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ABSTRACT

As part of the seismological experiment organized in the
Patras-Aigion area in the summer 1991, we were able to calculate
about 200 fault plane solutions of shallow earthquakes with
magnitudes (M) between 1.8 and 3.2. These solutions are
constrained by a combined inversion of P first motion polarities
and S-wave polarization directions, from digital three-component
seismograms, using the probabilistic approach developped by Zollo
and Bernard (1991). This technique involves a carefull selection
of S-wave observations which may be contaminated by crustal
anisotropy and/or free surface effects. We can distinguish two
families of fault plane solutions : normal faulting on planes
oriented 7 E-W and strike-slip faulting. Most of the events may
be explained by a fault plane dipping north at an angle varying
from 25° to the west to 50° to the east. The interpretation of
this microseismicity 1s associated with tectonic field
observations and SPOT image analysis which allow us to recognize
and precisely map the active faults and to study the location,
time and spatial scales of the deformation.

MHXANIZMOI TENEIHX MIKPOXEIIMON KAI TEKTONIKH ANAAYZH
TOY AYTIKOY TMHMATOX TOY KOANOY THTX KOPINGOY

Rigo,A., Lyon-Caen,H., Armijo,R., Bernard,P.,
Makropoulos,K., Papadimitriou,A., and Deschamps,A.

NMEPIAHYH

Me 3dan to celoporoyYLud melpaua Mouv opyavwdnue oTnv MEPLOXN
Touv Aiyiouv-Hatpwv TOo naronaipt Tou 1991 (oxeTwunri epy. TOUL
Hanadnuntpiov mnaL oLvvepyYATWv), pac BSBnue n duvardtnta va
LToAOY (ooLHe ep(ToL 200 UNXAVITUOVG YEVETNG ETLPAVE L AMWY TE L IUEV
HE HeYEBN peTtaiy 1.5 mal 3.2. Ov AGoeilg auteEg mpoocdropladnuav ue
AVT LOTPOPT] TWV TPWTWV XTOUALCEWY Twv P HupdTtwv nat tng dredduvang
TdAwong Twv S mupdtwv. Ta Bedopéva TpoépyovialL amo PneLomEg
HATAYPAPEG naL n HEBodog avdAiuvong mov xpnolpomoLidnue el{vaL quTY
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Twv Zollo and Bernard (19%1). Avti n Ttexvixy xpsirdletal Tnv
npooenTLH] oLAAoYR Hedopdvwv yia Ta S »OpATa ETOL  WOTE VA
vndpxovv evdeifelg vYLa avicotponia Touv @lolol xal/1 enidpdoeLg
NG eAelfepng emL@dvelag. AVO OLMOYEVELEG MHNXAVLOHWY TYEVEONG
prtopobv  va  SrampiBoldv: xavoviud pHyYHATE HE  TPOCAVATOALTUS
nepimov A~-A »abdg maL pAyHata strike-slip. Ouv meproodtepotl
gelgpol umopei va Bewpnbel oTL Tpo€pyoviAL QMO E£va PHYHA TOU
»iivel pag To Poppd pe uAiogeiLg mMov MoLxiAAovv amo 25° agto Sutixd
Tuipa  oge  50° agto avatoAtxd THAMa. H  epunvela authig 1Ing
gelLopuLndTNTag OXeT(CeTAl HE TOPATNPNTOELS TenToviurig arto Tmedio
nafwg maL pe avdivaon eixdveov SPOT nal pad divel 1n dvvardtnta
Téoo va avayvwplOovHEe MAL va XAPTOYPAPHOOULHE T evepyd pRYHATA
800 ML va PEAETHOOLUE TLG MAIHAMEG TWV TMUPUAUOPPUCEWV.

INTRODUCTION

The Gulf of Corinth, commonly described as an E-W half-
graben structure, is one of the most active tectonic areas of
continental Greece. The presence of Holocene scarps and
quaternary uplifted marine terraces in the Corinth region
demonstrates the recent activity (the last few 10° years) of the
normal faults bordering the Gulf. Since ancient time many
earthquakes have been reported and during the last century at
least 4 earthquake sequences of magnitude 6 or more have occurred
in this area (Ambraseys & Jackson, 1990), e.g. Helike in 1861
(M=6,7; Schmidt, 1881l), Eratini (WSW of Itea) in 1965 (M=6.4),
Corinth in 1981 (M=6.7, 6.4, 6.4; Jackson et al., 1982), Itea in
1992 (M;=5.9-6.0). The rate of north-south extension across the
Gulf is estimated to be 1 cm/yr based on a comparison between
geodetic measurements from the begining of the century and from
1988 (Billiris et al., 1991). Thus, due to these seismological
and tectonic features, the Gulf of Corinth is an appropriate area
for a detailed study of crustal deformation processes in a
continental extensional frame.

We started in 1991 a multidisciplinary study in the Patras-
Aigion area combining seismological, tectonic and geodetic (see
joint paper by Rigo et al., this volume) studies. We choose the
western part of the Gulf of Corinth for the following reasons :
the last large earthquake of magnitude _ 7 occurred in 1861
rupturing the Helike fault near Aigion; the western part of the
Gulf is less studied than the eastern part where the 1981
earthquakes of Corinth occurred (Jackson et al., 1982; King et
al., 1985). We present here the results and a possible
interpretation of part of the seismicity recorded during the
summer 1991 in the Patras-Aigion area. Tectonic studies, field
work and satellite image analysis, will help us to interpret more
accurately the seismicity and the deformation mode deduced from
focal mechanisms.

TECTONIC FRAME
Field observations and satellite (SPOT) image analysis allow
us to precisely map the fault surface traces over the entire Gulf

{(Fig. 1). On the southern coast of the Gulf, we find the most
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important normal faults dipping north like the Xylokastron fault
and the Helike fault (south of BAigion). All these faults
represent an “"en échelon" fault system. They have a
characteristic length of 15-20 km and few meters high (1-6 m)
clear Holocene scarps, the total topographic relief being 1000-
1500 m. On the northern side, there are some generally smaller
antithetic normal faults dipping south with also cumulative
scarps of Holocene age (e.g. Delfi fault).

The most important active structures at the western
extremity of the Gulf are, from east to west, the Helike fault,
the Aigion fault and the Psathopyrgos fault, all three dipping
north and edging the southern coast of the Gulf. In 1861, a M=6.7
earthquake occurred in Helike near Aigion (Fig. 1). The surface
ruptures have been described by Schmidt (1881) as being 1-2 m
high along the trace of the Helike normal fault. Mud volcanoes
and subsidence of the littoral zone (floading of a 100-200 m wide
stripe by the coast) were also observed. This earthquake is
probably a characteristic event of the Helike normal fault.

There are also some normal faults dipping south on the
northern side, particularly on the Trizonia Island. These last
ones are only 2-5 km long and thus cannot generate earthquakes
larger than M=6. For these reasons, we are expecting that the
large part of the seismicity in this area will be connected with
the activity of the southern normal faults.

MICROSEISMIC DATA AND PROCESSING

60 portable digital stations (Fig.l) were installed during
July and August 1991 in the Patras-Aigion region, and recorded
over 5000 events. This paper is based only on the 3000 events
that occurred during August. The epicentral locations were
computed with the Hypo 71 program. At first, using all the
events, we determined the mean P velocity between 0 and 15 km
depth searching the minimum of the mean rms of all the locations
{Fig. 2). In this way, we obtained a mean P velocity of 5.6 km/s
in agreement with Melis et al., (1989), the Vp/Vs ratio being
1.80. To obtain a more precise P velocity model, we selected 190
events with the following criteria : 1) they were very well-
located (7 0.5 km); 2) they were recorded by more than 10
stations; 3) they had a good azimuthal distribution of stations.
We then modified the velocity structure (Table 1), keeping a mean
P velocity of 5.6 km/s between 0 and 15 km, in order to obtain
incidence angles that will allow to determine fault plane
solutions for all these events. The P velocity between 15 and 30
km depth is not well constrained due to insufficient data
sampling in these depths and we choose a mean P velocity of 6.5
km/s. The epicenters were relocated with the modified velocity
model. In order to analyse the seismicity, we selected 850 well-
located (T 1 km) events in the network, recorded by more than 5
stations, the magnitude (M ) being between 1.8 and 3.2 (Fig. 3).
The seismicity appears to be diffuse in all the network with the
presence of 4 clusters, the most important being under the city
of Aigion at a depth of about 8 km. The seismicity is distributed
between 0 and 15 km depth, the maximum of the activity being
between 6 and 11 km depth.
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FOCAL MECHANISMS

Bmong the 190 first selected events, we determined 145 focal
mechanisms using the P first motion polarities. Among those, 90
are well-constrained. In figure 4, two examples are shown which
concern the two largest events recorded in the network.

To better constrain the fault plane solutions, we inverted
together the S-wave polarization directions obtained from the
digital three-component seismograms and the P polarities, using
the probabilistic approach developped by Zollo & Bernard, (1991).
De Chabalier et al., (1992) have .shown the efficiency of this
method using microearthquake data.

RMS EVOLUTION
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Fig.2. Mean rms of locations versus mean P-wave velocity between
0 and 15 Xm.

Table 1. Final P velocity model.

depth P velocity

0 - 4 km 4.8 km/s

4 - 7.2 km 5.2 km/a

7.2 - 8.2 km 5.8 km/s
8.2 - 10.4 km 6.1 km/s
10.4 - 15 km 6.3 km/s
15 -~ 30 km 6.5 km/s

In order to determine S-wave polarization directions a
selection of observations is necessary. A first selection
criterium imposed by the method, is that the incidence angle of
the ray path at the station should be sub-critical (less than
45'). Then, for the well-constrained fault plane solutions, we
checked that the S-wave polarities agreed with the focal
mechanism first found from P waves only. Some stations clearly
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recorded complicated S-waves for most events, indicating either
crustal anisotropy or complicated structure beneath the station.
When the anisotropy is clearly identified, we applied a
correction to the polarization to obtain the true S-wave
polarization direction. Then, using these directions and the P
first motion polarities, we calculated the new focal mechanism
by inversion.

We present here a selection of 47 representative fault plane
solutions (Fig. 5) among the 145 determined. These fault plane
solutions are consistent in each cluster. East-west normal fault
mechanisms are observed as expected, but also few strike-slip
mechanisms are present. We can subdivide the area in three parts:
the eastern part showing E-W trending normal faults dipping north
at 40-60° the western part showing also E-W trending normal
faults but with a plane dipping north at 15-30°% the central part
showing almost only strike-slip mechanisms. Thus, there seems to
be a change in the fault geometry at depth between the eastern
and the western part of the studied area with a transition 2zone
in the central part.
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Fig.3. Epicentral location map of the 850 best-located events of

August 1991.
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Fig.4. 2 examples of fault plane solutions. Black circles denote
P compressional polarities, open circles denote P
dilatational polarities.

INTERPRETATION AND DISCUSSION

To try to understand more precisely what happens, we show
three vertical cross-sections across the Gulf (Fig. 6) where the
seismicity and the focal mechanisms are projected on the vertical
plane of the sections. Most of the seismicity is confined between
depths of 4 and 12 km (to the west) and 15 km (to the east)
confirming the small thickness of the seismogenic layer.

On cross-section 1, we can clearly identify one plane of
seismicity dipping north at an angle of 35-40°. This plane, if
continued towards the surface, would crop out just north of
Aigion under the sea. The scarp that can be observed on shore in
the Aigion harbor most probably is part of this fault (Aigion
fault). The fault plane solutions of events located along this
plane show normal faulting with a nodal plane dipping north at
about the same angle (35-45°). The simplest interpretation is
that this plane represents a major fault plane. A cluster of
seismicity is located beneath the city of Aigion at a depth of
8 Km. Although no clear structure appears in this cluster, the
fault plane solutions are very consistent one with each other
with a nodal plane dipping north at an angle of 50°-65°, This
suggests that the cluster is located on a fault plane, dipping
north at 50°-60° and cropping out at the Helike fault. Figure 7
shows our interpretation of cross-section 1: the two identified
fault planes join themselves through a decollement surface at a
depth of around 15 Km.

Cross - sections 2 and 3 differ from cross-section 1: the
seismicity defines a plane dipping north at a very shallow angle.
This structure is confirmed by the fault plane solutions of
events which show normal faulting with a nodal plane dipping
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north at a shallow (7 15° angle. One hypothesis is that it
represents a decollement surface which continues eastward beneath
the Aigion area, but without seismic evidences.
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Fig.5. Map of the 47 best constrained fault plane solutions.

CONCLUSIONS
The analysis of the data obtained during the seismological
experiment carried out during the summer 1991, shows a main zone
of activity dipping north in the Patras-Aigion region. The
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Fig.6. Vertical cross-sections 1l(a), 2(b) and 3(c).

seismogenic layer appears to be at most 15 km thick. Both the
seismicity and the fault plane solutions, combined with the
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tectonic analysis, suggest a change of dip of the active
structure between the east (_ 50°) and the west (_ 20°) . The
eastern and western parts are separated by a transition zone with
strike-slip mechanisms that probably accomodate the relative
deformation between the two zones. One possible interpretation
is the existence of a decollement zone at 12-15 km depth on the
east becoming somewhat shallower on the west (7 8-12 km depth).
The presence of this flat active structure could explain the
small activity of the Psathopyrgos fault with a low topographic
relief (450 m).

Depth (Km)
o
I

Fig.7. Tectonic interpretation of the cross-section 1.
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