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Abstract  

The June 2008, Mw6.4 Achaia-Ilia earthquake was the first recorded dextral strike-
slip event of considerable magnitude in western Peloponnese, which, nevertheless, 
could not be related to any of the known/mapped structures at the ground surface. 
Published locations of the mainshock focus by various agencies/researchers differ 
by as much as 6 km and 16 km in the horizontal and vertical dimensions, respective-
ly, making even more difficult the accurate siting of the seismogenic fault. However, 
the 2008 earthquake provided a valuable set of near-fault strong motion data, which 
could shed some light on the problem of accurately locating the earthquake source. 
To this end, we use the discrete wavenumber method to forward model the strong 
ground motion records at three stations, located close to the prolongation of the 
2008 strike. We test different locations and lengths for the ruptured plane and com-
pare synthetic polarities and amplitudes of the first strong S-wave pulse to actual 
data. We conclude that the line of maximum moment release (our fault models are 
vertical planes) during the 2008 earthquake is located to the east of the imaginary 
line connecting stations PAT2 and AMAA and to the west of station PYR1.  
Key words: Andravida, Western Greece, acceleration. 

Περίληψη 

Στην παρούσα εργασία γίνεται χρήση των καταγραφών της επιτάχυνσης του σεισμού 
του 2008 (Mw6.4), που εκδηλώθηκε στη συνοριακή περιοχή των νομών Αχαΐας-
Ηλείας, προκειμένου να προσδιοριστεί με μεγαλύτερη ακρίβεια η θέση του 
σεισμογόνου ρήγματος. Ο σεισμός αυτός είναι ο πρώτος με σημαντικό μέγεθος που 
παρείχε ενόργανες αποδείξεις για τη δράση μεγάλων δεξιόστροφων ρηγμάτων 
οριζόντιας μετατόπισης στη Δυτική Πελοπόννησο. Λόγω, όμως, της έλλειψης σαφούς 
επιφανειακής εκδήλωσης της ρηξιγενούς δομής, η θέση και οι διαστάσεις της έχουν 
προσδιοριστεί μόνο έμμεσα και κατά κύριο λόγο από τη χωρική κατανομή των 
επικέντρων της μετασεισμικής ακολουθίας. Ωστόσο, ο προδιορισμός των σεισμικών 
επικέντρων στη συγκεκριμένη περιοχή της ελληνικής επικράτειας εμπεριέχει 
σημαντικά σφάλματα, γεγονός που αποτυπώνεται στις διαφορές των δημοσιευμένων 
λύσεων για τον κύριο σεισμό της ακολουθίας που είναι της τάξης των 6 και 16 χλμ 
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στην οριζόντια και κατακόρυφη διεύθυνση, αντίστοιχα. Με τη μέθοδο των διακριτών 
κυματαρίθμων και την προσομοίωση των καταγραφών της επιτάχυνσης σε τρεις 
σταθμούς, κατά μήκος της παράταξης του ρήγματος αλλά σε αντίθετες κατευθύνσεις, 
εξετάζονται διαφορετικά σενάρια για τη θέση και το μήκος της ρηξιγενούς δομής. Από 
τη συγκριτική εξέταση των αποτελεσμάτων των σεναρίων και των πραγματικών 
καταγραφών προκύπτει ότι η γραμμή μέγιστης έκλυσης της σεισμικής ροπής (τα 
μοντέλα της πηγής είναι κατακόρυφα επίπεδα) κατά την εκδήλωση του σεισμού του 
2008 βρίσκεται ανατολικά της νοητής γραμμής που συνδέει τους σταθμούς PAT2 και 
AMAA και στα δυτικά του σταθμού PYR1. 
Λέξεις κλειδιά: Ανδραβίδα, Δυτική Ελλάδα, επιτάχυνση. 
 

1. Introduction  

On June 08, 2008 an Mw6.4 earthquake shook the Achaia-Ilia prefectures in NW Peloponnese 
(Greece). This event attracted the interest of many researchers not only because of its impact (two 
deaths, hundreds injured, small to significant damage to masonries and life-lines; e.g. Margaris et 
al., 2010) but also because it was the first recorded dextral strike-slip event of considerable 
magnitude in this part of Greece. Shortly after the earthquake, it was concluded that the rupture did 
not reach the surface and the seismogenic fault could not be related to any of the known, mapped 
structures (Koukouvelas et al., 2010).  

The 2008 Achaia-Ilia earthquake has been the subject of numerous scientific studies (e.g. Ganas et 
al., 2009; Gallovic et al., 2009; Feng et al., 2010; Konstantinou et al., 2010, 2011; Margaris et al., 
2010; Papadopoulos et al., 2010; Zahradnik et al., 2010). Most of the aforementioned studies tend 
to converge on the idea that a deep, newly formed right lateral strike-slip fault zone has started 
taking the deformation in NW Peloponnese in a way similar to the Cephalonia transform fault. A 
different opinion is given by Konstantinou et al. (2011), who found that the 2008 seismogenic 
fault was significantly different in orientation (by 68◦) with respect to the maximum principal 
stress axis in NW Peloponnese. This finding argues against the birth of a new fault and thus 
Konstantinou et al. (2011) relate the 2008 event to a pre-existing structure that was reactivated in 
an over-pressured lower crust. The most recent, pertinent to the 2008 earthquake, study, which 
performs a crustal anisotropy analysis (Giannopoulos et al. 2012) favors the latter opinion.         

Scientific controversy is not restricted to the geological age of the ruptured fault; it also extends to 
routine earthquake locations. A characteristic example is the comparison of the absolute locations 
of the aftershock sequence of the 2008 earthquake in two independent studies i.e. Gallovic et al. 
(2009) and Konstantinou et al. (2010) (Figure 1). Although both research teams performed 
relocation techniques, the independently computed aftershock clusters appear clearly separated in 
space with a mean shift between clusters of the order of 2 km. Of course, such a difference lies 
within the expected uncertainties in earthquake locations, which are quite large in this part of 
Greece due both to the complicated earth structure and the lack of seismological stations to the W-
NW (i.e. in the Ionian Sea). Differences in mainshock location solutions are not smaller. In fact, 
published locations differ by as much as 6 km in the horizontal direction and 16 km in the vertical.  

Since the 2008 earthquake appears to significantly alter/complement the pre-existing scientific 
knowledge of the on-going seismotectonic processes in NW Peloponnese, its source characteristics 
are of great importance. In the present study we put additional constraints on the location of the 
2008 seismogenic source and its dimensions by exploiting information carried in near-fault strong 
ground motion recordings. The discrete wavenumber method is used to simulate acceleration 
waveforms recorded in the vicinity of the 2008 earthquake. We test several models incorporating 
different locations and lengths of the seismogenic fault. The optimum location is the one that 
reproduces the recorded low-frequency signal polarities and amplitudes of strong ground motion. 
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Figure 1 – Regional map showing relocated epicenters of the 2008 Achaia-Ilia earthquake 
(star symbols) suggested by different researchers and aftershock locations as computed by 

Konstantinou et al. (2010; dark grey solid circles) and Gallovic et al. (2009; open black 
circles). The locations and acceleration waveforms (one of the horizontal components) of 

stations PAT2, AMAA and PYR1 are also shown. Thick white lines, continuous and dashed, 
indicate the surface projections of the four tested source models.   

2. Strong Ground Motion Data 
The 2008 earthquake was recorded by 27 strong motion stations (Margaris et al., 2010), nine of 
which were located at relatively close distance (<50 km) from the seismic source. Among the lat-
ter, six stations are clustered in the city of Patras. In the present work, we selectively deal with the 
recordings at stations PAT2 (among the six stations installed in Patras), AMAA and PYR1, which 
are located along the line of the rupture, at opposite directions with respect to the 2008 epicenter 
(Figure 1). Information on the strong motion stations used herein is provided in Table 1.  

Prior to any processing, data were carefully checked for polarity reversals. Original acceleration 
records were integrated to velocity without applying any filtering in order to preserve all infor-
mation at low frequencies. The velocity waveforms at the three examined stations, PAT2, AMAA 
and PYR1, are plotted in Figure 2. Transverse component at station PAT2 appears quite simple 
with one dominant low-frequency pulse, while corresponding recordings at stations AMAA and 
PYR1 show larger complexity with at least three distinct pulses. At a first glance, one could con-
clude rupture directivity toward the north, where PAT2 station is located. 
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Table 1 - Information on the three accelerograph stations used in this study. Orientations 
(LVT, modified LVT as used in SMA-1) have been converted to XYZ for reasons of 

uniformity (positive polarity i.e. positive output for positive acceleration). 

Station 
Code Location Lat 

(N) 
Lon 
(E) 

Az 
(X) 

PHA 
(g) 

Az 
(Y) 

PHA 
(g) Operator* 

AMAA Amaliada 37.795 21.350 280** 0.244 190** 0.241 NOA 

PAT2 
Patra – 
Agios 

Dimitrios 
38.238 21.738 15 0.091 285 0.100 ITSAK 

PYR1 Pyrgos 37.670 21.438 80 0.085 350 0.056 ITSAK 
 * NOA: National Observatory of Athens; ITSAK: Institute of Engineering Seismology and Earthquake 
Engineering. 
** Revised orientation of AMAA instrument was provided by I. Kalogeras of NOA (personal 
communication). 

 
Figure 2 – Velocity records at the two horizontal components of stations PAT2, AMAA and 
PYR1. Originally recorded accelerograms have been integrated to velocities and rotated to 
obtain the fault-parallel (Radial; left) and fault-normal (Transversal; right) components of 

ground motion.    

3. Investigating Different Source Scenarios 
3.1. Method 
The method used to simulate observed ground motion at stations PAT2, AMAA and PYR1 is the 
Discrete Wavenumber Number (DWN) originally introduced by Bouchon and Aki (1977) and 
extensively reviewed in Bouchon (2003). For reasons of space economy, we do not include a 
description of the DWN herein and, thus, the reader is referred to the aforementioned studies. 

3.2. Application and Results 
We tested four different fault models, which were defined based on the two different pictures of 
the relocated 2008 sequence, as suggested by Gallovic et al. (2009) and Konstantinou et al. (2010). 
The surface projections of the four fault models (all of them considered to be vertical and with a 
strike of 211°) are shown in Figure 1. Apart from different location, we also investigated different 
fault lengths, L, i.e. by including or not the northernmost cluster of afteshocks, which appears to 
deviate from the strike suggested by the moment tensor of the 2008 mainshock. Details on the 
geometry of the tested models are summarized in Table 2. 

In all our applications rupture velocity, Vr, was considered equal to 3.0 km/sec, i.e. close to 80% of 
the S-wave velocity at the depth of the hypocentre and identical to the value used in Gallovic et al. 
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(2009). Dislocation rise time was taken to be equal to 10% of the total rupture duration (Heaton, 
1990), T, where T=L/Vr. Average slip varied depending on the dimensions of each fault model, 
although in all cases total slip (mean slip × fault surface) was constant.  

Table 2 - Parameters of the four fault models (Figure 1) tested in the present study. 

 MODEL1 MODEL2 MODEL3 MODEL4 

Location  37.89N – 21.44E 
38.01N – 21.53E 

37.89N – 21.44E 
38.12N – 21.62E 

37.87N -21.47E 
37.99N – 21.56E 

37.84N – 21.45E 
38.16N – 21.70E 

Length (km) 16 30 16 42 
Depth of top 
of fault (km) 15  15 15 15 

Depth of 
bottom of 
fault (km) 

30 30 30 30 

No of 
subfaults 

(strike×dip) 
16×15 30×15 16×15 42×15 

Focal Depth 24 24 24 24 
Subfault of 
hypocentre 
along strike 

11 25 9 29 

Rupture 
Velocity 
(km/sec) 

3.0 3.0 3.0 3.0 

Rise time 
(sec) 0.5 1.0 0.5 1.4 

 

In Figures 3, 4 and 5, we present the results from all four tested models and for the two horizontal 
components of ground velocity at stations PAT2, AMAA and PYR1, respectively. The main 
conclusions drawn from the comparative study of these Figures are the following: 

 Model 1 is the only one among the four tested models that places stations PAT2 on the 
western, northward moving part of the fault. The result is that the synthetic S-wave pulse in 
the radial component (Figure 3b) is negative, i.e. of reversed polarity compared to 
observations. Thus, the true location of the seismogenic fault is to the east of model 1. 

 Overall, amplitude and shape of the S-wave pulses at the three examined stations are better 
fitted with models 1 and 3. Models 2 and 4 include larger rise time (because of the 
proportionality of this quantity with the rupture length, which is quite larger in models 2 
and 4) and result in longer period S-wave pulses. 

 Duration of observed records seem to require rupture length greater than 16 km assumed in 
models 1 and 3. However, larger length should then be combined with values of rise time 
much smaller than those predicted by empirical equations (Heaton, 1990), i.e. the 2008 
would be unusually fast. In fact, Feng et al. (2010) concluded that the studied event was 
unusually strong in terms of high-frequency energy. 

 Although the transversal component is overall well fitted by models 1 and 3, the radial 
component shows poorer fit. Among the many factors that affect the amplitude of this 
component, is the distance of the station from the fault on the perpendicular to the strike 
direction. For example, the radial component of PYR1 (Figure 5b) in model 3 is over-
predicted and this implies that the station should be closer to the true fault (closer to nodal) 
than it is in the specific model. The opposite is observed in Figure 3b, i.e. at the radial 
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component of PAT2. Assumed location of PAT2 relative to the fault of model 3 is 
obviously too small, resulting to very low amplitudes in the synthetic waveforms.  

  

  
      (a)         (b) 

Figure 3 – a) Comparison of observed velocity at the transversal component of station PAT2 
with synthetic waveforms based on four different fault models (Figure1, Table 2). All wave-

forms are high-pass filtered at 0.08 Hz. b) Corresponding results for the radial component at 
station PAT2. 

  
      (a)         (b) 

Figure 4 – a) Comparison of observed velocity at the transversal component of station 
AMAA with synthetic waveforms based on four different fault models (Figure1, Table 2). All 
waveforms are high-pass filtered at 0.08 Hz. b) Corresponding results for the radial compo-

nent at station AMAA. 

Keeping in mind the aforementioned conclusions, we tested several other locations of the fault 
model and achieved, by trial and error, the best overall match between synthetic and observed 
amplitudes in all three components of ground motion. The most important constraint comes from 
the amplitude of the initial S-wave pulse in the radial components of the three examined stations. 
To optimally reproduce strong motion amplitudes at all three stations, a shift of our fault model 
further to the east is required i.e. further away from stations PAT2 and AMAA and closer to 
station PYR1. Our best synthetics are compared to observed acceleration time histories in Figure 6. 
We should once more note that we focus on reproducing the rough shape and amplitude of the 
initial S-wave pulse in each record. The location of the 2008 seismogenic fault, as constrained by 
the near-fault strong motion data, is shown in Figure 7.  
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      (a)         (b) 
Figure 5 – a) Comparison of observed velocity at the transversal component of station PYR1 
with synthetic waveforms based on four different fault models (Figure1, Table 2). All wave-

forms are high-pass filtered at 0.08 Hz. b) Corresponding results for the radial component at 
station PYR1. 

 
Figure 6 – Comparison of observed and synthetic velocity time histories from our preferred 
location of the 2008 seismogenic fault (Figure 7) at stations PAT2 (top), AMAA (center) and 

PYR1 (bottom). 

4. Conclusions – Discussion 
The 2008 Achaia-Ilia earthquake undoubtedly changed the so-far existing knowledge on the 
seismotectonic processes in the area of NW Peloponnese. It comprises the first dextral strike-slip 
earthquake of considerable magnitude that has been recorded from this part of Greece and 
provides further evidence for the possible existence of a second transform fault zone that 
accommodates the relative motion between Apulia and Aegean plates, similarly to the Cephalonia 
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transform fault zone to the west. However, the imprints of the 2008 earthquake on the ground 
surface were limited and its role on the general seismotectonic setting can be revealed only 
through detailed studies of its source rupture characteristics. 

 
Figure 7 – Regional map showing the main tectonic structures of the 2008 epicentral area 
and 2008 surface ruptures (white lines) (reproduced from Figure 2 of Koukouvelas et al., 
2010), and the herein constrained location (black thick line) of the 2008 seismogenic fault. 
Black dots denote areas of rock falls or liquefaction phenomena observed during the 2008 

event (Margaris et al., 2010; Papadopoulos et al., 2010). 

In this work we put additional constraints on the exact location of the 2008 seismogenic source 
through forward modeling near-fault strong motion data. We emphasized on correctly reproducing 
the theoretically expected sign and overall shape of long-period S-wave pulses. We conclude that 
the 2008 seismogenic fault (i.e, major moment release) is located to the east of stations AMAA 
and PAT2 and to the west of station PYR1. A preferred fault location is at approximately 8 km to 
the east of the imaginary line connecting stations AMAA and PAT2. This is very close to the 
limited surface ruptures mapped to the east of Pinios reservoir, close to the village of Valmi, by 
Koukouvelas et al. (2010), and, also close to the area where the majority of other ground failures 
i.e. rockfalls and liquefaction phenomena were observed. However, it must be clearly stated that in 
using the amplitude of the S-wave pulse to constrain the fault location, we assume the theoretically 
expected near-extinction of the radial displacement at near-nodal locations. However, this does not 
really occur in the real earth because crustal heterogeneities make the ray paths deviate from 
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straight lines and thus the ~8 km distance should be considered as an upper limit in our 
computations.  

Although relative results are not presented herein, our analysis favors a fault that slipped at depths 
larger that 10-15 km. This last finding is in accordance with the lack of surface expression of the 
fault (Koukouvelas et al., 2010) and the absent or limited permanent ground deformation in the 
broader epicentral area (Feng et al., 2010; Papadopoulos et al., 2010). Regarding the length of the 
rupture, we found that models of 16 km length sufficiently reproduce the salient features of the 
recorded motions. However, the overall duration of observations is better matched when the 
assumed length exceeds 30 km. To better constrain the length of the ruptured area, more detailed 
modeling of the source, including inhomogeneous distribution of slip, is required.  
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