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Abstract 

The Gulfof 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 o.f the Cornet 
Network which was installed in 1995 around the Eastern Gulfo.fCorinth. A velocity 
model was calculated, while the majority o.f local events were located within the 
Guff o.f Corinth. Main scope o.f the study is the detennination o.f a reliable 
earthquake m.agnitude. Concerning the duration magnitude lviD, a multiple linear 
regression technique was developedfor the determination ofthe constants 0., fJ and y 
with very sati~factory values oferrors. The coefjicient o.fdetermination (goodness o.f 
fit) R2 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 o.f the seismic moment Mo and a seismic 
catalogue was created. After the determination o.f the moment magnitude Mw and o.f 
the duration magnitude lV/D.lOr the same dataset, a relationship bernieen them was 
obtained, according to which Mw is systematically larger than MD Relationships 
between these magnitudes, the local magnitude ML and the body wave magnitude mb 
were also obtained 
Key words: Velocity kiodel, Duration Magnitude, Spectral Analysis, ~M'oment 

~M'agnitude. 

nEpiArJlIHl 

o Kopw8LClKOs KOlonos elVClt lliCl CloUllllCtPll t£1CTOV1KI1 t&ppos nou OPW8£t£ltOl ano 
£v£pyli KavOVtKli pl'jYIlClta Kat anOt£Mi Ilia wro tt<; mpLox,€s IlC W; llCyaIom£pE<; 
<JUyK£VtPWO'£t<; 0'£10'1l1KWV wnwv mov EAlollVlKO x,wpo. H €AA£1\jfl1 1l0VlllCOV 
O'ctO'Il0AOyl.KWV O'ta8~Lwv O'tTJV n£pwxl'j LOU AVCltOhKOU KOPLVOlClKoU KO/..nOU 
Ob1'\Y110c O'tfjv cyKmaOtCWTj LOU tl11o£P£tP1KOU blK1;UOU Cornet nou E.ACl0c x'WPcl Kata 
to €tOs 1995 Kat OJIOt£Mi to 1l0V11l0 biKtUO tOU To~Cl [UD<j)UotK1'\s - [ccoe£Pllteu; 
TOU TllllllCltOs [£coA.oyla.<; Kat [UDncp1BcillovtOs TOU fIavcmOtfjlltOU AeTjvwv. 
KCl80piatfjK£ tva 1l0VL€AO ~O'COV tClXuvlTCOV, wrOt£AOU~O wro €~L O'clOIl1Ka 
O'tpcOllCltCL, GtfjV mpLOXll LOU AVatOA1KOU KOP1V81ClK01J KO/..nOU, npOK£lIlE.VOU va. 
£nltcux,Oct 0 KaIollL£pOs bUVClTOs npoobwp10'1l0s T(')\! U1I:OKEvtPCOV KCl1 tCOV cO'tlClKWV 
1CClpCl~TfXOV. 0 1CPOO'bLOP101l0s £VOs a2;lomO'tOD O'£lO'Il1KOU llCyteous wrOt€A£O'£ TOV 
mpw O'[OX,O tfj<; napol)O'as £pyam.ae;. AVOJIrux81lK£ W'(lOlltKO Ylcl TOV U1I:OAOYlO'Il0 
TCOV OTCle£pcOV CL, ~ Kat Y ylCl LOV U1I:OAO'{lO'Il0 LOU llCyt00uC; b1lipKCWe; MD. 
AKOA01)eCOs, npOOblOpiO'tTjK£ to Jl£y£80C; 0'£101l1K1'\s pom)s Mw, TO emoto OcCOPcLTCll 
to nAZov a~tOmO'To. 0 npoobwplOllOs tfj<; oclOll1K1'\s pOnJjs Mo £mT£ux811 ~oco 

<j)CloIlClnKi]s avaAu(J'1]s. Mnli TOV av£!;aptfjTO npoobloP10'1l0 tOU llCyt80us O'EtO'Il1K1'\s 
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pOnTjt; Mw Kat tOD p£"(t60Dt; OHXPK€la<; MD, U7IOWyicrTI]KE npom::YYlou!dj <JXtcrT] 
~l£Ta~U "CODt;, Ka9ci:lt; Kat crX£0W; nOD ta <JtIVO€ODV l.L€ to "ComKO ~ty(:;90t; ML , ~ to 
XffiP1KO ~1£y€90t; mb Kat ~lE to l,oyap19~0 TllC; 0€l0~l1dtC; c:vtpy€ta<;. 
Aii;F-U; "hW)la: Movr£AO To.XVTr/TO.r:;, ]V!E:y8(}Or:; iJzo.pKEwr:;, ifJa(Jf.iaT!1(J] AVo.AV(JJ7. 
NHY8eOr:; LW:lf.ilIC17r:; Pom7r:;· 

1. Introduction 

The Gulf of Corinth is an asymmetric tectonic graben. whose creation is due to the activity of 
faults ,villi 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 nm1fyear overall N-S extension rate 
(Fig. 1), obtained by geodetic studies (Billiris et al. 1991, Briole et af. 1994, 2000), imply that the 
Gulf of Corinth is a key place in Europe for the studies of various physical processes related to tbe 
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 011 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 oftllC most active tectonic regions of tile Eastern Mediterranean. 

Several large historical earthquakes have destroyed cities in the Gulf, but only few of them have 
provided information about the faults tllat prodnced them. The most well-known historical event is 
tile Belike earthquake of 373 B.C. (Papazachos and Papazachou 1997) tilat destroyed and 
submerged Belike in the waters of a coastal lagoon. It is worth noticing iliat in 200L 
archaeologists discovered tile first traces of the long-lost site of Belike in an alluvial plain on tlK~ 

southwest shores of the Gulf of CorintIl. Recent large events are characterized by normal faulting 
with an approximately E-W direction, while thcir focal depths are about 10 km. 

In tile framework 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 tIle determination of a reliable 
earthquake magnitude. The duration magnitude MD, using data recordcd by the Comet Network, is 
rapidly calculated and consequently it is tile magnitudc scale which is available in near real time 
after tile occurrence of an earthquake. Nevertheless, the most important task of the present study is 
to calcnlate the moment magnitude Mw, using spectral analysis. which is the most reliable 
magnitude scale. Finally, relationships between the magnitude scales are obtained. 

Figure 1 - Seismicity and acti"e normal faults of the Gulf of Corinth and sun-ounding 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 Se ismological Laboratory of the Geophysics - Geotheffilics Department of the University of 
Athens installed since 1995 the Comet pennanent telemetric network (Fig. 2) around the Eastem 
Gulf 0f Corinth (papadimitriou et 01, 1996, Kaviris 2003). This was the first digital peffilanent 
network installed in Greece, The area was chosen due to its continnons seismic activity, which is 
characlerized by nonna! faulting with an approximately E-W direction, and the absence of 
pemlClllent seismological stations. On the other hand, several temporary seismological networks 
were i nstalled in the broader area of the Gulf of Corinth since 1990, Some of them were installed 
to record background seismicity (EPOC Final Scientific Report 1995, Rigo et 01. 1996, Tiberi et 
of. 2000, Papadilnilrion et of. 200 I), whi.le others to record the aftershock sequences of large 
events, as the 1992 Galaxidi (Kemezentzidon et of. 1993) and the 1995 Aigion (Bernard et of. 
1997) earthquakes. 

22'30' 2:3'00' 23'-10' 24'00' 

38'30,1 

Figure 2 - The pennanent 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 (OE) Latitude 
(ON) 

Altitude 
(m) 

Events 

2: 

Athn Athens 23.785 37.962 307 70 

Desf Desfma 22.594 38.425 983 5000 

Para Paradisi 22.640 37.947 782 1600 

Sofi Soflko 23064 37.805 719 1200 

Vill Villia 23.247 38.184 1384 800 

The uetwork initially consisted of 5 statlOns. but due to hardware linutations only 4 stations 
operated. At the beginning 3 seismometers of 1Hz were installed at each station. Follm,ving, these 
selsmometers were replaced with 3D 5 sec LelUlartz seismometers. TIle station coordinates of the 
Comet network, as well as the nnmber of events recorded by each station for the trine period 
October 1995 - December 1997, are presented in Table l. The network is also equipped with a 
Lenmlrtz 5800 PCM central system. TIle recorded signals are transmitted diIectly or tIuough 
repeaters to the central station, located in tile premises of the Faculty of Geology and 
Geoen"ironment of Lhe University of Athens, via antelillas 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 
detennination of their source parameters. Furthemlore, analysis of local earthquakes recorded by 
the Comet 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 et at. 1999, 
Kaviris 2003). 

All data used in the present study are recordings of the digital stations of the Comet network for 
the time period October 1995 - December 1997. TIle velocity model was determined using 103 
events, whereas for the calculation of both the duration magnitude and the moment magnitude the 
same dataset that comprises of 101 events with MD ~ 4.5 was used. 

2.2. Velocity Model 

The velocity model that was initially used for the location of the events recorded by the Cornet 
network was the one obtained by Rigo etaI. (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 KC1l 23°-16'E). The Vp/Vs ratio was calculated using 
difference ofP and S arrival times and is equal to 1.79 (Fig. 3) both when all the above-mentioned 
events were used and when selection criteria, relevant to location errors, were applied. The VpNs 
ratio obtained by other studies in neighboring areas varies between 1.77 and 1.83 (King et al. 
1985, Melis et af. 1989, Hatzield et al. 1990, Amorese 1993, Riga 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 ~ 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 d~taset fOllled a 
representative sample both in vertical and horizontal distribution. FurthemlOre, both systematic 
and random errors are reduced. The obtained velocit), model consists of six (6) layers, the first of 
which extends tmtil a depth of 1.3 km (Table 2). 
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Figure 3 - VplVs Ratio Estimation 

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

The obtained velocity model and the HYP071 program (Lee and LalIT, 1975) were used to locate 
the microseisrnic activity which was recorded in a very detailed way by the Comet network (Fig. 
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4). Concentration of seismic 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 5 to 15 km. 

Table 2 - Velocity Model 

Velocity Vp (kmfsec) Depth (km) 

4,5 0,0 
5,5 1,3 
5,7 4,2 
6,1 7,0 
6,3 11,5 
6,5 16,5 
7,0 30,0 

22'00' 22'SO' 23'00' 23'30' 24'00' 

Figure 4 - Epicenters located by the Comet network for the period 1995-1997. Faults of the 
area are also presented 

2.3, Determination of Duration Magnitude MD 

One of the most commonly used magnitude scales for rapid magnitude deternlination by local 
networks is tIle duration magnitude MD (Tsumura 1967, Lee et al. 1972, Tsujiura 1978, Suteau 31ld 
Whitcomb 1979, Bakun 1984). The duration magnitude is calculated using the fonunla (Hermann 
1975); 

MD = a + B.10gD +r . !'1 

where D is the total signal duration in seconds (until the signal to noise ratio is equal to 1), !'1 is the 
epicentral distance in kilometres and a, B, r constants. 

In order to obtain a reliable duration magnitude the constants a, 0, r were determined. The selected 
dataset consisted of 101 earthquakes for w'lrich the Local Magnitude (Md, calculated by the 
Geodynamic Institute of !lIe National Obselvatory of Athens, and the body wave magnitude mb, 
caloulated 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 a, Band y using linear 
mnltiple regression. The whole mathematical procedure is described in detail by Kaviris (2003). 
The values of the constants a, 0, y, standard deviation s and coefficient of determination (goodness 

, 

38'30" 

38'00' . 

37'30'" 
22'00' 22"30' 23'00' 

36'30' 

• 

- 1l18­
Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



Station Name ~ 
s R2 Observationsa 'Y (Richter) 

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: 

MD = -1.1 + 2.3510gD + 0,0012 b. 

The obtained values of the constants ex, ~ and y were compared with the ones calculated by other 
studies in Greece (Table 4). The value of the constRnt y coincides with the one given both by 
Kiratzi (1984) and by Tse1entis (1997). The values of the constRnt a. vary between -I (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 Cornet Network is 
approximately 7.5 times 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 I (100 %) These very satisfactory values of 
errors of determination of the constants Cl, ~ a1ld y, guarantee that the Duration Magnitude MJ) 
calculated by the Cornet Network is reliable. 

Following, using the least-squares metllOd, relations between the duration magnitude MD, 

calculated by the Cornet Network, tlle Local Magnitude (Md, calculated by the Geodynamic 
Institute of the National Observatory of Athens, and the body wave magnitude mb, calculated by 
the ISC, were obtained. These relations are; 

Table 4 -Values of the constants a, ~,'Y, standard deviation s and coefficient of determination 
(goodness of fit) R2 in Greece 

I 

I 

Author 

Kiratzi (1984) 
Papanastassiou 

(1989) 

Tse1entis (1997) 
Present Study 

a 

-1.28 
-0.4226 

to 
0.8506 

-I 
-1.1 

p 
2,31 
1.301 

to 
1. 911 
2.31 
2.35 

'Y 

0.0012 
0.0006 

to 
0.0030 
0.0012 
0.0012 

s 
(Richter) 

0.20 
0.126 

to 
0.165 

-

0.027 

R2 

0.83 
0.943 

to 
0.970 

-

0.991 

Observations 

958 
118 
to 

630 
. 

352 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



2.4. Determination of Moment Magnitude Mw 

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

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

Mo= 4npB3DoR/O.85 

TIle Moment Magnitude Mw is calculated as (Hanks and Kanamori 1979): 

2
M w =-::;-logMo -10.73
 

-'
 

It is the first time in Greece that a seismic catalogue is created, where the moment magnitude Mw 
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 determinatioll 
of the spectral amplitude no, the value of the seismic moment Mo was found equal to Mo = 4.1022 

dyn·cm, resulting a moment magnitude M\..,=4.2. Furthennore, the comer frequency is fo=3 Hz. 

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

Mw = 0.99 MD + 0.61 for 3.0 S; MD S; 4.5, R2=0.63 

This equation is similar with the one obtained by Papazachos et al. (1997) for Greece: 

Mw = 0.97 ML + 0.58, where ML = MD 

The relation obtained in the framework of the present study can be replaced by the: 

Mw=MD + 0.6 

whiclI is more practical and gives the same results. 

Using linear regression, relations between the moment magnitude Mw and the local magnitude ML 

(Geodynamic Institute of the National Observatory of Athens). the body wave magnitude mb given 
by the ISC (Fig. 6b) and the seismic energy E were obtained: 

Mw = 0.63 ML + 2.04 for 2.8 S; ML S; 4.9, R2=0.44 

Mw = 0.77 mb + 1.37 for 3.2 S; mb S; 4.8, R2=0.52 

logE'" 1.61 Mw + 7.97 for 3.3 S; Mw S; 5.1, R2=O.52 

3. Conclusions 

The Gllif of Corinth is an asymmetrical active tectonic rift, characterized by normal faulting ill an 
almost E-W direction. The Gulf has suffered destructive earthquakes since the antiquity and is an 
area of high tectonic, geodetic and seismological interest. The permanent Comet network is 
installed since 1995 around ilie Eastem Gulf of Corinth. 

For the best possible determination of hypocenters and of source parameters. a velocity model that 
consists of six seismic layers was calculated. The microseismic activity \ovas recorded in a very 
detailed way. Concentration of seismic sources was observed within tile Gulf of Corinth, along a 
line with a NW-SE direction. An important number of epicenters was located very close to the 
Comet stations. Thc seismicit;· could be related to the nonual active faults of the region. 
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Figure 5 - Spectral analysis of the 1 June 2006 event for the calculation of the spectral 
amplitude no and the value of the seismic moment for the stations (a) Desf and (b) Sofi 
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A reliable duration magnitude MD was obtained using linear multiple regression. For that purpose 
the constants IX, 0 and y were calculated with small errors. Following, relations were obtained 
between the duration magnitude MD, calculated by the Comet Network, the Local Magnitude ML, 

calculated by the Geodynamic Institute of the National Observatory of Athens, and the body \vave 
magnitude mb, calculated by the ISC. 

The moment magnitude Mw 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 Comet Network reveals that the moment magnitude Mw is 
systematically 0.6 larger than the duration magnitude MD. 
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