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continuous rise in sea-level withmultiple index points that constrain
the RSL to ~−1.5 m at ~3.5 ka BP. Rising rates decreased during the
remaining part of the Holocene. Multiple archaeological and
L. byssoides index points indicate RSL was at ~−0.8 m at ~2.5 ka BP,
rising to ~−0.8 m at ~1.5 ka BP. During the last 1.0 ka BP, RSL
remained within 0.3 m of modern MSL.

5.4. Western Ligurian Sea (#4)

The RSL database of the western Ligurian Sea consists of 19 index
points and 18 limiting dates (Fig. 7, #4). Archeological excavations in
the ancient harbours near Frejus and Genova provided index and
limiting points. Additional data derived from cores performed on
the coastal plains near Nice (France), Savona and Genova (Italy).
Index points also derived from L. byssoides samples collected near
Frejus and Nice, and from a beachrock sample collected near Savona
(Italy). At ~13.0 ka, index and limiting points constrain the RSL to
−45.6 ± 1.2 m. Then, RSL rose rapidly to −18 ± 0.9 m at
~9.3 ka BP. During the mid-Holocene (from ~7.5 to ~5.7 ka BP), RSL
was between −6.1 ± 1 m and −1.1 ± 1.1 m. Index points in the

Late Holocene show scatter. Archeological and L. byssoides index
points suggest a continuous rise of RSL, from −0.9 ± 0.4 m at
~3.0 ka BP to −0.4 ± 0.3 at ~2.0 ka BP, followed by a gradual rise
to the present datum.

5.5. Eastern Ligurian Sea (#5)

The RSL history of the northeastern Ligurian Sea is based on 21 index
points and 9 limiting points from cores on the Versilia plain and the
Arno river coastal plain (Fig. 7, #5). Additional data-points derive from
archaeological investigations near Pisa and La Spezia. RSL was at
−45.1 ± 1.1 m at ~12.5 ka BP. Then, basal index points indicate that
RSL rose rapidly to −13.9 ± 1.0 m at ~8.0 ka BP and to −6.7 ± 0.6 m
at ~6.6 ka BP. RSL rise slowed down in the remaining part of the Holo-
cene. At ~4.2 ka BP, multiple intercalated index points place the RSL at
~−2.2 m. Late Holocene RSL is loosely constrained by the data. The
youngest intercalated index point places the RSL at −1 ± 0.6 m at
~2.2 ka BP. Younger terrestrial limiting points constrain the RSL above
−0.2 m at ~2.0 ka BP.

Fig. 6. RSL reconstructions in central Spain (#1), northern Spain (#2) and central France (#3). Index points (boxes) are plotted as calibrated age against change in sea level relative to
present. Limiting points are plotted as terrestrial or marine horizontal lines. Dimensions of boxes and lines for each point based on 2s elevation and age errors. The relative sea-level
data is compared to a prediction (red linewithminimum andmaximumerrors) from the SELENmodel (see Section 4). Al, Alicante; Va, Valencia. Ed, Ebro Delta; Cu, Cubelles; Ll, Llobregat
Delta; Em, Empuries. Lg, Languedoc lagoons; Rh, Rhone Delta, Eb, Etang de Berre, Ma, Marseille; Lc, La Ciotat; Pc, Port Cros.
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Outline

• Relative sea-level changes since 6.000 years / water 
columns (fishpond, Magdala)

• Coastal deformations and sedimentary budget / 
Harbour location / palaeo-geography (Akko, Gizzeh)

• Sedimentary processes/energy/hazards (Aquileia, 
Tipaza, Yenikape). Neocatastrophism /factoids

• Anthropogenic impacts (Napoli, Alexandria…)



1. Relative sea-level
changes since 6.000 years / 

water columns



Rapid sea-level movements and noneruptive crustal deformations
in Pozzuoli (Italy)



Mox praeiaciuntur in gyrum moles, ita ut conplectantur sinu
suo et tamen excedant stagni modum (Columella)
The basins themselves were protected from waves by exterior tall 
walls, so the inner basin was like a pond
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San Bartolomeo (SLO)



VIVIERS Dim. Max (m) Dim. Min. Sup. Totale
(m2) Sup.  interne Nb  bassins

Kupanja 100 95 7500 2500 4

Katoro 65/70 60/65 4000/4500 1200 4 dt 2petits

S.
Bartolomeo 135 80/50 6750/ 

8550 2200 2

Fizine 65 28/36 3036 1432 2

Svršata 35 30 1050 600 1

Busuja L :48 L : 18,8 900 400 5 + 5 (?)

Dimensions très différentes, deux types différents





Vivier de Katoro,
Évaluations 
d’après le MNT



Kupanja, un des plus grands
du monde romain
(près de 7500 m2)



KUPANJA
Une fondation 
de blocs jetés en vrac



Busuja, vivier à anguilles ?
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Science, 1974







 Anse de 
la Joliette 

 Anse de 
  l'Ours 

Lacydon 

Cretaceous limestone 

Oligocene limestone 

St-Jean 

5 22'E 

43 18'N 

0 500m 

Palaeo-river 

50 

Les Moulins 

St-Charles 

Carénage Le Pharo 

La Garde 

50 

Les Carmes 
Oligocene conglomerate 

Oligocene marl 

Swamp 

Marseilles 

N 

0 NGF 

0,5 

1 m 

1,5 

 2 m 

2000 1000 J.  C. 1000 2000 3000 4000 
Cal. BC/AD    

0,1 
0,2 
0,3 
0,4 

5000 
0,5 

Lithophyllum lichenoides 
La Ciotat  
Laborel et al., 1994  
Morhange et al., 1996  

Marseilles field data 

Marseilles ancient harbor 

Relative sea level changes in Marseilles 

Modern ditch 
 Late Roman quay 

Roman quay 
Hellenistic quay 

Archaic quay 

Early Bronze Age  
shoreline  

Late Neolithic  
shoreline  

Wooden posts 

Late Bronze Age  
shoreline  

St-Laurent 



Phalasarna, uplift 10 m, 365 AD
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Lechaion, uplift 1,2 m, ca. 340  
BC
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West Med.
Vacchi et al., 2016

continuous rise in sea-level withmultiple index points that constrain
the RSL to ~−1.5 m at ~3.5 ka BP. Rising rates decreased during the
remaining part of the Holocene. Multiple archaeological and
L. byssoides index points indicate RSL was at ~−0.8 m at ~2.5 ka BP,
rising to ~−0.8 m at ~1.5 ka BP. During the last 1.0 ka BP, RSL
remained within 0.3 m of modern MSL.

5.4. Western Ligurian Sea (#4)

The RSL database of the western Ligurian Sea consists of 19 index
points and 18 limiting dates (Fig. 7, #4). Archeological excavations in
the ancient harbours near Frejus and Genova provided index and
limiting points. Additional data derived from cores performed on
the coastal plains near Nice (France), Savona and Genova (Italy).
Index points also derived from L. byssoides samples collected near
Frejus and Nice, and from a beachrock sample collected near Savona
(Italy). At ~13.0 ka, index and limiting points constrain the RSL to
−45.6 ± 1.2 m. Then, RSL rose rapidly to −18 ± 0.9 m at
~9.3 ka BP. During the mid-Holocene (from ~7.5 to ~5.7 ka BP), RSL
was between −6.1 ± 1 m and −1.1 ± 1.1 m. Index points in the

Late Holocene show scatter. Archeological and L. byssoides index
points suggest a continuous rise of RSL, from −0.9 ± 0.4 m at
~3.0 ka BP to −0.4 ± 0.3 at ~2.0 ka BP, followed by a gradual rise
to the present datum.

5.5. Eastern Ligurian Sea (#5)

The RSL history of the northeastern Ligurian Sea is based on 21 index
points and 9 limiting points from cores on the Versilia plain and the
Arno river coastal plain (Fig. 7, #5). Additional data-points derive from
archaeological investigations near Pisa and La Spezia. RSL was at
−45.1 ± 1.1 m at ~12.5 ka BP. Then, basal index points indicate that
RSL rose rapidly to −13.9 ± 1.0 m at ~8.0 ka BP and to −6.7 ± 0.6 m
at ~6.6 ka BP. RSL rise slowed down in the remaining part of the Holo-
cene. At ~4.2 ka BP, multiple intercalated index points place the RSL at
~−2.2 m. Late Holocene RSL is loosely constrained by the data. The
youngest intercalated index point places the RSL at −1 ± 0.6 m at
~2.2 ka BP. Younger terrestrial limiting points constrain the RSL above
−0.2 m at ~2.0 ka BP.

Fig. 6. RSL reconstructions in central Spain (#1), northern Spain (#2) and central France (#3). Index points (boxes) are plotted as calibrated age against change in sea level relative to
present. Limiting points are plotted as terrestrial or marine horizontal lines. Dimensions of boxes and lines for each point based on 2s elevation and age errors. The relative sea-level
data is compared to a prediction (red linewithminimum andmaximumerrors) from the SELENmodel (see Section 4). Al, Alicante; Va, Valencia. Ed, Ebro Delta; Cu, Cubelles; Ll, Llobregat
Delta; Em, Empuries. Lg, Languedoc lagoons; Rh, Rhone Delta, Eb, Etang de Berre, Ma, Marseille; Lc, La Ciotat; Pc, Port Cros.
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5000 cal. BP



Preliminary conclusions RSL

RSL variations are rarely
a natural hazard

(except Pozzuoli, Phalasarna, Alexandria…)

Estimation of  water columns
(60 cm ca 525 BC in Marseille ;
Roma, Claudius basin ca. 7 m)

centimetric precision cm with BSL indicators



2. Coastal deformations and 
sedimentary budget



Magdala Project
S. DE LUCA dir., A. LENA

Arbel : +180 m
Magdala : - 212 m



Raban A., 1988
The boat from Migdal Nunia
and the anchorages of the Sea of Galilee
from the time of Jesus. IJNA, 17.



Site of Magdala

2008 – Harbour structures (ca -208 m )

Hellenistic : 167 - 63 BC
Roman : 63 BC – 270 AD



H



Roman quay and slipway 
of Magdala (Israel)

Kinneret-sea of Galilee

Annual oscillations ca 1.5m

Med. Sea breeze from Arbel

La Ciotat
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8 Corings (Rossi et al., 2015)

Section 1



Section 1

Breakwater???????

Late-roman
(270-350 AD)

Arab period
(1000-1200 AD)

(167-63 BC)
2001±70 CAL BP

(63 BC-270 AD)



Conclusions concerning Magdala

- Importance of the Mediterranean sea-breeze and Arbel
topography (sedimentary budget)

- Role of the pionners (M. Nun and A. Raban) in the 
(possible) over-interpretation of the ottoman (?) 

harbour structures.



PORTUS LIVORNUS

N

Posidonia silt

-0,7 bsl

~ -1,60 bsl

Programm Portus Pisanus
Università di Pisa.

Dir: M. Pasquinucci
L. Stefaniuk



Facies aberration
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Aerial picture of Tel Akko (M. Artzy)

Ancient harbours of Akko since the Bronze Age
M. Artzy total archaeology project (Haifa) 



Regional context

Location of Haifa Bay, on the northern limit of the Nile littoral cell (after Stanley, 2002; image Esri/CNES).



Geomorphological map of  Haifa Bay. Localisation of the tells, 
4000 years BP shore line position, bathymetry and wave rose after 
Zviely et al., 2007. 3650 years BP shoreline after Porat et al., 2008.

Geomorphology of
Haifa Bay



• Akko mentioned in ancient text from 2400-
2250 BC

+ Amarna Letters (Pharaos of the 19th dynasty)

• Occupation attested since the MB II A (2000-
1750 BC)

• Ceramics imported from Lebanon and Cyprus 
à important harbour activity

Tel Akko: back on thousand years of occupationTel AKKO : thousands of years occupation 



Methods

51

(1) Ubiquity of ostracods in both fresh and 
marine waters

(2) Small size
(3) Easily- preservable carapaces. 

Ostracods



Location of the cores

52

Location of the cores, image Esri/CNES.



Southern façade, ostracods AK-XV-1

A = marine dominated estuary
B = river-dominated estuary
C = coastal plain

Frenzel et al., 2010

Athersuch et a., 1989

Frenzel et al., 2010



Results of the salvage project (Artzy and 
Abou-Ahmed, 2012).

from Morhange et al., 2016).

Western façade (AK XV 3)



Ostracods AK-XV-3

A = infratidal environment 
B = supratidal environment 

C = marine dominated estuary
D = river-dominated estuary

Frenzel et al., 2010

Frenzel et al., 2010



Coastline changes and location of Akko’s ancient harbours through time
Topography adapted from Treidel map (1925-26).

Akko total archaeaology
research programm (Israel)

Growth of the sand spit

Infilling of the estuary

Final stage of the 
Coastal progradation

Maximum of the marine
ingression



Akko ancient harbours

Bronze/Iron Age harbourLate Persian/ Early Hellenistic
harbour

Hellenistic harbour

Mobility of Akko ancient harbours
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3. Palaeo-processes and neo-
catastrophism

high-energy events impacts
Vulnerabilities



Aquileia
MB CARRE and G ARNAUD F
D. COTTICA et al.



Aquileia
Western harbor



Fluvial dynamics in Aquileia (western harbor) area

CM pattern
Passega

From Arnaud-Fassetta and Siché

In Aquileia plain, CM patterns
were useful to analyse fluvial channel activity 
since the Iron Age
Increasing fluvial competence at the 
beginning of the antiquity 



Land use had some influence on fluvial dynamics :
Several active palaeo-channels were artificially infilled to 
increase the urbanised area ?

End of 
the 1st 
century 
AD

End of 
the 4th 
century 
AD

Channel narrowing with time

Quay structures

Hydraulic works
led to river
channelisation,
as demonstrated 
in the sector 
of the Roman 
fluvial harbour

Ancient 
hydrographical 
network

Early Middle Age



Research by S.
Groh et al.  (Austria), 
2012

New harbour waterfront
Canale Anfora

Research in progress
(D. Cottica)



Late-Holocene catastrophic floods in 
the Arno River

second century BC to fifth century AD

BERSANI
PICHARD



Painting of the frozen Lagoon in January 1789. (Camuffo, 2014)
The hinterland and the mountains in the background are covered with snow. (Correr Museum)



YENIKAPE, from Perincek, tsunami layer ca.  V-VII° AD



TIPAZA
ALGERIA

Maouche
Et al., 2009
Marine Geol.

Up to 200 tons





tsunamis: a discourse of fear?
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Some explanations

« Impact factor race »
« media race »

Bases of  geology
« risk society »

Social demand
Application opportunism

Funding



QUO VADIS ?
Progresses to be done in harbour geo-archaeology

• Dredging problem. From coring to sections…
• Integration of continental and submarine

approaches. From watershed to base-level.
• Geoarcheology without archaological excavations is

very fragile and naive.
• Neo-catastrophist fashion. Question of factoïds…
• Sea-level obsession. 

Toward a stronger geographical (spatial) approach

Present-day destruction of coastal archaeological
sites (coastal erosion and urbanization)


