in th c ncar future. In this
connection, a lx-u cr understanding of the p roCf.SS

of stress accumulat ion in the neighbourhood of
faults, whi ch eve ntua lly lead s to a sudden fault
sIir.' generating an ear thq ua ke, would he vcry use­
Iul. Effcr tive quantitative ana lysis of the process
of stress acc umula tion wou ld be facil itated if it is
poss.ible to devise su itable theo ret ical mod els which
in corporate the esse ntia l feurures of the mech ani sm
of stress accumula ti on, a nd enable us to est im at e
th e stress accu mul ati on on the fault below the
sur f ace frem th e observed g-round deform a tion on
the sur face. For strike-slip faul ts, SO IlU: such th eo­
rctical moods hav e been developed . In the theo­
rerical models conside red by Turcot te an d Spen ce
(19U ), Savage ( 1!J75) and Spen ce and T urco tte
( 1976), the st ress accumulati on ncar locked fa ults
is taken to be due tn relative moti on of the parts
of the lith osphere on tb r- two sides of the fault.
The mec hanism of this relative mol ion is not
considered in such models, a nd th e lithosphe re
is taken 10 be elast ic. lludiansky and Amazigo
( 19 7G) consid ered a locked strike-slip fault sit ua ted
in a visco-ela stic layer , reprcscm ing the litho­
sphvr v, which is fltT to slide 011 the asrln-nosphc rc
bel ow it. It is assumed tha t tectonic forces main­
tain a constant shea r stress in the layer far away
from the fault . It is shown that accumulation of

shear stre ss would occu r in th e layer due to cree p
of the maleria l. \Ve note, however, that the eff­
ec tive viscosity of the lithosph ere woul d be ex­
pected to dep end on the depth, and the lower
lith osphere, being at a mu ch high er temperat ure
a nd pressure, wou ld be expected 10 unde rgo
much greater creep than the upper lith osphere.
\Vc also note that the obse rved fault ing on sha llow
strike-slip fau lts, such as the San Andreas fault
is often foun d to extend 10 depths ofabout I0 km
or 15 krn on ly. This appears to ind ica te tha t
th e accumulat ion of stress at greater dept hs docs
1101 reach sufficient ly high values to ca use fu rthe r
downv...ard extension of the fract ure. This pheno­
men on ca n be explained easily if we assume that
th e material of the lower lithosphere below the
fault creeps under applied .tcc tonic stresses without
undergoing fract ure . \Ve again note that , acco rd ­
mg to th e results of laboratory expe riments on the
deformation of rocks at high temperatures an d
pressures, as reported by Griggs and Handin
(I960) ~ Heard ( 1976) and others, at the pressures
exceeding 3 kilobars and temperatures exceeding
300'C that may be expectd below suc h faults
at depths ,?,ceeding 15 km (Heard 1976), an d
at the strain rates of the order of 0.1 fI. st rain per
year, observed in the neighbourhood of strike­
slip faults (Savage and Bur ford 1973, Prescot t
and Savage 1976), the rocks would be sufficiently
ductile 10 undergo large cree ping deformations
without fra cture. Finally, we note that the Icctonic
forces ca using stress accu mulation arc likely to be
m ore promi!,cnt.in l~lC lower lilh?,phere. Keepi ng
~111 Ihes~ 'p0llltS III VIC \\', ~....c consider a two-layer
model. 1 he tipper layer IS taken to be clastic in
welded contac t wit h a viscoelastic half space '1Jc.
low it.
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