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Le principe et les outils de sismique réflexion monotrace

Les principes de la sismigue réflexion

L’¢étude du sous-sol par les techniques de prospection sismique, sismique réflexion, a été
initiée par en 1920 par Mintrop. L’ objectif est de pouvoir étudier les formes géométriques des
différentes couches géologiques afin de comprendre les mécanismes de mise en forme. Cette
technique est basée sur la propagation des ondes acoustiques a travers 1’eau et les couches
sédimentaires.

Impédance acoustique et coefficient de réflexion

Les caractéristiques de propagation des ondes acoustiques différent en fonction des
propriétés physiques et acoustiques du milieu traversé, on parle d’impédance acoustique.
Celle-ci est fonction de la célérité de propagation des ondes dans le milieu considéré et de la
densité de ce milieu :

Z=Np avec Z : impédance

V : célérité en m.s-1
p : densité
Le contraste d’impédance au niveau des interfaces des couches successives va entrainer
un phénomeéne de transmission avec changement de I’angle d’incidence et la réflexion d’une
partie des ondes émises. L’énergie réfléchie va étre fonction du contraste d’impédance qui se
traduit par le coefficient de réflexion (RO) :
ALYA

Ro=
AR A avec Z1 impédance de la couche supérieure et Z2 de la couche

inférieure.

Les appareils de sismique réflexion sont donc composés d’un systéme émetteur qui va
produire une onde acoustique et d’un récepteur qui va enregistrer les ondes réfléchies (Figure
I-1), leur « signature » ou trace sismique sera fonction du coefficient de réflexion et donc du

contraste d’impédance (Figure 1-2).
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Figure I-1. Trajets de ondes acoustiques et appareillage d’émission et de réception sismique (modifié

d’apres Sweat, 1997)
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Figure 1-2. Impédance acoustique et coefficient de réflexion : construction de la trace sismique

Les profils sismigues

Lors de I’émission des ondes acoustiques, qui se fait selon une cadence de tir
déterminée par I'utilisateur en fonction des besoins, les ondes se propagent en tout sens. Le
récepteur enregistre ainsi ce que l’on note 1’onde directe, trajet entre 1’émetteur et le
récepteur, et des multiples, réflexions multiples de I’onde réfléchie. L utilisation de sismique

multitrace permet de s’affranchir de ces ondes parasites. Dans notre cas, nous utilisons la
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sismique monotrace, la trace sismique enregistrée va donc étre perturbée par les multiples qui
masquent une partie du signal réel. En revanche, 1’onde directe nous permet de corriger nos
données en fonction de la valeur du déport (distance entre 1I’émetteur et le récepteur).

Les profils sismiques correspondent a la reconstruction des interfaces, appelées dans ce
cas réflecteur, entre les différents milieux rencontrés par compression des traces sismiques

enregistrées pour chaque tir (Figure I-3).

onde (ou arrivée)
directe
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compression progressive des tirs

| trace correspondant a un tir

Figure 1-3. Formation des profils sismiques a partir de la compression des traces des tirs successifs

La chaine d’acquisition et de traitement des données

La chaine d’acquisition de données (Figure [-4) comprend en plus des outils de
sismique :
- un générateur modulable ou non du point de vue puissance d’émission qui alimente la
source sismique (« power supply »).
- une unité centrale équipée d’un logiciel de sismique (ex : DelphSeismic) qui permet la
gestion des parameétres d’émission, 1’enregistrement et le traitement du signal
sismique

- un systeme d’enregistrement des coordonnées géographiques
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Dans notre cas, nous avons intégré a cette chaine un magnétoscope afin de pouvoir
amplifier le signal apres réception et un oscilloscope pour le controle de ce signal. Le

montage informatique a I’intérieur de 1I’embarcation est représenté sur la photo suivante.

Les outils de sismique réflexion en eux-mémes sont composés d’une source qui crée
I’onde sonore et d’un récepteur composé de plusieurs hydrophones alignés. Les sources
peuvent fonctionner selon différents principes :

- les formes d’onde contrdlée : type sondeur de sédiment

- les sources explosives : type sparker

- les sources a accélération des masses d’eau : type boomer

Deux de ces systémes ont été mis en ceuvre au cours de cette étude, un sparker type
mini-sparker SIG® et un boomer type IKB Seistec®. Le mini-sparker est constitué d’une
¢lectrode multibrains (ou peigne), la réception se fait au moyen d’une flite composée de 5 ou
7 hydrophones espacés d’un meétre. Nous reviendrons sur le boomer IKB Seistec® dans le

chapitre suivant.
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Le boomer IKB Seistec®

Nous avons vu précédemment que le boomer fonctionnait selon le principe
d’accélération des masses d’eau, on parle également de source électrodynamique. La
production d’une onde acoustique se fait par la création d’une dépressurisation liée a la
résonance d’une membrane, principe du haut-parleur.

L’une des particularités du boomer IKB vient de sa configuration, 1’émetteur et le
récepteur sont montés cote a cote sur un catamaran (Figure I-5). L’espace entre les deux

systemes est de 0,70 m. Le regroupement de I’ensemble émission-réception sur un catamaran

a faible tirant d’eau rend I’utilisation de cette appareil beaucoup plus aisé¢ dans les

environnements de faibles profondeur d’eau.

SOURCE ACOUSTIQUE RECEPTEUR

Figure 1-5. Photographie du boomer IKB Seistec® et de notre embarcation cotiére

Le récepteur placé sur le catamaran se présente sous forme d’un cone contenant une
série de 7 hydrophones placés verticalement (Figure 1-6). Ce montage appelé « line-in-cone »
(Simpkin and Davis, 1993 ; Mosher et Simpkin, 1997) améliore la qualité du signal regu. Il
crée une réception directionnelle de par la faible ouverture du cone et permet également une
atténuation les bruits liés a D’arrivée directe et aux échos latéraux. De plus, le faible

espacement entre les hydrophones entraine une amélioration de la résolution.

Pré-amplificateur

[y

"Flite" (hydrophone) cone récepteur

Figure 1-6. Récepteur acosutique type « line-in-cone ».
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Le vibrocarottier petits fonds

_Genéralites

Le vibrocarottier petits fonds a été créé¢ au sein de ’'UMR EPOC de I'université de
Bordeaux 1 par Mr Amaury de Resseguier. Cet appareil spécialement congu pour les travaux
a terre et dans les petits fonds peut pénétrer dans une large gamme de sédiment, de la vase aux
graviers, voir aux galets épars. La pénétration maximale pouvant étre atteinte est de 10 m.
Deux des grands avantages de cet appareil sont sa facilité¢ de transport et de mise en ceuvre.
Nous avons ainsi pu le transporter a bord de notre petite embarcation cotiere et effectué¢ des
carottages dans 1’étang de Salses-Leucate.

Le vibrocarottier peut fonctionner selon deux modes : la vibration ou la percussion
selon les types de matériaux et la résistance rencontrée. L’enfoncement par percussion étant
plus lent que celui par vibration, il est essentiellement utilisé pour les matériaux les plus

résistants.

Composition de I’appareil

Le vibrocarottier peut étre décomposé en deux parties principales, la structure porteuse
et la « lance ». Un moteur thermique a haute fréquence (12 a 15 kHz) est utilisé pour la
création des percussions ou des vibrations. Le moteur thermique est reli¢ soit a une aiguille a
béton ou aiguille vibrante soit & un percuteur (type marteau piqueur). La majorité des pieces
utilisée sont faite en aluminium afin d’augmenter la résistance et la transmission des

vibrations mais aussi pour alléger I’appareil.
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La structure porteuse

schelle
/7 éc

| ——— “lance”

. NN

6.20 m Jambe de force

3.80m

Figure 1-7. Composition de la structure porteuse du vibrocarottier : une échelle permettant d’accéder a la

« téte » de I’appareil et des jambes de force pour la stabilisation.

La « lance »
Elle se compose d’un assemblage de piece permettant la fixation des tubes, aluminium
ou pvc, leur pénétration et leur extraction. On notera que la téte du systéme est démontable et
permet ainsi un échange en fonction du type d’opération a réaliser : carottage par vibration

(manchon seul) ou percussion (module de frappe) ou extraction (module d’extraction).

/— fixation de la téte

mancho

palh
o -] u
«—— collier de serrage Tétes échangeables :
o -]
]
? «~—module d extraction
4 cibledu piston
? ——module de frappe
——— piston

4 cable de faible résistance
P q] .~
+—————— peau d’orange
— ogive

Figure 1-8. Les éléments constituants la « lance » du vibrocarottier.
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ANNEXE II

PROFILS SISMIQUES, CARTES ISOBATHES ET ISOPAQUES



Le Roussillon
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Les cartes isobathes des principales discontinuités
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Figure 1. -1. Cartes isobathes des discontinuités D1-1 (a) et D1-2 (b).
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Les cartes isopagues des unités sismigues
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La plate-forme du Rhone et son extension occidentale

Les cartes isobathes des principales discontinuités
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avec la discontinuité supérieure.
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Les cartes isopaques des unités sismiques
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Le Sud-Languedoc

Les profils sismiques et leur pointé
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Les cartes isobathes des principales discontinuités
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Figure 3-1. Cartes isobathes des discontinuités D1-1 (a) et D2-1 (b)
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Les cartes isopagues des unités sismiques
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ANNEXE III
DESCRIPTION DETAILLEE DES CAROTTAGES ET
VIBROCAROTTAGES REALISES SUR LE SECTEUR

ROUSSILLON



Pour chacun des carottages effectués et analysés, nous avons réalis¢ au minimum un log
lithologique présentant les différents niveaux observés. Pour les vibrocarottages, nous
présentons, en plus du log lithologique, le montage photographique et les résultats des
analyses par rayon X effectuées a I'universit¢ de Bordeaux I, UMR EPOC. Les carottages
seront présentés par mission ce qui correspond aussi a une répartition géographique. Les
carottages du secteur Roussillon effectués au cours de la mission TRANSLIT-2004 ont été
réalisés sur les fonds d’environ 40 m bsl au droit de 1’étang de Salses-Leucate. Les carottages
de la mission LIPPER-2003 ont été réalisés sur 1’extension distale du prisme littoral, soit sur
les fonds entre 25 et 30 m bsl. Les virbocarottages de la mission LITTO ont quant a eux été
effectuées a la fois dans 1’étang de Salses-Leucate et sur le cordon externe.

Des analyses granulométriques, granulométrie-laser et observations de la fraction
grossiere, ont ét¢ effectuées sur des échantillons prélevés sur les vibrocarottages et sur les
carottes acquises pendant la mission LIPPER2003 (carotte LKO03-x). Les résultats seront

présentés en annexe V.
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Mission TRANSLIT-2004 : carottage Kullenberg

TRANSK-01 (Figure 111-1)

Métadonnées :

Coordonnées : Longitude : 3°06,128 Profondeur : 37,7 m
Latitude : 42°52,017 Longueur : 1,04 m

Description :

La carotte TRANSK-01 est divisée en 4 niveaux montrant une tendance évolutive
granodécroissante. On passe des sables fins a la base (niveau TR1-1) a des vases silteuses au
sommet (niveau TR1-3 et TR1-4). Les trois niveaux de base (de 1,04 a 0,10 m) contiennent
des coquilles et des débris coquilliers alors que le niveau sommital montre plutot des traces de
matiere organique.

Interprétation :

L’empilement granodécroissant est un indice d’accroissement de la profondeur d’eau.
Seul le niveau de base TR1-1 pourrait étre associé a un environnement de dépot peu profond.
La présence de coquilles et de débris coquilliers dans I’ensemble de la carotte montre

I’influence marine permanente.

0.0 " -
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TRI1-2 : silt vaseux
passages de sables fins
ct débris coquillicrs MS2

TRI1-1 : sables fins a moyens MS1
Iégerement silteux v T

+
S ERA95-08
+ 4+

Figure I11-1. Log lithologique de la carotte TRANSK-01.
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TRANSK-01bis (Figure 111-2)
M¢étadonnées :
Coordonnées : Longitude : 3°06,159 Profondeur : 37,5 m
Latitude : 42°51,984 Longueur : 1,08 m

Description :

La carotte TRANSK-01bis, située a environ 100 m au Sud de TRANSK-01, est divisée
en trois niveaux avec une tendance évolutive granodécroissante. On retrouve des sables fins a
la base, sable silteux du niveau TR2-1. Au-dessus, les niveaux TR2-2 et TR2-3 sont beaucoup
plus vaseux que leurs équivalents sur la carotte précédente, les passages sableux et coquilliers
sont cependant observés au sein du niveau TR2-2.

Interprétation :

Pour la carotte TRANSK-01bis, les conditions de mise en place supposées seraient

similaires a celle de la carotte TRANSK-01 : accroissement progressif de la profondeur d’eau.

0.0 ~ ® +
- — 3 ERA95-08 4
4= TA e : + 4+
L sa="—
: — - TR2-3 : vase beige molle MS3
_~ _
Y
- _ — _ A
— — N
05 =
) TR2-2 : vase avec
. =T passage de sable coquillier
E — _—7A MS2
— — —_—
= —_— —
D —
(=]
b A
2
TR2-1 : sable silteux coquillier
. : MSI1
a tencur croissante
en sables vers la base
1.0 —

Figure I11-2. Log lithologique de la carotte TRANSK-01bis.
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TRANSK-01ter (Figure 111-3)

M¢étadonnées :

Coordonnées : Longitude : 3°06,229 Profondeur : 38 m
Latitude : 42°52,020 Longueur : 2,26 m

Description :

La carotte TRANSK-0lter, située a environ 200 m a ’Est de TRANSK-01, a permis un
¢échantillonnage sur une plus grande profondeur. Quatre niveaux sont observés de bas en haut,
TR3-1 a TR3-4. Sur la base d’une observation visuelle uniquement, la granulométrie parait
plus grossiére et plus homogene sur I’ensemble de la carotte. Les niveaux sommitaux ne sont
plus composés de vase silteuse mais de vase silto-sableuse. La présence de coquilles est notée
pour les deux niveaux supérieurs uniquement, TR3-3 et TR3-4, le niveau TR3-3 étant le plus

riche en coquilles et débris coquilliers.

Interprétation :
L’ approfondissement de la tranche d’eau est moins net au sein de cette carotte. Le log

lithologique indique uniquement I’influence d’un environnement marin du fait de la présence
de débris coquilliers.

ERAY95-08

TR3-4 : vase silto-sablecuse
avee passages enrichis
en sable

profondeur (m)

MS3

TR3-3 :sable silteux compact

TR3-2 : sable sitlcux micace
riche en eau

MS2

— == TR3-1 : vasec silteuse molle

Figure 111-3. Log lithologique de la carotte TRANSK-01ter.
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TRANSK-01quat (Figure 111-4)

M¢étadonnées :

Coordonnées : Longitude : 3°06,189 Profondeur : 38 m
Latitude : 42°51,580 Longueur : 2,00 m

Description :

La carotte TRANSK-0lquat, située a environ 150 au Sud-Est de TRANSK-01, est
divisée en 8 niveaux. A la base, on observe un niveau vaso-sableux riche en coquilles de
gastéropodes, type turitelles. Seuls les trois niveaux sommitaux (TR4-6 a TR4-8 situés entre
0,55 et 0,30 m) ne semblent pas contenir de coquilles ou de débris coquilliers visibles a 1’ceil
nu. L’ensemble de la carotte est relativement homogene, essentiellement composé de vase
silteuse a sableuse avec toutefois des passées sableuse (niveau TR4-2 entre 1,35 et 1,55 m;
niveau TR4-8 entre 0,05 m et le fond marin).

Interprétation :

On notera cette fois encore un approfondissement de la tranche d’eau entre les niveaux
TR4-2 et TR4-7. Le niveau de base TR4-1 s’est également mis en place dans un milieu a
influence marine sans doute plus protégé¢, indiqué par la présence de vase. Le niveau supérieur
est attribué¢ a un épisode de tempéte ayant permis le transport de sédiments plus grossiers en

limite de zone d’action de la houle.
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Figure I1I-4. Log lithologique de la carotte TRANSK-01quat.
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Mission LIPPER-2003 : carottage Kullenberg

LKO03-01 (Figure 111-5)
Métadonnées :
Coordonnées : Longitude : 3°05,435 Profondeur : 29,8 m
Latitude : 42°51,977 Longueur : 1,45 m

Description :

La carotte LK03-01 présente 4 niveaux différents. L’ensemble de la carotte est de nature
lithologique relativement sableuse. Seul le niveau de base (LKOI-1 entre 1,45 et 1,28 m)
contient quelques débris coquilliers visibles a 1’ceil nu.

L’évolution du mode principal (annexe IV Figure IV-1) et celle de la répartition des
classes granulométriques (annexe IV Figure IV-2) ont tendance a montrer une alternance
entre niveaux granocroissants et granodécroissants (LKO01-2 et LKO1-4). La courbe de
variation du classement indique un trés mauvais classement du niveau basal et des deux
niveaux supérieurs (SO > 2 ®). Il reste trés mauvais pour le sommet du niveau LKO1-2 et
s’améliore légerement pour le reste de ce niveau. Le classement étant relativement mauvais,
on ne tiendra pas compte des classes indiquées dans le Tableau IV.2 en annexe et basées sur
la moyenne. Au niveau de I’asymétrie, le niveau basal présente une forte asymétrie vers les
sédiments les plus grossiers, de méme que la base du niveau sommital. Pour les deux autres

niveaux et pour sommet de la carotte, on note une assez bonne symétrie.

Interprétation :

Par rapport au mode et au pourcentage de chacune des classes granulométriques (annexe
IV Figure IV-1 et IV-2), I’ensemble des niveaux semble s’€tre mis en place dans un milieu a
énergie relativement faible. De plus, le classement relativement mauvais pour I’ensemble des
¢chantillons indique lui aussi une quasi absence de 1’action de la houle. L’asymétrie voisine
de 0 n’a pas une valeur trés significative. L’ensemble de ces caractéristiques indique une mise

en place sous une tranche d’eau supérieure a la limite d’action de la houle.
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Figure I11-5. Log lithologique de la carotte LK03-01.
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LKO03-01bis (Figure 111-6)

M¢étadonnées :

Coordonnées : Longitude : 3°03,444 Profondeur : 24,5 m
Latitude : 42°44 ,051 Longueur : 1,36 m

Description :

La carotte LK03-01bis, située a environ 200 m au Sud de LK03-01, a été effectuée sur
une zone de plus faible profondeur. Elle est divisée en 9 niveaux pour la plupart composés de
sable fin. Il n’existe pas de tendance évolutive générale granocroissante ou décroissante. Le
niveau LKO1b-3 est en fait composé d’une alternance entre des passées sableuses et des
passées coquillieres. Une datation a été réalisée au sein de I'une de ces passées coquillieres.
Le niveau LKO1b-5 constitue une limite assez nette entre les niveaux inférieurs et supérieurs,
il est essentiellement composé de coquilles et débris coquilliers.

La courbe représentant I’asymétrie (annexe IV Figure IV-1) indique une assez bonne
symétrie pour la plupart des échantillons. Elle se détériore cependant vers la base de la carotte
ou on observe une déviation vers la fraction fine. A I’exception du niveau LKO1b-6, le

classement est trés mauvais.

Interprétation :

Cette carotte est constituée d’un ensemble de niveaux relativement hétérogenes
indiquant une variation des modes et/ou des environnements de dépdts au cours du temps. Le
mauvais classement indique cependant une faible action de la houle et donc un environnement
soit abrité, soit aux limites du domaine d’action de la houle. La trés 1égére amélioration du
classement observée a la base semble indiquer une plus forte influence de la houle et un
transport par charriage des sédiments. Les indices granulométriques devront cependant étre
modérés étant donné que la plupart des échantillons sont bimodaux. Ces niveaux doivent

s’€tre mis en place dans la zone infralittorale soumise a I’action des houles de tempéte.
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Figure I11-6. Log lithologique de la carotte LK03-01bis.
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LKO03-03 (Figure 111-7)

M¢étadonnées :

Coordonnées : Longitude : 3°04,570 Profondeur : 29 m
Latitude : 42°44 ,037 Longueur : 1,10 m

Description :

La carotte LK03-03, située au Nord de I’embouchure de la Tét, est divisée en 6 niveaux
de type essentiellement sablo-vaseux. Seuls les deux niveaux de base, LK03-1 et LK03-2,
contiennent des coquilles et des débris coquilliers. La pénétration a été limitée par la présence
de grés et de galets retrouvés dans 1’ogive. Les trente premiers centimetres montrent une
variabilité trés rapide dans le type de sédiments observés.

Les courbes des différents parametres granulométriques (annexe IV Figure IV-5)
montrent une grande homogénéité pour le classement (globalement trés mauvais) et pour
I’asymétrie qui présente une assez forte déviation vers la fraction fine. De méme, le graphique
de répartition des différentes classes granulométriques pour chacun des échantillons est tres
homogene. Les proportions de chaque classe granulométrique sont pratiquement identiques
pour tous les échantillons. La sédimentation semble étre de type aggradante. La encore, le
mauvais classement rend la valeur de la moyenne peu significative.

Interprétation :

La carotte LKO03-03 composée essentiellement de sédiments fins et relativement
homogene, mis a part la présence de débris coquillier ou de matiére organique, semble
correspondre a une sédimentation dans un milieu de faible énergie. L’asymétrie positive ne
parait pas, dans ce cas, significative d’un net remaniement par la houle. La proportion égale
de silt et de sable tres fin indique un dépdt sous une tranche d’eau ou I’influence de la houle,

bien qu’encore présente, reste relativement faible.

LKO03-6 : sable-vaseux
LKO03-5 : sable-vaseux

0.0 s :
: - matiére organique
- LKO03-4 : vase-sablcuse MC3|
LKO03-3 : sable fin vascux
- MC2|
E - \
= LK03-2 : sable fin coquillier
K]
= LKO03-1 : sable fin vaseux
2
= débris coquiller MC1
1.0
=g

Figure 111-7. Log lithologique de la carotte LK03-03.
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LKO03-04 (Figure 111-8)

M¢étadonnées :

Coordonnées : Longitude : 3°03,444 Profondeur : 24,5 m
Latitude : 42°44 ,051 Longueur : 1,36 m

Description :

La carotte LK03-04, située plus prés de la cote que la LK03-04, montre une plus grande
hétérogénéité avec une division en 11 niveaux. Le niveau basal LK04-0 a été prélevé dans
I’ogive. L’observation visuelle n’a pas permis de noter la présence de coquilles ou de débris
coquilliers dans les différents niveaux. Des débris coquilliers extrémement fins ont cependant
¢été observés a la loupe binoculaire dans les niveaux LK04-0 a LK04-3, LK04-9 et LK04-10.
Une datation a été effectuée sur le niveau LK04-0. On notera une variation importante entre
les dépots de la base, plutot grossiers et de couleur beige a jaune et le reste de la carotte qui
présente une sédimentation plus fine alternant entre les sables-vaseux et la vase-sableuse de
couleur grise.

Le graphique de répartition des classes granulométriques (annexe IV Figure IV-8), ainsi
que la courbe d’évolution du mode principal (annexe IV Figure IV-7), montrent une
alternance entre un empilement granocroissant (pour les 4 niveaux de base et du sommet) et
décroissant (pour les trois niveaux médians). Le classement est encore une fois mauvais a tres
mauvais. On note une asymétrie vers la fraction fine pour I’ensemble des échantillons mais
elle n’est importante que pour le niveau sommital (LK04-10) et le niveau LK04-3. Il est du a
la présence d’un second mode décalée vers la fraction fine.

Interprétation :

La sédimentation relativement hétérogéne et grossierement granodécroissante semble
indiquer une mise en place sous des conditions dynamiques variables. Les niveaux grossiers
et les grés observés a la base indiquent un milieu littoral. Les alternances de sable-vaseux et
de vase-sableuse au-dessus indiquent une influence épisodique de 1’action de la houle. Les

dépots se forment sans doute dans la zone d’action de la houle de tempéte.
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Figure 111-8. Log lithologique de la carotte LK03-04.
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Mission LITTO-2003 : vibrocarottage petits fonds
03VKO1 (Figure 111-9)

Métadonnées :

Coordonnées : Longitude : 3°02,310 Profondeur : 0 m
Latitude : 42°52,527 Longueur : 5,9 m

Description :

La carotte 03VKO1, située sur la bordure Est de 1’étang de Salses-Leucate est divisée en
8 niveaux. La premiere remarque concerne une €volution dans les teintes, avec passage des
teintes jaunes a la base a des teintes grises au sommet. L’ensemble de la carotte est composé
essentiellement de sédiments sableux. A la base, les niveaux VKOI1-1, VKO01-2 et VK01-3
sont de type sableux granodécroissant avec la présence de galets a la base de chacun. Ces
niveaux ne contiennent pas de débris coquilliers. Dans les niveaux sableux supérieurs, de
couleurs grises (niveaux VKOI-5 a VKO01-8), nous n’observons plus ni galets ni graviers. Le
niveau VKO1-5 contient quelques débris coquilliers mais ceux-ci sont essentiellement
présents dans les 3 niveaux supérieurs.

La répartition des classes granulométriques (annexe IV Figure IV-10) confirme le
caractere globalement granodécroissant de chacun des niveaux de sables jaunes. Le niveau
VKO1-5 est lui aussi trés légerement granodécroissant. A I’exception du sommet du niveau
VKO1-7, le classement (annexe IV Tableau IV-5 et Figure IV-9) est de type modéré. Seul les
deux échantillons sommitaux, 1’un dans le niveau VKO01-8 et ’autre au sommet du niveau
VKO1-7, présentent une assez forte dissymétrie négative dans le premier cas et positive dans
le deuxi¢me.

Interprétation :

Les caractéristiques lithologiques et les paramétres granulométriques des niveaux
sableux VKO1-1 a VK01-4 indiquent une mise en place dans un milieu d’assez forte énergie,
type cordon dunaire. Le niveau sableux VKOI-5 qui présente une sédimentation légerement
plus fine et contenant des débris coquilliers s’est également mis en place dans un
environnement littoral, le classement indique une action de la houle non négligeable. Les deux
niveaux supérieurs tres riches en coquilles et débris coquilliers et présentant une diminution
de I’action de la houle pourrait correspondre a un dépot dans un milieu confiné. Il faut
cependant noté que le sommet de la carotte, prélevé sur le cordon interne, est fortement
influencé par les remaniements anthropiques. De nombreux travaux en bordure de 1’étang de

Salses-Leucate ont été réalisés au cours de ces cinquante derniéres années.
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Figure 111-9. Log lithologique et photographie de la carotte 03VKOL1.
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03VKO02 (Figure 111-10)
M¢étadonnées :
Coordonnées : Longitude : 3°02,088 Profondeur : 1 m
Latitude : 42°52,740 Longueur : 1,8 m

Description :

La carotte 03VKO02, située dans le bassin Nord de 1’étang de Salses-Leucate, est divisée
en 7 niveaux. Les niveaux VKO02-1 a VKO02-3 montrent une évolution de type
granodécroissant avec des galets a la base et des sables fins au sommet. Ce point est confirmé
par les résultats de la radioscopie. On notera la présence de débris coquilliers sur 1’ensemble
de ces niveaux. Une datation a été réalisée a la base du niveau VK02-2. Ces niveaux sont
surmontés par une alternance de sable vaseux gris coquillier a débris végétaux (VKO02-5 et
VKO02-7) et de vase grise relativement compacte (VK02-4 et VK02-6). Les résultats de la
radioscopie montre une treés grande hétérogénéité au sein de ces niveaux supérieurs.

La répartition des classes granulométriques (annexe IV Figure IV-12) dans les
¢chantillons du niveau VKO02-3 indique une sédimentation relativement constante, type
aggradante. La base de la carotte ainsi que les niveaux gris supérieurs présentent un
classement relativement médiocre (annexe IV Tableau IV-6 et Figure IV-11). Le niveau
sableux jaune, VKO02-3, présente un bon classement ainsi qu’une répartition relativement
symétrique.

Interprétation :

Les niveaux VKO02-1 a VKO02-3 sont considérés par rapport a la lithologie et aux
analyses granulométriques comme étant une sédimentation de cordon littoral externe, sable de
plage pour le niveau VKO02-3. La base de la carotte parait soumise a une influence fluviatile.
Les niveaux VKO01-4 a VKO1-7 moins bien classés et plus fins semblent moins soumis a la

dynamique marine et sont associés a une sédimentation en milieu fermé.
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Figure 111-10. Log lithologique, photographie et rayon X de la carotte 03VKO02.
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03VKO03 (Figure 111-11)
M¢étadonnées :
Coordonnées : Longitude : 3°01,170 Profondeur : 2,1 m
Latitude : 42°50,514 Longueur : 2,6 m

Description :

La carotte 03VKO3, située dans le bassin Sud, est divisée en 9 niveaux plutdt sableux
pour les niveaux inférieurs (VK03-1 a VK03-4) et vaseux pour les niveaux supérieurs (VKO03-
5 a VKO03-9). Les niveaux inférieurs sont relativement riches en fraction grossieére type
graviers et galets. Les débris coquilliers apparaissent dans les niveaux VK03-4 a VKO03-9.
L’analyse effectuée sur le banc radioscopique montre une grande hétérogénéité de I’ensemble
de la carotte.

La répartition des classes granulométriques (annexe IV Figure IV-14) refléte également
la grande hétérogénéité des différents niveaux. Le classement (annexe IV Tableau IV-7 et
Figure IV-13) est mauvais a trés mauvais pour I’ensemble de la carotte. On notera également
une asymétrie vers la fraction fine. La majorit¢é des échantillons sont bimodaux, voir
plurimodaux, les indices granulométriques sont donc a considérer avec précaution.

Interprétation :

L’ensemble de la sédimentation semble indiquer un dépdt dans un milieu relativement
protégé mais soumis a des variations rapides des conditions. Par rapport a la localisation de la

carotte, on peut supposer une forte influence anthropique.
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Figure 111-11. Log lithologique, photographie et rayon X de la carotte 03VKO03.
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03VKO04 (Figure 111-12)
M¢étadonnées :
Coordonnées : Longitude : 3°00,763 Profondeur : 3,6 m
Latitude : 42°50,512 Longueur : 4,1 m

Description :

La carotte 03VKO04, située dans le bassin Sud de 1’étang de Salses-Leucate, est divisée
en 8 niveaux. Les 5 niveaux de base sont de nature sableuse et délimités par des passées a
galets. L observation a I’ceil nu ne permet pas de repérer la présence de coquilles et débris
coquilliers. L’analyse sur le banc radioscopique indique la succession de niveaux
granodécroissants (de VK04-2 a VK04-5). Le trois niveaux supérieurs (VK04-6 a VK04-8)
sont de nature plus vaseuse et coquilliere pour VK04-6 et VK04-8.

La répartition des classes granulométriques (annexe IV Figure IV-16) indique une
tendance granodécroissante pour I’ensemble de la carotte. Le classement (annexe IV Tableau
IV-8 et Figure IV-15) est mauvais pour les niveaux sableux et trés mauvais pour les sédiments
vaseux. On notera une dissymétrie négative, vers la fraction grossiere, pour les niveaux
sableux VK04-2 a VK04-5. Cette asymétrie est associée a un second mode situé au niveau des
sables grossiers.

Interprétation :

Les niveaux sableux semblent soumis a une influence fluviatile a leur base et marine a
leur sommet. Ils correspondraient a une migration du cordon littoral. Les dépdts vaseux

sommitaux sont associés a une sédimentation fine de type lagunaire.
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Figure 111-12. Log lithologique, photographie et rayon X de la carotte 03VKO04.
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03VKO05 (Figure 111-13)
M¢étadonnées :
Coordonnées : Longitude : 3°02,642 Profondeur : 0 m
Latitude : 42°50,520 Longueur : 2,6 m

Description :
La carotte 03VKO5, située sur la plage, est divisée en trois niveaux a dominance

sableuse. Seule le trongon supérieur a été passée sur le banc radioscopique, les résultats
indiquent une 1égere granodecroissance. On notera la présence de deux niveaux de graviers au
sein du niveau VKO05-3.

La répartition des classes granulométriques (annexe IV Figure IV-17) montre une
granodécroissance dans le dernier metre du niveau VKO05-3. Le classement reste relativement
correct et constant sur I’ensemble de la carotte (annexe IV Tableau IV-9 et Figure IV-18). De
méme, la symétrie est également relativement constante et bonne. Les échantillons sont tous

unimodaux.

Interprétation :
La sédimentation est typique des sables de plage avec vraisemblablement une influence

fluviatile a la base de la carotte.
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Figure 111-13. Log lithologique, photographie et rayon X de la carotte 03VKO05.
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Métadonnées :

Description :

La carotte 03VKO06, située sur la barre d’avant-cote interne, présente une sédimentation
extrémement homogene de type sable moyen a grossier jaune sans trace de coquilles ou de

débris coquilliers. Ceci est confirmé par les analyses granulométriques. La symétrie et le

03VKO6 (Figure 111-14)

Coordonnées : Longitude : 3°02,816
Latitude : 42°50,520

Profondeur : 3,9 m

Longueur : 1,7 m

classement sont relativement bons. Les échantillons sont tous unimodaux.

Interprétation :

L’ensemble des caractéristiques de cette carotte est associ¢ a celles d’un sable de plage

typique.
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Figure 111-14. Log lithologique et photographie de la carotte 03VKO06.
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03VKO07 (Figure 111-15)
Métadonnées :
Coordonnées : Longitude : 3°03,227 Profondeur : 2,7 m
Latitude : 42°53,004 Longueur : 4,2 m

Description :

La carotte 03VKO07, située également sur la barre d’avant-cote interne, présente
¢galement une sédimentation relativement homogene. On distingue cependant trois niveaux
différents limités par des passées a graviers. Des coquilles et débris coquilliers ont pu étre
observés au sein des trois niveaux de sable jaune.

La répartition des classes granulométriques (annexe IV Figure IV-22) et la courbe
d’évolution du mode principal montre trois types d’empilement. Le niveau VK07-1 est de
type granodécroissant, au-dessus, le niveau VK07-2 est plutot granocroissant et au sommet le
niveau VKO07-3 présente une bonne homogénéité. Les trois niveaux sont relativement bien
classés et présentent une répartition symétrique. A une exception pres, Les échantillons sont
tous unimodaux.

Interprétation :

Comme pour la carotte précédente, les trois niveaux correspondent a des sables de plage
soumis a I’action de la houle. Les passages plus grossiers pourraient correspondre a une

sédimentation au niveau des fosses de lévigation présentes entre les barres d’avant-cote.
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ANNEXE IV
PRESENTATION DES RESULTATS DES ANALYSES

GRANULOMETRIQUES



Présentation des résultats :

1. Tableau récapitulatif des parametres granulométriques pour chaque échantillon. La
premicre ligne indique les profondeurs d’échantillonnage. Signification des abréviations :

L : lamellibranches ; G : gastéropodes

sf : sable fin ; sm : sable moyen ; sg : sable grossier ; stg : sable trés grossier

gr : graviers ; ga : galets ; ag : agrégats

Pour certains échantillons les débris coquilliers n’ont pas pu étre identifiés, nous avons
donc juste indiqué leur abondance relative.

Les valeurs des paramétres granulométriques sont données en unité phi.

2. Figure présentant les courbes d’évolution des parameétres granulométriques établies
par rapport aux échantillons.
mode 1 ; moyenne ; classement (SO ; graphic standard

deviation) ; asymétrie (Sk ; inclusive graphic skewness).

Les valeurs des parameétres granulométriques sont données en unité phi (axe des

ordonnées).

3. Figure présentant la répartition des classes granulométriques (a 1’exception de la
fraction grossieére, supérieure a 2 mm) pour les différents échantillons. Les sondes

correspondent aux profondeurs d’échantillonnage en cm.
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LKO03-01

Tableau I'V.1. Résultats de la granulométrie laser : parametres granulométriques

11 31 41 51 91 121 141
@5 3,45 2,4 2,85 2 2,15 1,7 2,2
216 4,45 2,6 3,2 2,7 2,6 2,3 2,5
@25 53 2,8 3,85 3,05 2,75 2,55| 2,78
@50 6,82 3,3 6,05 3,6 3,1 2,95 3,2
@75 8,35 6,3 7,8 4 3,5 3,35 4,9
@84 9 7,45 8,6 4,3 3,75 3,58 6,7
@95 10,1 9,4 10,1 6,1 5,2 4,4 8,38
moyenne 6,76 4,45 5,95 3,53 3,15 294 4,13
graphic standard deviation 2,15 2,27 2,45 1,02 0,75 0,73 1,99

inclusive graphic skewness -0,01 0,36 0,06 0,11 0,19 0,04| 0,33

model 7,3 2,85 3,15 3,7 3,15 3,1 2,9
% 2,6 7,5 3,9 8 9,8 9,3 8
mode 2 6 7.4 7,4 1,8
% 2 1 2 1
mode 3 4,6 4,3
% 1,6 1,7
> 2mm (%) 0 0 0 0 0 0 0
coquille
débris oui oui oui oui
foram
gravier
classe silt silt silt silt silt s. fin silt
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Tableau I'V.2. Résultats de la granulométrie laser :

LKO03-01b

paramétres granulométriques

15 22 35| 50 65 75 95| 105 108 125 135| 155
@5 2,85| 325| 24| 2,4 1,7 26|365| 21 5| 2,15 24| 2,42
16 345| 43| 2,65|2,78| 2,55| 3,05| 4,38| 2,55| 0,05| 2,38 2,6 2,78
225 4] 505 2,75(2,95| 2,85| 3,6 5| 2,8/ 0,75| 3,05| 2,78| 2,85
@50 6,1| 6,7| 3,05/3,35| 3,45| 5,62| 6,55| 3,3 2, 7| 4,15 31| 3,2
75 78| 8,15| 3,45|3,75 3,9 7,71805| 55 3,3| 6,98 3,8| 3,85
284 8,45| 8,85| 3,62 4| 4,15| 8,55| 8,8 7 4 7.9 52 5
@95 10| 10,2| 4,9 6| 5,25 10| 10,1 9| 7,62 9,6 86| 8,1
moyenne 6,00| 6,62| 3,11(3,38| 3,38| 5,74| 6,58| 4,28| 2,25| 4,81| 3,63| 3,66
SO 2,33] 2,19| 0,62(0,85| 0,94| 250 2,08| 2,16 2,90| 2,51| 1,59| 1,42
Sk 0,05| 0,00| 0,24|0,24| 0,01| 0,09| 0,05| 0,32| -0,11| 0,23| 0,38]| 0,35
model 335 7,3 3| 3,3 3,7 3| 7,2 3| 2,82 3,2 3| 31
% 25| 24 11| 9,5 7,9 4| 24| 65 5,9 4.4 9,8/ 9,9
mode 2 7,35 6 2 74| 4,4 -0,3| 2,25
% 22| 21 1,8 19| 2,2 2,8 2,1
mode 3 595| 3,35 6 6 7,35
% 1,71 1,9 1,4| 2,15 1,4
>2mm (%) 0 0 0 0 0 0 0 0 0 0 0 0
coquille
débris oui rare |rare |rare |rare |rare |rare |rare rare |rare |riche
foram
gravier
classe silt silt silt silt | silt silt silt  |silt |s.fin |silt silt silt
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LKO03-03

Tableau I'V.3. Résultats de la granulométrie laser : parametres granulométriques

7 15 33 40 80 110
@5 2,75 2,85 2,9 2 2,8 2,78
216 3,2 3,3 3,2 2,8 3,2 3,1
@25 3,4 3,6 3,4 3,1 3,45 3,5
250 3,9 4,4 3,9 3,6 4 3,9
@75 5,35 6,8 6,3 4,45 5,6 5,15
284 6,9 7,85 7,6 6 7,22 6,6
@95 9 9,2 9,3 8,8 9,2 9
moyenne 4,67 5,18 4,90 4,13 4,81 4,53
graphic standard deviation 1,87 2,10 2,07 1,83 1,97 1,82
inclusive graphic skewness 0,31 0,25 0,33 0,26 0,31 0,31
model 3,7 3,75 3,4 3,85 3,6 3,6
% 6,9 5 7 6,8 6,5 6
mode 2 7,2 7,3 7,3 2 7,3 7,2
% 0,9 1,2 0,9 1 0,95 0,8
mode 3 7,65
% 1,2
>2mm (%) 0 0 0 0 0 0
coquille
débris oui trace traces traces traces traces
foram
gravier
classe silt silt silt silt silt silt
LK03-03
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LKO03-04

Tableau I'V.4. Résultats de la granulométrie laser : parametres granulométriques

10 30/ 50| 60| 70| 100 119 129| 134
a5 3,05 241358| 1,7/3,22] 1,2 -0,65 -0,5| 2,6
216 34| 322| 41| 26|365| 23 -0,4 0,15| 3,7
@25 36| 3,65/4,55[2,95/4,05/2,85 -0,15 0,7| 4,2
250 4,38 5| 58| 35| 54|3,62 0,45 22| 52
@75 6,4 69| 75| 43| 684,35 3,5 3,35| 6,6
284 7,5 7,8/8,35]| 56 8| 4,8 4,65 527,25
@95 9,1 93] 99| 84/9,62| 6,9 6,9 8 9
moyenne 509| 5,34|6,08|3,90|5,68|3,57 1,57 1,905,38
graphic standard deviation 1,94| 2,19|2,02|1,77|2,06|1,49 2,41 1,66 |1,86
inclusive graphic skewness 0,27| 0,12/0,15/0,23/0,16/0,08 0,35 0,03/0,09
model 3,7 39/465| 35/3,85/3,85 -0,1 25| 46
% 6 31| 31| 65| 36| 54 6 6| 3,2
mode 2 7,2 59| 7.1 581,85 4 04| 25
% 12 18| 1,8 2| 14 1,1 25| 11
mode 3 6,8 -0,4
% 1,7 2,4
>2mm (%) 0,00/ 0,00|/0,00/0,00|0,00|0,00 73,14 41,93|0,00
coquille
débris traces | traces traces traces
foram
gravier oui ag
classe silt silt silt |silt |silt |silt |s. moyen|s. moyen
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03VKO1

Tableau I'V.5. Résultats de la granulométrie laser :

paramétres granulométriques

30 | 52 | 90 | 120 | 148 | 260 | 390 | 460 | 480 | 500 | 578 598
75 055] 01 [ 038 04 | 04 [015]-04] 02| 07| -04 ] 0,15 -0,05
716 0,13 085|065 08 | 08 | 04 015|078 | -04 | 005 | 08 0,55
725 04 | 12 | 08 | 09 | 09 |065]045]095]-015]| 04 1 0,85
@50 098 | 1,7 | LI15 | 125 | 1,2 | 1,1 1 1,3 | 0,55 | 1,15 | 1,35 13
@75 12 | 23 [ 145 155] 1,6 | 1,4 | 14 | 1,6 ] 12 | 1,6 | 1,7 1,6
@84 145 [ 265 1,6 | 1,75 | 1,65 ] 1,6 | 1,6 | 1,75 15 | 1,7 | 1.8 1,8
@95 185 | 555 | 1,95 | 2 2 19 ] 1,9 21| 1,85 ] 21 | 2,15 23
moyenne 0,77 | 1,73 | 1,13 | 1,27 | 1,22 | 1,03 | 0,92 | 1,28 | 0,55 | 0,97 | 1,32 1,22
graphic standard | ;¢ | | og | 48 | 048 | 045 | 0.61 | 071 | 0,53 | 0,86 | 0,79 | 0,55 0,67
deviation
inclusive graphic | 141 051 | 0,01 |-003 | 0,00 |-0,11]-0,11]-0,08] 0,01 | -012 ]| -0,10 | -0,08
skewness
model 751,750 12 | 1,75 1,2 | 125125 1.4 | 12 | 14 | 13 1,5
% 95 | 95 | 12 7 l1s] 10| 9 1| 55| 75 10 95
mode 2 0,55 | -0,55 0,38 06021 o |o15 0,15
% 22 | 22 2 18 | 1 5 4 2
mode 3
%
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Tableau I'V.6. Résultats de la granulométrie laser : parametres granulométriques

18 33 38 50| 107] 116, 138 151| 165

@25 27 -01 0,9 0,6| -0,15| 0,35 0,3| -0,6|-0,45
216 3,85| 0,85 1,6 1,1 0,7 1,05 1] -0,35] 0,1
@25 4,45 1,3 2| 1,25 1 1,2 1,2 0| 05
250 6,05 1,8 4,1 1,6 14 16| 155 1] 1,2
@75 76| 2,25 6,6 1,9 18] 1,85 18] 158 24
284 8,4 28| 7,55| 2,05 2 2| 1,98 1,8| 3,85
@95 9,9 6,4 94| 2,85 25| 245 22| 205| 6,7
moyenne 6,10 1,82| 442| 158 1,37| 155| 151| 0,82| 1,72
graphic standard deviation 223| 1,47| 2,78 058| 0,73| 056| 0,53| 0,94| 2,02

inclusive graphic skewness 0,03 0,21 0,12, 0,06| -0,09| -0,10| -0,16| -0,11| 0,27

model 5,85 1,9 1,8 1,6 1,6 0,3 1,6 15| 1,45
% 2,2 8,5 4] 115 115 115 12 7| 4,5
mode 2 7 0,3 59| 0,35| 0,35| 1,55| -0,15 -0,5| 0,2
% 2,1 2 1,5 1 1 1 1 4,5 3
mode 3 47| -04 4,8 -0,3
% 2,1 1 1,4 4,5
>2mm (%) 0 0 0 0 0 0 0 0 0
coquille 0 0 0 0 0 0 0 0 0
débris
type silt sm silt sm sm sm sm sg sm
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Tableau I'V.7. Résultats de la granulométrie laser : parametres granulométriques

39 53 63 85 107 246 253
a5 -0,2 0,85 0,1 -0,6 0,35 -0,4| -0,2
716 0,75 2 0,8 -0,35 1,22 0,1 0,45
@25 1,2 2,8 1,2 0,2 1,75 04| 1,05
250 2 4,35 2 1,2 2,8 1,3 1,8
a75 3,3 6,55 3,4 2 4,05 39| 4,15
284 4,4 7,3 4,8 2,45 51 515| 5,45
@95 6,8 8,8 7,2 5,25 7,3 7,6 8
moyenne 2,38 4,55 2,53 1,10 3,04 2,18| 2,57
graphic standard deviation 1,97 2,53 2,08 1,59 2,02 247 2,49
inclusive graphic skewness 0,18 0,06 0,23 0,19 0,15 0,28| 0,25
model 1,7 3 15 -0,6 2,8 1,3 1,8
% 4 2 4 4,7 3,4 3,8 4,7
mode 2 0,2 6 1,45 2 04| 0,35
% 1,8 1,8 4,6 3,4 3,75 2,2
mode 3 -0,45 6 0,4 0,3 4,9 4.4
% 1,1 1,6 3,5 1,1 1,1 1
>2mm (%) 27,80 28,32| 60,39 14,68 7,60 23,37| 61,48
coquille riche oui 0 0
débris riche riche riche riche oui
foram
gravier riche riche
classe s. fin silt s.fin s. moyen | silt s.fin s. fin
-1 0 1 2 3 4 5 03VKO03
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Tableau I'V.8. Résultats de la granulométrie laser : parametres granulométriques

16 26 47| 126] 151| 182| 249| 321| 349
a5 2,9 -0,15 01| -0,1 0| 0,35| -0,5|-0,35| -0,5
216 3,6 1,05 12| 04| 055| 14| 045| 0,1]-0,15
@25 4 2,05 1,7| 0,85 1/ 18[085| 04| 0,05
@50 5,35 3,8 325| 17| 18| 22| 27| 14| 055
a75 7,15 5,15 54| 238| 24|265| 24| 235| 138
284 7,85 6 66| 26| 265| 28| 26| 26| 235
@95 9,4 8,2 86| 32| 32| 32| 33| 31 3
moyenne 5,37 3,33 3,28| 1,49| 158| 2,08| 1,85| 1,28| 0,73
graphic standard deviation | 1,64 1,96 2,03| 0,90| 0,86| 0,68| 0,96| 1,01| 0,92
inclusive graphic skewness | 0,01 -0,14 0,02, -0,17| -0,19|-0,26|-0,60| -0,09| 0,13
model 4,1 4,15 185| 21| 225| 24| 21| 24| 0,35
% 3 2,8 3] 55 6| 95| 55| 51 7
mode 2 5,8 -0,1 41| 035| 04| 04]035| 04| 245
% 2 2,6 1,7] 295| 26| 15 3| 44 3
mode 3 1,9 0 0 0
% 15 1,55
>2mm (%) 0,00 49,58 | 36,52|14,57|27,37| 4,25| 4,10|20,73|12,87
coquille (lam, gast)
debris riche present
foram
gravier ag oui oui oui |oui |oui oui
galet
classe silt | silt silt sm sm sf sm |sm sg
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Tableau I'V.9. Résultats de la granulométrie laser : parametres granulométriques

10 61 100 120 220
05 -0,35 -0,7 -1 -0,75 -0,65
016 0,1 -0,45 -0,8 -0,5 -0,45
025 0,2 -0,35 -0,75 -0,4 -0,3
950 0,55 0 -0,3 0 0,1
D75 0,89 0,35 0 0,4 0,45
084 1,1 0,45 0,15 0,6 0,65
095 1,45 0,85 0,65 1,1 0,8
moyenne 0,58 0,00 -0,32 0,03 0,10
graphic standard
deviation 0,52 0,46 0,49 0,56 0,49
inclusive graphic
skewness 0,00 0,05 0,08 0,09 -0,02
model 0,65 0,2 -0,5 -0,1 0
% 10,5 11 15,5 9,5 9
mode 2
%
mode 3
%
>2mm (%) 0,60 18,70 43,36 22,76 44,63
coquille
débris
foram
gravier oui oui riche oui oui
classe sg sg stg sg sg
0,6 0.4 0.2 04 0,6 08 03VK05
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Tableau I'V.10. Résultats de la granulométrie laser : paramétres granulométriques

10 80 150
@5 0,48 0,38 0,15
716 0,7 0,75 0,45
@25 0,8 0,9 0,7
@50 1,2 1,22 1,05
@75 1,58 1,62 1,45
284 1,65 1,8 1,65
@95 2,05 2,3 2,05
moyenne 1,18 1,26 1,05
graphic standard deviation 0,48 0,55 0,59
inclusive graphic skewness 0,04 0,06 0,03
model 1,2 1,25 1,1
% 10,1 10 9,5
mode 2
%
mode 3
%
>2mm (%) 0 0 0
coquille
débris
foram
gravier
classe S. moyen S. moyen S. moyen
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Tableau IV.11. Résultats de la granulométrie laser

03VKO07

: parametres granulométriques

10| 70| 140| 200 230| 240| 270| 300| 340| 360| 390| 400
@5 0,2 0,3| 01 o| -0,65|-045| -0,/ -0,1| -0,1| 0,38|0,45|-0,15
716 06| 0,7/ 05| 04 -0,3| -0,1| 0,25 0,3| 04| 085| 08| 0,3
@25 0,8/ 0,85| 0,78| 0,7 -0,1 0,1| 0,45 05| 06| 1.1 1| 0,6
@50 12| 1,2| 1,15 1,2 0,5 0,6| 0,85 09| 105| 14| 13| 11
@75 16| 1,6| 1,55| 1,6 1| 1,05 1,3 1,3| 1,4|155| 16| 1,5
784 1,8| 1,8| 1,75| 1,75 1,25 1,2| 155| 1,55| 1,6| 1,95| 1,8| 1,7
@95 2,2| 2,25| 2,05| 2,15 1,65 16| 1,95 1,9 2| 2,3|2,15| 2,05
moyenne 1,20| 1,23| 1,13 | 1,12 0,48| 0,57| 0,88| 0,92| 1,02| 1,40|1,30| 1,03
SO 0,60| 0,57| 0,61| 0,66 0,74| 0,64| 0,64| 0,62| 0,62| 0,57|0,51| 0,68
Sk 0,00| 0,04 |-0,04 |-0,06 0,00| -0,01| 0,04| 0,00|-0,05|-0,03| 0,00 |-0,07
model 1,3 1,3| 1,2| 1,35 0,7 0,7 1,05| 1,05| 1,22 16| 1,4| 1,25
% 9,2 9 9 8 6,5 7,5 8,2 8,2| 8,8| 10,2| 11| 8,1
mode 2 -0,55
% 4
mode 3
%
>2mm (%) | 0,00| 0,00| 0,00| 0,00| 13,82| 0,00| 0,00| 0,00| 0,00| 0,00 0,00| 0,00
coquille oui
débris rare oui
foram
gravier riche
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Abstract

In order to achieve a synthesis of the stratigraphic organization of the Deglacial deposits of the inner/middle shelf in front of
the Rhone delta plain, we merged high resolution (Mini-sparker and Sparker), and very high resolution (chirp and mud-
penetrator) seismic data into a single seismic database. Thus, the merged seismic database improves the lateral correlation
between eastern and western parts, separated by the Rhone Incised Valley deposits. As a result the interpretation of seismic units
in relation to local and global environmental changes was refined.

The Deglacial deposits rest on a basal erosional discontinuity capping a complex of Pleistocene prograding wedges. The
identified units make up Transgressive and Highstand Systems Tracts, and are bounded by flooding surfaces. The main flooding
surfaces are (1) the transgressive surface (D200) which forms the lower boundary of the Deglacial deposits and (2) the
maximum flooding surface which forms the boundary between the Transgressive and Highstand Systems Tracts. Regarding the
data set the study area is divided into three parts depending on the stacking pattern and main control factors. In the western area
the units present an aggradational stacking pattern and the rate of sediment supply and dynamic conditions seems coupled with
glacio-eustacy role on sedimentary units building and evolution. In the central area the units present an overall backstepping
pattern mainly controlled by glacio-eustacy. In the eastern area the units present an aggradational stacking pattern and both the
glacio-eustacy and rate of sediment supply have an important role.

The lower parasequence of the Transgressive Systems Tract (U200) is due to the reworking of Wiirmian terraces. Above, the
parasequence U300 is a transgressive body formed during a rapid sea-level rise. The two upper parasequences are interpreted as
ancestral coastal systems with a backstepping pattern. The first coastal system (U400) is due to a decrease in the rate of sea-level
rise that occurred during the Younger Dryas. The second coastal system (U500) may be due to a similar event or to an increased
rate of sediment supply during a constant sea-level rise.

* Corresponding author. Tel.: +33 336 66 68 21 12.
E-mail address: labaune@univ-perp.fr (C. Labaune).

0025-3227/$ - see front matter © 2005 Published by Elsevier B.V.
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Finally the Highstand Systems Tract is composed of three units: (i) unit U601, located to the West and interpreted as a

© 2005 Published by Elsevier B.V.

Keywords: Rhone shelf; Deglacial deposits; seismic stratigraphy; glacio-eustacy; sediment supply

1. Introduction

During the last three decades, Deglacial deposits of
shelf areas have been the field of numerous geological
studies. On many inner continental shelves, shallow
water depth and landward thickening prisms, several
tenths of meter thick, provide expanded records of
Deglacial deposits. The Rhone continental shelf, in
particular, allows detailed analysis of various local
and global factors controlling formation of deposi-
tional sequences formed during the last post-glacial
hemi-cycle.

Several previous works deal with the Deglacial
deposits of the northern part of the Gulf of Lions,
including Aloisi et al. (1975); Marsset and Bellec
(2002) and Gensous and Tesson (1997, 2003).
Those papers defined a set of progradational, aggra-
dational and/or backstepping units. Some differences

appear about the extension of the transgressive units
and essentially about the interpretation and identifica-
tion of the upper units of the prodelta system.

Through the “Eurodelta” European concerted
action (Trincardi, 2003), the main prodeltas of the
northern Mediterranean Sea and Black Sea are objects
of synthesis of previous works and data. In this con-
text, a synthetic study of the Deglacial Rhone prodelta
and adjacent shelf deposits was done, using a large
seismic database. The present study is based on the
analysis of high and very high resolution (HR and
VHR) seismic data acquired both by Ifremer and
Perpignan University (GDARGO) on the inner and
middle shelf of the northern part of the Gulf of Lions
(Fig. 1).

The objectives were to achieve a synthesis of the
stratigraphic organization of the Deglacial deposits, to
improve the lateral correlation between eastern and
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Fig. 1. Map of the northern part of the Gulf of Lion and location map of seismic sections acquired both by Ifremer and Perpignan University
(GDARGO). The grey area indicates the location of the Rhone Incised Valley Complex (RIVC) which delimits the eastern from the western

area.
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western parts of the delta system, and to refine the
interpretation of seismic units in terms of genetic
factors.

2. Regional setting

The Gulf of Lions is a siliciclastic passive margin
stretched between the Pyrenean and Alpine orogenic
belts in the Northern part of the Western Mediterra-
nean Basin (Fig. 1). The development of the margin
was initiated by Oligocene rifting (Gueguen, 1995;
Sioni, 1997) followed by oceanic opening during the
Miocene (Speranza et al., 2002). The accumulation of
the sedimentary wedge mainly occurred during the
Plio-Quaternary period, principally controlled by gla-
cio-eustacy (Bessis, 1986).

The Gulf of Lions is a wave-dominated area with,
at the shoreline, extensive sand barriers isolating shal-
low lagoons (“étangs”). The Rhone sediment supply
represents 80%, about 7.4 X 10° tons/yr, of the total
sediment budget to the continental shelf (Pont et al.,
2002) and forms a large delta system. At the coast, the
southeasterly dominant wave-regime drives a south-
westward longshore drift. The general oceanographic
circulation is dominated by the geostrophic Liguro-
Provencal current (Millot, 1994). The specific study
area is bounded at the South by the 43°15 parallel.

From the mid-shelf to the shelf break, Pleistocene
deposits are represented by a complex of superim-
posed prograding wedges thickening seaward. Those
wedges are interpreted as prodeltaic deposits (Aloisi,
1986; Tesson and Allen, 1995; Rabineau et al., 1998)
that accumulated during falling-stage and lowstand
sea-level episodes (Tesson et al., 2000; Posamentier
et al., 1992). In the central part of the study area, the
Pleistocene deposits are interrupted by an important
incised valley system: the Rhone Incised Valley Com-
plex—RIVC (Fig. 1). It extends from the deltaic plain
down to the Petit Rhone canyon. The RIVC formed
by successive Quaternary eustatic cycles (Tesson and
Allen, 1995). The stacking pattern of Pleistocene units
differs between the western and eastern parts of the
RIVC. In the western area, some well-developed
intercalated units appear between the prograding
wedges at the mid/outer shelf. They represent near-
shore sand bodies that accumulated either during the
periods of maximum relative sea level lowstand and/

or during stillstands that occurred during overall sea-
level rises (Berne et al., 1998; Rabineau et al., 1998;
Tesson et al., 2000).

3. Data and methodology

The location map of all seismic sections used for
this study is presented in Fig. 1. The database repre-
sents both the Ifremer and the University of Perpignan
seismic data collected since 1990. The 5000 km seis-
mic data comprise high resolution (HR) profiles,
acquired with a mini-sparker (50 J) and a sparker
(700 J). Very high resolution (VHR) seismic data
were acquired with a chirp system (2-5 kHz) and a
mud penetrator working at 3.5 kHz. Most of the data
were digitally recorded using a Delph seismic system.
Other data were recorded on analogic format, and
were subsequently digitized. The navigation was
based on GPS (100 m accuracy) and DGPS (about
10 m accuracy).

The following section summarizes key observa-
tions based on these data, especially on HR seismic
data. The principles of seismic analysis are those
described by Mitchum and Vail (1977) and Mitchum
et al. (1977) who describe the key seismic facies and
terminations (Fig. 2).

4. Seismic stratigraphy

The main characteristics of seismic surfaces and
units are summarized in Tables 1 and 2.

4.1. Discontinuities

Nine surfaces, labeled D200 to D610 from base to
top, are identified through the study area (Figs. 3 and
4). Each surface is defined as regional or local
depending both on their correlation with previous
works and on the correlation through the seismic
database used in this study. Generally, the bounding
surfaces present a flat morphology, except those
located in the RIVC area. The basal discontinuity,
D200, is amalgamated with D300 in the western
area and is well-defined in the central and eastern
areas where it overlays toplap terminations. D200 is
an erosional discontinuity which is correlated down to
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Fig. 2. Several types of seismic reflector terminations, after the terminology defined by Mitchum et al. (1977).

the shelf break by Gensous and Tesson (2003) and
thus it is considered as a regional surface. D300 is
defined by onlap terminations onto the RIVC to the
cast, and by coastal onlap onto Pleistocene deposits
landward. The underlying reflectors show toplap ter-
minations. It is an erosional and regional discontinuity
amalgamated with D400 in the eastern area. D400 is a
regional surface observed through the whole seismic
database. It is an erosional discontinuity defined by
toplap and essentially downlap terminations, and lat-
eral sub-concordant reflectors. The surface D401
shows toplap terminations and is observed only in
the north of the Gulf of Aigues-Mortes. D402 is a
downlap surface restricted to the westernmost coast.
D500 is an erosional and regional surface, observed
through the whole seismic database. It is characterized
by toplap terminations below and downlap termina-
tions above except in the western end of the RIVC
area where it is outcropping. The upper boundary
surfaces, D600 and D610, are only identified in the
castern area as downlap surfaces. D601 is an erosional
discontinuity characterized by toplap terminations. It

Table 1

Main characteristics of seismic surfaces

Surfaces Terminations Type Extent
D610 downlap ? local
D601 toplap/downlap erosional local
D600 toplap/downlap erosional local
D500 toplap/downlap erosional regional
D402 downlap ? local
D401 toplap erosional local
D400 toplap/downlap erosional regional
D300 toplap/onlap erosional regional
D200 toplap erosional regional

extends only in the western area. It is also a downlap
surface.

4.2. Seismic units

Ten seismic units (from U200 to U610 from base to
top) bounded by the above described unconformities
have been identified.

Unit U200 is located in the central and eastern
areas. Its maximum thickness is about 10 m (Fig.
5a). It erosionally overlies the deposits of the RIVC
in the central area and the Pleistocene wedges in the
eastern area. Its stratal pattern evolves from discontin-
uous reflectors or chaotic seismic facies in the axial
part to continuous, slightly convex-upward reflectors
which downlap eastward onto the underlying surface.

Unit U300 is observed in the western area from the
middle shelf up to 30 m water depth. The isopach map
(Fig. 5b) shows a crescent shape with a maximum
thickness of about 20 m in the proximal part of the
unit. Its internal structure is characterized by horizon-
tal to sub-horizontal parallel continuous reflectors
onlapping landward onto Pleistocene deposits and
laterally onto U200 deposits and incised valley depos-
its. It is a regional seismic unit.

The prograding units U400 and U500 are super-
imposed or slightly backstepping. Both are regional
units but they mainly developed in the western and
central area where they outcrop on the inner shelf
between 30 and 60 m of water depth. In the eastern
area, in front of the present Rhone river mouth, U400
and U500 are relatively thin and arranged in an
aggrading pattern; the presence of gas prevents seis-
mic penetration and further observation.
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Table 2

Main characteristics of seismic units and named correspondence with previous works of Marsset and Bellec (2002) and Gensous and Tesson

(2003)

Units Seismic facies Thickness Extent Area Marsset and Gensous and
Bellec (2002) Tesson (2003)

U610  prograding clinoforms to sub-horizontal reflectors ~ up to 25 m  local East Ug-Ull

U601 prograding sigmoids upto 10 m  local West T4

U600  prograding clinoforms to sub-horizontal reflectors ~ up to 10 m  local East Us-Ull

U501 sigmoid to oblique-tangential reflectors up to 20 m  local West

U500  prograding clinoforms to sub-horizontal reflectors ~ up to 30 m  regional West u7 T4

U402  oblique-tangential reflectors upto 15m  local T3

U401 landward prograding clinoforms up to 15 m local North-West U6 T3

U400  prograding clinoforms to sub-horizontal reflectors  up to 30 m  regional us T3

U300  sub-horizontal reflectors up to 30 m  “regional” U4b-U4c

U200  chaotic to continuous reflectors upto 10 m  local RIVC/East Uda T2

Unit U400 is mainly developed in front of the Gulf
of Aigues-Mortes (Fig. 5¢). On cross section it appears
as a lenticular to prismatic body, about 30 m thick,
thinning seaward and eastward. Seismic facies pattern
is oblique-tangential with high angle toplap termina-
tions (1° to 1.5°). The distal toes of clinoforms gently
downlap onto the lower boundary and merge with sub-
parallel reflectors of U300. Shoreward, the inner part
of U400 is erosionally overlaid by unit U401 (Fig. 5d)
showing landward prograding clinoforms. In the east-
ern area U400 is thin (maximum 15 m) and is com-
posed of horizontal to sub-horizontal reflectors. It rests
on Pleistocene deposits or U200.

Unit U500 spreads on the inner shelf shoreward of
U400. In the central area, it is a shore parallel lenti-
cular to prismatic body (Fig. 6f), of up to 30 m thick,
and presenting an offlap break. It shows seaward
prograding clinoforms to sub-horizontal tangential
reflectors. Towards the east, US00 prolongs under
the modern delta plain; only the distal part of the

WEST

U601

unit, composed of horizontal to sub-horizontal reflec-
tors, is observed on the inner shelf.

Unit U402 and unit U501 are located at the wes-
ternmost part of the study area, close to Cap d’Agde
(Figs. 5e and 6g). Based on correlation of seismic
profiles, they are considered as lateral equivalents of
U400 and U500, respectively. Unit U402 is a lenti-
cular body (Fig. 5e), 15 m thick, with prograding
oblique-tangential reflectors onlapping onto the Pleis-
tocene deposits. They present an accentuated dip in
the proximal area.

Unit U501 (Fig. 6g) is a prismatic body up to 20 m
thick. Its seismic facies presents sigmoid to oblique-
tangential reflectors.

Units U600 and U610 are stacked units that
develop in the eastern part of the study area, in front
of the Rhone delta plain (Fig. 6h). Both units are
wedge shaped thinning progressively offshore and
thickening landward. They show prograding obli-
que-tangential reflectors. Maximum observed thick-

RIVC EAST

U610 —————
D610

U400

12300 /D400

U200

Fig. 3. Schematic stratigraphic organization of the Deglacial deposits and discontinuities in the western, RIVC and eastern parts of the study area

(not scaled).
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ness is 10 m for U600 and 25 m for U610 in front of
the “Grand Rhone” and “Bras de Fer” mouths.

Unit 601 is the uppermost unit in the western area
(Fig. 6i). It appears as a lenticular body with a max-
imum thickness of 10 m. U601 shows clearly pro-
grading sigmoids.

5. Interpretation
5.1. Stratigraphic interpretation

Two mains unconformities (Fig. 7) have been iden-
tified in terms of sequence stratigraphy (Mitchum
et al., 1977).

(1) D200, which is merged with D300 in the wes-

tern area, is located at the base of the Deglacial
deposits. It is interpreted at once as the lowstand

erosional discontinuity (Marsset and Bellec,
2002) and as the Transgressive Surface (TS).

(i1) The unconformity D600 which separates back-
stepping units from aggrading/prograding units
is a maximum flooding surface (mfs). In the
central area, this surface is outcropping. In the
western area the lateral equivalent of D600
(mfs) is represented by D601.

The other unconformities (D400, D500, D610)
represent flooding surfaces.

On either side of the deltaic plain, the units rest on
a Pliocene and Mesozoic substrate which has a rela-
tively high gradient (1% to 3%). Three types of
stacking pattern are observed (Fig. 7): (a) aggrading
pattern in the eastern area, (b) backstepping pattern
with mfs outcropping in the central area and (c)
aggrading pattern with mfs outcropping in the wes-
ternmost area.

Eastern area

@] Skm

50m
w O O w lLOO
e o ——————=—————  [TST|u4®
a TS/ —..—--—---.._ ..—--—l-—---—-.—... U200
HST]| U601
U500
U401
U400
[ TST 300
U200

mfs = maximum flooding surface
rs = ravinement surface
TS = Transgressive surface

TST = Transgressive Systems Tract
HST = Highstand Systems Tract

U402
TST] U422

Fig. 7. Schematic patterns of the Deglacial deposits in each identified areas (a: eastern area, b: RIV area, c: western area). Location of key

stratigraphic surfaces and systems tracts.
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5.2. Depositional processes (environments)

The basal seismic unit, U200, built along the
retreat path of the Rhone mouth across the shelf. In
the central part, seismic facies indicate coarse-grained
deposits probably resulting from the reworking of
alluvial deposits of the RIVC (Wiirmian terraces).
To the east, the continuous reflectors are interpreted
as medium to fine grained overflow deposits.

The transgressive pattern within unit U300 sug-
gests that this unit developed during a period of
rapid landward migration of the shoreline.

The two prograding units, U400 and U500, have
similar attributes to modern coastal depositional sys-
tems. The seaward prograding clinoforms are typical
of a sandy coastal barrier, with lagoonal deposits
possibly preserved (Fig. 5b) landward. Locally, the
sudden acoustic wipe out of seismic reflections
observed seaward of the coastal barrier (Fig. 5d) is
attributed to the effects of shallow gas. It is commonly
found in rapidly deposited sediments with a high
organic content such as prodelta environments.
U400 and U500 are interpreted as coastal systems
resulting from the progradation of deltaic lobes
which have been subsequently reworked and re-
shaped into coastal barriers as it can be observed in
the modern Rhone delta (Oomkens, 1967). Unit U401
may represent either backbarrier deposits synchronous
of the U400 coastal system, or washover deposits
associated with reworking of the top of U400 during
the subsequent flooding event.

Units U400 and U500 prograded during periods of
decreasing rate of sea level rise and/or increased sedi-
ment supply. These units are parasequences of the
Transgressive Systems Tract (TST) bounded by flood-
ing surfaces in the sense of Van wagoner et al. (1988);
locally, the boundary of U400/U500 is a wave ravine-
ment surface (D500). They are arranged in a backstep-
ping pattern which reflects the transgressive character
of the late Deglacial period. Because of their present
bathymetric location (30 to 60 m), below storm wave
base, they are not presently subject to reworking.

Units U402 and U501 are considered as the lateral
equivalents to U400 and U500, respectively. Regard-
ing their shapes and internal reflectors, they are com-
pared to ancestral “subaqueous deltas” in the sense of
Cattaneco et al. (2003). They would have form under
the effect of westward littoral drift and regional cir-

culation, considered similar to the present-day ocea-
nographic regime.

Units U600 and U610 constitute prodeltaic lobes.
They correlate onshore with deposits of the upper part
of the delta plain. They prograded onto the late trans-
gressive deposits (U400 and U500) and they are
interpreted as sedimentary bodies of the Highstand
Systems Tract. Their lower boundary (D600) is the
maximum flooding surface (mfs). Recent studies on
the Rhone delta plain (Vella, 2002) show that at least
two major Highstand delta complexes prograded dur-
ing the last 4000 yr. The first one (Saint Ferreol
complex) prograded between 4000 and 2000 yr BP
in the western part of the Rhone delta plain, in front of
units U400 and U500. The most recent system (Vieux
Rhone complex) prograded since 2000 yr BP in the
eastern part of the delta plain and correlates seaward
with units U600 and U610. The upper prodeltaic lobe,
U610, shows two depocentres. The first depocentre is
correlated with the “Bras de Fer” deltaic lobe and the
second depocentre with the presently active lobe
(Roustang lobe).

Unit U601 is also interpreted as a modern
“subaqueous delta” in the sense of Cattaneo et al.
(2003) because there is no direct sediment supply
source in the vicinity. The Rhone would therefore be
the main sediment source of U601, sediment being
transported by a southwestward current generated by
the Liguro-Provencal current.

6. Discussion
6.1. Glacio-eustacy

Given the short time-span represented by the
Deglacial deposits, and the moderate effect of tectonic
subsidence in the area (Bessis, 1986) we consider that
the main controlling factor on stratal architecture is
related to glacio-eustatic sea-level changes. Neverthe-
less other controlling factors, especially sediment sup-
ply, ocean dynamics and the pre-existing morphology
may have had an effect on the stacking pattern of the
prodeltaic units.

It is now well-known that the last Deglacial sea
level rise was not continuous and regular but was
punctuated by steps (Fairbanks, 1989; Bard et al.,
1993; Bard et al., 1996). In Lambeck and Bard
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(2000), two sea-level variation models are presented.
The first model represents a predicted relative sea-
level curve which shows a regular relative sea-level
rise along the French Mediterranean coast. The second
model presents a corrected relative sea-level curve
based on field observations and shows increased and
decreased rate of relative sea-level rise.

On the Rhone shelf, the good correlation between
the bathymetry of the upper boundaries of the trans-
gressive units and the Deglacial sea-level curve sug-
gests that glacio-eustatic changes are the main
controlling factor.

6.2. Deglacial development

Unit U200, located along the axis of the paleo-
Rhone, is observed all over the shelf (Gensous and
Tesson, 2003), representing the retreating path of the
Rhone delta.

Unit U300 built up during a period of rapid migra-
tion of the shoreline from outer to inner shelf (from
—90 m to — 70 m). We correlate it with the meltwater
pulse 1A (MWP-1A) that started at around 14,200 yr
Cal. BP and occurred during 500 yr (Fig. 8). More-
over, the low gradient of the middle shelf, inherited
from the previous lowstand period, favored the rapid
landward shift of the shoreline, when the rate of
eustatic sea-level rise increased dramatically.

Units U400 and U500 prograded during periods of
slowing down of eustatic rise. Age dating from cores
cutting across U400 gives 9860 yr '“C BP/11,300 yr
Cal. BP (Aloisi et al., 1975) and 10,475 + 40 yr '*C
BP/12,600 yr Cal. BP (Berne et al., 2003). From these
data, it is assumed that U400 built up during the
Younger Dryas after MWP 1A. Similarly, it would
be proposed that U500 prograded during the period of
decreased rate of sea-level rise that occurred after
MWP 1B. However, the importance of this second
meltwater pulse (MWP-1B) is controversial (Bard
et al., 1996), and it is not absolutely certain that the
backstepping pattern between U400/U500 is related to
a changing rate of sea-level rise. Another possibility is
that the progradation of U500 would be related to
climatically induced increase in river supply.

Units U600 and U610 have prograded onto the late
transgressive deposits since the period of reduced rate
of sea-level rise at the end of the Holocene. A pre-
vious study of sea-level changes during the Highstand

Sea-level
meters

Vuso1- usoorus10
10 — \
I
\
\
\

U500 —» 9.1Calky BP**

50 MWP - 1B ? \\
Younger Dryas N U400 > BECE S he
U300
90 — MWP - 1A \ l 3

N

4 8 12 16 20
Time (Cal Ky B.P)

130

Fig. 8. Relation between glacio-eustacy and Deglacial units.
Eustatic curves from Bard et al. (1996), showing the alternating
period of increase and decrease rates of sea-level rise. MWP-1A and
MWP-1B: brief periods of accelerated melting (i.e., meltwater
pulse) of the continental ice and increase of sea-level rise. The
continuous line presents the two MWP events whereas the dashed
line presents a single MWP. YD: periods corresponding to the
Younger Dryas cold period. *Age dating from Berne et al. (2003)
corresponding to the unit U400, **age dating from Aloisi et al.
(1975) corresponding, respectively to the units US00 and U400.

period that occurred in the delta plain (Vella and
Provansal, 2000) indicates two periods of rapid sea-
level rise. The first occurred between 6295 and 4585
yr '*C BP (about 2 mm/yr) and the second, between
2120 and 1200 yr '*C BP (1.9 mm yr). These periods
were separated by a period of stability between 4085
and 2260 yr '*C BP during which the Saint Ferréol
lobe prograded in the western part of the delta plain.
From studies carried out on the delta (Vella, 2002), the
two depocentres of Unit 610 are correlated with the
“Bras de Fer” delta lobe that prograded during the
17th and 18th Century (that is the Little Ice Age
period) during a period of enhanced sediment supply
and the presently active “lobe de Roustang”, that was
artificially channelled at the end of thel9th century.

6.3. Other controlling factors

In the western area, units U402, U501 and U601
represent subaqueous deltas. In this work, they are
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considered as time correlative (synchronous) of units
U400, U500 and U600/U610, respectively.

The development of a large prograding body rather
than a subaqueous delta is correlated to the hydrody-
namic conditions and to the variation in sediment
supply. In front of the Rhone mouth the sediment
discharge was sufficient to build up an important
prograding deltaic depositional system with continuity
between the deposits of the delta plain, delta front and
prodelta. Westward to the Rhone mouth the sediment
supply decreased. Nevertheless the general oceano-
graphic circulation could lead to a westward transport
of suspended sediment of the Rhone which enabled to
build up a prograding body, the relict subaqueous delta
which is disconnected from the modern coastal barrier.

In the central part, off the deltaic plain, the shelf
has a low gradient (0.1% to 0.5%) inherited from the
deltaic plain environment of the previous lowstand
period (and similar to the gradient of the Rhone
river of the modern delta plain). This inherited topo-
graphy favored the rapid landward migration of the
shoreline during a phase of accelerated sea-level rise
and the drowning of parasequences that are arranged
in a retrogradational pattern (Fig. 7b).

7. Conclusions

From the synthesis of existing seismic data, a
succession of 10 units separated by flooding surfaces
have been observed on the Rhone delta shelf. The first
seven are associated to the Transgressive Systems
Tract and the last three are associated to the Highstand
Systems Tract (HST).

From base to top the TST is composed of (i)
reworking deposits of Wiirmian terraces due to the
first step of the Deglacial transgression, (ii) transgres-
sive deposits due to the rapid sea-level rise and land-
ward migration of the shoreline and (iii) two
backstepping coastal systems. The first coastal system
is due to a decrease in the rate of sea-level rise asso-
ciated to the Younger Dryas event. The second coastal
system is due to a decrease in the rate of the sea-level
rise or to an important increase in the rate of sediment
supply associated to a constant rate of sea-level rise.

The HST is composed of prograding delta lobes in
the eastern area and subaqueous delta in the western
area. The prograding delta lobes are due to minor sea-

level variations during a stillstand sea-level, or, more
probably, to lobe switching that could be linked to
rapid climatic changes. The subaqueous delta is
mainly fed by sediment supply reworked through
the hydrodynamic circulation.

Glacio-eustacy seems to be the main factor con-
trolling the overall stratigraphic organization of units.
Good correlation exists between the shape of the
global sea-level curve and the position of the units.
Moreover, lateral variability observed within the
Rhone sedimentary units would result from the ratio
between the rate of sea-level rise and fluvial sediment
supply, the location of the sediment input and differ-
ing slope gradients.

Without a detailed chronostratigraphic framework,
it is difficult to disentangle effects from global
(eustatic) changes and those due to local (climatic)
changes. However, this study provides the first com-
prehensive view of the stratigraphic architecture of the
Rhone prodelta, and provides the framework for
future detailed sedimentological and paleoenviron-
mental studies.
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Abstract

Along the Mediterranean coasts and the Atlantic French coast, former and actual research programs focused on major river
systems, estuaries and deltas, characterized by a last Glacial relative sea level lowstand and incision and a well developed
sedimentary incised valley infilling deposited during the following sea level rise and highstand. This paper presents the
preliminary results of a program focused on a particular area of the Gulf of Lion coast with a thin sedimentary cover over the
substratum and only minor rivers with non-apparent and important sedimentary contribution during the Late Quaternary. The
results show that in this area the best Pliocene to Actual sedimentary record is preserved. The paper rests on the analysis of an
extensive database of recent high resolution and very high resolution seismic reflection lines and previously published core data.
Seismic data show that a major complex of paleovalleys connected with the Orb, Aude and Agly rivers is preserved on the inner
shelf and adjacent coastal plain. On the inner shelf, the separated incised valleys merged in a unique broad and shoreparallel
incision dipping southward. At the southward extremity, the incision turns eastward and seaward. The basal surface of this
incision extends seawards under six to seven Late Quaternary depositional sequences preserved on the mid and outer shelf. The
infilling of the complex of paleovalleys is characterized by aggrading deposits attributed to periods of relative sea level rise
(transgressive systems tracts), organized into several subunits bounded by internal discontinuities locally deeply incising. The
discontinuities are amalgamated surfaces, including successive sequence boundaries (indicative of phases of relative sea level
falls) merged with transgressive surfaces (indistinct tidal and wave ravinement surfaces). The subunits are the part of Late
Quaternary depositional sequences preserved in estuarine environments. They are the lateral equivalents of landward fluvial
terraces and seaward coastal and prodeltaic deposits on the shelf. Using borehole dataset, the underlying and eroded deposits
below the basal unconformity are correlated with Pliocene deposits outcropping landward in the hinterland. The top of the
incised valleys complex is capped by the last Glacial lowstand surface of erosion (18 ky B.P.) reworked by the postglacial
transgressive surface (TS), dissociated near the shoreline into a tidal and a wave ravinement surfaces. Above the TS, the very
high resolution (VHR) seismic data in the lagoons, the tidal channels and cores, reveal in details the stratigraphic architecture of
the deposits. At the base, a small wedge constitutes the postglacial transgressive systems tract (TST) locally thinning in the areas
distant of the sediment point sources. The TST is capped by a flat surface of wave reworking (maximum flooding surface or
mfs) prolongating under the Leucate lagoon and merging offshore at the seafloor. Boreholes and VHR seismic lines trough the
coastal barrier and in the lagoon show that the shoreline probably migrated far landward at the end of the transgression. When
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the rate of sea level rise decreased strongly, the shoreline migrated seaward and prograding and aggrading sandy material, with
landward muddy lateral equivalent facies, deposited early highstand systems tract (HST) above the MFS. Offshore, fine material
deposited as a sigmoidal blanket of mud originating in part from the north-east and Rhone river under oceanic circulation
(equivalent to a subaqueous prodelta). Subsequently, the modern beach barrier built up by wave reworking of the early HST.
This new study of the western part of the Gulf of Lion inner shelf and littoral illustrates an incised valley complex and thus
presents the best preserved example of the sedimentary record of the effects of the relative sea level changes during the Pliocene
to Actual period. For the first time, the land to sea transition is preserved and the Late Quaternary depositional sequences are in
a great part observed. The last post Glacial deposits present a simplified but very different organisation compared to a record

front of the adjacent Rhone river. Consequently a synthesis is now possible.

© 2005 Published by Elsevier B.V.

Keywords: incised valley fill; Late-Quaternary; land/sea correlation; high resolution seismic

1. Introduction

Relative sea level changes, among others factors,
control the deposition and architecture of onshore
coastal plain and adjacent shelf deposits respectively
organized into terraces and marine depositional
sequences. In the Gulf of Lion margin as everywhere,
marine and continental systems have been initially
studied separately (Boyer et al., 2003a,b; Duvail and
Le Strat, 2002; Lobo-Sanchez, 2000; Posamentier et
al., 1992; Rabineau et al., 1998; Tesson et al., 1990,
1993, 2000; Tesson, 1996). Correlation between con-
tinental and marine systems have been achieved for
Upper Miocene and Pliocene deposits (Duvail and Le
Strat, 2002; Lofi et al., 2003) from industrial and
Ecors (French CNRS national program studying the
mantel/crust structure) seismic data. However regard-
ing the high frequency glacio—eustatic cycles of the
Upper Quaternary, the connections between marine
and continental studies in the present day coastal
zone are not yet established because of: 1 — the
difficulty to use seismic devices in shallow waters
(presence of multiples, critical choices between reso-
lution and penetration); 2 — the sedimentary cover
above Pliocene substrate is thin and the occurrence of
numerous amalgamated surfaces reduces the thickness
of the sedimentary units below the seismic resolution;
and 3 — outcropping pebbly deposits induce an
acoustic diffraction.

In this study, we tentatively correlate marine and
continental Quaternary deposits along an incised valley
complex that has deeply carved the Pliocene substrate.
The infilling deposits of these incised valleys are
assumed to have been better preserved than the deposits
between the incised valleys. In the marine area, we

implemented various high resolution (HR) and very
high resolution (VHR) seismic tools which are well
suited for studies in shallow water environments
(Labaune et al., 2003d). Onland, studies were carried
out in collaboration with the “Bureau de la Recherche
Géologique et Miniére” (BRGM) which provided cores
data from the national subsurface data bank (BDSS).

The Rhone postglacial deposits of the delta plain
and prodelta rest directly on a thick level of coarse
alluvial deposits which probably represent the rem-
nants of the Quaternary transgressive—regressive
cycles. Thus we concentrated our study on the Langue-
doc—Roussillon coastal system (Fig. 1) and the incised
valleys (Hérault, Orb, Aude and Agly) and their land-
ward extension buried under coastal plains. Prelimin-
ary results (Tesson et al., 2003) show evidences of a
broad incised valley complex due to the merging of
these rivers in the offshore area (Fig. 2) and presenting
two branches: 1 — a “north” branch, oriented from
north to south and shore parallel from Cap d’Agde to
Cap Leucate; 2 — a “south” branch, shore transverse
from west to east, and overlain by the Leucate lagoon
and coastal plain. Direct relationships between the
depositional sequences on the continental platform
and the coastal plain deposit architecture are well
exposed. In this paper we shall focus on the part linked
to the Agly river.

2. Regional setting

2.1. Morphology

The coastline between the Rhone delta to the east
and the Pyrenean mountains to the west is crescent
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Fig. 1. Map of the Western part of the Gulf of Lion, south of France
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acoustic survey tracklines (extract from the ARGO database). VHR
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shaped. It presents extensive beach barriers isolating
backbarrier lagoons or “étangs” (from North to
South: Bages—Sigean, Salses—Leucate and Canet
“étangs”). The beach barrier continuity is interrupted
by rocky caps (Agde, Leucate) and fluvial mouthes
(Hérault, Orb, Aude, Agly, Tech, Tét). In the south-
ern part of the study area, the Roussillon coastal
plain develops between the Pyrenean mountains to
the south and the Mesozoic limestone of the
“Corbiéres” to the north. To the north of Cap Leu-

cate, Mesozoic and Cenozoic limestones prolongate
near the shoreline (Massif de la Clape) delimiting
several minor coastal plains.

2.2. Geology

The construction of the Rhone passive margin was
initiated in Upper Oligocene to Lower Miocene times
during a phase of rifting, followed by an oceanic
spreading (Gorini, 1993; Guennoc et al., 2000).
From the Lower/Mid Miocene, the interaction
between the post-rift subsidence and the high sedi-
mentary supply from the Rhone hinterland led to the
accumulation of a thick wedge of clastic sediments
which seals the rift structure.

The constructional process of the shelf was inter-
rupted at the end of Miocene (Messinian) when the
Mediterranean Basin was isolated from the Atlantic
ocean. Sea level dropped drastically and the margin
was deeply eroded by valley incision. Subsequently,
at the beginning of the Lower Pliocene, the margin
was flooded and the valleys became rias.

Later during the Pliocene, the rias were filled by
the progradation of Gilbert type deltas (Clauzon et al.,
1987; Lofi et al., 2003), presently outcropping in the
upstream part of the Roussillon coastal plain (Fig. 3a).
These deposits prolongate under the actual shelf
where they have been identified (Lofi et al., 2003;
Duvail and Le Strat, 2002). They were incised during
Quaternary eustatic changes and present an irregular
upper boundary under the Roussillon coastal plain
(Fig. 3b), seaward dipping under Quaternary deposits
of the shelf. The last synthesis of BRGM core data-
bank (Duvail et al. 2001) describes two east—west
oriented major incisions (50 m b.p.s.l.) under the
Canet and Salses—Leucate lagoons. Under the Canet
lagoon, the incision is bounded seaward by a Pliocene
topographic high (5 m b.p.s.l.) (Martin et al., 1981).
Under the Salses Leucate lagoon, the precise location
and depth of the Pliocene upper boundary is now
reinterpreted by our both teams. In the coastal plain
out of the lagoons, the Pliocene upper boundary is
sub-outcropping. Due to this erosion, the Upper Plio-
cene would be missing.

The continental Quaternary deposits in the river
valleys are preserved and form imbricated terraces due
to the interaction of base level drops during the Late-
Quaternary sea level cycles and tectonic (uplift). The
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different terrace surfaces merge in the coastal plain,
near the modern littoral (Duvail et al., 2001). Mixed
continental/marine deposits are described in the two
incisions under the Canet and Salses—Leucate
lagoons. Their precise facies and age dating are dis-
cussed below.

Under the Canet lagoon, the deposits filling the
Pliocene incision consist of marine sands dated of 4—
5 ky BP age, overlain by marine clays and beach
barrier sands of less than 2 ky BP old. The top of the
sandy deposits is located at 10-m b.p.s.l. (Martin et
al., 1981). In the northern part of the Leucate lagoon,

a short core shows a lower level of red sands (from
13.80 to 2.80 m) dated 8.2 ky BP but this value was
considered as not valuable (Martin, 1978). At the
base of the 0.60 m uppermost lagoonal clays, a
shelly layer has been dated to be 2.1 ky BP. At
the North of Cap Leucate (Cap Romarin area, loca-
tion Fig. 1), drilling data across the coastal plain
show (Fig. 4) a sandy prograding unit with a base
at about 20 m b.p.s.l., developed between a cliff of
Cenozoic rocks and the present shoreline 1 km east-
ward. It deposited since 4-6 ky BP (Aloisi et al.,
1978).



M. Tesson et al. / Marine Geology 222—223 (2005) 313-334

b)

a)

317

[[_] Roussilion plain

D Paleozoic Cap
Mesozoic
and Cenozoic
North Salses-
« drill information Leucate
lagoon

A

* drill with no value

Eastern Pyrenean

[| 50

42

Late Quaternary
incision and
isohypse curves

Pleistocene
et Neogene

Paleozoic,
Mesozoic
and Cenozoic

Tet river

3° 00

Fig. 3. The Pliocene upper boundary map (a) shows that the Pliocene is mainly seaward dipping north of the Tét river and under the Salses—
Leucate lagoon. Map (b) shows the two main Quaternary incisions at the top of the Pliocene deposits, under the Salses—Leucate and Canet
lagoons. Near the shoreline, the Pliocene deposits are globally at 50 and 20 m, respectively below sea level surface in these two areas. The best
preservation of Quaternary deposits in the nearshore domain is expected in the Salses—Leucate area as confirmed by offshore seismic data.

Modified from Duvail et al., 2001.

2.3. Quaternary stratigraphy of the mid/outer shelf

The deposits are organized into depositional
sequences assumed to be of Late Quaternary age.
The boundary between Early and Late Quaternary is
not well known. The sequences are stacked in an
aggrading pattern and form a major sedimentary com-
plex wedge (Fig. 5) referred to as ‘“Pleistocene
wedge”. This wedge is thickening seaward (Tesson
et al., 1990, 1993). Its shape has been explained by a
synsedimentary differential subsidence (Tesson and
Allen, 1995). It pinches landward at the middle
shelf (Fig. 2) onto a substrate showing seaward dip-
ping and/or folded reflectors with high amplitude. The
upper boundary of the wedge is an erosional and
polygenic surface located at the sea floor or overlain

by postglacial deposits. Due to the seaward dipping
architecture, the more recent sequences are located at
the outer shelf, the older sequences are observed at the
inner-shelf where they may outcrop. The upper poly-
genic surface developed during the last relative sea-
level fall and lowstand (18 ky BP) and was reworked
during the postglacial sea level rise and transgression.
In the nearshore area northward of this study area, the
postglacial deposits (Gensous and Tesson, 2003) form
a sedimentary body comprising the retrograding part
of the transgressive systems tract or TST (sometimes
unobserved or reduced) bounded by the maximum
flooding surface (mfs) and overlain by the prograding
deposits of the highstand systems tract (HST). In the
study area, the landward boundary of the Pleistocene
wedge is located at about 20 km seaward of the
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Fig. 4. The Romarin coastal plain initiation of progradation, north of Cap Leucate (location Fig. 1), is dated from about 6000 yr. BP. It represents
the last post Glacial highstand systems tract (HST) with a thickness up to 20 m b.p.s.1. No direct fluvial input is known in this area. From Aloisi

et al., 1978.

shoreline between Cap d’Agde and Cap Leucate and
comes closer the shoreline south of Cap Leucate. The
precise architecture of the last postglacial deposits is a
part of the research program exposed in this paper.
The Quaternary depositional sequences are not well
dated on the shelf.

The more recent shelf perched lowstand wedge
(Posamentier et al., 1992; Tesson et al., 2000) out-
cropping at the outer shelf is dated 40 ky cal. BP. It
was deposited during the Wurmian sea level lowering
phase (Gensous et al., 1993). For the previous low-
stand wedges, data are not available however the
hypothesis of control of deposition by 4th and/or
Sth order glacio—eustatic cycles is proposed (Tesson

et al., 1993) and is supported by modelling studies
(Rabineau, 2001).

3. Data and methods
3.1. Seismic data

HR and VHR seismic data used in this study are
retrieved from the ARGO database (West area, Fig. 1).
Seismic devices used were: the Minisparker SIG 50
Joules, the Uniboom EGG 300 joules, and the 2.5 and
3.5 Edo Western mud penetrator. New data since 2001
were acquired using a special IKB Seistec boomer in
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Fig. 5. Simplified sketch of the shelf stratigraphic architecture of the Plio-Quaternary deposits of the Gulf of Lion (modified from Tesson et al.,
2000). Each Quaternary depositional sequence consists of a couplet of UPR/UI units. The couplets are considered to represent the Late
Quaternary deposits organised in an overall sedimentary wedge, thinning landward. Between the Pliocene and the Late Quaternary wedge,
deposits should represent the Early to Mid Quaternary. The schematic representation in the coastal area is based on the present study.
UPR =forced regressive wedge or “Unité Progradante Régionale” made of low energy deposits and developed on the whole continental shelf.
UPR is considered as a “shelf-perched lowstand” (Posamentier et al., 1988). The mappable UPR are labelled from A to F. UI="“unité intercalée”
made dominantly of high energy deposits (sandy paleocoastline on the outer shelf) and irregularly preserved. Ul are considered mainly as
transgressive deposits, excepted on the outer shelf where they should be in part maximum lowstand deposits.
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the near offshore band (Liper cruise, N/O Téthys II,
2001) and the submarine beach and lagoon (Litto
cruises, 2001-2003). The IKB Seistec boomer (Simp-
kin and Davis, 1993) has the source and receiver
devices included in the same catamaran (offset is
reduced to 0.5 m). The technical capacities of the
new boomer led to highly increase the seismic resolu-
tion and were particularly suitable for studies in very
shallow water environment (Labaune et al., in press).

Until 1994, data were recorded in an analogical
mode while after 1994 in a digital and georeferenced
mode using the Delph 2 system of Triton Elics (Gir-
ault and Mathevon, 1990). Time to depth conversion
is based on acoustic velocity of 1500 m/s in water and
1875 m/s in sediment which are standard value used
in similar previous studies of the Gulf of Lion and
Gulf of Mexico (Suter et al., 1987). On seismic line
figures, time is expressed in milliseconds two way
travel time (ms T.W.T.) The offset between the source
and the streamer (very sensitive in shallow depths) has
been corrected when needed.

Positioning was acquired with a metrical precision
with an onboard GPS and DGPS associated to a
navigation system. The metadata concerning the prop-
erties of seismic devices and navigation may be con-
sulted on the European database “PANGEA” where
they are combined with the Institut Francais de
Recherche en Mer (Ifremer) metadata base and on
the website of the BDSI (http: http://www.univ-
perp.fi/see/rch/bpc/present.htm).

Seismic data analysis were made using the princi-
ples of seismic stratigraphy analysis (Mitchum et al.,
1977) with some adaptations to HR and VHR seismic.

3.2. Core data

Previous core data consist of 2 cores in the south-
ern and northern parts of the Salses—Leucate lagoon
(Martin, 1978), 8 cores in the Canet lagoon (Martin et
al., 1981) and more than 275 long cores in the
emerged coastal plain, referenced into the BRGM
databank or BDSS (http://infoterre.brgm.fr). Here we
use only a part of these core data.

The S1 core, in the northern Salses—Leucate lagoon
(Fig. 6), is 13.80 m long. The top of the core is at
about 2.80 m below sea-level. It comprises from base
to top: marine sand with very few shells, with increas-
ing pebble content towards the top (13.80 to 2.80 m,

thickness 11 m); pebble/gravel level with sand (2.80
to 1.40 m, thickness 1.4 m); pebble and gravel in a
muddy sand (1.40 to 0.50 m, thickness 0.9 m); mud
with high shell content decreasing upwards (thickness
0.5 m). The levels 0.6/0.8 and 1.4/2.8 m are dated
respectively at 2100 and 8200 yr B.P. The last value is
considered as doubtful. HR and VHR seismic lines
have been acquired just near the core location (Fig. 1).

The S2 core of the BRGM data bank, on the
Salses—Leucate beach-barrier (Fig. 6), is 26 m long.
The top of the core is at about 1.0 m above sea-level.
It comprises from base to top: coarsening up silty
sand (28.3 to 22.9 m, thickness 5.4 m); level of
pebble in a sandy matrix (22.9 to 21.1 m, thickness
1.8 m); fine sand (21.1 to 18.8 m, thickness 2.3 m);
pebble/gravel level (18.8 to 15.2 m, thickness 3.6
m); coarse sand (15.2 to 13 m, thickness 2.2 m); fine
sand coarsening up to coarse sand (13 to 5.5 m,
thickness 7.5 m); pebble/gravel level (5.5 to 4.3 m,
thickness 1.2 m); sandstone (4.3 to 3.5 m, thickness
0.8 m); pebbly coarse sand (3.5 m to surface, thick-
ness 3.5 m). No age calibration is available in the
core data bank.

The C1, C2 and C3 cores, in the Canet lagoon (Fig.
7) are 19.8, 15 and 15 m long, respectively (Martin et
al., 1981). From base to top, Cl core comprises
Pliocene compact clay or marly clay (19 to 8.7 m)
and coarsening up sand until surface. C2 core com-
prises Pliocene compact clay or marly clay (15 to 7.8
m), medium sand (7.8 to 0.5 m, thickness 7.3 m) and
clay (0.5 m to surface). C3 core comprises sand fining
up to clay (15 to 7 m), clay coarsening up to medium
sand (7 to 0.5 m, thickness 6.5 m) and clay (0.5 m to
surface). There is no Pliocene at the base of core C3.

The topographic maps of the Pliocene upper
boundary and the Quaternary surface of incision in
the Roussillon plain have been constructed (Duvail et
al., 2001), using the BRGM BDSS data bank. The
Pliocene upper boundary maps (Fig. 3) shows that, in
the coastal area, the 0 and —20 m curves are located
near the coast in the southern part and shifted land-
ward in the north (Salses—Leucate area). The over-
lying Quaternary deposits have a reduced potential of
preservation in the south. The Late Quaternary surface
of incision is not clearly dated or correlated with the
relative sea level changes. Nevertheless the depth of
the incision is locally important and confirms that the
places where a part of the Quaternary deposits should
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Fig. 6. The S1 core in the Salses—Leucate lagoon is located just at the boundary of the rocky and Tertiary Cap Leucate. The age dating of the
upper pebbles and gravels (8200 yr. BP) have been considered as not valuable (Martin, 1978). Above, there are marine sands. The S2 core
description (Labaune et al., in press) is from the BRGM databank. This core is adjacent to our seismic lines (Fig. 2) and the tops of the three
pebbly levels are strong acoustic reflectors that correlate with our seismic discontinuities (D2, D3-1 and D3-3) on Figs. 10b, 11 and 12.
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cores. The Pliocene topography is very irregular (C3 core does not reach the Pliocene) has previously indicated by the maps of Fig. 3.

have been preserved are two valley axis located below
the Salses—Leucate and the Canet lagoons.

4. Seismic analysis

We present a simplified analysis because the reduc-
tion scale does not allow to preserve all the original
information. Description is essentially based on four
HR seismic lines acquired with the minisparker (Fig.
2) and crossing the two main branches of the incised
valley complex. Lines A and B are transverse sec-
tions. Lines C and D are longitudinal sections super-
imposed to the talweg and respectively located on the

inner shelf and Leucate lagoon. A VHR line (Boomer
IKB Seistec) is also presented to show the detailed
stratigraphic organization of the upper sedimentary
bodies of the coastal and lagoonal Leucate complex
(line E).

4.1. Transverse lines

Line A (Fig. 8), oriented SE/NW, crosses the
“north” branch of the incised valleys system (Aude-
Orb paleovalley). It shows a basal seismic unit (Ub)
with high amplitude, low frequencies and continuous
reflectors dipping seaward. They are affected by fold-
ing structures with S/SW-N/NE axis. The upper
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Fig. 8. Transverse line (A) of the “north” branch of the incised valley complex: reprocessed minisparker seismic line and interpreted line-
drawing. Location on Fig. 2. Us=upper unit; Ub=Dbasal unit (Pliocene); D1=basal incision; Ul =incised valley infilling.

boundary (D1) is an erosional discontinuity. It is
located at about 35 to 50 ms b.p.s.l. at the shoreline
and deepens seaward (75 ms at the east end of line).
Near the shoreline, it is truncated at more than 80 ms
depth by a trough NS oriented. The filling of the
trough is a composite seismic unit (Ul) made of
sub-units bounded by erosional discontinuities that
merge laterally at the edges of the trough. The dis-
continuities are sub-horizontal with local U-shaped
incisions. The sub-units present subhorizontal internal
reflectors. The upper boundary of unit Ul is an ero-
sional truncation (D2) that laterally merges with the
basal boundary D1. It is marked by truncated termina-
tions of the underlying reflectors. The overlying unit
Us appears as relatively transparent but it is probably
due to a technical problem.

Line B (Fig. 9), oriented N—S and shoreline paral-
lel, runs across the “south” branch of the incised
valleys system (Agly paleovalley). The basal unit
Ub is folded in a syncline 12 km wide. The erosional
discontinuity D1 at the top of unit Ub is marked by a
major incision which axis superimposed to the axis of

the syncline. It is located 50 ms b.p.s.l. in the central
part and rises laterally until the sea floor. In the north-
ern part, the incision fill (unit U1) is clearly divided
into two subunits by an erosional discontinuity. Near
the top, several discontinuities, most of them amalga-
mated, present U-shaped erosional features. At the top
of the complex infilling, we observed the D2 discon-
tinuity identified in the previous section but in this
section it is underlined clearly by downlap termina-
tions of the overlying Us internal reflectors. The Us
seismic facies is characterized by large sigmoidal
clinoforms gently dipping to the south. The upper
boundary of Us is the seafloor that shows an upward
convex (mounded) morphology.

4.2. Longitudinal lines

Line C (Fig. 10a), oriented east-west, follows the
axis of the “south” branch of the incised valleys
system in the open sea area. The erosional disconti-
nuity D1, at the top of the basal unit Ub is located at
70 ms b.p.s.l. under the shoreline and beach barrier
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(Labaune et al., 2003b,c, in press). D1 deepens sea-
ward and the overlying unit (Ul) thickens. The unit
Ul is composed of several encased subunits more or
less preserved. They are bounded by discontinuities
strongly erosional with escarpments up to 20 ms
t.w.t. These subunits present subhorizontal and con-
tinuous internal reflectors. Seaward, the discontinuity
D1 wunderlies the Late Quaternary depositional
sequences described by Tesson (1996) and Lobo-
Sanchez (2000). However direct correlation between
the subunits of the Ul unit and the seaward deposi-
tional sequences are not precisely ensured. At the top
of Ul, the D2 discontinuity is a composite surface
rising at 25 ms b.p.s.l. under the shoreline. It is
overlain by unit Us.

The detailed analysis of the landward section of
the Line C (Fig. 10b) allows to follow the uppermost
discontinuity (D1x) through the unit Ul. It is an
erosional and irregular discontinuity. The overlying
sedimentary filling is capped by D2 which can
locally merge with D1x. Above, the unit Us is sub-
divided by an erosional discontinuity (D3-1) which

South-West

appears continuous and subhorizontal nearshore and
beneath the beach. Below D3-1, the unit (U2) shows
strong clinoform toplaps. Seaward, U2 converges and
the reflectors become ‘“paraconcordant”. Unit U2
pinches landward. Above D3-1, in the nearshore
area, a locally prograding unit (U3-1) thickens land-
ward. It is considered as the basal part of the present
coastal wedge (Labaune et al., 2003b,c). Above D3-1
and seaward of the coastal wedge, a lenticular unit
(U3) is identified (Fig.10a and b). South of Cap
Leucate, it is not connected with U3-1, but at the
north it prolongates this unit up to the Cap d’Agde.
In the southern area a direct relation may exist near
Saint Cyprien area.

Line D (Fig. 11) prolongates line C under the
northern part of the Leucate lagoon, in the axis of
the incised valley. Three discontinuities are identified
and correlated with those of line C. The basal dis-
continuity is located at 70-80 ms t.w.t. below the
beach barrier at the Port-Leucate entrance and at
70-60 ms t.w.t. under the lagoon. It is the disconti-
nuity D1. Above D1, the underlying unit is semi-
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Fig. 11. Longitudinal line of the “south” branch of the incised valley complex under the Salses—Leucate lagoon: reprocessed minisparker seismic

line and interpreted line-drawing. Location on Fig. 2. sf=seafloor.
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transparent with eastward dipping clinoforms at the
top. It is thinning northward, near the Cap Leucate. It
is considered as equivalent of unit U1 and its subunits
which are not well marked under the lagoon, perhaps
due to lower seismic resolution. Its upper boundary is
a discontinuity located at 25 ms t.w.t. near the beach
barrier and sometimes 30 ms t.w.t. in the mid-lagoon.
It would represent the lateral equivalent of the more or
less amalgamated discontinuities D2 and D3-1. The
upper part of the overlying unit (U3-1) shows obli-
que—tangential to sigmoidal reflectors. They are sea-
ward dipping and organized in a progradational/
aggradational pattern. The lower part shows subhor-
izontal reflectors. These two distinct seismic facies
may characterize two distinct subunits or may be
interpreted as upper (topset and foreset) and lower
(bottomset) part of a single unit. In the southern part

of the lagoon, the unit comprises seaward prograding
to aggrading subunits in place of the single reflectors
of the northern part. This unit U3-1 is equivalent of
the coastal wedge previously documented by line C.
Its upper boundary (D3-2) is located at 15 ms t.w.t. in
the mid lagoon and rises toward the beach barrier
where it merges with the lagoon bottom. A thin
sedimentary cover of lagoonal mud can reach 1015
ms t.w.t. of maximum thickness in its central part.

Line E (Fig. 12), perpendicular to the beach barrier,
gives a detailed insight of the upper lagoonal deposits
organization. At the base, the equivalent unit of the
coastal wedge exhibits a prograding and aggrading
pattern under the discontinuity D3-2. This discontinu-
ity rises toward the beach barrier (5 ms t.w.t. at the
shoreline) and evolves into an erosional truncature.
Between D3-2 and the lagoon bottom, a wedge
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Fig. 12. Lagoonal reprocessed seismic line and line-drawing obtained with VHR IKB-Seistec boomer showing the detailed architecture of the
littoral prism. VHR =very high resolution; mfs=maximum flooding surface.
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shaped unit with high frequency internal reflectors has
a maximum thickness of 10 ms t.w.t. The reflectors
are subhorizontal, concordant and onlap onto D3-2.
Two internal paraconcordant surfaces (D3-3 and D3-
4) evolve toward the beach barrier to discontinuities.
They bound a wedge shaped body with diffracting
facies representing the beach barrier. At the barrier,
D3-3 merges with D3-2 and D3-4 rises until the sur-
face. The three units bounded by D3-2, D3-3, D3-4
and the lagoon bottom are labeled U3-2, U3-3 and
U3-4.

5. Interpretation

In a first part, seismic, sedimentologic and chron-
ologic data will be combined to assume an interpreta-
tion about the evolution of environmental parameters
(such as water depth, oceanic regime and forces,
fluvial input, landward and/or seaward shoreline
migration) which can induce key surfaces and seismic
units characteristics. In a second part, a stratigraphic
model will be proposed.

5.1. Depositional environments and base level
changes

The basal unit Ub spreads from the Pyrenean apron
until the Cap d’Agde with similar characteristics.
Synthetic studies of BRGM, onland, indicate a Plio-
cene age, probably Lower/Middle Pliocene (Duvail
and Le Strat, 2002). The deformations cannot be
imputed to compression, unknown during Pliocene,
but probably result from local variations of the differ-
ential subsidence. The Pliocene substrate is made up
of blues silty clays and/or yellow marls.

Erosional discontinuity D1 is the lower boundary
of the incised complex infilling which has been exca-
vated by the base level lowering during the Late
Quaternary cyclic sea level changes (Van Wagoner
et al., 1990; Weimer, 1984). This discontinuity rises
upstream in the incised valleys. It appears that, at least
in marine area, it preferentially incises the synclinal
axis of Pliocene substrate. The incision occurred after
to the folding episode. Under the Leucate lagoon, the
talweg of the incision diverts southward. Therefore, it
seems that the Agly paleovalley was located more
northward and that the present day course, which is

located at the southern edge of the incised system, is
very recent. This was observed by Martin (1978) for
recent periods, but it appears as a more general trend.

The infilling unit U1 is developed inside the incised
valley complex and its extension under the coastal
plain. It is interpreted as an infilling with successive
stages of aggrading deposition in protected environ-
ment and underwent erosion during sea level lowering
episodes. The infilling shows laterally accretional
structures with high energy diverging reflectors
which remind spit sand bars (Chaumillon et al.,
2002). This suggests an estuarine environment and
the lateral marine and fluvial equivalents. We propose
that the complex infilling was deposited into a trough
acting as a conduit for continental sediment yield
(estuarine system) under control of Upper Quaternary
relative sea level changes. Each aggrading subunit
would be deposited at the end of a lowering sea level
phase followed by a flooding episode due to a base
level rise. It comprises a lower part with fluvial low-
stand deposits overlain by transgressive deposits. Each
internal discontinuity is a composite surface including
the upper boundary of the aggrading transgressive
infilling and the channel incision of the following
phase of the base level lowering (sequence boundary).
Under the Leucate lagoon, the “south” branch of the
incised valley complex seems to be essentially filled
with a single seismic unit without well marked reflec-
tors. The interpretation of this unit as Agly fluvial
terrace is consistent with the lithologic descriptions
(sands and pebbles levels of the BDSS cores by Duvail
and Le Strat, 2002; green sands by Martin, 1978).

The uppermost surface of incision in the infilling
deposits (D1x) is considered as a lowstand surface
which should correspond with the last relative sea
level fall. The infilling is resumed by the ravinement
surface D2 (transgressive surface). Beyond the banks
of the main incision, D2 merges with the upper
boundary of the Pliocene. This would explain the
low thickness of Quaternary deposits on the inner
shelf outside of the incised valleys areas. Moreover,
this surface merges with the sea floor at middle shelf.
It is interpreted as a polygenic surface generated dur-
ing the last sea level lowstand from 50 to 18 ky BP
and reworked during the postglacial transgression
finished near 5 ky BP.

The unit U2, wedge shaped and prograding/
aggrading, is the remnant of a transgressive sedimen-
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tary body. It accumulated at the boundary of the inner-
shelf during a phase of decreasing rate of sea level rise
and/or increasing rate of sediment yield in the context
of the last postglacial transgression. The proximal part
with high energy facies evolves seaward to fine
grained deposits.

The surface D3-1 is an erosional surface of trun-
cature reworking the top of U2 in the nearshore area
(Fig. 10b) and evolving laterally to a seaward dipping
and conform surface. Under the beach barrier and the
lagoon, D3-1 is also a basal surface of seaward pro-
gradation. After U2 deposited, the following sea level
rise and wave reworking of U2 upper part developed a
ravinement surface and simultaneously a lag deposit
of coarse material and a healing phase of fine material
(Posamentier and Allen, 1993). The fine material of
the healing phase should have been redistributed sea-
ward and downward, above the lateral conform
equivalent of D3-1. The healing phase constitutes
the base of the sigmoidal unit U3. D3-1 properties
under the lagoon led to consider that it represents the
last Holocene flooding surface (mfs).

The unit U3-1, seaward prograding and aggrading
over D3-1 in the nearshore area (Fig. 8), probably
developed during the last part of the Holocene sea-
level rise. The shoreline migrated progressively until
its recent location. The core S1 (Fig. 6) in the north of
the Leucate lagoon shows (Martin, 1978) yellow mar-
ine sands equivalent to U3-1, with a top located at 3 m
b.p.s.l. In the upper part, an age dating of 8.2 ky BP
has not been confirmed by Martin (1978). Under the
recent coastal wedge and submarine beach, these
sands present a semi-transparent seismic facies with
few thin downlaps. This facies is contrasting with the
true sigmoidal facies observed under the lagoon. The
first facies is assumed to correspond to homogeneous
sands with their muddy distal termination; the second
facies is assumed to correspond to sands strata inter-
calated with coarse or muddy layers, often observed in
semi-enclosed environments. The unit U3-1 probably
formed in an open bay environment previously
located in the northern part of the Leucate lagoon.
In the southern part of the lagoon, a more enclosed
environment probably existed but progradation
remained (Labaune et al., 2003a,b,c).

Well developed channels are not observed through
U3-1 and it may indicate that the Agly river had
previously migrated towards the south to its recent

location. Backward and behind the seaward prograd-
ing beach barrier thin sediments would be deposited.
The base of the muddy deposits between D3-2 and
D3-3 (Fig. 12) represents those sediments (unit U3-2).
Despite a different seismic facies and the discontinuity
observed, the prograding sands and mud would be
synchronous. Doubts remain about the source of the
sediment supply. The eastward/north-eastward progra-
dation leads to exclude a supply due to a southward
longshore drift. Moreover, the important volume of
deposits excludes a direct supply by the small rivers
located in the north/northwest of the Leucate lagoon.
Progradation may be attributed to accretion due to the
reworking of the old Agly terraces.

Above U3-1 (south-east limit, Fig. 12) the recent
beach barrier developed during the stable highstand
sea-level period (Fig. 13). It results from the rework-
ing of the top of U3-1. This reworking surface would
be correlated seaward with the discontinuity observed
under the nearshore (Certain et al., 2004; Labaune et
al., 2003b) and under the lagoon with its extension
D3-3. This recent beach barrier would essentially
consist of sandy deposits and levels of gravels pro-
vided by wave granulometric sorting. Toward the
lagoon, its lateral extension (U3-3) may consist of
tidal inlets sediment reworked by strong waves
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induced by north-westward wind and/or of washover
fan deposits. Above D3-4, the recent mud (U3-4) is
deposited in an enclosed environment, the present
Leucate lagoon. Some laminated sandy deposits
would be locally intercalated.

Beyond of the seaward extension of U3-1 (Fig.
10b), unit U3 would be composed of thin deposits
at the base, the healing phase concordant above D3-1.
Those deposits, labelled U2b, were formed during the
last sea-level rise. In the exposed line, the unit U3 is
not clearly connected with U3-1. Nevertheless, it
prolongates U3-1 northward of Cap Leucate. It prob-
ably developed during the last highstand period and
would be an equivalent to U3-1 (thin deposits). It
would be also correlated to unit U601 (Labaune et
al., 2005, Fig. 3) clearly identified northward of Cap
d’Agde.

5.2. Sequence stratigraphy interpretation (Fig. 14)

In sequence stratigraphic terms, the basal disconti-
nuity D1 is a sequence boundary (SB) of 4th order,
related to the oldest base level lowering which has
been recorded. Due to the possibility of reworking
during successive base level falls, its age is not pre-
cisely known. In the incised complex infilling, the
internal discontinuities may represent younger se-
quence boundaries, generated during the periods of
falling relative sea level which have punctuated the
Upper Quaternary.

The subunits bounded by these sequence bound-
aries represent the remnants of depositional sequences
in the complex. Because of aggrading seismic facies,
they are interpreted as deposited in protected, semi-
enclosed areas during a period of RSL rise. Thus the
preserved part of the sequences is attributed to the
TST. The number of preserved sequences is a main
goal for the future which implies to fully correlate the
seismic units along the incised valley complex (a new
cruise has been carried out in July 2004).

The upper boundary of the incised complex infill-
ing is wave ravinement surface which marks the final
step of the eustatic sea-level rise in the nearshore area.
The prograding wedge U2 would be a sedimentary
body of the late TST. The healing phase (U2b),
reworked top deposits of U2, is also interpreted as a
part of the TST. The U2 wedge and the U2b healing
phase are not observed within the whole studied area.

The upper erosional surface, D3-1 is a ravinement
surface and also a flooding surface.

The deposits of the highstand systems tract (HST)
overlay the flooding surface and its seaward lateral
conform equivalent. The flooding surface is inter-
preted as the maximum flooding surface (mfs). The
lower prograding part of the HST and its lateral
conform equivalents (lower lagoonal mud deposits
and basal part of U3, above the healing phase)
represent the early HST (decreasing rate of sea
level rise until the stillstand). The recent beach
barrier overlies a wave ravinement surface and its
lateral conform equivalent through lagoonal mud.
Our data do not show clear internal reflectors of
the beach barrier. Hypothesis of a seaward accretion
by reworking of previous deposits should be
assumed. In this case, the surface is also a downlap
surface.

To date, the age of this surface is not precisely
defined and it cannot be correlated with an allocyclic
event. The beach barrier and its lateral conform
equivalent (upper lagoonal mud and upper part of
U3) may be interpreted as late HST.

6. Discussion

The Plio—Quaternary record in the littoral area,
from onshore core data, has been considered as
reduced to a landward uplifting Pliocene boundary
covered with Holocene prograding marine mud and
continental sand deposited under stable highstand sea
level conditions (Duvail and Le Strat, 2002). Two
major incisions of the Upper Pliocene boundary
were identified, with one located under the Leucate
lagoon. In fact, the Pliocene boundary in the Leucate
area is probably deeper than expected, and our geo-
metric model (Fig. 14) shows that between this
boundary and the uppermost prograding unit consid-
ered as the early modern HST, there is a preservation
of sedimentary units attributed to several Quaternary
relative sea level cycles and depositional sequences.
The north to south irregular topography of the Upper
Pliocene boundary is responsible for the more or less
preserved record of the Quaternary transgressive—
regressive cycles.

The location and drawing of the incised valley
complex associated with the Aude, Orb and Agly
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rivers seems to have been induced in part by structural
control of the underlying Pliocene strata, perhaps
associated with lithologic parameters (Pliocene is
mainly marly). The west-east oriented Leucate
incised valley is superimposed with a syncline axis
of the Pliocene substratum. The north—south oriented
branch under the inner shelf is also superimposed with
2nd order deformations of the seaward dipping Plio-
cene strata and protected behind a kind of Pliocene
high. The drawing of the incised valley complex
shows that during sea level drops, the northern Lan-
guedoc—Roussillon rivers shifted southwards with
alongshore course and merged. Thus, the drainage
morphology was strongly modified and the rivers
contribution to shelfal sediment supply evolved from
linear to point source. During successive sea level
drops of the Late Quaternary, the Gulf of Lion shelf
was sediment supplied from only two drainage basins:
the Rhone drainage basin in the north and the Lan-
guedoc—Roussillon single basin in the east. Conse-
quently, the small Roussillon rivers had no
meaningful effect on the strata development on the
shelf. A similar change of the drainage system geo-
metry has been described in the west of the Gulf of
Mexico (Suter, 1994; Thomas and Anderson, 1991)

where the Nueces river became a tributary of the Rio
Grande on the shelf.

Preservation of several transgressive system tracts
and sequence depositional units in the incised valley
complex is not common. They are generally drowned
and filled by sediment during the last sea level rise
and subsequent highstand (Ashley and Sheridan,
1994; Dalrymple et al., 1992; Zaitlin et al., 1994).
On the French Atlantic coast, the incised valley infill-
ing comprises mostly the lowstand fluvial coarse
material overlying the sequence boundary, the trans-
gressive estuarine and marine sands with several key
surfaces (tidal and wave ravinement surfaces) and the
highstand prograding muds over the mfs. The
sequence boundary has been incised during the
Wurm sea level drop and the incised valley fill
(IVF) thickness is rapidly decreasing seaward so that
the direct relationship with the stacked depositional
sequences on the inner and mid shelf is not clear
(Allen and Posamentier, 1993, 1994; Chaumillon et
al., 2000; Lericolais et al., 2001; Weber et al., 2003).
On the Mediterranean coast, the Rhone river delta
shows a similar stratigraphic pattern with a thick
pebble and gravel basal level above Pliocene strata,
a postglacial TST and a modern HST (Boyer et al.,
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2003a,b; Gensous et al., 2003; Oomkens, 1967). The
pebble level is thick (several 10th of metres) and
prevents from accurate drilling operation. Thus it
remains possible that this level should be made of
several relict and imbricated lowstand units of coarse
material. Offshore of the delta, the architecture and the
direct link with the Quaternary depositional sequences
is not observable because of seismic pulse diffraction
and attenuation, due to coarse material and occurrence
of gas in the upper deposits. On the mid-outer shelf,
there are deposits related to transgressive—regressive
cycles (Tesson, 1996) on the western flank of the
Rhone incised valley. It may be assumed that the
Rhone incised valley fill would have recorded the
Late Quaternary sea level drops. The record of these
drops is preserved and observed more seaward than in
the case of the Languedoc—Roussillon incised valley
complex. Similar record is well documented for the
Gulf of Mexico (Suter, 1986; Thomas and Anderson,
1994) or Virginia inner shelf (Foyle and Oertel, 1997)
where several phases of deep incision have been
mapped and the sedimentary infilling is mainly com-
posed of stacked transgressive systems tracts. In our
study area, the successive incisions reach great depths.

The tectonic control on the preservation potential of
deposits relative to successive sea level drops, in our
study area, may exist at the Late Quaternary scale. The
fluvial terraces in the hinterland are well preserved and
organized in a pattern indicative of a landward uplift
(Duvail and Le Strat, 2002). In the Languedoc—Rous-
sillon incised valley complex infilling, the level
reached by the successive incisions progressively
decreases. If we consider that the base level reached
more or less similar depths during the successive Late
Quaternary maximum sea level lowstands, then it sug-
gests that the littoral area was slowly subsiding. This is
in good agreement with the stratal architecture on the
mid-outer shelf and the effects of the control exerted
by tectonic has been previously presented (Tesson and
Allen, 1995). The hinge point should be located more
or less landward, depending on local structural trends
(Posamentier et al., 1988). Tectonic controlled the Late
Quaternary sedimentation by the means of: 1— the
previous deformations of the Pliocene substratum
which led to uplifted and lowered areas on which the
space needed for sedimentation was reduced or
increased, and constrained the river talweg location
during the phases of lowering and rising base level,

2— the synsedimentary differential subsidence and
uplift during the Late Quaternary. This tectonic control
has several major consequences on the depositional
units in the littoral area by controlling the geometry
and lithology of the deposits, with importance for
littoral environment engineering, and also it may be
indicative of large scale trend of the fluvial behaviour
under sea level oscillations. Together with slope gra-
dient, other factors control the fluvial response to
eustasy (Blum, 1990). However the preservation
potential here is mainly controlled by tectonics. The
actual fluvial talweg location should be temporary and
may returned to their “historical” location under cata-
strophic events.

Sedimentation during the last sea level rise, in this
inner shelf/littoral area overlying the previous Agly
incised valley, is particular because the present day
river has shifted to the south. Above the presumed
wave ravinement surface D2, the transgressive sys-
tems tract is reduced to a small prograding wedge that
is usually indicative of a decrease or stillstand of the
rate of sea level rise (Darigo and Osborne, 1986). The
upper part of the last progradational clinoforms is at
35 ms b.p.s.l. (about 25 m). Considering a removed
part of 5 m sediment, the sea level was at about 20 m
b.p.s.l. and refers to about — 8000 yr BP (Ters, 1986).
If we consider that the progradation is due to decreas-
ing rate of the sea level rise, then we have to explain
the origin of the ravinement surface capping the
wedge. Because this wedge is not common on the
Gulf of Lion shelf and the study area is an active river
front (Agly), we propose that the progradation is
associated to a local increase of the sediment supply.
The initial point of progradation is believed to have
been somewhere landward from the actual shoreline.
It should have been at the Mesozoic boundary (wes-
tern side of the Leucate lagoon). The ravinement sur-
face developed as the sediment flux decreased and the
shoreline migrated landward again.

The prograding highstand systems tract (PL)
observed under the Leucate lagoon developed prob-
ably before the end of the sea level rise. The docu-
mented coastal plain stratigraphy at the base of the
Romarin cliff, a short distance north of the Cap Leu-
cate, shows at the base a transgressive systems tract
composed of gravelly sands. This first coastal con-
struction is overlain by 15 m of prograding, well
sorted and fine to medium sands with shells. The
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transition from transgressive to highstand systems
tracts occurred at the maximum sea level (prior to
4000 yr BP). The prograding unit PL under the Leu-
cate lagoon is slightly different and downward shifted
compared to the Romarin sketch. It progressively
uplifts towards the beachbarrier so that the beginning
of the highstand systems tract progradation probably
started before the end of the sea level rise. This
different timing of progradation is assumed to be in
relation to a more important sediment supply in the
Leucate area than in the Romarin area, that is believed
to be induced by the Agly river proximity. This
coastal progradation of an early highstand systems
tract is in agreement with sequence stratigraphy mod-
els (Posamentier and Vail, 1988; Posamentier et al.,
1988) and confirms a part of previous works around
the Gulf of Lion (Aloisi et al., 1978; Martin, 1978).

The highstand systems tract located seaward and
downward of the transgressive wedge and consid-
ered as an analog of the subaqueous delta as
described by Cattaneo et al. (2003) is similar to
the model of fine continental material dispersal and
sedimentation on the western coast of the Adriatic
sea. It has been mapped seaward of the Rhone delta
(Labaune et al., 2003a, 2005) and the direct correla-
tions are expected soon. It consists of fine material
and we believe that under modern oceanic environ-
mental conditions the coarse material is stored on the
coastal area (with fluctuations depending upon sea-
sonal oceanic climate changes), while the fine mate-
rial supplied by rivers or delivered by wave
reworking is dispersed seaward. A major contribu-
tion from the Rhone river sediment input using an
along-shore drift is probable.

7. Conclusions

The incised valley fill complex on the Languedoc—
Roussillon littoral and inner shelf is directly con-
nected with the landward Quaternary fluvial terraces
and the depositional sequences on the mid-outer shelf.
Several sea-level drops and their associated key-sur-
faces and sedimentary units have been recorded. It
represents the only area of the Gulf of Lion coast to
study the land to sea relationship, their evolution
during climate and sea level changes and the sedi-
mentary budget.

The Languedoc rivers have greatly modified their
courses during the phases of lowering and rising base
level and merged at the inner shelf level. They con-
stituted a shore-parallel estuary successively reoccu-
pied during the Late Quaternary, with a seaward
connection several 10th kilometers southward. Con-
sequently the sediment supply that contributed to
growth of the Gulf of Lion shelf was mainly delivered
by two points sources: the Rhone drainage basin and
the studied complex. The southwesternmost Roussil-
lon rivers (Tét and Tech) had little influence on shelf
and strata development.

The incised valley fill is largely constituted with
Pleistocene transgressive deposits that were erro-
neously considered as part of the last transgressive
system tract (Holocene period).

The preservation of Pleistocene transgressive
deposits in the incised valley complex has probably
a tectonic origin due to landward uplift and seaward
subsidence, with an hinge point located landward of
the littoral area.

A small prograding wedge that is sub-outcropping
at the base of the littoral wedge is considered to
represent a particular event (decreasing sea level rise
rate/sediment supply) during the last transgression.
Ravinement of its upper part contributed to an healing
phase of fine material.

Progradation of the recent coastal plain deposits
probably started shortly before the last sea level rise
stopped. Complex depositional environments devel-
oped with some earlier low energy depositional sys-
tems back from the prograding shoreline (initial phase
of lagoonal or semi enclosed bodies). This prograding
phase constitutes a thinning seaward wedge of sub-
marine beach and sandy coastal bars deposits. A more
distal sigmoidal and muddy unit develops and thick-
ens northeasterly constituting probably a subaqueous
delta partly supplied with Rhone river fines. The
actual system of beach barriers developed later when
sea level stabilized and rested upon a wave ravine-
ment surface. Remobilized sandy material from flood
tidal delta and washover are intercalated within the
lagoonal muds.

The Languedoc—Roussillon littoral area presents
sedimentological and morphostructural trends which
are in part inherited from the Pliocene and Quaternary.
Consequently, the modern sedimentary processes are
not the only key to understand the three dimensional
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architecture and lithology and the past and future
evolution.
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Abstract

High resolution (HR — sparker) and very high resolution (VHR — boomer) seismic reflection data acquired in shallow water envi-
ronments of the Roussillon coastal area are integrated to provide an accurate image of the stratigraphic architecture of the Quaternary
deposits. The complementary use of the two systems is shown to be of benefit for studies of shallow water environments.The HR
sparker data improved the landward part of a general model of Quaternary stratigraphy previously established offshore. They
document an incised valley complex interpreted as the record of successive late Quaternary relative sea-level cycles. The complex is
capped by a polygenetic erosional surface developed during the last glacial period (> 18 ky) and variably reworked by wave ravinement
during the subsequent post-glacial transgression. The overlying transgressive systems tract is partly preserved and presents a varying
configuration along the Roussillon coastal plain.The VHR boomer data provide information on the architecture of the uppermost
deposits, both in the near-shore area and in the lagoon. These deposits overlie a maximum flooding surface at the top of the
transgressive systems tract and constitute a highstand systems tract composed of two different architectural elements. In the near-shore
area, a sandy coastal wedge is subdivided into a lower unit and an upper unit in equilibrium with present day dynamics. In the Salses-
Leucate lagoon area, the sedimentary architecture is highly complex due to the closure of a former embayment and the formation of
the present beach barrier.

Introduction the first was proposed by Penland et al. (1988) in

the Mississippi delta area and focused essentially
on the post-glacial transgressive deposits and the
development of coastal barriers. Thomas and
Anderson (1994) carried out a study of a late
Quaternary incised valley system on the Texas
continental shelf and proposed a correlation with
coastal plain deposits. Locker et al. (2003) carried
out seismic studies on the post-glacial Florida
inner shelf and near-shore area. In most areas,
however, there remains a gap concerning the

Most studies of near-shore areas have focused on
the hydrodynamic regime and its impact on recent
sedimentation (Nielsen et al., 2001; Stépanian and
Levoy, 2003). Integration over longer timescales
has usually been applied either to deposits onshore
in the coastal plain or offshore across the conti-
nental shelf. In particular, many studies have
addressed  the late Quaternary architecture of
continental shelves (Suter et al., 1987, Hernan-

dez-Molina et al., 1994; Tesson et al., 2000; Ri-
dente and Trincardi, 2002). However, few studies
have really dealt with the architecture of deposits
across the coastal zone, i.e. the transition between
the continental and marine domains spanning the
coastal plain to the inner continental shelf. One of

geological evolution of the near-shore area due
to a lack of direct correlation between data from
the onshore and marine domains.

The Roussillon coastal plain (western part of
Gulf of Lions, France), its shoreface and the
adjacent continental shelf have been the subjects of
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a number of sedimentological studies, none of
which have integrated the transition from the
coastal plain to the continental shelf. Several
studies, based on borechole data or geomorphol-
ogy, have dealt with the Quaternary fluvial ter-
races on the coastal plain (Carozza and Delcaillau,
1999; Duvail et al., 2001). The post-glacial infill of
the Salses-Leucate and the Canet-St Nazaire
lagoons were studied without real correlation to
the marine area (Martin, 1978; Martin et al., 1981;
Certain et al., 2004). Durand (1999) focused on the
shore-face area in order to determine the recent
evolution of the beaches attributed to present
hydrodynamic conditions. A preliminary study of
the onshore to inner shelf transition was presented
by Monaco (1971), but was limited by a lack of
near-shore data.

In order to fill the coastal data gap, several
seismic acquisition cruises have been undertaken
since 2000 along the Roussillon coast, both in
shallow marine areas and in lagoons. The high
and very high resolution (HR and VHR) seismic
reflection data that were acquired supplement a
HR scismic database previously acquired across
the Gulf of Lions continental shelf (Tesson

et al., 2000; Gensous and Tesson, 2003). In this
paper, an integration of the HR and VHR
seismic data types is presented and used to
discuss the evolution of the Roussillon coastal
area during the Quaternary. The marine and
lagoonal seismic profiles are correlated with a
borehole previously acquired on the beach bar-
rier, allowing us to relate the key seismic
surfaces and facies to lithology and so improve
the architectural model.

Regional setting

The Gulf of Lions is a passive margin that has
developed since the Messinian salinity crisis (Hsi
et al., 1973) under the influence of sea-level vari-
ations. In addition, during the Plio—Quaternary
(Bessis and Burrus, 1986; Clauzon et al., 1987)
differential landward uplift and seaward subsi-
dence have led to a sedimentary architecture of
deposits characterised onshore by an imbricate
system of fluvial terraces (Duvail and Le Strat,
2002) and on the shelf by stacked marine deposi-
tional sequences (Lofi et al., 2003).

3°00' 3°5'

- lines in Fig. 7

e

Leucate

~ borehole

line in Fig. 6

rocky
[ outcrop

3200 305

Figure 1. Architectural model of Plio-Quaternary deposits in the western part of the Gulf of Lions (Languedoc-Roussillon conti-
nental shelf, modified from Tesson and Gensous, 1998). IU: Intercalated Unit; RPU: Regional Prograding Unit.
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The onshore area of Languedoc—Roussillon is
characterised overall by a Pliocene substratum
overlain by a system of imbricate Quaternary
fluvial terraces that record a history of uplift
movements (Duvail and Le Strat, 2002). The
terraces have also been influenced by late Quater-
nary glacio-eustatic cycles and associated changes
in base level.

On the Roussillon coastal plain, lithological
analysis of boreholes (Duvail et al., 2001) has
contributed to a general stratigraphic model of the
Plio—Quaternary deposits that is still in develop-
ment. Pliocene strata underlie much of the Rous-
sillon plain. Lower Pliocene deposits outcrop as
Gilbert deltas (Clauzon, 1990) in the upstream
parts of the plain as seaward-dipping marine muds
overlain by marine sands and capped by continen-
tal muddy-sands. The upper boundary of the
Pliocene corresponds to a major unconformity at
the base of Pleistocene alluvial terraces. The
Holocene is represented by a prograding system
comprising a succession of basal marine muds,
marine sands and complex continental deposits
(fluvial sands, conglomerates and/or lagoon
muds).

On the shelf, the late Quaternary deposits
comprise stacked marine depositional sequences,
the upper of which are mainly related to the fourth-
order glacio-eustatic cycles of sea level that punc-
tuated the late Quaternary (Aloisi, 1986; Tesson
et al., 1990; Tesson et al., 1993; Rabineau et al.,
1998; Lobo et al., 2004). The sequences pinch out
landward at about 80 m below sea level (Figure 1)
except in the north of the Gulf where they seem to

3

extend below the recent lobes of the Rhone delta.
Each sequence comprises a wedge-shaped prograd-
ing unit, or RPU, of regional extent and locally an
intercalated unit or IU (Figure 1). The RPUs are
interpreted as lowstand wedges associated with
relative sea-level fall and the following lowstand
period. They provide an example of forced regres-
sive deposits (Tesson et al., 1990; Posamentier
et al., 1992). The IU represents near-shore sand
bodies that accumulated either during the period of
maximum relative sea level lowstand and/or during
stillstands that occurred during the following
period of rise (Tesson et al., 2000).

Throughout the study area, the Pleistocene
deposits are capped by a polygenetic erosional
surface that developed during the last relative sea
level fall and the subsequent post-glacial relative
sea level rise (Figure 1). The post-glacial deposits
are concentrated along the outer and inner shelf as
retrograding units of the transgressive systems
tract. A regressive highstand systems tract devel-
oped on the inner shelf but is poorly known because
previous studies generally do not extend to less than
20-25 m water depth (Monaco, 1971; Aloisi et al.,
1975; Gensous and Tesson, 2003; Lobo et al.,
2004). Onshore, the post-glacial deposits are mainly
represented by alluvial plain deposits (Duvail et al.,
2001).

The present Roussillon shoreline is sandy and
interrupted from north to south by three rivers
(Agly, Tét and Tech). Moreover two lagoons
(Salses-Leucate and Canet-St Nazaire) are isolated
behind a beach barrier subjected to microtidal and
wave dynamics. Median grain size increases from

Omqg

120 m)

\\\\\-\\\_\x“

\\\\m o

[ Post 18 ky BP (Deglacial)
:l U Late Quaternary

depositional
N RPU sequences
Pliocene

\\\\\\

Figure 2. Simplified surficial sediment facies distribution across the study area (modified after Aloisi, 1986 and Gensous et al.,

1993). Bathymetric contour shown is 20 m below sea level.
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0.6 to 1.8 mm from north to south (Durand, 1999).
Seaward, the sand to mud boundary lies near 30 m
b.s.l. (Figure 2). Some beachrocks or sandstones,
considered as relict Quaternary deposits, outcrop at
up to 50 m b.s.l. (Monaco et al., 1972). In the
lagoons, the uppermost deposits are muds (Martin,
1978; Martin et al., 1981) that should represent the
transgressive and highstand deposits of the late
post-glacial period (Certain et al., 2004).

Data and methods

Two types of seismic reflection profiles, HR and
VHR, were acquired, in some cases along the same
lines. Seismic units identified in the lagoon were
correlated to those in the near-shore area using a
borehole previously acquired on the beach barrier.

The seismic acquisition was carried out using
two different platforms: seaward of 15 m b.s.l., a
conventional 25 m research vessel (N/O Tethys 11

3°00° 3l 3°20° 37307 37407

/

43°10'
OloEY

43°00"
08.2% 00.E¢

42°50'

Obe2h

42°40'

42°30'
OE.2F

300" 3°10° 3°20" 3°30° 3°40°

Figure 3. Map showing the locations of seismic profiles ac-
quired in the study area. Highlighted lines correspond to seis-
mic profiles shown in Figures 6 and 7.

of CNRS-INSU) was used, whereas in shallower
water and in the lagoon, a 5 m boat was used.
About 200 km of HR seismic profiles and 1000 km
of VHR profiles were acquired (Figure 3), both in
the Salses-Leucate lagoon and in shallow marine
environments. All seismic data were acquired
digitally, using the Delphseismic 2.1 software,
and geo-referenced using a differential global
positioning system (DGPS).

The HR scismic data were acquired with a
SIG™ mini-sparker composed of a multi-elec-
trode sparker array and a single channel streamer
with five hydrophones (Figure 4). The VHR seis-
mic data were acquired with a novel type of
boomer, the IKB Seistec™ boomer (Figure 5),
developed for marine and lacustrine environments
in 1987 (Simpkin and Davis, 1993). The innova-
tions of the boomer are (i) the line-in-cone receiver
array which reduces the resonance and distortion
of the return signal and thus improves the resolu-
tion; and (ii) the catamaran which supports both

hydrophones

Figure 4. The SIG™ mini-sparker components: (a) the multi-
electrode sparker array; (b) the single-channel streamer com-
posed of five hydrophones at 1 m spacing.

-~ Journal : MARI
h CMS No. : DO00023711
g MS Code : MARI MI-03

Dispatch : 23-10-2005 Pages: 13
O LE O TYPESET
0o cpP v DISK

195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215



216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238

catamaran

boomer source

line-in-cone
receiver array

s
-

Figure 5. The IKB-Seistec™ boomer equipment: (a) the cata-
maran of the boomer on the side of the 5 m boat used for the
coastal study; (b) main components of the boomer.

the receiver and the boomer source. The proximity
of the source and of the receiver improves the
definition of close targets. A filter removes fre-
quencies below 1000 Hz directly at the top of the
line-in-cone receiver.

Since the study focused both on the overall
Quaternary stratigraphy and on the detailed post-
glacial evolution, it was necessary to operate
seismic systems that combined both penetration
and resolution. This would normally imply acous-
tic pulses that are characterised by a broad
bandwidth since higher frequencies are quickly
attenuated during travel time but give HR, whereas
lower frequencies give lower resolution but better
penetration. The integration of the mini-sparker,
HR system with relatively good penetration (up to
80 m), and the boomer, VHR system with good
resolution (about 0.25 m) was found to be a good
alternative. The technical and acquisition charac-
teristics of each system are listed in Table 1.

For interpretation, the seismic profiles were
converted from two-way time to depth in meters
using 1700 m s~' sound velocity in the sediments

5

and 1500 m s™' in the water column. The inter-
pretation was based on the seismic stratigraphic
concepts and methods first outlined in AAPG
Memoir 26 (Mitchum et al., 1977). These concepts
were improved by Posamentier et al. (1988) and
Posamentier and Vail (1988) and key terminology
defined by Van Wagoner etal. (1988). The
sequence stratigraphy concepts are based on the
identification of regional discontinuities bounding
stratigraphic units interpreted as sequences and/or
their internal components (systems tracts). The
genesis of the sequences and systems tracts is
attributed to relative sea-level changes, and spe-
cific increments of the cycles and local variations
are due to 2nd order controlling factors such as
the sediment load. The identification of physical
discontinuities and acoustic facies by seismic
systems is essential to define the sequences and
the systems tracts when boreholes are not avail-
able This model was initially developed using
conventional seismic exploration data and bore-
hole calibration and further applied to HR and
VHR seismic data. The key unconformities ob-
served on the seismic profiles are interpreted as
regressive and transgressive surfaces and maxi-
mum flooding surfaces that are related to relative
sea-level cycles of 4th and 5th order, i.e. 100 and
20 ky cycles.

The borehole previously acquired for engineer-
ing purposes on the beach barrier in the mid-1970s
was available from the national subsurface data-
base (BDSS) of the BRGM (the French geological
survey). Generally, little information is available
on the boreholes of the BDSS and in this study,
only the lithological log based on cuttings was
available. This borehole log indicates strong

Table 1. SIG™ mini-sparker and IKB Seistec™ boomer sys-
tems; acquisition parameters and data characteristics

SIG™ mini- IKB Seistec’™

sparker boomer
Frequency band 0.05-1.5 kHz 1-12 kHz
Input energy 507 140 J
Shooting rate 2 shots s~ 2 shots s~
Sampling 6 kHz 24 kHz
frequency
Band pass filter  0.4-1.1 kHz 1-3 kHz
Resolution -2 m 0.25 m
Penetration Up to 80 m Up to 20 m in

in study area  sands and muddy sands
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contrasts in lithology, assumed to be significant
enough to induce strong acoustic impedance
variations in the seismic profiles.

Results
Seismic characteristics

Before describing the seismic surfaces and units
identified across the study area, it is of interest to
point out some characteristics of the boomer
(VHR) and mini-sparker (HR) data. The VHR
seismic data have a common vertical resolution of
about 0.25 m that allows high frequency strati-
graphic variations to be well identified. A “‘rever-
beration” is often observed on the VHR data
under the seafloor reflector that locally reduces the
resolution. Its thickness varies from 4 to 2 ms
below the seafloor (b.s.f.) and is represented by a
set of ‘pseudo” parallel reflectors. Data acquired in
the lagoon area are not affected by this “reverber-
ation”.

The HR data are generally affected by acoustic
ringing caused by the bubble oscillation of the
sparker source. However, the data show a different
acoustic response in the lagoon and near-shore
areas where the data quality is improved with

Table 2. Properties of the observed seismic discontinuities and units

reduced acoustic ringing (from 4 to 2 ms) and a
weak first multiple arrival. This allows a better
penetration, up to 70 m, that permits the deeper
targets to be investigated.

Seismic stratigraphy

The main characteristics of the observed seismic
surfaces and units are summarized in Table 2.
From base to top, three main regional disconti-
nuities, D1, D2 and D3-1, are observed on the HR
and VHR seismic profiles (Figures 6 and 7).
Locally, D2 is subdivided into D2-1 at the base
and D2-2 at the top. Above D3-1, several discon-
tinuities of local extent are observed especially in
the lagoon (D3-2, D3-3 and D3-4). D3-3 seems to
extend across the beach barrier in the shore-face
area. The units bounded by these discontinuities
are labelled Ub, Ur, U2 and U3.

Surface D1

The basal discontinuity D1 is observed on HR
seismic data throughout the study area at about
40-60 m b.s.l. and is relatively flat and seaward
dipping. It truncates a basal unit, Ub, character-
ized by oblique reflectors of high amplitude and
low frequency. The unit Ub exhibits well-devel-
oped folded structures.

Discontinuities Units Properties of discontinuities Type of discontinuities Area of location
U3-4
D3-4 Para-concordant surface Facies boundary Lagoon
U3-3
D3-3 Erosional surface (marine area) Wave reworking surface (marine) Lagoon and near-shore
Para-concordant (lagoon)
U3-2
D3-2 Seaward rising with topset Facies boundary Lagoon
below and onlap above
U3-1
D3-1 Erosional and linear surface Ravinement surface and Lagoon and marine
Toplap below, downlap above maximum flooding surface
U2-b
D2-2 Onlaps above Wave ravinement Lagoon and marine
U2-a
D2-1 Toplap/onlap terminations Transgressive surface Lagoon and marine
Ur
D1 Subaerial erosional surface Unconformity: sequence boundary Lagoon and marine

Toplaps below

The discontinuity D2 mentioned in the text is subdivided into D2-1 and D2-2. The main discontinuities are highlighted in bold.
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Unit Ur

Above D1, the HR seismic data show a set of
erosional surfaces bounding seismic units globally
labelled Ur (Figures 6 and 7b). The maximum
thickness of the unit is about 20 m in front of the
Salses-Leucate lagoon. The erosional surfaces are
imbricate and comprise sub-horizontal parts and
channel incisions from 1 m to about 10 m depth.
The infill of major channels is characterized by
aggrading sub-horizontal reflectors, whereas in
smaller channels the seismic facies is rather chaotic
(Figure 6b, d). Southward, the erosional surfaces
tend to merge. Under the lagoon, only one sub-
horizontal surface is observed between D1 and D2.
The extension of unit Ur under the lagoon is not
clearly observed on the seismic data (Figure 7c).

Surface D2

Ur is capped by an erosional surface D2 that is an
unconformity. D2 is relatively flat in the south of
the study area (Figure 6) and dips gently seaward
in front of the Salses-Leucate lagoon (Figure 7b,
d). D2 is a polygenetic surface, either merged or
subdivided into D2-1 at the base and D2-2 at the
top. The surface D2-1 is an erosional surface
incised by small channels (Figure 7b), observed
especially on the VHR seismic data. The surface
D2-2 is identified in the shore-face zone in the
southern part of the study area (Figure 6a) and
beyond 20 m b.s.l. in front of the Salses-Leucate
area (Figure 7b) and is an erosional surface that
onlaps in distal areas and downlaps in proximal
areas. In the lagoon, the penetration of VHR
seismic profiles is not adequate to clearly identify
D2 and the surface that is observed on the HR
seismic data is too deep to represent D2. It is more
likely that D2 is merged with the surface D3-1
above.

Unit U2

The unit U2 is developed between D2 and D3-1
(Figures 6a and 7b, d) in the area in front of the
Salses-Leucate lagoon, at about 20 m b.s.l. It has
a maximum thickness of 10 m and is subdivided
into U2-1 at the base and U2-2 at the top. Unit
U2-1 is relatively thin (maximum thickness 3—
4 m) and contains small channels and chaotic
facies (Figure 7b). Unit U2-2 is composed of
truncated oblique clinoforms dipping seaward
with upper terminations either as coastal onlap
or toplap. On the HR seismic lines, the clinoforms
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are characterized by low amplitude and low
frequency. In the area located south of Salses-
Leucate lagoon, U2 (Figure 6a, b) is also subdi-
vided into U2-1 and U2-2 but with different
properties and seismic facies. The unit U2-1 is
only observed in the area below 20 m b.s.l., where
its seismic facies evolve from chaotic to oblique
reflectors. The unit U2-2 is present in the shore-
face area and below 30-35 m b.s.l. where it is
composed of oblique tangential reflectors with
toplap and downlap terminations, whereas in
distal areas, it is a thin unit with sub-horizontal
reflectors. On the seismic profiles from the lagoon,
U2 is not clearly defined.

Surface D3-1

The surface D3-1 is both an erosional surface at
the top of the unit U2 (Figures 6a, b and 7b, ¢) and
a downlap surface that dips gently seaward
(between 15 and 30 m b.s.l.). Southwards, towards
the Salses-Leucate lagoon, D3-1 truncated sea-
ward on the seabottom (Figure 6a, b). Under the
lagoon, D3-1 is also an erosional and downlap
surface.

Unit U3

Overlying D3-1, unit U3 is wedge-shaped and
pinches out seaward at about 30 m b.s.l. in the
south of the area. In the northern part of the
area, in front of the Salses-Leucate lagoon, it
evolves seaward into a thin layer (3 m b.s.f)
detected only on the VHR seismic profiles. In the
shoreface area, the U3 wedge is subdivided into
unit U3-1 at the base and unit U3-3 at the top,
separated by the seismic surface D3-3. U3-1 is
composed of prograding clinoforms and its thick-
ness reaches 15 m. Above, U3-3 corresponds to
the near-shore sand ridges that constitutes the
modern upper shoreface. The seismic facies of
U3-3 is obscured by the first multiple arrival and
the boomer reverberation due to the very shallow
water (Figure 6b). In the Salses-Leucate lagoon,
unit U3 is more complex and comprises four
units (Figure 6a). The basal unit U3-1 is com-
posed of a set of seaward prograding and
aggrading sedimentary bodies characterised by
sigmoidal clinoforms. It is the most developed
unit with a maximum thickness of about 10 m.
Above U3-1, three units with similar characteris-
tics are stacked (U3-2, U3-3 and U3-3 from base
to top). They are characterised by aggrading sub-
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Figure 6. Seismic profiles showing the architecture of deposits in the southern part of the study area. Lines (a) and (b) represent
the boomer profile and its line-interpretation. Lines (c) and (d) represent the mini-sparker profile and its line-interpretation. The
main characteristics of the single channel seismic recording can be seen including the ‘ringing’ or the ‘reverberation” and the first
multiple arrival. Line (b) shows two discontinuities, D2 and D3-1, which merge in the near-shore area. They delimit two units U2
and U3. In line (d), a new basal discontinuity (D1) forms the lower boundary of unit Ur.

horizontal reflectors. The subdivision of U3-2,
U3-3 and U3-4 is mainly based on seismic facies,
amplitude and frequency variations. They are
bounded by D3-2 at the base, an onlap surface,
and the para-concordant surfaces D3-3 and D3-4
and the bottom floor at the top. U3-2 is restricted
to the central part of the lagoon and shows
aggrading sub-horizontal reflectors onlapping
toward the beach barrier. The two upper units,
U3-3 and U3-4 do not exceed 2-3 m in thickness.
Unit U3-3 extends through the beach barrier,
whereas Unit U3-4 is restricted to the lagoonal
area.
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Figure 7. Seismic profiles showing the architecture of deposits in the lagoon area (a, ¢) and in the near-shore area (b, d) off the la-
goon. The correlation is based lithologic information from a borehole (e), located on the beach barrier. In the lagoon, line (a) shows
three upper discontinuities D3-2, D3-3 and D3-4, not identified in front of the Agly River. D3-3 is correlated via the borehole (e) to

Correlation to borehole lithologies

The borehole (Figure 7e) was located on the beach
barrier between the lagoon and the shelf (see
Figure 3) with the top at about 1 m a.s.l. The total
borehole penetration was 27 m. The lithological log
shows prevailing sandy deposits interrupted by
three thick levels of gravels and pebbles (from 1 to
4 m thick) at about 4 m, 16 m and 21 m b.s.l.,
respectively). Above the uppermost pebble level, the
sands are coarsening upwards. Between 4 and 16 m
b.s.l., two trends are observed, fining upwards at the
base and then coarsening upwards. The lower two

marine boomer profile mw

Marine area

meters Marine mini-sparker profile it

the marine environment (b). In the marine environment, the discontinuity D2 is divided seaward into D2-1 and D2-2 (b, d).
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units, below the second and the lowermost pebble
level, both coarsen upwards. Macrofaunal data are
not referred to in the borehole log description, so
the depositional environment could not be deduced.
The sharp contacts between pebbles and overlying
sands constitute major levels of acoustic impedance
contrast and are correlated with major reflectors in
the seismic profiles. The upper boundaries of the
first level and second level of pebbles are correlated
to D3-3 and D3-1 respectively. In the shoreface off
the lagoon, D2 and D3-1 are amalgamated but it
may be assumed that a subdivision occurred under
the beach barrier and thus the pebble level at 21 m
b.s.I may correlate to D2.

Discussion
Surficial sediment effect on seismic records

Considering information on the surficial sediment
distribution from north to south along the shore-
face area (Durand, 1999), and from the shoreline
to the inner shelf (Aloisi, 1986), the “‘reverbera-
tion” seems to vary in correspondence with
surficial sediment texture. The “reverberation’ is
amplified where the seafloor sediments are coarse-
grained, whereas in the lagoon, where surficial
sediment is of fine muds, the “‘reverberation’ is not
observed. The “reverberation” intensity would
seem to be proportional to the grain size of the

Beach Barrier

surficial sediment, it could therefore be interpreted
as a resonance phenomenon linked to the charac-
ter of the surficial sediment immediately beneath
the water bottom.

On the HR seismic data, the thin surficial
muddy layer, which gives a reduced impedance
contrast between the water column and the sea-
bottom, also reduced the first multiple arrival and
the ringing due to the bubble pulse oscillation.
These effects improve the data quality in the
lagoon, increasing both the penetration and the
resolution.

Stratigraphic interpretation in relation to
sea level variation

The stratigraphic architecture is presented in
Figure 8. The basal unconformity D1 is correlated
landward to the upper boundary of the lower
Pliocene (Duvail and Le Strat, 2002). Thus the unit
underlying Ub also includes the lower Pliocene
deposits that are the substratum of the Quaternary
deposits. D1 is interpreted as a sequence boundary
which probably marked the end of the last
Pliocene 3rd order sea-level cycle (cycle 3.8, Haq
et al., 1987).

The imbricated erosional surfaces and units
(Ur) observed above D1 represent an Incised
Valley Complex (IVC) and its infill, the latter not
clearly resolved. Each erosional surface is a

Sea

40 +—
0t
meters

Sea Floor

mfs
wRs

regressive surface

Ts

mfs : maximum flooding surface
wRs : wave Ravinement surface
TS : Transgressive Surface

Figure 8. Stratigraphic model of the Roussillon coastal area. The Pliocene upper boundary is a sequence boundary (SB). The over-
lying Quaternary deposits are poorly developed except in the area of the incised valley complex (IVC). The IVC infill is truncated
by a polygenetic erosional surface correlated to the regression and transgression of the last (fourth-order) sea-level cycle. The over-
lying transgressive systems tract (TST) and the highstand systems tract (HST) are separated by a maximum flooding surface (mfs).
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sequence boundary, correlative to the successive
falling sea-levels of the late Quaternary glacio-
custatic cycles of 4th order. The IVC may be
laterally correlative to onshore fluvial terraces
(Duvail and Le Strat, 2002) and lowstand wedges
observed on the continental shelf (Lobo Sanchez,
2000). Work by Thomas and Anderson (1994) on
the Texas continental shelf led to a similar inter-
pretation, whereas the infilling of the incised valley
system of the Gironde (France) seems to record
only the last glacio-eustatic hemi-cycle (Allen and
Posamentier, 1993). This difference is probably due
to dynamic conditions, in which a dominantly
macro-tidal environment with large estuary devel-
opment is not favourable to the preservation of
deposits. A detailed study of the IVC is ongoing
and the first results are the subject of a paper in
preparation by the authors.

The sedimentary hiatus between the Pliocene
and Quaternary deposits is likely related to the
absence of important glacio-eustatic variations
prior to the major late Quaternary glacio-eustatic
variations (of about 120 m amplitude, Lambeck
et al., 2002).

The IVC is capped by the polygenetic erosional
surface D2, which we attribute to the last (4th-
order) sea-level cycle. D2-1 is also a sequence
boundary, interpreted as a lowstand surface attrib-
uted to the late glacial maximum and probably
merged with the post-glacial transgressive surface
(TS). The overlying erosional surface D2-2 is
assumed to be a wave ravinement surface (WRs)
due to post-glacial shoreline transgression. Unit
U2 overlies the TS and represents a transgressive
systems tract (TST). It is composed of units U2-1
and U2-2, which are variably preserved along the
study area. As with the late Quaternary IVC infill,
this TST is mainly developed off the Salses-
Leucate lagoon, suggesting that this area has
remained a persistent depocentre during shoreline
retreat. The upper boundary of the TST is the
surface D3-1 which is interpreted as the maximum
flooding surface (mfs). In the north of the study
area, '*C dating of shell layers indicates the mfs at
about 20 m b.s.l. (Aloisi et al., 1978) which corre-
sponds to the depth of D3-1 and confirms our
interpretation.

The uppermost unit U3, composed of several
sub-units of regional to local extent, represents a
HST and exhibits different stratigraphic patterns
on the secaward and the lagoonal sides of the beach

11

barrier. Seaward, a sandy coastal wedge is subdi-
vided into two units: U3-1 and U3-3 (from base to
top), considered to have been deposited during the
early and the late highstand periods, respectively.
No accurate age dating is available, but a transi-
tion between early and late highstand deposits is
consistent with the facies analysis and the inferred
dynamic conditions. The lower unit seems to not
be affected by present day reworking, whereas the
upper unit was subjected to wave reworking. This
configuration is typical of wave dominated coastal
areas (Tamura and Masuda, 2004). In the lagoon
area, the stacking pattern is more complex due to
the last phase of enclosure of the Salses-Leucate
lagoon during the highstand period (Martin,
1978). The basal prograding unit U3-1, correlated
through the beach barrier, is associated with the
construction of the barrier during the decreasing
rates of sea-level rise that occurred at the begin-
ning of the highstand period. It induced the final
enclosure of the north basin of the Salses-Leucate
lagoon, the south basin is presumed to have been
previously closed (Martin, 1978; Certain et al.,
2004). The overlying unit U3-2 is inferred to
comprise the landward muddy sediments depos-
ited synchronously with the build-up of the beach
barrier. In such a case, these units are lateral facies
variations rather than units having chronostrati-
graphic significance. The two upper units U3-3
and U3-4 correspond to the late highstand period
and were deposited under low dynamic conditions.
They are typical lagoonal deposits.

Other controlling factors

Fourth-order glacio-custatic cycles of sea level are
inferred to have been the first-order control on the
stratigraphic architecture of the late Quaternary
deposits. This is a relatively general statement for a
passive continental margin. Superimposed fifth-
order glacio-custatic cycles can be recognised
throughout the TST deposits, as will be detailed
in forthcoming studies.

Over the timescale of the late Quaternary, the
effects of subsidence can normally be neglected on
passive margins. Nevertheless, the influence of
differential subsidence is evident both on the
continental shelf and across the Roussillon coastal
plain. Seaward, net subsidence has controlled the
stacking of prismatic units on the outer shelf
(Tesson and Allen, 1995; Lofi et al., 2003). On the

-~ Journal : MARI
h CMS No. : DO00023711
g MS Code : MARI MI-03

Dispatch : 23-10-2005 Pages: 13
O LE O TYPESET
0o cpP @ DISK

553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584

585

586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601



602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638

639

640
641
642
643
644
645
646
647
648
649

12

inner shelf, the preservation of deposits of several
successive sea-level lowstands implies some
amount of subsidence. Onshore, the Roussillon
plain has been affected by Quaternary uplift
movements (Carroza and Delcaillau, 1999; Duvail
and Le Strat, 2002). The hinge line between
landward uplift and seaward subsidence is as-
sumed to lie just landward of the present coastline.
However, subsidence was probably more impor-
tant during the Pliocene period, which is recorded
by thicker deposits.

The late Quaternary depocentre off the Salses-
Leucate lagoon, the IVC development and the area
of maximum preservation of TST, together high-
light the influence of palacomorphology and sedi-
ment supply. These factors have no real effect on the
primary properties of the stratigraphic model, i.e.
the key surfaces and systems tracts, but they affected
the thickness and the seismic facies of the units. The
similar location of successive palacovalleys during
sea level lowstands is probably due to an initial
structural control and later geomorphologic trends.
The palaecomorphology seem to have guided drain-
age flow during base level falls. The occurrence of a
thick TST depocentre off the Salses-Leucate area is
probably due to a higher sediment supply from the
Tét and Agly Rivers. Some Roman writers, in the
period BC, spoke of an important river associated
with the Tét River near the Salses-Leucate lagoon;
the Tét River has probably moved southward in
recent time. The lateral variability observed in the
coastal area, and particularly in the recent post-
glacial deposits of the Salses-Leucate lagoon, of
thickness and stacking pattern variations, is attrib-
uted to local evolution mainly controlled by hydro-
dynamic factors, alternating river mouths and
sedimentary spit formation.

Conclusions

This study represents one of the first attempts to
integrate HR and VHR seismic reflection data
across a coastal area, from the coastal plain to the
inner shelf, in order to develop an architectural
model of late Quaternary deposits. The use of the
two acoustic systems, combining the penetration
of HR seismic and the resolution of VHR seismic,
proved very useful in a complex area such as a
coastal zone. Nevertheless, areas of sandy seafloor
remained more difficult to study than muddy

areas, because of the degradation of seismic data
quality due to decreased penetration and the
phenomena of reverberation and ringing.

The observations made in this study have
allowed a model of the sedimentary architecture
of the late Quaternary coastal deposits to be
presented from the coastal plain to the inner shelf.
Above the eroded Pliocene substratum, the late
Quaternary deposits record several relative sea-
level cycles represented by an IVC. This succession
is capped by post-glacial deposits, interpreted to
comprise a transgressive systems tract (TST),
exhibiting lateral variability, and a highstand
systems tract (HST).

The incised valley complex shows several ero-
sional surfaces and depositional units that were
probably linked to fourth-order fluctuations in base
level. At this stage, we can assume a landward
correlation with fluvial terraces and seaward corre-
lation with lowstand wedges, without being able to
identify the successive phases of genesis. Forthcom-
ing work will attempt to clarify those correlations.

The uppermost transgressive and highstand
deposits are well preserved above the incised valley
complex but poorly preserved laterally. The ob-
served pattern conforms to sequence stratigraphic
concepts. The TST records the first steps of the late
Holocene transgression and then the shoreline
transgression, while the HST, composed of several
units, reflects the complexity of the highstand
period. This was initiated before the end of the
relative sea-level rise and records the shoreline
evolution that resulted in the current morphology.

The post-glacial coastal depocentres are lo-
cated above late Quaternary point sources, i.e.
incised valleys. This indicates that the main coastal
depocentres during the late Quaternary have been
repeatedly linked to palaeo-river mouths that are
not systematically imprinted in the present-day
morphology.

The interplay of eustatism with differential
subsidence/uplift explains the changes of the
stratigraphic record, from forced regressive wedges
on the seaward side to fluvial terraces on the
landward side.
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