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SUMMARY

The Patras area lies in the western part of central Greece. It is an area characterized
by high seismicity and complex neotectonics. Several devastating earthquakes have
occurred in the region since 600 BC. Contemporary crustal deformation is examined
in this area using microearthquake data recorded over a lengthy period, during
1983-84, by the Patras Seismic Network, principally, and to a lesser extent by the
Volos Seismic Network.

The microseismicity (1.8-3.9 M) defines a zone deepening to the NE, which
justifies a possible extension of the Gulf of Corinth major graben towards the
Trikhonis Lake to the NW.

Spectra of 108 well-located microearthquakes are estimated, using P-waves
obtained by selective windowing designed to include only the P-phase; seismic
moments in the range 0.3-45.7 X 10" N m are obtained, accompanied by estimates
of seismotectonic source parameters including source radii, average stress drop and
average coseismic slip.

Poor correlation is found between seismic moment and magnitude, and the likely
reason is the complex nature of the neotectonic regime existing in the area.

Two zones differing in crustal deformation characteristics are observed. The
Corinth-Trikhonis zone reveals two sets of characteristic faults. The first set is
represented by microearthquakes showing distinctive and relatively higher seismic
moments in conjunction with lower stress drops and seismic slips. This set of faults
shows greater source radius than the second set, and therefore the faults are longer.
The second set is characterized by an almost constant source radius within the range
of uncertainty, and a wide range of seismic moments, stress drops and seismic slips.
The Rio zone is characterized by low seismic slip, stress drop and fault radii, with
the exception of the locality south of the city of Patras, where relatively higher
seismic slip, stress drop and fault radius are observed.

Key words: crustal deformation, Greece, microearthquakes, seismotectonics.

1 INTRODUCTION TO THE PATRAS AREA

In the present study, the Patras area is defined informally as
an area including the Gulf of Patras and surrounding coastal
areas, the adjacent part of the Gulf of Corinth and the area
east of Trikhonis Lake (Fig. 1). As discussed by Brooks e? al.
(1988) and Melis, Brooks & Pearce (1989), the Patras area is
a complex area in terms of seismotectonics. It lies at the
junction of two different structural trends within a regional
neotectonic regime involving approximately N-S extension

* Now at: 89" Asimakis Fotilas Str, GR-262 24 Patras, Greece.

(Fig. 1). The first is the WNW-ESE zone of extension
defined by the Gulf of Corinth graben (Brooks & Ferentinos
1984), which possibly extends north-westwards to Trikhonis
Lake (Melis 1986; Melis et al. 1989); the second is the
NE-SW faulting associated with the Rio graben (Kon-
topoulos & Doutsos 1985), which has been interpreted as a
transfer (transtensional) fault zone linking the Gulf of Patras
graben in the south-west with the Corinth-Trikhonis zone of
extension in the north-east (Melis 1986; Brooks ef al. 1988;
Melis et al. 1989; Fig. 1).

Several studies have been conducted on this graben
system. Brooks & Ferentinos (1984) and Higgs (1988)
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Figure 1. The neotectonic system of the Patras area and surrounding region, in western central Greece (after Ferentinos et al. 1985; Brooks et
al. 1988: Melis et al. 1989). Footwall geometry of the extensional neotectonic system showing the Corinth~Trikhonis link transferred through
the Rio transtensional zone to the Patras graben (after Melis 1986; Melis er al. 1989).

studied the structure of the Corinth graben offshore. They
showed the WNW-ESE master fault that defines the graben
to the south and the faults forming in the hanging wall.
However, they did not have good-quality seismic profile
data to extend their study to the western end of the Corinth
graben. Onshore studies (e.g. Jackson et al. 1982; Vita-Finzi
& King 1985; King et al. 1985; Doutsos & Piper 1990; Collier
& Dart 1991) showed that the tectonic regime to the south
and east of the Corinth graben is dominated by normal
faulting of a WNW-ESE trend.

Ferentinos, Brooks & Doutsos (1985) studied the Patras
graben offshore and showed that the seabed is affected by
synsedimentary faulting with the same WNW-ESE trend. A
follow-up study by Chronis, Piper & Anagnoston (1991)
showed the same pattern of active faulting. Zelilidis,
Koukouvelas & Doutsos (1987) described a tectonic regime
with a similar WNW-ESE trend onshore, immediately east
of the eastern end of the Patras graben. This coexists with a
NE-SW fault regime defining the Rio graben, which was

studied onshore by Kontopoulos & Doutsos (1985), mainly
to the north in the Antirrio locality, and by Doutsos &
Poulimenos (1992) in the Patras area and its surroundings.
Offshore studies in the immediate vicinity show the
existence of a complicated system of active faults with
several trends, of which NE-SW and NW-SE appear to be
the most dominant (Perisoratis, Mitropoulos & Aggelo-
poulos 1986; Chronis et al. 1987).

Following the study of Kontopoulos & Doutsos (1985),
Doutsos, Kontopoulos & Frydas (1987), Doutsos, Kon-
topoulos & Poulimenos (1988) and Doutsos & Poulimenos
(1992) suggested that the Rio graben developed earlier than
the Corinth graben. Thus, as it is an extensional tectonic
feature of the NE-SW trend, it could well develop
right-lateral strike-slip motion if reactivated by the current
regionally dominant N-S extensional regime forming the
Corinth, Patras and Trikhonis grabens (Fig. 1). Brooks et al.
(1988) and Melis er al. (1989), in their seismotectonic model
for the region based on local microseismicity data (Melis



1986), suggested that Rio-Antirrio may behave as a
transtensional fault zone linking the Corinth-Trikhonis
graben system with the Patras graben (Fig. 1).

A preliminary microearthquake study of the area showed
that its north-eastern segment in the Rio-Antirrio district
exhibits very high seismic activity (Melis 1986; see also
Section 2.2). Approximately 200 earthquakes of local
magnitude less than 3.5 M; occurred daily during 1983-
1984. In terms of earthquake risk, it is important to
recognise that Patras, the third largest city in Greece, lies
only 8km south-west of Rio (Fig. 1). In addition, a 3.5km
long bridge is being planned to span the Rio-Antirrio
crossing. Finally, the Mornos Dam lies to the north of the
study area. Hence, earthquake hazard investigations are of
great importance to engineering projects in the Patras area,
which is also of great interest in the study of local coseismic
crustal deformation mechanisms.

2 SEISMICITY OF THE PATRAS AREA

2.1 Historical seismicity in the Patras area

Macroearthquake catalogues and earthquake studies of the
Acgean region, and particularly of the area of central
Greece (Galanopoulos 1960, 1961, 1981; Papazachos 1976;
Makropoulos & Burton 1981; Papazachos & Comninakis
1982a,b; Comninakis & Papazachos 1986; Makropoulos,
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Drakopoulos & Latousakis 1989; Papazachos & Papazachos
1989; Ambraseys & Jackson 1990; Papazachos 1990) show a
seismic gap in the Gulf of Patras (Fig. 2). However, large-
magnitude events have occurred in the Narrows area and
especially at locations near Nafpaktos, Erateini, Egio, Rio
and Patras (Fig.1). Some events have also occurred
south-east of Trikhonis Lake, between the lake and
Nafpaktos, thus justifying the suggested structural link
between Trikhonis and the Gulf of Corinth (Melis 1986;
Melis et al. 1989).

The historical data for the Patras area and surrounding
region can be divided into two periods: pre-1900 and
1900-1986. Fig. 2 shows the distribution of events during
these two periods. Locations for the first period are those
listed in Table 1 [taken mainly from the most recently
updated Papazachos & Papazachos (1989) historical
catalogue], and for the second period are taken from the
most recent instrumental catalogue (Makropoulos er al.
1989). However, some further corrections and entries have
been made, which take into account all the information
provided by the other historical catalogues mentioned
above, and these are noted in the comments in Table 1.

The western end of the Guif of Corinth exhibits the most
activity. Damaging earthquakes have occurred in Helice
(373 BC winter and 1861 December 26), south-east of Egio
(Richter 1958), Egio, Erateini (1965 July 6; Ambraseys &
Jackson 1990), Nafpaktos, Trikhonis and Patras (Papazachos
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Figure 2. Epicentral map of earthquakes in western central Greece covering the whole period 600 BC to 1985 AD inclusive. Locations taken
from the Makropoulos et al. (1989) catalogue and the list in Table 1. Note the gap (shaded) in seismicity in the Guif of Patras and the link of

seismicity between Corinth and Trikhonis.
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Table 1. Historical seismicity in central Greece: pre—1900.

TIME LAT LON DEPTH MAG COMMENTS
(year date hr min) (°N) (°E} (km) (Ms) (*)
BC
600 38.3 22.6 s 6.8 in (P&C 1982)/38.5/22.5 (G 1961)
373 WINTER NIGHT 38.2 22.2 s 7.0
348 38.4 22.5 s 6.7
279 38.4 22.6 s 6.8
AD
23 38.3 22.0 s 6.5
551 JuL 7 38.4 22.4 s 7.2
996 38.3 22.4 s 6.8
1147 38.50 22.50 s 6.25 VIII-IX Galaxidi (Galan. 1981}
1402 JUNE 38.1 22.4 s 7.0
1580 38.4 22.3 s 6.7
1660 MAR 38.3 22.5 s 6.4
1714 JuL 27 6 0 38.2 21.7 s 6.6 5.5 in Galanopoulos (1981)
1742 FEB 22 38.1 22.5 s 6.0 21 date corrected 22
1748 MAY 27 15 0 38.2 22.2 s 6.8 25 date corrected 27
1753 MAR 8 38.1 22.6 s 6.2 6 date corrected 8
1785 JAN 31 4 0 38.2 21.7 s 6.6 6.3 in Galanopoulos (1981)
1804 JUN 8 3 0 38.2 21.7 s 6.6
1806 JAN 23 38.3 21.9 s 6.3
1817 AUG 23 8 0 38.2 22.1 s 6.5 38.3/22.3/7.3 in Galan. (1981)
1861 DEC 26 6 30 38.2 22.3 s 6.7 7.5 in Galanopoulos (1981)
1862 JAN 1 38.25 22:25 s 6.0 Aftershock from Galan. (1981)
1870 AUG 1 0 41 38.5 22.5 s 6.8 7.3 in Galancpoulos (1981)
1876 AUG 6 11 O 38.25 21.75 s 4.70 VI Patra (Galanopoulos 1960)
1883 NOV 14 0 45 38.25 21.75 s 4.70 VI Patra (Galanopoulos 1960)
1885 FEB 18 14 30 38.50 21.75 s 5.8 from Galanopoulos (1981)
1885 JUL 14 0 4 38.25 21.75 s 4.70 VI Patra (Galanopoulos 1960)
1887 oCcT 3 22 53 38.1 22.6 s 6.3 38.3/22.8 in Galan. (1981)
1888 SEP 9 15 15 38.1 22.1 s 6.2 6.0 in Galanopoulos (1981)
1889 AUG 25 19 13 38.3 20.1 61 7.0 hr/min from Galan. (1960)

s: shallow earthquakes (depth < 60 km).

(*): all additional intensity/place data and corrections in the comments column taken from Galano-
poulos (1960, 1961, 1981) and Papazachos & Comninakis (1982a). Corrections on dates are based on the
knowledge that the old —new calendar difference is 13 days and not 11 days as is assumed in
Papazachos & Papazachos (1989). Intensity to magnitude conversion is based on Makropoulos &
Burton (1981).
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Figure 3. The VOLNET and PATNET station distribution.




& Papazachos 1989). Some of these earthquakes also
triggered tsunami, for example Helice, Egio and Patras
{Papazachos & Papazachos 1989). It is clear from the
macroscismicity that the extensional zone of Corinth-
Trikhonis, in particular the Rio-Antirrio district, and the
area of the city of Patras are historically the most seismically
active. However, large earthquakes are not documented in
the immediately adjacent major tectonic feature of the Gulf
of Patras.

A catalogue of focal mechanisms for earthquakes with
surface-wave magnitude greater than 5.0 M, for the area of
central Greece is reported in Ambraseys & Jackson (1990).
This coincides with all previous presentations for our study
area (Papazachos 1976; Drakopoulos & Delibasis 1982;
Papazachos et al. 1984; Papadopoulos et al. 1986) and also
with the focal mechanisms presented in Melis ez al. (1989).
An approximately N-S extensional stress is dominant over
the whole region.
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2.2 Microseismicity in the Patras area

Two microearthquake networks have recently operated for
lengthy periods in the area of central Greece, namely the
VOLNET and PATNET networks (Fig. 3). Figs 4(a) and (b)
illustrate the epicentres of the activity recorded by the two
networks, respectively, for the Patras area. The Gulf of
Patras seismic gap, the Narrows high seismic activity and the
seismic link between Trikhonis Lake and the Gulf of
Corinth are again all reflected in the microseismicity, as in
the macroseismicity (Section 2.1).

108 well-located events (Table 2) were selected, using the
following criteria:

(a) Skm maximum error in computed locations of both
epicentre and depth;

(b) a minimum number of five stations reporting clear
P-wave recordings; and

(c) a maximum computed rms traveltime residual of 0.5 s.
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Figure 4. (a) Epicentral map of microearthquakes recorded by VOLNET during 1983-1984 in the Patras area and surrounding region.
(b) Epicentral map of microearthquakes recorded by PATNET in the Patras area and surrounding region during 1983 July-1984 January.
Events recorded by at least five stations.
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Table 2. Hypocentral coordinates, magnitudes and location errors for the 108 selected PATNET
and VOLNET events recorded in the Patras area. Event identifications are noted with V for
VOLNET and P for PATNET. Magnitudes have been calculated in the normal way (Richter 1958).
Otherwise, where N is indicated, only vertical components were used (as the only ones available),
and a correction (+0.3) was applied (Burton er al. 1991) to convert these M, magnitudes to
standard M; local magnitudes. Where H is indicated, only one horizontal component was available
and this was used. In this case a correction (+0.09) was suggested (Burton et al. 1991), but it was not
used, being small and poorly resolved.

Event Origin time Latitude Longitude Depth M, RMS ERH ER2Z
Id (Y-M-D hr min sec} (°N min) (°E min} (km} (sec) (km} (km}
1v 83 210 1957 8.13 38 24.39 22 17.07 6.04 2.5 0.37 3.8 3.8
2V 83 318 1331 41.36 38 21.21 21 55.94 1.00 2.3 0.29 4.5 4.3
v 83 321 722 10.87 38 21.91 22 6.32 2.16 3.2 0.50 4.3 4.7
4v 83 619 514 22.45 38 22.92 21 42.25 0.98 2.9 0.50 4.6 3.2
1P 83 718 2224 52.42 38 30.72 22 1.51 20.24 2.8 0.06 2.1 1.7
2P 83 719 118 39.96 38 7.11 21 17.56 13.49 2.9 0.07 7.9 5.7
3P 83 719 359 55.24 38 33.46 21 36.41 6.36 2.3 0.02 1.0 2.0
4p 83 719 2357 55.06 38 2.19 21 17.04 20.19 3.1 0.03 4.4 2.7
Sp 83 722 20 3 6.39 38 20.63 21 44.94 7.00 1.8 0.08 3.5 3.9
6P 83 723 1955 8.21 38 6.82 21 36.54 5.51 3.2 0.00 0.2 0.4
7P 83 724 616 46.74 38 19.59 21 47.42 3.25 2.6 0.14 1.5 1.7
8P 83 724 2124 56.52 38 20.43 21 47.41 7.00 2.4 0.04 2.9 2.6
SV 83 728 1614 14.16 38 23.36 21 59.79 1.22 2.8N 0.48 3.4 2.3
9p 83 8 S 658 4.01 38 12.08 21 45.12 27.15 2.5 0.00 0.2 0.5

10p 83 8 8 810 23.61 38 25.07 21 40.88 1.75 3.5 0.14 1.0 3.2

11P 83 8 8 2145 36.51 38 31.91 21 46.10 5.57 2.2 0.00 0.2 0.4

12P 83 810 15 0 37.68 38 29.85 21 59.84 16.71 2.5 0.00 0.5 0.2

13p 83 811 117 38.48 38 18.58 21 46.77 7.00 2.6 0.13 3.1 2.7

14p 83 811 230 50.97 38 20.20 21 56.61 20.42 2.4 0.03 3.3 2.5

15p 83 811 1430 20.38 38 25.92 21 45.98 10.33 3.0 0.11 3.0 2.8

16p 83 812 0 4 35.47 38 28.73 22 2.87 23.03 2.5 0.06 5.0 2.8

17P 83 812 1344 41.46 38 19.68 21 35.81 25.54 2.2 0.09 2.1 5.6

18p 83 813 840 26.77 38 18.38 21 40.37 16.81 2.8 0.01 0.2 0.4

19p 83 814 10 4 10.64 38 33.14 21 35.78 18.30 2.2 0.07 4.8 4.7

20P 83 814 1641 0.52 38 20.24 21 53.35 13.64 3.1 0.11 2.5 1.2

21P 83 816 1821 32.18 38 25.46 21 45.14 11.76 2.8 0.02 0.7 0.8
6V 83 816 2251 24.43 38 18.93 22 2.39 0.68 2.8 0.49 3.3 3.1
7V 83 824 2111 46.94 38 23.07 22 5.65 3.93 3.3 0.43 3.7 4.1

22P 83 914 1427 24.83 38 25.67 21 48.41 16.19 2.7 0.01 0.5 0.4

23p 83 914 2221 31.00 38 18.41 21 45.69 5.84 2.6 0.06 3.7 6.1

24P 83 916 1736 58.12 38 20.74 21 47.42 3.70 2.6 0.04 2.9 3.8

25p 83 917 855 8.54 38 21.82 21 41.99% 7.50 2.6 0.09 2.7 3.6

26P 83 920 1310 8.28 38 7.54 21 34.14 12.61 3.5 0.08 4.3 5.3
8v 8310 6 233 4.28 38 12.39 22 4.10 24.48 2.2 0.16 3.8 3.6
9v 8310 7 1919 38.20 38 12.31 21 59.56 24.00 2.2N 0.09 2.8 2.3

10v 8311 3 252 36.73 38 23.73 21 56.91 0.66 2.8N 0.30 3.3 2.5

27p 831119 023 22.28 38 25.28 21 45.68 3.55 2.3 0.10 4.3 4.7

28P 831119 S 8 57.18 38 14.32 21 45.02 19.28 2.5 0.01 0.9 1.7

29P 831119 1725 40.86 38 27.97 21 51.77 9.91 2.3 0.12 3.9 5.3

30P 831120 649 3.26 38 29.65 21 53.83 11.38 2.7 0.02 2.8 1.7

31P 831120 2227 21.59 38 33.78 21 30.63 16.94 3.3 0.11 2.9 4.3

32P 831120 2347 31.79 38 33.24 21 31.26 9.86 2.4 0.03 2.0 3.0

33p 831125 1442 1.44 38 25.69 -21 47.95 6.35 3.1 0.06 3.3 2.4

34P 831126 1027 50.49 37 55.37 21 34.70 36.30 3.9 0.02 3.9 4.5

35p 831127 536 37.86 38 21.54 21 50.61 10.75 2.6 0.14 4.3 2.4

36P 831129 236 4.20 38 31.29 21 54.49 11.57 2.6 0.02 2.5 1.5

37p 8312 S 149 29.37 38 30.80 21 50.00 9.82 2.2 0.01 1.7 1.1

38Pp 8312 6 2 9 18.48 38 25.74 21 46.06 17.20 2.2 0.01 0.5 0.4

39p 831212 1230 51.94 38 7.07 21 24.49 12.22 3.1 0.02 2.1 1.7

40P 831213 748 33.05 38 23.48 21 44.35 15.43 2.4 0.03 1.4 1.2

41p 831213 851 3.35 38 24.99 21 52.44 19.22 2.3 0.03 3.3 2.4

42p 831214 553 22.81 38 26.02 21 55.24 17.22 2.7 0.07 0.7 0.4

43P 831224 2045 29.79 38 27.52 21 54.01 10.88 2.8 0.03 3.2 1.8

44P 831225 23 7 27.79 38 26.40 21 56.16 19.27 3.2 0.06 6.3 3.8

45P 831225 2314 52.15 38 18.81 21 47.62 7.00 2.9 0.04 3.2 3.5

46P 831226 29 7.81 38 25.45 21 22.85 4.44 2.1 0.11 2.9 4.7

47p 831228 351 12.28 38 32.09 21 29.94 9.20 2.8 0.05 3.2 4.6

48p 831228 1724 14.07 38 29.07 21 37.92 14.06 2.4 0.07 3.9 3.1

49p 831229 630 23.51 38 18.13 21 45.11 5.09 2.5 0.13 0.7 1.4

S0P 831231 233 9.23 38 22.36 21 44.77 9.94 2.3 0.12 1.6 1.4

S1P 831231 1430 28.49 38 22.96 21 55.85 17.74 2.9 0.10 3.4 1.6

52p 831231 1628 31.51 38 21.28 21 44.94 7.00 2.1 0.13 4.7 4.7

S3p 84 1 1 310 10.22 38 24.78 21 48.84 9.72 2.5 0.10 3.1 2.5

54P 84 1 1 357 11.01 38 21.48 21 58.65 21.82 2.8 0.11 3.8 1.8

S5p 84 1 2 911 35.14 38 21.35 21 57.23 17.61 2.9 0.05 10.6 6.6

56Pp 84 1 2 926 27.10 38 18.48 21 47.42 . 7.00 2.8 0.07 2.9 3.3

S7p 84 1 2 1220 35.03 38 20.53 21 54.54 19.37 2.7 0.11 3.6 1.8

58P 84 1 2 14 8 37.98 38 18.98 21 49.52 4.53 2.6 0.08 4.9 3.2

59P 84 1 2 2049 2.36 38 21.52 21 59.06 22.21 2.8 0.11 4.3 2.0

60P 84 1 3 039 9.08 38 20.81 21 46.34 13.95 2.0 0.08 3.8 4.4

11v 84 1 3 250 48.87 38 18.61 21 51.20 1.02 3.3 0.48 4.9 3.8

61Pp 84 1 3 622 52.91 38 22.01 21 57.66 20.52 2.9 0.04 2.8 1.8
12V 84 1 3 1017 45.49 38 20.95 21 55.87 1.95 3.0N 0.49 3.3 2.8
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Event Origin time Latitude Longitude Depth M, RMS ERH ERZ

Id (Y-M-D hr min sec) (°N min) (°E min) (km; (sec) (km) (km)
62P 84 1 3 1130 42.08 38 25.21 22 3.30 26.01 2.6 0.04 13.5 8.4
63P 84 1 3 1545 7.24 38 18.84 21 46.05 2.73 3.1 0.11 2.8 5.9
64P 84 1 3 1755 19.12 38 20.57 21 56.09 20.47 2.8 0.11 3.4 1.5
65p 84 1 3 2116 35.85 38 19.90 21 53.21 16.22 2.8 0.11 3.6 1.7
13v. 84 1 5 1510 0.55 38 20.20 21 53.56 0.76 2.9N 0.46 4.6 3.6
66P 84 1 6 312 15.41 38 18.95 21 47.42 6.35 2.8 0.04 3.4 3.7
67P 84 1 6 1648 25.31 38 30.78 21 52.62 7.60 2.4 0.03 3.0 2.7
68P 84 1 6 2120 20.24 38 24.67 21 45.85 3.83 2.3 0.12 4.8 4.4
69P 84 112 1636 31.72 38 23.85 21 57.00 18.10 2.8 0.11 4.2 2.2
70P 84 116 147 52.87 38 28.35 21 45.39 8.74 2.4 0.01 0.8 0.7
14v 84 2 7 1929 32.87 38 21.79 21 57.09 0.97 3.4 0.43 5.0 4.8
15v 84 211 1110 7.53 38 21.82 21 S3.24 0.52 3.0 0.45 4.8 4.1
16V 84 218 4 2 16.59 38 20.64 22 1.53 0.86 3.0N 0.45 3.6 3.4
17V 84 220 1548 17.66 38 20.97 22 0.23 0.87 3.0 0.40 4.7 4.4
18v 84 227 2121 28.25 38 19.96 21 59.80 1.45 2.8N 0.49 3.6 2.9
19v 84 324 2219 48.12 38 13.02 21 59.23 1.51 3.0 0.45 4.1 2.8
20V 84 423 1052 14.21 38 23.15 22 0.78 2.36 2.6 0.36 4.2 3.6
21V 84 5 1 1148 22.98 38 23.57 22 6.97 2.38 2.9N 0.44 3.8 4.3
22V 84 8 2 714 20.82 38 20.49 22 1.51 12.41 2.7 0.41 4.7 2.2
23V 84 8 9 246 14.01 38 22.69 22 6.16 4.32 2.5 0.32 3.8 4.5
24V 84 815 2051 4.97 38 21.36 22 2.40 1.19 2.9 0.42 3.1 4.¢
25V 84 818 326 39.17 38 19.92 22 2.14 10.99 2.4 0.19 2.0 1.1
26V 84 819 1446 0.92 38 21.41 22 0.77 0.91 3.0 0.37 4.9 4.5
27V 84 9 1 1126 43.11 38 15.96 22 5.23 1.20 3.2 0.44 4.3 4.4
28V 84 929 31 27.87 38 18.81 22 4.34 0.07 2.9 0.26 4.2 4.1
29V 8411 9 1658 48.62 38 17.38 21 59.14 0.34 3.2N 0.34 3.5 2.0
30V 8411 9 2030 19.56 38 20.68 21 59.58 0.96 2.8 0.48 3.9 3.6
31v 841110 456 0.67 38 19.28 21 57.38 0.98 3.3N 0.48 4.2 3.3
32V 841112 922 51.91 38 20.16 21 59.99 0.89 3.3H 0.12 2.5 2.2
33y 841113 1229 5.13 38 17.83 21 57.34 7.55 2.7 0.47 4.5 3.5
34V 841115 1937 42.44 38 21.73 22 5.20 12.18 2.6 0.20 2.3 1.2
35V 841120 1930 25.40 38 23.00 22 2.63 1.58 3.0N 0.50 4.2 4.7
36V 841123 055 35.64 38 20.56 22 8.03 2.25 2.9 0.38 4.2 4.2
37V 841124 915 1.11 38 19.48 22 5.17 0.47 3.4 0.47 4.7 4.1
38V 841217 13 30.34 38 22.07 22 6.63 2.07 3.0 0.34 2.5 4.0

The spatial distribution of the well-located events (Fig. 5a)
affirms the same features as the overall seismicity recorded
by the two networks. An approximately SW-NE cross-
section through Rio-Antirrio is produced using these
well-located events (Fig. 5b), and adjacent crustal slices of
20km width are also presented [Figs 5c(i) and (ii)] to show
along-strike variations in the microseismicity pattern. The
first slice [Fig. Sc(i)] is comparable to that presented by
Melis ez al. (1989), but utilizes VOLNET data in addition to
PATNET data and shows a relative increase of activity in
the hanging wall. The second slice [Fig.Sc(ii)], situated
further to the west, shows a major increase of activity in the
hanging wall. The Gulf of Patras gap and the Corinth master
fault north-west of the Gulf of Corinth can be identified
easily in both the individual slices and the main
cross-section. The latter feature through the Narrows
demonstrates seismically the Corinth—Trikhonis structural
link. The main volume of seismic activity is in the hanging
wall of the Corinth-Trikhonis half graben system with a
relatively passive footwall.

The results from a temporary network covering the
Peloponnesos for six weeks in 1986 show a similar spatial
distribution of microseismicity in central Greece and
produce a cross-section similar to Fig. 5(b) (Pedotti 1988;
Hatzfeld er al. 1989, 1990). Once again, a zone of seismicity
dipping towards the north-east with some activity in the
hanging wall indicates the Corinth master fault extending
north-west from the Gulf of Corinth and establishes a link
with the Trikhonis graben.

Focal mechanisms for some 31 events were also produced
[Table 3, Fig. 6, after Pedotti (1988) and Hatzfeld et al.

(1989, 1990)], and these provide further support for the
seismotectonic model of Melis er al. (1989). In particular,
some dextral strike-slip focal mechanisms (20, 7: Fig. 6)
coexist with a normal focal mechanism (21: Fig. 6) in the
south-eastern part of the Gulf of Patras, and one dextral
strike-slip focal mechanism (16: Fig. 6) also coexists with
normal focal mechanisms in the north-eastern part of the
Gulf of Patras (15,17, 5 of approximately NW-SE, NE-SW
and E-W strike, respectively: Fig. 6). There are also two
compressional focal mechanisms in the south-eastern
location (4, 6: Fig. 6). Focal mechanisms 28, 26 and 2 (Fig.
6) show WSW-ENE extension coexisting with NE-SW
dextral strike slip at the extreme north-eastern point where
the Rio-Antirrio transtensional zone meets and coexists
with the Corinth-Trikhonis zone. As for the Corinth—
Trikhonis link, focal mechanisms are not available
north-west of Rio—Antirrio. Only some less reliable focal
mechanisms (Hatzfeld, personal communication), marked
with ‘+’ signs, are available at the north-eastern end of
Trikhonis Lake, and these show some dextral strike slip on
E-W planes (11,10: Fig. 6), coexisting with compressional
NE-SW strike focal mechanisms. These less reliable
determinations have not been taken into account in the
present investigation.

3 SPECTRAL ANALYSIS OF WELL-
LOCATED EVENTS IN THE PATRAS AREA

To extend investigation of the variation of coseismic
deformation throughout the study area, seismotectonic
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Figure 5. (a) Epicentral map of the 108 PATNET and VOLNET events selected for spectral analysis. Note the seismic gap in the Gulf of
Patras, and the Corinth—Trikhonis seismic link. Boxes (i) and (ii) indicate the data used to produce the two SW-NE slices of 20 km width. (b)
SW-NE cross-section using all data illustrated in (a), showing the Gulf of Patras seismic gap and the Corinth-Trikhonis dipping zone and
exhibiting high seismicity in the hanging wall. (c) Slices (i) and (ii) of 20 km width located in (a).

source parameters of the microearthquakes are examined.
There are many examples of the extraction of such
parameters from spectra, including the previous studies of
Keilis-Borok (1959), Trifunac (1972), Hanks & Wyss (1972),
Thatcher & Hanks (1973), Archuleta et al. (1982), Modiano
& Hatzfeld (1982), Gagnepain-Beyneix (1985), Brune et al.
(1986), Burton & Marrow (1989) and Burton, Melis &
Brooks (1995). All of these studies involve spectral analysis
of P-wave data or S-wave data or both. P-wave spectral
analysis is applied here to the 108 well-located events. The
earthquake source parameters derived are seismic moment
(M,), stress drop (Ao), source or ‘fault’ radius (r) and
average coseismic slip (s).

The procedure involves a standard Fourier spectral
analysis of a selected time window in the seismogram (in our
case the P-window). A P-wave log-displacement spectrum
is characterized by a model that has two essential
components: a flat section with amplitude level Q, up to a

frequency f. and a roll-off linear decay from f, to an f_,.’
The long-period spectral level and the corner frequency are
defined by two intersecting lines, fitted by eye to the overall
mean trend of the low-frequency spectral asymptote and the
high-frequency roll-off. These parameters determine the
source characteristics of each event analysed. In practice,
the two most important considerations are those of window
selection and attenuation.

The spectral analysis procedure is described in detail
elsewhere (Melis 1992; Burton et al. 1995), and was applied
similarly here to the 108 well-located microearthquakes of
Fig. 5(a) (listed in Table 2); it will only be described briefly.
Two .examples are shown in Fig. 7, taken from the
earthquake of 1983 January 6 of magnitude 2.8 M; (entry
66P in Table 2). The seismograms illustrated display clear
P-wave arrivals, and for this earthquake clear P-wave
recordings were obtained from five stations and the event is
consistent with the criteria stated in Section 2.2. The first
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Figure 5. (Continued.)
Table 3. Focal mechanisms after Pedotti (1988) and Hatzfeld et al. (1989, 1990).
No Time Latitude Longtude Oepth Mag Plane 1 Plane 2 P-axis T-axis
yimid himin sec. °N-min~ °E-min @ km ML suikeldip stike/dip plunge/pl.dir plunge/pl.dir.
1 860610 1315 30.33 36-1034 21-2538 7.15 178 2800 500 400 50.2 5472557 53 1581
2 860612 0447 41.07 38-2232 21-5667 11.59 186 1000 700 2600 21.2 643 216 247 1845
3 860613 1521 2910  38-1.18 21-33.89 19.65 149 2700 500 900 400 8501800 50 00
4 860613 1523 3518 38-1.01 21-34.09 1963 266 3100 400 1600 540 7.2 2368 732 1219
5 860615 1921 5871 38-21.89 214764 510 250 2700 300 900 60.0 750 00 150 180.0
[ 860617 0252 28.00 38-8.05 213091 2258 1.87 1900 500 200 404 48 2846 831 585
H 860617 0304 17.5¢ 38-8.03 21-30.11 2313 1968 2300 900 1400 900 00 950 00 5.0
8 860621 0212 3579 381923 22-4.19 1155 221 2800 6800 170.0 504 456 1353 04 449
9 860621 0652 €47 38-19.57 22-3.56 11.88 2.53 3100 800 600 504 4562747 04 5.1
10+ 860622 0800 4248 38-34.27 214286 1253 4.07 2620 75.0 1700 826 159 1252 53 2187
11+ 860622 0921 2823 383339 214056 1644 365 2700 BO.O 170.0 454 238.2 1408 21.9 3.3
12+ 860622 1055 59.02 38-0.97 2140683 922 208 2500 400 550 510 55 1518 80.7 2782
13 860623 1431 1748 28-38.35 214121 1438 314 2400 480 350 448 1.8 3178 771 2207
14 860623 2123 9.08 38-3.38 21-36.36 16.18 260 400 30.0 3100 90.0 37.8 2486 378 134
15 860623 2155 5544 38-19.38 214085 3850 227 2200 700 3300 468 466 1748 14.0 280.1
18 860624 2204 31.03 38-20.80 214825 17.64 414 2000 BO.0 200 900 7.1 2454 7.1 1548
17 860624 2212 9.2¢ 33-21.19 214708 1066 285 2100 600 00 337 704 1557 136 288.4
18 8808268 0258 3145 38-1445 21-5489 1611 282 1800 700 3100 29.5 59.0 1212 21.9 2533
19 860627 0530 2042 38-19.74 22-4.14 1021 283 00 600 2400 491 54.7 2167 6.3 1178
20 860628 248 $9.57 38-8.15 21-38.33 1983 343 2250 90.0 3150 90.0 0.0 2700 0.0 180.0
21 860628 2352 572 38-9.52 21-38.78 18.16 360 60.0 500 3000 59.2 547 2643 53 19
22- 860702 1721 1051 38-847 22.193 5367 166 500 700 3100 645 3312714 38 1790
2 880704 1406 15.11 387,62 21-5849 2503 348 2800 600 200 733 330 2434 86 147.6
24 860707 1714 55.68 38-16.34 214645 665 238 2400 900 1800 00 450 1500 450 3300
25 860710 0357 53.50 382038 21-50.92 837 280 2200 400 800 573 67.5 28 92 1528
26 860710 1814 28.44 382569 21.5640 21.26 288 1300 60.0 380 865 181 87.9 233 3498
27- 860713 0B41 3573 38431 223665 6943 191 60.0 60.0 3100 594 456 2753 04 1849
28 860713 2122 47.33  38-2504 214735 1855 253 2100 70.0 1100 645 3371 714 36 330
20 860714 1715 843 38460 22-2.66 1316 317 2100 40.0 300 500 85.0 3000 50 1200
30 880714 2254 5048 38-499 22-351 1343 178 300 700 1300 645 3313486 36 810
31 860715 1112 2582 38-19.68 22-11.78 1606 2.87 2100 70.0 3100 64.5 3.6 2610 331 1688

‘+°: less reliably determined mechanisms,
‘—": intermediate-depth earthquakes.
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Figure 6. Focal mechanisms in central Greece for 31 microearthquakes recorded by the Peloponnesos network (after Pedotti 1988; Hatzfeld et
al. 1989, 1990). Lower hemisphere equal-area projection; identification numbers are consistent with data in Table 3; ‘+’ denotes a less reliably
determined mechanism and ‘—’ denotes the mechanism of an intermediate-depth earthquake.

example (Fig. 7a) is recorded at a short hypocentral distance
of 7.0 km at station PT1 (Patras University), and the second
example at a larger hypocentral distance of 38.9km at
station PT3b (Araxos). The short-range recording shows
evidence of high-frequency content both in the seismogram
and in the displacement spectrum relative to the longer
range recording [the evidence in the displacement
spectrum being the constant linear roll-off to higher
frequencies in Fig. 7(a) than in Fig. 7(b); in Fig. 7(b) the Q
correction distorts the spectrum at the highest frequencies
at which it begins to amplify non-propagating energy when
the signal-to-noise ratio is too low]. The fitting of the
long-period asymptote and roll-off by eye is straightforward
and indicates an f around 10Hz. More than 1000
displacement spectra were examined in this way. The
correction for attenuation did not affect the values of Q; and
f. for microearthquakes recorded by PATNET, whereas it
made a small difference for those recorded by VOLNET
that are recorded typically at a greater range. The family of
Q, and f. values obtained from all the spectra are illustrated
in Fig. 8, with RQ, values compensating for the hypocentral
distance R km. When considering measurement uncer-
tainties on f, (or ) it is important to recognize that these
observables are log-normally distributed, as the measure-
ments are obtained from logarithmic displacement spectra.
Two examples illustrate the actual measurement uncer-
tainties on f; these are the earthquakes of 1983 July 18 with
2.8 M, and 1983 July 19 with 2.9 M; (Table 2). The former
was well recorded at six stations and generated six values of
f., and the latter at five stations with four values of f
ensuing. The mean values of log f, with one standard
deviation range, are, respectively, log f. = 1.013 + 0.08 and
1.12 £ 0.07, corresponding to £ =10.3073%Hz and f.=
13.18%3¢ Hz, where the mean f, value is not centrally
placed in the + one standard deviation range. In practice,
standard deviation errors on Q, and f. are not calculated;

instead ranges on the resulting values of seismic moment,
source radius, average stress drop and coseismic slip
described below are computed, bearing in mind that these
computed quantities are also inherently log-normally
(distributed because of the original observational
measurements.

Following the model of Brune (1970,1971), the low-
frequency spectral level € is assumed to be proportional to
the seismic moment M, and given by (Keilis-Borok 1959)
My =4rRpa®Qy/kRgq,  (inNm), (1)
where p is the density of the medium (2700 kg m>), R is the
hypocentral distance between source and receiver, « is the
P-wave velocity at the source taken from the velocity model
used to locate the events (Melis 1986, 1992), and the product
kRyq is a constant (commonly taken as 0.85) allowing for

free surface reflection and the average radiation pattern.
Modiano & Hatzfeld (1982) found Madariaga’s (1976)
dynamic model to be more realistic then Brune’s and it is
used here for calculation of source radius r. This is
proportional to the corner frequency, f., for a circular model
of fault rupture, and, for a rupture velocity of 0.98
{Madariaga 1976),

r=0328/f. (in m), )
where B is the S-wave velocity at the source (B is taken as
a/1.78 after King et al. 1985) and f. is measured from a
P-wave spectrum. Assuming the case of complete stress
drop for a circular fault, the average stress drop (Ao) is
obtained from
Ao =7M,/16r>  (in bar) 3)
(Keilis-Borok 1959; Kanamori & Anderson 1975), where M,
and r are the values obtained previously. Slip s, averaged
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Figure 7. Examples of spectral analysis, illustrating the seismogram and selected P-wave window, preceding noise window, and logarithmic
displacement spectrum of the P-wave corrected for the seismometer response (and noise spectrum shown as dashed line) and also for anelastic
attenuation along the propagation path (Q). The long-period asymptote (€) to the spectrum and the high-frequency roll-off are fitted by eye,
the intersection defining the corner frequency (f.) indicated by the arrow. The seismograms selected are from the microearthquake of 1983
January 6 of magnitude 2.8 M, recorded at (a) station PT1 (Patras University), hypocentral distance 7.0km, and (b) station PT3b (Araxos),
hypocentral distance 38.9 km.

over a circular fault area, is given by

§=My/unr?

(in m) 4)

(Brune 1968), where u is the shear modulus (typically
3X10'°Nm™?). Seismic moments and fault radii are

determined by averaging the values calculated for each
station. As measurements of both seismic moment and fault
radius are log-normally distributed, the best estimates are the
geometric means (Archuleta et al. 1982). Rather than giving
a standard deviation on these estimates, maximum and
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Figure 8. The family of Q, and f, values obtained from all the
spectra analysed (see Fig. 7), with R€), values compensating for
hypocentral distance R km.

minimum values are calculated to show the overall range
within which the parameters lie. A similar procedure is
followed to determine stress drop and average slip
(Gagnepain-Beyneix 1985), again including minimum and
maximum values as well as the best estimate of each
parameter. Results for seismic moment, fault radius, stress
drop and coseismic slip were obtained for 94 of the 108
events. Fig. 9 shows the epicentral distribution of these 94
events and Table 4 lists the corresponding results.

The source parameters for these microearthquakes, within

the local magnitude range 1.8 to 3.9 M;, are in the following
ranges: (a) seismic moment, M,: 0.3 to 45.7 X 10'* Nm; (b)
source radius, r: 72 to 310m; (c) stress drop, Ac: 0.7 to
174.6 bar; and (d) average seismic slip: 0.36 to 41.17 mm.

The results show a wide range of stress drops (0.7 to 174.6
bar), within which stress drop, coseismic slip and seismic
moment all correlate well. Correlated variations in fault
radius are almost imperceptible for the whole range of
seismic moments, stress drops and average coseismic slips.
However, there is a distinctive set of nine events that show
higher fault radii than the rest of the data set, accompanied
by relatively higher seismic moments but lower stress drops
and coseismic slips (Figs 10 and 11). These nine events are
located in the Corinth-Trikhonis zone of extension and
have epicentres identified in Fig. 9 with a star.

All 94 spectrally analysed events were used to produce
relationships between (1) seismic moment and local
magnitude, and (2) seismic moment and the seismotectonic
source parameters, in order to investigate crustal deforma-
tion in the Patras area using all recorded events. The
relationships were determined using double error regression
analysis (York 1966).

3.1 Seismic moment and local magnitude [log(3f,) versus
M|

Pairs of [log (M;), M;] values were examined, for the 94
microearthquakes of the whole data set (WDS) analysed. A
relatively poor correlation coefficient, cc, of 0.55 was
obtained for the following regression equation:

log My = 8.45(+0.39) + 1.54(£0.14)M; (WDS, cc = 0.55).
©)
At first sight, it is surprising to find a relatively poor
correlation between these two parameters for the Patras
area and surrounding region, given the care taken to ensure
that the spectral parameters (£, f.) were measured

30 T f T T
20 40 60

I I
810. 100 120
- E (km)

Figure 9. Distribution of the 94 epicentres for which seismotectonic source parameters were determined. Epicentres of zone 1
(Corinth-Trikhonis extension) are indicated with box symbols and epicentres of zone 2 (Rio graben transtension) with triangles. The stars
indicate the nine microearthquakes that show relatively higher values of seismic moment and source radius, but lower values of stress drop and
average coseismic slip.
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Table 4. (Continued.)

No M, Mo r Ac s No Nf

Event {x10%? Nm) {m) (bars) (mm) Q) (£.)
22.0 163.6 106.0 18.97

13 2.9 12.5 123.7 28.8 8.63 8 8
7.1 93.6 7.8 3.93
18.6 217.1 16.6 5.18

14 3.4 9.2 181.6 6.7 2.95 7 7
4.5 151.9 2.7 1.68
14.5 172.2 273.1 29.53

15 3.0 8.1 107.3 28.8 7.49 7 7
4.6 66.8 3.0 1.90
12.0 138.9 34.6 8.77

16 3.0 9.8 125.8 21.6 6.58 5 5
8.0 113.8 13.4 4.93
3.7 126.1 141.0 14.40

17 3.0 3.0 86.4 20.5 4.30 5 5
2.4 59.2 3.0 1.28
17.7 230.6 66.4 13.79

18 2.8 13.4 163.2 13.5 5.34 7 7
10.2 115.5 2.7 2.07
26.4 189.0 80.1 17.52

19 3.0 17.4 145.7 24.6 8.68 7 6
11.4 112.3 7.5 4.30
9.3 148.3 64.4 11.17

20 2.6 6.6 115.1 18.9 5.26 7 3
4.6 89.3 5.5 2.48
72.6 136.1 399.8 70.93

21 2.9 45.7 108.5 156.4 41.17 8 7
28.8 86.6 61.2 23.90
9.6 141.3 28.4 6.12

22 2.7 4.9 120.6 12.3 3.60 4 2
2.5 103.0 5.3 2.12
3.3 220.3 25.8 4.28

23 2.5 2.5 148.3 3.3 1.20 6 3
1.9 99.9 0.4 0.34
5.3 101.5 42.0 7.34

25 2.4 3.8 90.2 22.8 5.00 6 2
2.7 80.2 12.4 3.40
20.3 111.1 137.4 22.65

27 3.2 11.2 93.4 59.9 13.56 8 3
6.1 78.6 26.1 8.12
6.8 53.1 289.4 28.28

28 2.9 4.4 48.1 174.6 20.37 6 4
2.9 43.6 105.3 14.68
2.7 60.9 68.5 8.15

30 2.8 1.8 56.5 44.8 6.14 8 4
1.3 52.5 29.3 4.63
6.8 100.9 310.3 29.58

32 3.2 5.3 72.4 61.6 10.82 6 )
4.2 51.9 12.2 3.96
11.7 84.3 67.9 11.65

33 2.7 5.2 80.0 44 .2 8.58 4 2
2.3 75.9 28.8 6.32
4.3 99.9 21.9 4.42

34 2.6 2.9 93.9 15.2 3.47 5 2
1.9 88.3 10.6 2.72
57.6 148.7 229.4 47 .46

35 3.0 40.6 121.7 98.5 29.07 9 7
28.6 99.5 42.3 17.81
8.9 224.7 10.4 3.27

36 2.9 6.0 186.1 4.1 1.84 7 3
4.0 154.1 1.6 1.03
10.0 113.1 AS5.1 9.41

38 3.0 6.9 102.9 27.9 6.97 8 4
4.8 93.5 17.3 5.15
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Figure 10. Seismic moment, local magnitude and seismotectonic fault radius for the Patras area. (a) Log(M,) versus M; and (b)—(d) show,
respectively, log (M), log (Ao) and log(s) versus log(r). Zone 1 (Corinth-Trikhonis extension)—box symbols; zone 2 (Rio graben

transtension)—triangles; anomalous events (see Fig. 9)—star symbols.

accurately. However, bearing in mind the complexity of the
neotectonic regime in the area (Brooks et al. 1988; Melis et
al. 1989), it was decided to investigate the correlations in
two internal zones of differing neotectonic setting, Zone 1
(z1) covers the Corinth—Trikhonis extensional regime and
contains 62 events. Zone 2 (z2) covers the Rio graben
transtensional regime and contains 20 events. Fig. 9 shows
the overall distribution of epicentres and the internal
subdivision into these two zones. Thus, these two subsets are
used to study the correlations in smaller structural zones
than is possible using the full 94 event data set. Pairs of
{log (M;), My ] values are plotted in Fig. 10(a) for both zone
1 and zone 2 data subsets. The following equations are
obtained from double error regression between the

parameters for each of the two data subsets:

log My = 8.85(£0.38) + 1.42(£0.14)M (21, cc = 0.69), (6)

and

log My =5.8(£1.5) +2.49(£0.56)M,_ (22, cc = 0.25). N
The correlation coefficient improves for the zone 1 subset
but is worse for zone 2. Attempting to improve the
correlation for zone 1 by omitting the nine anomalous

events produces
log M, = 8.85(+0.42) + 1.42(+0.15)M (z1', cc =0.67),

(®)
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Figure 11. Seismic moment, average coscismic slip and stress drop for the Patras area. (a) Log (M,) versus s, and (b) Log (M,) versus Ac. Zone
1 (Corinth-Trikhonis extension)—box symbols; zone 2 (Rio graben transtension)—triangles; anomalous events (see Fig. 9)—star symbols.

with a correlation coefficient of 0.67, thus making no
significant difference.

Clearly, an accurate calculation of seismic moment M, for
events with known local magnitude M; cannot be made for
these zones in the Patras area, thus precluding from the
detailed investigation those events for which spectral
analysis has not been explicitly carried out. The correlations
of seismic moment with other calculated seismotectonic
source parameters can be obtained, as below, and used for
further investigation of these source characteristics in the
smaller zones identified in the Patras area.

3.2 Seismic moment and fault radius [log (M,) versus
log (r)]

Pairs of [log (M,), log (r)] values analysed for the whole
data set and zone 1 and zone 2 subsets (Fig. 10b) result in

log My = —2.0(£1.4) + 7.28(+0.67) log r (WDS, cc = 0.46),
9
(z1, cc = 0.55)
(10)

log My, =2.5(x1.1) +5.07(+0.54) log r

and

log M, = 98.(£20.) — 43.9(£9.7) log r (22, cc = —0.17).

Y

All three cases produce a poor correlation coefficient,
although a slight improvement is apparent for zone 1 in
comparison with the whole data set. Zone 1, omitting the
nine anomalous events, produces

log My= —6.4(+£2.4) +9.6(x1.2) log r (zl’, cc =0.42).
(12)
The correlation between seismic moment and source radius
is very poor and precludes its further use. The source radius
is effectively constant, within its range of uncertainty, for a

wide range of seismic moments, stress drops and average
coseismic slips (see Fig. 10b).

3.3 Seismic moment and slip [log (M,) versus logs]

Analysis of pairs of [log(M,), log(s)] values produces
(Fig. 11a)

log My =11.9(+0.1) + 1.14(£0.07) logs  (WDS, cc = 0.83),

(13)
log My =11.8(+0.1) + 1.26(+0.11) log s (21, cc = 0.75)
(14)
and
log M, = 11.93(+0.03) + 0.93(+0.05) log s (22, cc = 0.97).
(15)

There is a small deterioration of the correlation coefficient
for the zone 1 subset and this is discussed in Section 4
below. Omitting the nine anomalous events from the whole
data set gives

log My = 11.91(40.04) + 1.06(+0.06) log s (WDS’, cc = 0.89),
(16)
and, from zone 1,

log My =11.8(£0.1) + 1.1(£0.07) log s (zl', cc = 0.89),

(17
while the nine events by themselves produce
log M, = 12.4(+0.1) + 1.20(+0.10) log s (cc =0.97). (18)

We conclude that the correlation between seismic moment
and average coseismic slip is generally excellent. However,
poor correlation of seismic moment with local magnitude
unfortunately prevents extension to the other micro-
earthquakes recorded in the Patras area.



3.4 Seismic moment and stress drop [log (M,) versus
log (Ac)]

Analysis of [log (M), log (Ao)] pairs produces (Fig. 11b)
log My = 11.3(£0.1) + 1.05(%0.09) log Ao (WDS, cc = 0.63),

(19)
log M, =11.2(£0.2) + 1.12(%0.14) log Ao (z1, cc = 0.48)

(20)
and
log My =11.4(£0.1) + 0.87(£0.07) log Ao (22, cc = 0.94).

(21)

Equation (19) shows reasonable correlation, but, again, this
deteriorates for the zone 1 subset, because the well-
correlated data of zone 2 are omitted and zone 1 contains
nine events with an anomalous and distinctive character (see
Figs 9 and 11b). Omitting the nine anomalous events from
zone 1 produces

log My=11.2(£0.2) + 1.07(£0.11) log Ao (z1',cc =0.74),
(22)

and omitting the same nine events from the whole data set
now gives

log My =11.3(+0.1) + 0.99(+0.08) log Ao (WDS', cc = 0.75),

(23)
resulting in an impressive improvement for all subsets. The
nine anomalous events by themselves produce

log My = 11.8(£0.2) + 1.30(+0.18) log Ac  (cc = 0.91).

(24)

First, we conclude that correlation between seismic
moment and stress drop is generally good in the cases
examined here (and generally excellent between moment
and average coseismic slip). Nevertheless, the poor
correlation with local magnitude (6) still prevails, rendering
extension to non-spectrally analysed events in the zone
tenuous with the data sets available to us. Secondly, we
conclude that scaling between seismic moment and stress
drop in the Patras area exists even for events with low
seismic moment. This result is in agreement with other
studies (e.g. Aki 1967, Archuleta 1986; van Eck &
Hofstetter 1989; Burton et al. 1995).

In summary, the whole data set of 94 spectrally analysed
microearthquakes does not provide a good correlation
between local magnitude and seismic moment either overall
or in smaller subsets. Also, the correlation is often poor
between seismic moment and the seismotectonic source
parameters, although it is improved by careful choice of
specific subsets of data. The likely reason is the complex
nature of the neotectonic regime existing in the area
(Brooks et al. 1988; Melis et al. 1989). The analysis also
suggests that zone 1 (Corinth-Trikhonis) has two sets of
characteristic faults. The first set is represented by nine
events, showing distinctive and unusual relatively high
seismic moments existing with low stress drops and seismic
slips. This set of faults shows greater source radius than the

Coseismic crustal deformation in Patras 833

second set and therefore these faults are longer. The second
set is characterized by almost constant source radius, a wide
range of seismic moments, stress drops and seismic slips,
similar to other studies (see previous paragraph).

Examination of the anomalous events in the first fault set
shows that eight of the nine are recorded by the Volos
network and only one by the Patras network. This might
suggest that the correction for attenuation has affected the
measured spectral parameters (, and f.) and, hence, the
source parameters. Checking this possibility shows that it
can be discounted because the effect of the Q-correction can
be seen to be insignificant for the measured spectral
parameters. Moreover, the anomalous event recorded by the
Patras network indicates no changes with or without a
Q-correction. Thus, it is concluded that all nine events are
consistently anomalous with respect to both the whole data
set and the zone 1 subset.

4 COSEISMIC CRUSTAL DEFORMATION IN
THE PATRAS AREA

As shown above, a good correlation between local
magnitude and seismic moment could not be obtained from
the 94 spectrally analysed events for the Patras area, and
this precludes extension to the full data sets of VOLNET
and PATNET microearthquakes. However, the 94 event
data set is in itself a sufficiently large sample to investigate
crustal deformation in the Patras area.

The study area is divided into 2.5 km X 2.5km cells and,
first, the sum of seismic slips is calculated for each cell. The
geometric mean of coseismic slip is contoured using all 94
events. A window is then defined encapsulating the Patras
area (Fig.12a). The area of the Rio—Antirrio crossing is
characterized by low seismic slip, whereas the city of Patras,
the west end of the Gulf of Corinth and the area between
Trikhonis Lake and Nafpaktos exhibit relatively higher
values of seismic slip. There is a concentration of low-slip
events at the Rio—Antirrio crossing.

In a similar way, the geometric means of stress drop and
source radius are calculated for each predefined cell and
then contoured. The window enclosing the Patras area is
shown for these two source parameters in Figs 12(b) and (c).
Low stress drop is apparent at the Rio—Antirrio crossing,
whereas at the city of Patras, the Gulf of Corinth and the
area between Trikhonis Lake and Nafpaktos, higher stress
drop is observed. Finally, for the source radius, relatively
high values are shown at the east end of the Narrows,
south-east of Trikhonis and south-east of the Gulf of Patras.
Lower values are shown for the rest of the region, with a
minimum occurring in the Gulf of Corinth near Egio.

5 CONCLUSIONS

A set of well-located microearthquakes in the Patras area
and its surrounding region was selected for spectral analysis,
to determine seismotectonic source parameters using a
procedure described elsewhere (Melis 1992; Burton et al.
1995). The results show poor correlation between seismic
moment and local magnitude, but in some cases good
correlation exists between seismic moment and some of the
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calculated seismotectonic source parameters, particularly
when they are carefully zoned.

The poor moment-magnitude correlation meant that only
the 94 spectrally analysed microearthquakes could be used,
and precluded any extension through the correlation
equation to the full data set of microearthquakes recorded
in the area. However, the former data set is a large
statistical sample of the earthquakes recorded. Hence,
contouring of geometric mean values of source parameters
was performed for a predefined 2.5 km X2.5 km grid, and a
window encapsulating the Patras area was used to display
regional variations in the seismic slip, stress drop and source
radius.

The Rio-Antirrio district is characterized by a high
activity of events of low source radius, stress drop and
seismic slip, whereas the city of Patras is shown to encounter
low source radius, relatively high stress drop and medium
seismic slip events. This contrasts with the Gulf of Corinth,
which has higher stress drop, medium to high seismic slip
and relatively low source radius events. Finally, the
Trikhonis-Nafpaktos area reveals a higher stress drop,
accompanied by low seismic slip and source radius, with the
exception of one locality north of Nafpaktos, where high
source radius and seismic slip are observed.
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