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Abstract

Recent strong seismic excitation (2005-2006), which occurred at the northwestern part
of the Hellenic arc and north of Samos Island close to the coasts of the Asia Minor, is
investigated under the aspect of temporal variation seismicify profile of activated
seismic zones. Seismicity profile is constructed by the means of the: FastBEE analysis
introduced recently. Seismicity parameters considered in this study are b-value, en-
ergy released in the form logE™” and the quantity logN of the cumulative number of
events, in the examined area.

Due to homogeneity and completeness reasons, the earthquakes with magnitudes
M;23.0 since 1990 from the earthquake catalogue of the Geodynamic Instituie of
the National Observatory of Athens, is used to perform the present analysis in both
areas.

Temporal variation profiles for both areas show a remarkable fluctuation around
their mean value and specifically above the limits of the calculated standard errors
behaviour forming a temporal pattern, which can be attributed to earthquake
preparation process. In this temporal pattern, b value, which is related to the seis-
mogenic process in many previous studies all over the world shows a tendency to
increase and then fo decrease before the occurrence of a strong earthquake, and at
the same time the quantity logE”” shows a tendency to decrease and then 1o in-
crease before the strong event occurrence Misidentification of such a clear pattern
Jor a period of time can be attributed 1o the lack of adequate data.

Key words: Seismicity parameters, b- value, energy, temporal variation, seismicity
pattern.

MepiAnyn

Zrny mapoboe. epyosio eferaletal i THOOPOTH KOu CHUGVTIKOTEDY 1T10P7 TEIoUIKT dpo-
oTpISTIT O EXSNADONKE aTo foperodvtid turua tov EAAnvicod t6lov kai oty me-
pioyi fopeia e Xiov katd, to ypovikd dcotnque. 2005-2006, H elévaon éyve  kizw
GO TO TPLOUO. THG UEABTIC TOV TELOUIKOD TPOWPIA TG xPOVIKHS UETOPOANS THE OEI0LIKO-
g v dieyepuévav meptoydyv. To celourd Tpopih dnuovpyRBnKe ue ™ xpiion Tov
mpdopora mpotaldéviog alyopiGuov FastBEE. H avdAven ue tov mpoavoapepfévia olk-
yOpiBuo meplopBaver ™ peAbtn g xpovIKiG LetafoARS S1opdpmv TEILIKGY TOPOE-
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1wy, dnwc 10 b-value, evépysia ue  poppn logE™” ka ty moodtyra logN émov N
elvor 0 alpoiotikdc apibuGe Ty aeicumy oThY TEPIOXH HEAETHG.

H avadvon mepiiaufaver ocrouods ard tov kaxaloyo tov ewdvvaiarkod Ivoritodton
Tov EAA yia v mepiodo 1990 éwe mpéopona, emeidn 0 deiyud twv 60ouévwy oty
XPOVIKY auTi} TEPI0S0 QPeVOS KUADTIEL TIC OVAYKES THE UvIADONG, apetépon Bewpsitai
IO OHOIOYEVES KO TILO TANPES GE TYEON LE TPONYOLUEVES TEPIOOoVS. Ta dcdouéva twv
oetouwy eival Ipy yio weyeldn My=3.0 1 usyoidtepa

Ta arnoteléouora e UEAETHS THE XPOVIKEG HETABOANC TWV TELOUIKOV TOPGUETPOV
OT0. TAQUTLE THC TPOCEYYITNS EXODYV TH LOPPR YPOPHUCTOY TPIOV YPOVOTEIPOV HE TO,
avTioToLy o TOTIKG. CAAUOTA TV ECETALOUEVOV OEIGUIKMY TUPUUETHWOV.

O1 ypoviés uetaforéc xat atic 000 TEPIOYEC Sely VOV G THUAVTIKT] OLAKDUGVET YD-
P QIO TIC UETES TIUES TV TOPAUETPOV VIO TO ECETALOUEVO YPOVIKS OIdoTHia ayx-
potiloviag éva ypovixo mpoTomo yia kabs wepioyn mwov uropel va arnodobsi atic digp-
VAGIES TPOTAPOTKEVNG HIOC OEIGUIKNG OEYEPoNG. FI0IKG TUYKEKPIUEVES PATEIS TWV
XPOVIKOV UETASOADY TV TOPaUETHWV b Kat gVEPYEIS, VIO, TIC OTOIES LIAPYOLY OG-
peic avapopéc orn diebvh Piflioypapia, ot i uetaflods tovg avvdéctau pe TS digp-
YATIES TPOETOIOTIOG YEVEONS TEIoUDY, JEiyvovy va tavtiCovial ue kale oeiouky
Spagtpistira oti¢ vro elétaon meptoyés. H popein tov mpotinot e oelouiKéTnTas
elvai idwaftepa. oagnc oty repittwon ™e dpacthpidtnrac tov loviov an’ ot oty
dpaotypiomyta fopera e Lauov. O TpoavapeEPOUEVES YPOVIKES HETGROAES yopa-
xTnpilovy kdBe mepioyn kou uropody va arodoBovv otic govikes, OTIC YewOvVOLI-
KEC OIEPYACIES KAl T YEWTEKTOVIKG. THE YOPAKTNPIOTIKG. §20T000 N TOIOTHTO TS -
PAVIGHS EVOC GapOlE ypovikoD TPoTOIOD UROPET VO ennpealetal amd to mAnfoc twy
TEIOLUOV KAt 0po. 10 pOEUG EXADONG T OEIOUIKAC SVEPYEIG.

Aélers wAeidra: Leiouinég mopauetpol, Xpovixy petafoly), Leiouixny evépyeta, Hapa-
uetpog b.

1. Introduction

Strong earthquakes are not isolated events. Their occurrence time is affected by tectonic loading
due to the slow motion of the tectonic plates and stress changes caused by the occurrence of previ-
ous events (Scholz 1990, Harris 1998). In this sense temporal variation of geodynamic regime
studies have received little atlention, mostly due to the lack of data sets that are suitable for detect-
ing such variations. These can be expressed in terms of seismicity parameter analysis, like energy
release, focal mechanism studies, seismic b-value estimates etc (Romanowicz 1993, Press and Al-
len 1995). It is well established that the b-value of the freqnency-magnitude distribntion of earth-
quakes 1s related to the seismogenic process and changes of b-value contain information on differ-
ences in the physics of the process that generates earthquakes (Mogi 1962, Scholz 1968, Wyss
1973, Wang 1988, Carter and Berg 1981). Since stress in a region varies with time due to the gen-
eration of large earthquakes (build-up and release of stress) an analogous time variation, of b-value
and energy should be followed. Therefore, a relation should be existing between energy, b-value
and the time of occurrence of large earthquakes in a tectonically homogeneous region.

Temporal variations of b-value have been detected prior to major earthquakes in Japan and Greece,
{Imoto 1991, Baskoutas et al. 2004). On the other hand the number of earthquakes and the rate of
energy released in space and time introduce the measure of seismicity in certain areas. It is now
well known that strain is accumulated over time and then is released in the form of large earth-
quakes. Therefore spatial and temporal behaviour of seismicity, expressed in the terms of these
parameters, could be related also to the geodynamic process (Kisslinger ef al. 1985).

The Aim of this study is to investigate the temporal behaviour of seismicity, under the aspect of
new approach of analysis of seismicity parameters in the central Tonian Sea in the western part of
the Hellenic arc and in Cesme Gulf, north of Samos Island, which recently, during 2005-2006,
were affected by a series of strong earthquakes.
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2. Data and analysis

Cesme Peninsula north of Samos Island (hereafter Samos earthquake activity) during October 2005
has expenienced a strong seismic activity with magnitudes of the stronger events ranging from 5.2 to
6.1 within a time period of fourteen days. In the central part of the lonian Sea at the same month (Oc-
tober 2005) one more significant seismic activity started and lasted until April 2006. This excitation
also included a number of strong shocks located south of Zakynthos Island (hereafter Zakynthos
earthquake activity) and with magnitudes ranging from 5.7 to 6.1 Richter scale. Table I and II respec-
tively. In order to examine the temporal profile of seismicity parameters of the areas affected by these
two strong seismic activities, within a time period of fourteen days Table I and Il respectively. In order
to examine the temporal variation of seismicity parameters of the areas affected by these two strong
seismic activities, FastBEE algorithm (Papadopoulos ef a/. 2003), has been applied on data sets
taken from the Earthquake Catalogue of the Geodynamic Institute, of the National Observatory of
Athens (NOA), from 1990 to 2006 in the broader area of the respective seismic activities. The epicen-
ters of the earthquakes taken into account to perform the seismicity profile analysis have been plotted
on figures 1 and 2 respectively. The examined period in the present analysis was considered since
1990 because of the homogeneity of the catalogue data comparing to the previous period. Here it is
noteworthy to mention that usual errors on magnitude and location of earthquake don’t affect qualita-
tively the results of FastBEE analysis. The completeness threshold magnitude in the examined space
and time period is 3.0 for both areas.
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Figure 1 — Epicenters of events for the analysis of seismicity parameter in Samos 2006
strong earthquake activity. Numbered stars show the stronger events in chronological or-
der (Table 1)
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Table 1 — List of M>5.2 earthquakes of Samos 2005 seismic activity

AJA Date hhmm | Lat Lon Magn (Ms
1 17-10-2005 05.45 38.13 2659 | 60
2 17-10-2005 09.46 38.14 26.59 | 5.9
3 20-10-2005 21.40 38.15 2663 | 61
4 31-10-2005 05.26 38.12 2666 | 52

24.5 25.0 25.5 26.0 26.5 27.0 21.5 28.0 28.5

245 250 255 260 205 0 275 280 285
Figure 2 - Epicenters of events for the analysis of seismicity parameter in the seismogenic
zone S-SW of Zakynthos Island. Numbered stars show the stronger events in chronological
order (Table 2)

Table 2 — List of M>5.2 earthquakes of Zakynthos 2005-2006 seismic activity

A/A | Date hh.mm Lat Lon | Magn (Ms)
1 18-10-2005 15.25 37.58 20.86 6.1

2 04-04-2006 22.50 37.58 20.93 5.7
5.7

3 | 11-04-2006 02.20 37.64 20.92

| 3 | 11-04-2006 |
4 11-04-2006 1729 | 37.68 20.91 5.9
5 12-04-2006 16.52 37.61 | 2095 5.9

Analysis was performed for 4802 and 2115 events respectively. Seismicity parameters, in this study,
are expressed in terms of the logarithm of the cumulative number of earthquakes NV, energy release in
the form £%° and b-value. This last was obtained by the maximum likelihood estimation method at-
tributed at the end of each time window. Time series were obtained with a step of one month and
smoothing by the mean of a triangular filter on overlapping time window of 9 months.
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3: Results

Seismic excitations that took place near Zakynthos Island (western part of the Hellenic Arc) and
Samos Island (back arc Aegean area), in 2005 to 2006 were examined in terms of the temporal varia-
tion of seismicity parameters (Figs 3, 4). For this purpose earthquake data since 1990 up to 2006 were
used, a period when the catalog is complete and homogeneous and the respective seismicity parame-
ters were estimated and shown as an function of time.

In all cases, the calculated standard errors are shown with continue bold lines for quantities /ogV and
logE”” and standard deviation for each b-value estimate, as well as time series smoothing with a red
bold line. Moreover timely on the graph stronger eveuts within tbe examined time period also have
been marked by red arrows on the time axis.

Time series show a remarkable fluctuation around their mean value and specifically above the lim-
its of the calculated standard errors, for both examined seismogenic zones. Nevertheless form and
quality characteristics of temporal variation time series are different for each region.

re specifically, in the case of the area located S-SW of Zakynthos Island, the temporal variation for
all three parameters show a sinusoidal curve which fluctuate around their mean values and which
is more clear in case of b-value and energy release and less in case of the quantity logN (Fig. 3).
Especially the variation of b-value follows a sinusoidal curve with alternation of six relative min-
ima and maxima, with mean value of 1.09 and [.40 respectively, around the global mean b-value,
which is equal to 1.25. On the same graph, the time coincidence of the strong earthquake activity
with the correspondiug appearance of relative minima of b-value are evident. Approximate recur-
rence period of relative minima and maxima since 1990, is found to be three years. Discrepancy
for events numbered 4, 6, and 7 can be neglected since their epicenters lie at the edge of the exam-
ined area (Figs 3, 1). The mean time duration of the decreasing phase of b-value estimates, starting
from previous relative maximum is about two years. On the other hand the fluctuation of temporal
variation of the quantity logE”* around its mean value,.in the same time period shows the same
appearance of relative maxima and minima which seems to be anti-correlated to the b-value esti-
mates. In figure 3 strong earthquake activity is observed mostly during the increasing phase of
quantity logE”” after a relative minimum. Duration and shape of relative minima and maxima are
more irregular than in the case of b-value.
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Figure 3 — Temporal variation time series of seismicity parameters log/V, b-value and

E""for zone S-SW of Zakynthos Island. Arrows to the time axis shows the events reported
in Table-3
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Table 3= List of M| >5.2 earthquakes for Zakynthos seismic area during 1990-2006

A/A Date hh.mm Lat Lon Magn (Ms)
1 1994-04-16 23.09 37.43 20.58 53
2 1997-11-18 13.07 37.26 20.49 6.1
3 1997-11-18 13.13 37.36 20.65 5.6
4 1997-11-18 15.23 37.25 21.16 5.0
5 1998-01-10 1921 37.12 20.73 5.2
6 1998-10-06 12.27 37.18 21.12 5.2
7 1998-10-08 03.50 37.79 20.27 5.2
8 1999-06-11 07.50 37.57 21.12 5.1
9 2002-12-02 04.58 37.80 21.15 53
10 2005-10-18 15.25 37.58 20.86 5.6
11 2006-04-04 22.05 37.58 20.93 5.2
12 2006-04-11 00.02 37.64 20.92 5.2
13 2006-04-11 17.29 37.68 20.91 5.4
14 2006-04-12 16.52 37.61 20.95 54

However, the relative increases and decreases of the quantity log¥ do not exhibit a clear correlation
with »-value and energy temporal variations This pattern concerns the cases of the end of 1997, 2002
as well as of the end 2005 and beginning of 2006 in the considered seismogenic zone. Strong earth-
quakes take place after a long period of low log/ values, like a seismic quiescence period, and can be
considered as a formation of a qualitative temporal pattern, which can be attributed to earthquake
preparation process.

In this temporal pattern, b value, which has been related to the seismogenic process in many previ-
ous studies all over the world, shows a tendency to increase and then to decrease before the occur-
rence of a big earthquake. At the same time the quantity logE””? shows a tendency to increase be-
fore the occurrence of a big earthquake after passing a period of relative low as well as logN.
Some times weakness in constructing such a clear pattern for a period of time can be attributed to
the lack of a sufficient number of data adequate to support this temporal fluctuation of these three
parameters.

In the second case, the temporal variation of the same parameters was examined for the same time
period (1990 to 2006). The temporal variation of b-value shows a sinusoidal form till 1995, afterwards
it flattens around a mean equal to 1.04, lasting from 1996 to 2001. Nevertheless alternate minima and
maxima can also be observed at the beginning of 1993, 1995, end of 2003 and 2005, respectively (Fig.
4). Mean b-values of relative minima and maxima are 0.88 and 1.30, respectively.

Once more, strong earthquake activity (marked with red arrows on the graph of figure 4) can be corre-
lated with the presence of relative minima although in the case of 2003 activity is not so clear (mostly
because the values of the graph are auto ranged). The 1992 and 2006 activities seem to be correlated
although a little delayed in respect to the observed relative minimum.

The fluctuation of temporal variation of the quantity logE”” around the mean value in the examined
period, as in the Zakynthos case, seems to be anti-correlated to the H-value estimates. In figure 4 strong
earthquake activity it is observed mostly during the increasing phase of quantity logE”” time series
after passing a relative minimum. The relative minima of the quantity /ogV and especially the increas-
ing phase of their temporal variations show a clear correlation with occurrence of strong earthquake
activity of the beginning of 1996, 2003 and the end of 2005, respectively.
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Figure 4 — Temporal variation time series of seismicity parameters loghV, b-value and E”*for
Cesme peninsula seismic area. Arrows to the time axis shows the events reported in the ta-
ble 4

Table 4 — List of M>5.2 earthquakes for Samos seismic area during 1990-2006

A/A | Date hh.mm Lat Lon Magn (Ms)
1 11-06-1992 19.08 38.09 27.19 3.7
2 02-04-1996 07.59 37.89 26.88 5.0
3 10-04-2003 00.40 38.17 26.76 53
4 17-04-2003 22.34 38.19 26.90 5.9
3 17-10-2005 05.45 38.13 26.59 59
6 17-10-2005 09.46 38.14 26.59 6.1
7 20-10-2005 21.40 38.15 26.63 5.6

4. Conclusions

In this study the recent strong earthquake activity, during 2005-2006, which occurred in the north-
western part of the Hellenic arc, and in the eastern Aegean sea was investigated under the aspect of
temporal variation of specific seismicity parameters by the mean of the new proposed, FastBEE algo-
rithm. Seismicity parameters considered in this approach are used worldwide from many researchers
for their premonitory character and their relationship to the seismogenic process

Results of this study have shown that is possible to construct temporal variation profile for an area
which can be correlated with strong earthquake seismic activity where b-vafue and energy released
estimates form relative minima and maxima respectively.

The high and constant rate of seismic activity seems to play an important role to formation of the tem-
poral pattern of previously mentioned parameters, as the case of Zakynthos case has shown.

Weakness in constructing such a clear pattern for a period of time can be attributed to the lack of data.
Even though detailed examination of each area under the aspect of FastBEE approach, through the
construction of respective seismicity parameters, temporal variation profiles can give a significant in-
dication of the remaining time of the forthcoming strong earthquake.
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