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ABSTRACT

A system of aseismically creeping and interacting strike-slip
faults, situated in a visco-elastic half space, representing the lithosphere-
asthenosphere system, is considered. The effects of aseismic fault
creep across faults of the system are investigated. The dynamics
of the model in the aseismic state is considered, both before any fault
movement occurs, and also after the commencement of fault creep.
For a system of long vertical strike-slip faults, consisting of any finite
number of faults, the effect of aseismic creep across faults of the
system on the shear stresses near the other neighbouring faults 'ig
investigated in detail, together with the effect of fault movement
on the surface displacement and surface shear strain in the model,
using analytical methods involving the use of integral transforms and
Green's functions, as well as computational algorithms and computer
programmes developed for the purpose.

The investigations show that aseismic creep across any fault
generally tends to release shear stress near the fault itself. Continuous
aseismic stress release near the fault due to creep across the fault
15 found 1o occur under suitable conditions. This reduces progressively
the possibility of a sudden earthquake-generating seismic fault movement.
The effect of aseismic creep across any fault on the neighbouring
faults of the fault system is found to depend on the modei parameters,
including the creep velocity, the dimensions of the faults as well as
the relative positions of the faults and the distances between them.
An interesting result of the interaction between the faults is that if
the faults of the fault system are of similar dimensions and more
or less at the same level, then aseismic creep across any fault tends
to release the shear stress near the neighbouring faults, thus reducing
gradually the possibility of future seismic fault movements. However,
if the faults of the system are more or less vertically above or betow
one another, then creep across any fault tends to increase the shear
stress accumulation near the neighbouring faults, resulting in an increase
inthe possibility of earthquake-generating fault movements in future.
The effect of aseismic creep across any fault on the neighbouring
faults is found to decrease quite rapidly with increase in the distance
between the faults.

. INTRODUCTION

The problem of earthquake prediction has attracred widespread attention
among seismologists in recent years, and the steady accumulation of relevant
seismological data and improvements in the techniques of their analysis and inter-
pretation, together with the development of relevant theoretical models and computer
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28 On A Sy;tem of Creeping......Lithosphere-Asthenosphere System

simulation techniques have made it possible to hope that effective programmes
of earthquake prediction may become feasible in the near future. In this connection,
it is realised that, effective programmes. of earthquake prediction would require
a better understanding of the process of stress accumulation and release in seismi-
cally active regions, and their relation to the dynamics of the lithosphere-astheno-
sphere system and seismic activity. Observations in seismically active regions in
recent years indicate that, during apparently quiet aseismic periods, there  are
usually slow quasi-static aseismic surface movements of the order of a few cms.
per year, or less, resulting in the accumulation of stress and strain in sorme cases,
which may eventually lead to a sudden fault movement, generating an earthquake,.
if the stress accumulation reaches sufficiently high levels, The quantitative estima-
tion of this stress accumulation would be facilitated if it is possible to develop
suitable theoretical models which incorporate the essential features of the mechani-
am -of stress accumulation in the regions concerned. Such theoretical models would
enable seismologists to estimate the stress accumulation below the surface near
the fault from the observed aseismic surface movements. In this connection,.
observational data also indicates continuous, slow, aseismic fault creep across
some active faults, including the central part of the San Andreas fault in North
America, The effect of this aseismic fault creep on the accumulation and release
of stress in the reglon concerned is of great interest in the study of the dynamics
of ‘p:: lithosphere-asthenosphere system in seismically active regions during aseismic
periods.

.in recent years, some theoretical models of the lithosphere-asthenosphere
system in seismically active regions during aseismic periods have been developed,
starting with the - early theoretical models of Nur and Mavko (1974) and others.
The general features of the thecretical models of this type, developed till now,
have been discussed by Cohen et al. (1984) and by Mukher]i et al. (1984, 1986,
1938}, In most of these theoretical models, simple models of the lithosphere-
asthenosphere system containing single faults have been considered. However,
active seismic fault systems often consist of several neighbouring faults which
may interact when creep or sudden seismic fault movement occurs BAcCross one
or mare of these faults. For example, in the Sgn Andreas fault system in North
America, the Hayward and Calaveras faults are close to and roughly parallel to
the main San Andreas fault. Keeping this in view, the authors of this paper have
been trying to develop theoretical models of interacting faults in the lithosphere-
asthenosphere system. Theoretical models of this type, with two interacting strike-
slip faults, have been developed earlier, by Mukherji et al. (1984, 1986, 1988).
Keeping in view the fact that the number of Interacting faults in active faults
systems ‘may be greater, the case of a system of several long vertical interacting
strike-slip faults in a simple model of the lithosphere-asthenosphere system has
been considered in this paper.

FORMULATION

We consider a simple model of the lithosphere-asthenosphere system, consisting
of a visco-elastic half space. The material of the half-space is taken to be linearly
visco-elastic, and of the Maxwell type. The reasons for assuming such a rheology
for the model have been explained by Mukherji and Mukhopadhyay (1984, 1986,
1988). We consider a system of n long plane strike-slip faults in the model, where
is any finite positive integer. Both surface-breaking faults and buried faults are
considered. We assume that the traces of the faults, (i.e., the lines of intersection
of the free surface of the model and the planes of the faults) ‘are parallel to
each other. We introduce rectangular cartesian coordinates (y It Y0 Y9 with the
free surface of the hali-sgace as the plane y, = 0, and the y —a)as pginting into
the half-space. We take the y -axis paraliel tg the traces of the’ faults, and assume
that the displacements and stfesses are independent of y,, taking the lengths
of the plane faults to be large compared to their widths and depths.
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Fig. 1 shows the section of the theoretical model by the plane y, = 0,
In this case, as explained .by Mukherji and Mukhopadhyay (1984, 1986, 19&8), the
diaplcement components in the model, associated with strike-slip movement is
parallel to the vy -axis, and is represented by u,. The relevant stress components
for the half-space, associated with Upjp are represented by ( T 12* 'tu) as in

Mukhopadhyay et al. (1984, 1986, 1988)., Since the displacements and stresses
in this case are. independentdyl, (ul, Ty 113) are independent of the other

components of displacement and stress as explained by Mukherji and Mukhopadhyay
(1984, 1986, 1983),

For the faults F, (k = 1,2y00e0,n), the planes of the faults are given by y, =

P, (k = 1,2,eee0n)e  The upper and lower edges of the faults F, are at depths
(:51. ) below the free surface and are parallel to the free surfkce and the y,-
Dks. or a surface-breaking fault, dk = 0 and for a huried fault dk> 0, whi}e
> d.
k

The relevant components (u, 1 2 Ty ) of displacement and stress, associated
with strike-slip movement, satisiyin& the ?ollowing stress-strain relations for the
visco-elastic half-space with material of the Maxwel! type 1

2
4,12, L
L TR I & - 3t 3y,
and : 2
G+l -————a L
n B2t 12 at 3y2
(Fe <y, <= » Y320, t30 C wonnel 1)

where u is the effective ridigity and n is the effective viscosity, as in Mukherji
et al, {1984, 1986, 1988).

We consider the model during aseismic periods, leaving out the relatively
small periods (if any) following sudden fault movements, when seismic disturbances
are present in the model, For the slow, aseismic, quasi-static displacements we
consider, the inertial forces are very small and are neglected. Hence the relevant
stresses satisfy the relation :

5-3;5 (1) + -537;'( Ty =0

=<y, <= vy 2 0, t» 0 cenn(2)
From (1) and (2), we find that

4 (Ru) = o
which is satisfied if V2 uy =0 S )

(-=<yz‘<=,y3>0, t » ok
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At the free surface ¥3 = 0, we have the boundary condition

T4 = 0 on y, = 0 , )
(t?c’! ‘“<y27<ﬂ)

We assume that the tectonic forces maintain a constant shear stress for away
from the faults, while stresses near the fault may change with time, due to fault
movement {including fault creep). We then have the boundary conditions

'l'13 - 0 as y3 - -3 ------(5)
(for - @ < Y < @ t)7 0}
and
T, W as lyl v e end)

(tor y53 0, v 20

DISPLACEMENTS AND STRESSES IN THE ABSENCE OF FAULT MOVEMENT

In the absence of any movements across the faults, the displacements and
stresses are continuous throughout the model. In this case, we measure the time
t from the instant at which the relations (1) - {6) become valid for the modei.
Let (ul)o, ( le)o, { TIB)O’ which may be functions of (yz, y3), be the values of

(ul)’ { le), ( 1'13) at t=20. (ul)o, (TIZ)B’ (113)0 also satisfy the relations (1}-(6).
The initial and boundary value problem is solved, following exactly the same

method as in Mukherji and Mukhopadhyay (1984, 1986, 1988), using Laplace transforms
with respect to time and we have,

ul(yz, Yy t) = (ul)0 + K :2 i
‘ " At
Yyt = rdpe M oegU-e )
it
RS . (T, © n el 7)

As in Mukherji and Mukhodhyay (1984, 1986, 1988) we find from (7), that
if the shear stress T near the faults, tending to cause strike-slip movement,
is less than T, at t ="0, then there would be a continuous accumulation of shear
stress near the faults for t > 0, with T2 near the faults, as t+o . We
assume, as in Mukherji et al. (1984, 1986, 2]98&3 that -aseismic creep commence
across Fk when le reaches critical values Tk Mear Fk‘ ‘

< L -
It Tc T , then seismic creep would commence across F) after a finite
time, from (7), we find that the fault across which aseismic creep commences
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first would be determined by the values of T for different faults F,, and
the values of (T 2) near the faults F, (k = [,Z,C....,n). Assuming that 1 _ "< Ty
for a fault F, “&f the system, we consider next the situation after aseism‘fé creep
commences across Fk'

DISPLACEMENT, STRESSES AND STRAINS AFTER THE COMMENCEMENT OF
FAULT CREEP

We consider the case in which there is aseismic creep across one or more
fauits in the system. Let T. (> 0) be the time of commencement of creep across
the kth fault Fk' Here Uy Ty T4 satisfy the relation (1) - (&), Ti» T3

are continuous everywhere in the model. u, is continuous everywhere in the mode],
except for discontinuities across Fk (k = l,:},....,n) which are given by -

[ul]FK = Vk(t)k fk(y3) H(tk) across  F,

k = 1, 2400001}

(dk £ Y3 < Dk, Yy = Pk} e 8)
Here [ul]Fk = discontinuity of u; across Fk
= Lt (Ul) - Lt (ul)
Y, + le +0 Y, + le -0

(k = 1,2)00eeersennsn).

t = I-Tk

<
x
—
~
=
o
1
(=3

for t, € 0 e, tg 'l'k (k = 1,2y000emyn)

dk = 0 if Fk is a surface-breaking fault and dk > 0 if Fk
is a buried fault.

Y2 = Pk is the plane of Fk'

We try to find the values for Up o T T3 in the form
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n
U= (ul)p + kzl(ul)

n
Y2 = (Tidp ¢ kfl (Tl

n .
Ty = ('ru)p + kfl Tls)k S aeeenl9)

Here, (u}, 1' y 0T satisfies (1)-(8), and are continuous throughout the
model. l-} ehce th l:’hawe %3 same expressions as those for u,,

in
7. ) y 12)k' ( 113) vanish for <0 ie, t.‘T , sa’t?sines ]d)-(ﬂ
and the condition (1), =+ 0 as | Y2| + [which replaces (6)} (u)
is continuous eyerywhere in the model except across F, where we have the
discontinuoity of (u )k' across k’ given by

[y2 = Pki dk L 4 Yy £ Dk]-

T ( Tra) are continuous everywhere in the model,

We introduce the variables

Yo ¥y - Pk (k = 1,200 .
Yy = Yy
tk = t - Tk-

Since (ul)p,( le)P,( TU)p satisfy the relations {1)-(6), the relation for them
are given by (7).

(ul)k. Ty ( 1'13)l< satisfy the relations

' 2
(L, L 2y - a_(ljl)k_
n H atk 12°k atk 3 ¥y
2
3¢ (u))
! 1 3 1’k
(= + = Y (1) = - —l)]
notow A 137k TR T

—— (1), + =2 (T2 - 0
y 12% Byy 13k
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2 -
v (b)), = 0

(all valid in -w ¢ Y€ =5 Yy 3 O

{ 113)!‘ = 0 at Yy = 0
(T3 0 e oy, + e
(15, + 0 as | Yl * ®
{tup, ] = u (1) filly; k) acrosss F, [y, = Po 4 <y3¢ Q3

(u)), is continous everywhere in the mode! except across F,., (T,.), (71, .)
ar kcontinous everywhere in the mode!, { (t) (u), (¢ ‘l‘k') , ’(Zk;.l )k ”a‘se,
all = 0 for f <0, tgT) Thebrep veiblity achdsl F, is "{’k(tk)

d V (t ) lnno(ll)
=i Kk

where Vk(t‘u) = )

To obtain the solutions for W, € 1 121 ¢ T satisfying the relations

(10), we take Laplace transforms of the relation with respect to t.. This gives
& boundary value problem which is exactly similar to a boundary balue problem
solved earlier by  Mukherji and Mukhopadhyay (1984,, 1986, 1988), and following
the same method, involving the use of Green's function technique developed by
Maruyama (1966), we obtain the solution of the boundary value problem. Inversion
of the Laplace transforms, as in Mukherji and Mukhopadhyay (1984, 1986, 1988),
?ives us solutions for (ui)k’ { TIZ)k’ ( T”)k. Finally, we obtain, using (9) and

ul = (ul)p + k}_il (ul) ’
iz = (gl v = Uk
1}
Ty = (T|3)P + kEI ( TI3)k _ Y
where
T ¥y t
(ul)P = (UI)O + o

1]
2[5
-
::I"-'
-

{le)p ] (TIZ)O e v+ 1, (- e ) ) wae( [ 20)
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.1 4
: n
(9 = (Tya)g ©
and
U, (tk) _
\ul)k = H (t - Tk) 2" vk ()’2k, Y3k) -.---“2)
t _u (tk -T)
U n
(1), = HG-T)5 ( I v (1)e d7) 4, (Ype¥y)
-
t u(t_k-r)
(f, = He-TJ3 (F v@ e” T 0 d0é,lmyy)
0
Or-o-(lh)
where
Hit - Tk) = 0, t & Tk
= 1'4 t ; Tk nun(l’)
) s (x2) Yo [ !
¥ (Yo + ¥Ya = flxu)y -
k7 2k 3k dk k' 3k” 72k (x 'y3k)2 * Vo
' 1 5 dxy, e 16)
(g + Y3+ ¥
D 2
k Oty -~ ¥au)° = ¥
Agor¥y) = 1 gl [ XK x_
4 g -yg” + vl
2
(x -
x " ok 5 ‘;2"‘ = 1 dny el 17)
g + 0" + vy}
D
, k 2y, (Xq - ¥a)
g vsd = 1 flxy) [ —RELIF
2y Xy +¥aq)
3k 3k 3k
3 }2 ] dx3k veeea{18)

Here d, _; 0, if Fk is & surface-breaking fault, and Uk(tk) =0 for t < 0,
e t g T
k

The shear strain e,, is given by
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3u T ! n 3alu,)
= 1 w0 Ik
elZ = ayz = (elz)o + n + kzzl ayz
Tl n U ()
= . k "k
Cido + T = E HE-TY
k=1
UURETRE™ rearef19)

The expressions for the displacements, stresses and strains we have obtained
are valid everywhere in the model, and for all time, as long as the aseismic state
is maintained, and there is no sudden seismic fault movement in the model. The
solutions are vatid for all types of fault creep in the medel. By suitabie choice
of Tk and Uk(tk)’ we can represent all types of fault creep including the case

in which fault creep occurs for some time and then stops, taking Uk(tk) = 0 for

the period when there is no fault creep. If no creep occurs across a fault, say
Fk’ at any time, we take Uk(tk) =0 for all Y for that fault. The solutionscease

to be valid during periods of seismic disturbances, since the inertial terms cannot
be neglected, and the relations (2) and (3) cease 1o be valid,

The integrals in the expressions for b0 Dy ¢p Can be expressed in closed
form in terms of elementary functions if fk&3) islé polynomial. However, in

some cases, and in particular if f (y3) = a constant, we find, as in Mukherji et al.
(1984, 1986, 1988), that the integr’il b does not remain finite as we approach
the upper and lower edges of the fault F‘lk'fy3 ='dk, Y3 = Pk and ¥y = Dk’ ¥y = Pk).

Hence, in this case, 1 2 and e do not remain finite as we approach the upper and
lower edges of the faull. '

The conditions under which the displacements, stresses and strains are finite
everywhere in the model for all finite (y ,y3,t) can be found by the following exactly
the same method as in Mukheriji et al, ([934; 1986, 1938).

The actual analytical conditions to be satisfied are found to be somewhat
different for surface-breaking and buried faults. These conditions are to be satis-
fied by the functions f (y,) which specify the dependence on depths of the relative
displacements across thlé ults F , and they have to be satisfied simultaneously
across all the faults to ensure tinit’é displacements, stresses and strains everywhere
in the model, including the regions near the edges of the faults. If F, is a surface-
breaking fault, the conditions to be satisfied by fk(yB), are given by :

(i) fk(yj)’ f'k(yB), f"k(y3) are continuous in 0 Syy€ D

(ii} fk(Dk) = 0 = f'k‘(Dk), f'k(O) = 0 eeese( 20)
If Fk is a buried fault, fk(y3) has to satisfy the following conditions :

(i) fk(y3), f'k(y3), f"k(y3) are continuous in d<¥3< Dy

(i1) fld) = 0 = £(D) ene{21)
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f'k(dk) = 0 = f.k (Dk)!

These conditions imply that the relative ‘displacements across the faults
vary smoothly with the depth, and approach the value zero smoothly as we approach
the edges of the faults within the model.

If the conditions (20) and (21) are satisfied, then integration by parts of
the integrals "k, wlk’ 02k in (16)-(18), which occur in the expressions for the

displacements, stresses and strains, reduces them to the following forms, which
remain finite everywhere. in the model :

Dy-¥ 3 1

Ygvy) = - 7 filvy + ¥ tan" " {ylyy) dy
9y 3
Dy + Yoy

-1
- é‘ ) 1 (x --ysk) tan  {x/ yzk) dx weees(22)
% * Y%
, DY 3 2, 2
-3l 7 By + yq) logg v + ¥3) dy
A Y 3

H

Yo Yo

Die*¥ 3¢

2 2 :
+ J; . f (x-y3k) log, {x° y2k) dx ] w23}
k*Y 3k
DY 3
-1
¢2k(y2k'y3k) = - f fk (y3k+y) tan (nyZk) dy
dY 3
DyetY
- f £, (x - yy) tan” (xlyp) dx e 24)
d+Y 3

The integrals in (22)-(24) can be expressed in closed form in terms of elemen-
tary functions if £ (y,) are polynomials. If tk(y3) are not polynomials, but sati sty

the conditions (20) and (21), the integrals are convergent, and can be evaluated
approximately by numerical methods. As we: approach the faults, i.e., y,* Pk‘c'l
the integral can be evaluated by taking the limit inside the integral, which %, val
:n thi)s case, by the conditions of interchange of limit and integral, given in Carslaw
1950).
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DISCUSSION OF THE RESULTS AND CONCLUSIONS

We now study in greater detail the displacements, stresses and strains in
the model, including the effect of fault creep and interaction between the faults.
We compute the changes in the displacement u, and the shear strain e,., on the
free surface y, = G in the region above tI\e faults, and the shear sl«zess T
near the faults,” tending to cause strike-slip movement. We consider, for hé
computation, a system of four faults-two buried and two surface-breaking. We
assume simple forms of the relative creep displacement u across the buried
faults F,, F, and the surface-breaking faults Fy Fys sat}sfying the conditions

(20) and (21} in the form

bl = v Y fi byy) Hlt- T)
(k = 1,2,3,4)

across F,_(k = 1,2,3,4), where V, are constants and t_=t - T,. For the buried
faults Fli, F, we assume the dEpths of the upper an&‘ lower e’&ges of the fault
below the freg surface to be d,, Dek (k = 1,2) and for the surface-breaking faults
Fy F, we take D (k = 3,4) 15 be the depths of the lower edges. For (F, Fz)

we assume, as in Mukherji et al. (1984, 1986, 1988) that

16 {y, - 4% (O, - vy’

{, (y.) =
k3 4
(D, - 4

k = 1,2

50 that the maximum creep displacement across the buried fault Fy k = 1,2)
is at ¥y = (dk + Dk)lz, and for F3, Fl&) we assume

2
3 Yy . 2 Y;
fk(yj) = -D—z + Dz
k k

(k = 3,4).

These forms of f (y,) ensure that the relative creep movement approaches -
zero smoothly as we apﬁ:r ach the edges of the faults. within the model, and that
‘the displacements, stresses and strains are finite everywhere in the model, including
the regions close to the edges of the faulls, for all finite values of (yz, Yy t),
as explained in Mukherji et al, (1984, 1986, 1988). '

The planes of the faults Fk (k = 1,2,3,4) are taken to be Y, = Pk (k = 1,2,3,4)
where Pl = 0 and Pl;. > P3> P2 >0. This fault system is shown in Fig. 2. In the

computation, keeping in view shallow strike-slip faults in the lithosphere, we have
taken values of dk, Dk, Pk in the range 0 to 40 kms. (with dk< Dk in all
2

cases). We have taken values for p in the range (3 to » x 1ot dynes/cm® and

for n in the range 102! - 10%? poise, fotlowing Cathles (1976) and Mukherji et
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at, (1984, 1986, 1938). For T, , we consider values in the range 50 to 200 bars,
and for ( le)o near the faults, we consider values from 0 to 100 bars, with( ‘ru)o

< T, in all cases. The computed values obtaified be using the computational algori-.
thms and computer software developed for thé purpose, lead to the following inter-
esting conclusions :

B In the absence of any fault movement, the shear strear T, near the faults
increases with time, with a slowly decreasing rate of increl8e. This increase
in the value of T1,, would be expected to increase its possibility of movement
across the faults. "“If no fault movement occurs at any subsequent time,

Ty, + T, ultimately as t = @, But if fault creep, commences acress one
or rgore fault, the displacements, stresses and strains are influenced significan-
tly by the fault creep.

ii} The effects of fault creep on the surface displacement, surface shear strain
and shear stress the faults are found to depend on the following factors :

a) The creep velocities across the faults and their variation with depth,
characterised by V| and fk(y3)‘

b} The depths and dimensions of the faults ana the distances between
them, characterised by dk' Dk and Pk'

<) The relative positions of the faults.

d) The shear stress T, , maintained by tectonic forces away from the
faults.

e) The displacements, stresses and strains present initially, at t = 0.
£} The material rheology of the model, characterised by and n .

iii} For reasonable values of the rodel parameters. There is a slow aseismic
accumulation of shear strain on the surface Y3 = ¢ in the region of the
faults in the absence of fault movement.

The rate of accumulation of surface shear strain is of the order of 10'7
per day, which is of the same order of magnitude as the observed rate of
shear strain accumulation on the surface near the locked parts of the San
Andreas fault.

iv)  Aseismic creep across any fault has significant infiluence on the shear stress
neatr itself, and generally leads to decrease in the rate of accumulation of
the shear stress near the fault itself. The magnitude of this effect depends
on different model parameters, including the creep velocity. For suitable
values of the mode! parameters (including sufficiently large creep velocities)
there is a continuous slow ajeismic release of shear stress near the creeping
fault, reducing continuously the possibility of a sudden seismic movement
across the fault.

¥} The effect of aseismic creep across any fault on the neighbouring faults
of the fault system depends to some extent on the displacements, stresses
and strains present initially at t = 0, and values of the model parametersk ,
n and T . But the effect depends mainly on the creep velocity and its
dependence on the depth, the dimensions of the faults, the distances between
them and their relative positions, which has a very important role.




vi)

vii)

viii)

Fig. 4
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It is found that, for any surface-b'reaking ‘fault, say F,, there is a region
lh of the model, mainly below the fault, where aseism'c creep across F

ificreases the rate of accumulation of shear stress, ‘and two other region'§
(R, R') on either side of the fault, where aseismic creep across F, is
Io&nd td reduce this rate. Hence, if any other fault of the system, say
Fi is situated in :k’ then creep across F, would tend to increase the rate
o accumulation of shear stress near F' ' thus increasing the possibility of
a sudden seismic fault movement across #‘ « If'F' is situated in the region
R, or R', then creep across F, would kreduc«: lfhe rate of accurhulation
okshear stress near F'k, and if '?-" is in R, or R'., this rate will be reduced
by seismic creep across F.. Fig. 3 '§hows thé genel'al shape of these regions
Tk' (Rk, R'k), (li, l'i) and'(Rl., R'i) in the model, for the buried fault Fj and

the surface-breaking fault F,. The actual positions of the boundaries between
these regions depend on the characteristics of the faults F. and F » including
the depths and dimensions of the faults and the dependénce otk the creep
on the depth, which is characterised by the functions ik ya).

An interesting consequence of this result is that aseismic creep across
any fault of the model tends to release the shear stress.near neighbouring
faults which are of similar dimensions and more or less at the same level
as the .creeping fault, and tends to increase the rate of accumulation of
shear stress near neighbouring faults which are more or less vertically above
or below the creeping fault, thus increasing the possibility of a sudden seismic
fault movement across the neighbouring fault.

The influence of creep across any fault on the shear stress near a neigh-
bouring fault decreases fairly rapidly with increase in the distance between
the creeping fault and the neighbouring fault.

For a surface-breaking fault, aseismic creep across the fault reduces the
rate of accumulation of surface shear strain on the surface near the fault,
and for suitable values of the model parameters, including the creep velocity,
the rate of accumulation becomes nearly zero. This resuit for the model
resembies the situation near the creeping central part of the San Andreas
fault, where the rate of accumulation of surface shear strain is nearly zero,
while it has values of the order of 10" per year near the locked part of
the 5an Andreas fault. However, for a buried fault, creep across the fault
is found to increases, to some extent, the rate of accumulation of surface
shear strain in the region vertically above the fault in our model.

. We now show, in greater detail, the variation with time of the surface
shear in the region above the faults and the shear stress near one of the

faults for a typical set of values of the model parameters, with F_ vertically
above Fz. and with the relative positions of the faults as in Fig. 2, where,

n - 102 poise, w= axtol! dynes/cmz, Te = 100 bars,

( Tig)g = 25 bars (in the region of the faults), d; = 5 kms, D, = 15 kms,
d, = 20 kms, D, = 30 kms, dy s 0, Dy = 10 kms, d,=0,D, = 16 kms,
P, = P, =0, Py = 10 kms, Py = 20 kms, Tl = 50 years, T, = 100 years,
‘l'3 = 150 years, T“ = 200 years.

shows the variation with-time of the quantity

L S
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- /
Bz = lepa-(edody 0 * 10

yZ =0
= ; {change in the surtace shear strain vertically above F ) x 107,

in the case where Vl =V, =Vy=V, = 2 cms/year, specify the creep velo-

citites across the system of faults shown in Fig. 2. Before the commencement
of any fault creep, there is a steady accumulation of the surface shear strain
above F,. Commencement of creep across F, at time T, increases this
rate. when F, also starts creeping at time 11'2 (>7,> 0}, there is some
further increasg in the rate of accumulation of surfacg shear strain above
F It although the effect is smaller. Later, the commencement of creep across
F, and F, at times Tyand T, (T,> Ty> T, T, 0) leads to some reduction

in the rate of accumulation of surface shear strain above F,. The effect
of fault creep on the changes of E ., above F  is greatest fo‘ creep across
F, followed by Fy Fyand F, in dec‘@asing orde\'.

Fig. 5 shows the variation with time of the guantity,

Tlm =~ max ( le)yz + 0

dl-s y3" Dl

which represents the maximum value of the shear stress T near the fault
F, at time t. Fig. 5 shows the variation of T with titie in two cases -
tHe case in which there is no creep across any ¥uie (v, = 0) and the case
in which creep commences across F at time T with ¥, = cms/year (k = 1,2,
3,4). We find that, in the absenlée of faultk movemgnt, there is a gradual
accumulation of shear stress near F . When creep commences across F
at t = T,, the rate of increase of Tl with time is reduced to nearly zero,
Later, wl‘aen creep commences acrosd! F . which is vertically below F.,
the rate of increase of T is enhanced to some extent. Again, when cre

commences still later aCllg;S F3 and F“ at time T3 and T#’ there is some

reduction in the rate of increase of T with time. The eiffect of fault
creep on T is greatest for creep acrg& F,, followed by Fz, F, and F
in decreasir*in order. These results bring out’ the significant infl%ence of
the relative positions of the faults on the effect of aseismic creep across
a fault on the neighbouring faults of the system. The nature of the interaction
between the faults in the model, therefore, depends significantly on the relative
positions of the faults.

In conclusion, it is hoped that the theoretical model presented here
will be useful in the study of interaction between neighbouring strike-siip
faults in seismically active regions, and in gaining greater insight into the
physics and dynamics of earthquake processes.
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Figl: Section of the model by the plane y,=0.
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Fig.2: Section, by the plane ¥,=0.of the model used for

computations. This figure shows only one set of
relative positions of the faults. Other relative
positions have also been considered, including
some cases in which the faults are more or
less at the same level in different paratiel
planes, and some other cases in which one ¢
two faults are more or less vertically above
or below other faults of the system.
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Fig.3: Regions of shear stress accumulation{Iy),
(1; ,I;") and shear stress release{Ry Ry’ ),
(R{,Rj) due to creep across Fix and F;.

The other faults of the system are not shown
in this figure.
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the foults have relative positions as shown
in figure 2.
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