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Two main fault systems, the Hellenic Trench and the
North Aegean Trough, dominate the Eastern
Mediterranean, while the majority of the seismicity is
located along these tectonic zones. In the above
figure focal mechanisms of large (M25.8),
intermediate (4.5<M<5.8) and small earthquakes
(M<4.5) are presented with blue, purple and black
color, respectively. Earthquakes with magnitude
greater than 6 for the time period 1900-2008 are
shown with purple triangles in Fig. 1,.
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Figure 1: Seismotectonic map of: A) Greece,
B) Corinth Gulf broader area,
C) western Corinth Gulf.
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The Corinth Rift in Central Greece is one of the most seismically active regions in Europe. It is
characterized by normal faulting in an approximate E-W direction. The longest active tectonic zone
in Greece, known as the Hellenic Arc, is a subduction zone which starts W of Zakynthos island,
proceeds SE past Peloponnesus and S of Crete. In NW Peloponnesus, in the area between the
Corinth Rift and Zakynthos island, there is a transition zone of dextral strike-slip faulting. A M6.5
earthquake struck this very region on 8t June 2008, close to the city of Andravida. According to the
calculated focal mechanisms and in agreement to the field data, that earthquake had a SW-NE

direction and was a pure dextral strike-slip.

Four months before the occurrence of the Andravida earthquake, on February 4t 2008, two
moderate earthquakes “M4.6 triggered a seismic swarm about 40km NE of the epicenter of this
event. A known normal fault in the vicinity of the epicentral area is the Chalandritsa fault. It is
interesting that the calculated focal mechanisms of the 2 main events of this swarm show
dominant strike-slip. The fault plane possibly has a N-S strike. Under this consideration the rupture
was a sinistral strike-slip. This is not in agreement with the well-known normal faults of the area
which have a dominant E-W strike, thus it is an interesting case of transition between normal and
strike-slip faults.
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Figure 2: A) Cross-Correlation function, B) Symmetry of Cross-Correlation, C) Doublet waveforms,

D) Spectral Coherence versus time.

The LAKA station, installed by the University of Athens, is located about 15km N of this earthquake swarm. The
relatively small distance of this station permits the detection of many microearthquakes within the swarm, most
of which occur in small volumes and consist multiplet clusters. Such microearthquakes have similar seismic

parameters and thus produce similar waveforms when recorded at a station on the surface.

200

Figure 3: The Cross-Correlation Matrix.

400
Event ID

this case band-pass filtering between 2-20Hz seems appropriate.

The maximum value of the cross-correlation function of waveform pairs (Fig. 2,)
provides good means to estimate the similarity between waveforms that have been
recorded by the same station and component. The mean spectral coherence
between pairs of waveforms is another way to measure similarity. In Fig. 2 it is
shown that strong coherence between earthquake doublets appears in a limited
band of frequencies. This means that the waveforms must be properly filtered, in
order to permit the cross-correlation to provide valid results in the time domain. In

Fig. 3 presents the Cross-Correlation matrix. Each pixel represents an event pair, the

color shows the value of the waveform Cross-Correlation maximum, XC

max ’/

of the

corresponding pair of events. Each row or column represents the Event-ID which
increases downwards and rightwards, from the oldest to the latest event. Event pairs

with high XC, .,

groups also appear to be temporally separated from each other.

are mainly concentrated inside the boxes A, B and C. This result
shows a clear existence of at least 3 separate earthquake groups, each of which
consists of smaller multiplet clusters. Earthquakes in each square are generally
similar to each other but earthquake pairs outside these squares are not. These
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After the construction of the cross-correlation
matrix, events are grouped in multiplet clusters. A 25~
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dendrogram is constructed (Fig. 4,) by using the
‘nearest neighbor’ clustering algorithm. Depending
on the threshold value, C,,, different groupings of
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The double-difference method, implemented in the HYPODD
algorithm, was adopted in order to relocate hypocenters.
Catalog as well as Cross-Correlation differential time data
were used in order to achieve the best possible results.
Earthquakes with similar waveforms are bound together in
small multiplet clusters.

The preliminary results of the relocation process reveal two
spatially separated groups of events within the swarm and
another cluster to the NNE of the swarm, west of AlO station
(depicted with red color in Fig. 7). The temporal sequence
shown in Fig. 8 reveals the existence of foreshocks of the
second major event (EQ,) during the time-period B, right
after the occurrence of the first major event (EQ,). Activity
around EQ, appears to be triggered by EQ,. Hypocentral
depths vary between 15-19km.
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Figure 7: Multiplet Clusters: A) before relocation, B) after relocation. Colors represent different clusters. The major events are depicted as yellow stars
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Figure 15: Relocated seismicity of western Corinth gulf: A) time period 2000-2001, B) time period 2005-2006, C) time period between February 3™ — 5t 2008 (this study). Note the appearance of an earthquake swarm after M*\-\ M\-\
April 8t 2001 in subfigure A and the focal mechanism of its major shock (M =4.2). km S, km S|
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Comparison with the seismicity of the previous years in the same
region of western Corinth gulf (Fig. 15,5 c) shows little or no activity
around the epicentral area of the February 4th 2008 sequence. A
swarm that occurred between April and July 2001, with a major event
of M,=4.2 on April 8" 2001, indicated the re-activation of a
paleostructure in a direction almost perpendicular to the dominant
active normal faults of the area, dipping 40° NW. This claim is also
supported by the spatial distribution of the relocated hypocenters of
this swarm. The best fit plane of the spatial distribution has indeed a
roughly SW-NE direction, dipping NW.

The available local network data from the February 4t 2008 sequence
are, however, not enough for an accurate depth estimation and,
consequently, for the estimation of a fault plane based on the spatial
distribution. Epicenters lie outside of the local network and the
azimuthal coverage is poor. The relocation procedure helps to
minimize some location uncertainties but still needs good quality
primary location data to produce the best results. Since the
magnitudes of the two major shocks are almost identical and the
length of the horizontal distribution of the whole sequence is quite
large (almost 10km), this is not a case of a clear mainshock-aftershock
or foreshock-mainshock but most likely a case of two swarms on
separate faults, with lengths less than 4km.
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Fig. 16 shows the waveforms of the two major earthquakes
of the February 4th 2008 sequence, recorded on the vertical
component of the LAKA station. The full-waveform cross-
correlation maximum of the unfiltered traces is only 0.47.
The waveforms have been band-pass filtered between
1-20Hz, however this results to a lower XC,,, value of 0.35.
By correlating only the P-waves, XC_., rises only up to 0.38,
while the waveforms are aligned as shown in the close-up.

The lower panel of Fig. 16 reveals a pre-rupture stage on
the blue waveform that belongs to the first major shock,
lasting about 1sec. This may explain some uncertainties of
the manual locations of this event by several institutes, as
| the pre-rupture stage is usually unclear on the S-waves. On
iy 7 the contrary, it can be seen more easily on the P-waves and
\| taken as the first arrival. Both major shocks locations lie in
the vicinity of some clusters. However, in terms of
waveform similarity they do not belong to any of them.
il This is mainly due to the larger source duration that they
ol have in comparison to the rest of the microearthquakes.
Removal of the source effects is necessary in order to
observe any similarity.

30 35 4
time (sec)

time (sec)

Figure 16: Waveforms of the two major events of February 4th 2008
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Figure 17: Two different scenarios for the fault planes of the major shocks of the February 4" swarm in NW Peloponnesus. A) dextral strike-slip alighed in a WNW-ESE direction, parallel to the major active normal faults of
the area, B) sinistral strike-slip aligned in a roughly N-S direction, perpendicular to the major active normal faults of the area. The different colors of the epicenters represent different multiplet clusters. The epicenter and
focal mechanism of the mainshock of April 8t 2001 are also shown on the map.

The results of this preliminary study reveal that the swarm of February 4t 2008 in NW
Peloponnesus consists of two separate groups. The first earthquake occurred on the northern group
while the second earthquake occurred, about two hours later, on the southern group in a similar
depth of about 17km. Taking into account all the events in the NNW-SSE direction, the length of the
swarm is close to 10km, which is considered to be too long for a couple of moderate earthquakes, if
their fault planes are indeed almost perpendicular to the dominant active WNW-ESE normal faults.
Since this is not the case of mainshock/largest aftershock, two different scenarios are considered to
be probable. As depicted in Fig. 17, the first scenario (A) is that the strike of the rupture planes is
parallel to the known normal faults of the area. The second case (B) is that the fault planes are

aligned in a roughly N-S direction.

The anisotropy study performed in LAKA station reveals that the mean polarization direction
(N110°) is in agreement with the NNE — SSW direction of extension of the Gulf of Corinth and in
agreement with the Extensive Dilatancy Anisotropy (EDA) model. Finally, it is worth mentioning that
an important reduction of time delay values was observed immediately after the occurrence of the

first major event.

In addition to the swarm of February 4t 2008, microseismic activity was observed one day before
on another region, about 12km NE of the mainshock epicenter, near the station AlO of the Corinth
Rift Laboratory (CRL). The same area was activated after an M4.2 earthquake that occurred on April
8th, 2001. The calculated focal mechanism of that mainshock, as well as the hypocentral distribution
of the relocated aftershock sequence is also in contradiction with the known tectonic regime, as the
fault plane has N240°E strike and 40°NW dip. The waveforms of the events that belong to the
cluster that was formed on February 3™ 2008 present strong spectral coherence. Similar
observations had been made for the 2001 swarm.

Addition of data from more stations and process of a temporally wider sample covering the rest of
the sequence may produce a better image of this seismic swarm. However, it is clear that the
microearthquakes of the northern part of the February 4" 2008 swarm share similar source
parameters, while the similarity of waveforms from microearthquakes in the southern part is less
obvious. Consequently, the relocation process resulted to a tighter northern cluster and a more

widely spread southern cluster.




