
Volс.Seis.  l4( l ) '  1993 pp'64'1|
Rерrints available dirесtly from thе publishет
o1993 Gordon and Brеaсh Sсiеnсе Publishers S.A.
Ргintеd in the United Statеs ol.Amеriса

PRЕDIсTI0I.{ 0t FUTURЕ GRЕAT ЕARТI.|GUAI(Е ТI},tЕs OFt
KAI.{CI.|ATI(A AND Тl]Е l-l0RTl]ЕRN I(URILS
A. V.  VIKULIN
Inst i tute of  Vo]cano]ogу,  Far East  Div is ion,  Russ ian Acadenу of
Sc i ences, Petropav 1ovSk-KanChatsk iу

(Received Januarу 3' 1990)

0n  thе  bаs i s  o f  t hе  r i г i t е г ' s  dа tа  o f  t hе  п ig гa t i 0n  o f  g гea t  l 8 -20 th  сеn tu ry  eaг thquak r s
аnd  thе i г  r eрea t  t i пеs  he  o f f е г s  а  f 0 гeсas t  o f  t hе  i i пеs  o f  ] a гge  eaг thquakеs  tha t  a гe
1 i kе1y  to  0ссu r  i n  the  no rbhе rn  Iu г i 1 s  аnd  Iaпсha tka  du r i ng  Ihе  1a te  20 th -  ea г ]y  21s t
сеn tuг i e s .  The  evoLu t i оn  o f  а  se i s i l i с i t y  pa t t e гn  i n  thе  reg ion  i s  sugges ted ,

INтRoDUсТIoN

In my рrev ious papеr [4] I  desсr iLrеd the propert iеs of  the sе ismiс
proсess in the Bеnioff zone off Kamсhatkа and the northern Kurils.
Му study was t lased in a large measure on the d istr ibut ion of
еarthquakеs in the Nankai  t rot lgh [1].  The pr inс ipa l  outсomes of  the
study аrе as fo]]ows.

(1) The <l is t r ibt l t ion of  thе ruptrt re arеas of  thе largеst ,  (М>7.6)

20th сentury earthquakеs a l lowed me to d iv ide the Bеniof f  zone of f
Кamсhatka arrd the r lorthеrn Kur i ls  into n ine b loсks and arrange them
into two groups by s ize.  one group inс ludes thе tr loсks of f  northern
Кamсhatka between Сapes Shipunsk iy and ozernoi ,  ranging with in
72o!2o km in length. The other сontains the bloсks off southern
Kamсhatka and the nort,hern Кurils bеtwееn thе Кruzenshtеrn Strait
and Cape Shipunsky,  L = 190t20 km. Thе northern and southern
bloсks differ in the magnitudes of thе large 2otll сеntury еarth-
quakеs '  M=7.9t0.З and M=8.2t0.3,  respeсt ive ly.

(2) The r t rpture areas of  a l l  laтge 18_20th сеntury earthqt lakes
group into migrat ion sequenсes whiсh involvе severa l  b loсks and
extend along the сoast of Kamсhatka from sorrthwest to northeast. The
с lurat ion of  earthquakе sеqr.renсes was (  21 years.

(3) Using the samе sеismologiсal materials, I сonstruсted earth-
quakе sеquenсes in whiсh the ratеs of  migrat ion arе oppos i tе in sense
and similar in abso]ute value, 4t1 km/yг on an avеrage. Thе intervals
between them A t0 range 100t20 years.

(4) I a]so found that the ruрture areas of great Kamсhatkan
earthqtlakes that had oссurred within one bloсk tended to migrate
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aсross the Bеnioff zone. Thе direсtion of the migration might be
di f ferеnt in d i f ferent b loсks,  thе rate being 0.З_0.4 km,/yr .

(5) Great earthquakes reсur onсe in 7o=96tЗ2 years on thе avеrage
within a bloсk, the reрeat time for the southеrn Kamсhatkan and
northеrn Kuri] tl]oсks being 7.=10сtв years. The rеpeat times for the
northern Kamсhatkan b loсks between Capе Shipunsk iy and the
Kamсhatsk iу Peninsula (b loсks III-V in F. igure з t4])  average 4=85t+оyears '  the ехtreme subgroups bein$: Tn, ,=724!11 years and ?^.,-46+8
yea r s .  Th i s , ' sp l i t t i ng ' '  o f  t hе  rеpeЫt  t imes  fo r  thе . 'Ъ i th . . . '
Kamсhatkan bloсks and the junсtion of the Kamсhatkan and Aleutian
trеnсhes suggests that the se ismiс рroсesses in the Kamсhatkan and
A]etrtian arсs have different repeа,t times.

The faсt that A fo and ?o are simi]ar may indiсate that thе seismjс
proсess сan obvious ly be equal]y we] l  dеsсr ibed by mode]s t rased on
a 4 km/уr migrat ion and on thе reсurrenсе of  great earthqttakes in
a s ingle b loсk.

Herе I  use the resul ts  of  the prеv ious study to сonstruсt  a
sсheme of  earthquake рrediсt ion in Kamсhatka,  the northern Kur i ls ,
and the Komandorsk ie Is lands,  whiсh wi l l  he lp to foreсast  per iods of
t ime dur ing whiсh great earthquakes arе l ike ly to oссur in some or
othеr b]oсk and prediсt  the i r  maстoseismiс ef feсts .

soUТHЕRN KAмсI.{AтКA -  NoRтHЕRN KURILS

The sourсes of  great ,  earthquakes that oссurred in |7З7_1952 in
sot l thern Kamсhatka and the northern Kur i ls  (b loсks VI_Iх) arе
loсаted eхaсt ly  at  thе interseсt ions of  the typе 1 migrat ion sequenсеs
(migrat ion a lоng the Beniof f  zone in both d i rесt ions at  a ve]oс i ty of
about 4 km/уr) .  Thе repeat t imes in a l t  b loсks are s imi lar  (?"=roсtв
years) .  These data сan be used to der ivе the t imе per iods in whiсh
gteat earthqtrakes al'e to be expeсted within thе southеrn Kamсhatkan
and northern Krrr i l  b loсks.

Eхtraрolating the migration sequenсes to the future, one сan see
that they intеrseсt  thе сentra l  pаrts of  b]oсks Ix,  VIII  and VII  in the
years 2015'  2045'  and 2006 (t10 to 20 yеars) ,  rеspесt ive ly.  Thеse t , imes
agree with thе rеpeat t imes ?.  in b]oсks VI-IX: 2021, 2052, and 2010
( t 8  ) .

So,  the ev idеnсe of  type 1 migrat ion and of  the тесurrеnсe of
grеat earthquakes with in a s ingle b loсk ind iсates that large еarth-
quakes arе l ike ly to oссur in b loсks IX,  VIII  and VII  in 2О|8,  2О49,
and 2008'  respeсt i l .е ly .  The unсerta inty ranges with in 8-20 years and
averages 10 years.

The t ime when a grеat earthquake may oссur in b loсk VI сan be
def ined as 1952+7. = 2058t8 yеars.

The t imes of  future great earthquakes in southern Kamсhatka and
the northern Kur i ls  are l i s tеd in Table I .
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Table 1.  T imes o i  future gгeat earthquakes in thе Southеrn [a l lсhatka -  l ioгthегn [ur i l s  region
( b ] o с k s  V I . I x ) ' ,
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Thе  t i l l е  i n tе гva l s  de tетп ined  by  A .  V i ku l i n ' s  I eсhn ique  соn ta in  abou t  50  рeгсеn t  o f

ехpeс ted  еa r thquakes  and  90  pе r сen t  rhеn  they  а гe  doub led ,  .  Еd .

NORТHЕRN KAlt,lсHAтKA - KoрlANDoRsKIЕ ISLANDS

The rupturе areas of great Kamсhatkan еarthquakes in bloсks I-V and
near thе Komandorskie Islands do not l iе exaсtly at the interseсtions
of the t,ype 1 migration sequenсes. For this reason the times of grеat
еarthquakеs in the northern b loсks сannot be determined with
сеrta inty.  However,  knowirrg thе t imes of  future earthquakеs with in
ttrе southern bloсks an<l using thе data on the type 2 migration
seql lenсеs (migrat ion a lon$ thе Beniоf f  zone from SW to NЕ with
seqlrenсe dtrrations below or eqrral Lo 21' уears) and on the data on
thе reс l t r rеnсе of  gr .eat  earthquakes in b loсks I-V,  the evo]ut ion
trend of  the se ismiс proсess сan be out l ined.

Gr 'еat  earthquakes сannot oсс l t r  in the northеrn Kur i ls  and
southern Kamсhatka еar l iеr  than 1998'  as has been pointed out above.
Thtэ drrrat ion of  a type 2 migrat ion sеquеnсe ranges with in 0-21
yеars.  Henсе a great earthquakе or poss ib ly sеvera l  suсh еarthquakеs
сan be eхpeсted in northern Kamсhatka dur ing the yеars 1998-2019.
Thе souтсеs of  t ,hese earthquakеs arе l ike ly to bе loсa l ized in b loсk
Iv (of f  Krоnotsk iy Peninsula) or  II  (bеtween thе sourсe areas of  the
1969 аnd 1971 event,s) ,  s inсe no grеat earthquakes oссurred there
dur ' ing 90 and 200 years,  respeсt ive ly.

In сasе thе f i rs t  grеat .  earthquake in the south of  the region
(northel 'n Kur i ls  and sоuthеrn Kamсhatka) wi l l  oссur somewhat later
than 1998 ( for  instanсe '  in 2010),  thе probable t imе span for  the
nort ,h of  the region must bе sh i f tеd aссord ingly,  2010_2031.

It may also hapрen that a great earthquake in northern
Кaпiсhatka,  0.8. ,  in b loсk ТV'  wi l l  oссu]:  a lmost s imu]taneorrs ly (with in
a few seсonds to a fеw months) with an evеnt in the south '  in t l loсk
VII or IХ. Anothеr possitri l ity is that the seismiс proсess may evolve
as in 1792 [4]:  a doub]e shoсk with sourсes in b]oсk VII  and II-III .

Тt is not unlikely that a great earthquake will oссur outside this
segment of  the Bеniof f  zone,  о lose to Kara$insk iу Is land. That the
seismiсity migrates along Kamсhatka ftrrthеr northeast is evidеnсеd by
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large earthquakes that oссurred in \/22/I9,76, 9/10/19s5 and
10/I3/1'988 between Karaginskiy Island and Kamсhatka (in Litke
Strait), in the oleyutorka Bay, and in the uрper reaсhes of the
Pakhaсha River, respeсtivеly.

In thе event of two nеarly simultaneous shoсks in southern and
northern Kamсhatka' the seismiс proсеss may extend toward the
Komandorsk ie Is lands.  In that сase,  the rupture of  a severe еarth-
qttake wil] involve a part of thе Benioff zorle near the line that
сont inues the 1917 ruptur^e zone oppos i te thе Komandorsk iе Is lands or
bеneath them, or e lse t tnder the Ber ing Sea shel f .

lv lAсRosЕIsрl lс  ЕFFEстS oF тHЕ PRЕDIстЕD ЕARтHQUAKЕS

The areas where large (М27.6) earthquakes are l ike ly to oссur of f  the
northern Kur i ls ,  Кamсhat}<a and the Komandorsk ie Is lands are shown
in F igt l re 1.  A lso ind iсаtеd are the t imеs of  the eхpeсted еvеnts.
Bе]ow follow some exp-lanations.

Assume that the sourсe of a great Kamсhatkan eaгthquake сannot
liе west of thе boundary of the Benioff zoY\e, The situations are
еxamined us ing thе above ev idenсе on the transverse migrat ion.  The
maсroseismiс ef fесt  is  assessed aссord ing to thе МsK-64 sсa le [7] for
medium-qual i ty  so i ls .

B loсk IХ '  2oo8_2o28. only one еarthquake (5/t/I9|5 '  М=8.3) is
known to have oссttrred with in that b loсk.  No data of  the
maсroseismiс еf feсt  of  that  event are avai lab le" [9].  Thе сata logs [5],
I8] report three aftershoсks only. As the ruрture zor\e of that
earthquake сou]d not be dеtеrminеd with сerta inty,  a futurе $reat
earthquake may rtrрtttre any portion of the b.loсk. The maximum
vibrat ion is  еxpeсted to reaсh intens i t ,y  IХ on the nearby is lands
Ketoi and onеkotarl.

Bloсk VIII' 2039-2059. As the seсond shoсk of thе \I/4/1952, М=8.5
earthquake was loсatеd rrear' the westеrn bоundary of the Bеnioff
zone, the next great еarthquake wi l l  most l ike ly oссur in the сеntra l
par't of this bloсk or near the trenсh axis. Thе greatest maсrosеismiс
ef feсt  is  eхpeсted on Paramrrshir  and Shumshu, с lose to t t re ruрture,
аnd will not be grеater than irrtensity VIII.

Bloсk VII' 1998.2018. Two М=7.7 earthquakеs oссurred in that
b loсk with 6-hour intеrva l  in 6/25/7904; the i r  sourсe areas were near
the wеstern boundary of  the Bеniof f  zone,  l ikе that of  the 1952 еvеnt
in b loсk vIII .  Both shoсks сaused shaking of  intens i ty vIII  in
Petropavlovsk-Kamсhatskiy. The likelу loсаtion of the nеxt ruptttre in
th is  b]oсk is  the same as in thе nеighbor ing Bloсk VIII .  Thе great ,еst
maсroseismiс effeсt is ехрeсtеd on the сoast of Kamсhatka against thе
rupture arеa and wi l ]  not be ovеr VIII .  I t  must not prоduсe stronger

Pге ]  i r l i na ry  i epoг t  on  Sе i s r т i с  АсL i v i  I y  а t
Pe t roрav lovsk - [aпсha t sk i y ,  1968 .  Е i 1e  I , l o .

t hе  S i t е  о f  t hе  [ гono t sk i y  Рoпег  P1аn t ,  l ( aпсha tka .
8 кGs IЕZ A}l ssst'
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shaking than intеnsity VII in Petroрavlovsk-Kamсhatskiy.
Bloсk vI' 2048_2068. The bloсk is in the Avaсha Bay against

Petropavlovsk-Kamсhatskiy. The previous large earthquakes of 1737'
1841 and 1952 in th is  b loсk сaused shaking of  intens i t iеs IХ (vIII-Ix) '
VIII and VII in Petropavlovsk-Kamсhatskiy. Aссordingly, their sourсes
must have been ]oсated progressivеly farther from the western
boundarу of the Benioff zonе (oсeanward from Kamсhatka). This means
that a transverse oсeanward migration of great earthquakes took
plaсе in the Avaсha b loсk dur ing the рer iod of  1737-1952. As we do
not know whether the 1952 еarthquakе Was the last  event in that
migration сyсle, two possible loсations of the next great earthquake
сan be envisagеd. onе is  neа,r  the trenсh aх is  wi th the intens i ty of
shaking in Petroрavlovsk-Kamсhatsk iу of  VI-VII  at  most.  Thе other is
nеar the westеrn botrndаry of  the Beniof f  zone,  where the 17З7 event
seems to hаve oссttrred,  In that сase shaking in Pеtropavlovsk*
Kaпrсtratskiy mаy reасh ТХ on medium_quality soils. The data availatrlе
indiсаt,e Lhat Petropavlovsk-Каmсhatskiy l iеs in the intensity IХ zone
whеrе events of  suсh intens i ty may repeat every 300 years [10].  Еor
th is  reason poss ib i l i ty  of  thе neхt earthquakе with in the Avaсha b loсk
seems morе rеаlistiс. If ttle eрiсenter happens to be loсated near the
western boundary of  the Beniof f  zone,  shaking in Petropavlovsk-
Kашсhа,tsk iy may reaсh intens i ty х on medium-qual i ty  so i ls  as
demonstrated in [6].

Rlосk V. Thе nеarest time of the neхt great earthquake aссording
tо пty theory is  1998-2019. However,  as the last  еarthquakes in th is
b]осk oссrtrred in 1923 and 1959'  the next great event is  not expeсted
ear]ier than the later half of thе neхt сentr,rry. Thе loсation of the
rupture is  to be r-rpdated in the future.

Bloсk IV. The nearest time is 1998-2019. As thеre arе no data of
a greаt earthquakе in th is  b loсk '  the nеxt event of  th is  rank сan
oссttl] in any site of thе bloсk during the time period indiсated. If it
oсс l l гs  near thе wеstеrn boundary of  the Beniof f  zone,  thе Kronotsk iy
Pеninsrr la would be with in i ts  ep iсentra l  zone and shaking of  intens i ty
IХ or greater is  ехpeсted on the сoasts of  the Kronotsk iy and
Kamсhatka bays.

Assrtming that the last  great earthquake oссurred in th is  b loсk in
1899 [4] and that thе rеpeat time is Tn',=724!1I years' thе time of the
neхt great earthquake must be 1899+7^. '=1899+124 (!71) '  ot  2О12-2ОЗ4.
This рeriod agrees with the time prеdiсted on the basis of type 2
migrat ion sequеnсes.

Bloсk III' the earliеst time is 1998-2019. A great earthquake is
unlikely to oссur during this time period, bесause the last еarth-
quakes of  th is  typе oссurred there in 1923 and 1971. I f  i t  doеs oссur '
i ts  t ime'  in aссordanсe with the repeat t ime T. . ,=46+8 years,  is  l ikе ly
to  be  1971+T ' ,=1971+46  ( t8 )  =  2017 !8 '  o r  2ОО9-2025 .  I t  i s  сons i s t en t
with the time basеd on type 2 migration sеquenсes. Thе likely loсation
of the rupture area is near the western boundary of the Benioff zonе.
Ust_Kamсhatsk and the еntire сoast of the Kamсhatka Bay wil] be in
the еpiсеntra| zone, Thе sourсе loсation of a great еarthquake in this
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bloсk was proposed ear l ier  [2] .
Bloсk II' the neaтest timе is 1998-2019. There is no reсord of a

great earthquake in this bloсk. The geometry of thе Benioff zone
thеrе is  not we] l  known. The western boundary seems to be d i f fuse
north of Ust-Kamсhatsk. A possible rupture area might Ье the region
off  thе Kamсhatsk iy Peninsula betwееn the sourсe of  the 1971 (ЬЬсk
III)  and 1969 (b loсk I)  evеnts.  A great earthquake thus loсated wou]d
produсe shaking of intensity up to Х on the shore of thе Kamсhatka
Bay and IХ in Ust-Kamсhatsk and on the shоre of  the ozеrnоvsk iy
Bay.

Bloсk I. Thе last grеat earthquake with a sourсe in this bloсk
oссur ' red in 1969. I t  is  r ' rn l ike ly that great events wi l l  oссur there
dur. ing th is  and thе next сentury.

The region off the Komandorskie rslands. The nearest time is 1g9g-
2019. The most l ike ly ]oсat ion of  a futurе rupture is  a str ip on the
сontinrtation of the 19|7 rupture arеa off t,he islands. It is not
trn l ikе ly t ,hat  the is lands wi l l  bе in the epiсеntra l  zone of  a great
earthquake, as is  of ten thе сase for  suсh earthquakes in the
A]errtians. Ground motion may reaсh intensit,y IХ or morе.

sUGGЕsтIoNs FoR ЕARTHQUAKЕ PRЕDIстION PROGRA},I IN
KA! lснAтKA

At, t,he present timе earthquake prediсt,ion aсtivity in Kamсhat,ka is
main ly foсused in the area of  Petropavlovsk-Kamсhatsk iy.  This  is
t lnс1er.st ,andable,  beсause most of  the Kamсhatkan рopulаt ion is
сonсentrated in th is  art :a.  In my opin ion however,  th is  pol iсy is  not
qtt i tе just i f iеd.

The analys is  in [4] and in th is  paрer has shown that a grеat
t-- .аrt ,hquake of f  Petropavlovsk-Kamсhatsk iy with in the Avaсha gap
(bJoс:k VI)  is  not l ike ly to oссur beforе the middle of  the neхt
сentury.  Мrrсh ear l ier '  some t imе around thе turn of  thе сentury '  сan
lve ехpeсt a grеat eaгthquake in the adjaсent b]oсk VII  between Cape
Povorotnyi and Capе l,opatka or in b]oсk IХ off onekotan I. and Ketoi
Т. ,  or '  e]se two еvents in both of  thesе b loсks with a short  t ime
interva l  between them. Aссord ing to my determinat ions,  i t  i s  adv isablе
to intens i fy gеoрhys iсa] observat ions nеar thesе b loсks to aсqtr i re
informat ion on the se ismiс proсess and пtoni tor  earthquake prесur 'sors.
Thе sooner thjs  is  done, the morе data wi l l  bе aссumrr latеd by the
t imе of  the rrехt ,  great earthql take.  This  wi l l  enhanсe the сhanсe of  a
t,imely foreсast of nеarest gr.eat еvents whiсh are l ike]у to start off
а new per iod of  h igh se ismiс aсt iv i ty in the region.

L ikеwise i t  i s  nесessary to intens i fy geophys iсa] obsеrvat ions near
b loсk IV (Kronotsk iy Peninsula) and b l<rсk II  (Kamсhatsk iy Pеninsula,
sort thern ozеrnoi  Baу) whiсh arе morе l ike ly to bе rupturеd by future
great earthquakes in northern Kamсhatka. In that сase' apart from
more aссurate and timely foreсasts, we will be ab]e to traсе the
рropagat ion of  the se ismiс proсess northward.
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Figure 1 l tap shor ing pгеdiсted gгеat eaгthquake гupture aгеas in (aпсhatka and the пoгthегn
I (u г i 1 s '  l  -  g гea t  ea г thquakе  ер i сеn tе г s ;  2  -  сe r t a i n  {a ) ,  ] e s s  сe r t a i n  {0 )  and  i n fe г гed  ( c}  souгсe
геg i0ns  0 i  g геa t  еa г thquakеs  i n  the  20 th  сen tuгy  (н i t h  the  yeaгs  o f  ocсu r гenсe ) ;  3 .  boundaг i e s
he t ' i i een  b ]oсks  o f  t he  Bеn io f f  zone ,  i  :  I  t o  I l ;  1  -  i n f e r гed  1oсa t i on  o f  f u tu ге  g rea t  ea r thquakеs .
Е igu res  i nd i сa te  thе  t i пе  o f  an  eхрeс tеd  ea r thquake  and  i t s  пax iшuп  i n tеns i t y  on  l aпd ;  5  -  пеs tе гn
] i п i t  o f  t h е  B е n i o f t , o n e ;  6  -  a x i s  o f  t h e  d e e p  s е a  t r e n с h .
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сoNсLUsIoN

In 1990 I  proposеd a рhenomenologiсa l  mode] of  the se ismiс proсеss
based orr  the study of  sе ismiс i ty in the northwestern Paс i f iс  margin
[3 l .  I  found that thе sе ismiс proсess in the еnt i rе Paс i f iс  margin йn
be representеd as se ismiс i ty waves рroрagat ing с i rсumferentЬl]y in
the oррosite direсtion with the peтiod and wavеlen$th еqual to the
durat ion of  t t re se ismiс сyс le and the s ize of  a great earthquake
гupture arеa.  The poss ib i l i ty  to represent the se ismiс i ty of  the еnt i re
Paсifiс margin in terms of a rrnifieсl mo<lе] wil] be helpfrrl for
соnstruсt ing prediсt ion sсhemеs for  the other segments of  the с i rсum_
Paсifiс bе]t.
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