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ABSTRACT

Data from 15 portable seismographs deployed immediately
after the occurrence of the November 18, 1992 (M =5.9) earthquake
near Galaxidi, in the Gulf cf Corinth, are used to retrieve
information on the fault parameters. The spatial distribution of
the aftershocks revealed a delineation of the shocks in a NNE-SSW
trend. Vertical cross sections of the best located aftershocks
indicate the existence of a NNW dipping fault. The location of
the main shock was determined using the arrival times at all
stations of the Greek network and of the neighbouring countries.
The fault plane solution of the main shock has the following
parameters: strike= 68°, dip= 59°, rake= -95° and source depth of
10 Xm, as it was determined by the inversion of long and short
period body waves recorded at teleseismic distances, and
constrained by the first motion polarities at closer stations.
The waveforms were typical of a shallow normal fault. The fault
plane that dips to the NNW is considered to be the fault which
produced the main shock, since it fits the distribution of the
aftershocks . The results are in accordance with previous work
concerning the deformation pattern of the area under study.

XOQPIKH KATANOMH TON METAZEIZMON KAX MHXANIZMOL TI'ENEIHE
TOY ZEIZMOY TOY TAAASEIAIOY (KOPINGIAKOX KOAIOXL)
THEZ 18ng NOEMBPH 193932

Kapanaiong,I'., Kapauwotag,B., ExopdlGAing,E., Kuvpatln,A.,
Avayouvptdsg, A., Nomadnunipiou,Il.,
BobAyapng,N. xatr Zialia,M.

OEPIAHVYH

Dedopueva amo 15 @gopnTtolvg OSlLOHOYPAPOUS TOU EYHATACTAD oy
OTNV ETLUHEVIPLKI TeplLoX Tou GeLOpoV Tng 18ng Noeufpiov 1992 oto
Talafe(dL (KopLvBLandg  KdéAmog), XPNOLHUOTOLOVVTAL YL va
HEAeTNnB0o0OV oL TAPAUETPOL TNG OCTELOULMAC axoroubiag. H xywplui
HATQVOUR TwVY HETATE oMKV €0etfe OTL auTOl HATAVEHOVTIAL OF HLA
SLed0vvon BBA-NNA. MpofoA€g Twyv £0TLWY TWY OELOUWY G HATAXSPUPO
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eninedo €detfav Tnv Vmapin £vég privyHatog Tov xAi{vel mpdg Ta BBA.
To emMiKEVTPO Tou MUPLOU Jelopol TmpoodiLopl{obnue He Toug xpdvoug
GPLENG TWV JELOULUWY MUPATWY OTOUG OeLlOHOAOYLHOUG oTafuolg Twv
SLnTOwyv Tng EAAGBOaG AL Twv YELTOVIMEY YwpwWv. O unyoviopdsg
YEveang Tou HbpLov geLouolb Tpoodioplicdnmue HE TNV AVTLITPOPN TwV
MORAETWY  XWpov. Ol MUUATOHOPPEG HTAV TUTMLHEG €VEG HAVOVLMOVD
PAYHATOG HE HLHpd eaTiand Bdbog. To phyuHa Touv mAivel mpog Ta BBA
Bewpel(TaL oTL slivalL To piYHa Tov TMpondiecde To gslopd, pe Bdon Tnv
HATAVOUN TWV HETACE LOPWV. Ta amnoTeA€ouata elvat ge »aAn cupgwvia
He TponyoOHevn yvwon ge oxéon pe To medio mMapaudppwong oTnv
TMEPLOXT TOUL HEAETATAL .

INTRODUCTION

On November 18, 1992 (21h 10m 42s) an earthquake of M =5.9
occurred in the Gulf of Corinth, near the town of Galaxidi in
central Greece. This area 1s considered one of the most active
of the entire Greece and there is a long record of seismicity
since historical times (Papazachos and Papazachou, 1989;
Papazachos, 1990). Table 1 lists the most important events that
occurred in this region:

Table 1. Largest historical and present century earthquakes that
occurred in the central part of the Corinth gulf

373 BC ( 38.2°N, 22.2°E, M=7.0, IX Eliki)

551 AD (July 7, 38.4°N, 22.4°E, M=7.2, X Haeronia)
996 ( 38.3°N, 22.4°E, M=6.8, IX Galaxidi)
1402 (June 38.1°N, 22.4°E, M=7.0, X Diakofto)
1580 ( 38.4°N, 22.3°E, M=6.7, X Mynia)

1660 ( 38.3°N, 22.5°E, M=6.4, IX Galaxidi)
1742 (Febr.21,38.1°N, 22.5°E, M=6.0,VII,Zacholi)
1753 (March 6,38.1°N, 22.6°E, M=6.2,VII,Zacholi)
1861 (Dec.26, 38.2°N, 22.3°E, M=6.7,X, Valimitica)
1887 (Sept.9, 38.1°N, 22.1°E, M=6.2, IX, RAegio)
1909 (May 30, 38.4°N, 22.2°E, M=6.2, VIII,Daphnohori)
1965 (July 6, 38.4°N, 22.3°E, M=6.3, VII, Eratini)
1970 (April 8,38.3°N, 22.6°E, M=6.2, VII, Antikyra)

In the beginning of 1981 the Alkyonides Gulf sequence
occurred and its study revealed many details about the style of
deformation of the Gulf of Corinth (Jackson et al., 1982;
Papazachos et al., 1984; King et al., 1985). The Corinth Gulf
represents a graben formation, with an asymmetric structure,
where the main active normal faults are considered to be those
of the southern part, dipping to the north.

The last event, of November 18, 1992, was mainly felt in the
northern part of the Corinth Gulf, particularly in the towns of
Galaxidi and Itea. Although the events that have occurred in this
region are known to produce tsunamis (373 B.C., 551 A.D.,
1402,1861), there were no reports for such a wave for this
particular last event.

After the occurrence of the main shock a network of 33
portable stations (of analog and digital recording) was deployed
in the epicentral area, in order to study the aftershock

310
WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.



sequence. The network was installed by with the Universities of
Thessaloniki, Athens, Grenoble, Paris and Cambridge. The present
paper represents the results of a preliminary analysis of the
earthquakes recorded by the stations operated by the teams of the
Geophysical Laboratory of the University of Thessaloniki and of
the Dept. of Geophysics and Geothermy of the University of
Athens.

LOCATION OF THE MAIN SHOCX AND SPATIAL DISTRIBUTION
OF THE AFTERSHOCKS

In order to constrain the location of the main shocks all
the arrivals at the national seismological network and at the
stations of the neigbouring countries were collected and analysed
adopting HYPO 71 (revised) (Lee and Lahr,1975), using as a
velocity model the one suggested by Rigo et al. (1993), for this
particular area. After many trial runs the best constrained
solution for the parameters of the main shock is:
¢=38.30°N,A=22.41°E,h=9.4Km. This solution places the epicenter
about 6 Km SSE from the town of Galaxidi.

The analog and digital records of the aftershocks were
analysed and the P and S wave arrivals were read. The HYPO 71
(revised}) program was used again with the above mentioned
velocity model in order to define the parameters of each
aftershock.

In order to use the best of the available information
concerning the location of the earthquake foci of the sequence,
we finally used the focal parameters of the events for which the
standard error in the estimation of the epicenter (ERH), the
standard error in the estimation of the focal depth (ERZ), the
root mean square of the time residuals (RMS) and the number of
station readings (N.O.) satisfied the following conditions: ERH<
3 Km, ERZ<3 Km, RMS<0.6 sec and N.O.> 10.

Table 2 gives information on the aftershock parameters that
occurred between November 22 and December 2, 1992 and satisfy the
above mentioned conditions. This table includes the date of
occurrence, the origin time, the epicentral coordinates, the
focal depth and the quality of the solution, represented by GAP
(the largest angle, in degrees, between two successive stations),
DMIN (the distance of the closest station to the epicenter), RMS,
ERH, ERZ and N.O.

Figure 1 shows the distribution of all the earthquakes which
were recorded by the seismological stations of the mobile
networks during November 22 - December 2, 1992 in the broader
area of the Corinth Gulf (solid circles). Circles with triangles
denote the sites of the stations, while solid squares indicate
the epicenters of the historical earthquakes listed in table 1.

Figure 2 shows the distribution of the aftershocks listed
in table 2, which occurred within the area defined by the square
in figure 1. It is observed that the epicentres tend to delineate
in a NE-SW line. This is in fairly good agreement with the fault
plane solution of the main shock. The proposed formula between
the length of the fault and the magnitude (Papazachos and
Papazachou,1989) predicts for an earthquake of M=5.9 a fault
length equal to 15Km.This length is in accordance with the one
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Table 2. Information on the parameters of the main shock and the
aftershocks of the period Nov.22 - Dec. 2, 1992, recorded by the
local mobile networks.

Date Origin Time Lat N Lon E Depth GAP DMIN RMS ERH ERZ N.O
YMD HM S (Km} Deg. Km sec Km Km
921118 2110 42.6 38.301 22.410 9.4 100 80. 0.50 1.8 2.4 37
921122 1515 26.0 38.353 22.410 11.3 221 3. 0.13 1.7 1.2 8
921122 1849 53.9 38.362 22.402 11.9 210 1. 0,03 0.5 0.3 8
921123 010 12.5 38.263 22.414 5.4 286 12. 0.09 0.9 3.0 8
921123 654 25.3 38.318 22.369 9.1 254 7. 0.04 0.5 0.4 8
921123 1019 39.2 38.364 22.469 13.0 230 7. 0.06 0.9 0.6 8
921123 1453 59.9 38.286 22.358 9.0 280 10. 0.05 0.7 0.9 8
921123 1859 44.6 38,307 22.415 5.3 250 8. 0.12 1.1 0.9 10
921123 20 2 51.9 38.311 22.369 10.2 255 7. 0.09 1.1 0.7 10
921123 2044 57.6 38.27522.389 9.1 270 11. o0.16 1.8 3.0 10
921124 14 8 49.6 38.311 22.360 9.9 227 8. 0.18 1.2 1.2 11
921125 114 17.2 38.307 22.449 8.5 238 9. 0.22 2.1 4.6 11
921125 2 7 5.8 38.312 22.376 6.6 244 7. 0.11 1.3 l.00 9
921125 218 14.8 38.332 22.557 9.7 278 10. 0.04 0.5 0.6 8
921125 410 45.5 38.333 22.348 11.0 234 6. 0.10 1.6 1.1 9
921125 1643 42.1 38.241 22.367 7.9 97 11. 0.15 0.5 0.8 18
921125 1758 36.6 38.245 22.370 3.5 158 12. 0,12 0.8 0.9 10
921125 1939 44.9 38.288 22.387 6.8 112 9., 0.18 0.5 0.5 19
921126 351 53.5 38.356 22.515 13.3 269 3. 017 2.2 1.2 9
921126 834 43.6 38.301 22.413 10.3 96 8. 0.17 0.7 0.9 18
921126 1037 34.2 38.297 22.421 8.9 246 9. 0.13 0.8 1.5 15
921126 1313 30.5 38.246 22.350 7.2 143 11, 0.16 0.9 1.3 19
921126 1328 37.1 38.264 22.359 8.3 134 13. 0.13 0.6 3.5 17
921126 1442 18.3 38.293 22.422 6.8 227 9. 0.16 0.8 0.6 11
921126 1518 7.7 38.340 22.498 13.1 234 6. 0.20 4.2 2.5 8
921126 1849 17.0 38.250 22.349 5.8 143 12. 0.23 0.8 1.5 14
921126 1940 56.4 38.336 22.487 11.7 64 6. 0.18 0.9 1.2 15
921127 0 4 55.1 38.348 22.415 11.6 109 3. 0.16 0.5 0.7 24
921127 035 30.6 38.292 22.372 7.9 137 9. 0.16 0.7 0.9 15
921127 118 18.0 38.332 22.511 11.8 299 6. 0.03 0.4 0.3 8
921127 258 4.3 38.341 22.489 13.3 201 6. 0.15 1.1 0.9 14
921128 517 43.0 38.262 22.443 5.5 119 13. 0.23 1.3 1.9 9
921128 652 20.3 38.366 22.509 12.9 184 6. 0.21 2.5 1.5 9
921129 21 4 48.2 38.355 22.432 11.8 215 4. 0.09 0.9 0.6 11
921130 251 20.1 38.327 22.417 11.4 145 11. 0.13 0.9 1.6 9
921130 630 52.4 38.263 22.409 2.9 176 12. 0.20 1.2 2.7 7
921130 10 6 18.5 38.330 22.441 9.7 147 6. 0.17 0.8 1.2 12
921130 1336 6.6 38.361 22.417 11.4 216 2. 0.18 1.8 1.1 11
921130 1714 38.3 38.347 22.414 10.5 118 3. 0.16 0.5 0.9 19
921130 2333 15.5 38.340 22.413 10.3 135 4. 0.12 0.7 0.7 13
921201 156 33.8 38.286 22.345 10.3 98 15. 0.16 0.5 0.8 21
921201 2 0 9.0 38.311 22.422 9.1 134 7. 0.18 0.6 1.4 21
921201 9 9 48.2 38.353 22.505 9.2 201 4. 0.27 3.3 2.2 10
921201 2347 38.6 38.373 22.513 12.7 175 2. 0.20 1.1 0.9 17
921202 619 38.3 38.368 22.509 12.7 182 2. 0.24 2.2 1.2 13
921202 924 23.3 38.303 22.420 7.0 286 8. 0.13 1.3 0.7 7
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Fig.l. Distribution of the epicenters of the earthguakes that
occurred in the broader area of the Corinth Gulf during the
period Nowv. 22 - Dec. 2, 1992 (solid circles). The
epicenter of the main shock 1is shown with the black
triangle, whereas the epicenters of the major historical
and present century events, are shown with solid squares.
Circles with triangles 1indicate the sites of the
seismological stations used.

measured from the distribution of the aftershocks.

Figure 3 represents a cross section normal to the line AB
(shown in Fig. 2). It is seen that the foci follow a well
outlined dipping fault towards NNW with a mean dip of about 34°.
The focus of the main shock is situated at a depth of about 9 Km
at the center of the aftershock distribution. There are no
earthquakes at depths shallower than 5 Km.

FOCAL MECHANISM OF THE MAIN SHOCK

Long period P and SH waves recorded at teleseismic distances
by the World Wide Standard Seismograph Network (WWSSN) were
inverted simultaneously in order to determine the centroid depth,
the far-field source time function, the seismic moment and the
source mechanism (strike, dip and rake) using the inversion
procedure of Nabelek (1984). To avoid strong mantle and core
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Fig.2. Distribution of aftershocks during Nov. 22- Dec. 2, 1992,
as these are listed in table 2.
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Fig.3. Vertical cross section of the depth of the aftershocks
versus the distance from the line AB (shown in Fig.2).
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interference we only used records from stations at distances
between 30°-90° for P waves and 40°-70° for SH waves. At these
distances body waves travel mostly in the lower mantle and the
computation of synthetic seismograms is simpler. The magnitude
of the earthquake was not large enough to produce good records
at many stations resulting in a rather poor azimuthal coverage.
The records were digitized and interpolated at 4 and 2 samples
per second for P and S waves, respectively. The seismograms are
equalised to a common instrument magnification and epicentral
distance. The crustal structure at the source is assumed to be
the following, based on microseismicity studies at the area (Rigo
et al., 1993): 0.5 Km thickness of a water layer, 4.5 Km
thickness layer with Vp=4.9, Vs=2.8 and the density=2.7 and the
half space with Vp=5.4, Vs=3.1 and the density = 2.8 gr/cm’.

The earthquake source parameters are estimated by mathcing
the observed seismogams with the synthetic ones in a least
square’s sense. The final solution is presented in figure (4a).
The centroid depth is well contsrained (10+1 Xm) and is in
agreement with the estimation of the depth using the HYPO 71
program. The fault parameters however, are less well contrained
especially the rake. At any rate, the obtained solution ( strike
=68°+10, dip=59°+5 and rake=-95°+10 ), moment 2.3*10"N.m,
represents a normal fault on ENE striking plane. This solution
is similar to the one determined by Briole et al. (1993)}. Figure
{(4b) shows the focal mechanism of the main shock based on first
motion readings at long and short period instruments. The
similarity of both solutions determined by the inversion and by
the classical method is evident.

CONCLUSIONS

This paper represents a preliminary analysis of part of the
data collected by the mobile network installed after the
occurrence of the Galaxidi earthquake of November 18, 1992 of
magnitude M=5.9. The distribution of the best located
aftershocks clearly shows that the main shock occurred in a fault
that has a total length of about 17 Km dipping to NNW. Most of
the earthquake foci have focal depths that range from 5-13 XKm.
It seems that the main shock occurred at a depth of about 10 Km
(determined from the inversion of body waves) and then the
rupture propagated downwards, towards NNW. The fact that most of
the damage was reported to occur in the northern side of the Gulf
of Corinth intensifies this observation.

The best double couple mechanism calculated for the main
shock, from the inversion of long and short period P and SH waves
corresponds to a fault with strike=68°, dip=59°, rake=-95° and
centroid focal depth k=10 Km. The solution is in very good
agreement with the general pattern of previously determined focal
mechanisms (Liotier, 1989; Papazachos et al., 1991; 1992a) and
of the deformation style of the Gulf of Corinth (Ambraseys and
Jackson, 1990; Papazachos et al., 1992b).
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November 18, 1992 GALAXIDI EARTHQUAKE
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Fig.4. a) Long period and short period observed (straight lines)
and synthetic (dashed lines} P and SH waveforms recorded at
teleseismic distances of the main shock of Nov. 18, 1992.
The synthetics were calculated for a fault plane with
strike=68°, dip=59°, rake= -95° and focal depth h=10 Km. All
amplitudes are normalized to a common magnification. The
source time function shows the double pulse observed in
most of the waveforms. b) Focal mechanism based on first
motion readings at long and short period instruments.
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