
Magazine of the Geologists’ Association Vol. 19, No.3 2020 31

Opinion Article: Tsunami in the Mediterranean?

By: Derek Mottershead

 Ammianus Marcellinus lived in the 
fourth century AD and was a soldier 
and chronicler of events in the Roman 
Empire.  He described a major wave 
which occurred on 21st July AD 365 and 
‘spread through the entire extent of the 
world’	 specifically	 naming	 Alexandria	
in Egypt and Methoni, in Greece. This 
event unfolded as follows:-

• the sea withdrew exposing 
the topography of the seabed, where 
boats had become stranded and marine 
creatures	were	now	floundering	about

• people walked out with 
curiosity	over	the	seabed	collecting	fish	

• the sea then returned with 
a large wave roaring landwards and 
drowning people

• it then advanced over the land, 
carrying ships ashore and destroying 
buildings 

• ships came to rest atop 
buildings in Alexandria and some were 
stranded almost two (Roman) miles 
inland, some 3 kilometres from the 
coastline.

We would now recognise this 
sequence of events as diagnostic of a 
tsunami wave, caused by displacement 
of the water mass, most commonly by 
seismic	 upheaval	 of	 the	 sea	 floor,	 or	
the disturbance caused by a large 
submarine landslide. ‘Tsunami’ is a 
Japanese word which translates as 
‘harbour wave’ since they achieve 
their maximum height at the coastline 
where they are capable of causing 
great damage, especially to harbours.   

Recent geoarchaeological studies in 
historic harbour settings demonstrate 
the interplay between human activities 
and the geological processes of 
erosion and deposition in historic and 
prehistoric time.  There is increasing 
evidence of historic damage to 
ancient historic harbours around the 
Mediterranean Sea in the form of 
human artefacts and high 
energy sedimentary units. 
Such ancient harbour sites 
are present around the 
Mediterranean as widely 
distributed as Alexandria 
(Egypt), Caesarea 

Maritima (Israel), Leptis Magna (Libya), 
Helike (Greece) and Phalasarna (Crete). 
The excellently preserved Roman 
harbour at Phalasarna (see Figure 1) is 
now remarkably situated at an elevation 
of 9m above sea level and some 130m 
distant from the sea, having undergone 
a substantial seismic uplift. 

The prosperity of the Roman empire 
relied heavily on the network of maritime 
trade right across the Mediterranean 
Sea, in which the harbours formed key 
nodes. The destruction in AD 365 of 
so many harbours and a consequent 
decline in trade is thought by historians 
to have been a contributory factor to 
the decline of the Roman Empire.   
  The AD 365 tsunami, however, was 
not alone in the geological history of 
the Mediterranean domain. A recent 
catalogue of historic Mediterranean 
tsunami includes 44 strong tsunami 

between the years 426 BC and 2002 
AD,  implying that a strong tsunami 
occurs on average about twice per 

century. Other sources suggest that 
the number of Mediterranean tsunami 
overall  over a period of 3500 year 
may amount to almost one hundred 
and	fifty,	indicative	of	a	25-year	return	
period. Tsunami in the Mediterranean 
are far from rare events, and are set 
to recur throughout the future.

We should not be surprised at 
the occurrence of tsunami in the 
Mediterranean basin which embraces 
some 21 tsunamigenic zones, the 
most active being associated with 
the Hellenic Arc.  Other zones are 
scattered as far apart as the Levantine 
and East Alboran seas, and include 
both the Ionian and Adriatic seas.

Tsunami waves are capable of 
travelling at velocities of 600 km per 
hour as they propagate across the sea. 
There are major differences between 
tsunami waves and those generated 

by storms.  The size of 
storm waves is determined 
by the length of the fetch 
across which the wind is 
able to generate them; 
this nowhere exceeds 
2000km, thus limiting 

Figure 1: High & dry; the quayside 
of the Roman harbour at Phalasarna, 
West Crete - now elevated some 9m 
above sea level by seismic activity 

and 130m from the sea 

Figure 2: A socket formed by extraction of clasts from 
a layer of rock some 0.5 m thick. This occurs during the 
passage of a large mass of water over the rock surface, 

thereby creating a lift force due to decompression following 
the passage of the wave. Sockets are frequent features on 
terrains formed in well-bedded sedimentary rocks such as 

the Upper Coralline Limestone of Messinian age.



storm wave heights to 5-6m. 
Furthermore, storm waves are 
simply wave forms that travel 
along the water surface. In 
contrast, however, tsunami waves 
are limited only by the magnitude 
of the originating perturbance; 
they involve the motion of the 
entire water mass and possess 
four times the power of storm 
waves of equivalent height. As 
the tsunami approaches shallow 
water it is retarded by friction 
at its base,  decelerating and 
becoming higher as the wave 
form rears up. On impact on a 
coastline its vast momentum is 
now applied to the land surface 
across which it transgresses 
with damaging force.  Readers 
may well be familiar with images 
of recent tsunami events such 
as the Indian Ocean tsunami 
of 2004, widely shown on TV 
screens across the world.                                                            

A tsunami wave striking a 
coast swarms onshore and upslope 
until its energy is spent, commonly 
attaining elevations of 10m above 
sea level and more, and then 
draining back into the sea whence 
it	 came.	 Their	 vigorous	 flows	 with	
velocities up to 10ms-1 or more, 
entrain sediments at scales from 
clays up to boulders, the latter up to 10m or more in extreme 

cases. They are thus capable 
of erosion and transportation, 
followed by deposition as their 
velocity decreases, to create 
identifiable	 signatures	 of	 both	
erosion and deposition.
These	 are	 exemplified	 by	

recent studies of tsunamigenic 
landforms in the Maltese islands 
by the author and colleagues. 
Erosional and deposition forms 
indicative	 of	 high	 energy	 flows	
are interpreted as signature 
features of tsunami according 
to their location, in particular, of 
aspect, elevation above sea level 
and distance from the shoreline. 
On rocky coasts such as those 
of Malta, erosional signatures 
include sockets (See Figure 2), 
from which large rock clasts 
have been extracted by plucking 
and scoured terrains in which 
the sheet of overwashing water 
scours out zones of weakness 
to create a highly serrated 

terrain (See Figure 3), in addition 
to other forms, such as eroded 
scarps, and clifftop detachment 
scars.  Depositional features include 
impressively large boulders, either 
as isolated individuals (See Figure 
4) - there is no other agency in 
this landscape available to transport 

this boulder other than the nearby sea at the cliff foot. The 
presence of the boulder at this 
location is not in itself indicative 
of deposition by tsunami. It is, 
however, just one of a range of 
sedimentary signatures which form 
a pattern in the landscape indicative 
of a widespread overwashing of the 
headland	 by	 a	 massive	 flow	 of	
water, such as a tsunami.  Modelling 
of the forces required to transport 
the parent boulder show that only 
a tsunami wave would have had 
the power to do so - or arranged 
in clusters or linear berms (See 
Figure 5). Hence this landscape 
incorporates an assemblage of 
individual depositional signatures 
which, by virtue of their distribution 
and	 elevation,	 is	 difficult	 to	
interpret as anything other than 
of tsunamigenic origin. On lowland 
coasts, sedimentary signatures are 
found	in	the	form	of	finer	sediments	
in sediment traps such as lagoons 
and	 lowland	 flats,	 and	 also	 in	
harbour and offshore sediments, 
commonly coarsely sandy in texture 
but exhibiting high energy

Figure 4: A massive boulder originally some 5.5m long lies ~12m inland 
from a 10m high sea cliff beyond the boulder itself, from whence it probably 

originated. It is fractured into three large closely contiguous fragments, 
indicative of its disintegration at the time of impact, and implying a 

substantial impacting force 

Figure 3: Overwashing a land surface 
form by a low strength rock with an 
intricate internal structure creates a 

scouring effect, dissecting the rock surface 
into a complex pattern of relief.  Such 

terrains are best exemplified on headlands 
directly exposed to wave attack 
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characteristics. 
  Through the last two decades there has been increasing 
recognition of the action of historic tsunami, discovering 
events which have occurred in the past and that will 
happen again in the future. The 
AD 365 event is widely regarded 
by geologists as the greatest 
perturbance in the Mediterranean 
Sea within the past 10,000 years. 
There is evidence that it was 
responsible for signatures within 
100 km of Malta, and it may also 
prove to have been the event that 
formed the Maltese signatures.

The source of the largest 
seismic events would appear to 
be the Hellenic Arc zone, some 
600 km east of Malta. A large 
tsunami generated there would 
only require one hour to cover 
the distance to the east coast 
of Malta. Fortunately, there is 
an early warning system now 
in place co-ordinated by the 
Intergovernmental Oceanographic 
Commission of UNESCO (IOC-
UNESCO) entitled Tsunami Early 
Warning and Mitigation System 
in the North-Eastern Atlantic, the 
Mediterranean and connected seas 
(NEAMTWS). 

Visitors relaxing on a summery 

Mediterranean beach should be aware of the seismic history 
of the region, and maybe take an occasional glance seaward 
just to remind themselves of tsunami. They have happened 
before, and they will happen again!     

Figure 5: A tsunamigenic landscape. Two lines of boulders outline a zone of 
exposed grey bedrock fringing the length of the clifftop and narrowing to pass 

through a subdued col in the centre of the image.  The foreground boulders 
form an intermittent line, the farther line runs across the image from the 

Right, and curves to run away from the camera up the ridge parallel to the 
cliffs to an elevation of ~20m above sea level.  These two lines form a funnel 

converging on the col.


