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Α Β S Τ R Α C Τ 

Repeat times of the strong shallow mainshocks in 12 
seismogenlC sources along the North Pacific seismic zone have 
been estimated and used for the determination of the following 
relations: 

where ΤΙ is the interevent time, measured in years, Μ, the 
surface wave magnitude of the smallest mainshock conside;~d, Μ 
the magnitude of the preceding mainshock, M

f 
the magnitude of thJ 

following mainshock,_ Μα the moment rate in each source per year. 

The probabilities for the occurrence and the magnitudes of the 
expected next large (Μ?-7. 5) shallow mainshocks in the twelve 
seismogenic sources durlng the next decade are determined, based 
οη these two relations, and adopting a lognormal distribution for 
earthquake interevent times. 

ΜΑΚΡΑΣ ΔΙΑΡΚΕΙΑΣ ΠΡΟΓΝΩΣΗ ΣΕΙΣΜΩΝ ΣΤΗ ΣΕΙΣΜΙΚΗ ΖΩΝΗ 

ΤΟΥ ΒΟΡΕΙΟΥ ΕΙΡΗΝΙΚΟΥ ΜΕ ΒΆΣΗ ΤΟ ΧΡΟΝΙΚΑ ΕΞΑΡΤΟΜΕΝΟ ΜΟΝΤΕΛΟ 

Παπαδημητρίου,Ε.Ε. 

Π Ε Ρ Ι Λ Η Ψ Η 

Οι χρόνοι επανάληψης των ισχυρών επιφανειακών κύριων οειομών 

σε 12 σεισμογόνες πηγές κατά μήκος της σεισμικής ζώνης του 

Βόρειου Ειρηνικού υπολογίστηκαν και χρησιμοττοιήθηκαν για τον 

υττολογισμό των τταρακάτω σχέσεων: 

10gTt =O. 30~,η+O . 15Μρ -Ο . 2710gM +5. 24o 
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M[=l. 05~in-0.47 Μρ+Ο. 6010gΜΌ-12 .39 

6π:ου Τ t ε ί να ι ο χρόνος ετιανάληψης σε έτη, Mmin το ετι ι φανε ι ακό 

μέγεθος του μικρότερου κύριου σεισμού, Μ το μέγεθος του 
ρ, , 

τιροηγούμενου κύριου σεισμού, M το μέγεθος του ετιομενου κυριου
f 

σεισμού και Μο η ετήσια έκλυση της σεισμικής ροτιής. 

Υτιολογίσθηκαν οι τιιθανότητες γένεσης καθώς και το μέγεθος 

των αναμενόμενων ισχυρών (Μ ~7.5) ετιιφανειακών σεισμών σε κάθε 

μία ατι6 τις σεισμΟΥόνες τιηγές κατά την ετιόμενη δεκαετία, με βάση 
τις τιαρατιάνω σχέσεις. 

INTRODUCTION 

Considerab1e progress has been made in the 1ast few years 
by the scientists to find which mode1 describes better the 
behaviour of 1arge earthquakes interevent times. It has been 
shown by various investigators that the time-predictab1e mode1 
fits better the data coming frorn different regions of the wor1d. 

According to the tirne-predictab1e rnode1, the tirne interva1 
between 1arge shocks depends οη the size of the preceding event. 
This mode1 is in accord with 1aboratory experirnents οη stick-s1ip 
behaviour οη pre-existing fau1ts (or surfaces) in that slip takes 
p1ace in a given samp1e, when the stress reaches a 1eve1 that is 
near1y constant among 1arge events (Sykes, 1983). 

Shimazaki and Nakata (1980) found at three locations in 
Japan that the time between successive great gap-fi11ing 
earthquakes was proportiona1 to the disp1acement in the first 
event. This "tirne-predictab1e" mode1 suggests that great 
earthquakes recur when the strain re1eased in the 1ast event 
recovers. Ιη princip1e, this a110ws the estimation of th~ tirne 
of the future occurrence of a given great earthquake. 

Sykes and Quittmeyer (1981) found that the average repeat 
times of great earthquakes a10ng sirnp1e p1ate boundaries of the 
wor1d are governed by three factors: the re1ative ve10city of the 
interacting p1ates, the ratio of seisrnic to aseisrnic motion and 
the geometry of the zone of p1ate contact, particu1ar1y the down
dip width. Furthermore, they found good support in the g1oba11y 
observed data οη repeat times and disp1acernents for the 
proposi tion that the time interva1 between 1arge shocks at a 
given p1ace is proportiona1 to the disp1acement in the preceding 
earthquake rather than to the disp1acement in the shock that 

. terrninates that interva1. Bufe et a1. (1977) found such a 
re1ationship for sma11 shocks a10ng a segment of the Ca1averas 
fau1t in Ca1ifornia. 

Papazachos (1988a,b, 1989, 1991, 1992, 1993) with the 
purpose to define time dependent re1ations between strong 
earthquakes which occurred in seismogenic sources in Greece, 
proposed a rnode1 where the interevent tirne, T , and the 

t
magnitude, Mf' of the fo11owing mainshock were quantitative1y 
re1ated to the rnagnitude, Μ _, of the sma11est considered 
rnainshock and to the rnagnitude,

m1 A, of the preceding mainshock in 
each seismogenic source. This in~estigation resu1ted in proving 
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that the time-predictab1e mode1 fits better the data, and not the 
slip-predictab1e mode1. The methodo1ogy suggested by the above 
mentioned author has been improved recent1y (Papazachos and 
Papaioannou, 1993), to inc1ude a new term in the re1ations both 
for the interevent time and the magnitude of the expected 
mainshock. This term depends οη the year1y moment rate in each 
seismogenic source. Based οη this mode1 they estimated the 
probabili ty of occurrence and the magni tude of the expected 
strong shallow mainshocks in the seismogenic sources of the 
Aegean area. 

The purpose of the present study is to apply the above 
mentioned methodology in the North Pacific seismic zone, that is, 
the Alaska-Aleutians-Kamchatka-Kuriles seismic zone. The Alaska
Aleutians island arc is one of the world's most active zones of 
earthquake activity, volcanism and subduction. Plate motion is 
1argely strike slip off British Columbia to southern Alaska and 
occurs mainly by thrust faulting along the Aleutians. The 
Aleutian island arc marks the site of the subduction of the 
Pacific lithospheric plate under the North American lithospheric 
plate. The rupture zones, magnitudes and seismic moments of 
several of these shocks are among the largest known anywhere in 
the world. Large earthquakes are of thrust type and occur along 
the plate interface at shallow depth. Large shocks do occur less 
frequently beneath the deeper part of the trench, at intermediate 
depths and to the north of the plate boundary in south-central 
Alaska. The region of Kamchatka demonstrates temporal variation 
in rupture mode, with occasional very large ruptures spanning 
segments of the trench that fail individually at other times. Ιπ 

Kurile Islands large earthquakes repeatedly rupture the same 
portion of the subduction zone, but without coalescing to 
generate larger events (Lay and Kanamori, 1981). 

ΜΕΤΗΟΩ APPLIED 

Papazachos and Papaioannou (1993) proposed the following 
re1ations to describe the time and magnitude predictable model: 

( 1 ) 

(2 ) 

where ΤΙ is the interevent time, measured in years, Μ the 
surface wave magnitude of the smallest mainshock conside;~d Μ 
the magnitude of the preceding mainshock, M the magnitude of 'theP 

f 

following mainshock, Μα the yearly moment rate in each source. 

The model expressed by the relations (1) and (2) has the 
advantage that all parameters (b, c, d, t, Β, C, D, m) of these 
relations are calculated by all available data for all sources. 

The moment rate, Μο , that is, the moment released per year 
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in each seismogenic source is a measure of the seismicity level, 
and varies from source to source, but it can be reliably 
calculated if enough data are available for the source. These 
data concern not only the magnitudes όf the few mainshocks but 
all the complete data of strong and small shocks available for 
each source. The values of Μ have been determined by applying a 
method suggested by Molnar (1979). This method makes use of the 
maximum magnitude, Μ , and of the parameters a, b of the 
Gutenberg and Richter~(1944) relation: 

logN=a-bM (J) 

normalized for one year, as well as, of the parameters r, k of 
the moment-magnitude relation: 

logM =rM+k (4 )o

which for the area under study are r~1.5 and k~16.1, according 
to Kanamori (1977). 

For the determination of the coefficients b, c, d, and t 
of equation (1) one can use a well-known technique (Draper and 
Smith, 1966; Weisberg! 1980) which has been widely used 
especially in strong-motion attenuation studies (McGuire, 1978; 
Joyner and Boore, 1981; Dahle et al., 1990). 

SEISMOGENIC SOURCES ΆΝΩ ΩΑΤΑ 

Ιπ order to proceed in the application of the above 
described methodology, the area under examination was separated 
in twelve seismogenic sources. For this purpose seismotectonic 
criteria, dimension of aftershock volumes, seismicity level, 
maximum earthquake observed! type of faulting and 
geomorphological criteria were used. The fit of the data to the 
time-predictable model has been used as a suplementary criterion 
for this separation. 

Along the Alaska-Aleutians five seismogenic sources were 
defined (Alaska Gulf, Shumagin Islands, Andreanoff Islands, Rat 
Islands and Kommandorski Islands) απ the basis of the spatial 
distribution of aftershock volumes of great earthquakes, 
according to Sykes (1971). The above mantioned author mapped the 
rupture zones of large (Μ ~7. Ο) earthquakes along the plate 
boundary in southern Ala~ka and Aleutians by relocating 
aftershocks of those events and by assuming that the latter are 
a good measure of the area of the rupture surface. 

The Kamchatka-Kuriles region was divided in seven 
seismogenic sources (Northeastern Kamchatka ι Southeastern 
Kamchatka, Shiashkotan Islands, Urup Islands, Etorofu Isl~nds, 

Shikotan Islands and Kunashir Islands) based both οη the spatial 
distribution of aftershock volumes and the spatial distribution 
of the larger (Μ ~7 . Ο) earthquakes. 

Figure 1 shows the seismogenic sources along with the 
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epicenters οί the larger (Μ >7.0) earthquakes. Black circles show 
epicenters οί the mainshoclks, while ορεπ circles foreshocks or 
aftershocks. The term 'foreshock' or 'aftershock' is used here 
in the broad sense, that is, earthquakes which precede or follow 
mainshocks several years. Ιπ particular, as foreshocks or 
aftershocks are considered the earthquakes which occur 9, 12.5 
and 16 years before or after the occurrence οί a mainshock with 
magnitude equal to or larger than 6.0, 7.0 and 8.0, respectively. 
This was done because we are interested to apply a model which 
can predict the mainshocks in each seismogenic source, that is, 
the strong earthquakes which occur at the beggining and the end 
of each seismic cycle and not smaller earthquakes which occur 
during the preseismic and postseismic activations. 
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- --- Τ- - --- - -- - . --,---......-' 
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Fig. la. The five seismogenic sources in which the area οί 

Alaska-Aleutians was divided along with the epicenters οί 

strong (Μ >7.0) sha110w mainshocks (black circles) and fore
οι afters~ocks (open circles) in the broad sense. 

Information οη the surface wave magnitudes and οπ the 
epicentral coordinates οί the earthquakes used in the present 
study were received from the catalogue οί Pacheco and Sykes 
(1992), for events occurred during the present century and with 
Μ >7.0. For events not listed in the previous catalogue, as well 
a~ for events with magnitudes less than 7.0, the catalogues οί 
Abe (1981) and Tsapanos and his colleagues (1990) were used, 
while ίοι the more recent events the data were according to the 
ISC bulletins. The final catalogue is complete and homogeneous 
ίοι events with Μ >7.0, during the time period 1897-1992, that is 
for the time pι:riod after the beggining of the world-wide 
instrumental record in 1897, till now. The comlpeteness for 
smaller events varies from source to source. 
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Fig .1b. The seven seismogenic sources in which the area ο! 

Kamchatka-Kuriles was divided along with the epicenters ο! 

strong (Μ >7.0) shallow mainshocks (black circles) and fore
or afters~ocks (open circles) in the broad sense. 

RESULTS 

The procedure suggested by Papazachos and Papaioannou (1993) 
was followed here in order to estimate the parameters of the 
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relation (1) between the interevent tirne, T , and the rnagnitudes 
M ;n and Μρ ' and the rnornent rate. The fo f lowing relation was 
found: 

(S ) 

with a correlation coefficient equal to 0.70 and a standard 
deviation equal to 0.17. The positive correlation between the 
repeat time and the rnagnitude of the preceding mainshock 
indicates that the tirne predictable rnodel holds. 

The values of the ·parameters of the relation (2) were 
deterrnined and the following ernpirical formula was obtained: 

(6 ) 

with a standard deviation equal to 0.40 and a correlation 
coefficient equal to 0.73. The negative value of the parameter 
C means that large rnainshocks are followed by small ones and vice 
versa. 

PREDICTION OF STRONG SHALLOW MAINSHOCKS 

Ιη order to proceed in the determination of the probability, 
Ρ, of occurrence of an earthquake larger than a certain magnitude 
(e.g. ~7.S) in future predefined tirne interval, the distribution 
function, f(t), of the data used must be known. It was found that 
the quantity 10g(T/T ), where Τ is the observed and T the 

t t
theoretical repeat tirne as it is calculated frorn relation (S), 
follows a normal distribution with a mean equal to zero and a 
standard deviation equal to 0.17. This is in accordance with 
previous investigators found that the lognormal distribution 
provides better fit to the data of earthquake interevent times 
(Nishenko and Buland, 1987; Papazachos, 1988b, 1991; Papazachos 
and Papaioannou, 1993). 

Figure 2 shows the frequency function for the quantity 
10g(T/T), concerning the data for all the seismogenic sources 
examine~ here, and the theoretical normal distribution. Taking 
into account that the lognormal distribution holds and 
considering the time of occurrence of the preceding mainshock in 
each seisrnogenic source, the probabilities, P ' of occurrence ofjO
the next rnainshocks with rnagnitudes Μ>7.5 during the next ten 
years (1993-2003) were calcu1ated. ~ 

Table 1 gives information οη the expected large (Μ >7.5) 
shallow earthquakes. The first column gives the name ΟΙ the 
seismogenic source. The other two columns give the probabilities, 
PlJ)' for the occurrence of large (Μ. >7.5) shallow rnainshock 
sduring the next decade (1993-20031n- and the corresponding 
rnagnitudes, Mf' of the expected earthquakes, as these magnitudes 
were calculated by the relation (6). The seisrnogenic sources of 
Shumagin Islands, Northeastern Kamchatka, Southeastern Kamchatka 
and Urup Islands exhibit the higher probabilities (O.S1SPI~O.60) 
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Fig.2. The frequency distribution of the observed repeat times 
to the theoretical ones. 

Table 1. Information οη the expected magni tudes ι M and thefl 
corresponding probabilities ι for the occurrence ofΡ ιDI 
1arge (Μ >7.5) shallow earthquakes during the period 1993
2002 in N~th Pacific seismic zone. 

SEISMOGENIC SOURCE Μ. Ρ,Ι\ 

SOURCE 1 - ALASKA GULF 7.6 0.43 

SOURCE 2 - SHUMAGIN ISLANDS 8.2 0.60 

SOURCE 3 - ANDREANOF ISLANDS 8.1 0.25 

SOURCE 4 - RAT ISLANDS 7.7 0.48 

SOURCE 5 - KOMMANDORSKI ISLANDS 7.7 -
SOURCE 6 - NORTHESTERN KAMCHATKA 8.2 0.51 

SOURCE 7 - SOUTHEASTERN KAMCHATKA 8.3 0.52 

SOURCE 8 - SHAISHKOTAN ISLANDS 8.1 0.48 

SOURCE 9 - URUP ISLANDS 8.0 0.59 

SOURCE 10 - ETOROFU ISLANDS 7.6 0.40 

SOURCE 11 - SHIKOTAN ISLANDS 7.9 0.33 

SOURCE 12 - KUNASHIR ISLANDS 7.5 0.27 
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for the occurrence of a mainshock wi th Μ >7.5 during the next ten 
years. High probabilities (o.43~P!~0~8) are estimated for 
Alaska Gulf, Rat Islands and Shiashkotan Islands seismogenic 
sources. The Andreanoff Islands, Shikotan Islands and Kunashir 
Islands seismogenic source exhibit the lower probability 
(o.33~Pl~0.25), while for the Karnrnandorski Islands seismogenic 
source πο probability has been estimated, since the larger 
earthquake occurred there was much smaller that 7.5 (1925, 
M =7. Ο ) • s 
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