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Α Β S Τ R Α C Τ 

ΒΥ examining the small magnitude seismicity rate l.n a 
seismic source in northern Greece, where a s trong earthquake 
accurred in December 1990 (Μ =5.9), it was found that a 
significant increase of the seis~icity rate had started since May 
1988, that is, 2.6 years before the main shock. This result 
strengthens recent observatians οη the behaviour of the seismic 
activity during the seismic cycle, which revealed that the 
s~cond main shock of the cyc 1e is preceded by a period of 
increased activity with a duration of about 2.7 years. 

ΠΡΟΔΡΟΜΗ ΜΕΤΑΒΟΛΗ ΤΟΥ ΡΥΘΜΟΥ ΓΕΝΕΣΗΣ ΜΙΚΡΩΝ ΣΕΙΣΜΩΝ ΠΡΙΝ 

ΑΠΟ ΤΟ ΣΕΙΣΜΟ ΤΗΣ 21 ΔΕΚΕΜΒΡΙΟΥ 1990. (M =5.9, ΒΟΡΕΙΑ ΕΛΛΆΔΑ). s

καρακα"ίσης,Γ. 

Π Ε Ρ Ι Λ Η Ψ Η 

Στην εργασία αυτή εξετάζεται ο ρυθμός γένεσης μικρών σε ισμών 

σε σεισμική πηγή της Βόρειας Ελλάδας, στην οποία έγινε σεισμός 

το Δεκέμβριο του 1990 με μέγεθος Μ =5.9. Βρέθηκε, ότι από το Μάιο 

του 1988 ο ρυθμός σεισμικότητας Sείχε αρχίσει να αυξάνεται σε 
σχέση με το ρυθμό του προηγούμενου χρονικού διαστήματος. Το 

γεγονός, ότι η διάρκεια της περιόδου Ψηλού ρυμθού σεισμικότητας 

ήταν ίση με 2.6 χρόνια, ισχυροποιεί τα αποτελέσματα πρόσφατης 

έρευνας πάνω στη μεταβολή της σεισμικότητας κατά τη διάρκεια του 

σεισμικού κύκλου, σύμφωνα με τα οποία παρατηρείται μιά περίοδος 

αυξημένου ρυθμού σεισμικότητας πριν τον κύριο σεισμό ίση με 2.7 
χρόνια, κατά μέσο όρο. 

INTRODUCTION 

The behaviour of the seismic activity during a single 
seismic cyc1e has been being the subject of many seismicity 
studies. Recent work οη the nature of the seismic cycle resulted 
in the refinement of the different phases of the cycle, which 
actually reflect time variations of earthquake occurrence 
frequency (Mogi, 1981; Ellswarth et a1., 1981; Karakaisis et al., 
1991) . 

The mast recent resul ts (Karakaisis et al., 1991), which are 
depicted in Fig.1 and concern shallow main shocks, show that the 
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post-shock activity fo11ows the first maiπ shock of the seismic 
cycle aπd 1asts up to severa1 years, with its duration being 
depeπdent οη the magnitude of the main shock. Then, the 
seismicity drops to the backgrouπd leve1. During the 1ast one
fourth of this phase, the seismicity exhibits a tendency to 
increase gradua11y. This phase, with a duration depending οπ the 
magnitude of the first main shock, is fo11owed by a period of 
increased activity with an average duratioπ of about 2.7 years, 
which cu1minates before the second main shock, whi1e its duration 
does not depend neither οπ the first nor οπ the second main shock 
magnitudes. 
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Fig.l. Tempora1 variation of the seismic activity during a single 
seismic cycle. 

It is the purpose of the present paper to present a case 
hi~to~y of such precursory increase of the sma11 magnitude 
selsmlc activity by ana1ysing the seismicity rate before the 
December 21, 1990 earthquake (Ms=5.9, Northern Greece). 

ΟΑΤΑ ΑΝΟ METHOD 

Οπ December 21, 1990 a Ms=5.9 earthquake occurred in 
Northern Greece, in one of the seismogenic sources into which 
Greece and the surrounding areas have been divided (Fig.2). This 
separation has been obtained οπ the basis of geomorpho1ogica1 
criteria, of spatia1 c1ustering of epicenters of strong 
earthquakes, οπ the seismicity 1eve1, οπ the maximum earthquake 
observed and οη the type of fau1 ting (Papazachos and Papaioannou, 
1993). 

Since we are interested in the sma11-magnitude seismicity 
variations, we took advantage of the data of Scordi1is (1985) for 
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the period 1981-1984, of Scordi1is et a1. (1989) for the period 
1985~1986 and of Scordi1is et a1.(1992) for the period 1987-1990. 
These cata10gues concern earthquakes which occurred in the 
Qroader area of N.Greece and have been recorded by the te1emetry 
seismo1ogica1 network of the Geophysica1 Laboratory of the 
Aristote1ian University of Thessa1oniki. 
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Fig.2. The seismogenic source, into which the M =5.9 earthquake 
occurred (December 21, N.Greece). 

s

As it is known, the main prob1em in treating earthquake 
cata10gues for the determination of seismicity rate changes, 
which might ref1ect changes in tectonic processes, is the 
recognition and the e1imination of changes which may have been 
introduced during the compi1ation of the cata1ogues. These man
rnade changes have been described in detai1 by Habermann (1987a) 
and COIlcern changes that are re1ated to the detectabi1ity of the 
seismo1ogica1 networks which monitor and locate events (detection 
changes), changes that are re1ated to 1ack of reporting of 
roagnitudes for detected events (detecting changes) and changes 
in the rnagnitude determination (magnitude shifts). 

Studies ση the detectabi1ity of the seismologica1 network 
of the Geophysica1 Laboratory showed that every earthquake that 
occurrs in the broader area of N.Greece, with ML~2.1, is recorded 
and can be accurate1y 1ocated. Οη the other hand, the 
seismologica1 network that monitored the earthquakes has been 
being continuous1y in operation since 1981. Furthermore, the 
rnagnitude determination procedure has been based ση measurements 
of the recordings of these stations, remaining una1tered during 
the 1ast ten years. For these reasons, the data used are cornp1ete 
a...nd hornogeneous and probab1e variations will be the manifestation 
of ongoing tectonic process. 
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Fig.3. Seismicity rates for different cut-off magnitudes. 
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Fig.4. Seismicity rate of the earthquakes of Fig.3 with cut-off 
magnitudes Μι=2.1-3.3, which were reduced to Μι=2.7 

RESULTS 

Figure 3 shows the curnulative earthquake occurrence 
frequency in the seisrnogenic source of Fig.2 since January 1981 
until December 20, 1990, that is, one day before the rnain shock, 
for different cut-off rnagnitudes. It is observed that the 
seisrnicity rate was slowly increasing until April 1988. Since May 
1988 the seisrnicity rate becarne higher and remained alrnost 
constant until the rnain shock occurrence. It seerns, however, that 
for larger cut-off rnagnitudes (Mι~3.4) ι the seismicity rate 
decreased after August 1989. 

For a better representation of the increasing trend of the 
seismic i ty ra te ι the rnagni tudes of all the earthqu akes tha t 
followed this trend (Μι =2. 3-3.3) were reduced to Μ ι =2. 7. The 
result of this procedure is depicted in Figure 4. 

It has been pointed out (Haberrnann 1987b; Matthews and 
Reasenberg, 1986) that visual evaluation of seismicity data is 
not adequate for recognition of anornalies of seisrnicity rate, and 
sorne sort of quantitative tools rnust be used for exarnining these 
data. The test which has been most extensively used and tested 
for cornparing seisrnicity rate changes is the z-test for a 
difference between two means (Habermann 1987b). 

Seismicity rate changes are defined in terms of the rates 
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during the two time periods which procede and fo11ow the changes. 
Ιη order to cornpare those rates, the mean rates during the 

two periods (Μι and Μ2 ), the standard deviations of those rates 
(SI and S2) and the nurnber of sarnp1es in each period (Ν and ΝΖ ) 

have to be determined. Then, the z-statistic for the change ~s 
ca1cu1ated by the formu1a: 

The z-statistic was app1ied οη the data of Figure 4 and it 
was found that the z-va1ue is equa1 to 3.73. This va1ue is 
comparab1e with those found by severa1 authors, who detected 
significant rate changes before strong earthquakes (Wyss et 
al.1984; Wyss and Habermann 1986). 

CONCLUSION 

The temporal variation of the srna11 magnitude seismicity 
before a M =5. 9 rnain shock is examined. It was found that as
significant increase (Ζ=3.73) started 2.6 years before the main 
shock. During these years, the seismicity rate was about 3 times 
higher than the rate of the previous time interval. This 
observation reconfirms previous results (Karakaisis et al. 1991). 
The same procedure was applied οη the earthquakes of severa1 
other sources of Greece with data from the recently published 
yearly earthquake cata10gues that have been compiled by the 
Geophysical Laboratory of the University of Thessaloniki. The 
results seemed encouraging but more work is needed, since the 
minimum cut-off magnitudes of the earthquakes considered are 
higher (ML~3.1) than those of the present study and it has been 
suggested that the friction law between earthquakes with 
magni tudes greater than 3 and smaller than 3 has distinct1y 
different parameters (Aki;1986). 

The above rnentioned resu1ts, in cornbination with the results 
of the app1ication of the time predictab1e mode1 proposed by 
Papazachos and Papaioannou (1993), as we11 as a denser network 
of seismologica1 stations, rnight enhance our ability towards 
intermediate-term earthquake prediction. 
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