




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































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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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. 

924 

~ US GOVERNMENT PRINTING OFFICE : 1978-689-511/79 

1505 




	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147
	148
	149
	150
	151
	152
	153
	154
	155
	156
	157
	158
	159
	160
	161
	162
	163
	164
	165
	166
	167
	168
	169
	170
	171
	172
	173
	174
	175
	176
	177
	178
	179
	180
	181
	182
	183
	184
	185
	186
	187
	188
	189
	190
	191
	192
	193
	194
	195
	196
	197
	198
	199
	200
	201
	202
	203
	204
	205
	206
	207
	208
	209
	210
	211
	212
	213
	214
	215
	216
	217
	218
	219
	220
	221
	222
	223
	224
	225
	226
	227
	228
	229
	230
	231
	232
	233
	234
	235
	236
	237
	238
	239
	240
	241
	242
	243
	244
	245
	246
	247
	248
	249
	250
	251
	252
	253
	254
	255
	256
	257
	258
	259
	260
	261
	262
	263
	264
	265
	266
	267
	268
	269
	270
	271
	272
	273
	274
	275
	276
	277
	278
	279
	280
	281
	282
	283
	284
	285
	286
	287
	288
	289
	290
	291
	292
	293
	294
	295
	296
	297
	298
	299
	300
	301
	302
	303
	304
	305
	306
	307
	308
	309
	310
	311
	312
	313
	314
	315
	316
	317
	318
	319
	320
	321
	322
	323
	324
	325
	326
	327
	328
	329
	330
	331
	332
	333
	334
	335
	336
	337
	338
	339
	340
	341
	342
	343
	344
	345
	346
	347
	348
	349
	350
	351
	352
	353
	354
	355
	356
	357
	358
	359
	360
	361
	362
	363
	364
	365
	366
	367
	368
	369
	370
	371
	372
	375
	376
	377
	378
	379
	380
	381
	382
	383
	384
	385
	386
	387
	388
	389
	390
	391
	392
	393
	394
	395
	396
	397
	398
	399
	400
	401
	402
	403
	404
	405
	406
	407
	408
	409
	410
	411
	412
	413
	414
	415
	416
	417
	418
	419
	420
	421
	422
	423
	424
	425
	426
	427
	428
	429
	430
	431
	432
	433
	434
	435
	436
	437
	438
	439
	440
	441
	442
	443
	444
	445
	446
	447
	448
	449
	450
	451
	452
	453
	454
	455
	456
	457
	458
	459
	460
	461
	462
	463
	464
	465
	466
	467
	468
	469
	470
	471
	472
	473
	474
	475
	476
	477
	478
	479
	480
	481
	482
	483
	484
	485
	486
	487
	488
	489
	490
	491
	492
	493
	494
	495
	496
	497
	498
	499
	500
	501
	502
	503
	504
	505
	506
	507
	508
	509
	510
	511
	512
	513
	514
	515
	516
	517
	518
	519
	520
	521
	524
	525
	526
	527
	528
	529
	530
	531
	532
	533
	534
	535
	536
	537
	538
	539
	540
	541
	542
	543
	544
	545
	546
	547
	548
	549
	550
	551
	552
	553
	554
	555
	556
	557
	558
	559
	560
	561
	562
	563
	564
	565
	566
	567
	568
	569
	570
	571
	572
	573
	574
	575
	576
	577
	578
	579
	580
	581
	582
	583
	584
	585
	586
	587
	588
	589
	590
	591
	592
	593
	594
	595
	596
	597
	598
	599
	600
	601
	602
	603
	604
	605
	606
	607
	608
	609
	610
	611
	612
	613
	614
	615
	616
	617
	618
	619
	620
	621
	622
	623
	624
	625
	626
	627
	628
	629
	630
	631
	632
	633
	634
	635
	636
	637
	638
	639
	640
	641
	642
	643
	644
	645
	646
	647
	648
	649
	650
	651
	652
	653
	654
	655
	656
	657
	658
	659
	660
	661
	662
	663
	664
	665
	666
	667
	668
	669
	670
	671
	672
	673
	674
	675
	676
	677
	678
	679
	680
	681
	682
	683
	684
	685
	686
	687
	688
	689
	690
	691
	692
	693
	694
	695
	696
	697
	698
	699
	700
	701
	702
	703
	704
	705
	706
	707
	708
	709
	710
	711
	712
	713
	714
	715
	716
	717
	718
	719
	720
	721
	722
	723
	724
	725
	726
	727
	728
	729
	730
	731
	732
	733
	734
	735
	736
	737
	738
	739
	740
	741
	742
	743
	744
	745
	746
	747
	748
	749
	750
	751
	752
	753
	754
	755
	756
	757
	758
	759
	760
	761
	762
	763
	764
	765
	766
	767
	768
	769
	770
	771
	772
	773
	774
	775
	776
	777
	778
	779
	780
	781
	782
	783
	784
	785
	786
	787
	788
	789
	790
	791
	792
	793
	794
	795
	796
	797
	798
	799
	800
	801
	802
	803
	804
	805
	806
	807
	808
	809
	810
	811
	812
	813
	814
	815
	816
	817
	818
	819
	820
	821
	822
	823
	824
	825
	826
	827
	828
	829
	830
	831
	832
	833
	834
	835
	836
	837
	838
	839
	840
	841
	842
	843
	844
	845
	846
	847
	848
	849
	850
	851
	852
	853
	854
	855
	856
	857
	858
	859
	860
	861
	862
	863
	864
	865
	866
	867
	868
	869
	870
	871
	872
	873
	874
	875
	876
	877
	878
	879
	880
	881
	882
	883
	884
	885
	886
	887
	888
	889
	890
	891
	892
	893
	894
	895
	896
	897
	898
	899
	900
	901
	902
	903
	904
	905
	906
	907
	908
	909
	910
	911
	912
	913
	914
	915
	916
	917
	918
	919
	920
	921
	922
	923
	924
	925
	926
	927
	928
	929
	930
	931
	932
	933
	934
	935
	936
	937
	938
	939
	940
	941
	942

