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Importance the Mediterranean basin

West
Med

Intermediate field to far field

Mainly microtidal and deeply 
investigated in the past

Complex geodynamic setting

From Vacchi et al., 2016
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Holocene sea-level evolution, 
A key paleo-climatological information to better assess future sea-level rise in a changing climate. 



Past
database

Variability controlled by
-tectonics,
-compaction-related subsidence
-glacio-hydro isostatic adjustment (GIA)

Vacchi et al., 2016 ESR
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GIA
signal

Can we improve and expand 
current Mediterranean 
dataset? 

Definition of maximal rates GIA 
related subsidence

Serp e llon i e t a l., 2013

sheet must have essentially ceased by approximately 4 ka (Peltier,
2002; Peltier et al., 2002), this being the region of grounded LGM
ice in which melting is expected to have continued after northern
hemisphere deglaciation had ceased. Stocchi et al. (2009) have
suggested that complementary and equally interesting information
concerning the late post-LGM melting of the Antarctic ice sheet
could be provided by a subset of the Mediterranean data upon
which this paper is focused. It is therefore useful to revisit RSL
predictions in the Gulf of Gabes, a site where many indicators are
available, in the context of the late melting history of the Antarctic
ice sheet. This issuewill be pursued by consideration of a number of
alternative scenarios for Late Holocene Antarctic ice sheet melting
while keeping all other aspects of the ICE-7G_NA (VM7) model
fixed. We will explicitly consider the variations upon the melting
history of this component shown in Fig. 5(a). These simple modi-
fications of this history are not meant to provide a thorough
parameter space search or misfit minimization analysis, but rather
to provide qualitative physical insight into the sensitivity of RSL
predictions to far-field variations in the melting history of the
Antarctic ice sheet and to test specific hypotheses from the

literature regarding its late evolution.
Keeping in mind that the Antarctic components of the ICE-6G_C

and ICE-7G_NA ice loading histories are identical (and constrained
to fit the inferences that followed from the original analysis of
Peltier (2002) which strongly suggested that Antarctic melting had
ceased by ~4 ka), twomain avenues are considered. First, variations
in the melting rate are introduced during the Holocene while
respecting the 4-ka limit to the termination of the post-LGM
melting of the Antarctic ice sheet. One such variation introduces
a faster melting of the Antarctic ice sheet in the early Holocene
towards modern conditions (and a corresponding slower melting
rate in the mid-to late Holocene) (Antarctica modification #1),
while another examines the impact of a more abrupt final melting
of the Antarctic ice sheet (Antarctica modification #2). A third
modification probes the impact of a long Antarctic melting “tail”, in
which a significant amount of ice sheet melting occurs in the mid-
to late Holocene (Antarctica modification #3), including continuing
melting after the 4-ka limit argued for in Peltier (2002) and Peltier
et al. (2002). This scenario follows the suggestion by Lambeck et al.
(2014) (see also, Fleming et al., 1998) that ~4m of eustatic sea level

Fig. 4. Coloured contour plot of relative sea level change since 2 ka BP across the Mediterranean region, as predicted by (a) the ICE-6G_C (VM5a) model of Peltier et al. (2015), and
(b) the ICE-7G_NA (VM7) model of Roy and Peltier (2017).

Table 2
Comparison of observational inference and GIA model predictions of Roman time RSL along the Tyrrhenian coast.

Data type Source/model Tyrrhenian RSL at 2ka BP (Civitavecchia)

Observational inference
Lambeck et al. (2004) !1.37m to -1.2m
Evelpidou et al. (2012) !0.58m to -0.32m

GIA model predictions

ICE-5G (VM2)
(Evelpidou et al., 2012)

!0.50m

ICE-6G_C (VM5a)
(This study)

!0.20m

ICE-7G_NA (VM7)
(This study)

!0.48m

K. Roy, W.R. Peltier / Quaternary Science Reviews 183 (2018) 76e87 83

Roy a nd  Pe ltie r, 2018

From Peltier, 2004
From Lambeck and Purcell 2005
Lambeck et al., 2011
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Production of RSL index or limiting points 
according to the IGCP standard

Is there a quantitative relationship with the msl?

Index or limiting points (marine-terrestrial)

Can we robustly define an indicative meaning for the 
the different types of RSL indicators? 

Index and
Limiting
points

Mangrove peats,

Coral reefs,

Beachrocks
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New field
campaigns

Coastal lagoons and salt-marshes

An important source of sea-level 
data

Very common in the Med

Low-energy coasts

Full of datable material

In equilibrium with the sea-level

Introduction Methodology Results Future directionsDiscussion



A sample found in lagoonal or salt-marsh facies MUST be corrected for 
the indicative meaning to produce a sea-level index point

Indicative
meaning

Va cchi et a l., 2016 

Bio-stratigraphic analyses

- Malacofauna
- Foraminifera
- Ostracods
- Laser Grain size

Correct radiocarbon dating

-plant macrofossils
-wood 
-organic sediments (infos on C13/C14 %0)
-marine and lagoonal shell (Delta R value)
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Coring
activity

Minimize the additional vertical errors -Kobra vibracore
-dGPS
-Total station
-Lidar with drones
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Bio-
stratigraphy

Definition of the depositional facies

Production of new RSL index and 
limiting points 

Alcudia, Mallorca
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West 
Med

Baleares
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69 new RSL index points

43 new limiting points

Vacchi et al., under review on QSR



Corsica and 
Sardinia
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25 Sea-level index point
16 limiting points

Corsica 

17 Sea-level index point
20 limiting points

Sardinia 



Baleares
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27 Sea-level index point
7 limiting points



Data vs
Gia models

Data vs GIA models

We significantly expanded the dataset

This data are free to use and are inglobated
in the Holsea (INQUA CMP 1601) global 

database

A very interesting misfit in the
Balearic region

?
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West 
Med

sheet must have essentially ceased by approximately 4 ka (Peltier,
2002; Peltier et al., 2002), this being the region of grounded LGM
ice in which melting is expected to have continued after northern
hemisphere deglaciation had ceased. Stocchi et al. (2009) have
suggested that complementary and equally interesting information
concerning the late post-LGM melting of the Antarctic ice sheet
could be provided by a subset of the Mediterranean data upon
which this paper is focused. It is therefore useful to revisit RSL
predictions in the Gulf of Gabes, a site where many indicators are
available, in the context of the late melting history of the Antarctic
ice sheet. This issuewill be pursued by consideration of a number of
alternative scenarios for Late Holocene Antarctic ice sheet melting
while keeping all other aspects of the ICE-7G_NA (VM7) model
fixed. We will explicitly consider the variations upon the melting
history of this component shown in Fig. 5(a). These simple modi-
fications of this history are not meant to provide a thorough
parameter space search or misfit minimization analysis, but rather
to provide qualitative physical insight into the sensitivity of RSL
predictions to far-field variations in the melting history of the
Antarctic ice sheet and to test specific hypotheses from the

literature regarding its late evolution.
Keeping in mind that the Antarctic components of the ICE-6G_C

and ICE-7G_NA ice loading histories are identical (and constrained
to fit the inferences that followed from the original analysis of
Peltier (2002) which strongly suggested that Antarctic melting had
ceased by ~4 ka), twomain avenues are considered. First, variations
in the melting rate are introduced during the Holocene while
respecting the 4-ka limit to the termination of the post-LGM
melting of the Antarctic ice sheet. One such variation introduces
a faster melting of the Antarctic ice sheet in the early Holocene
towards modern conditions (and a corresponding slower melting
rate in the mid-to late Holocene) (Antarctica modification #1),
while another examines the impact of a more abrupt final melting
of the Antarctic ice sheet (Antarctica modification #2). A third
modification probes the impact of a long Antarctic melting “tail”, in
which a significant amount of ice sheet melting occurs in the mid-
to late Holocene (Antarctica modification #3), including continuing
melting after the 4-ka limit argued for in Peltier (2002) and Peltier
et al. (2002). This scenario follows the suggestion by Lambeck et al.
(2014) (see also, Fleming et al., 1998) that ~4m of eustatic sea level

Fig. 4. Coloured contour plot of relative sea level change since 2 ka BP across the Mediterranean region, as predicted by (a) the ICE-6G_C (VM5a) model of Peltier et al. (2015), and
(b) the ICE-7G_NA (VM7) model of Roy and Peltier (2017).

Table 2
Comparison of observational inference and GIA model predictions of Roman time RSL along the Tyrrhenian coast.

Data type Source/model Tyrrhenian RSL at 2ka BP (Civitavecchia)

Observational inference
Lambeck et al. (2004) !1.37m to -1.2m
Evelpidou et al. (2012) !0.58m to -0.32m

GIA model predictions

ICE-5G (VM2)
(Evelpidou et al., 2012)

!0.50m

ICE-6G_C (VM5a)
(This study)

!0.20m

ICE-7G_NA (VM7)
(This study)

!0.48m

K. Roy, W.R. Peltier / Quaternary Science Reviews 183 (2018) 76e87 83

earlier than inferred from the far-field data or, because
this location is sensitive to the choice of model
parameters (c.f. Figs. 8 and 10), the values for the mantle
viscosities should be decreased by a small amount.
However, until the analyses of a larger Mediterranean
data set is completed, and because the global esl model is
consistent with data from outside the Mediterranean, we
adopt the global estimate for the esl function.

The resulting sea-level predictions are illustrated in
Fig. 4 for the LGM, the earliest Holocene, and for the
two Late Holocene epochs. An essential characteristic of
the predictions is that—in the absence of tectonics—
well-developed highstands do not occur at any time
within the Mediterranean basin because of the compet-
ing effects of the two isostatic contributions DzI-g and
DzI-h and because of the small ocean volume increase
between !7 and 3 kaBP introduced by the esl correc-
tion. These predictions are model-parameter sensitive
and while the nominal values adopted give a good first-
order description of the observed change, there is
potential for parameter improvements using field data
from the region. The analysis presented here provides
guidelines as to the ideal locations for such data.

Across the region for each epoch, there are locations
where the isostatic corrections vanish (see Figs. 2d–f),
where the relative sea level equals the equivalent value.

Observations from these sites provide the means to
effect a direct separation of the isostatic and ocean-
volume signals. At other locations, the predictions are
insensitive to some of the earth-model parameters,
particularly to H1 and Zum, or to both of these
parameters (Fig. 8). Other important locations include
the north coast of Africa, particularly between and
including the Gulfs of Sirte and Gabès, and the coast of
Tunisia. Other potentially useful sites include some of
the small (e.g. Malta and Lampedusa) or intermediate
(e.g. Sardinia) sized islands.

The predictions for 2000 years ago (Fig. 14d) are of
particular interest because of the substantial amount of
archaeological sea-level markers available for this
period (e.g. Flemming, 1969). This includes the tidally
controlled piscinae or fish tanks constructed between
about 100BC and 100AD (Schmiedt, 1972). The model
predictions exhibit a spatial variability of !1m at this
time between sites in North Africa, Italy, and France
where Roman period constructions provide sea-level
information (e.g. Flemming, 1969; Caputo and Pieri,
1976; Pirazolli, 1976; Morhange et al., 1996) which,
where the markers bear a precise relation to the mean
level, can provide precise constraints on the predictive
model (Lambeck et al., 2004b). Alternatively, compar-
isons of the model predictions with the archaeological

ARTICLE IN PRESS

Fig. 14. Predicted relative sea levels and shorelines across the Mediterranean region at four epochs: (a) 20 ka, (b) 12 ka, (c) 6 ka, (d) 2 ka. The palaeo-
shoreline positions are defined by the green–blue transition. For 20 and 12 kaBP, the contour intervals are 5m. For 6 and 2 kaBP, the red contours
denote negative values, the orange contours denote positive values, and the yellow contour corresponds to zero change. The contour intervals are 1m
at 6 ka and 0.25m at 2 ka. The predictions are based on the nominal model parameters (E2, NE-2, NA-2), Antarctic and Alpine deglaciation with on-
going deglaciation of the former defined by the esl function for the Late Holocene period (Fig. 12).

K. Lambeck, A. Purcell / Quaternary Science Reviews 24 (2005) 1969–19881986

GIA signal the western Med, different magnitudes but similar pattern

From Lambeck and Purcell, 2005 to
Lambeck et al., 2011

Roy and Peltier, 2018
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GIA
pattern

Vacchi et al., under rev on QSR
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On-going

Rita Levi Montalcini fellowship (� 210k Euros, 2019-2022, University of Pisa)  

-Definition of a Mediterranean sea-level transfer function, high resolution RSL data

FIGURE 4. Modern distribution of the relative abundance (%) of dead foraminifera plotted by distance for transect B-B1 at Blace. Foraminiferal
abundance (per 5 cm3), elevation (m HVRS71) and salt-marsh zones are also shown. Transect location is shown in Fig. 1C.

SALT-MARSH FORAMINIFERA AND SEA LEVEL 321

Shaw et al., 2016
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On-going
work
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Pilot studies in:
-Southern France
-Corsica
-Sardinia

Test the response (or non response) of the Med sea-level 
to the late-Holocene climatic anomalies


