THE 2013 EARTHQUAKE SWARM IN HELIKE, GREECE: A
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The Corinth Rift in Central Greece has been studied extensively during the past decades, as it is one of
the most seismically active regions in Europe. It is characterized by normal faulting in an approximate
WSW-ENE direction with an extension rate increasing from east (~6 mm/yr) to west (~14 mm/yr)
(Billiris et al., 1991; Briole et al., 2000). The western Corinth gulf has been the site of significant
earthquakes in the past, the most recent being the Ms=6.2 earthquake which struck the city of Aigion
on 15 June, 1995 (Bernard et al., 2006). The Corinth Rift Laboratory (CRL) local seismological
network has been operating since 2000 in the region, recording thousands of earthquakes per year,
with magnitudes as low as M≈1 (Lyon-Caen et al., 2004; Lambotte et al., 2014). Real-time telemetry
has been established in the recent years enabling the automatic detection and location of current
seismicity (http://crlab.eu).
On 21 May 2013, an earthquake swarm was initiated with a series of small earthquakes in the
region of river Selinountas, below the West Helike fault (Bernard et al., 2006). In the next days the
seismic activity became more intense, with outbursts following several stronger events of magnitude
between 3.3 and 3.7. The largest ones have occurred during 22-31 May in the central part of the
swarm’s epicentral region. The seismicity migrated towards the East during June and then activated
the western part, starting on July 15th. Previous results from instrumental data indicate that
approximately the same region had been activated during July-August 1991 (Rigo et al., 1996). The
availability of the dense permanent seismological network permits a detailed analysis of this crisis and
a better understanding of the earlier events.
More than 1500 events have been detected and manually analysed during the period between
21 May and 31 August 2013, using over 15 local stations in epicentral distances up to 30km, including
stations of the CRLNET, the Hellenic Unified Seismological Network (HUSN) and a temporary
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station at Helike (HELI) which was installed on the 23th of May. A local velocity model was
determined by applying a mean travel-time residuals and location uncertainties minimization
technique (Kissling et al., 1994; Papadimitriou et al., 2010), which yielded better constrained
hypocentral locations. A comparison of initial locations derived by the algorithm HYPOINVERSE
(Klein, 1989) reveals that the focal depths range is similar with both models; however, the dispersion
and location/RMS errors with the old one are larger. The differences of hypocentral locations between
the two results become less evident once station corrections are applied.
Following, multiplet analysis was carried out by constructing a combined cross-correlation
matrix based on full waveform recordings from two local stations, namely LAKA and TEME.
Similarity-based clustering was performed using the nearest neighbour method on the contents of the
matrix, which resulted in several distinct multiplets for different parts of the earthquake swarm. In
order to minimize location uncertainties and provide a sharper image of the spatial distribution, a highresolution relocation procedure was performed using the double-difference algorithm HYPODD
(Waldhauser and Ellsworth, 2000), by incorporating both catalogue and cross-correlation differential
travel-time data (Kapetanidis and Papadimitriou, 2011). The relocation separated the initial seismic
cloud to several smaller densely concentrated spatial clusters of strongly correlated events. The
hypocenters are constrained in a volume which extents ~7km EW and ~2km NS, while the focal
depths range between 8km and 10km. The spatial distribution reveals a complex geometry which
cannot easily be related to the superficial traces of known faults.
Waveform modeling with ISOLA code (Sokos and Zahradnik, 2008) was used to calculate the
moment tensor solution for 16 of the largest events. Azimuths and angles of emergence from the
relocated foci were used for the determination of focal mechanisms by first-motion polarities to
enlarge the focal solution dataset to over 100 events. The solutions are mainly in agreement with the
regional NNE-SSW extension. Selected mechanisms of events belonging to common spatial groups
were considered for the calculation of composite mechanisms in order to characterize different parts of
the fault surface geometry.
Moment magnitudes were calculated by spectral analysis of both P- and S-waves. The
associated Gutenberg-Richter law suggests a b-value of ~1.1 between the completeness value of 1.5
and 3.5, but with a deficit in the larger magnitude events that can be interpreted as a variation of the bvalue between smaller magnitudes (1.5 to 2.8) and larger ones (2.8 to 3.7).
The spatio-temporal analysis reveals the complex history of the seismic swarm and, in
association with the distribution of multiplets, can aid in better understanding the fault geometry at
depth. The swarm occurred at a place where the NNE-dipping Pyrgaki normal fault, outcropping
~8km to the south, and the NW-dipping Kerinitis fault probably meet and seems to have activated
both faults at depth, at the root of the Pyrgaki fault, where it intersects with the microseismic layer
documented more to the north, near the rift axis (Lambotte et al., 2014). The clear eastward migration
of the epicenters during June implies triggering by fluids. The situation appears differentiated in the
second part of the swarm, after July 15th, which illuminates almost uniformly one or two parallel
structures west of the initiating point of the activity. The hypocenters are distributed in a curved fault
surface or a junction of two neighbouring normal faults, with the central-eastern part dipping NNE,
while the westernmost part, which was mostly activated after July 15th, apparently dips NW. Evidence
for earthquakes occurring on the detachment zone at a depth of ~9km has also been found in a series
of mechanisms with a sub-horizontal nodal plane, dipping slightly towards the North.
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