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Abstract. – The central part of the Gulf of Lions shoreline is characterized by many coastal wetlands that resulted from
the interaction between a process of shoreline regularization by migrations of littoral barriers and a slow filling of the
back-barrier areas by the riverine and marine inputs. Analyses of Late-Holocene deposits with a very high-resolution
multi-proxy study of two sediment cores, allow us to reconstruct the evolution of this coastal system. Two main Holo-
cene sediment units are identified overlying a Pliocene carbonate continental formation. The lower unit consists of
sandy and pebbly marine sediments deposited around 7800 B.P., during the final stand of the last sea level rise. Just
above, the upper unit displays lagoonal grey clay silts with shells and some intercalated layers of silty sands related to
paleostorm events. The age model was established from radiocarbon dating, for the oldest part of the core. Over the last
century, sedimentation rates were calculated using the CFCS 210Pb model, together with 137Cs data. Radiocarbon data
show an increase in the accumulation rate from the base to the top of cores. Marine sand units related to the last
transgressive deposit allow to refine the curve of Holocene post-glacial sea level rise. Sedimentological and faunal anal-
yses associated with chronological data provide a means for reconstructing the Late-Holocene paleoenvironments along
this part of the coast and suggest that the final closure of the coastal lagoon by the sandy barrier occurred at around
730 ± 120 yr cal B.P. The beginning of this closure, together with the progradation of the coastal plain, could be respon-
sible for the decline in economic activity of the Lattara harbour during the Roman period.

Evolution tardi-holocène d’une lagune dans le golfe du Lion (Sud de la France)

Mots-clés. – Lagune, Mer Méditerranée, Remplissage sédimentaire, 210Pb, 14C, Paléoenvironnements, Golfe du Lion

Résumé. – La partie centrale du littoral du golfe du Lion est caractérisée par de nombreuses lagunes qui résultent de
l’interaction entre un processus de régularisation du trait de côte par migration de barrières littorales et d’un lent rem-
plissage des zones situées en arrière des barrières par des apports continentaux et marins. Les analyses des dépôts tar-
di-holocènes avec une étude multi-traceurs à très haute résolution de deux carottes sédimentaires nous permettent de
reconstruire l’évolution de ce système côtier. Deux unités sédimentaires holocènes sont identifiées recouvrant une for-
mation pliocène carbonatée. L’unité inférieure est constituée de sables et de galets d’origine marine déposés vers
7800 B.P., durant les stades ultimes de la dernière remontée marine. Au-dessus, l’unité supérieure montre des dépôts
d’argile et de silt gris coquilliers d’origine lagunaire, dans lesquels sont intercalés des niveaux de sable silteux révélant
la présence d’événements de tempêtes. Le modèle d’âge est établi à partir de dates radiocarbones pour les parties les
plus anciennes des archives sédimentaires, tandis que pour le dernier siècle, les taux de sédimentation sont calculés en
utilisant le modèle CFCS pour le 210Pb, associé aux données de 137Cs. Les données 14C montrent une augmentation du
taux d’accumulation depuis la base jusqu’en surface des carottes. Les unités de sables marins liées aux dépôts de la der-
nière transgression marine permettent de préciser la courbe post-glaciaire de remontée du niveau marin. Les analyses sé-
dimentologiques et faunistiques associées aux données chronologiques fournissent une méthode permettant de
reconstituer les paléoenvironnements littoraux tardi-holocènes dans la zone d’étude et suggèrent que la fermeture finale
de ces lagunes par le cordon sableux survient autour de 730 ± 120 ans cal B.P. Le début de cette fermeture, associée à la
une progradation deltaïque, pourrait être responsable du déclin des activités économiques du port de Lattara durant la
période Romaine.
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INTRODUCTION

High-resolution stratigraphy is an important tool in deter-
mining the distribution of Late Quaternary sediments. In
coastal areas, such a high-resolution approach is uncommon
due to the relatively short time scales represented by mod-
ern deposits. In the Gulf of Lions (western Mediterranean),
the Holocene evolution of coastal environments has been
strongly influenced by the extremely rapid relative sea-level
rise before 7000 yr B.P. [10.6 mm/an from Aloisi et al.,
1978] and the much slower rise since then [around 1 mm/an
from Vella and Provansal, 2000]. The interplay between rel-
ative sea-level rise, decrease of erosion and of sediment
transport by rivers has led to the development of coastal ar-
eas favouring the establishment of lagoon environments
where it is possible to accumulate Holocene deposits
[Mazzini et al., 1999].

The central part of the Gulf of Lions shoreline is char-
acterized by many coastal wetlands with an actual fairly
high accumulation rates (between 2.5 and 4 mm per year)
[Monna et al., 1995; Dezileau et al., 2005; Sabatier et al.,
2008]. Such sedimentation rates allow the preservation of
an almost continuous record of lagoonal sedimentation over
the last centuries, mainly characterized by silty clay with
some intercalated marine sand layers. These sediments gen-
erally have a biogenic component (molluscs and plants),
which characterizes the depositional environment. Mollusc
fauna is usually abundant in lagoon depositional systems.
Occurrence and distribution of this proxy is strongly linked
to environmental parameters, such as water depth, salinity
and type of substrate, and is very useful for interpreting the
complexity of subenvironments that characterise wetland
systems [Yum et al., 2003; Amorosi et al., 2005; Ricci
Lucchi et al., 2006]. The aim of this study is to understand
the link between sedimentary dynamics of the Palavasian
wetland complex, located on the central part of the Gulf of
Lions coastal area, and Holocene paleo-environmental evo-
lution in relation to the sea level rise.

Holocene stratigraphy of these lagoons is based on a
high resolution study of two several meter long cores. A set
of shell radiocarbon data helped to constrain the evolution
of the Holocene sedimentation rates in relation to the stra-
tigraphy. In order to understand the actual filling modalities
of these lagoons, 210Pb models and 137Cs depth-distribution
profiles were used.

STUDY AREA

This study focuses on the Palavasian wetland complex lo-
cated to the west of the Rhône delta, 10 km south of the city
of Montpellier (fig. 1). This area consists of seven small la-
goons, with shallow water depth, limited to the south by a
narrow sandy barrier, attached from place to place to sub-
dued rocky capes (Aresquier wood or Maguelone Church
peninsula), and to the North by calcareous Mesozoic hills
(Gardiole Mountain). Most of the sediments supplied to the
area are carried during flash flood events by two short
coastal rivers (Mosson, Lez). This wetland complex is now
crossed by the artificial Rhône-Sète navigation channel con-
structed in the 17th century. This study focuses on two la-
goons, the Pierre Blanche and Arnel lagoons, located in the

southern and northern part of this system (fig. 1), with wa-
ter depths of 60 and 40 cm respectively.

This coastal area is characterized by a classical
microtidal environment with maximal tide ranges 50 cm.
The annual significant wave height (Hs) and period (Tm),
measured at the Sète station (located 10 km offshore, at a
water depth of 32 m) are fair weather waves during 88% of
the year (Hs=0.84 m; Tm=4.2 s). At the present time, there
is only one small artificial connection between the
Palavasian lagoons and the sea, in the eastern part (central
part of Prevost lagoon, fig. 1). However, in some places, the
barrier is weak and highly sensitive to high energy events,
enabling temporary but strong marine influence when the
barrier breaks during storm events. This is commonly evi-
denced by traces of over-wash fans and ancient temporary
inlets.

Seismic data acquired during the CALAMAR IV cruise
in the Vic lagoon (fig. 1) illustrate the organisation of the
deposits in this area, highlighting the various morphologies
and stacking patterns related to the late Quaternary history
of the coastal system [Raynal et al., 2009]. In the lower part
of the sedimentary column, these authors described two dis-
tinct units interpreted as Pliocene in age (Upl). These units
are topped by an irregular erosion surface. Above, a more
recent unit is characterised by a seismic facies with hori-
zontal parallel continuous high-amplitude reflections that
are typical of a low energy depositional environments and
which correspond to quiescent mud accumulation [Tessier
et al., 2000; Certain et al., 2004]. This unit is interpreted as
the most recent, Holocene in age, depositional unit corre-
sponding to the filling of the lagoonal system by river input
[U3, Raynal et al., 2009]. Those Holocene deposits, from
which the cores described in this study have been collected,
constitute an interesting sedimentary archive allowing the
restitution of the Holocene high-stand history of this sys-
tem.

SAMPLING AND ANALYTICAL METHODS

Two piston cores (fig. 1) were collected in March 2006 in
the Pierre Blanche (PB06) and Arnel (AR06) lagoons.
These cores are 7.9 m and 3.6 m long respectively. They
were sampled with the UWITEC© gravity coring platform
(University of Chambery). This device consists of a 2 m
transparent plastic liner mounted with an “orange-peel”
core catcher. No compaction due to the coring system was
observed. At the laboratory, cores were split, photographed,
logged in detail (noting all physical and biogenic sedimen-
tary structures and vertical facies successions), and divided
into 1 cm vertical sections prior to analysis. Grain size and
macro-fauna content analyses were performed on 2 cm long
sections. To study mollusc shells, samples were sieved at
1 mm and the number of individuals of all species was
counted (every 2 cm). The most representative molluscs of
lagoonal environments are Hydrobia acuta, Abra ovata,
Cerastoderma glaucum. Those typical of marine hard sub-
strate environment are Bittium recticulatum and Rissoa
ventricosa [Dezileau et al., 2005; Sabatier et al., 2008].
Grain size distribution was determined using a Beckman
Coulter© LS 13 320. Only the < 150 µm fraction was ana-
lysed due to the high concentration of shells fragments of a
size exceeding 200 µm. Bulk sediments were first suspended

Bull. Soc. géol. Fr., 2010, no 1

28 SABATIER P. et al.



in deionized water and gently shaken to achieve
disaggregation. After introduction of sediment into the fluid
module of the granulometer, ultrasounds were used to avoid
particles flocculation.

Sediment geochronology for the modern period was de-
termined by gamma spectrometry on a BEGe detector
(CANBERRA BEGe 3825) for U and Th series nuclides and
137Cs. We followed the analytical method described in
Condomines et al. [1995] and Sabatier et al. [2008] and al-
ready tested on two short cores (PRO15 and PRO9) located
at less than 100 meters from respectively PB06 and AR06
cores. In each sample, the 210Pb (unsupported) excess activ-
ities were determined by subtracting the 226Ra (supported)
activity, determined through the 214Pb and 214Bi photo-
peaks, from the total 210Pb activity. A self-absorption cor-
rection based on major element composition and sample
density was systematically applied for all photopeaks.

Shell samples were selected for 14C age determinations.
14C analyses were conducted at the laboratoire de mesure
14C (LMC14) on the accelerator mass spectrometer
(AMS) ARTEMIS in CEA institute at Saclay (Atomic
Energy Commission) in the framework of the ECLICA and
INTEMPERIES projects. 14C ages were converted to calen-
dar years using the Calib 5.0.2 calibration program [Hughen
et al., 2004] at two standard deviations.

The compaction on 7.6 m of Holocene sediment on
PB06 is estimated at 1.9 cm (0.25%) by an accepted
decompaction algorithm established on deltaic sediment
[Springer, 1993]. Although water content for lagoonal

sediment is more important than deltaic sediment, we as-
sumed that compaction is negligible in the sedimentation
rate calculation.

CORES DESCRIPTIONS

Two cores were collected in the lagoonal system in order to
characterize lithologies, determine sedimentary environ-
ments from primary structures and mollusc assemblages,
and obtain chronostratigraphic constraints through radiocar-
bon dating. The top of these two cores corresponds to the
present day lagoon sea-floor.

Sedimentary facies

Lithological description of core is based on grain size, sedi-
mentary structure and fauna content. It allows to identify
four distinct sedimentary facies interpreted in term of
depositional environments (fig. 2).

– L Facies (LF): grey clays and silts with a grain size
median around 10 µm. It contains lagoonal shells (Hydrobia
acuta, Abra ovata, Cerastoderma glaucum) and some seeds
of Ruppia maritima (an aquatic lagoonal plant). This fine
sediment is locally laminated (less than 5% of the whole
core) and can present continental plant fragments and traces
of organic matter. L Facies is typical of a low energy envi-
ronment and is interpreted as typical lagoonal deposit.

– S Facies (SF): grey fine sands to silts with a grain
size median between 70 to 30 µm with some marine shells
(Bittium recticulatum, Rissoa ventricosa). The thickness of
these deposits varies from 1 to 15 cm, the thickest layers
showing a basal erosional surface. SF characterizes rela-
tively high energy deposits and is interpreted as back-bar-
rier wash-over deposits created during storm events.

– M Facies (MF): grey clays and silts with many large
molluscs (mostly Cerastoderma glaucum of 1-5 cm) recov-
ered in living position. MF could be interpreted as lagoonal
deposits with low sedimentation rate or high biogenic pro-
ductivity.

– T Facies (TF): heterometric conglomerate with
centimetric pebbles of quartz and limestone mixed with
sands in its upper part. The base of this layer presents a
sharp erosive surface. The sand is mostly constituted by
shell fragments with some large marine shells (Pectinidae,
Hexaplex trunculus, Bittium recticulatum). TF is interpreted
as transgressive deposits (see part Early Holocene and sea
level tracks).

Core PB06

At the base, core PB06 (fig. 3) displays white clay with
chalky limestone nodules interpreted as Pliocene deposits
by correlation with the lacustrine Pliocene deposits outcrop-
ping onshore at the Aresquiers (fig. 1). These deposits are
crosscut at the top by an erosional surface. Just above, we
observed 20 cm of TF. Then, the core displays a long inter-
val of L-type facies interrupted by several cm-thick levels
MF (e.g. at 210 and 610 cm). Some organic-rich levels con-
taining plant fragments with no shells are observed at 515,
377 and from 240 to 260 cm; moreover seeds of a lagoonal
plant were found in the upper part of this core at 109 and
134 cm. We observed also the occurrence of cm-thick high
energy sedimentation layers of marine origin (SF, e.g. at 30,
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FIG. 1. – Map of the Palavasian wetland complex, composed by seven lago-
ons (Mj: Méjan, Gr: Grec, Ar: Arnel, Pr: Prévost, Vic, PB: Pierre
Blanche, In: Ingril) with the location of cores PB06 and AR06 (dark stars)
used in this study.
FIG. 1. – Carte du complexe lagunaire palavasien, composée de sept lagu-
nes (Mj : Méjan, Gr : Grec, Ar : Arnel, Pr : Prévost, Vic, PB : Pierre
Blanche, In : Ingril) avec la localisation des carottes PB06 et AR06 (étoi-
les noires) discutées dans cette étude.



100, 185, 340, 520 cm deep). This coarse material represents
less than 10% of the total sedimentation along the core.

Core AR06

Sedimentary succession in core AR06 (fig. 3) is very simi-
lar to the one observed in PB06. The Pliocene substratum is
reached at 340 cm, beneath an erosional surface. It is cov-
ered by a 15 cm thick layer of TF. From 335 cm to the top,
the core consists of grey clays and silts (LF) interrupted by
bioclastics (MF, at 90, 230, 290 cm), fine sand layers (SF at
80, 150, 280 cm) and traces of organic matter. An important
erosion surface is observed at 150 cm with the presence of
marine shells.

CHRONOLOGY

5.1 210Pb and 137Cs dating

Golberg [1963] established the methodology based on 210Pb
chronology. Many 210Pb models have successively been pro-
posed, allowing the calculation of sedimentation rates. In
the simplest model, the initial excess of 210Pb activity
(210Pbex) is assumed constant and thus (210Pbex) at any time
is given by the radioactive decay law [Appleby and
Oldfield, 1992; Noller, 2000]. In the CFCS (for constant
flux, constant sedimentation rate) model [Golberg, 1963;
Krishnaswami et al., 1971], 210Pb flux and sedimentation
rate are assumed to be constant. In this study, we can apply
such a model when typical lagoonal conditions prevail
[Sabatier et al., 2008].

Concerning the 137Cs chronology, the most usual dating
method based on 137Cs data [Robbins and Edgington, 1975]
assumes that the depth of the maximum 137Cs activity in the
sediment corresponds to the 1963 maximum atmospheric
production. However, one of the Cs properties is its high
mobility in marine sediments, with a preferential downward
diffusive transport in pore-water [Charmasson et al., 1998;
Radakovitch et al., 1999]. In spite of this potential mobility,
it was possible to date sediment because when a diffusive
transport occurs it only results in the spreading of the Cs
peak, while its maximum remains at the same depth.

The 210Pb and 137Cs chronology were determined on
two short cores (PRO15 and PRO9) collected in the Pierre
Blanche and Arnel lagoons at less than 100 meters from
PB06 and AR06 respectively. For core PRO15 (Pierre
Blanche lagoon), the 210Pb and 137Cs chronologies are in
good agreement and give an accumulation rate of 4.2 ± 0.7
and 4.4 mm.y-1 respectively (fig. 4). On core PRO9 (Arnel
lagoon), 210Pb and 137Cs activity depth profiles have the
same shape with a typical surface mixing layer (0-4 cm) fol-
lowing by a rapid decrease (4-10 cm) and by an excess of
210Pb until at least 22 cm depth. The discrepancy between
the two cores may be related to the depositional environ-
ments. Indeed, the Arnel lagoon, with a water depth
< 40 cm is characterised by an important population of
molluscs (Cerastoderma glaucum, Abra ovata) and
polychaete (Nereis diversicolor) while the Pierre Blanche
lagoon (core PRO15), a little deeper, contains fewer
molluscs. Thus, we suggest that in the Arnel lagoon, the
210Pb and 137Cs profiles may have been mainly controlled
either by bioturbation processes with advection-diffusion in
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FIG. 2. – Core photography illustrating the different sedimentary facies identified in the Palavasian wetland complex. (LF): grey clays and silts are typical
of a low energy environment; (SF): grey fine sands to silts characterizes relatively high energy deposits; (MF): grey clays and silts with many large mol-
luscs; (TF): heterometric conglomerate mixed in its upper part with sand. Note the sharp erosive surface at the base of TF. This facies is characterized by
a very high energy deposits.
FIG. 2. – Photographie des carottes illustrant les différents faciès sédimentaires identifiés dans le complexe lagunaire palavasien. (LF) : argile et silt gris
typique d’environnement de faible énergie, (SF) ; sable fin à silt gris caractérisant des dépôts de relativement haute énergie ; (MF) : argile à silt gris
contenant de nombreux mollusques de taille importante ; (TF) : conglomérat hétérométrique mélangé avec du sable dans sa partie supérieure. On re-
marque une surface érosive importante à la base de TF. Ce faciès est caractérisé par des dépôts de très forte énergie.



the upper first centimetres and gallery-diffusion in the deep-
est parts [François et al., 2002], and/or by reworking pro-
cesses by bottom currents during strong wind periods. Thus,
the 210Pb and 137Cs profiles do not permit to estimate a sedi-
mentation rate into the Arnel lagoon for the modern period.

Radiocarbon chronology

In this study 18 lagoonal molluscs (Bivalves Cerastoderma
glaucum and Abra ovata) were collected from PB06
(11 samples) and from AR06 (7 samples). Results are re-
ported in table I and figure 5. The 14C ages, reservoir ages
(R(t)) and deviations from modelled marine reservoir ages
in response to local oceanic conditions (DR) are expressed
in yr cal. B.P.

To date the shells with accuracy, we need to have an es-
timation of reservoir age R(t). In the Mediterranean Sea, the
average reservoir age for the modern period R(t0), over the
considered time interval (1830-1950 AD), is calculated by
Siani et al. [2000] at 420 ± 110 yr. However, these authors
find a higher reservoir age at around R(t) = 600 ± 50 yr
(DR = 200 yr) for the Gulf of Lions area. This discrepancy
can be explained as a result of biological processes or
hardwater effects due to the discharge of coastal rivers after
draining through limestones via several brackish lagoons,
before reaching the Mediterranean Sea [Siani et al., 2000;
Zoppi et al., 2001].

Based on a comparison between a radiocarbon age of
1055 14C yr B.P. at 20 cm depth, and the age derived from
210Pb and 137Cs profiles converted to 14C atmospheric age,
Sabatier et al. [2008] estimated at 1000 yrs the 14C reser-
voir age (DR = 600 yr) in the studied lagoonal system. This
estimation was made just for the upper part of the PB06
core and may be different for the rest of the Holocene, since
the lagoon was not totally isolated from the sea during sedi-
ment deposition. Nevertheless, we assume that, whatever
the deviation from the modelled marine reservoir ages is,
it does not play a major role in the calculation of the Holo-
cene average sedimentation rate. Two dates were calibrated
with the DR = 200 yr because those dating have been

performed on shells that were sampled in marine sand, at
the bottom of the two cores.

Considering the age profile along the cores, based on
the radiocarbon data, an inversion appears in core AR06
around 136 cm, corresponding to a dating performed on a
bivalve shell of marine origin (see AR06-136 in tab. I and
fig. 5). At this depth, we observed a 15 cm-thick marine
sand layer. A possible explanation might thus be related to
the diminution of the R(t) of this shell, probably link to ma-
rine conditions when those sands deposited.

In order to estimate the Holocene average sedimenta-
tion rate from 14C data, it was chosen to interpolate linearly
between all the accepted ages, centred on the 2s age range.
The accumulation rates on the figure 5 represent the age/depth
relationship defined for each one of the best-fit lines, it
illustrates some major changes in sedimentation rate. In the
Pierre Blanche lagoon, core PB06 shows, at the base, a low
sedimentation rate of 0.18 mm.y-1. Then this rate increases
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TABLE I. – Radiocarbon ages for PB06 and AR06 cores. Marine calibra-
tion with reservoir age R(t)=600 ± 50 yr [Siani et al., 2000] has been per-
formed with Calib 5.0.2 program at 2s [Hughens et al., 2004] and marine
calibration with R(t)=1000 ± 50 yr [Sabatier et al., 2008].
TABL. I. – Ages radiocarbones pour les carottes PB06 et AR06. Calibra-
tion marine avec un âge réservoir R(t)=600 ± 50 yr [Siani et al., 2000]
réalisée avec Calib 5.0.2 à 2s [Hughens et al., 2004] et calibration marine
avec R(t)=1 000 ± 50 ans [Sabatier et al., 2008].

FIG. 3. – Lithologic descriptions of PB06 and AR06 cores (positions in fig 1.).
FIG. 3. – Description lithologique des carottes PB06 et AR06 (localisées
sur la figure 1).



from 1 mm.y-1 between 700 and 170 cm to 2.72 mm.y-1 over
the last millennium, between 170 and 20 cm. In the Arnel
lagoon, AR06 core shows, in the deepest part, a negligible
accumulation rate. Then when lagoonal sedimentation pre-
vails this rate increases to 1.2 mm.y-1. We have not enough
age control in the uppermost part of this core to discuss ac-
cumulation rate evolution over the last millennium.

HOLOCENE PALEOENVIRONMENTAL
EVOLUTION OF THE LAGOONAL SYSTEM

Detailed facies characterization, based on lithostratigraphy
and macropaleontology, together with the radiocarbon and
210Pb, 137Cs chronology, allow us to reconstruct the
depositional history of the Palavasian lagoonal system since
8000 yr cal B.P.

Early Holocene and sea level tracks

The complex basal polygenic surface (consisting of the
ravinement surface and above conglomerate (fig. 2 and 3)
probably originated from subaerial erosion during times of
relative sea-level low-stand and subsequent reworking dur-
ing the ensuing transgression [Cattaneo and Steel, 2003].
The coarse marine sands above are interpreted as
transgressive shoreface deposits [eg. Cattaneo and Steel,
2003] laterally associated with an erosional surface. This
lateral difference is likely due to various sedimentary re-
gimes linked to the pre-existing topography. These sands
with young marine shells are dated in their upper part at
7850 ± 125 cal B.P. at 8.2 ± 0.2 NGF in core PB06 and
5845 ± 140 cal B.P. at 3.8 ± 0.2 m NGF in core AR06 (table I).
These shells show good preservation state and thus have not
been reworked over large distances. However, they may not

be in growth position and may have been slightly reworked
either seaward or landward by wave action. Thus the ages
determined for the shells may refer to a sea-level located ei-
ther slightly above or, more probably, because of the
transgressive context, slightly below the relative sea-level
position at shell growth time [Lambeck and Bard, 2000].
Despite these uncertainties, these ages and depths are in
good agreement with relative sea level curves (fig. 6) in NW
Mediterranean Sea over the last 8000 yrs [Aloisi et al.,
1978; Dubar and Anthony, 1995; Vella and Provansal, 2000;
Berné et al., 2007], with the Tahiti sea level curve [Bard et
al., 1996] and with the glacio-hydro-isostatic model of
Lambeck and Bard [2000].
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FIG. 4. – 210Pb excess activity and 137Cs activity versus depth for cores
PRO15 (left) and PRO9 (right), located in Pierre Blanche and Arnel Lago-
on respectively.
FIG. 4. – Activité en profondeur du 210Pb en excès et du 137Cs pour les ca-
rottes PRO15 (à gauche) et PRO9 (à droite), respectivement localisées
dans la lagune de Pierre Blanche et la lagune de l’Arnel.

FIG. 5. – Simplified lithologic description of PB06 and AR06 with 14C age
vs. depth. Average accumulation rates are calculated through linear regres-
sion. The light grey points were calibrated with a marine reservoir age
(R(t) = 600 ± 50 yr). Uncertainty is included within the symbols. The date
AR06-138 is excluded from the sedimentation rate calculation.
FIG. 5. – Description lithologique simplifiée des carottes PB06 et AR06
avec en profondeur les âges 14C. Les taux de sédimentation moyens sont
calculés par régression linéaire. Les points gris clairs ont été calibrés avec
l’âge réservoir marin local (R(t) = 600 ± 50 yr). Les barres d’erreurs sont
incluses dans les symboles. La date AR06-138 est exclue dans le calcul du
taux de sédimentation.



Lagoonal paleoenvironments

These coastal wetlands result from the interaction between
a process of shoreline regularization by migration of littoral
barriers and a filling of these subsequently isolated areas by
fluvial and marine inputs [Certain et al., 2004]. These barri-
ers result from alongshore progradation of sand spits from
inherited topographic highs by East-West coastal drift car-
rying sand material from the Rhône river [Raynal et al.,
2009]. According to this author the closure of these lagoons
began around 7100 yr cal B.P., the age of the first lagoonal
deposit, during the last stages of eustatic rise stabilization.

Using lithostratigraphy and macropaleontology analyses
it is possible to interpret the complexity of subenvironments
that characterise wetland systems [Mazzini et al., 1999;
Amorosi et al., 2005; Ricci Lucchi et al., 2006]. Thus we
can separate the lagoonal Holocene history into two
paleoenvironmental intervals which record the evolution of
the area in relation to the closure of the system by sandy
barriers due to the interaction between the rising relative
sea level and the progradational activity of coastal rivers.
From a purely sedimentological point of view, study on core
PB06 (fig. 3) suggests a relative homogeneous lagoonal
depositional environement from 744 cm (i.e., 7090 ± 100 yr
cal B.P.) to the present day, characterised by grey clays and

silts with locally intercalated sand layers (less than 10% of
the total sediment) interpreted as paleostorm events. The
high-resolution stratigraphy performed on fauna however
indicates a tendency towards the closure of the lagoon that
started at around 220 cm (i.e. about 1050 yr cal B.P.). This
tendency is marked by a clear shift in mollusc population at
around 190-170 cm (i.e. about 730 ± 120 yr cal B.P.) char-
acterised by an increase of the most typical lagoonal specie
Hydrobia acuta whereas the number of marine specie
Bittium recticulatum decreases (fig. 7). This suggests a
change in environmental conditions (salinity, temperature,
nutriments, and oxygenation) from a lagoonal depositional
environment, with marine influence to a more isolated la-
goonal environment. Such a change could result from local
paleo-morphological modifications such as a closure of the
communications between the lagoon and the sea. We thus
suggest that the change in mollusc population may reflect
the creation of physical barriers such as the final closure of
a continuous sandy barrier with probably no permanent in-
let or channel which controlled inflow of marine water into
the Palavasian lagoon system. A main change in environ-
mental conditions corresponding to the progressive closure
of the lagoon occurs at a depth of about 220 cm (i.e. about
1050 yr cal B.P.), with a moderate increase of lagoonal spe-
cies. The final closure of this system occurred between 190
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FIG. 6. – Relative sea level curve in the NW Mediterranean Sea (a) for the last 16,000 yr cal B.P., and (b) for the last 9000 yr cal B.P. The two black dots
represent the relative elevation of the dated sand layer due to the last transgressive high-stand deposit in PB06 and AR06 cores.
FIG. 6. – Courbe relative du niveau marin dans la partie nord-ouest de la mer Méditerranée (a) pour les derniers 16 000 ans cal B.P., et (b) pour les der-
niers 9 000 ans cal B.P. Les deux points noirs représentent l’élévation relative des niveaux de sables marins liés aux dépôts de la dernière phase de trans-
gression marine enregistrée dans les carottes PB06 et AR06.



and 170 cm depth, with a strong decrease of marines spe-
cies. Therefore fauna contents clearly show a shift from a
protected lagoon to an isolated lagoon environment around
730 ± 120 yr cal B.P. (fig. 7). Nevertheless this environmen-
tal change could also imply a change in the 14C reservoir
age R(t), which is difficult to estimate from the presently
available and limited data.

Holocene filling in relation to relative sea level rise

Following the deposition of the transgressive sands above
the ravinement surface (fig. 6), we propose that the relative
constancy of marine sea level rise, around 1 mm.y-1 [fig. 6,
Vella and Provansal, 2000] allowed the establishment of a
proto-sandy barrier, which protected the lagoonal system
against waves (fig. 7) before 7100 yr cal B.P., age of the
first lagoonal deposit. This interpretation is testified by the
low energy depositional environments dominated by clays
that are observed in the cores. However, as attested by the
fauna in core PB06 this protected system was still influ-
enced by marine conditions. During this period the sedi-
mentation rate was almost equal to the average sea level rise
of about 1 mm.y-1, other authors documents that the
sea-level rise rate decreased to 0.3 mm.y-1 since 5000 yr cal
B.P. [Laborel et al., 1994; Morhange et al., 2001]. Since
190 to 170 cm (i.e., 730 ± 120 yr cal B.P.), we observed an
increase of lagoonal species possibly related to the closure
of the sandy barrier giving rise to a permanent isolation of
the lagoon (fig. 7). This observation suggests that, in the
context of a progradation of the coastal plain, we may have
an increase in the accumulation rate in the lagoon since that
time, because the riverine inputs can no longer be exported

directly seaward, through the inlets. Such an increase in
sedimentation rate is observed, with a mean 2.72 mm/yr
over the last 750 yrs (fig. 5). In the centre of Pierre Blanche
Lagoon, where water depth is around 0.6 m, even higher
sedimentation rates (4.2 mm y-1) have been calculated from
210Pb and 137Cs chronology (for the last century). Extrapo-
lating these constant rates toward the future, we could ex-
pect a complete filling of this lagoon in the next 150 yr.
However, the actual increase of sea level rise, estimated to
3.1 ± 0.4 mm.y-1 [Nerem et al., 2006] due to the global
warming, will partially compensate for the filling tendency,
by creating accommodation space in the lagoon. In such a
case, we could expect a delayed complete filling of this sys-
tem. On the other hand, the present-day sea level rise asso-
ciated to wave action during storm may result in the
progressive retrogradation of the barrier/lagoon system,
thus reducing the lagoonal surface and increasing also the
accumulation rate. The anthropogenic component from ero-
sion in the watershed and increased sedimentation in the
deltaic and lagoonal system is also difficult to estimate, es-
pecially with demographic rises, deforestation and changes
in land use (e.g., agriculture, buildings). Therefore, at the
present time, it is difficult to predict the final filling of this
lagoonal system.

IMPLICATION FOR HUMAN ACTIVITY DURING
THE ROMAN PERIOD

Since the Iron Age (2700-2100 B.P.), the lagoonal environ-
ment was a habitat favourable for human activity. During the
VIth century B.C., the development of Greco-Etruscan trade
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FIG. 7. – Paleoenvironmental evolution of the Palavasian coastal lagoon before and after the final closure of the sandy barrier at around 190-170 cm depth
(i.e., 730 ± 120 yr cal B.P.).
FIG. 7. – Evolution paléoenvironnementale des lagunes Palavasiennes avant et après la fermeture finale du cordon littoral vers 190-170 cm de profondeur
(i.e. 730 ± 120 ans cal B.P.).



favours, in the western Mediterranean Sea, the development
of a littoral harbour like at Agde, le Cailar and Lattara
[Blanchemanche et al., 2003]. The Lattara harbour was pop-
ulated by almost 4000 persons in the IVth century B.C. and
was located on a small peninsula at the Lez mouth, on the
northern border of the Palavasian lagoonal system [Chabal
et al., 2008], thus facilitating economic shipping through
permanent inlet (fig. 7). At the end of the IInd century A.D.
(1800 yr B.P.), during the Roman period (2100-1500 B.P.),
the activity and the population of this ancient harbour
shown a strong decrease. Raynal et al. [2010] have esti-
mated the beginning of construction of the actual barrier at
1800 ± 150 yr cal B.P. thanks to a 14C age at the base of the
present day sandy barrier. This date is in good agreement
with the decrease of Lattara harbour activity. We propose
that the morphological changes related to the growth of the
sandy barrier since 1800 yr cal B.P. may have perturbed the
marine shipping in the lagoon. Therefore, we propose here
that one possible explanation for the decline of the harbour
is the decrease of maritime transport due to a change in en-
vironmental conditions in relation to the sedimentary evolu-
tion of the lagoonal system with: (1) the build up of the Lez
and Mosson delta plain; (2) the filling of the lagoon with a
decrease of bathymetry to around 2 m (taking into account
the prevailing sea level) and (3) the creation of physical bar-
riers such as sandy barrier.

CONCLUSION

High-resolution stratigraphy correlated with detailed chro-
nology of the deposits is used to reconstruct Holocene fill-
ing of a lagoonal system along the Languedoc
Mediterranean coast. Above an erosional surface inter-
preted as a ravinement surface, some marine sands are in-
terpreted as Holocene transgressive deposits allowing

identification of the onset of stable sea level rise around
8000 and 6000 yr cal B.P. Sedimentological and faunal
analyses of the lagoonal deposits accumulated above
this transgressive level give information about the
paleoenvironmental changes since 7000 yr B.P., from a
protected lagoon with marine influence to an isolated la-
goon. The beginning of this evolution can be dated at
around 1050 yr cal B.P., with a slow increase of lagoonal
species, and the final closure of the lagoonal system oc-
curred at around 730 ± 120 yr cal B.P., with a strong de-
crease of marine species. The combination between the
closure of the lagoonal system by the sandy barrier (proba-
bly as a result of coastal hydrodynamics and alongshore
sediment transfer) and the progradation of the coastal
plain, may explain the increased sedimentation rates over
the last 750 yrs, resulting in the progressive filling of the
lagoon. We suggest that such a filling may be responsible
for the decline in economic activity of Lattara harbour dur-
ing the Roman period. During the latest part of the Holo-
cene sea-level rise and subsequent high-stand, sandy
barrier evolution may thus play a key role in the formation
of the lagoonal system and associated sedimentary depos-
its.
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