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Thе  Bеn io f f , 0ne  0 f f  ( апсha tka  and  the  noг theгn  [u r i l  I s i ands  i s  d i v i ded  i п to  sеve rд l

b loсks us ing thе souгсe area loсat ions of  gгeаt 20th сеnturу eaгthquakеs,  The oссuггenсe

of the gгeat 18 to 20th сentury еaгthquakes def inеs thгее п igгat ions.  Tro of  theп take
p1aсе  a l ong  the  Bеn io f f  zone ,0пе  i nvo l vеs  sevегa l  b l 0 сks '  o t  souгсe  a reаs  0 f  g rea t

eaг thquakеs '  and  i s  f гoп  sou thпеs t  t o  noг theas t ,  t he  du ra t i on  o f  еa г thquake  sequenсes

hе ing  п i t h i n  2 l  yea r s .  The  o thег  i nvo1ves  a l i  b1oсks  and  р г0сeеds  i n  bo ih  d i гeс t i ons  a t

appг0x iпa tе ]y  еqua l  ve l oс i t i e s ,  4 t l  kп /у r .  Soпe  ev idеnce  sugges t s  tha t  thе  souгсе  a гeas

o f  g гea t  eYen t s  п i g гa te  aс гoss  the  Ben iо f f  r onе ,  thе  пean  гeсuг гenсe  t i r l е  bе ing  100110
yеaгs .  Thе  rе su ] t s  оb ta inеd  п i l 1  bе  usеd  to  f o гeсas I  thе  pег i ods  o f  t i пe  duг i ng  wh iоh
gгeа t  еa г thquakes  a ге  l i kе1y  Io  oсcuг  i l i t h i n  the  b l oсks '

INтRoDUстIoN8

Investigation of the spatio-temporal distributions of Elreat (l '127.9)

earthquakes that oссurrеd in thе Nankai trough area during the

per ioJ 684-1946 (F igure 1) has revealed the fo l lowing patterns [3].
(1) The earthquake-generating volume сan be divided into three

zones whose boundaries remain fiхed with timе. The zones arе about

equal  in length,  whiсh is  1o=! ' /g+30 km.
{2\ The ruрture zones of  grеat earthquakes tend to oссur in

сhains, migrating from one to another in the direсtion from northeast

to southwest, the sorrrсes of great earthquakes within a migration

сhain involving two or all three zones. The interstiсes tletween evеnts

in a migration сhain vary tretweеn around zeto (in thе сasе of the

1605 and 1?07 earthquakes where two nearly simultaneous shoсks

oссurred in adjaсent zones),  one day (Dесember 23 and 24'  1854, '  3-4

yeaтs (1096 and 1099),  and 23 years (192З'  1944 and 1946):  0SтS23

years.

Fo r  l a сk  o f  da ta  пany  s tabesпen t s  o f  t he  au thoг  seеш to  bе  i n su f I i с i en t ] y  j u s t i f i ed  and  henсe

d i spu tab l e ,  Bd ,
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F igu re  1  D i s t г i bu t i on  o f  l { ) ? .9  ea r thquake  гup tu re  a rеаs  f o r  t he  peг i od  o f  684 -1916  i n  the
} l ankan  t гough  (a}  and  a  I i пe -d i s t ancе  пap  (b ) ,  l  -  сe г ta i n  (a ) ,  l e s s  се r t a i n  {b ) ,  and  i n fe r red  ( с}
bounda r i e s  o f  rup tu rе  a reas ;2 .  сe r tд in  {a ) ,  1ess  се г ta i n  (b} ,  and  i n fe г red  ( с )  d i s t anсeв  f rош
the tгenсh ax1s to the гuptuгe aгea boundaг ies neaгest  to the land; 3 -  migгat ion sequenсes
сa}сulated bу least  squaгеs foг еaсh of  the A,  B,  C zones eшbraс ing the гuptuгe aгeas of  the 1605-
1916  еa r thquakеs ;1  -  п i g ra t i on  sequenсes  ex t гaрo l a ted  i n to  the  t i пe  pег i od  o f  618 .1198 ;5 .  doub]e
(a )  and  t г i р l e  (b I  ea t thquakes .  l i gu гes  1  th гu  l 5  deno te  the  ea r thquakеs :  |  -  11 |21 l6s1 ,  l {=8 .0 -8 .1 ;
2 . 8 l 8 '  l ' { = ? . 9 ;  3  - 8 l z l ! 8 8 1 '  Ш = 8 . 6 ;  1 - 2 1 2 1 l 1 0 9 9 , l { = 8 . 0 ;  5  - 1 2 l | 1 | | | 9 в '  l { = 8 . { ;  6  -  8 / 3 / 1 3 6 1 ,
l ( . 8 , { ;  ?  -  9 / 2 0 / 1 1 S 8 ,  l { = 8 , 6 ; 8  -  1 / 3 1 / 1 0 0 5 ,  l { = ? , 9 ; 9  -  l 2 l 3 1 / t ? 0 3 ,  H = 8 , 2 ;  1 0  -  t 0 / 2 8 / l T 0 ? ,  l { : 8 , 1 ;
1 l  -  1212311851 ,  l ( : 8 ,1 ;  l 2  -  1? ' 12111851 ,  l { :8 ,4 ;  13  -  9 /1 / l s z3 ,  l {=8 ,2 ;  l t  -  r z l l l l s l 1 ,  l {=8 ,0 ;  15  -
1212111946, l t=8,0,
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(3) The reсurrenсe time of great earthquakes within eaсh zone is
roughly the same and equals Tf128t44 years.

(4) Thе rupturе areas within eaсh zone migrate to the сoastlinе'
the rate of migration for all zonеs averag]ing Иr=0.17t0.04 km/yr. The
typiсal migration time is ?o=600 years.

Thеse рatterns have enab]ed a prediсtion for the Nankai trougih
[3] '  [5] '  [6]:  the t ime of  expесted М:7.9 earthquakеs is  2070t40 years
and their maсroeffeсt is 1.0t0.5 MSK-64 units greater than that
produсed by the last  great Nankai  earthquakes of  1923'  1944 and
1946 .

Aссording to the re]ation we previouslУ found for thе rupture
length 1,  of  Japanеse earthquakes as a funсt ion of  magnitude М [З] '
the ]argest sourсe dimension for a grеat earthquake off Japan is
L'^,=270 km for M=М',,.=8.5. The length of all zones /o identified within
thе Nankai trough is thlrs identiсal with the sourсе dimension for a
great earthquake of maximrrm magnitude. Suсh zones arе сustomarily
termеd bloсks,  bе ing essent ia l ly  s imi lar  to Sadovsky 's  b loсks [17].

onе also notеs that n = To/Tf\ (3 to 7) great earthquakes oссur
during 7o=600 ye €rrs within eaсh bloсk in the Nankai trough area.
obviously, the time ?o essеntially сontrols the reсurrenсе time of
maximum shoсks possible along the Nankai сoast.

The patterns established for the Nankai trough may prove to be
valid for оther segments of thе Benioff zone in this part of the
Paс i f iс .  Indeed, as has been shown in [12] '  thе Beniof f  zone in the
Kur i ls  сan bе d iv idеd into t l loсks with с]еar enough boundar iеs.
Earthquake migration has been detесted in many sеisrniс rеgions of
the  Eа r th  [5 ] '  [ 8 ] '  [ 9 ] '  [ 13 ] '  [ 14 ] .  No te  tha t  thе  ra tes  o f  t he  on - s t r i ke
migratiorr оf great еarthqrrakes in thе northwest Paсifiс, dеrived from
thе samе sеismologiсa] matеrial by the writer [5] аnd by Vilkoviсh and
Shnirman [8],  are near ly ident iсa l  (250t30 and 222 km/Уt,  respeсt ive-
l y ) .Bo t } r  t hese  va luеs  a re  s im i l a r  t o  the  es t ima te  f ound  i n  I14 ] .
Differеnt migration rates obtainеd by оther investigators seem to be
dr,re to t}rе faсt thаt they werе dеtermined for groups of earthquakes
сompr is ing events of  d i f ferent magnitudеs and oссurr ing in d i f ferent
t ime per iods.

The reсurrеnсe t imes of  grеat earthquakes '  100_200 уears on an
average' were fol,rnd for thе Sanriku сoast of Japan, Chile' the
sott thеrn Krrr i l  Is lands [20] and othеr rеgions.

The abovе review shows that the loсations and times of great
earthqrrakеs in some island arсs and сontinental margins show thе
same distribution pattern as that of the Nankai trough. This faсt
makes it possible to attempt a forесast for these island arсs and
сontinental margins that would indiсate, in addition to thе seismiс
sourсe zonеs (b loсks) '  a lso the per iods of  t imе in whiсh great
earthquakеs arе to be eхpected within thе bloсks. Suсh bloсks are
сustomarily termed seismiс gaps.

The aim of this paper is to examinе thе distribution pattern of
great earthquakes off Kamсhatka. Еarliеr [1]' [З] I demonstratеd that
thе с]ass of large Kamсhatkan earthquakеs whose sourсe areas do not
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Figuгe 2 Distг ibut ion of  thе гuptuгe aгeas of  1aгge noгtheгn Iuг i ]  aпd [aпсhatkan еaгthquakes
o f  the  20 th  сen tuгy  i n  пap  v i eн  (а )  and  i n  a  t i пe -d i s t аnоe  pLo t  (b ) .  l  -  еp i сen te г s ;  2  .  сe r t a i n(a )  and  l е s s  сe r t a i n  (b}  boundaг i e s  o f  гup tuге  a гeas  п i t h  da t s s  aпd  пagn i tudes ;  3  -  b l o сk
boundaг i e s ,  i  =  I - IХ ;  1  -  ер i сеn Ie г  and  rup tu re  a reа  i n  the  t i пe -d i s t anсe  p l o t ;  s  -  sequenсes  o f
rup tu re  a tеas  п ig гa t i ng  noг theas t  {п ig гa t i on  o f  t уpе  2 ) ;  6  -  пеs te гn  boundaгy  o f  t hе  Bеn io f f  zone ;
?  .  vo l сanoеs .
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overlap during a seismiс сyсlе inсludes events with М:7.6. Еarth-
quakes of this rank have rupture areas as long as 100 km or more
and arе aссompaniеd by shakings of magnitude 7-8 or larger on the
Kamсhatka сoast. The largiest magnitude of earthquakеs that oссurred
off Kamсhatka during the 20th сentury was М""*=8.5. Ехamples are the
earthquakes of  February 3,  1923, and of  November 4,  L952, with faul t
l eng ths  o f  2ОО-250  km [2 ] '  [ 7 ] .

BLoсK SтRUстURЕ oF тHЕ BЕNIOFF zoNЕ

Nine earthquakes of  magnitude М}7.6 have oссurrеd of f  the North
Kur i ls ,  Kamсhatka and the Komandorsk ie Is .  s inсe thе ear ly instrumen-
ta] observations of 1904. The ]oсations of their rupture areas were
determined in [2] '  [7] '  [20] '  [21] and are presented in Е igure 2,  a.  Му
еst imates [2],  |7] of  the largest  1923 and 1952 events and those
offered by Fedotov [20] '  [21] arе d i f ferеnt.

Aссording to my еstimate [2]' Lwo gгeat earthquakes took plaсe in
February 1923: M=8.5 on February З and М=7.7 on Februatу 24,  each
having i ts  own rupture area.  Aссord ing to Fedotov [20] '  [21] '  the
later event (February 24) was an aftershoсk of the earlier earth-
quake. Hе offеred two models for thе sourсe area of the earlier event
and prеferred the model in whiсh the sourсe area сomprisеd the
rt tpture areas of  the Еebruary 3 and 24 events of  my model  and the
intervening area about 100 km in length.  The other vers ion сo inс idеs
with the Еebruarу 3 ruptrtre arеa as I determined it. one сan see
t,hat the differenсe between my and Fedotov's determinations is
sigrrif iсant.

Wе a lso d isagreed as to the M=8.5 earthquakе of  November 4 '  1952.
Aссord ing to my ev idеnсe [7] i t  сons isted of  two shoсks separated kry
A t = 5 s, eaсh with its own rupture area. The sourсe area had a
lеngth ot 2ОО-25О km for thе shoсk in the Avaсha Bay and 200 km for
that off Paramushir Island, the two areas bеing 100-150 km apart.
Aссording to Fеdotov [20]' |211, the rupture area of that event
extended along Kamсhatka and the Kuril Islands, had a lеngh of 500-
600 km' and сomprised both rupture areas as I dеtermined t,hem plus
the interveninЕ| area. Thе sourсe size aсross the Benioff zone seems
to be overestimated, too.

As shown by the data presentеd in Figure 2, a, t}:,e Benioff zone
off Kamсhatka сan bе divided into nine bloсks Ьased on the positions
of the large eart ,hquakes that oссurred in 1904-1971. The boundar iеs
between them сorrelat,e with the straits bеtween thе Kuril Islands and
with Kamсhatkan t'ays and pеninsulas.

The bloсk sizes 1, are 6|ivеn in Table 1. They range within 100-200
km, the averaЕle being 150t40 km. Table 1 l i s ts  the magnitudes М, of
the largest  earthquakes that oссurred in the b loсks in 1904-1971. By
ana]ogy with the data for thе Nankai trough' we assume that the
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Tablе 1 Sеisп iс  рaraпеters of  b}oсks in thе Beniof f  zonе o l  I(aпсhatka.
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bloсk boundariеs do not vary with time..
As seen in Table 1 the rеgion сonsists of two zones. The northern

zone inсludes bloсks I through V with l = 120!2o km and the southern
bloсks VТ through IХ with . l  = 190t20 km. Thе zones are less d i f ferеnt
jn the magnitudes of  the great 20th сentury earthquakes.

sw тo NЕ мIGRAтIoN oF ЕARтHQUAKЕS (IЧIGRAтIoN oF тYPЕ 2)

It  сan be seеn in F igurе 2,  а that the еpiсеnters of  great 20th
сentury earthquakеs с]uster in a сhain that eхtends a long thе
Кamсhаtka сoast from sout,hwest tо northeast and involves several
bloсks. Thе trend of this spatio_temporal groupin$ of the grеat
earthquakеs is  seen better  in F igure 2,  b,  Three sequenсes of
earthquakes showing a SW-NЕ migrat ion сan be ident i f ied: 6/25/1904 .
\/З0/1917'  5/1/\915 _ 2/24/192З, and 11/4/1952 -  5/4/7959 -
12/15/I971' .  Thе sequenсes lastеd t=13.8 and 19 yеars '  respeсt ive ly.
We see that these values do not exсeed the duration of thе Nankai
sequеnсes '  whi]e the d i rесt ion of  migrat ion is  revеrsed.

The Bеniof f  zone of  Kamсhatka jo ins the Кamandorsk iе rs .  zonе
around b loсks II-III '  whiсh сan be regardеd as a сont inuаt ion of  the
Aleutian island arс. For this reason' assumin$ that migration
сorrеsponds to some phys iсa l  proсess going on in the сrust  and

Реdo tov  [20 ]  d i v i dеd  the  l (u г i ] - [ апc l r a t ka  zone  i nLo  sеЯпeп t s  oп  the  saпе  bas i s .  Bd .
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upper mantle within thе Benioff zone, thе migrating sequеnсes must
' 'bifurсate'' into two branсhes in the area of bloсks II and III: the
Kamсhatkan branсh ехtending toward the ozernoi Baу and the Aleutian
branсh toward thе Komandorskiе Is. The first sequenсe сontaining the
1904 and 1917 evеnts must apparent]y be the Aleut ian branсh, s inсe
thе 1917 rupture zone'  as shown in [2] '  extеnds a long the A]eut ian
trenсh. In that сasе '  сons ider ing that the 1952 earthquake involved
two shoсks,  thе last  sequenсе сonta in ing the 1952'  1959 and 1971
evеnts сan be d iv idеd into two. The Kamсhatkan sequenсe inс ludes
thе 1952, ,  -  1969 events,  thе other сonta ins the 1952'  -  1959 _ 1971
events, and after the last of these evеnts dеviatеs toward the
Kamandorsk ie Is .  This  pattern is  shown in F igure 2,  b.

PosITIoNs oF GRЕAт ЕARТHQUAKЕS oF ТнЕ 18_19ТН сЕNтURIЕS

Сonsider the great Kamсhatkan earthquakes of  the 18 and 19th
сentur ies whiсh сatrsed land shaking of  intens i ty VII  or  h igher and
whiсh сan be с]assed as having magnitude М:7.6 aссord ing to thе
сata log [15].

The first on the ]ist of thе Kamсhatkan earthquakes whose
epiсenLres arе known with grеater сertainty is the earthquake of
|0/17/1737, М=8.3t0.7 [15].  I ts  сonsequenсes are s imi lar  to those of  the
1952 earthquake [18] '  [19]:  an abnormal ly  h igh tsunami that exсeeded
\0-2o m in both сases '  a large meizoseisma] area extending for  about
500 km from Рarаmushir I. to Petropavlovsk-Kamсhatskiy. These data
suggrst  that ,  l ike |he 1I/4/1952 event,  the 10/77 /|1З7 ear:thquake
involvеd two shoсks with epiсent,res with in b loсks VII  and IХ (F igure
3 ,  b ) .

Aссord ing to [15] '  a М=7.5+0. 1 еvеnt took р laсе with in b loсk VIII
on II/I8/1742. А similar oссurrеnсe was obsеrvеd after thе 1'952
earthquake: thе Еebruarу 28,  1973'  М=7.5 earthquake Was loсated
with in i ts  rupture area сonta ined in b loсk VIII  [3] '  [15] '  [16].  Еor th is
rеason the |742 event may be regarded as an aftershoсk of the
oсtobеr 7,| ,  |7З7 eart ,hquakе whose rupture area was in b]oсk VII .

Thе Deсember 17,  
, ! ' , |37 

earthqt lake whiсh,  aссord ing to [15] '
ruptured b loсI< VIТI is  apparent ly a mistake,  th is  opin ion being a lso
held by So]oviev [18].  I f  i t  d id oссur and had a magnitudе of  7.5t1.0
[15] '  i t  mtrst  be trеatеd as an aftershoсk of  the Deсember 1-7 '  17З7
event.

Thе two great southеrn Kamсhatka eаrthquakes whiсh oссurred on
oсtobеr 1 '7 ,  1,|З,|  and Novernber 4,  1952 are d i f ferent '  the d i f ferenсes
bеing as fo l lows.  F i rst ,  thе 1737 event produсed an intens i ty of  IХ
(vII to IХ) at the sitе of thе future сity of Petropavlovsk-
Kamсhatsk iy,  thе va lue for  thе 1952 еvent be ing VII .  Seсondly '  the
ts l rnami observed in the southern Kur i ls  af tеr  the 1737 earthquake
was largеr than that due to thе 1952 event,. It сan thеrеfore be
сonс]uded that the oсtober 77 ' 773,| shoсks were somewhat differently
loса,ted within the bloсks indiсatеd than was the сasе for the 1952
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Figure 3 Distг ibut ioп of  the ruptuгe вгeas of  laгge пortheгn [uг i l  аnd [aпсhвtkan eaгthquakes
in  thе  l 8 - l 9 th  сen tuг i e s  i n  пap  v i e r  ( a )  and  thosе  o f  t he  18 -20 th  сen tuг i e s  i n  a  t i пе -d i s t anсe  p l o t
(b} . l  -  bounda r i е s  o f  Ben io f f  zone  b l oсks ;  2  -  i n f e r гed  гup tuгe  a reвs  o f  t hе  l 8 - l g th ,un lu . y
earthquakеs ( f iguгеs deпotе the yeвr of  earthquake oссuгrеnсe '  I{S[-6{ intens i t iеs in;  Pеtropav:
]ovsk-[aпсhаtsk iу (PтR),  Paгatunka (Pf lT) ,  Ust .[aпсhatsk (UШ{}, i l iho iskoе ( l{t t)  and Shuпshu (s i l l} ,
t sunaп i  he igh t '  аnd  t  :  ] '  t he  du rа t i on  o f  shak ing ,  п i n ;  3  -  l o сa t i on  o f  гup tu re  a гeas  i n  thе  t i пe -
d i s t апсe  p l o t :  а  -  p гoved ,  b  -  сe г ta i n ,  с .  l e s s  сe г ta i n ,  d  -  i n f e г ге j ;  , 1 .  sеquenсеs  o f  t he
гuрtuгe aгeas fot  the 18.20th сеntury earthquakеs п igгat ing a loпg ihe Beniof f  rone at  a rate of
4 t1  kп /y г  (а )  and  ex t rapo]a tеd  i n to  the  fu tu гe  (b )  (п i g ra t i oп  o f  t y l e  l ) ;  5  -  t i пе -d i s t anсe  геg ions
eхpесted to сonta iп futuгe еarthquake гupturе аreаs; 6 -  restегn boundary of  the Beпiof f  sone; ? -
sequеnсеs of  thе ruptuгe areаs of  the l8- l9th century еaгthquakes п igгat ing noгtheast;  I ,  -  гePeat
t iпе of  gгeat eaгthquakes in southегn [aпсhatkа.
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rupture (see F igurе 3,  a) .  The 1737 event seems to have oссurred
farther from the сoastlinе within bloсk VII, henсе it ruptured thе
seafloor at greater depth' thus produсinд| a larger tsunami in the
southern Kurils, while the 1737 rupture within bloсk VI must Lleen
сloser to the сoastline, giving greater maсroseismiо intensity on the
сoast.

The Novеmbеr 4,  I7З7'  М=7.8t0.7 earthquake shook Nizhne-
Kamсhatsk with intеns i ty uр to IХ [15].  The 1756 еvent whiсh was fe l t
with intеnsity VIII at Nizhne_Kamсhatsk" was apparently its
aftershoсk.

The Deсember 2,  1790'  М=7.5t0.7 earthquake oссurred in the
northeastern Kronotskiy Bay at the Ьoundary of bloсks IV and v [15].
It had intensity V at Petropavlovsk and Nizhne-Kamсhatsk and was
aссompanied tly foreshoсks and aftershoсks lasting until F'еbruary
1791 [15].  The natura l  inferenсе is  that  the rupture area of  1790
involved adjaсеnt bloсks loсated in thе Kronotskiy Bay (Ьloсk V) and
off  the Kronotsk iy Peninsu]a (b loсk IV).

The earthquake of August 22' 1792 W&s one of the largеst еvents
in Kamсhatka as to the size of the mеizoseismal area: it produсed
violent shaking along all of the eastern Kamсhatka сoast from
Pеtroрavlovsk to Nizhne-Kamсhatsk. Thе Nankai earthquake of 1707
sеems t ,o be an analogue. Aссord ing to [15] '  i t  had magnitudе
М=8.4t0.7 and dewastated Nizhnе-Kamсhatsk ( intens i ty Х-ХI) .  Cons ider-
ing the poor soil сonditions at the site of the formеr vil la$e of
Nizhnе_Kamсhatsk, the intensity should be estimated as bеing сloser
to IХ_Х.

It seems ]ikely that the |,|З7 and 1792 rupture areas' l ike thosе
of thе 1923 and 1971 earthquakes, wеre larlely loсated within thе
Kamсhatka Bay (bloсk III) but somewhat сloser to thе shore]inе, henсe
the observed еffeсts [4]. The rupturе areas of the 1737 and 1192
events may have been oriеnted along the Benioff zone rather than
aсross it and involved adjaсent bloсks.

Thе 1792 earthquake produсed shaking of intensity VIII at
Petropavlovsk and VIII-IX at Paratunka. The two sites are more than
400 km away from Nizhne-Kamсhatsk. The 1792 event seems to have
involved two nearly simultaneous shoсks, similarly to the 1605 and
170? Nankai events and to the Kamсhatkan earthquake of 1952. Thе
rupture area of the shoсk responsiblе for intensity VIII shaking at
Petropavlovsk and Paratunka must be assigned to bloсk VII when the
positions of the oсtober I7, 1,|3,| and DесemЪet 2, 1790 еarthquakes
are taken into aссount. The great earthquake of ].904 whiсh ruptured
that bloсk was also aссompanied by shaking of up to VIII intensity
at  Pеtropav]ovsk [15].

The 1737, 1790 and 1''792 evеnts might have been thrеe migrating
sequenсes with the epiсentres moving from SW to NЕ. The first

P re ] i п i na гy  Repo r t  on  Sе i sп i с  Zon ing  a t
Iaпсhatka.  Petгopavlovsk-Кдпсhatsk iy '

the Construсt ion S i tе of  the Ironotsk iy Poпeг Stat ion '
1968 .  Е i l e  t . l o . 008 '  (0S  IPZ  A l l  S s sR .
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2  Pагaпе te г s  o f  п i g rа t i on  sequenсеs  o f  t ypе  1 .

Pагадеtегs  о f  sequenсes
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seql lеnсe inс]rrded Lhe 77З7 evеnts and рoss ib ly сont inued toward the
Koпtandorsk ie Is .  where a la l 'ge earthqlrake aссompanied by
aftershoсks took р laсе on February 18,  1742, The seсond sequenсe
inс luded the 1790 event whiсh seems to have ruptured two Ьloсks (ТV
and V).  The th i rd сons isted of  the twс> |792 еart ,hquakes.

T l re Мay |7,  1841, М=8.4t0.7 еarthquake with a 
"Ь, l*.u 

beneath thе
Avaсha Baу produсed intens i ty VIII  shaking at  Petropavlovsk [15],
[19].  Comрar ing t t re ef fесt  that  was fe l t  at  the same s i te f rопr the
oс tobe r  77 ,  77З7  ( i n tens i t y  I х ) ,  1841  ( i n tеns i t y  V I I I ) ,  and  |g52
( intens i ty VII)  еvеnts '  we сan say that thе 1841 rupture was loсated
in ttre сentra] рart of bloсk VI.

The qrrest . ion of  whiсh rn igrat ion seqt lenсe of  the seсond k ind
сonta ined the grеat ,  1841 ear ' thquakе wi l t  be d isсussed below.

Aссord ing to [15] '  on ly onе еvent сan bе с lass i f ied as a grеat
ear. thqrrake that oссurred betweеn thе 1841 and 1904 shoсks.  I t  was
аn event of  Novemtrer 2З,  1899 with magnitude М=7.9t1.0 and epiсentre
near thе western boundary of  the se ismiс zor\е,  20-30 km from
Petropavlovsk.  Thе loсat ion unсerta inty for  th is  event is  2-З".  Thе
re lеvant data are quotеd in [15] as doubtfu l ,  based on the 1954
Gtrtenbеt 'g-Riсhter сata log [23],  in whiсh the earthquake magnitudes
beforе 1910 are ovеrestimated by about, 0.5 magnituЪe unit tzz\. уo.
th is  rеason'  even i f  a grеat earthquake d id oссur in 1899 of f
Кamсhatka with a magnitude of  about ?.6,  the smal lest  va lue for
events of  th is  с lass,  i ts  most l ike]y loсat ion was b]oсk IV,  сons ider ing
a poss ib le epiсentrе еrror and a laсk of  maсroseismiс data t15].  Th;
reasoning is  as fo] lоws.  The d istanсes of  b]oсks I '  I I '  I II  and VIII ,  IХ

V I .  у r /ka
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from the instrumenta l  ep iсеntre exсeed 2_З".  An event of  th is  s ize
сou]d not oссur in b loсk VII ,  beсause а great earthquake took p laсe
in i t  somеwhat later ,  in 1904. An еvеnt of  magnitude 7.6 wou]d
сеrta in ly havе been reрortеd in 1899'  i f  i t  had oссurred in b loсks V
and VII .

REvЕRsЕD }'/IIGRATION (lt1IGRAтIoN oF ТYPЕ 1)

It  is  seen in Е igure 3,  b that the rupture areas of  great 18-20th
сentury earthquakes сould be arranged in oppos i tе ly d i reсted
seqtlеnсes with apрroхimat,ely equal rates of migration. The rates in
these sequеnсes are d i f fеrent f rom thosе desсr ibed above.

Table 2 l i s ts  thе parameters of  migrat ing sequenсes wr i t ten in the
form t '  '  ( tт)  = V,  X i  + A t0,;r  where t ,  and X,  an:e the t imes and
сoordinates of great earthquakеs; Vi is a parameter having thе
meaning of the vеloсity at whiсh gireat еarthquakes migrate along the
l : th sequеnсe; A to, i  = to ' ;  -  to, ,*.  is  the int ,erva l  kretween the r t 'h and
(Ё1)th sequenсes.  The parameters werе found by least  squares us ing
thе сеntеrs of  grav i ty of  the 1904-1971 rupture arеas and the сenters
of  grav i ty of  thе b loсks whiсh are hypothes ized to сonta in the great
earthquakes of  1737-1899. one сan sее f rom Figure з,  b that the
spаtio_teпrporal plot of great Kamсhаtka еarthquakеs may from a ' 'сell ' '

s t ruсt ,urе with the epiсеntres at  the nodes.  This  pattern is  not
fo l lоwеd by two events in b]oсk V: Febrtrarу З,  \92З'  М=8.5 and May
4 '  ] 9 5 9 '  М = 7 . 6 .

Ехtrapolation of thе migration lines shows that the interseсtions
of sеquenсеs 3-4 and 1-6 do not сonta in great еvents that ousht,  to
have oссurrеd in t l loсks II_III  in 1840tсt  and in b loсk VIII  in
1865+o'  resрeсt ive lу,  where the rarrge of  poss ib le с va luеs must not
eхсeed thе maхimrrm т va]ue '  whiсh i "  . ' .* = 26 yеars,  aссord ing to
Table 2.  Below eaсh сasе is  d isсussеd separate ly.

B.[oсk vтII '  1840_1890. An earthquake of  magnitude 8.0t0.4 in b loсk
VII whiсh is  of f  Paramttsh i r  I .  and Shumshu I .  at  a d istanсе of  З00-
400 kпr f rom Petropavlovsk must have produсеd shaking of  intens i ty
at  least  VII  on the is lands and V+I in the с i ty .  Severa l  events сaus ing
shaking of interrsity V or greater wеre felt at thesе loсations in thе
mid-19th сеntury af tс ' r  ] .841.  An analys is  of  these a lso shows an
aсt ivat ion of  b loсk VIII  of f  Parаmushir  I .  and Shr. lmshu I .  against  thе
baсkgl'ound of thе deсaying aftershoсk aсtivity following thе great
1841 еarthquake in b]oсk VT. The aсt ivat ion may have bеen assoс iated
with the earthquake of  Ju ly 29 '  1854 in the b loсk.  Aссord ing to [15] '
i t  hat1 magnit t rde 7.0t1.0 '  whiсh ranks i t  as a large one. Thе re lеvant
rr:pture arеa is shown sсhematiсally in Figure 3' b.

B lосks II-III '  1814_1866. A great earthquakе with in these b lосks
must havе been fe l t  in Nizhne-Kamсhatsk,  in case i t  oссurrеd in a
migrаt ion sequenсe of  type 2,  or  on thе Komandorsk iе Is . '  prov ided
it belongеd to an Alerrtian migration sеquenсe of the samе tyрe. The
t las iс  sourсes [15] '  [18] seеm to ind iсatе a mаEln i tude 7.8t0.7 event in
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the Кomandorsk ie Is .  area on Januarу 22,  1858. Thе oсtobеr 28,  1849
earthquake of  s imi lar  magnitudе and thе subsequеnt shoсks сan
apparеntly be treated as a foreshoсk and aftershoсks. Thе January
22'  1858 epiсеnter is  shown sсhemat iсa l ly  in F igure 3,  b.  The evеnt
mttst  have oссr . r r red around the interseсt ion of  sequenсes 3 and 4.

Thе earthquakes of  . Iu ly 29 '  1854, and Januarу 22,1858, сons istеnt
with migrat ion sеquеnсеs of  typе 1,  wi th rupture areas with in b]oсk
VIII  and near the Komandorsk ie Is . ,  respeсt ive ly,  might form an
A]eut ian branсh of  a type 2 migrat i<- l r r  sеquenсe.

мIGRAтION AсRoss ТHЕ BЕNIOFF ZoNЕ

Assumе thаt the western boundary of  the oсtober \7 '  |7З7 rupture
arеa in the Avaсha Bay blосk was identiсal with thе western Lloundary
of the Beniof f  zone in Kamсhatka as determined in t10].  In thаt сasЬ
the рos i t ions of  thе great 70/17 /17З7 '  1841 and 1952 earthquakes
suggest a sеaward migration aсross the Berrioff zone at. the ratе
.V '  = 60+85 km/(1 '952-]_737)years t  0.3+0.4 km/уr,  A s imi lar  migrat ion
rate and d i reсt ion under the samе hypothes is  as to the westеrn
boundaries of the Novеmber 4, |.|З,| and 1792 rupture areas сan be
der ived from an analys is  of  t ,hе pos i t ions of  thеse epiсentres and thе
eа , r thq r rakеs  o f  Feb rua rу  24 ,  1923  and  1971 :  -И .  =  50+60  km/179  :186
yea r s  t  0 . з+0 .4  km/у r .

Thе migrаt ion of  grеat eаrthquakes aсross the Beniof f  zone based
on the 17З7-1971 data for  b loсks V and VIII  has a rеversed sеnse
re lat ive to the сoast l ine under the same сondi t ions.  Thе inferrеd ratе
of  migrat ion is  VL = 40 km/(1959-1923)years _ 1 km/уr fоr  the
Febrrrary З,792З and 1959 earthquakеs and И. = Q.J+Q.{ km/уr for  the
oсtober 1 '7,  1 '7З7 and 1952 evеnts.

There is  no ev idеnсe for  the other b loсks that сorr ld bе usеd to
estimate the rate and magnitude of transverse пriяration.

The possible va]ttеs of the ratе of transverse migration thrrs l ie
with in 0.3-0.4 km/уr,  The va lue I  km/уr in b]oсk V is  based on data
for a short  t ime pеr iod '  1923-1959. This  is  apрarent ly an ' ' instan-
taneous" quant i ty and may be regarded as the extreme value.
Vilkoviсh and Shnirman [8] оbtainеd a similar value for the rate of
thе transversе migrat ion of  Kamсhatkan earthquakes with t . ,{>7.0.  1.5
km/  у  r ,

The above сons iderat ions sug$est that the rupture arеas of  great
Kamсhatkan ear ' thquakes сan migrate aсross the Beniof f  zonе,  ] ike
those of  thе Nаnkai  earthquakes.  In сontrast  to the Nankai  t rough
howеver, whеrе migration has the saшe direсtion in all t, loсks,
migratiоn in Kamсhatka сan oссur in еither of the two possible
d i reсt ions in d i f ferent b loсks.  This  ' 'b id i reсt ional  

t ransversе ' '
migration may be indiсative of obduсtion: thе overthrusting of the
сontinental plate on to the oсeaniс plate may take plaсе in thе
Kamсhatkan Bеnioff zon'е simultaneously with subduсtion. L. N.
Rykunov wаs the f i rs t  who suggested the poss ib i l i ty  of  th is  mot ion.
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B-Iо с ]r
nuпDеr

Datе o{ event Rеpeat tinе, lпount
years o l

data

l{ean Uncer-
гepеаt taintу '
t lпe ' years
yesrs

I I I

IV

v
VI

V I I

V I I I

I I - ! I I I

I I I . V

vI -
YIII

5 5 ,  1 31 ,  1 8

109 ( ?  )

1 33 ,  3 6

i 0 1 ,  1 11

112

117 ,  9 8

t 3 l ,  1 09 ,  1 33

J 6 ,  5 5 ,  1 8

l l ? ,  9 8 ,  l l 2 ,
1 01 ,  l l l

|1 l ц l 11 31 -r1 92-z l 24 | 1923 - 1g1 1

l ? 90 - 1899 ( ? )

1 ?90 -2 /3 /192 : r - r 959

r 0 / 1 ? / r i 3 ? - r 8 41 - 1952

l ? 92 -190{

i 0 / l  , l / i  7 3 ? - 1854 -1952 ,

l {еаn foг l (aпсhatka

l{ean for  noгthern I(aпсhatkа:
i n с 1 u d i n g  s u b g r o u p  1  ( I n , l )

s u h g r о u р  2  ( T n , z )

[еan foг southегn l (aпсhatkа (T,)

J

I

Z

z
I

z
i 1

6
3

3

5

38

49

1

l 0

3Z

40
l l

?8

r09 ( ? )

85

1 0 8

t1 ,L

1 0 8

9 6

8 5
1 2 {

4 6

1 0 8

8

1

RЕсURRЕNсЕ oF GRЕAт ЕARтHQUAKЕS WIтHIN A BLoсK

Table 3 ]ists repeat times of great earthquakes for eaсh bloсk. B]oсks
III-VIII  show s imi lar  t imes,  ?о=96tЗ2 years.  Thе va luе for  the Nankai
еarthquakеs is  not muсh d i f ferent,  128t44 years [3].  The avai lab le
data su$д|est t,he samе repeаt time for bloсk IХ. Petropavlovsk-
Kaпrсhatsk iу is  the nearеst  s i te where maсгoseismiс ev idenсe is
suffiсient,ly сolnpletе. It wor-r]d be usefrrl thereforе to analуze
mасrosеisпriс dat,a for this site around the year 1819' to deterтnine the
rеpeat t,ime of great earthquakes in tl loсk IХ.

B]oсk Iх is  450-650 km away from Pеtropavlovsk.  Мagnitude 8
еar ' thqrrakеs that oссurrеd in that ,  b loсk must bе fe l t  in the с i ty as
ТIТ <;r TV-V at mоst.

Abotrt 20 shoсks had tlеen reсordеd in Рetropavlovsk in the early
19th сentury beforе 1841. Two sets of  events сan be с lear ly  ident-
i f ied.  one inс]udes earthquakеs that preсeded and aссompanied the
1827 eruption of Avaсha Volсano 30 km from Petroрavlovsk. The other
сontains еarthqr.rakes whiсh seem to be foreshoсks of thе great
Avaсha Bay earthquakе of  1841.

Thе distinсtivе features of a grеat earthquake are a long duration
of fe l t  v ibrat ions (1 min or longer) and a tsunami.  These phenomena
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werе obsеrved twiсe in Реtropavlovsk during thе earliеr half of the
19th сentury. Thе first oссasion was on oсtotrеr 28, |820: sevеra]
rather strong shoсks lasted as lon$ as З min in Рetropavlovsk. The
seсond was on Arrgust  9,  1827, Aссord ing to [11],  a v io lent erupt ion
of Avaсha Volсano began on that date, the area of the future сiiy of
Petrорavlovsk_Kamсhatskiy experienсed shoсks of intensity up to VII
and a dr 'ast , iс  fa l l ing t ide was observed in the Avaсha Bay [18].

Thе peт iod of  t ime between 7О/28/182О and 5/7/Ig|5,  whеn a
magnitude 8.3 earthquake oссurred in b loсk IХ,  was 95 years.  That
va]ue is nеarly identiсal with the mean reрeat time of great Kamсhatka
еarthqt lakеs with in a b loсk (see Table 3).  тtrе inferred rupt l t re area
of a great еart,hqtrake that might oссur in b]oсk IХ on \О/28/782О is
shown sсhemat iсa l ly  in F igure 3,  b.  I ts  loсat ion is  not inсons istent
with the reqtriremеnts that сan be imposeсl on пligration seqtlenсes of
tyрes 1 and 2 (see F igure 3,  b) .  In faсt ,  thе 1820-1841 sequenсe сan
bе с lаss i f ied as a migrat ion sequenсe of  type 2.  The durat ion of  a
пr igrat ion sequеnсe of  th is  k ind shou]d then bе inсreasеd to reaсh 21
years. That the ]oсation of the 1820 rupturе may satisfу a migration
of type ]  is  ind iсated by the faсt ,  that  the migrat ion sequenсеs
сoп rрosed  o f  t hе  even t s  o f  1820  -  1o /17  /17З7 '  and  o f  1820 -1854 -1904_
1952II_1959 hаve s lopes that аre roughly еquia l  in absolute va lue and
opрos i t e  j n  sense  (V ,=О.З2  and  -0 .19  km, /y r ,  r e speс t i ve l y ) .

A morе сareful analysis of the data in Table З allows one to
arrange all bloсks into several groups aссording to the sсatter of
reрeat t imes for  $rеat earthquakеs.  one grouр inс ludes b lосks vI-vIII
wlrerе the repeat t imes range with i r r  98-117 yеars ( the sсatter  does
not eхсееd 10 perсent)  and average l08t7 years.  The ev idenсe
presented above p laсеs b loсk IX into th is  group, i ts  repeat t imе being
probably сlose to g5 yеars. T}ris value does not сhange thе repeai
t imе, and the overa l l  vа lue for  thе group'  whiсh inс ludes the
southern Kamсhatka b loсks VI-IX,  is  ?  =106+8 years.

The seс:ond group shows a larger Бсattеr  of  repeat t imes (about
50 pеrсent) .  I t  inс l r tdеs northern Кamсhatka b loсks III_V: T, ,=85!4o
years.  The repeat t imes in these b loсks may in turn be d iv idеd into
two st tbgroups with s imi lаr  va lues:  Tu,t . \24!11 anс] T, , , ,=46+8 yeаrs
(see Tatr le 3) .

The problеm of the repeat t imе in b]oсks I  аnd II  is  yet ,  to be
solved.  However,  as sе ismiс i ty in Kaпrсhatka deсays northward towar 'd
Кaraginsk iy Is lаnd, $rеat eа,r thquаkes are l ike ly to be e.хtrеmеly rarе
еvеnt,s  in t ,hеse b loсks.  I r l  that  сasе '  assuming that a l l  gr 'eat
еаt .1,hqrrakеs in b loсks Т and II  hаve bеen reportеd s inсe 1737 ar 'd
t}rat ,  thе 1792 rupture involvе:d two b loсks (II  and III) ,  a l ike ly r ,е1;eat
t ime va lue is  1969 -  \792 = 177 years.

сoNсLUsIoN

Thе t iпre-d istanсе mаp of  thе rupbure arеas (b loсks) of  great
Kaпrсhatkan ar ld nort ,hеrn Kur i l  еart t rquakеs in the 18-20th сentur iеs
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pl jesеr l ted in th is  pарer may рrоvokе a lot  of  quest ions some of  whiсh
с]аn hаt .d ly be answered today.  The a im of  th is  analys is  was to
atteпrpt to devise a large еarthquake prеdiсt ion based on three
assttmpt iorrs .  F i r 'sb,  sе ismiс aсt iv i ty is  a qrras ipеr iod iс рroсess.
Seсond}.y,  th is  рroсеss is  aссonrpl ishеd by mеans of  the longi tudina l
and l , rаnsverse rn igrat iorr  of  largе earthqua,kes.  Third ly '  the reEl ion in
whiсh i t ,  operatеs r lons ists  of  b loсks whose boundar ies remain
ttrr t :harr$ed in t imе. I  be l ievе that thе ev idenсe from the Nankai
t rorrgh,  the faсt  thаt the nort ,hwestern Paс i f iс  is]and arсs are s imi lar
in se ismiс pаrameters,  and an attempt to desсr ibe the se ismiс proсess
in t ,}re Рaс: i f iс  margin in t ,еrms of  a uni f ied,  рhys iсa l ly  meaningfu l
mс lde l  Г5 ]  j u s t i f i еd  th i s  s t t rdу .

Ttre rеsr l ] ts  prov ide a,  bas is  to start  wor-k on a sсhemе of
с:aт't,hquake prеdiсtion for Kаmсhat,ka and the northern Kurils, whiсh
wi1 l  he lр forесast  the t ime of  largest  earthqtrakes in ind iv idua] b]oсks
аnd assess the expeсted se ismiс hazards.
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