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Abstract

The Gulf of Corinth is one of the most active tectonic rifts around the world. Data
used in the present study are obtained by the four digital stations of the Cornet
Network which was installed in 1995 around the Eastern Gulf of Corinth. A velocity
model was calculated, while the majority of local events were located within the
Gulf of Corinth. Main scope of the study is the determination of a reliable
earthquake magnitude. Concerning the duration magnitude My, a multiple linear
regression technique was developed for the determination of the constants a, f and y
with very satisfactory values of errvors. The coefficient of determination (goodness of
fit) R was found equal to 0.99. Following, the moment magnitude Mw, which is
considered to be the most reliable magnitude scale, was determined. Spectral
analysis was applied for the calculation of the seismic moment M, and a seismic
catalogue was created. After the determination of the moment magnifude Mw and of
the duration magnitude My, for the same dataset, a relationship between them was
obtained, according to which Mw is systematically larger than Mp. Relationships
between these magnitudes, the local magnitude My and the body wave magnifude my
were also obtained.

Key words: Velocity Model, Duration Magnitude, Spectral Analysis, Moment
Magnitude.

MepiAnyn

O Kopwioakde k6Amog elvan pic aobIETpT TEKTOVIKT TapPOC oL oplobeteitm and
EVEPYE KavOVIKG priylota Kol omoTeAel ula omd TIG mEPLOYEC LE TIG HEYCAVTEPES
CUYKEVIPOGEL, CEWCUIKOV g0tV otov Erdnvikd ybpo. H élkewn udvipwv
celouoroyIKV otubpdv oty mepoy] tov Avaroiikod Kopwvliakod kdimov
odynoe otV EyKoTdoTaon oL ThepeTpikod diktbov Cornet mov Ehafe yhpa kutd
10 £€10¢ 1995 kau omoteret o povipo diktvo tov Topéa Teweuotkrc - Tewdepuicg
tov Tpfuatog Tewdroyiag ko Tewmepipddroviog tov IMavemomuiov Admvov.
Kafoplomke éva povierho péowy TayutiTeyV, OROTEAOUUEVO omd &L oSOk
OTPOUATE, OTNV AEPLo] TOV Avatorikoy KopvBiakoy kOATOv, TPOKEWEVOD VU
emtevyfel o kaAvTepog duvatdg TPoaSloploUoC TV VIOKEVIPWY KOl TWV EGTIAKOV
nopopéTpny. O Tpoadloplopds evoeg oEIOmoToL GEIoWKOU HeYE00UG OmOTéAETE TOV
K0plo 61oY0 TNE Topovoag epyaciag. Avartiydnke Aoyiolkd yiet ToV DIOAOYIOHS
v otafepiv o, B Kal ¥ v Tov vRoroyloud Tou upeyéfovg ddpkewag Mp.
Axorov8wc, mposdiopiotnke 10 péyebog oeloukng porng My, To onoio swmpeizal
10 AoV allomoto. O TPosBloplopds TG GEIGUIKAG pomic Mo eretenydn o
QUCPOTIKNG ovaivonc. Metd tov ove£apTnTo posdlopio o Tov PeyE0oug GEIGHIKNG
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pomrlc My ko tov peyéboug didpkerag Mp, vroloylomke mposeyylotikt| oxan
1etald Toug, KUBhe Ko 6YEGES MOV TC GUVOLOLY e TO Tomkd péyefoc My, pe 1o
Y0Ptk PEYEHOg Ny, KOL 1€ TO AOYAPIO O TG GELOUIKTG EVEPYELUG,

Aééac wiabra: Moviédo Toybdmyrag, Meéysloc Midperag, Daoucuxs; Avélvon,
Méyeboc Zeiouunnc Pomic.

1. Introduction

The Gulf of Corinth is an asymimetric tectonic graben. whose creation is due to the activity of
faults with a mean E-W direction (Makropoulos and Burton 1981), mainly along the southern
coast. The high level of seismicity (Makropoulos and Burton 1984, Ambraseys and Jackson 1990),
the quaternary local faulting (Sebrier 1977) and the 10 to 15 mm/year overall N-S extension rate
(Fig. 1), obtained by geodetic studies (Billiris et al. 1991, Briole et al. 1994, 2000), imply that the
Gulf of Corinth is a key place in Europe for the studies of various physical processes related to the
origin of carthquakes. Seismological and tectonic studies (Jackson et al. 1982, Armijo et al. 1996)
indicate that the morphology of the Gulf of Corinth is mainly due to repeated earthquakes that
have occnrred ou 40° to 60° north-dipping normal faults. The Gulf is characterized by the long
term subsidence of the northern coast and the upward displacement of the main footwalls.
Furthermore, it is one of the most active tectomc regions of the Eastern Mediterranean.

Several large historical earthquakes have destroyed cities in the Gulf, but only few of them have
provided information about the faults that prodnced them. The inost well-known historical event is
the Helike earthquake of 373 B.C. (Papazachos and Papazachou 1997) that destroyed and
submerged Helike in the waters of a coastal lagoon. It is worth noticing that in 2001,
archaeologists discovered the first traces of the long-lost site of Helike in an alluvial plain on the
southwest shores of the Gulf of Corinth. Recent large events are characterized by normal faulting
with an approximately E-W direction, while their focal depths are about 10 km.

In the frammework of the present study the seismic activity of the Gulf of Corinth, as well as a
velocity model, are presented. Nevertheless, the main scope is the determination of a reliable
earthquake magnitude. The duration magnitude Mp, using data recorded by the Cornet Network, is
rapidly calculated and consequently it is the magnitude scale which is available in near real time
after the occurrence of an earthquake. Nevertheless, the most important task of the present study is
to calenlate the moment magnitude My, using spectral analysis. which is the most rteliable
magnitude scale. Finally, relationships between the magnitude scales are obtained.
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Figure 1 - Setsmicity and active normal faults of the Gulf of Corinth and surrounding area,
The arrows present the extension of the Gulf of Corinth. Focal mechanisms of large events
are also presented
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2. Data Analysis
2.1. The Cornet Network

The Seismological Laboratory of tlie Geophysics — Geothermics Department of tlie University of
Athens installed since 1995 the Cornet perinanent telemetric network (Fig. 2) around the Eastern
Gulf of Corinth (Papadimitrion et a/. 1996, Kaviris 2003). This was the first digital permanent
network installed in Greece. The area was chosen due to ifs continnons seismic activity, which is
characterized by normnal faulting with an approximately E-W direction, and the absence of
permanent seismological stations. On the other hand, several temporary seismological networks
were installed in the broader area of the Gulf of Corinth since 1990, Some of them were installed
fo record background seismicity (EPOC Final Scientific Report 1995, Rigo ef al. 1996, Tiberi ef
al. 2000, Papadimitrion et al. 2001), while others to record the aftershock sequences of large
events, as the 1992 Galaxidi (Kemezentzidon et al. 1993) and the 1995 Aigion (Bemard ef al.
1997) earthquakes.
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Figure 2 - The permanent digital Cornet Telemetric Network and epicenters of the events
used for the calculation of the velocity model

Table 1 — Stations of the Cornet Network

Station Name Location | Longitude (°E) La(toi;l;de Alg]t:;de Ev;nts
Athn Athens 23,785 37.962 307 70
Desf Desfina 22.594 38.425 983 5000
Para Paradisi 22.640 37.947 782 1600
Sofi Sofiko 23.064 37.805 719 1200
Vill Villia 23.247 38.184 1384 800

The uetwork initially consisted of 5 stations, but due to hardware limitations only 4 stations
operated. At the beginning 3 seismomnieters of 1Hz were installed at each station. Following, these
seistnometers were replaced with 3D 3 sec Lennartz seismometers. The station coordinates of the
Cornet network, as well as the nninber of events recorded by each station for the thne period
October 1995 — Deceinber 1997, are presented in Table 1. The network is also equipped with a
Lennartz 5800 PCM central systeni. The recorded signals are transmitted divectly or throngh
repeaters to the central station, located in the premises of the Faculty of Geology and
Geoenvironment of (he University of Athens, via anlennas at predefined frequencies. The main
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goal of installation of the network was the recording of all local events and the accurate
determination of their source parameters. Furthermore, analysis of local earthquakes recorded by
the Cornet network and located in the Gulf of Corinth has revealed the existence of shear-wave
splitting, consistent to the extensive dilatancy anisotropy (EDA) model (Papadimitriou ef a/. 1999,
Kaviris 2003).

All data used in the present study are recordings of the digital stations of the Cornet network for
the time period October 1995 — December 1997. The velocity model was determined using 103
events, whereas for the calculation of both the duration magnitude and the moment niagnitude the
saine dataset that comprises of 101 events with Mp < 4.5 was used.

2.2. Velocity Model

The velocity model that was initially used for the location of the events recorded by the Comet
network was the one obtained by Rigo ef al. (1996). The calculation of a reliable velocity model is
necessary for the best possible determination of hypocenters and of source parameters. The first
step was the Vp/Vs ratio determination, using the Chatelain (1978) method that takes into account
all events. The events used for that purpose were the ones located around the Eastern Gulf of
Corinth (37°-47°N, 38°-27°N, 22°-33’E ko 23°-16°E). The Vp/Vs ratio was calculated using
difference of P and S armival times and is equal to 1.79 (Fig. 3) both when all the above-mentioned
events were used and when seleclion criteria, relevant to location errors, were applied. The Vp/Vs
ratio obtained by other studies in neighboring arcas varies between 1.77 and 1.83 (King et al.
1985, Melis et al. 1989, Hatzfeld et al. 1990, Amorese 1993, Rigo et al. 1996).

In the present study the velocity model was calculated using the RMS minimization method for
each seismic layer (Crosson 1976). The events used for that purpose fulfilled the following

criteria; a.) Area: 37°-47°'N, 38°-27'N and 22°-33'E, 23°-16"E, b.) Number of Phases 2 6 and c)
RMS<0.3 sec, ERH<5 km, ERZ<5km.

The 103 events that matched these criteria are presented in figure 2. The obtained dataset formed a
representative sample both m vertical and horizontal distribution. Furthermore, both systematic
and random errors are reduced. The obtained velocity model consists of six (6) layers, the first of
which extends until a depth of 1.3 km (Table 2).
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Figure 3 - Vp/Vs Ratio Estimation

Following, the model was verified by using a larger dataset. It was also compared with the one
determined by Rigo ef al. (1996) for the Western Gulf of Corinth and gave better results.

The obtained velocity model and the HYPO71 program (Lee and Lahr, 1975) were used to locate
the microseismic activity which was recorded in a very detailed way by the Cornet network (Fig
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4). Concentration of seisinic sources was observed within the Gulf of Corinth, along a line with a
- NW-SE direction. An important number of epicenters was located very close to the Cornet
stations. The seismicity can be related to the main normal active faults of the area. Focal depths of
the majority of the located events vary from 3 to 15 km.

Table 2 — Velocity Model

Velocity Vp (km/sec) Depth (km)
45 0,0
5,5 1,3
5,7 42
6,1 7,0
6,3 11,5
6,5 16,5
7,0 30,0
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Figure 4 - Epicenters located by the Cornet network for the period 1995-1997. Faults of the
area are also presented

2.3. Determination of Duration Magnitude Mp

One of the most commonly used magnitude scales for rapid magnitude determination by local
networks is the duration magnitude Mp, (Tsumura 1967, Lee ef al. 1972, Tsujiura 1978, Suteau and
Whitcomb 1979, Bakun 1984). The duration magnitude is calculated using the formunla (Hermann
1975);

Mp=a+f.logDh+y. A

where D is the total signal duration in seconds (until the signal to noise ratio is equal to 1), A is the
epicentral distance in kilontetres and «, 3, y constants.

In order to obtain a reliable duration magnitude the constants o, B, y were determined. The sclected
dataset consisted of 101 earthquakes for which the Local Magnitude (M), calculated by the
Geodynamic Institute of the National Observatory of Athens, and the body wave magnitude my,
calculated by the ISC, were both available. The epicentral distances of these events varied betweeu
10 and 200 km.

Followiug, software was developed for the determination of the constants ¢, § and v using linear
multiple regression. The whole wathematical procedure is described in detail by Kaviris (2003).
The values of the constants ¢, B, v, standard deviation s and coefficient of determination (goodn€éss
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of fit) R? were calculated for each station and are presented in Table 3. In many cases worldwide,
the values of ¢, B, y are not the same for all the stations of a network and corrections are calculated
for each station (Monayn er al. 2004). Nevertheless, for the Cornet Network the values of the
constants ¢« and y were identical for all the stations and the constant 5 varied only between 2.34
and 2.36. For these reasons no station correction is needed and the constants o, 3, y were following
calculated for the whole Cornet Network (Table 3).

Table 3 — Values of the constants a, B, v, standard deviation s and coefficient of
determination (goodness of fit) R* for cach station and for the whole Cornet Network

Station Name a B v (Ric; ter] R’ Observations
Desf -1.1 | 2.34 0.0012 0.029 0.988 92
Para -1.1 2.36 0.0012 0.027 0.991 98
Sofi -1.1 2.34 0.0012 0.028 0.991 89
Vill -1.1 2.35 0.0012 0.025 0.992 73
CORNET -1.1 | 2.35 0.0012 0.027 0.991 352

Whence the obtained formula is:
Mp=-1.1+2.3510gD +0,0012 A

The obtained values of the constants o, § and y were cownpared with the ones calculated by other
studies in Greece (Table 4). The value of the constant y coincides with the one given both by
Kiratzi (1984) and by Tselentis (1997). The values of the constant « vary between -1 (Tselentis
1997) and -1.28 (Kiratzi 1984), while the value ~1.1 obtained by the present study lies between
them. The obtained value of the constant [ is slightly larger compared to the one obtained by the
other two studies. Concerning the errors, the standard deviation s for the Comet Network is
approximately 7.5 tines smaller than the one given by Kiratzi (1984) and 4.5 to 6 times smaller
than the one given by Papanastassiou (1989). The coefficient of determination (goodness of fit) R*
was found equal to 0.991 (99.1 %), almost equal to 1 (100 %) These very satisfactory values of
errors of determination of the constants «, B and vy, guarantee that the Duration Magnitude My,
calculated by the Cornet Network is reliable.

Following, using the least-squares method, relations between the duration magnitude Mp,
calculated by the Cornet Network, the Local Magnitude (My), calculated by the Geodynarnic
Institute of the National Observatory of Athens, and the body wave magnitude m,, calculated by
the ISC, were obtained. These relations are:

Table 4 —Values of the constants a, B, v, standard deviation s and coefficient of determination
(goodness of fit) R* in Greece

Author o B Y (Ric; o) R’ Observations
Kiratzi (1984) -1.28 2.31 0.0012 0.20 0.83 958
Papanastassiou -0.4226 1.301 0.0006 0.126 0.943 118

(1989 to to to to to to
0.8506 1911 0.0030 0.165 0.970 630

Tselentis (1997) -1 2.31 0.0012 - - -
Present Study -1.1 2:35 0.0012 0.027 0.991 352

m = 1.03 Mp — 0.03 for 3.0 < Mp < 4.5, R°=0.81
M; = 1.06 Mp - 0.31 for 3.0 < Mp < 4.5, R™=0.66
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2.4. Determination of Moment Magnitude My

The next goal'was the determination of the moment magnitude My. This is considered to be the
most reliable magnitude scale, since it is not saturated and does not depend on the frequency
window.

The calculation of the seismic moment My was performed using spectral analysis (Aki, 1967),
through the equation (Thatcher and Hanks 1973):

M, = 4npB’QuR/0.85
The Moment Magnitude My is calculated as (Hanks and Kanamori 1979):

M, = %logﬂflO -10.73
2

It is the first time in Greece that a seisinic catalogue is created, where the moment magnitude My
is directly calculated by processing digital data in near real time.

The response spectra of the Desf (component E-W) and the Sofi (component N-S) stations for the
same earthquake (1-6-96) are presented in figures 5a and 5b, respectively. After the determination
of the spectral amplitude €, the value of the seismic moment M, was found equal to M, = 4210%
dynecm, resulting a moment magnitude Mw=4.2. Furthermore, the corner frequency is £,=3 Hz.

After the independent calculation of both the Moment Magnitude My and the Duration Magnitude
M, a relationship between them was obtained (figure 6a), using linear regression:

Mw=0.99Mp +0.61 for 3.0 < Mp < 4.5, R*=0.63

This equation is similar with the one obtained by Papazachos ef al. (1997) for Greece:
My =097Mp+ 058, where My =Mp

The relation obtained in the framework of the present study can be replaced by the:
My = Mp + 0.6

whicli is more practical and gives the same results.

Using linear regression, relations between the moment magnitude Mw and the local magnitude My,
{Geodynamic Institute of the National Observatory of Athens), the body wave magnitude m,, given
by the ISC (Fig. 6b) and the seismic energy E were obtained:

My = 0.63 My + 2.04 for 2.8 < My < 4.9, R*=0.44
My =0.77 my + 1.37 for 3.2 <my < 4.8, R*=0.52
logE = 1.61 My +7.97  for 3.3 <My <5.3, R?=0.52

3. Conclusions

The Gulf of Corinth is an asymmetrical active tectonic rift, characterized by normal faulting in an
almost E-W direction. The Guif has suffered destructive earthquakes since the antiquity and is an
area of high tectonic, geodetic and seismological interest. The permanent Comel network is
installed since 1995 around thie Eastern Gull of Corinth.

For the best possible determination of hypocenters and of source parameters. a velocity model that
consists of six seisinic layers was calculated. The microseismic activity was recorded in a very
detailed way. Concentration of seismic sourcces was observed within the Gulf of Corinth, along a
line with a NW-SE direction. An important nuinber of epicenters was located very close to the
Comet stations. The seismicity could be related to the nonual active faunlts of the region.
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A reliable duration magnitude Mp was obtained using linear multiple regression. For that purpose

- the:constants «, B and y were calculated with small errors. Following, relations were obtained

between the duration magnitude My, calculated by the Cornet Network, the Local Magnitude My,
calculated by the Geodynamic Institute of the National Observatory of Athens, and the body wave
magnitude my, calculated by the ISC.

The moment magnitude My was calculated using spectral analysis. This is considered to be the
most reliable magnitude scale and a catalogue was created. The obtained relation between the two
magnitude scales calculated by the Cornet Network reveals that the moment magnitude Mw 1s
systematically 0.6 larger than the duration magnitude Mp.
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