
80 81

Δελτίο της Ελληνικής Γεωλογικής Εταιρίας τομ. XLVI, 81-94, 2012 Bulletin of the Geological Society of Greece vol. XLVI, 81-94, 2012

THE 2011 OICHALIA (SW PELOPONNESE, 
GREECE) SEISMIC SWARM: GEOLOGICAL AND 

SEISMOLOGICAL EVIDENCE FOR E-W EXTENSION 
AND REACTIVATION OF THE NNW-SSE STRIKING 

SIAMO FAULT

Ganas A.1, Lekkas E.2, Kolligri M.1, Moshou A.1, Makropoulos K.1,2

1Institute of Geodynamics, National Observatory of Athens, Greece, aganas@noa.gr 
2Department of Geology, University of Athens

Corresponding author, aganas@noa.gr   

ΕΔΑΦΙΚΕΣ ΔΙΑΡΡΗΞΕΙΣ, ΠΕΔΙΟ ΤΑΣΕΩΝ ΚΑΙ ΣΕΙΣΜΟΤΕΚΤΟΝΙΚΑ ΧΑΡΑΚΤΗΡΙΣΤΙΚΑ ΤΗΣ ΣΜΗΝΟΣΕΙΡΑΣ ΤΗΣ ΟΙΧΑ-
ΛΙΑΣ (2011, ΑΝΩ ΜΕΣΣΗΝΙΑ).

Γκανάς Α., Λέκκας Ε., Κολλίγρη Μ., Μόσχου Α., Μακρόπουλος Κ. 

Abstract
The Upper Messinia basin (Peloponnese, Greece) hosted a seismic swarm during 
the second half of 2011. The geological evidence (surface breaks striking N160°E), 
the seismological data (distribution of relocated earthquakes and T-axis orientation) 
and severe damage distribution are aligned along the eastern margin of the basin, 
so as they are attributed to reactivation of the bordering NNW-SSE normal fault. In 
particular, the rupture of the 14 August 2011 M=4.8 event is associated to the sur-
face breaks inside the village Siamo. The length of the reactivated fault is estimated 
as 7 ±1 km based on the longest dimension (NW-SE) of the swarm epicentres (June 
to October 2011). The mode of rupture of the Siamo fault is probably related to a) 
the change in stress field orientation from south to north inside the basin (from E-W 
extension in the Siamo – Katsaro area to N-S extension in the north of Oichalia area) 
and/or b) to the occurrence of magmatic fluids due to the proximity of Messinia to 
the Hellenic subduction. 
Keywords: earthquake swarm, normal faulting, hypoDD, Messinia, Greece

Περίληψη
Στην περιοχή της Άνω Μεσσηνίας (Πελοπόννησος) σημειώθηκε μία σμηνοσειρά σει-
σμών μικρού και μεσαίου μεγέθους, κατά το δεύτερο εξάμηνο του 2011. Οι σεισμοί 
έγιναν πάνω στο κανονικό ρήγμα ΒΒΔ-ΝΝΑ διεύθυνσης, το οποίο διέρχεται μέσα 
από το χωριό Σιάμο. Αυτό αποδεικνύεται από τα εξής στοιχεία α) την παράταξη και 
φορά κλίσης των εδαφικών διαρρήξεων που μετρήθηκε στο πεδίο (Β160Α, κλίση 
προς Δ) β) την χωρική κατανομή των επικέντρων της σεισμικής ακολουθίας και το 
αζιμούθιο του Τ-άξονα του μηχανισμού γένεσης του σεισμού της 14/8/2011 και γ) 
την χωρική κατανομή των βλαβών των τριών μεγαλυτέρων σεισμών της ακολουθίας, 
οι οποίες σημειώθηκαν στο ανατολικό περιθώριο της λεκάνης. Το μήκος του ρήγμα-
τος που έσπασε, υπολογίζεται στα 7 (συν-πλήν 1) km. Η σεισμική συμπεριφορά του 
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1. Introduction
Messinia (SW Peloponnese, Greece, 
Fig. 1) is one of the tectonically and seis-
mically most active areas of the Hellenic 
arc, because of its proximity to the Hel-
lenic trench where the African plate sub-
ducts beneath the Aegean microplate 
(Eurasia; Caputo et al., 1970; Papaza-
chos and Comninakis, 1971; Hatzfeld 
et al., 1989, 1990; Papanikolaou et al., 
2007). The convergent plate motion re-
sults in intense deformation of the crust 
and the release of stored elastic energy 
by seismic slip along large faults (e.g. 
Papazachos et al., 1991; Papoulia and 
Makris, 2004). A component of region-
al uplift is also present (Ganas and Par-
sons, 2009) because of the 3-5 times 
higher velocity of the overriding upper 
plate (Aegean) in comparison to the de-
scending African plate.
Both historical and instrumental data 
show that earthquakes in SW Pelopon-
nese are both strong and destructive. 
The most destructive ones are shallow 
events that are the result of elastic defor-
mation of the upper (Aegean Plate), as 
well as of plate convergence along the 
shallow part of the Hellenic arc megath-
rust. The intermediate earthquakes are 
due to the deformation of the subduct-
ing African Plate, as it descends beneath 
Peloponnese. The last major event was 
the 14 February 2008 M=6.7 earth-
quake offshore Methoni (Roumelioti et 
al., 2009) where the shallow part of the 
megathrust ruptured in a sequence rich 
of aftershocks that lasted almost one 
year. The most recent, onshore, disas-

trous earthquake was the 13 September 
1986 event (Lyon-Caen et al., 1988) that 
occurred on a N-S striking, W-dipping 
normal fault near the city of Kalamata. 
The region of Upper Messinia displays a 
complex neotectonic structure without a 
potential for large earthquakes (i.e. M>6, 
Papoulia and Makris, 2004). Previous 
moderate events include the 1 March 
2004 00:36 UTC normal-slip event to 
the North of Kalamata (Pirli et al., 2007; 
NOA local magnitude is M=5.0; Fig. 2) 
and the 16 September 2001 02:00 UTC 
M=5.1 event to the northwest of Meliga-
las (Papoulia and Makris, 2004; see Fig. 
1 for location, NOA local magnitude is 
M=5.2 at 37.29°N, 21.83°E, depth of 
5km).
During the second half of 2011 a seis-
mic swarm occurred inside the Upper 
Messinia basin (Fig. 2; Chouliaras et al., 
2013). The main events were on August 
14, 2011 (Moment Magnitude Mw=4.8; 
Fig. 2), September 14, 2011 (Mw=4.6) 
and on October 10, 2011 (Mw=4.7). This 
paper presents a) an analysis of seismo-
logical data collected by NOA, and b) 
geological observations from field work 
conducted in the swarm area during Oc-
tober 2011. The main point of our find-
ings was to identify the NNW-SSE strik-
ing, west-dipping plane as the 14/8/2011 
slip plane, whose rupture is associated 
to the surface breaks inside village Sia-
mo. A second point is the spatial corre-
lation of the June - October 2011 swarm 
occurrence to an area of nearly 90 de-
grees difference in crustal extension azi-
muth.  

ρήγματος του Σιάμου καθορίζεται είτε από την αλλαγή στο πεδίο τάσεων αμέσως 
βορειότερα της Οιχαλίας (από Α-Δ σε Β-Ν) είτε (μπορεί και σε συνδυασμό) από την 
ύπαρξη ρευστών στον μέσο/ανώτερο φλοιό λόγω της γειτονίας της Ελληνικής υπο-
βύθισης.  
Λέξεις κλειδιά: Σμηνοσειρά, Κανονικά ρήγματα, HypoDD, Μεσσηνία, Ελλάς
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Fig. 1. Neotectonic map of Southwest Peloponnese (modified after Ladas et al., 2004). 1: Holocene 
deposits, 2: Neogene-Quaternary continental deposits, 3: Neogene-Quaternary marine deposits, 4: 
Lacustine deposits, 5: Pre-neogene basement (Alpine units & Messinia conglomerates), 6: red lines with 
ticks represent active fault zones. Stars: Epicentres of moderate, onshore shallow earthquakes, on 2001 
near Meligalas M(NOA)=5.2 and on 2004 near Kalamata M(NOA)=5.0. The 1986 shallow earthquake 
epicentre is also shown near Kalamata. Yellow square box shows extent of Fig. 2 and Fig. 5a. Location of 
map with respect to the Hellenic arc is shown in lower inset box.
Eικ. 1. Νεοτεκτονικός χάρτης της Νοτιοδυτικής Πελοποννήσου (τροποποιημένος από Ladas et al., 2004). 
1: Αποθέσεις Ολοκαίνου, 2: Ηπειρωτικές Αποθέσεις Νεογενούς – Τεταρτογενούς, 3: Θαλάσσιες Αποθέ-
σεις Νεογενούς – Τεταρτογενούς, 4: Λιμναίες Αποθέσεις, 5: Προ-Νοεγενές Υπόβαθρο (Αλπικές ζώνες και 
Κροκαλοπαγή Μεσσηνίας), 6: ενεργά ρήγματα (δοντάκια στο κατερχόμενο τέμαχος), Αστεράκια: επίκε-
ντρα επιφανειακών σεισμών μεσαίου μεγέθους, το έτος 2001 στον Μελιγαλά (Μ=5,2) και το 2004 βόρεια 
της Καλαμάτας (Μ=5.0). Επίσης, σημειώνεται το επίκεντρο του σεισμού της Καλαμάτας (1986). Το κίτρι-
νο τετράγωνο δείχνει την έκταση των σχημάτων 2 και 5α. Κάτω δεξιά φαίνεται η περιοχή μελέτης πάνω 
στο Ελληνικό τόξο.

2. Geology
The geology of Messinia mostly compris-
es sedimentary rocks of the alpine oro-
genesis (Figure 1; Fytrolakis, 1971; Mari-
olakos et al., 1994; Ladas et al., 2004; 
Pavlopoulos et al., 2010). The nappe se-
quence consists of a relatively autochtho-
nous unit, the Tripolis unit, and an alloch-

thonous one, the Pindos unit. The Tripolis 
unit consists of neritic carbonates and 
flysch, outcropping mostly at the west-
ern part of Messinia. The Pindos unit oc-
cupies mainly the eastern part Messinia 
forming a classic nappe, which has over-
thrusted Tripolis from east to west direc-
tion. 
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Pindos unit is represented with the Tri-
assic clastic formation at the bottom of 
its stratigraphic column up to the Eo-
cene flysch at the top. The whole unit is 
intensively folded and faulted, forming 
successive thrusts of Oligocene motion 
(Pavlopoulos et al., 2010), cut by neo-
tectonic faults (post-Miocene) of normal 
kinematics. The post-alpine deposits can 
be distinguished into (a) marine, (b) ter-
restrial and (c) lacustrine formations. The 
marine deposits consist of marls, sand-
stones and conglomerates. They occur 
in all basins except in the land-locked ba-

sin of Upper-Messinia (Fig. 1). Their to-
tal thickness differs from place to place 
reaching 200m at a location near the city 
of Koroni, where the upper sequences of 
the marine deposits are of Early Pleisto-
cene age or younger (Mariolakos et al., 
2001). Early Pleistocene marine sedi-
mentation is also reported at the adja-
cent areas of Filiatra and Lower Messinia 
basin by Marcopoulou-Diacantoni et al. 
(1989, 1991). 
The neotectonic (post – Miocene) struc-
ture of Messinia is characterized by the 
presence of large grabens and horsts 

Fig. 2. Map of Messinia basins showing traces of major active faults (red lines) and focal plane solutions 
(beachballs; compressive quadrants in black) of the three main events of the 2011 seismic swarm, the 16 
September 2001 ML(NOA) 5.2 event (focal plane solution by E. Sokos) and the 1 March 2004 ML(NOA) 
5.0 event (USGS Moment tensor solution). Red rhombs near Siamo indicate the 14 August 2011 surface 
breaks. Blue triangle labeled ITM is the NOA broadband seismic station Ithomi.
Eικ. 2. Χάρτης των λεκανών της Άνω και Κάτω Μεσσηνίας με σημειωμένα τα ενεργά ρήγματα (ερυθρές 
γραμμές) και μηχανισμούς γένεσης (μπαλονάκια αντιπροσωπεύουν δίκτυα στερεογραφικής προβολής, 
τα τεταρτημόρια σύμπίεσης είναι μαύρα) των τριών κυρίων σεισμών της σμηνοσειράς του 2011, του 
σεισμού της 16/9/2001 (Μ=5,2, μηχανισμός από Ε. Σώκος) και της 1/3/2004 (Μ=5,0, μηχανισμός από 
USGS). Ρόμβοι ερυθρού χρώματος στο χωριό Σιάμο δείχνουν τις επιφανειακές διαρρήξεις που εμφανί-
στηκαν στις 14/8/2011. Το γαλάζιο τρίγωνο με ένδειξη ΙΤΜ δηλώνει τον ευρυζωνικό σεισμολογικό σταθμό 
της Ιθώμης (Εθνικό Αστεροσκοπείο Αθηνών, Γεωδυναμικό Ινστιτούτο).
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Fig. 3. Graph showing the magnitude distribution of the Oichalia 2011 swarm earthquakes (Gutenberg 
– Richter, 1944 relationship) with b=0.94 and Mc=1.7. b-value is the slope of the cumulative frequency-
magnitude distribution of earthquakes and Mc is completeness magnitude. The ZMAP software was used 
(Maximum Likelihood Estimate).
Eικ. 3. Διάγραμμα κατανομής του μεγέθους των σεισμών της σμηνοσειράς της Οιχαλίας (άξονας Χ) σε 
σχέση με το πλήθος εμφάνισης τους (άξονας Υ, σε λογαριθμική κλίμακα). Η ερυθρά γραμμή αντιπροσω-
πεύει την σχέση Gutenberg-Richter (1944) όπου η τιμή της παραμέτρου b=0,94 (υπολογίστηκε με την μέ-
θοδο της μέγιστης πιθανοφάνειας) και η τιμή του μεγέθους πληρότητας Mc=1,7. Για τον υπολογισμό της 
σχέσης έγινε χρήση του λογισμικού ZMAP.

bounded by wide fault zones, striking 
both N-S and E-W (Fig. 1). The main 
structures are (a) the Taygetos Mt horst, 
(b) the Kalamata (Lower Messinia) gra-
ben c) The Kyparissia graben, (d) the 
Kyparrisia Mts. horst, (d) the Vlahopoulo 
graben and (e) the Pylia Mts horst. The 
pattern and growth of these neotectonic 
units is complicated because of regional 
uplift (Ganas and Parsons, 2009), crus-
tal block rotation along horizontal axes 
(tilting) and normal fault development 
throughout Quaternary.

3. Seismological Data Analysis
The 2011 swarm started in April 2011 
and escalated after June 2011 with 
the occurrence of small – moderate 
size events inside the basin of Upper 
Messinia (Fig. 2). On 14 August 2011, an 
M=4.8, normal-slip event occurred near 
the town of Oichalia followed by hun-

dreds of aftershocks (Fig. 2). 
The epicentre of this event was relocat-
ed at 21.995 East, 37.239 North (see 
analysis below) with a depth of 6 km and 
a focal plane solution of 172°/50°/-78° 
(strike/dip/rake). A magnitude M=4.6 
normal-slip event also occurred on 14 
September 2011 (depth 5 km) and final-
ly, on 10 October 2011 one normal-slip 
event of M=4.7 occurred to the south 
of village Katsaros (Fig. 2; hypocentre 
depth 5 km). The focal mechanisms of 
the main events and other events with 
M≥4.0 were determined by the MT meth-
od. The moment tensor inversion method 
used data (waveforms) of 10 broadband 
stations equipped with three-component 
seismometers, from the Hellenic Uni-
fied Seismological Network (HUSN). The 
source parameters (Tab. 1) were calcu-
lated using regional waveforms at epi-
central distances less than 3°. 
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The preparation of the data includes the 
deconvolution of instrument response, 
followed by velocity integration to dis-
placement and finally the horizontal 
components rotated to radial and trans-
verse. Then the method uses the long 
period part of the signal to invert. Nod-
al plane 1 strike range is (Tab. 1) from 
N168°E to N195°E, dip range is from 
31° to 50° and rake angle range is from 
-44° to -91°(i.e. normal slip with a sin-
istral component). This NNW-SSE ori-
entation of the nodal planes matches 
the geomorphic expression of the ba-
sin-bounding normal fault to the east of 
Oichalia (Fig. 2) and is a clear indication 
of an indirect association of seismicity 
with surface geology. 
A statistical analysis of the seismic data 
from the NOA catalog (http://www.gein.
noa.gr/en/seismicity/earthquake-cat-
alogs) for the period June to October 

2011 indicated a b-value of 0.94 with a 
magnitude of completeness of Mc=1.7 
(Fig. 3; Mc is the minimum magnitude in 
which the catalog is complete, Wiemer 
and Wyss, 2000). The b-value is a meas-
ure of the relative number of small to 
large earthquakes that occur in a given 
area in a given time period and it is the 
slope of the frequency-magnitude dis-
tribution of earthquakes (Fig. 3; Guten-
berg and Richter, 1944, logN = a−bM). 
The b-value of 0.94 is close to average 
(1.0) for active tectonic areas (Frolich 
and Davis, 1993).
All earthquakes were relocated using 
the HYPOINVERSE (Y2000 version) 
and the HYPODD (Double Difference) 
algorithms, in succession. Phase data 
were available from the permanent seis-
mic network of NOA in HYPO71 (Lee 
and Lahr, 1972) format. For the region 
of our interest, we relocated 881 earth-

Fig. 4. a) Comparison of 1-D velocity model behavior regarding the depth distribution of the swarm 
hypocentres. Y-axis is number of events. The models are presented in Tab. 2b) Comparison of epicentre 
distribution after HypoDD relocation.
Eικ. 4. α) Γραφήματα σύγκρισης της κατανομής του βάθους των σεισμών της σμηνοσειράς συναρτήσει 
του μοντέλου ταχυτήτων (a) και της κατανομής των επικέντρων σε χάρτη (b) με χρήση των λογισμικών 
Hypoinverse & HypoDD.
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quakes, including the three main seis-
mic events, during the period 10/6/2011 
– 13/10/2011 (Fig. 4). The parameters 
of these earthquakes were initially de-
termined by the algorithm HYPO71, us-
ing the 1-D NOA velocity model (Tab. 2). 
Next step was the relocation of all seis-
mic events with the algorithm HYPOIN-
VERSE. During this procedure, no data 
were rejected. The main characteristic of 
HYPOINVERSE, that we exploited, was 
that every phase (P and S) is assigned 
a weight code that indicates the weight 
that the phase carries to the final solu-
tion. At this stage it was found that the 
so-called Patras velocity model behaved 
better in the depth estimation of hypo-
centres (Fig. 4a) as it fits better the infor-
mation provided by the focal plane so-
lutions of the 3 main events (6 km and 
5 km, respectively, a similar result was 

found by Ganas et al., 2009 in the case 
of Kato Achaia earthquake of 2008). 
Therefore, we suggest that the hypocen-
tres are distributed more towards the 
shallower depths than at deeper ones. 
The mean errors of the relocation pro-
cedure are the following: solution RMS 
0.52 s, epicentre horizontal error 1.78 
km and vertical error 4.16 km. The er-
rors are reasonable given that we used 
phase data from the unified seismologi-
cal network (HUSN) of Greece available 
at the NOA parametric database. Then, 
we continued with relocation of the seis-
mic events using the HYPODD algo-
rithm (Double Difference earthquake 
algorithm). The double-difference tech-
nique allows the use of any combination 
of ordinary phase picks from earthquake 
catalogs and/or high precision differen-
tial travel times from phase correction 

Fig. 5. (left) Map of central Messinia region showing relocated epicenters of the Oichalia earthquake 
sequence (period 10/6/2011-13/10/2011; 881 events) and (right) N65°E cross section. Stars denote the 
epicentres of the three main events. A high-angle, west-dipping fault plane (dashed line) is defined through 
the aftershock cloud which matches the nodal plane 1 of the 14/8/2011 solution (see Tab. 1). X symbol on 
the left (map) is point zero of the vertical section (right).
Eικ. 5. (Αριστερά) Χάρτης της κεντρικής Μεσσηνίας με την χωρική κατανομή των επικέντρων της σμηνο-
σειράς της Οιχαλίας (περίοδος 10/6/2011 – 13/10/2011, 881 σεισμοί) και (Δεξιά) κατακόρυφη τομή με 
αζιμούθιο Β65°Α. Η τομή περνάει από το σημείο Χ στον χάρτη (κέντρο στο 0). Τα αστεράκια δείχνουν τα 
επίκεντρα των τριών κυριών σεισμών. Το σεισμικό ρήγμα διακρίνεται με την διακεκομμένη γραμμή να δια-
σχίζει το πλήθος των υποκέντρων και ταιριάζει με το 1ο επίπεδο διάρρηξης του μηχανισμού γένεσης της 
14/8/2011 (δες Πίνακα 1). 
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of P- and/or S- waves (cross-correlation 
data). We only have phase picks avail-
able from the earthquake catalogs of 
the National Observatory of Athens. For 
the area of our interest, we have chosen 
the conjugate gradients method (LSQR, 
Paige & Saunders, 1982) and the 1-D 
velocity model of Tselentis and Zah-
radnik (2000; referred as Patras model; 
Tab. 2). Fig. 4b shows the comparison 
of epicentre distribution using Hypoin-
verse and HypoDD assuming a “Patras” 
velocity model. The length of the reacti-
vated fault is estimated at 7 (±1) km on 
the basis of the longest dimension (NW-
SE) of the seismic swarm during the pe-
riod June to October 2011. After 10 Oc-
tober 2011 seismicity spread further to 
the south reaching the village Arfara 
(Fig. 5). A vertical cross section through 
the swarm cloud shows that many re-
located hypocentres are nearly aligned 

along a high-angle, west-dipping fault 
(see black, dashed line in Fig. 5) while 
the focal mechanism of the 14/8/2011 
earthquake is also compatible with this 
interpretation because of its dip-slip kin-
ematics. The strike of the longest swarm 
dimension is between N160°E-N170°E 
and the strike of the cross-section is 
N65°E, i.e. ±5° from orthogonal. In the 
cross section it is imaged a west-dipping 
fault with a dip angle of about 60° which 
is close to the one determined by MT in-
version for the 14/8/2011 event (50°, see 
Table 1).

4. Geological and Seismotectonic 
observations
Most of 2011 swarm events occurred in 
the hangingwall of the large, NNW-SSE 
striking normal fault zone that bounds 
the Upper Messinia basin to the east 
(Fig. 1 and Fig. 2). 
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Fig. 6. a) Simplified geological map of Upper Messinia basin showing active faults (red lines), location 
of surface breaks (yellow arrows) and important towns and villages b) rose diagram of geological data 
collected in village Siamo on October 12, 2011 c) top-view of surface cracks along Siamo’s main road d) 
same as c but 100 m to the northwest, e) schematic cross-section A’B’ (see 6a for location) approximately 
normal to regional geological structure.
Eικ. 6. α) Απλοποιημένος γεωλογικός χάρτης της λεκάνης της Άνω Μεσσηνίας με σημειωμένα τα ενεργά 
ρήγματα (ερυθρές γραμμές), επιφανειακές διαρρήξεις (κίτρινα βελάκια), πόλεις και χωριά β) ροδοδιά-
γραμμα των γεωλογικών δεδομένων (αζιμούθιο εφελκυσμού) στην περιοχή του χωριού Σιάμο (οι μετρή-
σεις έγιναν τον Οκτώβριο του 2011) γ) άποψη από ψηλά των διαρρήξεων εντός του Σιάμου και πλησίον 
της εκκλησίας δ) διαρρήξεις περί τα 100 μέτρα προς τα βορειοδυτικά της εκκλησίας και ε) σχηματική 
τομή Α’Β’ περίπου κάθετα στην νεοτεκτονική δομή.

During October 2011 we conducted field 
reconnaissance studies and we mapped 
surface cracks in the area of village Sia-
mo (Fig. 6a), aligned in a NNW-SSE di-
rection. The breaks were formed imme-
diately after the 14 August 2011, 01:05 
UTC (M=4.8)  event according to local 
reports and were discontinuous, en-
echelon and about 500 m long, extend-
ing both to the north and to the south 
of the village. The average strike of the 
surface breaks were N160°E ± 5°. We 
found no cracks inside village Katsaro 
despite the intensity of earthquake shak-
ing as reported by the locals. The breaks 
inside the village Siamo were measured 
for their attitude (Fig. 6b, 6c; strike, ap-
erture, throw, opening azimuth). Most 
breaks exhibit minor throw (0.1-3 cm) to 
the west. In Fig. 6b we plotted a rose di-
agram of the field data containing pairs 
of opening azimuth, aperture (in cen-
timeters), using a 10-degree bin sector 
width, on a grid going out to radius = 5 

cm in steps of 1 cm. The mean opening 
azimuth of the surface breaks is N63°E. 
This direction is approximately normal 
to the mean orientation of the aftershock 
cloud (N160°E – N170°E) and approx-
imately normal to the imaged normal 
fault (Fig. 5). The geological evidence 
(i.e. N63°E) is also in close agreement 
with the T-axis orientation (azimuth 73°, 
plunge 4°) of the moment tensor solution 
for the 14 August 2011 event 172°/50°/-
78° (strike/dip/rake; Tab. 1). 

5. Discussion
A first important observation is the kin-
ematics and orientation of the seismic 
faulting. Both seismological (Fig. 5) and 
geological data (Fig. 6) point out that the 
reactivated structure is one of the major 
normal faults of Upper Messinia, cross-
ing the village Siamo. Of particular im-
portance is the strike of the seismic fault 
(N160°E-N170°E) as this area is well 
known for the change in extension direc-
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tion of present-day deformation (Mario-
lakos et al., 2001; Papoulia and Makris, 
2004; see Fig. 1 for a map of major nor-
mal faults in south – central Pelopon-
nese). The severe damage distribution 
(communicated to us by the local au-
thorities) is also aligned along the east-
ern margin of the Upper Messinia basin 
(villages Siamo and Katsaros; Fig. 2), so 
as they are attributed to seismic motion 
along the bordering NNW-SSE normal 
fault crossing Siamo.
A second important observation is the 
release of elastic, stored energy by a 
seismic swarm and not by the occur-
rence of a single moderate event. We 
recovered local newspaper articles 
from 1917 reporting swarm-type seis-
micity events felt by the Oichalia popu-
lation, that we confirmed by looking at 
NOA Bulletins. Although we have no ad-
equate information on this fault’s seis-
mic history (from palaioseismology or 
historical earthquake catalogs) we be-
lieve that the mode of rupture of the Sia-
mo fault is mostly by the episodic occur-
rence of seismic swarms or by moderate 
events not exceeding M=5.5. This up-
per magnitude threshold is derived from 
the longest dimension of the swarm (7 
± 1 km) by using the Papazachos et al. 
(2004) global formula: Log L = 0.50 M 
- 1.86 (σ=0.13). This behavior may be 
characteristic for this area of Pelopon-
nese as it is well-known that the seismic 
potential of the normal faults to the south 
of Oichalia towards Kalamata town, as 
well as to neighbouring areas like Mega-
lopoli, Messini, Kyparissia (see Fig. 1 for 
location) etc is in the range of 6<M<6.5.  
This notable difference in the seismic po-
tential is due to one of the following: a) it 
may be related to the change in the ori-
entation of the stress field immediately 
to the North of Oichalia – Siamo villages 
(Fig. 2; from E-W extension to N-S exten-

sion; the 16/9/2001 focal plane solution 
indicates an E-W striking normal fault, 
E. Sokos personal communication), as 
suggested by the E-W bounding faults 
of mountains Tetrazio and Lykaio (Fig. 1) 
and a pattern change in regional strain 
as described in previous works (e.g. Pa-
pazachos et al., 1998 for seismological 
data and Kokkalas et al., 2006 for neo-
tectonic data), therefore, the Oichalia 
area comprises a transitional stress field 
region (σ3 may rotate by 70-90°) where 
strain cannot accumulate along large 
normal faults and where earthquake 
ruptures may be moderate in size (mag-
nitudes not exceeding M=5.5) and/or b) 
may be the occurrence of fluids at high 
levels in crust (10 – 20 km depth) due to 
the proximity of Messinia to the Hellenic 
subduction. Fluids and gases may origi-
nate from a magmatic source below the 
crust of Messinia as the Nubia Plate sub-
ducts beneath Peloponnese. Such fluids 
may reduce normal stress levels along 
existent normal faults, thus, modulating 
elastic strain energy release by frequent 
small and moderate events, usually 
characterized by a hypocentre migra-
tion in time and space (e.g. Hayashi and 
Morita, 2003; Hainzl, 2004). We cannot 
differentiate at this point between the 
mechanisms (rheology vs. strain) and 
to suggest an explanation why swarms 
repeatedly exist in the Oichalia area, as 
we need more seismological data from 
local networks and seismic tomography 
images to look for possible fluids.

6. Conclusions
1.	 The rupture of the 14 August 2011 

M=4.8 event is associated to the sur-
face breaks inside village Siamo. The 
breaks were discontinuous, en-eche-
lon and about 500 m long. All breaks 
are oriented N160°E (NNW-SSE) and 
exhibit minor throw (0.1-3 cm) to the 
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west.
2.	 The severe damage distribution is 

aligned along the eastern margin of 
the Upper Messinia basin, so as they 
are attributed to the reactivation of 
the bordering NNW-SSE normal fault.

3.	 The opening azimuth of the surface 
breaks is N63°E. This orientation 
of strain is close to the T-axis azi-
muth (N73°E) of the 14 August 2011 
M=4.8 event. 

4.	 The length of the reactivated fault is 
estimated to 7 ±1 km on the basis of 
the longest dimension (NNW-SSE) of 
the seismic swarm during the period 
June to 10 October 10, 2011.

5.	 The mode of rupture of the Oichal-
ia seismic fault is related to a) the 
change in stress field orientation, im-
mediately to the North of Oichalia 
town (Fig. 1; from E-W extension to 
N-S extension) as this area compris-

Tab. 1. Focal mechanisms of nine (9) M≥4.0 earthquakes of the Oichalia seismic swarm determined by 
moment tensor inversion.
Πίν. 1. Κατάλογος των μηχανισμών γένεσης εννέα (9) σεισμών με μέγεθος ίσο ή μεγαλύτερο του Μ=4,0. 
Ο προσδιορισμός έγινε με αντιστροφή του τανυστή σεισμικής ροπής.

Tab. 2.1-D Velocity models used in relocation
Πίν. 2. Οι τιμές των μοντέλων ταχυτήτων που χρησιμοποιήθηκαν στον επαναπροσδιορισμό των υποκέ-
ντρων της σμηνοσειράς.
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es a transitional stress field region in 
SW Peloponnese where earthquake 
ruptures may be moderate in size 
(magnitudes not exceeding M=5.5) 
and/or b) to the occurrence of fluids 
at high levels in the crust of Messinia 
due to the proximity of this area to the 
Hellenic Subduction.
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