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Abstract

In January 2004 a Mediterranean cyclone in the Aegean Sea seriously affected the
Publication History: north coast of Samos Island, damaged the harbour mole of a coastal village, and
catapulted its building material along with heavy boulders to the inner harbour basin.
This area was also affected by a 2020, magnitude 7.0 earthquake which produced
localized tsunamis. The evidence from the 2004 cyclone, with boulders shifted from
known positions and with known trajectories, can contribute to the debate for the causes

of mobilization of coastal boulders because of storms, tsunamis, or their combination.
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Tov lovovapro 2004 évog Meooysionos kvkAwvag mpoxalece pio kotoiyido mwov
TANUUOPLOE EVOL TOPCKTIO YWPIO aTH POPELR AKTH THS ZOUOD, TPOKCLEGE KOTATTPOPES OTO
1OAo Tov Auaviod kai ekTOCEVTE TUNUOTO. TOD UOLOD KOI OYKWOEIS TPOGTOATEVTIKODS
oykolifovg oty Aexdvy tov Aywoviov. H 1o weproyn emnpedotnie o 2020 ko1 amod
oetoud ueyéBovg 7.0 mov mpoxdlece xor pixpa, tomika toovvaul.  Ta dedopévo tov
Kokddve, tov 2004, koi 101aitepo, o1 sxtoleboelc oykodibwv amd yvwotés Géoeis kol
POOTES OIOOPOUES, UTOPODY Vo coufalovy oty ovl{HTnon Yo TG OITIEG UETOKIVHONG

TOPOKTIOV 0YKOAIOWY OTo TO0VVAUL, KATOLYIOES I} KO TO GUVODATUO TOVG.
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1. Introduction

In January 2004 a spectacular drop of the atmospheric pressure by 24 mbars in less than
24 hours led to the formation of a cyclone in the Aegean Sea and the broader region.
This event was associated with intense snowfall and strong winds with recorded
velocities of up to 45 m/s and caused much damage, first in Greece, and then in Tiirkiye.
Details for the formation, evolution, and modeling of this event, unique in a period of
40 years covered by detailed instrumental data, are summarized in Lagouvardos et al
(2007) and Brikas et al (2013).

The January 2004 cyclone caused flooding (surges) in various coastal areas in the
Aegean, but its impact on the small harbour of Agios Konstantinos (Agios
Constantinos; Fig. 1), on the northern coast of Samos Island in the East Aegean are
comparable to those of a tsunami. This event, so far ignored, is the focus of this article,
based on personal observations. The particularity of the 2004 storm at Agios
Konstantinos, Samos, is that large boulders were tossed into the harbour basin, and this
event can contribute to the debate for the origin of boulders brought to the coast either
by storms or by tsunamis; a debate which has been very intense in the last decades (for
a review see, Shiki et al, eds. 2008; Browne, 2011). The Samos case is quite promising
in this perspective because in 2020 a magnitude 7 earthquake occurred offshore this
island, and produced small, localized tsunamis (Triantafyllou et al, 2021; Aksoy, 2021),
especially to the Bay of Vathy, capital of Samos, to the east of Agios Konstantinos
village (for location see Fig 1). Hence evidence of both a meteorological and a common

tsunami is available for a small area and for a short period.

2. Boulders transported by storms and tsunamis

Boulders transported from the sea to the supralittoral zone and farther inland have been
among the features that are considered as indicative of tsunamis. However, opinions
are diverted, and some regard them as signs of tsunamis (e.g. Kelletat et al, 2007;
Scheffers et al, 2008), while others as results of storms (e.g. Morton et al, 2006). Nott
(2003) presented some equations to calculate the minimum wave height capable of
mobilization of boulders as a function of their characteristics (geometry, density) and
of their pre-transport location, for both storms and tsunamis. A basic conclusion is that

in the case of an atmospheric effect, the wave height necessary to mobilize boulders is
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much larger than in a tsunami. On these grounds, a tsunami can be inferred if the
boulder mobilized is very heavy (say about 80-100 tons), larger than the maximum
value of a boulder expected to be mobilized by a storm in a certain area. However, for
smaller boulders there exists no clear diagnostic criteria for the causes of transport of
boulders from the infralittoral or the midlittoral zone upwards. For this reason, Shah-
Hosseini et al (2016) argued that boulders in the coast of Egypt which correlate with
the 1303 East Mediterranean tsunami are likely of tsunamigenic origin, while all others
should be assigned to storminess.

AGIOS KONSTANTINOS

KOKKARI
]

PYTHAGOREIO. ¢

Fig. 1. Location map
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During the night of 22/23 January 2004, the north coast of Samos Island was among the

3. The effect of the 2004 cyclone in Samos

coasts of the Aegean battered by this unusual Mediterranean cyclone. Wind gusts with
velocity of at least 45 m/s were recorded (Lagouvardos et al 2007), producing waves of
15 m (H. Kalogerakis, Head of Civil Protection, interview to daily newspaper TA NEA,
no 17847, 23 Jan 2004). As a result, damage was caused to roads, houses, and harbors,
for instance at the Kokkari village in Samos (for location see Fig. 1), while marine
sediments and destruction debris covered coastal zones and the mole of the harbour of
this village was slightly damaged.

At the nearby village of Agios Konstantinos (for location see Fig. 1), in particular,
damage was more serious. The extreme wave attack lasted for about 15 min, and the
coastal zone of the village, at a depth of up to 100 m was flooded. Waves damaged
road sidewalks, crushed doors and flooded coastal houses; in one case an elderly couple
survived flooding on top of a table. When the water gradually withdrew, a layer of sand,
pebbles, marine biological remains and destruction debris, reminiscent of a typical
tsunami layer, was left. Fortunately, nobody perished because in winter very few people
were living in the coastal houses. The mole of the harbour of Agios Konstantinos, about
60 m long, made of reinforced concrete, 4 m wide, was seriously damaged (Figs 2, 3).
Along a distance of a few tens of meters concrete slabs 1.2 m high, 0.8 m wide and
about 2 m long protecting the mole from the open sea and cemented on it, were toppled

down and were thrown into the harbour basin.

In addition, boulders protecting the mole, some over 10 tons in weight, were lifted,
passed over the mole, about 1 m above mean sea-level, and were catapulted into the
harbour basin, at the distance of >10 m, beyond the anchors area. One of these boulders,
along with a concrete slab cemented to it, remained on the mole (Fig. 2). The majority
of the boulders protecting the mole, however, retreated in the open sea. The harbour was

repaired two years later.
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Fig. 2: The Agios Konstantinos (Samos) harbour mole, striking nearly E-W, after the
2004 cyclone, view from the east. Damage caused is clearly visible. After the storm
(cyclone) a part of the concrete wall protecting the mole from northern winds was found
displaced, along with a boulder protecting the mole to the north. Missing parts of the
concrete wall and other boulders from the seaside part of the mole were catapulted to
the harbour basin. Photo taken by the author a few months after the event.

Fig. 3. The harbour mole of Agios Konstantinos (Samos) view from the west. Damage
in the protective wall and missing boulders from the seaside part of the mole can be
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clearly noticed. During the storm, some of the missing boulders had fallen into the
harbour basin. Photo taken by the author a few months after the event.

4. Effects of the 2020, M7.0 Samos earthquake

In October 2020 a magnitude M7.0 earthquake hit Samos and the adjacent coast of
Minor Asia, causing serious damage in Samos and hundreds of victims in lzmir, in
Tiirkiye. This earthquake was associated with a normal fault, with its upper tip very
close to the northernmost coast of Samos Island. Numerous studies cover this event,
including papers in Special Volumes in the Turkish Journal of Earth Sciences (vol. 30,
2021), in Acta Geophysica (vol. 69, 2021), and in the Bulletin of Earthquake
Engineering (vol. 20, issue 14, 2022). This earthquake produced serious damage to the
harbour of Kokkari, and smaller scale damage to the harbour of Agios Konstantinos
(Fig. 4). In addition, it produced a small tsunami in the Bay of Vathi, where is located
the capital of the island, while small scale, localized incursions of water were noticed in
various parts of its coast (Triantafyllou et al, 2021), as well as in the opposite Turkish
coast (Aksoy, 2021).

5. Discussion and Conclusions

The evidence from Agios Konstantinos is important for several reasons. First, it
presents evidence of boulders which were catapulted to the inner basin of the harbour
during an extreme storm. In contrast to most other cases, in the case of Samos, it is
known the pre-event location of these boulders, and especially their elevation relative
to the mean sea level in an area essentially free of a significant tide (mean tide < 12 cm,
Zoi-Morou, 1981). Furthermore, it was not an isolated boulder, but a cluster of boulders
which were mobilized during this single storm. This clear evidence can be used to
validate or even refine mathematical models for boulder mobilization during extreme
storms. Second, while the cyclone front was tens or hundreds of kilometres long, a peak
event occurred in a specific site, along a distance of a few tens of metres only, in a part
of the mole of Agios Konstantinos. This may indicate that during a strong
meteorological event, localized peaks of a certain of its parameters may occur. Third,
apart from the unusual occurrence of a cyclone, the Mediterranean and other coastal
regions are occasionally affected also by spouts and waterspouts with intensity up to T6
in the TORRO 12-grade tornado intensity scale, which are sometimes catastrophic
(Sioutas, 2003). Interestingly, the impacts of the 1955, July 16, magnitude 6.9

earthquake (epicentre between Samos Island and the Turkish coast; Papazachos and
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Papazachou, 1997) on the coastal town of Pythagorion in SE Samos were aggravated

by a spout which occurred some weeks later (pers. comm. with local people).

Fourth, should the two marine invasion events in Samos, the 2004 meteorological
tsunami and the 2020 earthquake-generated tsunami had occurred earlier, in a period
not covered by detailed observations, a mixture of two, nearly co-eval events would
have been observed. The only possibility to study them would have been through
geomorphological observations and sedimentological and radiocarbon analyses. From
such a study, it is likely that the mixture of the two distinct nearly co-eval events
(earthquake and storm) would appear as a single, larger scale event, a tsunami, or an
even more extreme storm. This implies that in various other cases, a combination of

different events should be examined as a possibility for mobilization of coastal boulders.

Fig. 4. Some of the damage to the harbour mole of Kokkari (top) and of Agios
Konstantinos (bottom) because of the 2020 earthquake (view to the north). The east part
of the Kokkari mole was seriously damaged, while most boulders protecting the east
edge of the Agios Konstantinos mole were thrown into the water. Photos taken by the
author in June 2021.
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The data used to support the findings of this study come from the author’s observations

6. Data Availability

and are available upon reasonable request.
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