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INTRODUCTION

Aseismic surface movements in seismically active regions of the earth
during apparently quiet aseismic periods have attracted the attention of
seismologists in racent years and tne possibility of utilising them to obtain
greater insight into the dynamics of earthquake processes, including accum-
ulation of stress and strain, leading to seismic fault movements, has been
recognised [Kasahara (1981)]. Some theoretical models of assismic sur-
face movemants, in seismycally active regions have been developed in
recent years, and heve been discussed by Mukherji and Mukhopadhyay
(1984, 1986) and Cohen et al. (1984). In most of these theoretical
models, a single locked or creeping fault is considered in models of the
lithosphere-asthenosphere system. Howsver, Mukherji and Mukhopaday
(1984, 1986). have considered theoretical models with two interacting
faults, and have explained the significance of fault, interacting in the pro-
cess of streas accumulation and release in seismically active regions. in
these theoretical models, the faults wers taken to be both buried or -both
surface-breaking. Keeping in view the possibility of creep across faults
of a fault system with buried as well as surface-breaking faults, a theoret.
ical model of the lithosphers-asthenosphere system, with a surface-breaking
fault and a buried fault, has been considered in this papsr.

FORMULATION

We cunsider & simple model of the lithosphere-asthenosphere system
consisting of a visco-elastic half space with its material of the Maxwell type.
Woe considered two long vertical and interacting strike-slip faults F; and F,
in the half-space across which creep occurs under suitable conditions. We
take one of the faults (F,) to be burried. and the other {Fa) is tzken to be
surface-breaking. Woe introduce rectangular cartesian co-ordinates (Y1 Ys.-
¥a) with the free surface as the plan y, = 0 and the y; — axis pointing into
the half-space, Woe take the y; —axis to be perallel to the plane of the
faults. Then we can assume thet the dispiacements, stresses and
strains will be indesendent of y,. We take the pianes ot the faults
Fyand Fy be given byy; = Oandy, = D respectively. Let D, be the
depth of the lower edge of F, below the free-surface. Also let d; and D,
be the depths of the upper and lower edges of.the fault F, below the free
surface. Fig 1 shows the section of the medel by thw plany; =0 For
the model, since the displacements, stresses and strains ere independent of

¥1. we find that ths displacament component u, along the y, axts and ths -

gtress components 7,3 and 7,y associated with it are independent of the

(U
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other componsnts of displacement and stress, and satisfy the relations,
1 1 a a,‘ll
(5 + W) m= s,

and
1 1 9 _ 9y
(5 + B )T aayy
(—o<ya<o,y;=0,t=0)
where . is the effective rigidity and n is the effective viscosity, as in
Mukherji and Mukhopadhyos (1984, 1986).

We consider the model during aseismic periods, leaving out the relatiy-
ely 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 negle-
LD Benae she selevert dresnn ity e 1erdGun

O () + T‘,’,—.- (v13) = O

- . . < ' ays '
(-0 <ys <0 ,y; 50,t> () O ) |
From (1) and (2), we find that
2
Tt (V’u;) -0 (3)

which is satisfied if “2u, = 0 -
(—o<ys<o , y3 =0,t=0).
At the free surface y; = 0, we have the boundary condition
Tis=0,0ny; =0
(1=0 — w0 <y: < ®) e (C))
Woe assume that the tectonic forces maintain a constant shear stress far,
away from the faults, while stresses near the fault may change with time
due to fault movement (including fault creep). We then have the boun-

= - dary conditions,
Tla——FO as Yg——rc0
- . (for - o<y <0, t==gy. (6)
and 13—t a5 y;— 0
for y= 0,t=0) e . (6)

DISPLACEMENTS AND STRESSES IN THE ABSENCE OF FAULT
MOVEMENT :

In the absence of any movement across the faults, the displacement
and stresses are continuous throughout the model. In this case, we Meas-
ure the time t from the instant at which the relations (1)—{6) become valid
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tor the modal. Let (U;)o . {tit)e + {1s)e’ Which may be functions of (v V,).
be the values of {u;), (712), (ris) 8t t = 0, {U)e, (r12)a, (T13)0 also
satisfy the relations (1)—{6).

The initial and boundary value problem is solved, following exactly the
same method as in Mukhetji and Mukhopadhyay - (1984 1986), using
Laplace transforms, to obtain

Us (Va, Yat)=(urdo + —"E;]-‘-”—t
caa (Va.Ya.t) = (cido® 3 -+ 7o (1—e I )]
ut '

Tia (Y2 . Y3, 1) = {T13)0 e

As in Mukherji and Mukhopadhyay (1984, 1986) , we find from [7), that
if the shear stress 5 near the faults, tending to cause strike-slip movements
is less than <co at t = O, then there would be a continuous accumulation
of shear stress near the faults fort > 0, with 7;3—>7c0 near the faults, as

t— .

We assume, as in Mukherji and Mnkhopadhyas (1984, 18886) that
aseismic cresp commences across F, and Fy when r,; reaches critical
values . and =, respectively near F, and F..

I < OF 7o' < 70, then seismic creep would commence across F, or
F, after 8 finite time. From (7). we find that the fault across which aseis-
mic creep commences first would be determind by the values of 7, , 7c' and
the value of {r1s)e near tne faults F, and Fs. Assuming that 7o, =" <voo,
we consider next the situation after aseismic craep commences across F; or

E; or both.

DISPLACEMENTS AND STRESSES AFTER THE COMMENCEMENT
OF FAULY CREEP :

If fault creep commences across F; or F3 or both, the relations (1) —
(6) are still satisfied together w: th the {ollowing conditions of creep across

F1 snd F

[us): = U (ta) f1 (¥s) H{tD) - weeeee {82)
across F, (0 € ys< Dy,y:=0) ‘
and [u,]s = Us (ta) fa (va) H(ts) reeese (8D)

across Fs (ds << y3 << Da, y2 = D)
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whete t =t — Ty, ts =t —Ts.

fula =Lt [u] — Lt [uq]
is the relative displacement across F, corresponding to the fault creep and

Uy () = 0 fort< 0ie, t<T, sothat

] =0 fort< T,
The velocity of creep across F, is

T;?i. [ = Vi (t:) fa (ys)

where V; (t;) = EI?T Ui () ] |
Again [w]s \;-:—r- b+ O(U:l) \lf-:—hb _ o(u;)
(ds € ¥a < Dy)
is the relative displacement across F, (.‘.orrosponding to the fault créep and
Usfts) =0 fort, < Oie, t < Ty, sothat [u,]; = Ofort < Ts
The velocity of creep across F; is

—7 [Udds fa (Y2} = Vi (ta)

wheto Vs (ta) = —5— [Us (ta)].

T, and Ty { = 0) are the times of commencament of creep across F; and
Fs respectively. In cause no cresp occuxs atany ime across F, orF;. we

simply take
U (t) =0 forallt=¢
or Us(ty) =0 forall t=0, .
Sothat [l =0o0or [Lla=0foraflt=0.
considering the model after the commencement of fault creep, actoss F, or
Fa, or both, we try to find solutions for u;, 7,3, 7,3 in the form :

Uy = (U); + (us)a + (ug)s
Tig = (t12)1 + (712)2 4 {712)s ] seones (9)
and 7,5 = (“1:)1 + (v1g)s + (""18)3

where (U); . (vua)1. {7%); are continuous everywhere in the model, sati-

" sfy the relations (1) — (6, and have the values (u,}0. (r1s)o. (v1s)0 &t

t = 0, while (ir1)s. (Tieds, (v1s)s 1€ zero for t << T, | satisfy (1) — (5),
(8a) and are continuous everywhere except across F, satisfying the fnllo-
wing eondition which replaces (6) : .

(t12)a—>0 as [y;]—>00 (va=0.t=1t)) creees (108)
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Again, (tu)s, (W), (1), are zero fort < Ty, satisfy (1) (B). (Bb)
and are continuous everywhere oxcept across F,, satisfying the  following
condition which replaces (6) : ‘

(T1s); — 0 as [y,] & co (ys =0, t =Ts) eenesn (11D),

In this case, it is clear that the solutions (8) will satisty (1) - (6), (8a)
and (8b). We note that (u,),, (*18)1, (715), satisfy exactly the same condit-
ions as those satisfied by U; , T13. 713 in the absence of fault cieep movem-
ent. Hence, (u;};, (r13)1, (715)2 have the same- expressions as those for

U1, 713, T given in (7).

On substituting t, = t-T,, we find that (u,)s, (7,2)s, (tis)s which are
functions of (t,, y,, Y») satisty the following relations, obtained from (1)-(6)

(10). (8a) and (8b)

L I AN - _ D%uy)s
(?“rbﬁ) (T"). 0% Ovs

ﬁl+ % Ff?) ( "“)n =_gtix(‘:!li:.- O e(le)
(), + 5 ()0 .
VHu)y, = 0 sesssnntneranesanns {38) -

[(1e), (2a), (3a) being valid for —co <Ya<oo, Y50, t=0]
(fuls=0asy; =0  (—e <ya<ow, tiz=0) 4 (4e)
(713)2 = 0 88 v; > 00 (—co<ya<ew, t,==0) o H............_...A(Ea)
(%15)s = 0 88 y3 - o (v5=0, t,=0) - TR (.1

[(v1)s] = uy(ts) 1, (v») Bceross F,
(vs= 0,0y, =D,).

and ,
: '(U]_,’, (TII)D (T_la)l = 0 for t;go

. To obtain solutions for (ty)s. (t1a)s. (71202 for ,<0,
we take Laplace transforms of (1a) - (7a) with respect to t,,

This gives a boundary value problem which can be soived by using a
suitably modified form of a Green's function technique developed by

Maruyama (1968), as explained by Mukherji: and Mukhopadhyay (1984, -

1986). On inverting the Laplace transforms, - 88 - in Mukhgyj‘i and
Mukhopadhyay (1984, 1986), we
K

+»
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(u)s = H(t-Ty) "—g%,:l)—‘f’iv ey enniioe(11)

: t
g (h—r)

(rusds = HOET) () [uade)e™ 9 (ya va) g

o |

| C |
- ® (' -f)

(rie = KT (F5) [V (063 oy (yar vo) 0

‘ 0

l . (.\ . A s : ’ . ’u-oh(13).
' (va#0) '
where t; = t-T;, H (t-T,) is the Heaviside function, sp that H (t-T,) =0

fortsTl and H (t-T)) = 1fort>T,
D, -
‘ Y
¥ (ys Vo) = Ifl (Xa)[ (s - va)'s F vyt
0

Ys : .
+ (x. + y‘)' + V'I ]dxa nun(“’)

11 (Ya, V3) = iﬁl—'— Ifl ("a)[ T x(x:-‘\::;: ;_‘C:,}:

(x3+Ys)2—ys? ]dxs

+ {(Xs+Va)'+v-=}_" ...... (187
and 45 (Ys, Vs) = W“ f 2t (xa)[ {(xﬁ"_';,"f"_";,n, ‘
(xs + va)y .

{(xl +sv'). + vl'I}I ] dxa ...... (16)

(vaz=0) ‘ ' o
In (11) — (18), U, (t1) and V; (t,) vanish fort, < O l.e., t < T;. Wenow -

consider the functions (ui),, (v1a)s, (715);. These functions satisfy the -
relations (1a) — (Ba), with t, replaced by t; , together with the following -
relation. :

[uils = Us () ts (Ys) across F,
(ds <ys <Dz va = D) . — )
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replacing (7a). (U1)s . {*13 )3 (Tyahs = O fort: << 0.
Now following the sams procedure as in the determination of {us)z, {712)s
{*13)e . we obtain the expres_s;ons for {uy)s . (v1s)s . (715); as follows :-

(ugds = H(_t;i-'Ts) M" P (¥'s, ¥s))

' - (ts -— 'r) |
(t12)s = H(t —Ty) (2 Vl("’) L $'nlys, vs)

t —_ oty —7) :
(rds = HE—Ta) () [ [V o ds Jou’ (')
g .

(Y's # 0, Le., Ys 7 D) —— 5

where ¥'y; (vs'. vs') = I fa (xa){: (g — y,‘it + yyt

+ (x,+v,)= B ] dx, ceeees (18)
Fu WY = ['u oy [ s

et :’,:’;:.‘;:.}a Je B
Fu (0 W) = f fa (o) [~ el
_ “x;"f ;:‘,;,++Vjs,l}, ] dxs v veerer (20)
v’y % 0)

where vy =ys—D,Vyy =V,

Hence fiRally Wé obtain complete expressiens for u, , rix. s from, (8).
where (), , érishi . (113)1 heve the sama expressions as those foLu; , ris
13 GNan i (7), (Uds, (T1ada. (rid)s are given by (11) — (16), and (u1)s,
(13)s + {71)s &€ given by {17) — (20).
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The shear strain e, is given by
7O t

— aul _—
€y = By = (012)0 +

+ H{t —T)) y'lf(:—)- 21 (Vo . Ys)

+H(t—T) ~9’—2‘-;-’~’— 2 (V2 . va) e (21)

h=t—T, , =t —Ty,y, = Ya = D, vz = v3),
The integrals for ¥y, , ¢y, $31. ¥y, 0. 90 in (14) — (20) can be
obtained in closed form if f: (va) . fa (ys)
are polynomials. In particular, if the relative displacemeant due to cresp ig
independent of depth; so that

f1 (vs) = censtant = K (say)

( 0 < Va S Dl)t

and f; (y3) = constant = K* (sey) (ds <ys < Dy).
we find, as in Mukherji and Mnkhopadysay (1984, 19886), that ¢,,, a1, by,
9’n1(and hence 74, 714, 7'y, ~'13) have singularities at the lower aedge of the
surfacebreaking fauit and at the upper and lower edges of the buried faults,
Following exactly the method mentioned in Mukherji and Mukhopadyay
(1984, 1986) we find that the integrals Y11, $110 da1. Vru, 91y, 9'5y are
finite everywhere in the model, including the edge of faults, for all finite
(Ys. Ys. 1), provided the folowing conditions are all satisfisd simultaneously

by fi(vs) and f; (y;) :

{A) Conditions to be satisfied by 1 (vs) :
(1) fi(vs) and f,’(ys) are continuous in 0 LY, <D,

(ii) %" (vs) is either continuous in 0 < ¥s < D,,
or has a finite number of points of finite discontinuity in 0 <y, < D,.

_(iii} either f," (y;) is finite and continuous at y;, — 0 and Ys = D; or there

exist real finite constant m and n, both < 1, (Ya)® £, {ys) — O or to
afinite limite asy, ~040 7 - (22A)
and (D1-ya) ;" {ys) - O of 1o a finite limit as y, — D,-0.

(v} f(D1) =0, 1" (D) =0 = 1, (0).
These conditions imply that the magnitude of the relative displacement
across the fault varies smoothly with depth and approaches zero with suffi-
cient smoothness as y,—+D; — 0 at the lower edge.

{B) Conditions to be satisfied by f; (y;) :
( i ) fa ‘ys) , e (Vs)r are continuous in dg g Y << D,
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(ti) f2(dy) = 13 (Ds) = s’ (da) = s’ (Da) = O.

(iii) fy" {ys) is either continuous in ds <y; <D,
or has a finite number of points of finite discontinuity in dy <y; <D,
and (iv) either fa"* (y;) is finite and contiuuous at (22B)
ys = dsand and y; = D,
or there exist real finite constants m and n both <1,
such that

(Ys — da)™ f3 (v5)—0

or to a finite limit as y,—»dy; + 0

and (D; — yg)2 3" (vs) > ¢

or to a finite fimit as y;—D; — 0.
If f; (ys) and f5 (v;,) satisfy the above conditions, in order to facilitate eval-
uation of the integrals, we carry out integration by patts of the integrals in
the expressions for displacement, stress and strain and express the integrals
in the following forms:-

D,—y
Yy, vs) = — ffl' {ys + v) tan™? (‘%) dy
—Ys
Di+vs'
- ffx (z — vs) tan™: (%) dz veene (23)
Ys
Dy—ys
$u Vs, Vs) = — § [ U, {y+vs) Joge (v2 + y&,) dy
et £
D;+-y,
+ 11" (z —vi) loge (22 4 vs?) d2] ... (24)
Ys
D, —vy,
9a1 (Ys, ¥3) = — ff'l (ys + y) tan™ (%) dy
2
—Y¥s
Di+ys
~ [t~ yva) ten= (=) dz reaes (25)

Ys

(33
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Dz —yy’
¥ (e v5) = — f f2' (vs' + v) tant (Y. ) dy
Ya
da—va'
D;+vy',
_ f fa (z—ys) tan=t (vi's) dz cereme (26)
dz ¥y
D;-vyy
¢ulys’ . y3) = — %[ ff’" (Y + vs) loge (v® + ys?) dy
ds—y'y
DB+Y.3
+ 1 f2" {z —¥'s) loge (22 + y3) dz] seeens (27)
d2+y 3
Ds—‘Va.
' (V2. V) = ~ f fe" (¥'s — ) ,:tem-1 (;—.‘%) ] dy
da—y'y '

Dl+Y's
— J.fz" (z—vs') [tﬂtn-1 (;.52 ) dz wereee (28)

da+Y's

The primes in ' (vs +y), f," (Z—va), o' (va' + V). 15" (2 — y3) etc.
denote differentiation with respect te the argument. The intigrals, in (23)-
(28) can be expressed in closed form in terms of elementary functions if
f1 (¥s) « fa (v;) are polynomials satisfying (22a) and (22b)., Otherwiss, they
can be evaluated approximately without difficulty by numerical integration
it f1 (vs). f2 (vs) satisfy (22A) and (22B), but are not polynomials,

DISCUSSION OF THE RESULTS AND CONCLUSIONS :

To study in greater detail the changes of displacements, stresses and strains
and strains near the faults with time, and specially the influence of faults
cresp, we compute the changes of the surface displacement u, and surface
shear strain @ ;2 near the faults, as well as the shear stress ry3 near the
faults, tending to cause strike-slip movement, for relevant values of the
model parameters u, 5, Dy, D3. D, roo and for relevant types of craep velo-
cities the faults, Keeping in view the case of shallow strike-slip faults in the
lithosphere. we take values for 4 in the range (3 to 4) X 10 dynes/cm2,
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while D,, Dy, D d; are taken to have values in the range 6 to 40 kms, with
ds > Da. The cemputations-have been carried out for some simple types of
fault creep, where the creep displacements across F, and F; are given by

[Uz:l=vﬂl f; (Ya) H (t--Ty)
across F,

and [ uy :|=V| ta fg (Vl‘) H (t—TI)

across Fy,

where V,, V; are constants, so that creep velocities do not change with
time, and f; (y,), f; (v's) are polynomials, satistying the conditions (22 A)
and (22B) for finite displacements, stresses and strains, so that Uz, &y,
713, Jys are finite for all tinite - {ys, va, t) in the model. In particular, we

consider the case in which

Jy3 2y,?
f1 (vs) =1 —_D!;:s' +'—g:1-
and g N (29)
L 2 !
fl (V'a) = TG‘VS ( D:‘_Q(SD;Q Yo

For V, and V,. we consider values in the range O to & cms/year, which is
the range of observed creep velocities on the surface across creeping
strike-slip faults in North America. For », we consider values in the
range 102'—1022 poise, keaping in view the fact that Cathles (1976) has
obtained results on post-glacial uplift and corresponding theoretical
results for theoretical models of the lithosphsre-asthenosphere sysferh with
values of . in this range. For rco. we consider values in the range 50 to
200 bars, and for (7,3} near the faults we consider values in the range O to

100 bars ; with (r1;)¢ < 700 in all cages.

The computed values of displacements stresses and strains show that,
in the absence of fault creap, there is a gradual accumulation of the shear
strain e,s and the shear stress 7,4 near the faults, increasing the possibility
of a strik-slip fault movement. The rate of accumulation of r,; decreases

slowly with time, and uitimately ry9700 if no fault creep occurs. But if

" creep occurss F; or Fy or both, it has a significant influence on the displace-
mants, stresses and strains near F; and Fy, where the nature of the sffect of

fault creep depends on the following factors :-

5]

-
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(a) the creep velacities and thelr varlatlon wuh _depth (i.e., Vi, Va, £, (ya),
fa (ys')]

(b) the depths and dimensions of the faults and the distance bstween
them [ i.e,, Dy, ds, Dg, D ] '

(c) the relative positions of the faults,

(d) the values of 4, and . the model parameters relatad to material
rheology,

(e) the displacements, stresses and strains present st t=0,

{f) the shear stress r, far away from the faults, maintained by tectonic
forces,

From the computed values, it Is found that, when the creep across a
fault commancaes, it reduces the rate of accumulation of surface shear
strain and shear stress near itsalf.. For sufficiently large creep velocities
across a fault, thers is a continuous aseismic release of shear stress near the
fault under suitable circumstances, so that the possibility of a sudden fault
movement, generating an earthquake is reduced continuously,

T 2 _d ] =1
i ' H
T 1d; :
D‘f F1 ' ;_ |
F |
_UI |C2
_ I
| f2 |
3 |
Y':‘ ---L 1
Y
Ya

Fig. 1. Section of the model by the plane y,=0

The offect of creep scross one fault on the shear stress and strain -near
the other depends significantly on the relative positions of the faults and
also on their depths and dimensions and the distance between them.
Considering the effect of creep across F; or F; , wae find that if Fy lies in a
perticular region of the model, which we call f, , creep across F; increase
the rate of accumulation of shear stress near F;, But if F, lies in two others
regions of the mode! which we call R; and R; , the creep across F, reduces
the rate of accumulation of shear stress near F; These regions are shown

in Fig. 2.
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0 —i Y

Fig. 2. Creep across Fy —_regfops of 1qqrqasa ) fq the rata of al_‘;c_‘gr stress
acctimulation (1,) and decrease in the rate of shear stress accu-
mulstion (Ry. Rs). tr o ST

If F, end Fy are more or less at the same level, then creep across any
one fault reduces the rate' of Bo_cumulation of shear stress and shear strain
near the other, so that creeping faults tend to release shear stresses and
strain near each other , thus réducing the possibility of a sudden seismic
fault movement.  But if'dhe fault is more or less vartically below the other
then creep across one faul:t tends to increase therate of accumuletion of
shear stress and strain near the other, increasing the possibility of a suddan
seismic fault movement, In this case, the faults tend to reinforce the accu-
mulation of shear stress and ':ifr':hin near each sther.

The influence of one fault on the other is found to decrease quite rapi-
dly with increase In the distancﬁ"between them, andif D >> (D, , Dy), the
effect of treep acioss one fauit'oh the shear stress and strain near the other
becomes small. - However, in this cage a!so, creep scross a fault reduces
the vate of accumulation of shear stress and strain near itself,

in the absence of fault creep, the rate of accumulation of sheer etrain
on the suriace neer Fi1and Fy is found to be of the order of 107 per year,
which is of the same order of magnitude as the -observed rate of surface
shear strain accumulation near the tocked northern and southern parts of
the San Andreas fault. - -

If the creep velocity across F, and F, does not ch ange with time [i.e.,

»
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Vi {t1) . Vs (ta) ] are constants the magnitude of the effect of fault creep
ecross F, and F, on’ the 'sheat stresses. aré found.to” be” proportional to the
creep velocities. If the creep veslocities change 'with time, the relation is
more compiex, But, in this case also, an incrbase in the creep velocity

across a fault leads to an increase in the magnitude of the etfect of creep
on the shear stresses near the fault itself and near the other fault,

On computing the surface shear strain, whose changes with time can
be monitored by repeated geodatic surveys and instrumental observations,
we find that, in our model, fauit creep has a significant effect on the
surface shear strain (e,3) vs=0. For the surface breaking fault F,, it is
found that fault creep across F, reduces the rate of accumulation of surface
shear strain in the regions above F, and Fy. 8ut for the buried fault F,
it is found that creep across Fy results in increase in the rate of accumu-
lation of the surface shear - strain (013) Ys=0 in a region E,'E,’ vertically
above Fy, and inits reduction outside this region, which is shown in Fig.3.

‘The width of E, E,* pepends on the fault paremeters ds, Dz and fy (vy') for

Fs, and &, E's is symmetrical obout the line on the surface y»=0 vertically
above F2.

o .
et , Abyz
E
]

Fy

1

et . E— —— Sy ——— =
——— o — ]

OF M e ey

Fig. 3 : Creep across Fs-region of intrease in the rate of shear strass
accumulation (I'1,I's ) and regions of decreass in the rate of
shear stress accumulation { R'y, R'2 )
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Fig. 4 : Region E'y, E's of increase in the rate of acquulation of surface
shear strain due to creep across F,

Fig. 4 shows the changes in the shear strain e,; on the suiface above
the fauits and ti.e shear stress r;3 near the faults, tending to cause strike-
slip fault movements, for some typical values of the model parameters,
which aie given as follows :-

=102 poise,

p=3 X 1011 dynes/cms,

(713)o=25 bars in the region of tha faults,

[U]]—V1 ty fl (Yg') H (t——TI) across Fl
and [u;]=vats f3 (yy’) H (t—Ts) across Fy,
where f; (vs), 1's (vs!) are given by (29), and V,, Vs ere in the range O to
6 cms/year In the first situation, F, and Fy are in different parallel planes,
and have similar dimensions  The configuration is shown in Fig. 5. In the

secord situ:tion, Fy is verticallv chove Fy  This configuration is shown in

Fig 6. Fig 7 shows the changes with time of the quantity.

Exs=[e1s ~(€12)o] Va=e0 X 107,

(==change in surtace shear strain X 107), at pomts vertically above F, and
F,. in the different planes as in Fug, L .

with D, =D,=D=15 Kms,

and d3=5 kms,

T,=50 years,

Ty=100 years,

V=V = 2 Cms/year.

w»r



<

On Two Assismically ... ~..Surface - Breaking. 65

- Y

o

G ———
S et e s o e

=

Fig.8: F,and Fy in diffarent paralie! planes with approximately similar
dimensions and at levels which do not differ appreciably,
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Fig.6: F vertically above Fy
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Fig. 7 : Changes in the surface shear strain with time sbove F, and Fi
which are in differemt parallel planes as in Fig. 5. The
lines | and Il correspond to points vertically above Fi, and Fy
respectively.

The lines | and 1l show the changes in Ey; with the time t at surface
points vertically above F, and Fy respectively. Creep across Fy, which
starts earlier in this case, is found to decrease the rate of accumutation of
surface shear strain near F, itself, and to a lesser extent, above F,
Subsequent creep across Fy, in this case, is found to increase the rate of
accumulation of surface shear strain vertically above F; itself, while decrea-
sing further the rate of accumulation of surface shear strain above F,.

Fig 8 shows the variations in the same quantity E j; with time, in the
case in which F; is vertically above Eg, as in Fig. 6 with D,=15 kms, ds==20
kms, D.=35 kms, D=0, V,=V,=2 cms/year, T,=50 year, and T, — 100
years, on the surface vys; =0 vertically above F, and F; Itis
found, in this case, that creep across F, decredses the rate of accumulation
of surface shear strain above F; and F,, But subsequent creep across F,
again increases the rate of accumulation of surface shear strain above F,
and F;, although this compensates only partially for the eoffect of creep,
across F,, which tends to degrease this rate,

W
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. Fig. 8 shows the variations of the quantity
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Fig. 8:

Changaes in the surface shear strain above Fi1 and Fs with time

in the case in which Fy is veritically above Fa as in Fig, V. 6
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Fig. 9: Changes in Iim, the maximum shear stress near F,, with time,
where F, and Fg are in different paralle! planes, as in Fig. 5.
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Tim=max [{r;2}ys—+0, O <y €D;)]
with time, in the case in which F, and F, are in ditferant parallel planes, with

D;=D3=D=15 kms, dy=5kms, T,=60 years and T;=100 years.

The curves 1, Il and Ill in Fig. 9 comesponds to V,=V,=0 {no fault
creep),
Vi=V,; cms/year and
Vi=V,;=56 cms/year respectively.
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| |
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Fig, 10 . Changes In Tam, the maximum shear stress near Fy, with time,
where Fy and Fs are in different paralle! planes, as in Fig, 5.

Fig. 10 also corresponds to exactly the same mode), with the same
alues of D,, Dy, D, ds, T; and T, and it shows the variation of time of

Tim=max [{r13)¥s' =0, ds L ¥’z <Os].

In Fig. 10, the curves 1, 1l and |ll correspondsto V,==Vy=0, V,=V,=2
cms/year and V,=V,=05 cms/year respectively. Here Tym, and T;m which are
functions of t, represent at any time t the maximum values of the shear
ress ryy near the faults E, and F, respectively at that time. Fig.9 and
Fig. 10, we find that, in the absence of fault creep, there is a steady accu-
mulation of shear stress near F, and Fs. The rate of increase oftshear stress
falls off slowly with time. This accumulation of shear stress increases the
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possibility of a studant ssimic fault movement. Creep acaoss each fault
reduces the rate of accumulation of shear stress near itself, and to a2 lesser
extent near the other fault, in the case considered here. For the case
V1=V:=5 cms/year, when both the faults are creeping for t > T, the
cumulative effect of creep acro s the two faults is found to lead to a
steady aseismic release of the maximum shear stress near F, and F;, so
that the possibility of & sudden seismic fault movement is progressively
reduced. The model to which Fig 9 and Fig. 10 cotresponds is the same
&s the modsl for which Fig. 7 shows the variations of the surface shear
strain sbove F, and F;, with the same values of the model parameters.

In Fig. 11 and Fig. 12, we have shown the variations with time of
the quantities T, and Ty respectively, defined earlier, in the case in which
Fy is vertically above Fy, as in Fig, 6 with D,=15 kms, dg=20 kms, D-=36
kms, D=9, T;=50 years and T;=100 years. In this case, creep across F,
or Fz tends to release the shear stress =y, gnear the fault itself, but tends
to increase the rate of shear stress accumulation near the other neighbouring

fault.

Pt s ‘ No fay!t
' creep

Fy and .Fi '
creeping

Fy creeping

—
o
(=]

B |
w
T

Timiin bors) ————

0 50 05 -
m i)
) o . thin yeors ) ——a- ]
Fig. 11 ; Changes with tima of Ty, the maximum shear stress near Fy,
with Fy veltically sbove Fy, as in Fig. 6.

In conclusion, we may say, that we find that the effect of fault creep
aon a fault-system_ consisting of a buvied tault and a surface-breaking fault
depeneds significantly on the relative positions of the faults, and may lead
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Fig. 12 : Changes with time of Ty, the maximum shear siress near F, is
vertically above F, ss in Fig. V, 6.

to aseismic stress eccumulation or stress release depending on their mutual
positions, as wall as other model parameters, including creep velocity,
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