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 Future sea-level scenarios  
 

 
 
 

Aims of the MedMax project 
 



relative sea level (RSL) 
changes 

��RSL(�,�) = ��eus(�) + ��iso(�,�) + ��tect(�,�)+ ��error(�,�) 

RSL Equation 

where τ and ψ represent time and space. 
Δξeus(τ)is the time-dependent eustatic function,  
Δξiso(τ,ψ)is the total isostatic effect of the glacial rebound process including both the ice 
(glacio-isostatic) and water (hydro-isostatic) load contributions,  
Δξtect(τ,ψ) is any tectonic effects,  
Δξerror (τ,ψ) is unknown but we attempt to minimize this component by employing proven 
methodologies. 

Shennan and Horton, 2002; Horton., 2011 



 
 RSL database Western Mediterranean (Vacchi et al., under review) 

 
 RSL database Eastern Mediterranean (Vacchi et al., 2014; Kahn et al., 2015) 



New standardization of 
RSL index and limiting 
points 
 
-Fixed biological 
indicators 
 
-Marsh and lagoonal 
indicators 
 
-Archeological indicators 
 
-Beachrocks 
 
 
 
 



Beachrocks standardized indicative meaning 



Western Mediterranean. 918 RSL datapoints 
 
RSL reconstructions in 22 regions according to the tectonic setting 
 
Comparison with the ICE 5G-VM2 isostatic model 
 



Results WestMed 
 
918 RSL datapoints,  
 
Excellent temporal span 
 
Good applicability of the 
multiproxy standardization   
 
A continuos rise in RSL along the 
Holocene in tectonically stable 
areas 
 
 
 

 

3.2.1. Piers and quays
The height of the pier surfaces depended on

(a) the draught of the ancient ships, which was smaller than
the modern ones. Fishing boats or the small or medium
tonnage oneraria ships (up to 20–22 m length) had a draught
ranging from 0.5 m to 1.5 m, as suggested by some examples
dating to the Middle Ages: e.g., the ship of the Late-Roman
‘‘Parco di Teodorico’’ wreck (V century A.D.): draught about
0.5 m (Medas, 2003); Fiumicino 1: 1–1.5 m depending on the
load (Boetto, 2003); Grado 1: 0.8–1.2 m (Beltrame and Gaddi,
2007); Jules-Verne 7: 0.7–1.1 m (Pomey, 2003); Kinneret boat:
0.6–0.8 m (Steffy, 1990); Anse des Laurons 2: 1–1.5 m (Gassend
et al., 1994); Serçe Limani: 1.2–1.6 m (Steffy, 1982);
La Chrètienne C: 1–1.2 m (Joncheray, 1975); Cavaliére: 0.5–
1.2 m (Charlin et al., 1978).

(b) the tidal range, which is obviously changeable, according to the
coastal area under consideration;

(c) the use and the kind of receptiveness that change from the
outer pier, in service of an urban centre or terminal of impor-
tant sea routes (assigned to the mooring of big merchant ships
with bigger draught and bulwark height), to the small landing
stage/loader belonging to a residential or productive unit (that
received small boats used along the redistribution routes);

(d) the limits to the navigation season in the Roman age, from
October to March: the period when navigation was forbidden
(mare clausum: Janni, 1996). Some piers, mostly the smaller
ones, were inactive in some periods because of very high or low
tides, especially in the northern Adriatic, where the tidal range
is very wide.

The exposure (especially the piers) to the energy of the wave
action sometimes prevents the preservation of the original
working surface, whose height can be estimated through archae-
ological survey. This is the case for the small pier in Punta Sottile,
Muggia (Trieste) where the presence of a third missing row was
deducted from the conditions of the nearby collapsing blocks, in
addition to the relation between the height of the platform (pla-
tea) at the back, which is partially made up of rocks (Fig. 7). Punta
Sottile is one of the sites, in addition to Salvore, S. Simone, S. Bar-
tolomeo, Stramare, Grignano, etc. studied in the Interreg Project
AltoAdriatico’’ Italy–Slovenia (Antonioli et al., 2007, in press;
Auriemma et al., in press), where the application of the protocols
related to the docking structures, piers and quays belonging to
harbour structures or simple landing stages/loaders, assigned to

the goods loading more than to the ships stop (carigador) of the
Northern Adriatic were tested. A functional height of 0.60 m was
suggested for the piers, with an estimated relative sea level change
value of 1.60! 0.60 m (0.60 m as a margin of error, due to the
large tidal range, which reaches 1.20 m). The inconsistency
between the data and the Lambeck curve indicates active tectonics
in the two past millenniums, in contrast to what was previously
supposed (Antonioli et al., 2007). The same protocol has been
suggested for the Greek structure of Megara Hyblaea (Catania), the
so-called ‘‘banchinamento Orsi’’, identified as a quay. It is not clear,
however, how it is possible to estimate a height of the paleo sea
level at 1.48 m (Scicchitano et al., 2008). In Egnazia (Brindisi), the
revision of the submerged evidence and the clarification of uses,
functions and building technology identified these as harbour
structures made of cement, and to date them to the third quarter
of the 1st century B.C. (Auriemma, 2004). In the southern part of
the pier, which is made of pozzuolanic cement, the prints of the
catenae and moulds from horizontal beams are perfectly clear.
The beams were placed just above the sea level to wind brace the
wooden chest together with the vertical poles and the perimeter
supports. The catenae in Egnazia are currently at "3 m m.s.l.
(Fig. 8a and b).

This example illustrates an incorrect assumption of the
archaeological datum, noticed in Marriner and Morhange (2007),
where the value of the sea level rise doubles, i.e. from 3 to 6 m!
A ‘‘distortion’’ in the use of the archaeological datum is also found
in Stiros (1998), also see Papageorgiou et al. (1993), on the opus
caementicium structures of Mavra Litharia, in the Gulf of Corinth.
The part of the pier above the sea level should be more than 2 m
high (from 3.90 to 6 m above the current sea level). Which ancient
ship could have docked at a 2-m high pier? The ‘‘functionality’’
problem of this structure was not considered. Maybe this height
referred to an external wall, which protected the boarding/dis-
embarking operations, although Stiros (1998) does not supply
a plan of the presumed piers. These building techniques (the
cement ‘‘bag-shaped’’ basement or foundation and the elevation
with covering) also characterize interior and harbour structures
(for example, sub-structures and the elevation, foundations and
elevations). Therefore, it is not the building technique in the case
of Mavra Litharia (at least as described by Stiros, 1998) that
demonstrates the nature of the buildings and indicates the tectonic
rise, but the opposite. It is rather the observation of the lower strata,
undoubtedly marine, together with the observation of the rising
movement affecting the Gulf of Corinth that indicates port struc-
tures (even though the perplexities concerning height remain).

Fig. 6. Brioni, Villa of Val Catena (Croatia): the presumed fishpond. Fig. 7. Punta Sottile, Muggia (Trieste): the pier.
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Punta sottile, Trieste, Italy 



Some results 
 
 
-Assessment of 
Ebro 
Delta Holocene 
subsidence 
rates 
 
~1 mm a-1 
between 6.0 and 
3.5 ka BP,  
 
 ≥ 2 mm a-1 in the 
last 2.5 ka BP 
 
 
 
 
 
 
 
 



Contrasting RSL histories 
between Northern an 
Southern Corsica 
 
 
 
Coastline occupation 
problems! 
 
 
 
Collection of new field 
data 
 
 
 
 
 
 
 



Southern Po delta subsidence rates up to 5.5 mm a-1 for the last 9.5 ka BP  
Highest values in the West Med: Tectonics+compaction 

New insights about the post-roman  
sea level evolution in NE Adriatic Sea 

Post-Roman sea-level changes on Pag Island (Adriatic Sea): Dating
Croatia's “enigmatic” coastal notch?
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The presence of a regional-wide notch (45 to 115 cm below present biological mean sea level [BMSL]) along the
Adriatic coast of Croatia, at a string of sites between Zadar and Rijeka, provides evidence for a rapid but poorly
constrained subsidence event(s) after Roman times. For more than a century, this geomorphological tidal level
indicator has attracted rich scientific debate but many unresolved questions remain. In this paper, we present
new results from Caska Bay (Pag Island) looking at notch morphology and Holocene salt-marsh stratigraphy to
constrain the chronology of this crustal deformation on Pag Island. The typical salt-marsh stratigraphy comprises
low to high salt-marsh muds interjected by an unconformable marine layer (which lies between −50 and
−100 cm BMSL) consistent with an abrupt transgression. The palaeoecological record shows an abrupt shift in
assemblages across the salt-marsh mud–sand sediment contact translating abrupt coastal changes. Geochrono-
logical data constrain this event to around 1000 to 1200 cal. AD. The altitude of the layer is coeval with the sub-
merged notch attested on limestone cliffs around the bay. The U-shape of the notch profile, coupled with the
sharp palaecological contacts and submerged Roman pier, implies that sea-level rise was episodic and not grad-
ual as suggested by regional numerical models. Together, our findings shed new light on the chronology of the
“enigmatic” Croatian notch on the island of Pag, and highlight the need to couple geomorphological studies of
rocky coasts with high-resolution sediment records.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Tectonic activity in coastal areas can engender rapid sea-level chang-
es, archived in the geological record by a variety of geomorphological
midtidal features (e.g. notches and benches), bioconstruction forms
and palaeoecological changes on clastic coasts (e.g. salt-marshes). The
eastern and central Mediterranean, in particular, has attracted signifi-
cant research interest due to its seismotectonically-active setting and
the plethora of its geomorphological and archaeological evidence
attesting to rapid sea-level movements since the mid-Holocene
(Pirazzoli et al., 1994a,b, 1996; Pirazzoli, 1996; Stiros et al., 2000;
Stiros, 2001; Morhange et al., 2006a,b; Marriner and Morhange, 2007;
Auriemma and Solinas, 2009; Stewart and Morhange, 2009; Evelpidou
et al., 2012; Marriner et al., 2012; Mastronuzzi and Sansò, 2012; Faivre
et al., 2013; Vacchi et al., 2014). Nonetheless, in many instances,

chronological difficulties persist in relation to certain types of displaced
rocky-coast erosional forms, particularly notches and platforms
(Pirazzoli, 2005a, 2007).

The rocky Adriatic coast of Croatia, on a 150-km stretch of coast
between Zadar and Rijeka, is particularly rich in erosional forms and
has a long history of research (Fig. 1). In effect, since Suess
(1885–1908), Tamino (1948), Schneider (1976), Pirazzoli (1980) and
others, scholars have shown the importance and quasi-continuity of a
submerged notch, between 50 and 115 cm below present sea level,
where sheltered topography and resistant limestone outcrops have
been conducive to its formation and preservation (Fouache et al.,
2000; Faivre and Fouache, 2003; Benac et al., 2004; Fouache et al.,
2005a,b; Fouache, 2006; Benac et al., 2008; Faivre et al., 2010; Furlani
et al., 2011). In the Mediterranean, intertidal bioerosion of limestone
can be up to 1 mm/year (Pirazzoli, 1986; Laborel et al., 1999;
Evelpidou et al., 2011; Furlani et al., 2011) and, in this instance, the
depth and the continuity of the Croatian notch support a formation
phase lasting several centuries, attributed by most scholars to the
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Southern Tunisian highstand: the sole in West Med and compatible with the 
remote Antarctic Ice sheet melting history 



Vacchi et al., New insights on the mid to late-Holocene Relative Sea-Level changes in Corsica (NW 
Mediterranean) under review 
 
Curras et al., Reconstructing past landscapes in the Aleria Plain (Corsica) for the last 6000 years 
based on sedimentological and palynological analyses, under review. 
 

Corsica and Sardinia, collaboration with the OT-Med project of Andrés Curras 
and Matthieu Ghilardi  

!# 
 

chronostratigraphique obtenue, et publiée (Reille, 1984), était très incomplète et ne disposait que de 

deux datations par le radiocarbone, situées à la transition entre environnement marin et lagunaire 

(environ 4 m de profondeur) et qui indiquaient un âge de 5920 ± 190 ka BP (non calib.), limitant 

ainsi fortement toute interprétation en des termes géorachéologiques pour les 5000 dernières 

années.  
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grâce au matér iel C O BR A T T 

 
Méthodes de terrain et de laboratoire 

Les différentes méthodes utilisées sur le terrain sont les suivantes : 

- Carottage réalisé 
���	���������������
����
��������	����������� 

- Datation 14C des restes fossiles (bivalve lagunaire de type Cerastoderma glaucum)  

effectuée au laboratoire 14C de Poznan (Pologne). 

- Analyses de granulométrie, de palynologie (Resp. Andrés Curras) et des pollutions 

environnementales (Resp. Nathalie Fagel) 

Tavignanu 
Tavignanu 

Ter r ina 



Redefinition of the isostatic signal across the western Mediterranean  (Vacchi et al., 
submitted) 
-Last 4.0 ka negligible meltwater input, minimized tectonics and sediment compaction 
-GIA-related land movements in the western Mediterranean vary between ~3.4 m the 
southeastern part of the basin up to ~1.6 m in the northwestern.  
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Rate of relative sea-level change

Gaussian model on geological records 
vs  

ICE-6G (VM6) isostatic model 



ON LINE WEBGIS     http://medmax.otmed.fr/ 



 
Are the current sea level rising 
rates (1,3 mm year) leading to 
the disappearance of L. 
byssoides rims in NW Med? 
 
 
New sampling and dating are 
requested  

OPEN QUESTIONS 


