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ABSTRACT

It is observed that the mean slip in large earthquiakes correlates
linearly with fault length L and is not related to fault width, W. 1f we
interpret this in terms of an elastic model, it implies that static stress
drop increases with aspect ratio (L/W). We also observe a tendency,
particularly for strike-slip earthquakes, for aspect ratio, and hence
static stress drop, to increase with seismic moment. Dynamic models of
rupture of a rectangular fault in an elastic medium show that the final
alip should be controlled by the fault width and scale with the dymamic
stress drop. The only way the=e models can be reconciled with the obser-
vations is if dynamic stress drop correlates with fault length so that it
is also nearly proportional to aspect ratio. This could snly happen if
fault length is determined by the dynamic stress drop. There are several
serious objections to this, which lead us to suspect that these models may
be poor representations of large earthquakes. Firstly, it conflicts with
the observations for small earthquaxes (modeled as circular sources) that

stress drop is nearly constant and independent of source radius. Secondly,
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it conflicts with the observation that fault length is often determined by
rupture zones of previous earthquakes or tectonic complications. We
speculate chat the boundary zondition at the base of the fault, that slip
is zero, is unrealistic because that edge is in a ductile region at the
base of the seismogenic layer. In a model in which slip is not so con-
strained at the base of the fault nor at the top (the free surface), such
that no healing wave originates from these edges, final slip would Le
determined by fault length. The observations would then be interpreted as
meaning that the static and dynamic stress drops of large earthquakes are
nearly constant. These two alternatives predict very different scaling of
the dynamics of large earthquakes. The width-dependent model predicts
that average particle velocities are larger for long ruptures but the rise
time will be the same as in a shorter event of the same width. The length-

dependent model predicts the opposite.




INTRODUCT ION

A central problem in earthquake seismology has been to find scaling
laws that relate the static parameters such as slip and stress drop to tﬁo
dimensions of the rupture and to understand these relationships in terms of
the dynamic parameters, the most fundamental of which are rupture velocity
and dynamic stress drop.

In doing so, it is essential to distinguish between small earthquakes
and large earthquakes. Tectoric earthquakes nucleate and are bounded
within a region of the earth between tﬁe surface and a depth ho’ the
seismogenic layer. The seismogenic depth, ho’ depends on the tectonic
enviromment but in a given region the maximum width of an earthquake
occurring on a fault of dip & is wo = hollin §. We will define a small
earthquake as one with a source radius r < Holz and a large earthquake as
one in which r >»w°/2. Thus a small earthquake can be represented as a
circular source in an elastic medium, whereas a lar_- earthquake is more
suitably treated as a rectangular rupture with one edge at the free
surface.

It has been repeatedly demonstrated (e.g., Aki, 1972; Thatcher and
Hanks, 1973; Hanks, 1977) that the stress drops of small earthquakes are
nearly constant and independent of source dimensiors. This result, when
interpreted with dynamic models of finite circular ruptures (Madariaga,
1976; Archuleta, 1976; Das, 1980), simply means thac the dynamic stress
drop is constant.

If the same were t:rue for large earthquakes, the dynamic models of

rectangular faulting in an elastic medium (Day, 1979; Archuleta ar2 Day,



1980; Das, 1981) would predict that the mean slip is a linear function of

fault width. 1In the next section we will show that this prediction is not
borne out by the observations. What is observed instead is that slip
correlates linearly with fault length. The principal point of this paper
is to discuss the consequences of that observation for the physics of large

earthquakes.




OBSERVATIONS

For small earthquakes, using the definition of seismic moment , Ho’
and the relationship
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where r is source radius, u is mean slip, and 40 i{s stress drop. If stress

drop is constant, the relationship between Ho and fault area, A, is

3/2

n - (1882, , . (1)
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Large earthquakes, however, are more nearly rectangular ruptures of
width W and length L and in this case, for an elastic model in which slip is

restricted to be within W,

Ac = cuT (2)
-
vhere C is a geometrical constant.
If stress drop were constant, we would expect to find that

Ao
. 3
M, =<CL (3)

In Figure 1 we show a plot of log I.Hz vs. log Ho, for the large

interplate thrust and strike-slip earthquakes from the data set of Sykes




and Quittmeyer (1981). These observations are listed in Table 1. The data
for each type of earthquake define a line, but with a siope less than one,
indicating that stress drop systematically increases with moment. The
offset bc;wocn the data for the strike-slip and thrust events is also an
important feature that we will discuss later.

These data indicate that u is not simply related to W and that 4o is
not constant for large earthquakes. On the contrary, many workers (e.g3.,
Bonilla and Buchanan, 1970; Slemmons, 1977) have argued that u correlates
with L, and recently Sykes and Quittmeyer (1981) have argued that the
correlation is linear. Plots of u ¥s. L on linear scales are shown in
Figures 2 and 3 for strike-slip and thrust earthquakes, respectively.

In view of the usual uncertainties in the estimates of u and L, and
any naturally occurring variations in dynamic stress drop (with which slip

should be expected to scale), the correlation between u and L is fairly

strong. We fit it with a straight line with an intercept at the origin
u =aL (4)

and find that aT 2 x 107 for the thrust events and 1.25 x 10~5 for the
strike slip events. A: least for the strike-slip events, slip is clearly
not ependent on width because the widths of all the events in Figure 2 are
between 10-15 km, i.e., they are essentially the same.

From this observation we would thea expect that

M, yarw (s)



which is confirmed in Figure 4. For reference, the line drawn through the
data has a slope of one.
Since

B
12w = A”’(%)

and since the aspect ratio L/W varies only by a factor of about 20 in the
data-set, we would have found a good correlation between Ho and AS/Z’ as
did Aki (1972) and Ranamori and Anderson (1975) had we plotted log A vs.
log M . The question is not whether M, correlates better with L2W than

3/2. The issue of concern is that Kanamori and Anderson's inter-

with A
pretation of their correlation as meaning that stress drop is constant is

only true if L/W is constant, because from (2) and (4), we have
Ao = Cua% . (6)

That L/W is a constant is an explicitly stated assumption of Aki
(1967, 1972) and Ranamori and Anderson (1975). and although Abe (1975 ) and
Geller (1976) attempted to observationally justify this ansﬁnptiou. E s
not generally true. In Figures 5 and 6 we plot Ac vs. L/W for the two types
of earthquakes. The correlation between them is very clear for the strike-
slip events, and less so for the thrust eveants, for which there is a much
smaller variation of aspect ratio. That L/W does not have a large .ari-
ation for the thrust events seems to simply result from the fact that the
seismogenic width of subduction zones, Wo, is about 100 km, so that only
extremely large events can achieve high values of aspect ratio.

We can now understand why stress drop increases systematically with

M) as shown in Figure l. The width of large strike-slip earthquakes is



limited by the seismogenic depth to "o < 15 km so that they grow princi-
Pally in the L direction. This results in a systematic increase in L/w,
and hence 4¢, with Ho. The subduction zone thrust earthquakes have dif-
ferent widths but L increases faster then W with increasing moment, pro-
ducing th. same result, i.e., 4c increases with L/W or Ho. The offset
between the data for thrust and strike-slip even:s in Figure 1 occurs
simply because the widths of the thrust events are much greater than those
of the strike-slip events. A strike-slip event must have a much greater
aspect ratio, and hence stress drop, than a thrust event cf the same

moment.




PHYSICAL CONSEQUENCES

The principal feature of the observations that we wish to explain is
the correlation between slip and fault length. It is a surprising obser-
vation because intuition would first lead one to expect slip to depend on
width, yet this is not observed. This intuition is re-inforced by the
results of dynamic models of rectangular faults in an elastic medium (Day,
1979; Archuleta and Day, 1980; Das, 1981 ). These models show that slip is
controlled by the width of the fault and that it scales with dynamic stress
drop.

The situation is illustrated im Figure 7, which shows surface slip
along the fault for two representative strike-slip earthquakes. These
earthquakes have essentially the same width, and differ only in length. If
the dynamic stress drop were the same for these two eatthquakes. then
according to the theory, the Ft. Tejon earthquake would be the equivclent
of six Mudurnu earthquakes placed end to end. Clearly that is not the
case.

If the dynamic, elastic models are correct representations of earth-
quakes, then the only way they can be reconciled with the observations is
if dynamic stress drop correlates with aspect ratio. Since the width of
strike-slip events is nearly constant, and the width varies much less than
length for the thrust eveats, this would be approximately true if dynamic
stress drop correlates linearly with fault length. The only way this can
happen without violating causality is if fault length is determined by
dynamic stress drop. This is not an entirely unphysical proposition,

because dynamic stress drop determines the stress intensity factor, which
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is important in fracture growth. It is not obviously apparent, however,
vhy L should increase linearly with Aad, the dynamic stress drop.

There are several major objections to this internpretation. The first
is that v; have to assume that for large earthquakes Aod determines the
rupture length, which directly contradicts the observations for small
" earthquakes. Although stress drop appears to increase with source radius
over a limited range in same data sets (Aki, 1980), it shows no obvious
variation with source radius over a very broad range (Hanks, 1977). We can
offer no reascnable explanation for why large earthquakes should behave
differently than small earthquakes in this important respect.

A second objection is that this assumption conflicts with the prin-
cipal observaticns that led to the concept of szismic gaps: that the
length of large earthquakes is often controlled Uy the rupture zones of
previous earthquakes or by structural features transverse to the fault
zZone. Uf course, one could soften the original assumption to: Acd deter-
mines the length unless the rupture encounters a rupture zone of a previous
earthquake or a transverse feature. The rejoinder is that if the latter
were as common as is thought, it would have the effect of destroying the
correlation between u and L that is observed.

It is worth giving a specific example. If we compare the 1966 Park-
field earthquake (L = 30 km, u = 30 cm, W= 15 km) and the 1906 San Fran-
cisco earthquake (L = 450 km, u = 450 cm, W =10 im) we need to explain
the difference in u by a difference in Acd of about a factor of 15. Since
the correlation between u and L is also good in these examples. we also
need to argue that Lc& determined L in these cases. On the other hand, it
can be argued that the length of the 1966 earthquake was determined by the

length of the gap between the rupture zone of the 1857 earthquake (or the
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fault offset near Cholame) and the southern end of the creeping section of
the San Andreas fault. Similarly, the 1906 earthquake filled the gap
between tﬁf northern end of the creeping section at San Juan Bautista and
the end of the fault at Cape Mendocino. If our argument that 8oy deter-
mines L is true, then these latter observations are coincidences. Almost
‘identical arguments can be made for many of the other earthquakes in our
data set.

The third point is less an objection than a surprising consequence of
this interpretation. The Hoei earthquake of 1707 ruptured about 500 km of
the Nankai trough in Japan (Ando, 1975; Shimazaki and Nakata, 1980). The
same plate boundary was ruptured twice subsequently, in two sets of delayed
multiple events, the Ansei I and Il events of 1854, and the Tonankai and
Nankaido events of 1944 and 1946. 1Ia support of a time-predictable model
of earthquake recurrence, Shimazaki and Nakata argued that the greater
recurrence time between the first two sequences (147 years) and the second
(91 years) is because the slip (and stress drop) were greater in 1707 than
in either 1854 or 1946, the greater uplift at Muroto Point in 1707 (1.8 m)
than in 1856 (1.2 m) or 1946 (1.15 m) being the evidence. The reason why
this should happen is readily explained by the correlation between u and L.
Thus the ratio of fault length of the Hoei and Ansei II earthquakes,
500 km/300 km = 1.7 can explain the ratio of aplift at Muroto Point,
1.8/1.2 = 1.5 and recurrence time, 147/91 = 1.6,

However, if this is interpreted as being due to a difference in
dynamic stress drop, then one has to argue that a significant change in
dynamic stress drop (50%) can occur on the same fault zone between succes-

sive earthquakes. One could argue that this could occur because the slip

in one earthquake wnight change the relative position of asperities on the
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fault. However, since the slip in an earthquake is about 107> L, this
would mean that the gross frictional properties of the fault are controlled
by aspori}ies of dimensions on the order of 10'3 or less of the rupture
dimensions. Since there will be a very large number of such small fea-
tures, the average change between successive earthquakes would more likely
" be expected to be negligible.

In the above discussion we have created enough doubt about the appli-
cability of the dynamic rectangular models to consider that they may be
failing, in some fundamental way, to properly describe th> nhvsics of large
earthquakes.

For a rupture propagatiag at a constant rupture velocity, v, the slip,

for both circular and rectangular faults, is very close to [Day, 1979; Das,

1980, 1981)
. 2,2, 172 2, 2.1/2
U(!,y,t) » uo (:2 ~= (m )) (§_:y_) < t -<- th (7)
v

‘where x and y are measured relative to the point of rupture initiationm.
Equation (7) is the self-similar solution of Rostrov (1964 ). The asymp-

totic particle velocity, uy which scales the slip is, (Kostrov, 1964;

Dahlen, 1974)

u = g—Sa (8)

vhere K is a function of rupture velocity.

When the rupture reaches its final perimeter and stcps, a healing wave
pPropagates back into the rupture, arriving at time th. Yor ¢ * £, slip
decelerates and comes to a halt. The healing wave is not the stopping

phase, which is a wave radiated in all directions from the tip of a
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stopping crack (Savage, 1965). A stopping phase cannot physically stop the
slip in these models because such a wave will lose energy with distance
vhereas the results of the models are independent of dimension. A healing
Wave must Le interpreted as a wave that propagates into the interior of the
rupture in an analogous way, and for analogous physical reasons, as the
"stopping of cars on a highway propagates up the stream of traffic.
Causality restricts it to travel at a velocity slower than a stopping
phase. Thus Madariaga (1976, p. 648) observed, "It appears as if a
'healing' wave propagates inward from the edge of the fault scme time after
the P and S stopping phases."

Since slip is terminated by the healing wave, the rise time and final
slip at any point on the fault is determined by the distance to the nearest
boundary (Day, 1979; Das, 1981 ). Therefore it is easy to see why mean slip
on a rectangular fault should be controlled by the fault width.

A healing wave is the result of the boundary condition that u = 0 at
the edges of the fault. 1If the models are poor representations of large
earthquakes, the most likely problem is that these boundary conditions are
unrealistic. The models are of rectangular faults embedded in an elastic
whole space. The boundary condition u = 0 is imposed on all edges of the
fault and healing waves thus propagate from each edge. Since large earth-
quakes rupture the free surface, slip is unconstrained there and a healing
vave will not propagate from that edge. However even if an elastic hal f-
space model were available, we would still expect slip to be width-
dependent since it would be controlled by the healing wave from the base of
the fault.

In large earthquakes the base of the fault is at the bottom of the

seismogenic layer. A plausible explanation for the seismogenic depth is
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that it is the result of a brittle-ductile transition. Thus a large
earthquake cannot propagate to 3r;atet depth because the energy at the
crack tip is dissipated in plastic deformation. A more realistic model
then may bé one in which the base of the fault is in a plastic, rather than
elastic, region and therefore the conditicn u = 0 is no longer valid at
_that edge.

We illustrate in Figure 8 the difference between an elastic model and
an elastic-plastic model. The most significant difference is that in the
elastic-plastic model (Figure 8b) slip at the base of the fault may be
allowed to be greater than zero as a result of plastic deformation in a

- zone surrounding the rupture tip. This is simply the equivalent, in shear,
of the blunting of a crack tip that occurs in tensile crack propagation in
ductile materia ;. The plastic deformation around the base of the fault
smooths out the stress singularity associated with finite slip there, and
will continue as long as slip continucs. This®may have the effect of
inhibiting a healing wave from originating at the base, and if healing
waves propagate only from the eads of the fault, slip and rise time will
depend on fault length, not width.

No model is available with these boundary condi:ioné but we can
approximate cne. If we make the approximation that slip stops abruptly
with the arrival of the healing wave, then the final slip on the fault will
be, from (7),

: (‘2,y2) 1/2

ulx,y) = uo(th 3 ) (9

vhich we can calculate. This is a 'quasidynamic' model (Boatwright, 1980),

i.e., a kinematic model that simulates a dynamic model.
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It can readily be shown for the circular case that (9) yields jinal
slip values that are everywhere within 5% of that of the dynamic numerical
models of Madariaga (1976) and Das (1980), and Day (1979) has shown that
(9), when properly truacated, also yields a very good approximation to
final slip in his rectangular models. We use it to simulate an elastic-
plastic half-space model by simply assuming that no healing wave propa-
gates from either the top or bottom of the fault.

The procedure we use is very similar to that used by Day (1979,
pp. 23-26), and simply involves the calculation of e We assumed
v = 0.98, for which the corresponding value of X is 0.81 (Dahlen, 1974),
and that the velocity of the healing wave is Y38, 1In Figure 9 we show slip
at the surface as a function of distance from the center of the fault for a
bilateral case with L/W = 4. The mean slip is found to scale as

AOd

TL (10)

T =

N

so this model would lead to the interprztation that the linear correlation
between u and L that is observed means that the dynamic stress drop for
large interplate earthquakes is approximately constant. Equating (10)

with (4) we obtain 4c, = 12 bars and 7.5 bars for thrust and strike-slip

d
earthquakes, respectively. Returning to Figure 4, the line drawn through
the data is the prediction of this wodel for Aod = 10 bars. Furthermore,
in this model, where ~' .p is unconstrained at top and bottom, static stress
drop will also be a function of fault length, since "he scale length that
determines the strain change will be the fault length. The observatiom
made earlier that Ac is a function of aspect ratio is due to the incorrect

use of equation (2) to calculate it. According to this model, 4c is also

approximately constant for these earthquakes.
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DISCUSSION

The observation that slip increases with fault length in large
earthquakes poses severe consequences when viewed in the light of dynamic
rupture models. 1In conventional dynamic models (W models), slip is deter-
mined by fault width, rather than length. These models can only be recon-
ciled with the observations if it is assumed that the dynamic stress drop
determines the fault length, and the several major objections to this
possibility were detailed earlier. With different assumptions concerning
the boundary conditions at the base of the fault, it may be possible to
construct a dynamic model in which slip depends on fault length (L model).
This model avoids the objections raised to the W model but is based on a
speculative, although not entirely ad hoc, assumption concerning the
boundary conditions.

Furthermore, severe constraints are placed on L models from the geo-
detic data obtained for the 1906 San Francisco earthquake. The simplest
form of L model is one in which slip is totally unconstrained at the base
of the fault. If this were the case, strain release would extend out to
distances comparable to fault length, rather than depth, but as Brune
(1974) has pointed out, the strain release in 1906 was concentrated within
a few tens of km from the faul:. rom angle changes in the Pt. Arena
triangulation network [angle + from Thatcher (1975, Fig. 4)] one can
estimate a strain drop of 8 x 10™° within l. km of the fault, a figure
somewhat more consistent with a W model than an L model. Thus if L models
are relevant, they must be models in which slip is only partially con-

strained at the base of the fault. 1In the absence of numerical sodeling of
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this type, one can't tell if this type of model will result in L scaling or
hybrid scal?1g intermediate to the L and W extremes.

These L and W models represent, in many respects, oppos’te extremes
concerning the mechanism of large earthquakes and so it is useful to
discuss the contrasting way in which they scale. For eartaquakes in which
L < 2W, the models are indistinguishable in their gross manifestations.
In Figure 10 we schematically show a comparisca batween an earthquake of
dimensions about L = 2W and one of the same width but about 15 times
longer. Specifically, this might be a comparison of the 1966 Parkfield
earthquake, say, and the 1906 San Francisco earthquake.

On the left of the figure we show a snapshot of slip on the Jault
during the smaller earthquake. We only show the part that is actually
slipping during the snapshot. We also show the time history of slip at
some representative point. For simplicity, it is simply shown as a ramp
with a rise time, tgr On the right is shown the predictions of the two
models for the longer earthquake.

In a bilateral case, as shown, the W model predicts that the slipping
portion of the fault splits into two patches of length ~ W that propagate
away from each other at a velocity 2v as they sweep over the fault surface.
Since the rise time t2 I W/28, remains the same but the slip is fifteen
times greater, the dynsmic stress drop, and hence particle velocity, must
be fifteen times greater.

In the L model, the rupture sweeps out over the fault as an expanding
patch, with slip continuing wichin its boundaries until after the final
dimensions are reached. In that model, the dynamic stress drop and par-
ticle velocities are the same as in the smaller event, but the rise time,

2 2 L/28 is much longer.
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In terms of predicting the strong ground motions for a 1906 size
earthquake, say, from observed ground mctions for a 1966 size earthquake,
the difference between the W and L model is critical. The W model would
predict that the average particle velozities would be much higher and the
duration would be about the same. The L model would predict nearly the
opposite.

Suppose we start with a square rupture of width Wo and consider how
peak particle velocity, ;P’ and the asymptotic particle velocity, ;o’
increase for ruptures of greater length. For a square rupture with dynamic

stress drop, Aci, the maximum value of up and the asymptotic value vy will

be

and (11)

Using the W model, for a rupture of width Ho and length L > Ho, the stress

drop will have to be greater by the ratic

RS

o'z
"

|

o
Q
A wn

so that



For the L model, stress drop is the same but the scale length that deter-

mines the maximum peak velocity becomes L rather than W, so that
v
P
(13)

and
Comparing (12) and (13), the two models differ in the ratios
g S
2 .-1/32
- W L
u
P
(14)

and

(- 3 8
+]
<"
"
s

So that with a W model, from (12), both peak and asymptotic velocities for

a 1906 type earthquake would be about 15 times greacer than for the Park-
For the L model, from (13), the peak velocities would at

field earthquake.

about /15 greater for a 1906 than a 1966 event, but the

maximum be
asymptotic value would be the same.
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These remarks, of rourse, apply only to the simple case of a smoothly
propagating rupture. Any heterogeneity will produce local high frequency
variations in the velocities. Howaver, they serve to point out the impor-
tance of determining if large ecrthquakes are better described by an L

model or W model or by some intermediate case, if such can exist.
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TABLE 1

PARAMETERS OF LARCE INTERPLATE EARTHQUAKES
(AVERAGED FROM SYKES AND QUITTMEYER (1981))

Mo L W u Ao

No. Date Locat lon 1027 dyne-cm Km km L/w em  bars
Strike-Slip Earthqual.es
1. 10 Jul 1958 SE Alaska 4.3 350 12 29 325 26
2. 9 Jan 1857 S. Californla 7 380 12 32 465 36
3. 18 Apr 1906 35an Francisco 4 450 10 45 450 44
4. 19 May 1940 Imperial Va., Ca. 0.23 60 10 6 125 13
5. 27 Jun 1966 Parkfield, Calif. 0.03 37 10 I 30 i
6. 9 Apr 1968 Borrego Mtn, Ca. *  0.08 37 12 3 25 3
7. 15 Oct 1979 Iwperial Va., Ca. 0.03 30 10 3 30 4
8. 4 Feb 1976 Guatemala 2.6 270 15 18 150 9
9. 16 Oct 1974 Gibbs F. 2. 0.45 75 12 6 170 14
10. 26 Dec 1939 frcincan, Turkey 4.5 350 15 23 285 18
11, 20 Dec 1942 trbaa Niksar, Turkey 0.35 70 15 5 12 8
12, 1 Feb 1944 Gerede-Bolu, Turkey 2.4 190 15 13 275 18
13. 18 Mar 1953 CGonen-Yenice, Turkey 0.73 58 15 4 280 21
W, 22 Jul 1967 Mudurnu, Turkey 0.36 80 15 5 100 7
Thrust Earthquakes

15. 6 Nov 1958 Etorofu, Kuriles 44 150 70 2.1 840 37
16. 13 Oct 1963 Eruppu, Kurlles 67 275 110 2.5 445 12
17. 16 May 1968 Tokachi-okl, Japan 28 150 105 8. 355 10
18. 11 Aug 1969 Shikotan, Kuriles 22 230 105 2.2 180 5
19. 17 Jun 1973  Hemuro-oki, Japan 6.7 20 105 0.86 140 5
20, &4 MHov 1952 Kamchatka 350 450 175 2.6 89 14
21. 28 Mar- 1964 Prince Wm Sound, Alaska 820 750 180 4.2 1215 18
22. 4 Feb 1965 Rat Island, Aleutlans 125 650 80 8.1 480 10
23. 10 Jan 1973 Coiima, Mexlco 3 85 65 1.3 1% 5
24, 29 Nov 1978 Oaxaco, Mexlco 3 80 70 110 5
25, 22 Nay 1960 S, Chile 2000 1000 210 4.8 1900 21
26. 17 Oct 1966 C. Peru 20 80 140 0.6 360 12

st
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FIGURE CAPTIONS
Figure 1. Plot of log LHZ vs. log H° for the large intraplate earthquakes
from the data ser of Sykes and Quittmeyer (1981). The lines of
slope 1 are comstant stress drop lines, assuming C = 0.6 for the

thrust events, and 0.3 for the strike-slip events.

Figure 2. A plot of mean slip, u, vs. fault length for the strike-slip
events. The line drawn through the data has a slope of 1.25 x 10-5.

Numbers are refe ences to Table 1.

Figure 3. The same as Figure 2, for the thrust events. The slope of the

line is 2 x 10-5.

Figure 4. A plot of log sz vs. log Ho. The line drawn through the data

has a slope of 1, for reference.

Figure 5. Stress drop plotted vs. aspect ratio for the strike-slip

earthquakes.

Figure 6. Stress drop ¥s. aspect ratio for the thrust ear thquakes.
Event 22 {s an oblique slip event for which stress drop was calculated
based only on the dip slip component and is hence underestimated.
Evert 15 is an anomalously deep event in the Kuriles (Sykes and

Quittmeyer, 1981).
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Figure 7. Schematic representation of two models of large earthquakes.
In A, it is represented by rupture in an elastic half-space. The
boundary condition at the base of the rupture is u = 0. In B, the
rupture penetrates a ductile region. At the base u > 0, which is
accommodated by plastic deformation in a zone surrounding the rupture

tip.

Figure 8. Surface slip as a function of distance along the fault plane
for two representative strike-slip earthquakes of similar width but
different depth. Data for the Mudurnu earthquake is from Ambraseys

(1969) and for the Ft. Tejon earthquake from Sien (1978).

Figure 9. Dimensionless slip, u' vs. length, L', at the free surface
from rhe center to the end of the fault. The model is a quasidynamic
one that cimulates a dynamic model with boundary conditions similar
to those shown in Figure 7b, as described in the text. The normal-

Ao

ization relations are u = -:?Wu' and L = WL'. The case shown is

bilateral with aspect ratio 4.

Figure 10. A schematic diagram to illustrate the coutrasting way in which
a model in which width determines the slip (W model) scales with

length as compared to a length dependent model (L model).
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