




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Lomnitz 

I'd I ike to say a few words about how to go about testing the gap hypothe
sis. Jefferys once said that if a certain physical effect is sufficiently 
strong it shouldn't require statistical testing to bring it out. If this 
is true, then the gap hypothesis really refers to what one might cal I a 
second order effect. It's not a really dominant effect in the sense that 
there can be an argument as to whether a gap does exist . In that case, we 
really need some kind of a model to use for testing against. What kind of 
model could be used? 

There are physical and stat istical models and we've been talking about 
this with some of the people at this conference. There seems to be an agree
ment that the model should be a physical model, and that poses a certain number 
of questions. Number one: Are we going to look at plate boundaries only or 
are we also looking at intraplate phenomena? It seems to me that personally 
looking at interaction between the plates. There has not been universal agree
ment as to that . 

There is also a question if we look at the plate boundary whether we should 
I ook on I y at "sha I I ow" events or at a I I events that comprise the interaction 
between the plates. This may involve a redefinition of "shallow" as function 
of Thickness of the I ithosphere. 

And finally, there is the problem of what mechanical analog we might use to 
simulate the interaction between the plates . There aren ' t really too many . 
There is the Burridge-Knopoff model. In conclusion what I think I got out 
of the meeting more definitely is that the one thing to test for is clustering, 
and a gap of quiescence is negative clustering . In other words , there are 
tests for clustering that can be applied and there seems to be a very promising 
possibi I ity for doing that. 
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McCann (as transcribed from tape) 

I just want to say a few brief words about seism ic ga ps . There are ma ny 

regions as indicated on our map which fit some very simple criteria on 

the very simple plate boundar ies which may have accumula ted suffic ien t 

strain that would be released in large earthquakes within the next fe w 

to several decades. A few of the regions might have a higher pote nt ial 

than others. 11m not sure that the simple seismic gap analysis that we 

can do given our I imited state of knowledge can suff iciently diffe rentiate 

from one region to another. We can only push this so far es?ecial ly since 

we 've seen that some complicated events have occurred I ike the events of7 

the Kuri les in 1970. 

In order to really complete this analysis, we're probably going to need 

at least one ful I seismic cycle in each area where we are sure that each 

event was a thrust event, and wasn't an intraplate event such as normal 

faulting in the ocean floor or in the inland arc structure. 

As far as using other methods to pick out which gaps might have a higher 

potential for being the source region for a large earthquake, there seems 

to be some evidence from what Dr. Kei I is-Borok and Dr. Ka~ahara have done 

that swarms of events do seem to occur before some of these moderate and 

large earthquakes, and other people have also seen periods of quiescence 

occurring before these large events. I think if we can start doing some 

pattern recognition and start concentrating on these gaps and try to look 

for variations in the seismic activity, we might be getting somewhere. 
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W. D. Page 

I 1 m struck by the large differences between the recurrence 

intervals that seismologists and geologists talk about; 

seismologists discuss less than a few 100 years, geologists 

1,000 to 50,000 years. Is the difference due to episodic 

times for earthquakes or are geologists just not seeing but 

one in ten. This difference pertains to the definition of a 

seismic gap. If a seismic gap is related to space and time, 

how long or short is the time between earthquakes before it is 

called a gap? How do you define a "soon-to-break" gap? If 

major earthquakes in an area have a 1,000 year recurrence 

interval, then scientists need to look back much more than 

1,000 years. Geologists are needed to help extend the 

seismological framework. There are some areas of the world 

where the geology can be studied by ordinary techniques that 

we now know with a high probability of success in extending 

back the seismic record. It would be interesting to study the 

areas where known historical events in China have occurred. 

By examining the geomorphology of particular faults , trenching 

those faults, and looking for cultural materials , a comparison 

of recurrence based on geology with one based on the historic 

record could be made. Other areas could similarly be studied. 

Geology can also contribute to defining the differences 

between aseismic gaps and seismic gaps. Thatcher 1 s type of 

model for uplifted coasts in seismic areas could be applied to 

an aseismic area to predict differences; then several plate 

margin coasts could be examined to test the model. 
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Patwardhen (as transcribed from tape) 

I'd I ike to make three points. I think the issue of understanding the 
occurrence and closing of gaps is important enough from several stand
points and we have come to a stage where we need to organize thin kin~ as 
wei I as effort with respect to getting a better understanding of how gaps 
occur and how they are fi I led. I'd I ike to suggest that this effort should 
be twofold. It should certainly be pursued as a scientific inquiry but, at 
the same time, we should also keep in view the risk-oriented aspects of 
gaps since there is a lot that depends on what the effects may be when a 
gap-fi I I ing earthquake occurs. One particular example is offshore petro
leum development. I would like to suggest that, although our knowledge 
at present is imperfect, we can try to improve it in two ways. One is by 
continuing to col teet more observational data, however, what might be more 
purposeful is to make attempts toward modeling this process of formation 
and fi I I ing of gaps. Like any other situation, there are two ways of 
modeling a process, a physical model and a statistical model. At this 
stage, I feel that the basic framework of a model ought to be physical. 
The parameters in that model may be so chosen on a statistical basis to 
reflect the scatter and the uncertainty that would go into it. Such ap
proaches have been used before and they may be worth trying. 

The third point I'd I ike to make is that we have heard quite a few presen
tations regarding precursors which might serve as indicators of the iminence 
of a large gap-fi I I ing earthquake. It appears that it is not clear at this 
stage whether these precursors have any special features that go with having 
waited for a long time or they are I ike the precursors to any other earth
quake and we need to pursue that further. 
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Plafker 

What was most impressive to me at this meeting is the order-of-mag
nitude difference in postulated return times for large and great earth
quakes as determined from purely seismologic data and those obtained from 
geologic studies, long historic records, or by consideration of strain 
rates from plate tectonics theory. Worldwide seismological data such as 
those summarized here by Bill McCann suggest return times measured in 
decades whereas all the other available lines of evidence indicate that 
it is more likely on the order of centuries. 

For example, in subduction zones the shortest known return time for 
large earthquakes is about 100 years in the Nakaido, Japan area. My 
studies of marine terraces in Alaska, and similar studies by Matsuda and 
others in the Kwanto, Japan area suggest return times as long as 500 to 
1500 years. Furthermore, when we consider the amount of slip required 
for great earthquakes such as the 1960 Chile (~20m), 1964 Alaska (20m+) 
or 1899 Yakutat Bay (16 m+) events together with reasonable strain rates 
in these focal regions, we must conclude that such earthquakes cannot 
return in the same place in less than about 250 to 350 years even if the 
system is perfectly efficient. 

Similarly, in transform zones recurrence times of no less than 150 
years are indicated for the 1906 earthquake on the San Andreas fault and 
the 1976 earthquake on the Motagua, Guatemala fault. Lensen' s studies 
of off set river terraces along the northern part of the Alpine fault 
system in New Zealand indicate that fault displacements recur there about 
once every 500 to 900 years. 

Of course, when we look at intraplate zones, return times are even 
longer. Bob Wallace's geologic study of Great Basin Faults suggests re
turn times of 1,000 to 10,000 years . In the same region geologic studies 
at Borrego Mountain by Malcolm Clark and others show returns of about 200 
years and Bonilla's work at Pleasant Valley suggests roughly 700 years. 
The historic data for China presented by Willie Lee indicate that an 
event like the destructive Sian earthquake requires more than 440 years 
to recur and Ambrasey's analysis of the historic record in Turkey suggests 
that recurrence of fault displacement on the North Anatolian fault may be 
on the order of 1,000 years. 

What all this implies, is that if we are trying to catch a really 
large earthquake, the wait may be longer than many of our expected life
times. Furthermore, the best opportunities are likely to be geologically 
identified active faults that have not had any known displacement for 100 
years or more. The alternative is to concentrate on the more frequent 
moderate-sized events. However, for such events the errors in the older 
epicentral locations begin to approach the dimensions of the focal region 
as was made apparent from the discussions here by Lomnitz, Latham, and 
Reyes with reference to the Oaxaca "gap". In any case, if we are to make 
significant progress towards understanding what is going on along major 
fault zones where there may be a gap, it is essential to integrate all 
available geological, geophysical, geodetic and historical data in addi
tion to the seismicology in order to focus in on the potential seismic 
sources in that particular segment of the earth's crust. 
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CICESE 

August 22, 1978 

Dr. Jack F. Evernden 
United States 
Department of the Interior 
Geological Survey 
Menlo Park, Ca. 94025 

Dear Dr. Evernden: 

First of all, I am deeply thankful for having the opportunity to participate 
in this conference, and to get in contact with leading scientists, which · 
I considered a great opportunity for my own formation as a seismologist. 

Thinking over the results of the conference, it appears to me that there 
are still some fundamental problems to be solved. For instance: What is 
the relationship between earthquake recurrence times of the order of 1000 
years, and those with 50 years, as has been observed along the Alaskan and 
Peru-Chile Trench?. Why does the earthquake cycle varies even along the 
same tectonic environment? 
Earthquake fault lengths of the order of 150 km are as important as those 
with fault lengths of the order of 1000 km, for public safety. 

Plate tectonics provide us with a convenient Kinematic model to our 
understanding of earthquake potential along major plate boundaries? 
characterized by strike-slip faults, and thrust faults . Precise measurements 
of slip rates inferred from world-wide plate models? along with those 
determined from seimic source studies, should provi~e an tnsight tnto our 
understanding of seismic gaps as originally defined . This recalls for 
additional studies on relocation of major earthquakes, tts aftershock 
distribution and associated tectonic and geological settings. 

Plafker's detailed geological and geophysical studies of the Aleutian and 
the Peru-Chile Arc. Show that the 1964 Alaskan and 1960 Chilean Earthquake 
occurred along megathrust and subsidiary thrust faults. 
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C. Alfon~o Reyes Z., page 2 

This leaves an open possibility that megathrust faults are strong enough 
to resist slippage over periods of time of the order of 1000 years. While 
subsidiary thrust faults go through cycles of strain build up and release 
of the order of fifty years. In the first case, strain release occurs 
along most of the sector of the arc, and in the former over a few hundred 
kilometers of the arc. 

There are additional complexities when we look at the repeat times of 
earthquakes with characteristic source dimensions of a few hundred kilometers, 
which indicate that the slippage strength along a subduction zone varies 
substantially and in particular areas is strong enough to resist slippage 
while adjacent sections go through at least two cycles of strain build up 
and release. 

Complexities of this type call for additional studies of seismicity using 
local arrays to obtain better estimates of hypocentral distribution and focal 
mechanism and in addition to improve our teleseismic travel times, for 
relocation of seismic foci, using teleseismic data for previous seismicity. 

Yours sincerely, 

Dr~o~~;z. 
Hea&4ff the Geophy~)Department 
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Albert Smith 

To understand the orlgln of seismic gaps and whether 
migration occurs, we need a data base. This coincides 
with Dr. Lee's idea for additional studies of historical 
earthquakes and Dr. Kagan's suggestion of similarity. 
Only then will the application of quantitative or statis
tical analysis determine the existence of gaps and migration. 
We need this analysis to provide tests for our physical 
models. 

From the point of view of physical models, what kind s 
of processes are we dealing with? What controls the rates 
that determine the occurrance of seismic gaps and the 
resulting seismic migration? What is the importance of in
homogenieties? These and other questions must be answered 
if seismic migration and seismic gaps are to provide a 
predictive tool. 
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Thatcher 

At this stage of the go-around, one can only reinterate and agree with what 
previous spearkers have said. 

In terms of our goals of hazard assessment and earthquake prediction, I 
think that seismic gaps, despite present problems, may in fact turn out to 
be the most useful aspect of hazard mitigation for two reasons; firstly, 
because we need intermediate or long term predictions so that we know where 
to concentrate our attention, and, secondly, because I think it's I ikely 
that our attempts to use shorter term precursors wi I I not be infal I ible or 
may not even work at alI. I suggest that we concentrate first of alI on 
what we would term simple seismic gaps where the processes can be under
stood in a fairly straightforward way and from where the phenomenology can 
be ext rapolated to more complicated regions. I think such a focus is very 
important. Understanding of the processes even at the simple boundaries 
at this point is quite imperfect and we have to begin to construct models 
which wi I I account for the basic processes. We sti I I don't really under
stand quite how subduction occurs! That's a very important process and 
unti I we really understand the simple situations, extrapolation, more 
complex boundaries is going to be very hard. I certainly agree with the 
points made first of alI by Bi I I Page and later by subsequent speakers 
about the importance of geologic studies of recurrence. Such studies are 
central to assessing seismic ga~s. I should also I ike to add a pitch for 
the appl icabi I ity of my own special interest at the moment, geodetic 
measurements of crustal deformation. If strain accumula~ion can be detected 
in a suspected seismic gap , then we know that a large earthquake wi I I occur 
someday . If we cannot measure detectable deformation , larger than say a 
few parts in 108/year , then we can be pretty sure the suspected gap is 
either entirely aseismic or the recurrence interval is very long, 1000 years 
or more . Measurements such as these might settle, for example, whether or 
not the Marianas arc is a gap or not. 
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Toksoz 

I'd I ike to elaborate on a few of the points that have been mentioned. 
Quiescent periods in seismicity in a given area seem to indicate one 
of three things: (I) aseismic gaps in the terms we are interested in. 
(2) an area of strain being released by aseismic slip, and (3) an area 
in which the strain was so thoroughly released by some previous earthquake 
that it may be many years before another event occurs. We should look at 
what we have ca II ed "gaps" in this framework and try to identify as many 
of those of the first kind as possible. Out of these we should select a 
managable number, with preliminary instrumentation and studies, for more 
detailed instrumentation and monitoring. 

Another aspect that has been brought up in this conference is that there 
seem to be methods that may enable us to estimate the possible time of 
an earthquake from pattern recognition and other studies. This "time" 
element may be combined with the "space element of the seismic gaps. 
Both time and space characteristics of identified gaps must be comb ined 
to choose those for immediate instrumentation and careful monitoring. 
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Wyss 

In order to know whether a seismic gap is ready to break, we need the 
abi I ity to know the state of stress in a crustal volume and possibly also 
the state of strength if that can change as a function of time, whi ch has 
been suggested. How to measure the in-situ stress is very costly and hard 
to do, so we are trying to measure.c rustal parameters that reflect somehow 
the state of stress in this volume. I found that to my taste at this con 
ference there was somewhat of a lack of discussion of the various parameters 
that we could measure to try to identify The state of stress and whi ch would 
reflect a preparatory phase of a crustal volume. We have discussed one such 
parameter, which is seismicity, almost exclusively to other parameters. 
Other things that I would think one should discuss at some length at some 
point are th i ngs I ike crustal deformation, velocity changes, magnetic , re
sistivity and other parameters. Naturally the seismicity has one advantage 
which is you can measure some of it teleseismical ly and at no further ex
pense than the present existing worldwide network and insofar it might be 
the first parameter to be measured. But I think that ultimate predictions 
can really only be based on a combination of several change s of several 
parameters. 
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