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ABSTRACT The area of SW Peloponnese situated in the western segment of the Hellenic Arc is 
characterized by high rate of seismicity. However, the tsunami hazard in the area is 
poorly understood. In this paper we focus our attention in the local and distant tsunami 
sources threatening coastal zones of SW Peloponnese and in the evaluation of their 
tsunamigenic potential. It was found that only three historically documented tsunami 
events were produced by seismic sources activated in SW Peloponnese: 1886, 1899, 
1947. However, they were only local tsunamis very likely produced by submarine Earth 
slumps rather than by co-seismic fault displacements. One may not rule out, however, 
the possibility that local tsunami sources unknown so far would activate in the future. 
In addition, for the tsunami hazard assessment in SW Peloponnese one may consider 
tsunami sources bearing potential to produce distant or even basin-wide large tsunamis 
such as the seismic ones of A.D. 365 and 1303 and the volcanic one of Minoan times. 
Indeed, numerical simulations showed that those tsunamis may have arrived at SW 
Peloponnese coastal zones with hazardous wave amplitudes. This applies particularly 
to the Minoan and the 365 events.
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1. Introduction

The area of SW Peloponnese, which is situated at the north part of the western segment of 
the Hellenic Arc (Fig. 1), was hit by several earthquakes during the historical and instrumental 
record of seismicity (Galanopoulos, 1941; Papazachos and Papazachou, 2003; Papadopoulos, 
2011). SW Peloponnese was the test-area for the earthquake and tsunami hazard assessment 
within the framework of the EU-FP6 research project Seismic and Tsunami Risk AssessmentSeismic and Tsunami Risk Assessment 
and Mitigation Scenarios in the western Hellenic Arc [SEAHELLARC: see PapouliaSEAHELLARC: see Papoulia et 
al. (2014)]. In view of this, a probabilistic seismic hazard approach was performed by 
SEAHELLARC Working Group (2010) on the basis of a new seismotectonic zonation and of an 
updated earthquake catalogue.

From historical documentation it results that SW Peloponnese is threatened mainly by 
tsunamis which are tectonically associated with the segment of western Hellenic Arc and Trench 
(HA-T) system. An updated tsunami catalogue for western HA-T and its value for the tsunami 
hazard assessment was published and discussed by Papadopoulos et al. (2010) who compiled 
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new data and evaluated critically past catalogues and data compilations published by several 
authors (Galanopoulos, 1960; Ambraseys, 1962, 2009; Antonopoulos, 1980; Papadopoulos 
and Chalkis, 1984; Soloviev, 1990; Guidoboni et al., 1994; Papazachos and Papazachou, 1997; 
Soloviev et al., 2000; Papadopoulos, 2001, 2009; Papadopoulos and Vassilopoulou, 2001; 
Guidoboni and Comastri, 2005). However, the seismic tsunami source which produced the 
large wave of 1303 in the eastern HA-T (e.g., Guidoboni and Comastri, 1997; Papadopoulos et 
al., 2007; Papadopoulos, 2011) should be also considered as threatening SW Peloponnese. In 
addition, the extreme tsunami produced by the Minoan eruption of the Thera volcano should not 
be ruled out as a component of the long-term tsunami hazard assessment.

In this paper we have investigated the potential associated with local and distant tsunami 
sources threatening SW Peloponnese. To this aim we reviewed the tsunami history of the 
area from documentary sources as well as from coastal geological observations. In addition, 
the tsunami sources were determined and their tsunami potential was qualitatively evaluated. 
Then, the two extreme tsunamis of A.D. 365 and of the 17th century B.C. Minoan eruption were 
simulated numerically and water elevation parameters were calculated for Methoni and Pylos, 
that is for two coastal sites which were of particular interest to the SEAHELLARC research 
project.

Fig. 1 - The high rate of seismicity along the Hellenic Arc is exemplified by the series of strong earthquakes that 
occurred there during 2008 (after Papadopoulos et al., 2009). One of them was the large Methoni earthquake of 14 
February 2008 which occurred offshore SW Peloponnese and is discussed in the text.
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2. Historical tsunami sources

Historically known tsunami sources which are of interest for the tsunami hazard assessment 
in a relatively small target area of the Mediterranean Sea, such as SW Peloponnese, can be 
classified on the basis of two different criteria. The first criterion regards the maximum distance, 
d, of the epicentre of the causative earthquake from the target area. However, tsunami hazard 
is meaningful only if the wave arrives in the target area with amplitude of at least 0.5 m, since 
it is a minimum wave amplitude threshold capable to cause some damage. According to a 
consensus reached among specialists working for the North East Atlantic and Mediterranean 
Tsunami Warning System (NEAMTWS) coordinated by IOC/UNESCO, the criterion of distance 
classifies a tsunami as local or regional if d < 100 km or < 400 km, respectively. A tsunami is 
characterized as basin-wide one when d > 400 km. Although such a type of classification is 
arbitrary and certainly subjective it is a realistic one for the physiographic peculiarities of the 
Mediterranean Sea. By considering mean sea depth of h = 500 m and that the ray propagation 
theory is a good approximation for the tsunami travel times, we find out that a tsunami arrives 
at epicentral distance of d = 100 km or d = 400 km in less than 25 minutes or in less than 95 
minutes, respectively; the tsunami velocity is calculated by the formula v = (gh)1/2, where g is 
the gravity acceleration.

Tsunamis caused not only in local but also in regional distances are of interest for the tsunami 
potential assessment in the SW Peloponnese. This point of view is justified by that distant but 
sizable tsunamis propagate well away from their sources and may significantly affect remote 
coastal zones. A characteristic example of this type was the large A.D. 365 tsunami which is 
believed that was generated offshore western Crete by a big earthquake measuring estimated 
magnitude on the order of 8.3 or even larger [e.g., see an exhaustive review in Papadopoulos 
(2011)]. Contemporary historical sources indicated that the 365 event was a basin-wide 
tsunami which inundated many coastal zones in the eastern Mediterranean basin, one of them 
being Methoni in SW Peloponnese as described reliably by Ammianus Marcellinus and other 
contemporary historians (Guidoboni et al., 1994). Another example is the large tsunami of 1303, 
which was caused also by a big earthquake rupturing the eastern segment of HA-T between 
Crete and Rhodes and measuring estimated magnitude on the order of 8.0. That wave affected 
large part of the eastern Mediterranean basin and propagated also towards the Ionian Sea and the 
SW Peloponnese (e.g., Guidoboni and Comastri, 1997).

The second criterion for tsunami classification relies on the tsunami generation mechanism 
which is related not only to seismic but also to non-seismic sources, that is to volcanic eruptions 
and to coastal and/or submarine slumps. The term seismic source applies when the tsunami 
wave is caused directly by the co-seismic fault displacement. However, for historical tsunamis it 
is hardly verifiable given that the tsunami may be caused by slumps triggered by the earthquake 
process (e.g., Gerardi et al., 2008; Billi et al., 2010).

In the next section historic and pre-historic, local and distant tsunami events produced 
by seismic and non-seismic mechanisms, which were reported to impact SW Peloponnese 
are reviewed critically with the aim to evaluate their possible source areas and generation 
mechanisms.
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3. Past tsunami record

3.1. Minoan tsunami, 17th century B.C.
From the tsunamis listed in the existing catalogues the chronologically first, that may had 

some impact in the area of SW Peloponnese, was the large wave generated by the 17th century 
B.C., Late Bronge Age (LBA) eruption of Thera (Santorini) volcano, the so-called Minoan 
tsunami. Sedimentary deposits inferred to be from LBA tsunami inundation were described by 
several authors (see reviews: Papadopoulos, 2009, 2011; Novikova et al., 2011) but documented 
ones were found in coastal sediments in Didim and Fethiye, SW Turkey (Minoura et al., 2000); 
in north Crete in the archaeological sites of Gouves (Minoura et al., 2000) and of Palaikastro 
(McCoy and Papadopoulos, 2001; Bruins et al., 2008); within the LBA volcanic succession 
in Thera at two localities (McCoy and Heiken, 2000); on the continental shelf off Caesareaon the continental shelf off Caesarea shelf off Caesareashelf off Caesarea 
Maritima, Israel (Goodman-Tchernov et al., 2009); and possibly in east Sicily (De Martini2009); and possibly in east Sicily (De Martini et 
al., 2010). Additional evidence comes from the deep ocean with the discovery of reworked2010). Additional evidence comes from the deep ocean with the discovery of reworkedAdditional evidence comes from the deep ocean with the discovery of reworked 
sea-floor sediments, known as homogenites (e.g., Kastens and Cita, 1981; Cita et al., 1984). 
Based on the geological evidence one may reasonably suggest that the field of wave propagation 
was exceptionally large in the eastern Mediterranean basin and that wave amplitudes, with 
consequent coastal inundation and run-up, also may have been exceptional contrary to 
studies that suggested otherwise (Dominey-Howes, 2004; Pareschi et al., 2006). Although 
there is no evidence for LBA tsunami inundation in SW Peloponnese, in the next section we 
investigated this possibility based on numerical simulation of the tsunami by assuming two main 
tsunamigenic mechanisms, that is caldera collapse and massive pyroclastic flows.

3.2. July 21, 365
The earthquake and tsunami events of July 21, 365 were documented in a large number of 

documentary sources as well as by archaeological and geological field observations reviewed 
shortly in the next section. The historical, geological and archaeological evidence leave little 
doubt that the 365 tsunami was a basin-wide wave generated by 6-9 m co-seismic uplift in the 
area of western HA-T and that it may have inundated several coastal localities in the eastern 
Mediterranean basin including NW Crete, north Egypt in Alexandria, Panephysis and the 
Nile Delta, eastern Sicily, in unidentified areas of the Aegean Sea and possibly in Epidavros, 
today modern Cavtat near Dubrovnik in Dalmatia, Adriatic Sea. Of particular interest is what 
very likely happened in Methoni, SW Peloponnese. According to the contemporary historian 
Ammianus Marcelinus “Some great ships were hurled by the fury of the waves on to roof tops (as 
happened in Alexandria), and others were thrown up to two miles from the shore. We ourselves 
on our travels saw a Spartan ship disintegrating after the long decay near the town of Mothone 
(Methoni)” [translation in English by Guidoboni et al. (1994)]. However, it is not clear if ships 
thrown up to two miles from the shore were observed in Methoni or in Alexandria. We have 
suggested that SW Peloponnese did not escape tsunami inundation and, therefore, water elevation 
parameters were calculated based on numerical simulation of the 365 tsunami (see next section).

3.3. August 8, 1303
This was a big earthquake documented in a long series of Greek, Venetian and Arabic historical 

sources (Guidoboni and Comastri, 1997, 2005). The earthquake caused extensive destruction in 
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a large area of the eastern Mediterranean but mainly in the eastern and central parts of Crete. 
From ground failures observed as far as north Egypt, Papadopoulos (2011) was able to estimate 
earthquake magnitude on the order of 8.0. The basin-wide tsunami inundated not only near-field 
coastal sites, such as Heraklion in Crete, but also remote localities in Alexandria and in the Ionian 
and southern Adriatic Sea. However, very little is known about the geological signature of thissouthern Adriatic Sea. However, very little is known about the geological signature of thisAdriatic Sea. However, very little is known about the geological signature of this 
large tsunami. In Cape Punta, SE Peloponnese, Scheffers and Scheffers (2008) observed marine 
organisms attached on many boulders proving that boulders were transported inland by extreme 
wave events, likely tsunamis, at a 14C-AMS date of around 1300 cal A.D., which may represent 
geological trace of the 1303 tsunami.

3.4. March 9, 1630
This was a very strong earthquake known from several documentary sources and having its 

source possibly offshore NW Crete, to the west of Kythira Island [see review in Papadopoulos 
(2011)]. De Viazis (1893) published a series of documents archived in the Venetian 
administration of Zakynthos Island and containing independent testimonies of three captains 
sailing around Kythira Strait at the time of the earthquake occurrence. Their descriptions leave 
no doubt that they ran a great danger because of strong tsunami waves traveling towards south 
and SE. Remnants of wrecks and bodies of shipwrecked persons were also observed. When one 
of the captains arrived into the port of Kythira at the south of the island, today Kapsali port, 
he was told that at the same time an earthquake of moderate strength was felt and that a slight 
inundation was observed at the pier. Such a strong tsunami very possibly was of seismic origin. 
There is no documentation that the tsunami affected the target area of SW Peloponnese.

3.5. September 20, 1867
This strong earthquake struck the area of Mani in SE Peloponnese, particularly the town of 

Gythion and the villages of Areopolis and Paganea where houses collapsed and several people 
were killed (Schmidt, 1879; Galanopoulos, 1950). In his detailed description, Schmidt (1879) 
reported that the sea flooded severely the coast of Gythion Bay and left many fish on land. The 
sea disturbance was observed from early dawn till 09:00 in the morning. At Chania, Crete, as 
well as in Zakynthos and in Argostoli of Cephalonia Island, the sea motion occurred slowly 
from 05:30 am till 10:00 am. The sea became calm again after repeated waves and periods of 
back wash. The tsunami reached as far as Serifos and Syra, in the Cyclades island complex, 
south Aegean Sea. Flooding of the coast was also reported from Kalamata, SW Peloponnese, 
where many fish were left onshore. Papadopoulos (2011) suggested that the tsunamigenic source 
should be placed in Lakonikos Gulf offshore to the south of Gythion.

3.6. August 27, 1886
This was a large, destructive, possibly interplate earthquake that ruptured the SW 

Peloponnese and causing very extensive destruction in Filiatra and in many other towns 
and villages; at least 326 persons were killed and more than 796 were injured [see reviews: 
Galanopoulos (1941) and Papazachos and Papazachou (2003)]. The earthquake was of long 
duration in Heraklion, Crete, being felt in remote places of the Mediterranean Sea, such as 
Malta, Trieste, Alexandria, Cairo, Syria and Asia Minor. Along a coastal segment stretching in 
SW Peloponnese at a length of ~ 35 km, from Agrilio to the north up to the bay of Navarino 
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(Pylos) to the south, a coastal strip 10 to 15 m wide was inundated for a while (Galanopoulos, 
1941). According to a report of Forster (1890), director of the East Telegraph Company in 
Zakynthos, and a correspondence of the newspaper of Heraklion “Nea Evdomas” (1886), a 
telegraph cable between Crete and Zakynthos was entirely cut at a distance of about 29 miles 
offshore to the south of Zakynthos (Stavrakis, 1890), which may indicate either submarine 
slumps and/or turbidite currents triggered by the earthquake. To conclude, at all evidence the 
1886 earthquake caused submarine slumps offshore SW Peloponnese and a local tsunami of low 
intensity.

3.7. January 22, 1899
The SW part of Peloponnese was hit again by a very strong shock which caused widespread 

damage in Kyparissia, in Filiatra as well as in many villages of the area. The coastal town of 
Marathoupole was inundated by a local tsunami not exceeding 1 m in height, while in Zakynthos 
a ~ 40 cm wave height was reported (Mitzopoulos, 1900; Eginitis, 1901). Galanopoulos (1941) 
suggested that this tsunami was possibly triggered by co-seismic submarine slump. The very local 
nature of the wave makes that suggestion a likely one.

3.8. October 6, 1947
This was a large earthquake which caused widespread damage to many towns and villages 

in the area of SW Peloponnese (Galanopoulos, 1949). Three persons were killed and 20 injured; 
landslides were also reported. In Methoni, a local tsunami advanced 15 m inland. Galanopoulos 
(1949) attributed the wave to an offshore slide which may have occurred about 6 km south-SW 
off the coast since the slope of the sea flour is particularly steep there.

4. Tsunami potential

From the historical review presented in the previous section it results that the area of SW 
Peloponnese is threatened by seismic sources of basin-wide tsunamis very likely produced by co-
seismic fault displacements, such the 365 and 1303 ones. On the other hand, there are also sources 
which could be characterized as non-seismic in the sense that they caused only local tsunamis 
very likely not directly by the seismic faulting but rather by submarine slumps as a mechanism 
triggered by the earthquake. At all evidence this happened with the large earthquake of AugustAugust 
27, 1886 as well as with the strong earthquakes of January 22, 1899 and October 6, 1947. The as well as with the strong earthquakes of January 22, 1899 and October 6, 1947. Theof January 22, 1899 and October 6, 1947. The. The 
possible impact in SW Peloponnese of the large tsunami caused by the Minoan eruption in Thera 
remains only as a hypothesis since no geological or archaeological evidence is at place.

The relatively low number of tsunamis reported in SW Peloponnese combined with the high 
uncertainty as regards the mechanisms of tsunami generation and the precise positions of the 
sources allow only for a qualitative evaluation of the tsunami potential in that region. In addition, 
we were able to perform numerical simulations and to calculate hydrodynamic parameters as 
components of the hazard associated with extreme tsunami events in the region. In this respect 
three basin-wide tsunamis are of interest; the Minoan tsunami of volcanic origin as well as 
the tectonic tsunamis of A.D. 365 and 1303. The simulation of the 1303 tsunami produced by 
a magnitude 8.0 seismic source striking in parallel to the Hellenic trench between Crete and 
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Rhodes has shown a very strong energy directivity from the source towards the Egyptian coast 
and particularly to the Alexandria coastal zone (Özsoy et al., 1982; Tinti et al., 2005; Hamouda, Hamouda, 
2006). However, the wave attenuates strongly towards the west and, therefore, only small wave 
amplitudes are expected in SW Peloponnese coastal localities. In view of this, our interest was 
focused to the extreme tsunami produced by the big earthquake of A.D. 365, which is suggested 
that ruptured the western segment of the HA-T. Of interest was also the extreme Minoan tsunami 
produced by the LBA eruption of the Thera volcano. For both of these events we were able to 
assume alternative source mechanisms as well as to control our results in comparison with the 
results obtained by other authors.

4.1. Numerical simulation of the Minoan tsunami
The tsunami generated by the LBA eruption of Thera was simulated by several authors whosunami generated by the LBA eruption of Thera was simulated by several authors whowas simulated by several authors who 

assumed as source mechanisms either the caldera collapse or the massive pyroclastic flows 
(e.g., Minoura et al., 2000; Pareschi et al., 2006; Bruins et al., 2008). Recently, Novikova 
et al. (2011) assumed several alternatives as regards the tsunami generation mechanism and 
reproduced the expected water elevation in a number of synthetic tide-gauge records forsynthetic tide-gauge records for 
selected nearshore (~ 20 m depths) sites of northern Crete, the Cyclades Islands, SW Turkey(~ 20 m depths) sites of northern Crete, the Cyclades Islands, SW Turkeydepths) sites of northern Crete, the Cyclades Islands, SW Turkey the Cyclades Islands, SW Turkeythe Cyclades Islands, SW Turkey 
and Sicily. The first mechanism involved the entry of pyroclastic flows into the sea, assuming The first mechanism involved the entry of pyroclastic flows into the sea, assumingThe first mechanism involved the entry of pyroclastic flows into the sea, assumingmechanism involved the entry of pyroclastic flows into the sea, assuminginvolved the entry of pyroclastic flows into the sea, assuming flows into the sea, assumingflows into the sea, assuming 
a thick flow (55 m; 30 km3) entering the sea along the south coast of Thera in three alternative coast of Thera in three alternativecoast of Thera in three alternativealternative 
directions but all directed towards northern Crete. Flows were modelled as a solid block that. Flows were modelled as a solid block thatFlows were modelled as a solid block that 
slowly decelerates along a horizontal surface. The second mechanism assumed caldera collapse horizontal surface. The second mechanism assumed caldera collapsehorizontal surface. The second mechanism assumed caldera collapse 
with two extremes as regards the volume, that is 19 km, that is 19 kmthat is 19 km19 km3 as the minimum and 34 km34 km3 as the 
maximum. Caldera collapse was modelled as a dynamic landslide producing a series of rapidmodelled as a dynamic landslide producing a series of rapid 
vertical displacements.

Modelling was performed with use of the software package GEOWAVE (Watts et al., 2003), 
which is a combination of TOPICS and FUNWAVE. TOPICS uses a variety of curve fitting of curve fittingof curve fitting 
techniques and was designed (Grilli and Watts, 1999) as an approximate simulation tool that as an approximate simulation tool thatas an approximate simulation tool that 
provides surface elevations and water velocities as initial conditions for tsunami propagation. and water velocities as initial conditions for tsunami propagation.and water velocities as initial conditions for tsunami propagation. 
The numerical model FUNWAVE (Wei and Kirby, 1995; Wei et al., 1995; Kirby 1995; Kirby1995; Kirby et al., 1998, 
2003; Kennedy et al., 2000) performs wave propagation simulation, based on the fully non- propagation simulation, based on the fully non-propagation simulation, based on the fully non-
linear Boussinesq theory using a predictor-corrector scheme. The simulation duration was 4 theory using a predictor-corrector scheme. The simulation duration was 4theory using a predictor-corrector scheme. The simulation duration was 4 
hours. For pyroclastic flow scenarios the maximum number, n, of time steps was 6,000 with a 
time step ΔΤ = 1.7 s, while for caldera collapse scenarios we got= 1.7 s, while for caldera collapse scenarios we got n = 10,000 and ΔΤ = 3.1 s. The= 3.1 s. The 
nearshore wave amplitudes from the mean sea level calculated by Novikova et al. (2011) varied 
from a few metres to 28 m along northern Crete for three pyroclastic flows scenarios. However, 
pyroclastic flow penetration into the sea water causes very strong tsunami wave directivity 
and, therefore, the wave amplitudes obtained for those scenarios are strongly dependent on 
the azimuth of the pyroclastic flow penetration. For the caldera collapse with the conservative 
volume of 19 km3 tsunami wave amplitudes ranging from 24 m in the near-field domain to 0.8 
m in SW Turkey coastal localities were obtained. However, for the caldera collapse with the 
upper extreme volume of 34 km3 tsunami amplitudes were generally 2.5 - 3.0 times larger than 
those generated by the smaller volume of collapse.

With the aim to check the possible impact of the Minoan tsunami in SW Peloponnese, the 
numerical simulation performed by Novikova et al. (2011) was extended in two additional 
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synthetic tide-gauge stations located in Methoni and Pylos. The tide-gauge station in Pylos was 
placed in the sea side of the small Island of Sfaktiria which occupies the opening of the Pylos 
bay to the Ionian Sea. To avoid high uncertainties involved due to poor bathymetry coverage in 
the shallow water domain the two synthetic stations were installed offshore Methoni and Pylos 
at sites of water depth 27 and 32 m, respectively. Calculations were repeated for alternative sites 
situated at water depth of 8.7 m for Methoni and 3.7 m for Pylos and showed no remarkable 
change of the results. Bathymetric 1 arcmin data set obtained from the GEneral BathymetricBathymetric 1 arcmin data set obtained from the GEneral Bathymetricobtained from the GEneral Bathymetricfrom the GEneral BathymetricGEneral BathymetricBathymetric 
Chart of the Oceans (GEBCO) were used for the simulation grid for eastern Mediterranean and of the Oceans (GEBCO) were used for the simulation grid for eastern Mediterranean andof the Oceans (GEBCO) were used for the simulation grid for eastern Mediterranean and Mediterranean andMediterranean and 
southern Aegean Sea regions. In coastal areas of SW Peloponnese, however, supplementary areas of SW Peloponnese, however, supplementary, however, supplementary 
bathymetric data from the Hydrographic Service, Greek Navy, on a grid of 0.5 arcmin, were Navy, on a grid of 0.5 arcmin, wereNavy, on a grid of 0.5 arcmin, were 
utilized. For the Aegean Sea computations, based on GEBCO spatial domain a grid with computations, based on GEBCO spatial domain a grid withcomputations, based on GEBCO spatial domain a grid witha grid withgrid with 
500 m uniform spacing was reconstructed with water depth measured from mean lower waterwas reconstructed with water depth measured from mean lower waterreconstructed with water depth measured from mean lower water mean lower watermean lower water 
level. For the caldera collapse mechanism, additional constraints concerning bathymetric constraints concerning bathymetricconstraints concerning bathymetric 
variability in and around Thera Island varies from 380 m in the source of tsunami generation to Thera Island varies from 380 m in the source of tsunami generation toThera Island varies from 380 m in the source of tsunami generation to toto 
100 - 400 m in the area surrounding Thera. m in the area surrounding Thera.

Scenarios of thick (55 m; 30 kmthick (55 m; 30 km3) pyroclastic flows directed from south Thera towards northpyroclastic flows directed from south Thera towards north 
Crete were determined by selecting three different azimuths for the flow penetration into the 
sea water: 120°, 145°, 200°. These three azimuths were selected since there is volcanological 
evidence indicating that the major amount of pyroclastic flow was directed from the volcanic 
cone to the south (McCoy and Heiken, 2000). Constant kinematics was considered for the 
three scenarios with flow velocity of 170 m · s-1, flow duration of 500 s and run-out distance of 
40 km. The strong directivity in tsunami energy propagation is clearly illustrated in Fig. 2. In 
fact, the wave amplitudes recorded synthetically in both Methoni and Pylos decrease rapidly 
with the counterclockwise change of the penetration azimuth of the pyroclastic flow (Fig. 3). The 
highest peak-to-peak wave amplitudes were obtained for azimuth of 120°; 2.5 m in Methoni and 
4.0 m in Pylos. For azimuth of 200° peak-to-peak wave amplitudes were only 0.25 and 0.65 m 
in Methoni and in Pylos, respectively. This result is absolutely consistent with the same pattern 
of systematic decrease of tsunami amplitudes from west to east along north Crete.

Remarkable water elevation disturbance was caused from the tsunami generated by the 
caldera collapse mechanism. The conservative scenario of caldera collapse volume of 19 km3 

produced peak-to-peak tsunami wave amplitude of the same order of 2.5 m in both Methoni 
and Pylos. However, the upper extreme of the caldera collapse volume of 34 km3 produced 
amplitudes of 3.7 m in Methoni and 4.5 m in Pylos.

Regardless the tsunami generation mechanism, the synthetic wave amplitudes obtained 
certainly underestimate the real ones given that the synthetics were calculated for virtual tide-
gauges installed at sites situated at water depths of 27 m in Methoni and 32 m in Pylos.

4.2. Numerical simulation of the A.D. 365 tsunami
Most of the efforts to simulate the large tsunami of A.D. 365 (e.g., Tinti et al., 2005; Fischer 

and Babeyko, 2007; Lorito et al., 2007; Shaw et al., 2008; Yolsal et al., 2008) underestimated 
the wave amplitudes as compared to the ones expected from the historical and geological record 
of the tsunami. This may be due to a number of reasons, such as the source characteristics 
and the gross bathymetry particularly in the shallow water domain. Recently, Novikova et al. 
(2012) simulated the 365 wave by shifting the purely thrust seismic source of M = 8.3 along the 
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Fig. 2 - Water elevation in south Peloponnese due to tsunami produced by pyroclastic flow during the Minoan eruption 
of Thera. Pyroclastic flow penetration by counter clockwise azimuth of 120° (upper panel), 145° (middle panel) and 
200° (lower panel).

western HA-T segment from south of Crete to the NW of Crete and by utilizing three grids of 
bathymetry, a coarse for the Mediterranean Sea, an intermediate for the Aegean Sea and a fine 
for local application, e.g., in Alexandria. Uniform seismic slip of 10 m was adopted as an initial 
condition by applying the elastic dislocation model derived by the Okada’s (1985) code but also 
by empirical relationships for the seismic source (Well and Coppersmith, 1994; Konstantinou 



Fig. 3 - Synthetic tide-gauge records in Methoni (left) and Pylos (right) due to tsunami produced by pyroclastic flow 
during the Minoan eruption of Thera. Pyroclastic flow penetration by counter clockwise azimuth of 120° (upper row), 
145° (upper row) and 200° (lower row).
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et al., 2005). Shear modulus of μ = 33 GPa was inserted in the calculations. A strong tsunami 
energy directivity was found depending on the position of the source. For near-field coastal 
sites, such as Phalasarna and Balos in NW Crete, maximum peak-to-peak wave amplitudes up 
to 7 m were found for a seismic source rupturing between Peloponnesus and west Crete at a 
strike of 345°. These amplitudes are absolutely consistent with the historically and geologically 
documented ones.

In this paper the same modelling scheme was applied to investigate hydrodynamic tsunami 
parameters in the coastal sites of Methoni and Pylos of SW Peloponnese. Table 1 lists the 
seismic source characteristics while the source geometry is illustrated in Fig. 4 along with the 
initial surface water elevation. The distribution of the maximum water elevation at all times after 
the tsunami generation clearly shows (Fig. 5) that the maximum wave amplitudes are observed(Fig. 5) that the maximum wave amplitudes are observed 
in the near-field domain, that is in the Phalasarna and Balos sites of NW Crete where the peak-
to-peak amplitudes exceed 6 m. Because of the NW-SE strike of the seismic source, strong 
tsunami energy directivity is observed towards SW in the Mediterranean Sea and partly in the 

Fig. 4 - Initial surface water elevation after a tsunami generation produced by uniform seismic slip of 10 m in a Mw=8.3 
source striking 345°. Other source parameters are described in Table 1.

Strike (deg.) 345

Dip (deg.) 30

Rake (deg.) 90

Centroid depth (km) 20

Fault length (km) 258

Fault width (km) 56

Seismic slip (m) 10

Magnitude (Mw) 8.3

Table 1 - Earthquake source parameters of the 365 large tsunamigenic earthquake.
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southwestern part of the Aegean Sea. However, as one may expect tsunami wave amplitudes 
drastically reduce towards NW, that is in the area of SW Peloponnese. In fact, the time histories 
of synthetic tide-gauge records in Methoni and in Pylos show that the peak-to-peak amplitudes 
were about 1.2 m and 1.5 m, respectively (Fig. 6). Again the expected real amplitudes should 
be significantly higher than the synthetic ones as explained earlier in relation to the Minoan 
tsunami simulation.

Fig. 5 - Maximum surface water elevation at all times after a tsunami generation produced by a uniform seismic slip of 
10 m in a Mw=8.3 source striking 345°. Other source parameters are described in Table 1.

Fig. 6 - Synthetic tide-gauge records in Methoni (left) and Pylos (right) due to tsunami produced by a uniform seismic 
slip of 10 m in a Mw=8.3 source striking 345°.
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5. Discussion

The number of tsunami events that reportedly hit the area of SW Peloponnese is relatively 
low as compared to the high seismicity rate of the western HA-T segment. The tsunamigenic 
mechanism remains unclear for several historical tsunamis caused by strong earthquakes such the 
1630 and 1867 ones. Still, it is not well understood why some large earthquakes were tsunamigenic 
while others were not. For example, the earthquake of Mw = 6.9 that ruptured offshore Methoni that ruptured offshore Methoni 
on February 14, 2008 did not cause even a small tsunami (Papadopoulos et al., 2008) which still 
needs explanation. This was also the case of the large earthquake which occurred offshore to 
the south of Zakynthos with magnitude Mw = 6.6 on November 18, 1997. The large historical 1997. The large historical 
earthquake of August 27, 1886 only caused a local tsunami due to submarine slumps occurringAugust 27, 1886 only caused a local tsunami due to submarine slumps occurring 1886 only caused a local tsunami due to submarine slumps occurring 
offshore SW Peloponnese. In view of those important uncertainties, the evaluation of the potential 
of tsunami sources threatening SW Peloponnese is possible to be described by qualitative rather 
than by quantitative approaches.

6. Conclusions

Historical documentary sources indicated that in SW Peloponnese local tsunamis were 
produced by three very strong earthquake events: August 27, 1886; January 22, 1899 and October 
6, 1947. However, the local tsunami waves were very likely triggered by submarine co-seismic 
Earth slumps occurring in the Gulf of Kyparissia after the events of 1886 and 1899 and further 
southwards in Methoni and Pylos after the 1947 earthquake. No local tsunami sources are known 
to have activated in SW Peloponnese before 1886 but this may be due to poor documentation of 
the earthquake and tsunami history of the area. One may not rule out the possibility that local 
tsunami sources unknown so far would activate in the future.future.

The area of SW Peloponnese, however, is also threatened by regional or basin-wide large 
tsunamis such as the A.D. 365 and 1303 ones. Our numerical simulation of the 365 large tsunami 
has shown that for a magnitude 8.3 seismic source of pure thrust and striking 345° the nearshore 
peak-to-peak wave amplitudes expected in Methoni and in Pylos equal to about 1.2 and 1.5 m, 
respectively, which certainly are considerable from the hazard point of view, given that even 
higher wave should be expected along the shore.

The results of numerical simulations performed by other authors (Özsoy et al., 1982; Tinti 
et al., 2005; Hamouda, 2006) for the 1303 magnitude 8.0 seismic source in the eastern segment 
of HA-T lead to the conclusion that tsunami amplitudes in SW Peloponnese localities are not 
expected to exceed 0.5 m, which implies no serious hazard component. As regards the large 
tsunami produced by the big LBA eruption of the Thera volcano the numerical simulations that 
we performed showed that peak-to-peak tsunami wave amplitude exceeding 3 m and 4.5 m should 
have occurred in Methoni and Pylos, respectively, particularly for the caldera collapse scenario.

We concluded that in SW Peloponnese the potential for tsunami generation is relatively low 
but this may be only a conservative result due to the poor historical documentation and poor 
understanding of tsunami generation mechanisms in that area. However, for plans of tsunami 
hazard assessment, it is important to take into account that SW Peloponnese coastal zones are 
also threatened by distant and basin-wide large tsunami sources, such as the seismic ones of 
A.D. 365 and 1303 and the volcanic one of Minoan times.
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