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océanographique française (IFREMER) entre le 29 mai et le 5 juillet 2016. Elle a permis de récolter 34 longues carottes à piston de type CALYPSO et 9 carottes à boite, soit près de 512 mètres de sédiments marins, ainsi que près de 6000 km de profils sismiques et bathymétriques (Chirp et imagerie multifaisceaux). Toutes les données sismiques et sédimentaires récoltées permettent d'étudier les grands séismes qui se sont produits et qui ont modifié la structure géologique de la zone des Petites Antilles au cours du Quaternaire récent. Grâce à la présence de failles sismiques visibles sur les profils Chirps et de dépôts gravitaires associés à ces événements extrêmes, il est envisageable de réaliser une corrélation géographique de l'extension des paléo-séismes, mais aussi une chronologie permettant de mettre en évidence une récurrence de ces événements.

Cette étude a été réalisée en collaboration avec deux autres projets de doctorat de Chloé Seibert et Pierre Morena, terminés en 2019 et 2020, qui portaient respectivement sur les données sismiques et sédimentaires de la zone sud (Guadeloupe et Martinique) et nord (Antigua) des Petites Antilles.

In fine, les résultats issus de l'étude de ces données permettront de mieux comprendre les risques liés aux aléas sismiques qui menacent les îles de l'arc antillais composé de près de 4 millions d'habitants en 2006. De plus, il sera possible d'améliorer notre compréhension du fonctionnement de la zone de subduction des Antilles et de la sismicité associée. viii RÉSUMÉ L'arc volcanique des Petites Antilles est la résultante d'une zone de subduction avec le plongement des plaques océaniques Atlantique nord et sud sous la plaque des Caraïbes à une vitesse actuelle estimée à 2 cm/an. En plus de la présence d'un volcanisme depuis l'Éocène récent jusqu'à aujourd'hui avec une déviation de l'axe volcanique à la suite de la subduction des rides asismiques de Tiburon et Barracuda, la région est sismiquement active. Les failles en échelons accommodent la composante oblique de la convergence et l'accumulation des tensions mécaniques à l'interface des plaques en question, générant des séismes récurrents, comme en 2004 au large des Saintes (M=6.3) et en 2007 au large de la Martinique (M=7.4). D'autres séismes plutôt associés à l'interface de subduction, peuvent aussi être dévastateurs comme ceux reportés en 1839 et 1843 au large des iles de la Martinique et de la Guadeloupe qui ont détruit des villes et fait plusieurs centaines de morts. Il est donc important de mieux comprendre le fonctionnement de cette zone de subduction et ses cycles sismiques.

C'est dans ce contexte que la mission océanographique CASEIS a eu lieu durant l'été 2016 pour récolter des carottes sédimentaires et obtenir de nombreux profils sismiques afin de mieux contraindre les aléas sismiques sur des échelles de temps long couvrant une partie du Quaternaire. En effet, des études ont montré qu'il était possible d'utiliser des couches déposées rapidement (RDL) et notamment les turbidites comme marqueur stratigraphique de séismes. Si ces dépôts ont lieu de façon simultanée dans des bassins profonds de l'avant-arc des Petites Antilles, alors il est fort probable qu'ils aient été déclenchés par un séisme. De plus, des complexes homogénites-turbidites ont déjà été identifiés dans la région et sont susceptibles d'être la signature de mégaséismes ou des tsunamis associés. À l'aide des paramètres physiques, magnétiques et lithologiques de cinq carottes sédimentaires, cette thèse de doctorat montre également l'intérêt du paléomagnétisme pour les études de paléosismologie marine.

Dans un premier chapitre, il est question d'établir une magnétostratigraphie régionale à l'aide des variations de paléointensité relative (RPI), des isotopes de l'oxygène et des inversions géomagnétiques passées. En effet, la carotte CAS16-24PC récoltée sur un point haut du prisme d'accrétion est datée à plus de 1,15 Ma et présente la dernière inversion Matuyama-Brunhes et le sub-chron Jaramillo. En comparant les données magnétiques et isotopiques à des compilations de mesures datées précisément, de nombreux tie-points permettent de cadrer temporellement l'ensemble de cette carotte.

Le second chapitre utilise les dates radiométriques (carbone 14) d'études antérieures, la magnétostratigraphie régionale établie précédemment et la compilation de paléointensités de l'Atlantique Nord (NAPIS-75) pour dater quatre carottes et estimer l'âge des RDL de trois x d'entre-elles. Ces dernières ont été prélevées dans des bassins de l'avant-arc des Petites Antilles et du prisme, isolés les uns des autres et des apports directs des îles et des plateformes carbonatées. Toutes présentent des turbidites et des complexes homogénites-turbidites qui, étant donné la localisation et la profondeur de prélèvement, seraient reliées à des événements sismiques. L'âge des événements est mieux défini à l'aide de la RPI des carottes, et permet d'estimer un super-cycle sismique de 24 ka incluant une période de quiescence de 6 ka.

Le troisième chapitre étudie les variations de l'enregistrement paléomagnétique en fonction de la lithologie. La quantité de RDL identifiée dans les carottes permet d'étudier l'enregistrement du signal paléomagnétique par ces dépôts et d'établir un nouveau modèle de dépôt des complexes homogénites-trubidites (HmTu). Ces résultats s'appuient notamment sur les variations d'enregistrement de l'inclinaison magnétique. En effet, la base des complexes HmTu présente un enregistrement paléomagnétique peu fiable lié à un hydrodynamisme important lors du dépôt, alors que la partie homogène supérieure enregistre une oscillation de l'inclinaison qui serait le fruit d'un effet de seiche induit par un séisme. Enfin, en combinant l'ensemble des turbidites (sans prendre en compte la partie homogène des complexes), une relation linéaire a été mis en évidence entre l'épaisseur de ces couches et les variations d'inclinaison. En revanche, la taille des grains magnétiques présente une relation quasi-logarithmique avec l'épaisseur de ces événements. Ces corrélations montrent que la taille des grains comme la compaction ne permettent pas d'expliquer à eux seuls les variations de l'enregistrement du signal paléomagnétique par les turbidites.

En répondant aux objectifs spécifiques de ce projet, cette thèse répond à la problématique générale. En effet, l'ensemble des trois chapitres permet d'établir une cyclicité des événements sismiques (de l'activité tectonique) au cours des derniers 70 ka dans les Petites Antilles tout en apportant une magnétostratigraphie qui s'étend sur plus d'un million d'année et de nouvelles données sur les processus d'acquisition d'une aimantation rémanente par le sédiment. [START_REF] Laj | North Atlantic palaeointensity stack since 75ka (NAPIS-75) and the duration of the Laschamp event[END_REF]; reference record 2 CAS16-24PC (Bieber et al., 2021) Figure 5 -A : Carte générale de la région autour de la Mer des Caraïbes avec les principaux courants marins (flèches rouges ; [START_REF] Johns | Annual Cycle and Variability of the North Brazil Current[END_REF][START_REF] Zhang | Different precipitation patterns across tropical South America during Heinrich and Dansgaard-Oeschger stadials[END_REF]. B : Carte des Petites Antilles. Gris clair et gris foncé : îles respectivement de l'arc intérieur et de l'arc extérieur (Mts: Montserrat; MG: Marie-Galante; FaB: Falmouth bank, BB: Bertrand bank, FB: Flandre bank, CB: Colombia bank, DBPB: Dien Bien Phu bank, AB: Amerique Banque). Noir : îles non volcaniques. Étoiles jaunes : tremblements de terre historiques, localisation d'après Feuillet et al. (2011a). Triangles rouges : volcans actifs. Lignes brunes : Débris des dépôts d'avalanche et les glissements de terrain sous-marins de Deplus et al. (2001), [START_REF] Friant | Geomorphological evolution of Montserrat (West Indies): importance of flank collapse and erosional processes[END_REF] et [START_REF] Brunet | Composition, geometry, and emplacement dynamics of a large volcanic island landslide offshore Martinique: From volcano flank-collapse to seafloor sediment failure?: SUBMARINE LANDSLIDES OFFSHORE MARTINIQUE[END_REF]. Ligne noire graticulée : les systèmes de failles de Feuillet et al. (2001de Feuillet et al. ( , 2004)). Ligne noire avec triangles et ligne en pointillé noire : respectivement la poussée frontale du prisme d'accrétion et la limite supposée du prisme interne. Lignes bleues : canaux (pointillés les lignes sont des canaux supposés). Les rides asismiques sont mises en évidence par des lignes rouges et leurs parties subductées par des lignes pointillées rouges. C : profil de la bathymétrie à travers l'arc des Petites Antilles, emplacement sur la figure B. Les lignes pointillées noires correspondent à la bathymétrie Geomap et les lignes noires à la bathymétrie des missions océanographiques (figure et légende issues de Seibert et al., 2020) et al., 1977). Red labeled dots are data for the samples presented in Fig. 17 (Lisiecki and Raymo, 2005). Black crosses represents the tie points determined using the AnalySeries software [START_REF] Paillard | Macintosh Program performs time-series analysis[END_REF] (King et al., 1982). A: hemipelagic (HMPL) background sediments (green symbols). B: turbidite (TU) sediments (red symbols (King et al., 1982) of respectively all the sample listed on 2005). Bien qu'il n'y ait eu, à ce jour, aucun mégaséisme (M8-9) au cours de la période instrumentale, un certain nombre de séismes majeurs de magnitude supérieure à 7 ont été rapportés au cours de la période historique (Feuillet et al., 2011). Les deux séismes récents les plus importants ont eu lieu aux Saintes le 21 novembre 2004 (BCSF, 2005 ;[START_REF] Bertil | Localisation des principales répliques du séisme des Saintes du 21 Novembre 2004[END_REF]Bazin et al., 2010 ;Feuillet et al., 2011) et au nord de la Martinique le 29 novembre 2007 (Schlupp et al., 2008). Respectivement de magnitude 6,3 et 7,4, ces séismes ont provoqué de nombreux dégâts matériels, notamment sur les Saintes, Marie Galante au sud de la Guadeloupe et jusqu'en Martinique (Fig. 2).

Mots

Les mégaséismes, tel que celui à Sumatra en 2004 qui a provoqué un tragique tsunami, sont induits lors d'une rupture très grande de l'interface de subduction. Cette rupture (2013). La tendance actuelle tend à considérer que ces processus se sont probablement produits à des périodes différentes de l'évolution de la plaque des Caraïbes, mais qu'ils ne sont pas exclusifs [START_REF] Keppie | The Analysis of Diffuse Triple Junction Zones in Plate Tectonics and the Pirate Model of Western Caribbean Tectonics, SpringerBriefs in Earth Sciences[END_REF].

Ainsi, la plaque des Caraïbes est un système complexe qui se décompose en cinq provinces géologiques [START_REF] Draper | Geologic provinces of the Caribbean Region[END_REF] ; Fig. 4). L'est et l'ouest présentent respectivement une zone de subduction. À l'est de la plaque caraïbes, au niveau des Petites

Antilles (composées du bassin de Grenade, la ride d'Aves, la ride de la Barbade et les Petites La plaque Caraïbes et la lithosphère atlantique convergent sur l'ensemble de la zone de subduction à une vitesse de 2 cm/an avec respectivement une orientation NNE et SSO [START_REF] Dixon | Relative motion between the Caribbean and North American plates and related boundary zone deformation from a decade of GPS observations[END_REF]DeMets et al., 2000 ;Symithe et al., 2015). Les principaux séismes ont lieu dans la partie nord des Petites Antilles [START_REF] Feuillet | Arc parallel extension and localization of volcanic complexes in Guadeloupe, Lesser Antilles: EXTENSIONAL ACTIVE FAULTING IN GUADELOUPE[END_REF] (Feuillet et al., 2011b). La carte bathymétrique (Fig. 6) présente l'ensemble des séismes de magnitude supérieure ou égale à 5 dans la région des Petits Antilles depuis 1900. Si la mémoire historique, couplée à l'étude sismique marine de la région antillaise permet de recenser les séismes majeurs sur des périodes de temps courtes, aucune mission océanographique antérieure n'a encore été réalisée sur cette zone pour retrouver la trace de mégaséismes et leur récurrence sur des périodes géologiques plus longues.

La région des Petites Antilles s'étend du sud au nord entre Grenade et Anguilla sur plus de 800 km de distance. L'arc volcanique tel qu'il existe aujourd'hui a subi des périodes d'activité plus ou moins intense, liée à l'activation ou à la ré-activation de failles [START_REF] Feuillet | Arc parallel extension and localization of volcanic complexes in Guadeloupe, Lesser Antilles: EXTENSIONAL ACTIVE FAULTING IN GUADELOUPE[END_REF](Feuillet et al. , 2004 ; ;Münch et al., 2014 ;[START_REF] Chrystèle | Tectonic evolution of Les Saintes archipelago (Guadeloupe, French West Indies): relation with the Lesser Antilles arc system[END_REF] et notamment à la migration de l'arc en lui-même vers l'ouest, suite à la subduction de rides asismiques (i.e., Tiburon et St Luce). Les deux périodes les plus actives de l'arc volcanique actuel ont eu lieu pendant l'Eocène-Oligocène et puis à la fin du Miocène, début du Pliocène. Ainsi, l'arc volcanique est en activité depuis environ 38 Ma (Briden et al., 1979 ;Bouysse et Westercamp, 1990). Bien que l'origine du volcanisme régional soit la subduction antillaise, il y a un lien entre les séismes et les tensions tectoniques, et donc avec les séismes et mégaséismes qui peuvent avoir lieu dans la région des Petites Antilles (Feuillet et al., 2011b;Leclerc et al., 2016). D'après Davies (1999) [START_REF] Newell | Contrasting sedimentary processes along a convergent margin: the Lesser Antilles arc system[END_REF] avec des dépôts sur la façade atlantique. La dynamique marine, quant à elle, présente essentiellement un transport est-ouest de l'Atlantique vers la mer des Caraïbes [START_REF] Johns | On the Atlantic inflow to the Caribbean Sea[END_REF].

Les
Les dépôts sédimentaires associés au front atlantique des Petites Antilles peuvent être regroupés en trois dépôts particuliers, des sédiments argilo-silteux majoritairement de type volcanoclastique, des carbonates pélagiques et hémipélagiques et des poussières du Sahara (Reid et al., 1996 ;Picard et al., 2006 ;Fig. 7). En effet, le premier arc volcanique plus au nord a subi plusieurs cycles de transgression-régressions marines qui ont conduit à l'altération des roches magmatiques et à des dépôts sédimentaires carbonatés. Ces derniers se retrouvent aujourd'hui pour certains à l'affleurement et soumis à l'érosion (Reid et al., 1996 ;[START_REF] Cornée | Sedimentology, palaeoenvironments and biostratigraphy of the Pliocene-Pleistocene carbonate platform of Grande-Terre (Guadeloupe, Lesser Antilles forearc): Sedimentology, palaeoenvironments and biostratigraphy[END_REF].

Les sédiments silto-sableux terrigènes proviennent du transport des sédiments depuis la côte par les courants de marée, les courants côtiers ou encore les courants de turbidité. De plus, certains vont directement être formés au niveau de la plateforme ou de la plaine abyssale avec une proportion plus importante de carbonate. Néanmoins, l'essentiel des éléments silicoclastiques qui se trouvent au large des côtes antillaises proviennent principalement du delta et du système turbiditique de l'Orénoque et, en moindre mesure, de celui de l'Amazone et de sa décharge partiellement transportée par le courant littoral guyanais (Westbrook et al., 1984 ;Deville et al., 2015 ;[START_REF] Limonta | Multicyclic sediment transfer along and across convergent plate boundaries (Barbados, Lesser Antilles)[END_REF]. Damuth (1977) mais aussi Reid et al. (1996) dans les sédiments de l'arc antillais.

L'analyse des taux de sédimentation établis pour trois sites d'études au niveau de la zone d'accrétion initiale (Wright, 1984) démontre que la vitesse de sédimentation est plus forte durant le Quaternaire (entre 40 et 50 m.Ma -1 ) que durant le Pliocène (entre 9 et 35 m.Ma - 1 ). Néanmoins, les carottes sédimentaires issues de la misions CASEIS qui vont être étudiées ici, se situent principalement au niveau de la zone de stabilisation du prisme d'accrétion et des bassins avant-arc. De plus, les études DSDP (Wright, 1984 ;[START_REF] Biju-Duval | Initial Reports of the Deep Sea Drilling Project, 78A, Initial Reports of the Deep Sea Drilling Project[END_REF]) et ODP (Mascle et al., 1988) se concentrent principalement sur les données anté-quaternaires de la zone d'accrétion initiale, tandis que celle de Reid et al. (1996) se concentre sur le Quaternaire récent dans l'ensemble de la zone de subduction. D'après cette dernière étude, entre Grenade au sud de l'arc et Barbuda au nord de l'arc, les taux de sédimentation varie d'un ordre de grandeur. Au sud, environ 15 cm.ka -1 de sédiments se déposent avec principalement des particules fines dont 10 à 15% de carbonate de calcium (CaCO3). Tandis qu'au nord, les taux de sédimentation sont plus faibles et compris entre 0,2 et 5 cm.ka -1 avec des teneurs en CaCO3 comprises entre 20 et 50 %. Ils ont ainsi pu observer une graduation sud/nord à la fois pour les taux de sédimentation et pour la proportion de carbonate. Les carottes sédimentaires ainsi prélevées présentent une alternance de dépôts hémipélagiques ou pélagiques, interrompus par des dépôts gravitaires et/ou des dépôts de cendres volcaniques (téphras).

LE PALEOMAGNETISME, DU PRINCIPE A L'OUTIL

Le coeur de la Terre, couche la plus profonde, est composé d'un noyau interne solide et d'un noyau externe liquide. Tous deux composés principalement de fer et de nickel, ce sont les convections thermiques et compositionnelles du noyau externe qui engendrent un effet de dynamo auto-excitée dont résulte le champ magnétique terrestre [START_REF] Jones | Thermal and Compositional Convection in the Outer Core[END_REF]. Ce bouclier qui protège la Terre et ses habitants des rayonnements cosmiques (notamment solaire ionisant) se manifeste sous forme d'un dipôle qui représenterait 90 % de l'ensemble du champ magnétique [START_REF] Tauxe | Essentials of Paleomagnetism[END_REF]. C'est grâce à lui que de nombreuses espèces migratrices peuvent s'orienter du nord au sud et inversement [START_REF] Lohmann | Magnetic-field perception[END_REF]. Ainsi, en tout point à la surface du globe terrestre, il est possible de définir le vecteur magnétique 𝐵 ⃗ (Fig. 

LA PALEOSISMOLOGIE EN MER, UN OUTIL QUI SE DEVELOPPE

Depuis la mise en évidence de courants de turbidité déclenchés par des séismes par les travaux de Heezen et Ewings (1956), de nombreuses études ont utilisé les dépôts gravitaires et plus spécifiquement les turbidites pour étudier la récurrence des séismes. C'est d'autant plus pertinent pour les zones de subductions qui présentent les séismes les plus puissants (Pacheco et Sykes, 1992) appelés mégaséismes. La zone de subduction des Cascades à l'ouest des États-Unis a particulièrement été étudiée. Elle a permis de développer une méthode basée sur l'analyse des sédiments prélevés dans des carottes sédimentaires pour réaliser de la paléosismologie marine [START_REF] Adams | Paleoseismicity of the Cascadia Subduction Zone: Evidence from turbidites off the Oregon-Washington Margin[END_REF]Goldfinger, 2011 ;Goldfinger et al., 2003). Les séismes et plus particulièrement les mégaséismes sont le résultat de rupture sismique affectant de grandes étendues qui sont susceptibles de générer des courants de turbidité simultanément dans différents canyons sous-marins d'une même marge. Il s'agit alors de dater des turbidites dans des chenaux ou bassins déconnectés les uns des autres et distants de plusieurs kilomètres pour éliminer les autres sources de déclenchement qu'un séisme, et de déterminer si ces dépôts ont le même âge. Un moyen complémentaire permettant d'associer des dépôts entres eux est de mettre en corrélation les paramètres physiques et lithologiques de ces dépôts (Goldfinger, 2011). En plus de la datation absolue qui n'est pas toujours évidente à cause des processus érosifs des courants de turbidité, il est possible d'utiliser les paramètres physiques et magnétiques du sédiment hémipélagique et des couches déposées rapidement pour réaliser une corrélation stratigraphique (Fig. 9). Enfin, certains dépôts ont souvent été associés à des séismes et/ou des tsunamis, les turbidites amalgamées et les complexes homogénite-turbidites. Les turbidites amalgamées sont une succession de turbidites érosives les unes par rapport aux autres qui résulte de plusieurs courants de turbidité d'origines différentes mais déclenchés par un même événement et dont le dépôt final à lieu au même endroit (Van Daele et al., 2017). Les complexes homogénite-turbidites ont été découverts pour la première fois en mer Méditerranée [START_REF] Stanley | Depositional models for fine-grained sediment in the western Hellenic Trench, Eastern Mediterranean[END_REF]Kastens et Cita, 1981) et depuis référencés dans divers environnements tant marins que lacustres. Beck et al. (2012) ont aussi identifié des complexes homogenites-turbidites au nord des Petites Antilles qui pourraient être associés à des événements sismiques.

PROBLEMATIQUE DU PROJET

Les connaissances accumulées à ce jour sur les aléas naturels dans la région des Petites

Antilles se concentrent essentiellement sur le volcanisme du Pléistocène à nos jours [START_REF] Sigurdsson | Marine Tephrochronology and Quaternary Explosive Volcanism in the Lesser Antilles Arc[END_REF]Macdonald et al., 2000 ;[START_REF] Lindsay | Geochemistry and petrogenesis of late Pleistocene to Recent volcanism in Southern Dominica, Lesser Antilles[END_REF][START_REF] Samper | Effusive history of the Grande Découverte Volcanic Complex, southern Basse-Terre (Guadeloupe, French West Indies) from new K-Ar Cassignol-Gillot ages[END_REF][START_REF] Germa | The eruptive history of Morne Jacob volcano (Martinique Island, French West Indies): Geochronology, geomorphology and geochemistry of the earliest volcanism in the recent Lesser Antilles arc[END_REF] et les séismes historiques [START_REF] Feuillet | Extension active perpendiculaire à la subduction dans l'arc des Petites Antilles (Guadeloupe, Antilles françaises)[END_REF][START_REF] Feuillet | Arc parallel extension and localization of volcanic complexes in Guadeloupe, Lesser Antilles: EXTENSIONAL ACTIVE FAULTING IN GUADELOUPE[END_REF](Feuillet et al., , 2011a(Feuillet et al., , 2011b)). Mis à part l'étude préliminaire de Beck et al. (2012), aucune donnée antérieure à la terrestre (Tauxe, 1993 ;Stoner et St-Onge, 2007 ;Roberts et al., 2013). Il s'agira donc de répondre aux questions suivantes :

• La carotte de référence enregistre-t-elle bien de façon quasi-continue les variations d'orientation et d'intensité du champ magnétique terrestre ?

• Peut-on utiliser cette magnétostratigraphie pour dater les dépôts sédimentaires associés aux séismes dans l'ensemble des autres carottes sédimentaires étudiées ?

Pour répondre à ces questions, les données paléomagnétiques et de stratigraphie isotopique de l'oxygène seront combinées (e.g., Channell et al., 1997 ;Xuan et al., 2016). En comparant les résultats avec des enregistrements existants datés précisément (i.e., LR04 de Lisiecki et Raymo, 2005, PISO-1500 de Channell et al. 2009, et PADM2M de Ziegler et al., 2011), il sera possible d'établir un modèle d'âge en vue d'obtenir un signal paléomagnétique de référence, nécessaire pour dater les couches déposées rapidement.

Objectif 2 : Paléosismologie marine

Le second objectif spécifique de cette thèse est d'étudier les cycles sismiques du Quaternaire récent associés à la zone de subduction des Petites Antilles, et ce à l'aide de dépôts associés à des séismes (i.e., turbidites et homogénite-turbidites). Il s'agira de déterminer lesquels de ces événements sont associés à des séismes et si possible de déterminer l'étendue de la zone affectée par les séismes en répondant aux questions suivantes :

• Quelles couchent déposées rapidement sont associées à des séismes ?

• Peut-on estimer l'âge de ces dépôts à l'aide des données paléomagnétiques et peut-on en déduire des cycles sismiques ?

Les méthodes développées par la paléosismologie marine permettront de répondre à 

Objectif 3 : Influence de la lithologie

Le dernier objectif spécifique de cette thèse est concentré sur les variations de l'enregistrement magnétique et paléomagnétique par le sédiment en fonction des différents types de dépôts et de l'épaisseur des couches déposées rapidement. Il s'agit de répondre aux questions suivantes :

• Les paramètres physiques et magnétiques de couches déposées rapidement peuvent-ils améliorer la compréhension des processus de dépôts ?

• Y a-t-il un lien entre la taille des grains magnétiques, l'inclinaison et la taille des turbidites enregistrés dans les Petites Antilles ?

Au cours des trois dernières décennies, les études paléomagnétiques se concentraient principalement sur l'analyse de sédiments hémipélagiques. Le paradigme du paléomagnétisme se base sur l'aimantation rémanente de (post-)dépôt (DRM -PDRM ; Kent, 1973 ;Tauxe et al., 2006). La complexité de l'enregistrement magnétique, liée aux processus sédimentaires et environnementaux, nécessite que les études se concentrent principalement sur de la modélisation et/ou des expériences de dépôts en laboratoire (Valet et al., 2017). Cependant, ces expériences de redéposition sous champ magnétique contrôlé sont semblables à des dépôts quasi-instantanés tels que les turbidites. Ainsi, Tanty et al. Une fois les carottes à piston (PC) à bord du navire, elles sont découpées en section de 150 cm puis numérotées pour chaque section par le nom et l'année de mission, suivi du numéro et type de carotte et enfin du numéro de section en chiffre romain. Par exemple :

CAS16-01PC-IV pour la section IV (quatre) de la carotte à piston 01 (zéro un) prélevée en 2016 lors de la mission CASEIS. Au sommet (TOP) et à la base (BOT) de chaque section de carotte est indiqué TOP ou BOT, associé à la profondeur sachant que la mesure 0 cm de la carotte se trouve au sommet de la première section, c'est-à-dire le sédiment de surface, et la dernière mesure donnant la longueur de la carotte se trouve à la base de la dernière section, c'est-à-dire le sédiment le plus ancien de la carotte sédimentaire. Chaque section présentait une ligne appelée génératrice qui a permis de réaliser une découpe continue de chaque carotte, et de récolter une demi-section travail (W) et une demi-section archive (A).

Le banc MSCL (Fig. 10) a permis de mesurer la susceptibilité magnétique (Bartington, senseur MS2E1), la densité gamma du sédiment, la vitesse des ondes de compression (ondes p) qui traversent le sédiment, et de mesurer les paramètres de réflectance spectrale diffuse (Minolta CM-2600d). En plus de ces mesures physiques, le banc est équipé d'un système d'imagerie GEOTEK Geoscan IV pour prendre en photographie haute-définition les demisections.

En parallèle de ces mesures, l'équipe scientifique à bord du navire avait pour mission de décrire la totalité des carottes sédimentaires qui ont été ouvertes et de prélever des échantillons à l'aide de tubes de plastique en U (Fig. 11). Ces échantillons appelés « Uchannels » ont été stockés et conservés dans la chambre froide de l'ISMER, tandis que l'ensemble des demi-sections ont été stockées dans la chambre froide de la collection marine du Muséum d'Histoire Naturelle de Paris sous la dénomination MNHN-GS-CAS16-XXPC (XX étant le numéro de la carotte).

Les u-channels ont été analysés à l'aide d'un magnétomètre cryogénique 2G Enterprise (Fig. 11) dans le but de réaliser une analyse paléomagnétique continue du sédiment. Pour caractériser les minéraux magnétiques, des échantillons ponctuels ont aussi été prélevés sur les u-channels pour être mesurés avec un magnétomètre à gradient alternatif (AGM ; Fig. 12) à l'ISMER ou prélevés sur les carottes et mesurés à l'IPGP avec un magnétomètre à Prochainement soumis dans le journal Geochemistry, Geophysics, Geosystems.

Par ailleurs, tout au long de la réalisation de cette thèse, j'ai eu l'opportunité de présenter mes travaux lors divers congrès au format affiche ou présentation orale qui sont listés ci-après en ordre antéchronologique.

(Oral) GEOTOP2021 Bieber, A., St-Onge, G., Feuillet, N., Carlut, J., Moreno, E., Identification of a seiche effect using paleomagnetism on homogenite-turbidite complexes: example from deep basin sediments of the fore-arc Lesser Antilles.

Congrès annuel du GEOTOP, Zoom-en-ligne, Québec, Canada, 16 au 18 mars (2021).
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Introduction

Earth's magnetic field varies at different timescales and can undergo reversals (normal and reverse polarities) that may be globally recorded quasi-simultaneously in rocks and sediments [START_REF] Lowrie | Magnetostratigraphy[END_REF]. The synchronicity of reversals across different locations makes them important for stratigraphy [START_REF] Hambach | Magnetic dating of Quaternary sediments, volcanites and archaeological materials: an overview[END_REF]. The last reversal occurred 773 ± 2 ka ago between the normal polarity Brunhes Chron and the reversed polarity Matuyama Chron (Singer, 2014;Simon et al. 2019;Channell et al., 2020). The Matuyama/Brunhes boundary (MBB) delimits the beginning of the Middle Pleistocene (International Commission on Stratigraphy, 2020). In addition to reversals, magnetic minerals can record paleomagnetic secular variations and changes in Earth's magnetic field intensity. Full vector analysis of Quaternary oceanic sediment cores enables quasi-continuous reconstruction of the relative variations in the Earth's magnetic field (e.g., Tauxe, 1993;[START_REF] Weeks | Improvements in long-core measurement techniques: applications in palaeomagnetism and palaeoceanography[END_REF]Stoner and St-Onge, 2007;[START_REF] Channell | ODP Site 1063 (Bermuda Rise) revisited: Oxygen isotopes, excursions and paleointensity in the Brunhes Chron: ODP SITE 1063 REVISITED[END_REF][START_REF] Channell | Age through tandem correlation of Quaternary relative paleointensity (RPI) and oxygen isotope data at IODP Site U1306 (Eirik Drift, SW Greenland)[END_REF]Channell et al., , 2019;;Roberts et al., 2013;Liu et al. 2016;Deschamps et al. 2018;[START_REF] Simon | Chronostratigraphy of a 1.5±0.1 Ma composite sedimentary record from Colônia basin (SE Brazil): Bayesian modeling based on paleomagnetic, authigenic 10Be/9Be, radiocarbon and luminescence dating[END_REF]). This reconstruction is based on the assumption that magnetic minerals such as magnetite and titano-magnetite within the sediment reflect the strength and the direction of the Earth magnetic field at the time they were deposited. This non-destructive approach enables correlation of multiple cores and stratigraphic events for entire regions. While paleomagnetism has been widely used to understand past geomagnetic field fluctuations, increasing global data coverage remains a long-term challenge for understanding geomagnetic field dynamics [START_REF] Korte | Geomagnetism: From Alexander von Humboldt to Current Challenges[END_REF], and for chronostratigraphic purposes.

There is currently no complete and well-dated Quaternary magnetostratigraphic record for the Lesser Antilles. Most paleomagnetic studies have focused on volcanic rocks (Carlut and Quidelleur, 2000;[START_REF] Genevey | Secular variation study from non-welded pyroclastic deposits from Montagne Pelée volcano, Martinique (West Indies)[END_REF]Tanty et al., 2015;Ricci et al., 2018) or Ocean Drilling Program (ODP) cores that cover longer geologic time intervals (DSDP Site 502: Kent and Spariosu, 1983; DSDP Leg 78A: Wilson, 1984;ODP Leg 110: Hounslow et al., 1990), but with a less detailed representation of the Quaternary.

The main objective of this study is to establish a complete regional Quaternary chronostratigraphy based on analyses of core CAS16-24PC retrieved during the CASEIS expedition (May 28 to July 4, 2016; Feuillet, 2016) onboard the R/V Pourquoi Pas?. The first step was to identify all rapidly deposited layers (RDL) using x-ray fluorescence, and physical and magnetic parameters to create a continuous composite record. The second step was to reconstruct a reliable relative paleointensity (RPI) record and to combine it to reversals and stable oxygen isotopes (δ 18 O) to derive a new Quaternary chronostratigraphic framework for the Lesser Antilles.

Regional setting

The Lesser Antilles are located in the easternmost Caribbean Sea (Fig. 13). They are composed of two volcanic arcs: the inactive early Eocene to Oligocene arc and the current arc that has been active since 38 Ma (Briden et al., 1979;Bouysse and Westercamp, 1990).

These arcs resulted from subduction of the south and north Atlantic oceanic crust under Caribbean oceanic crust (McDonald et al., 2000), which led to formation of basaltic volcanic Figure 13 -Bathymetric map of the middle Lesser Antilles Arc, western Atlantic Ocean using GEBCO and CASEIS data. Red and yellow lines highlight, respectively, continental slope canyons and forearc basin canyons. The local minimum gravity anomaly limit (black dotted line), the N 294•E strike of the Tiburon ridge (dashed black lines) and the deformation front (white dashed line with teeth) are derived from Bouysse and Wastercamp (1990). The location of reference core CAS16-24PC is indicated in purple.

arcs. The current average convergence velocity is 2 cm/yr with a NNE and SSW orientation (DeMets et al., 2000;Symithe et al., 2015). The current system is the product of a western arc migration following subduction of the two aseismic ridges (i.e., Tiburon and St-Luce)

beneath the Caribbean plate. The volcanic activity is probably also related to the seismic activity (Davies, 1999;Leclerc et al., 2016). Seismic fault activation or reactivation led to two periods of maximum eruptive activity during the Eocene-Oligocene and the late Miocene-early Pliocene (Bouysse and Westercamp, 1990).

The Lesser Antilles arc basement has an asymmetric shape (Picard et al., 2006).

Westward of the island arc, the Grenada back-arc basin has a steep and narrow continental shelf. In contrast, eastward of the island arc, the shelf is wider and limited eastwards by the accretionary wedge and the trench. The insular shelf is 250 km wide in the south, and only 80-100 km wide in the north. Similarly, the accretionary prism has a width of 300 km in the south that decreases northward to 50 km. The trench is deeper to the north (up to 8 km below sea-level). The sedimentary fill consists of ( 1) shallow shelf sediment predominantly composed (up to 50 %) of river discharge volcaniclastic sediments (the proportion increases closer to islands shore, up to 50 %) and pelagic and hemipelagic carbonate sediments, [START_REF] Heezen | Turbidity currents and submarine slumps, and the 1929 Grand Banks [Newfoundland] earthquake[END_REF] deep sea sediments mostly composed of pelagic, hemipelagic and remobilized carbonates, and (3) volcaniclastic turbidite and tephra deposits (Reid et al., 1996;Picard et al., 2006).

However, the most important terrigenous sediment sources to the eastern Lesser Antilles are from the Orinoco delta (Deville et al., 2015) and a minor contribution from aeolian dust from Africa (Reid et al., 1996;Picard et al., 2006).

Material and methods

A bathymetric map (Fig. 13) was created with the QGIS software using the General Bathymetric Chart of the Oceans GEBCO_08 grid, version 20100927 (http://www.gebco.net) and Digital Elevation Models from the 2016 CASEIS cruise (Feuillet, 2016;Seibert et al., 2020). A 100-m resolution was used with a WGS84/UTM World Mercator (15.5°N) projection. Reference core CAS16-24PC (Fig. 13) was retrieved during the CASEIS expedition at 4023 m depth with a Calypso piston corer on board the R/V Pourquoi Pas? (IFREMER fleet). The core is stored in the marine collection of the Muséum national d'Histoire naturelle (Paris, France) under the number MNHN-GS-CAS16-24PC and is 19.90 m in length and was divided into fourteen 150 cm sections labeled with Roman numbers I to XIV (Fig. 14-A). Each section was measured on board with a Multi Sensor Core Logger (see below), then split, photographed, described and sampled with u-channels (ushaped plastic tubes with 2 x 2 cm cross-section and up to 150 cm in length) for continuous paleomagnetic analysis (e.g., [START_REF] Weeks | Improvements in long-core measurement techniques: applications in palaeomagnetism and palaeoceanography[END_REF]Stoner and St-Onge, 2007). In 2018, the core was sampled with plastic cubes (1.9 x 1.9 x 1.9 cm) for discrete paleomagnetic analyses.

1.2.3.1

Multi Sensor Core Logger analysis, CT scanning and x-ray fluorescence

The GEOTEK Multi Sensor Core Logger (MSCL) from ISMER (Institut des sciences de la mer de Rimouski) was used on board during the expedition to measure the physical and magnetic properties of the sediments (St-Onge et al., 2007). Bulk density (obtained with gamma ray attenuation), P-wave velocities and volumetric magnetic susceptibility (k) were analysed at 1-cm intervals on whole core sections. After splitting the core, archive halves were photographed with a GEOTEK Geoscan IV imaging system and measured again at 1cm intervals with a Bartington Instruments MS2E1 point sensor for magnetic susceptibility.

Diffuse spectral reflectance data were also measured at 1-cm intervals using a Minolta CM- characterized by high values of IRM and SIRM (average value of all data >11 Am-1) and the intensity of the SIRM is sometimes slightly lower than the IRM, leading to values of the pseudo-S ratio slightly higher than 1 in specific intervals. This is most likely due to the difficulty of the cryogenic magnetometer to perform precise measurements near the dynamic range of the instrument (Roberts, 2006). As a consequence, it prevents us from using the pseudo S-ratio lonely and continuously downcore, but we still use the average value in hemipelagic facies in conjunction with the other magnetic and imaging data (SEM, see below) to assess the magnetic mineralogy. Also, kARM is calculated by normalizing the ARM with the bias field value and is used as a magnetic grain size indicator (e.g., Banerjee et al., 1981;King et al., 1982).

b) DISCRETE MAGNETIC MEASUREMENTS

To confirm and refine the continuous magnetic measurements results and to improve delimitation of suspected reversals, we measured paleomagnetic data on discrete samples.

They were acquired at 40-cm intervals along the whole core except for the uppermost 5 m (10 cm intervals) and sections with suspected geomagnetic reversals (2 cm intervals). We used a 2G Enterprises 760SRM-3.0 cryogenic magnetometer and an ASC Scientific D-2000T

AF demagnetizer for stepwise demagnetization (10 steps; 5, 10, 15, 20, 30, 40, 50, 60, 70 and 90 mT) of the NRM at the Institut de Physique du Globe de Paris (IPGP).

Twenty-five bulk samples were selected and measured using a Princeton Measurement Corporation vibrating sample magnetometer (VSM) at the IPGP to obtain hysteresis loops and derived magnetic parameters corrected for high field and mass: coercive force (Hc), remanent coercive force (Hcr), saturation magnetisation (Ms) and saturation remanence (Mrs). These data were used to estimate the relative magnetic-grain sizes domains (single domain, multidomain and vortex state; Roberts et al.;[START_REF] Bouchet | Essai de caractérisation par Anisotropie de Susceptibilité Magnétique de séquences turbiditiques déposées au front de l'arc des Petites Antilles[END_REF] based on the Day plot (Day et al., 1977). Attention must be taken when considering these results. As [START_REF] Roberts | A Critical Appraisal of the "Day" Diagram[END_REF] pointed out, the Day diagram indicates strict limits for magnetic domains, while these limits depend on multiple parameters (e.g. magnetic grain size, mineralogy, mixing, shape). Three samples with highest magnetic susceptibility values were measured using an AGICO KLY-3 Kappa bridge system to measure the low-field magnetic susceptibility (kLF) at hightemperatures. kLF was measured in a heating-cooling cycle between room temperature and 700°C in a natural atmosphere. These measurements enable determination of Curie temperatures [START_REF] Hrouda | A technique for the measurement of thermal changes of magnetic susceptibility of weakly magnetic rocks by the CS-2 apparatus and KLY-2 Kappabridge[END_REF][START_REF] Dunlop | Magnetizations in Rocks and Minerals[END_REF].

c) SCANNING ELECTRON MICROSCOPY AND ENERGY-DISPERSIVE X-RAY SPECTROSCOPY

The magnetic mineral fraction of five samples was manually separated from bulk powdered sediments using magnets. Imaging and energy-dispersive X-ray spectroscopy (EDS) microanalysis were observed with a EVO MA10 Zeiss scanning electron microscope (SEM).

Stable isotopes

One hundred seventy eight bulk samples collected at ~10 cm intervals were sieved at 150 µm. Nineteen specimens were sampled in RDL and were removed from this study. 

Age model

The chronology of the event-free core CAS16-24PC composite record is based on paleomagnetic reversals, RPI variations and the δ 18 O stratigraphy (see below). In this study, the R software package Bacon 2.2 (Blaauw and Christen, 2011) was used to produce a bestfit age model using Bayesian statistics with normal distributions. The parameters used were a 5 cm depth interval (d.by=10) and a 2 cm/ka mean accumulation rate (acc.mean=500).

Results

1.2.4.1

Morpho-bathymetry offshore of eastern Martinique Core CAS16-24PC was retrieved offshore of Martinique Island at the limit between forearc and accretionary wedge sediments (Fig. 13). This limit follows approximately the local minimum negative gravity anomaly (dotted black line in Fig. 13), while the deformation front (white dashed line in Fig. 13) follows the outer prism limit (Westbrook et al., 1984;Bouysse and Westercamp, 1990). The core location is surrounded eastward by a deep basin down to 4400 m below sea level (mbsl) and westward by the Martinique basin deeper down to 5100 mbsl. This basin is fed from the south by the St. Lucia, the Caravelle, the Amerique and the Kalanina canyons, together with one canyon stemming from the accretionary prism (Seibert et al., 2020). In a north-south transect, the core location is between two bathymetric highs, which protect the area from large mass wasting events and frequent turbidity currents.

The core site was chosen to collect the best possible chronostratigraphic reference core from the area, with the presence of carbonates for δ 18 O stratigraphy (above the carbonate compensation depth) and the least possible turbidites. Nonetheless, in this volcanic setting, thin volcanoclastic layers are expected (e.g. Reid et al., 1996;Picard et al., 2000;Le Friant et al., 2008). Fig. 15-A) interbedded with hemipelagic background sediments with similar physical and magnetic parameters as facies 2, but without distinctive sharp contacts and normal grading.

Facies 2 can be interpreted as classical turbidites because of its sharp contact and normal grading (e.g., Bouma, 1964), while facies 3 can be inferred to reflect deposition from suspended particles during a weak turbidity current with a slight normal grading at the base.

Along the entire 24PC core, a total of 37 distinctive RDL were identified. Their thicknesses Figure 14 -A: Full core high-resolution photography with CT-scan images (left: TOP of the core, right: BOTTOM of the core). B: MSCL and XRF data comprising from left to right: P-wave velocity, density, magnetic susceptibility k, L*, CT-number, and ln (Fe/Ca). The shipboard grain size log is also plotted on the right, including red marks that are pure hemipelagic background sediments used to delimit the background signal with ±2σ (whitened band between red straight lines). RDL are highlighted as grey horizontal intervals.

vary between 1 cm and 30 cm with a mean thickness of about 6 cm and a 5 cm median value; they related mostly to cryptotephras and reworked volcaniclastic material.

Figure 15 -A: Brownish hemipelagic background sediments defined with low and stable magnetic susceptibility (k), CT-number, density and P-wave velocity, interbedded with a RDL (≈5 cm) between 2.70 m and 2.65 m (yellow band). B: Light brown hemipelagic background sediments are defined by low and stable k, CT-number, density and P-wave velocity data. A well-defined RDL between 6.24 m and 6.14 m is darker (dark brown to grey color) with an erosive contact, normal grading (high CT-number, P-wave velocity, density) and high k. [START_REF] Cassidy | Construction of volcanic records from marine sediment cores: A review and case study (Montserrat, West Indies)[END_REF]. The average magnetic susceptibility is higher than the background mean + 2 standard deviations, which is the upper limit for the hemipelagic sediments. However, density parameters do not indicate coarsening grain size. This implies magnetic mineral concentration variation, but in the absence of evidence for the deposition of a RDL, we identify it as background sediment. To summarize, a total of 87.1 % (17.31 m composite depth) of the piston core is composed of background hemipelagic sediments. The following results are presented for this event-free stratigraphy as a function of meters composite depth (MCD; Table 5 in ANNEXE 1 for depth correspondence) and the magnetic mineralogy was analyzed only on these hemipelagic sediments.

Magnetic mineralogy

SEM imaging and EDS of the magnetic mineral fraction (Fig. 16) enabled the identification of magnetic minerals and reveal grain sizes mostly below 5 µm. The elemental compositions of the analyzed grains are compiled in supplementary material Table 6 (ANNEXE 1) and reveal a matrix composed mostly of alumino-silicates (Sample 4) with magnetic particles mostly consisting of low-titanium iron oxides grains (TiFeOx, samples 2, 3 and 5) and a few high-titanium iron oxide grains (not shown here). These SEM investigations are in agreement with the VSM measurements where the shapes of hysteresis loops (Fig. 17-A) are characteristic of low-coercivity ferrimagnetic minerals like magnetite or titanomagnetite (Day et al., 1977;[START_REF] Tauxe | Potbellies, wasp-waists, and superparamagnetism in magnetic hysteresis[END_REF]). In addition, magnetic susceptibility was measured every 18 seconds over a heating-cooling cycle from room temperature to 700°C and back to room temperature (Fig. 17-B). The presence of different magnetic minerals is revealed. High temperature curves suggest the identification of the magnetite Curie temperature (Fig. 17-B) at around 580 °C [START_REF] Dunlop | Magnetizations in Rocks and Minerals[END_REF]. The small peak between 300 °C and 370 °C can be interpreted as Ti-rich titanomagnetite [START_REF] Gilder | Pressure dependence on the magnetic properties of titanomagnetite using the reversible susceptibility method[END_REF]. Additionally, the pseudo S-ratio in hemipelagic sediments presents an average value of 0.96. This value is typical of low coercivity minerals such as magnetite (Stoner and St-Onge, 2007). While EDS measurements only reflect mineralogy of minerals bigger than 1 µm and might be different from remanence carriers, the VSM and magnetic susceptibility measurements were made on bulk sediment. These combined results demonstrate an overall magnetic mineralogy dominated by magnetite and titanomagnetite. Such a magnetic composition is typical of volcanic settings and was previously observed for example in the Tobago Basin, Southeast Caribbean [START_REF] Frank | Paleo-and rock magnetic investigations on Late Quaternary sediments from low latitudes I: Geomagnetic paleosecular variation and relative paleointensity records from the Tobago Basin, Southeast Caribbean[END_REF].

Magnetic grain size and concentration

Relative magnetic grain size variations can be plotted using Day and King plots (Fig. 18). The Day-plot (Day et al., 1977), derived from hysteresis parameters (Fig. 18-A), confirms the relative prevalence of magnetic grains in a vortex state. In the King plot, data for almost all samples from the composite core range around the empirical 0.2 µm line, and except for 3 samples, all are above the 5 µm empirical line (Fig. 18-B). Even though these absolute values should be treated with caution because they were derived from synthetic magnetite (King et al., 1982), they nonetheless suggest a relatively fine magnetic grain size.

These results are supported by SEM images (Fig. 16) that reveal particle sizes smaller than or equal to 5 µm. This can explain that the NRM20 mT, ARM20 mT and IRM20 mT values vary by less than an order of magnitude along the core (Fig. 19), except from 9.24 to 10.90 MCD (10.32 m to 12.01 m) where the density parameters do not exhibit coarsening grain size, while magnetic concentration increases (Fig. 14-B). Furthermore, the kARM/k ratio (Fig.

Figure 17 -A: Typical hemipelagic sediment raw hysteresis loops (blue). High-field and mass corrected loops are shown in red. B: Magnetic susceptibility vs. high temperatures. Red curves for heating, while blue curves are for cooling.

19), which reflects magnetic grain size variations (Banerjee et al., 1981;King et al., 1982;Stoner and St-Onge, 2007), has an overall constant trend. et al., 1977). Red labeled dots are data for the samples presented in Fig. 17. B: King plot (King et al., 1982).

between reversed (Fig. 21-C andD) and normal polarities and are interpreted as reversals.

While the MAD values are relatively higher below 12.25 MCD (mean and median values of 18° and 15.6°, respectively), the inclinations fluctuate around the GAD values for both polarities (Fig. 20). The declination variations also mirror the inclination changes. In addition, discrete samples are coherent with u-channel data and improve the delimitation of the reversal event at 12.78 MCD (blue dots in Fig. 20). Overall, piston core CAS16-24PC

has strong and stable single-component NRMs carried by PSD magnetite or titanomagnetite grains. The event-free composite record thus fulfills the criteria required for relative paleointensity (RPI) determinations (Levi and Banerjee, 1976;Tauxe, 1993;Stoner and St-Onge, 2007).

Figure 19 -Magnetic properties of the pelagic sediments (event-free composite record) with concentration, and magnetic grain size-dependent parameters on the left (NRM20 mT, ARM20 mT and IRM20 mT). kARM/k indicates magnetic grain size variations for a magnetic assemblage dominated by magnetite. 

Relative paleointensity (RPI)

To reconstruct RPI variations, the NRM needs to be cleaned from the influence of lithological variations by using a normalizer such as ARM, IRM or k (Tauxe, 1993). k can be affected by paramagnetic grains that do not contribute to remanent magnetisation (Forster et al., 1994;Brachfeld and Banerjee, 2000), so we will not use it as a normalizer in this study.

Two methods were compared to identify the best normalizer. The most used is the ratio method (e.g. Channell et al., 1997;[START_REF] Channell | Geomagnetic paleointensity and directional secular variation at Ocean Drilling Program (ODP) Site 984 (Bjorn Drift) since 500 ka: Comparisons with ODP Site 983 (Gardar Drift)[END_REF]St-Onge et al. 2003;Deschamps et al., 2018), which was calculated here using the average of seven or height demagnetization steps (10 to 40 mT or 10 to 45 mT) of the NRM normalized by ARM or IRM at the same steps (10 to 45 mT and 10 to 40 mT respectively). To evaluate the best normalizer, the normalized NRM is plotted against the normalizer and must reveal the lowest coefficient of determination (r²). Neither normalized remanence proxy correlates with their normalizers, but the r² value is lower for ARM (0.0033) than for IRM (0.0201) (Fig. 22). The second method, based on the pseudo-Thellier method and recognised as the slope method (e.g. Tauxe et al., 1995;Channell, 2002;Snowball and Sandgren, 2004;Xuan and Channell, 2009), uses the slope between the NRM and the normalizer at different demagnetization steps. To evaluate the efficiency of a normalizer using the slope method, the correlation coefficient (r) must be the highest. While ARM normalization gives the same results as for the slope method, discrepancies exist for IRM between both normalization methods. Also, the median r value is 0.99 for ARM, while it is 0.98 for IRM. Considering these arguments, ARM is here considered as the best normalizer and we use the ratio method for normalization. (Lisiecki and Raymo, 2005). Black crosses represents the tie points determined using the AnalySeries software [START_REF] Paillard | Macintosh Program performs time-series analysis[END_REF].

Analyseries software [START_REF] Paillard | Macintosh Program performs time-series analysis[END_REF]. This correlation assumes a linear sedimentation rate between 2 tie-points. A total of 37 tie points (Table 1) were used and have an excellent correlation (r² = 0.75). In a second stage, the age-model was refined using paleomagnetic results from core CAS16-24PC (Fig. 20). Inclination and declination variations indicate that core CAS16-24PC covers the Brunhes Chron and the end of the Matuyama Chron, including the Jaramillo Subchron. While the paleomagnetic measurements made on the u-channels were of sufficient quality to identify these reversals, discrete measurements on cubes made it possible to detect the positions of reversals more accurately, especially when sedimentation rates are below 10 cm/kyr [START_REF] Philippe | Are Paleomagnetic Records From U-Channels Appropriate for Studies of Reversals and Excursions?[END_REF]. Thus, the 3 first polarity transitions were deduced from u-channel and discrete samples. The normal polarity Jaramillo Subchron begins at around 1069 ± 12 ka at 16.32 MCD and ends at around 1001 ka ± 10 ka at 15.38 MCD (Singer, 2014). The Matuyama/Brunhes boundary (MBB), occurred at 773 ka Figure 24 -Top: virtual axial dipole moment (VADM) derived from the PISO-1500 stack (Channell et al., 2009) in black. Upper middle: RPI record for core 24PC ratio-method normalized by ARM in red. Lower middle: paleomagnetic axial dipole moment (PADM2M) model (Ziegler et al., 2011) in grey. Notable tie points are indicated with green dots (I-1 to I-18) and blue dots (P-1 to P-16). Bottom: compilation of PISO-1500, PADM2M and RPI record (colors are the same as above with the violet curve derived from the developed slope method). [START_REF] Channell | Reconciling astrochronological and 40 Ar/ 39 Ar ages for the Matuyama-Brunhes boundary and late Matuyama Chron: MATUYAMA-BRUNHES REVERSAL AGES[END_REF]Singer, 2014, Simon et al., 2019), and is recorded at 12.34 MCD. To increase the reliability of the age-depth model, RPI variations are plotted against the PISO-1500 paleointensity stack (Channell et al., 2009). The match between the two datasets (Fig. 24) is reasonable for the Brunhes Chron (r² = 0.45), while for the Matuyama Chron part it is weaker (r² = 0.33). To complement these results, we also match our RPI curve against the PADM2M model (Ziegler et al., 2011). Within the Brunhes Chron, two intervals are more difficult to match. The first is between 100 and 150 ka, while the second interval is between 300 and 500 ka. However, 37 tie points (Fig. 24, green and blue dots) were derived from these two correlations and are listed in Table 2 and error estimations are described in ANNEXE 1,Fig. 45. The discrepancies between the reference curves and Lesser Antilles RPI before the MBB are likely to be the result of the lower quality data, as illustrated by the demagnetization curves (Fig. 21-D) and high MAD values (Fig. 20). From 900 to 1151 ka, the lack of continuous data points does not permit use of the RPI record as a sole chronostratigraphic marker.

Final age model and paleomagnetic record

Quaternary sediments can contain numerous time constraints such as geomagnetic polarity reversals, geomagnetic excursions, δ 18 O and RPI stratigraphy [START_REF] Richards | Time Constraints and Tie-Points in the Quaternary Period[END_REF]. The combination of RPI and δ 18 O stratigraphy has been used in several studies to establish a stronger age model than with RPI or δ 18 O alone (e.g., Channell et al., 1997Channell et al., , 2009[START_REF] Channell | ODP Site 1063 (Bermuda Rise) revisited: Oxygen isotopes, excursions and paleointensity in the Brunhes Chron: ODP SITE 1063 REVISITED[END_REF]Stoner and St-Onge, 2007;Xuan et al., 2016). Our age model (Fig. 25)

was generated using 3 reversals, 37 tie points derived from the reconstructed RPI record and 37 tie points derived from the δ 18 O stratigraphy. This age model has an age of ~1.15 Ma at the base of the core (17.33 MCD). The mean sedimentation rate varies around 1.67 cm/kyr, ranging from 1.70 cm/kyr during the Brunhes Chron and 1.58 cm/kyr during the Matuyama Chron. This change between the Matuyama and Brunhes Chrons might reflect change in the astronomical control of paleoclimate across the mid-Pleistocene transition [START_REF] Schmieder | The Mid-Pleistocene climate transition as documented in the deep South Atlantic Ocean: initiation, interim state and terminal event[END_REF]. The sedimentation rate in this age-depth model is almost linear, but it is not wellconstrained before the MBB because of the presence of thicker RDL (> 5 cm), and fewer δ 18 O and paleomagnetic tie points. Nonetheless, the low sedimentation rates are similar to published data from the accretionary prism sediments with Brunhes Chron sedimentation rates between 1 and 3 cm/kyr (Damuth, 1977;Reid et al., 1996) and they are slightly lower than the sedimentation rate reported at 3 km landward of the Barbados subduction deformation front DSDP Site 541 (Wright, 1984), which is about 5 cm/kyr for the Quaternary Figure 25 -Age-depth model developed using the R package Bacon 2.2 (Blaauw and Christen, 2011) with linear interpolation using 3 paleomagnetic reversals (grey dots) and 37 tie points (blue and green dots) from RPI (see Fig. 24) and 37 tie points (red dots) from δ 18 O stratigraphy (see Fig. 23). Age-errors used for each tie point correspond to half the distance samples (see Fig. 46 in ANNEXE 1). Sedimentation rates are derived from the age-depth model, including RDL (grey dotted lines). B = Brunhes Chron, M = Matuyama Chron, J = Jaramillo Subchron.

epoch. This age-depth model is validated by comparison of our data with the stacks mentioned above (Fig. 26).

Long sedimentary paleomagnetic records have been published in the equatorial to subequatorial Indian Ocean (e.g. [START_REF] Meynadier | Asymmetrical saw-tooth pattern of the geomagnetic field intensity from equatorial sediments in the Pacific and Indian Oceans[END_REF][START_REF] Oda | Palaeomagnetic records of the Brunhes/Matuyama polarity transition from ODP Leg 124 (Celebes and Sulu seas)[END_REF] and Pacific Ocean (e.g. [START_REF] Shackleton | An alternative astronomical calibration of the lower Pleistocene timescale based on ODP Site 677[END_REF][START_REF] Yamazaki | A geomagnetic paleointensity stack between 0.8 and 3.0 Ma from equatorial Pacific sediment cores: PALEOINTENSITY STACK[END_REF], and in the North and South Atlantic

Ocean (e.g. [START_REF] Haag | Reliability of relative palaeointensities of a sediment core with climaticallytriggered strong magnetisation changes[END_REF][START_REF] Stoner | A ∼580 kyr paleomagnetic record from the sub-Antarctic South Atlantic (Ocean Drilling Program Site 1089): PALEOMAGNETIC RECORD FROM THE SOUTH ATLANTIC[END_REF][START_REF] Hofmann | Rock magnetic properties and relative paleointensity stack for the last 300 ka based on a stratigraphic network from the subtropical and subantarctic South Atlantic[END_REF]. We establish here a new chronostratigraphy for the sub-equatorial Atlantic Ocean based on reconstruction of RPI, geomagnetic polarity reversals and δ 18 O stratigraphy for the last ~1.15 Ma (Fig. 25).

The low sedimentation rates prevent for detailed study of the MBB or the Jaramillo Subchron, but the composite record provides the first late Quaternary magnetostratigraphy (Fig. 26, red curve, and Fig. 46 in ANNEXE 1) in this area and complements younger [START_REF] Frank | Paleo-and rock magnetic investigations on Late Quaternary sediments from low latitudes I: Geomagnetic paleosecular variation and relative paleointensity records from the Tobago Basin, Southeast Caribbean[END_REF] and older (Wilson, 1984;Hounslow et al., 1990) The combination of strong chronostratigraphic markers based on two magnetic reversals and indirect dating methods based on δ 18 O and RPI correlation enable the construction of an age model for core CAS16-24PC. However, in spite of the quality of the chronology proposed, our study has three limitations. First, we did not use any absolute dating methods (such as radiometric or luminescence dating). Second, reference records used in our study already have their own limitations and uncertainties. For the benthic LR04 stack, the uncertainties are about 6 ka from 3 to 1 Ma and 4 ka for the last Ma (Lisiecki and Raymo, 2005). The PISO-1500 stack is comparable to LR04 (Channell et al., 2009), while the PADM2M age model has an estimated uncertainty of 5-10 ka (Ziegler et al., 2011). Third, low sedimentation rate can limit the resolution of the record. However, the mean sedimentation rate in core CAS16-24PC is 1.7 cm/kyr what is similar to cores MD97-2140 and MD97-2143 used in the construction of the PISO-1500 stack (Channel et al. 2009).

Considering these three limitations, the uncertainty of the reconstructed RPI is estimated at 10 ka on continuous measurements. Some periods of time were not recorded (for example in core breaks or between the sections) and some tie-points were found at the limit of these hiatuses and imply a greater uncertainty.

Conclusion

Magnetic, physical and chemical properties of the sediments enable identification of rapidly deposited layers and makes it able to build an event-free 1.51 Ma composite record for core CAS16-24PC. This sediment acquired a natural remanent magnetization characterized by a strong, well-defined, stable single component magnetization carried by fine-grained magnetite and titanomagnetite. These results allow for reconstructing a reliable relative paleointensity record for the last 900 ka, including the Brunhes/Matuyama boundary. This geomagnetic reversal is also recorded by inclination and declination data from u-channel and discrete samples, which also record the limits of the Jaramillo Subchron.

The δ 18 O stratigraphy combined with the reconstructed relative paleointensity and 3 reversal events recorded in core CAS16-24PC allow establishment of an age-depth model for the last ~1.15 Ma. This age model will be used to investigate earthquakes and tsunami recurrence in Lesser Antilles forearc and accretionary wedge sediments. Finally, even though the reference core was selected to avoid the recording of rapidly deposited layers, we have established a rapid and non-destructive method to identify thin turbidites and tephra layers based on the combination of several magnetic, physical and geochemical properties.

physique du globe de Paris (IPGP). Finally, we thank Andrew Roberts and an anonymous reviewer for their constructive comments that helped improving the manuscript. 

Introduction

Heezen and Ewing (1952) were the first to clearly link turbidite deposits to earthquakes with the 1929 Grand Banks earthquake. After decades of marine paleo-seismological studies, several criteria and methods have been established to assume earthquake as trigger mechanism for turbidite deposits (Goldfinger, 2011;[START_REF] Talling | On the triggers, resulting flow types and frequencies of subaqueous sediment density flows in different settings[END_REF]. Amalgamated turbidites (as defined by Van Daele et al., 2017) were also reported as a paleo-earthquake sediment signature [START_REF] Nakajima | Sedimentary features of seismoturbidites triggered by the 1983 and older historical earthquakes in the eastern margin of the Japan Sea[END_REF][START_REF] Noda | Paleoseismicity along the southern Kuril Trench deduced from submarine-fan turbidites[END_REF]. In addition to such deposits, Kasten and Cita (1981) described homogenous sediment that would be induced by a tsunami following an earthquake in the Mediterranean Sea. Combined turbidite and homogenite were found in different locations and environments, and they were sometimes linked to earthquakes (e.g. Lacustrine environment: Chapron et al., 1999;Beck, 2009;Kong et al., 2019;marine environment: Beck et al., 2012;McHugh et al., 2020;Seibert et al., submitted). Pacheco and Sykes (1992) demonstrated that the largest earthquakes mostly occur in subduction zones. Since then, many of subduction regions have been studied using turbidity current deposits to investigate paleo-earthquakes. For the past three decades, research have been conclusive in areas such as Cascadia (e.g., Goldfinger et al., 2003Goldfinger et al., , 2007)), Equator (e.g., Ratzov et al., 2010), New Zealand (e.g., Pouderoux et al., 2012), Japan (e.g., Ikehara et al., 2016), Chile (e.g., St-Onge et al., 2012) and Sumatra-Andaman (e.g., Patton et al., 2013). In the same manner, we performed a sedimentological study to understand the sedimentary processes resulting from strong earthquakes and to determine the recurrence of such events in the Lesser Antilles. The seismological behavior of this slow tectonic boundary is highly debated. Several studies used continuous record of global navigation satellite system (GNSS) associated with interseismic coupling modelisation to identify a very slow strain accumulation in favor of an uncoupled subduction interface (Symithe et al., 2015;van Rijsingen et al., 2020, 2022 PREPRINT). In opposition, studying coral microatolls of the Lesser Antilles gives crucial information for long-term vertical motion and reveal strain accumulation consistent with a subduction plate interface coupling (Weil-Accardo et al., 2016;Leclerc and Feuillet, 2019;Philibosian et al., 2022 PREPRINT). Two large and strong earthquakes occurred for years apart in 1839 and 1843 (M ≥ 8, Feuillet et al., 2011[START_REF] Hough | Missing great earthquakes: MISSING GREAT EARTHQUAKES[END_REF] but their origin is still debate. Indeed, up to now no megathrust earthquake have been firmly reported in the historical report.

A better understanding of the seismic activity during the Late Quaternary in the eastern Caribbean subduction zone motivated the CASEIS expedition (May 28th to July 4th 2016;

Feuillet, 2016) onboard the R/V Pourquoi Pas?. We collected forty-three sediment cores (including thirty-four CALYPSO long piston cores and nine box cores) at depths varying between 1100 and 7000 mbsl (meter below sea level). In this study, we used three piston cores retrieved offshore Guadeloupe Island (CAS16-04PC and CAS16-14PC), and offshore Anguilla Island (CAS16-36PC). A fourth core (CAS16-12PC) sampled in a deep basin of the Barbados accretionary prism off-shore Guadeloupe is used to improve the chronostratigraphic framework. As regional sedimentation rate is slow (Reid et al., 1996;Bieber et al., 2021;Seibert et al., 2022 SUBMITTED), develop a good age-depth model remain challenging. We conducted paleomagnetic analysis of the sediment in order to estimate the age of RDL possibly triggered by seismic event, as it has been successfully used in Japan [START_REF] Usami | Supercycle in great earthquake recurrence along the Japan Trench over the last 4000 years[END_REF][START_REF] Kanamatsu | Stratigraphy of deep-sea marine sediment using paleomagnetic secular variation: Refined dating of turbidite relating to giant earthquake in Japan Trench[END_REF]. Using physical and magnetic parameters, we first establish the main sedimentary facies, which include hemipelagite (HMPL), turbidite (TU) and homogenite-turbidite complexes (HmTu). We then remove the RDL to construct event-free composite records and compared them to both a reference record CAS16-24PC (Bieber et al., 2021) and well known paleomagnetic stack to constrain the chronology of those RDL. More precisely age-depth models were derived from the combination of radiocarbon dating ( 14 C) and relative paleointensity (RPI) records. By analysing the chronology of the 63 distinct RDL (including 22 HmTu), we finally discussed their origin and the occurrence of possible seismic super-cycles along the northern Lesser Antilles over the last 80 ka.

develop a new model of super-cycle in the Lesser Antilles based on the identification of clustering events.

Material and methods

The four cores CAS16-04PC, CAS16-12PC, CAS16-14PC and CAS16-36PC were collected on board the R/V Pourquoi Pas ?. They were retrieved at respectively 5706, 5827, 5821 and 6100 mbsl with a Calypso piston corer. These cores are stored in the marine collection of the Muséum national d'Histoire naturelle (Paris, France) under the number MNHN-GS-CAS16-##PC (# = core number). Each section has been measured on board with a GEOTEK Multi Sensor Core Logger (MSCL, see below), then split, photographed, described and sampled with u-channels (u-shaped plastic tubes with a section of 2 x 2 cm and up to 150 cm in length) for continuous paleomagnetic analysis (e.g., Stoner and St-Onge, 2007).

Physical property analysis

Whole core sections were analyzed on board with a MSCL from ISMER (Institut des sciences de la mer de Rimouski) in order to measure bulk density (obtained with gamma ray attenuation), P-wave velocity and volumetric magnetic susceptibility (k). Split cores were also analysed on the MSCL in order to obtain images from the GEOTEK Geoscan IV imaging system, magnetic susceptibility with a Bartington MS2E1 point sensor, as well as diffuse with a Siemens SOMATOM definition AS+ 128 CT-scanner. The resulting digital X-ray images were displayed in greyscale and expressed as CT numbers, which primarily reflect bulk density changes (e.g., St-Onge et al., 2007;Fortin et al., 2013).

Magnetic analysis a) PALEOMAGNETIC ANALYSIS

Continuous paleomagnetic data were acquired at 1-cm intervals on u-channel samples using a 2G Enterprises 755SRM-1.65 cryogenic magnetometer at ISMER. The natural remanent magnetization (NRM) was first measured directly followed by stepwise demagnetization (5 mT increments) with an alternative field (AF) and measured at each 17 steps (0 to 80 mT) until the residual magnetization was less than 15% of the initial magnetization, except for coarser grain sections where demagnetization at the higher steps might have induced a

remagnetization. An anhysteretic remanent magnetization (ARM) was secondly induced using a 100 mT peak AF and a 50 µm direct current (DC) biasing field. These measurements were made following the same stepwise demagnetization as the NRM. Finally, using a pulse magnetizer, an isothermal remanent magnetization (IRM) and a saturated IRM (SIRM) were induced in a DC field of 0.3 T and 0.95 T and then stepwise demagnetized (10 mT increments) and measured at 9 steps for IRM (0 to 80 mT) and 4 steps for SIRM (0, 10, 30 and 50 mT). The data were processed with the Excel spreadsheet developed by Mazaud (2005) in order to derive the paleomagnetic inclination and declination, as well as the associated median destructive field (MDF) and maximum angular deviation (MAD) values calculated for the characteristic remanent magnetization interval (ChRM) using the steps from 10 to 40 mT. Using the IRM0 mT induced at 300 mT normalized by SIRM0 mT induced at 950 mT, we determined the pseudo S-ratio. Alike the classical S-ratio, it is an indicator of the magnetic coercivity and mineralogy (St-Onge et al. 2003). Closer to 1 (IRM ≈ SIRM), this parameter indicates the preponderance of low coercivity minera ls, whereas lower values (IRM < SIRM) express higher coercivity minerals. The kARM used as a magnetic grain size indicator is calculated by normalizing the ARM with the biasing field (e.g., Barnerjee et al., 1981;King et al., 1982).

b) BULK MAGNETIC PROPERTIES

In order to obtain hysteresis loops of the different facies 16, 10, 13 and 21, samples from core 04PC, 12PC, 14PC and 36PC (ANNEXE 2: Table 7) were analyzed on a MicroMag 2900 alternating gradient force magnetometer (AGM) from Princeton Measurements Corporation.

Magnetic parameters including the coercive force (Hc), the remanent coercive force (Hcr), the saturation magnetisation (Ms) and the saturation remanence (Mrs) were derived from these hysteresis loops in order to identify the magnetic grain size range (single domain, vortex state or multi domain) based on the Day plot from its original publication Day et al. (1977).

Age model

The chronology of core CAS16-12PC composite record was made by comparing RPI with the regional paleointensity record CAS16-24PC (Bieber et al., 2021) and the North Atlantic paleointensity stack since 75 ka (NAPIS-75, [START_REF] Laj | North Atlantic palaeointensity stack since 75ka (NAPIS-75) and the duration of the Laschamp event[END_REF]. The chronology of cores CAS16-04PC, CAS16-14PC and CAS16-36PC composite records were established by using previously published radiocarbon ages (14C) in Seibert et al. (submitted) and Morena et al., (in prep) combined to several tie points established with the CAS16-12PC RPI and NAPIS-75 RPI stacks. For this study, we used the R software package Bacon 2.2 (Blaauw and Christen, 2011) to produce a best fit age model using Bayesian statistics with normal distributions for each core. The parameters used for cores CAS16-12PC, CAS16-04PC, CAS16-14PC and CAS16-36PC were a 1-cm depth interval (d.by = 1) and a 5 cm/ka mean accumulation rate (acc.mean = 200), except core CAS16-14PC for which a 2 cm/ka mean accumulation rate (acc.mean = 500) was used.

Results

Morphobathymetry offshore of eastern Lesser Antilles

Core CAS16-12PC was retrieved in a deep basin of the accretionary wedge sediment (Fig. 27-C) completely isolated from continental and shallow carbonaceous inputs (≈109 km from the platform). The basin is at the bottom of fold-and-thrust structures that shaped privileged pathways for density currents. Therefore, sedimentary inputs are mostly composed of pelagic and hemipelagic mud interbedded with few thin RDLs originating from the surrounding accretionary prism slopes or tephra falls. Cores CAS16-04PC and CAS16-14PC

were respectively collected offshore Guadeloupe island from the Desirade basin (DB) and 

Sedimentary Facies

Sedimentary facies were described using the three fore-arc basins cores. They are characterized by physical and magnetic parameters reflecting grain size variability and sedimentary structures related to processes, and the presence or absence of traces of bioturbation (Fig. 28). As the color is varying from dark brown to light grey to yellowish and greenish sediments in all type of facies, we do not use the sediment color as a parameter to distinguish each of them but as lithostratigraphic marker. Three main facies were identified and described thereafter: 1) hemipelagic sediment, 2) turbidites and 3) homogenite-turbidite complexes. One last facies called unidentified RDL groups all other instantaneous deposits 110 that does not fulfill other facies criteria. Extreme, mean and median values are reported in Table 1.

a) HEMIPELAGIC BACKGROUND SEDIMENT

The three top graphs on Fig. 29 density, as well as magnetic susceptibility (k) and kARM/k are stable along the cores and also between the cores (Fig. 28 and 29; Table 3). L* values exhibit varying values between different hemipelagic sections within a core and between each core and thus do not express a specific trend associated to such deposit, however, this parameter generally drops or rises between facies. This background hemipelagic sedimentation is interbedded by RDL (such as turbidites and homogenite-turbidite complexes) and represent 27.1% of the sediment in core CAS16-04PC and only 4.4% and 10.4% in core CAS16-14PC and core CAS16-36PC respectively. Fig. 30-A presents a King plot (King et al., 1982) with empirical lines established using synthetic magnetite of known size and are used as an indicator of magnetic grain size variations of bulk sediment measurement. This plot highlights that the hemipelagic background sediments does not cross the empirical line 0.2 µm except for few centimeters in each core.

b) TURBIDITES

In the middle of Fig. 29, three examples of turbidites or set of turbidites are presented, one for each core studied. These events are identified by a fining-upward grain size and most of the time by a sharp contact with the underlying sediments. This fining-upward grading is highlighted by the density parameters CT-number, density and P-wave velocity, as well as by the magnetic measurements k and kARM/k. Each of these parameters is slightly different from another, which is why we consider here that a minimum of two parameters must exhibit the same fining-upward behavior to validate the facies. In addition, a visual identification of such deposit with the high-definition photographic and CT-scan images is required. As a example of this facies, we will now describe in details the turbidite observed in core CAS16-36PC. On the high-definition photographic picture, a basal sharp contact is observed and all the physical and magnetic parameters exhibit higher basal values which slightly decrease upward. Two others increases are pictured at around 9.85 MCD and 9.70 MCD with again a fining upward behavior. These parameters and their visual identification are also supported by CT-scan images (and associated CT-number) with high intensities (white) at the base of each coarser deposit, while intensities diminished upward (darkening images). As the CAS16-36PC examples, some of these TU are a succession of interrupted turbidite known as amalgamated turbidite, while some others are associated to a thick homogenous layer known as an homogenite that differs from the the "e" term of the Bouma (1961) sequence (Te). The latter deposits are described as a specific facies in the next section. In Fig. 30-B, as expected from k and kARM measurements, most of turbidite sediments are at right of the 0.2 µm empirical line, which delimits HMPL from TU. In each core few TU present lower magnetic susceptibility and are thus plotted lower than this empirical line. However, it is easily explained by the absence of magnetic minerals in some turbidite deposits mostly composed of shell fragments and foraminiferal tests, or in some cases to the Te, which might be composed of mud to silty-mud settling sediments (similar to hemipelagic background sediment).

c) HOMOGENITE-TURBIDITE COMPLEXES

At the bottom of the Fig. 29, one homogenite-turbidite complex (HmTu) is shown for each core. This facies can be divided into two subgroup: (1) Turbidite-like basal deposition, which generally began with a well-defined sharp contact on the high-definition photographic picture and CT-scan images. At the base of the facies, CT-number, density and P-wave velocity show high value in each core. In addition to the physical parameters, the magnetic parameters also reveal a fining upward behavior. ( 2) Sediments become homogenous on all precedent parameters, as well as on high-definition photographic and CT-scan pictures, and the L* color space. Fig. 30-C show similar values as turbidite facies for turbidite-like sediment (brown) which mainly are above the 0.2 µm empirical line, while homogenite (yellow) values are below the 0.2 µm empirical line and looks quite similar to hemipalgic background sediment facies. However, hemipelagic background sediment can be easily identified at the top of the homogenite with higher magnetic susceptibility amplitudes than for the underlying homogenous layers.

d) UNIDENTIFIED RDL

This facies groups all RDL that are not clearly identified as turbidites or homogenite-turbidite complexes. It includes tephra deposits, mass transport deposits or thin silty layers that may be the extension of turbidite fan deposits with only the uppermost finer sediments of a turbidite. All these RDL are mainly associated with high intensities CT-scan images (and high CT-number), and high physical and magnetic parameters. In order to use paleomagnetic dating, reconstructing the event-free composite record is a requirement, especially in such a setting where turbidites and homogenite-turbidite complexes were recorded. The above facies determination (Fig. 28, 29 and 30) allows the creation of the event-free composite record for cores CAS16-04PC, -14PC and -36PC.

Construction of the event-free composite record of core CAS16-12PC was made following the same process: identifying (ANNEXE 2, Fig. 47) and removing all RDL using the physical and magnetic parameters. All the following figures will be plotted in meter composite depth (MCD; ANNEXE 2, Table 8 for depth correspondence). for CAS16-36PC that presents a shallowing inclination error increasing as a function of MCD. MAD values are almost always under 5° for all cores with a mean value of 2.0°, 1.8°, 4.9° and 1.3° for cores CAS16-04PC, -12PC, -14PC and -36PC respectively.

Magnetic carriers and relative paleointensity (RPI) reconstruction

Considering MDF calculation with a mean value of 24, 24, 20 and 26 mT for cores CAS16-04PC, -12PC, -14PC and -36PC respectively, and considering their (except CAS16-12PC) average pseudo S-ratio values 0.99, 1.04 and 0.94, magnetic carriers of the remanent magnetization are expected to consist of low coercivity minerals such as magnetite or titanomagnetite. High value over 1 found in core CAS16-14PC is most likely due to the difficulty of the cryogenic magnetometer to perform precise measurements near the dynamic range of the instrument (Roberts, 2006), especially when turbidites affect surrounding HMPL sediment. Hemipelagic background sediments of each core present normalized moments < 0.1*10-5 Am² with the shape of the hysteresis loops characteristic of magnetite and titanomagnetite minerals (ANNEXE 2, Fig. 49-A 49-H). Homogenite sediments range between these two facies.

Figure 30 -King plot (King et al., 1982). A: hemipelagic (HMPL) background sediments (green symbols). B: turbidite (TU) sediments (red symbols). C: homogenite (yellow) turbidite (brown symbols) complexes (HmTu).

visual discrepancies. All these arguments are in favor to use ARM as the normalizer for all the cores studied here, and we use the ratio method for normalization.

2.2.4.5

Age-depth models

a) CAS16-12PC
To reconstruct a reliable age-depth model for core CAS16-12PC, we compared it to the regional reference record CAS16-24PC RPI (Bieber et al., 2021; Fig. 32-A; r = 0.44) and identify seven tie points between 100 ka and 400 ka (Table 2). We additionally compare the Sedimentation rate increases rapidly at the beginning of MIS 3 to reach a sedimentation rate of about 7.7 cm/kyr. Core is estimated to be 407 ka ± 9 ka old.

b) CAS16-04PC, -14PC AND -36PC

Each core was compared to the CAS16-12PC RPI record and to NAPIS-75 stack (Fig. 33-A). These age-depth models also used radiocarbon dating, RPI tie points and the Laschamps geomagnetic excursion. The CAS16-04PC model was constructed using three 14C ages combined with twelve tie points (r = 0.50 with the CAS16-12PC and r = 0.44 with NAPIS-75 RPI records; Table 4) and one geomagnetic excursion (Laschamps at ~41 ka; Channel et al., 2020). Mean sedimentation rate is about 6.8 cm/kyr with the highest sedimentation rate during MIS 3 (as for core CAS16-12PC). The age of cores CAS16-14PC and CAS16-36PC

were more difficult to establish because of a very low sedimentation rate on the first one and the presence of numerous turbidites and HMTU complexes on the second one (both present less than 15 % of background hemipelagic sedimentation). The CAS16-14PC age model was established with three 14 C ages, two tie points (Table 4) from core CAS16-12PC (r = 0.49) and the Laschamps excursion, while CAS16-36PC age model was determined using three 14 C ages, and one tie-point (r = 0.54) from core CAS16-12PC and two tie points from NAPIS-75 (r = 0.32). Cores are estimated to respectively be 95 ±15 ka, 65 ±5 ka and 85 ±5 ka old (Fig. 33-B).

Figure 32 -A) Comparison of CAS16-12PC RPI (black curves) with reference records CAS16-24PC (brown curve) and NAPIS-75 (red curves), including coefficient of correlation (r). B) Age-depth model of core CAS16-12PC developed using R Package Bacon 2.2 (Blaauw and Christen, 2011), with linear interpolation using five NAPIS-75 tie points (red dots) and seven CAS16-24PC tie points (blue dots). Sedimentation rates are derived from the age-depth model. Interglacial marine isotopic stages (MIS) from 3 to 9 are in blue roman number and all MIS delimited by strait lines from linear interpolation curve to axis.

Table 4 -List of RPI tie-points determined using 1 NAPIS-75 [START_REF] Laj | North Atlantic palaeointensity stack since 75ka (NAPIS-75) and the duration of the Laschamp event[END_REF]; reference record 2 CAS16-24PC (Bieber et al., 2021) 

Discussion

Age model limitations

The initial age models of cores CAS16-04PC, -14PC and -36PC based on radiocarbon dating and foraminifera paleoclimatic biozone were previously established by Morena et al. (in prep) and by Seibert et al. (2022, SUBMITTED). To improve and better constrain the age-depth models, we used paleomagnetism as complementary dating method. While RPI variations offer the opportunity to establish an almost continuous record, the presence of many RDL probably led to some erosion and likely led to some RPI record gaps. Gap sizes are difficult to estimate but could likely explain some abrupt drops and rises in sedimentation 123 rates, which prevent us to use sedimentation rates as paleo-environmental marker in our study. We recommend to keep in mind this possible erosive bias in our age-depths models.

Another limitation is the fact that the age model of core CAS16-12PC is only based on RPI comparison with the reference record CAS16-24PC and the NAPIS-75 stack.

Nonetheless, the correlations made with the reference core CAS16-24PC and the NAPIS-75 stack are strong enough to endorse the reliability of this age-depth model, with age error about 5.6 ka for the first 300 ka based on the uncertainty of the CAS16-24PC record (Bieber et al. 2021), while it is about 2.2 ka for the last 100 ka based on the NAPIS-75 uncertainty [START_REF] Laj | North Atlantic palaeointensity stack since 75ka (NAPIS-75) and the duration of the Laschamp event[END_REF]. The increase in sedimentation rates during MIS 3 was found in association with a strong incorporation of carbonaceous content [START_REF] Bouchet | Essai de caractérisation par Anisotropie de Susceptibilité Magnétique de séquences turbiditiques déposées au front de l'arc des Petites Antilles[END_REF] probably of a detrital origin considering the core location below the carbonate compensation depth. In brief, while the chronology presented in this paper has some limitations, it is nonetheless a major step forward in order to date RDL and sediments below the carbonate compensation depths.

Trigger mechanism of each sediment facies

A major task in marine paleo-seismology is to determine the trigger mechanism of turbidites. [START_REF] Talling | Fidelity of turbidites as earthquake records[END_REF] pointed out how tricky it can be to assess a seismogenic initiation of a turbidite, as it could also originate from tsunamis, storms or continental floods (mentioning external events only). During the CASEIS cruise, core locations have been selected in order to be disconnected from continental discharge, which refutes a continental origin. Each coring site is deeper than 5 km deep, which is below storm oceanic influence (e.g. [START_REF] Black | Observations and analyses of upper ocean responses to tropical storms and hurricanes in the vicinity of Bermuda[END_REF]. However, turbidites triggered by storm have been recorded in several location by cable destruction (e.g. [START_REF] Pope | Damaging sediment density flows triggered by tropical cyclones[END_REF]. Storm waves might trigger turbidity current in shallow area that can be export sediments in the deep ocean. While the Falmouth half graben (core CAS16-14PC) is a basin also isolated from shallow input, the Desirade basin (core CAS16-04PC) is connected to the carbonate platform by several canyons and might receive high density current from density cascading or storm events (Seibert et al., 2020). Core CAS16-36PC basin, which is connected to the Anguilla Bank and 124 Antigua Bank by canyons (Morena et al., in prep), might record shallow carbonate input linked to density cascading or storm events as well. In that respect, RDL recorded in the core CAS16-14PC is more likely to be triggered by an earthquake than in the cores CAS16-04PC and CAS16-36PC that might also be induced by shallow input, especially during sea level low stands. However, unlike several studies [START_REF] Reeder | In¯uence of sea level and basin physiography on emplacement of the late Pleistocene Herodotus Basin Megaturbidite, SE Mediterranean Sea[END_REF][START_REF] Rothwell | Low sea-level stand emplacement of megaturbidites in the western and eastern Mediterranean Sea[END_REF]Leynayd et al., 2009;), no specific trend can be correlated to sea-level variations. Indeed, by comparing the number of RDL per 5 ka intervals to the global sea level stack [START_REF] Spratt | Ice Dynamics/Marine Archives/Pleistocene[END_REF], it appears that the minimum number of deposits is found at the last glacial maximum during the marine isotopic stage two (MIS 2; Fig. 34-A) , but no drastic increasing amount of turbidite is identified during the MIS 2-1 transition, nor is at sea-level highstand as it has been reported in other carbonate platform context (e.g., [START_REF] Droxler | Glacial versus interglacial sedimentation rates and turbidite frequency in the Bahamas[END_REF][START_REF] Jorry | Deepwater carbonate deposition in response to re-flooding of carbonate bank and atoll-tops at glacial terminations[END_REF]Tournadour et al., 2014). Ion addition, homogenite-turbidite complexes were previously associated to tsunamis or earthquakes (e.g. Chapron et al. 1999 ;Beck et al., 2007 ;Çagatay et al., 2012 ;St-Onge et al. 2012 ;Campos et al., 2013 ;[START_REF] Polonia | Mediterranean megaturbidite triggered by the AD 365 Crete earthquake and tsunami[END_REF]San Pedro et al., 2016 ;McHugh et al., 2020 ;[START_REF] Polonia | Deciphering Co-Seismic Sedimentary Processes in the Mediterranean Sea Using Elemental, Organic Carbon, and Isotopic Data[END_REF]. The distance between the carbonate platforms and the basins studied is probably too long (> 60 km) to collect tsunami backwash deposits, which limit the main trigger mechanism to be paleoearthquake for HmTu deposits. The thick size of the homogenous part might reflect the remobilization of bottom sediments by ground-shaking and or S-waves resulting from earthquakes as it has been suggested by Mc Hugh et al. (2020). In summary, HmTu are most probably triggered by earthquakes exceeding the magnitude of historical records (Seibert et al., submitted), while turbidite deposits might also be triggered by local destabilisation or by density cascading. Undefined RDL are not necessarily resulting from a gravity current but might be the end tail of a turbidity current that could have been initiated by earthquakes.

Considering the occurrence of turbidite and homogenite-turbidite complexes we will consider these deposits as the result of paleoearthquakes. 126 2.2.5.3 RDL dating and seismic super-cycle

Using the three age-depth models established previously allows to estimate the ages of each RDL including the HmTu complexes (Table 5, ANNEXE 1). However, we will not attempt to correlate the deposits from a basin to another one as proposed by Seibert et al.

(submitted), instead we will estimate the age of each RDL as a possible distinct seismic event.

The resulting chronology allows evaluating the number of RDL as a function of time for each core (Fig. 34-A and-B). Several studies mentioned large earthquakes that do not completely release the strain accumulated. This strain would be released during several clustered events and associated to seismic supercycles (Goldfinger et al., 2013;[START_REF] Ratzov | Holocene turbidites record earthquake supercycles at a slow-rate plate boundary[END_REF]Noccquet et al., 2016;[START_REF] Salditch | Earthquake supercycles and Long-Term Fault Memory[END_REF]. Considering the RDL not as a solely event, but as a group of clustered events, we identified four possible groups labeled CE-1 to CE-4 (stacked stick diagram in Fig. 34-B and boxplot in Fig. 34-C). These clustered events are defined by the presence of at least one HmTu event, while their extent is estimated by successive overlapping RDL (minimum and maximum limits). This clustering makes possible to establish a recurrence time of 23 ±2 ka between each median's age with an average extent of 18 ±2 ka. Moreover, the data permit the estimation of a 6.8 ±0.1 ka quiescence time between each cluster. The recurrence time of HmTu (related to strong earthquakes) inside the three most recent CE is about 2.8 ±0.4 ka. Considering the last strong earthquake recorded occurred 2.4 ±1.6 ka ago (age of the most recent HmTu), maximum probability for a major seismic event occurring in the Lesser Antilles will be reached in the next four hundred years. In brief, the Lesser Antilles subduction zone is currently at the limit between a seismic super-cycle and its following quiescence period. The Lesser Antilles megathrust might hold enough strain to release it into a strong earthquake that have never been recorded in the recent historical archives.

Conclusions

Records of large historical earthquakes (M≥8) support the need to better understand the Lesser Antilles subduction zone and megathrust earthquakes that can affect the region.

Paleo-seismology has already demonstrated its effectiveness in several subduction zones, including offshore the Guadeloupe island (Seibert et al.;2022, SUBMITTED). This study offers a novel paleosismological framework in the Lesser Antilles based on the combination of radiocarbon dating and RPI variations. Identifying all the RDL from the cores enables to construct their event-free composite record and establish age-depth models covering the last 90 ka, as well as dating each sedimentary event.

A total of seventy-three RDL most probably triggered by paleo-earthquakes (including thirty-one turbidites and twenty-two homogenite-turbidite complexes) were identified. Based on the estimated age of these RDL, we found a 24 ±2 ka-long seismic super-cycle including a 6.8 ±0.1 ka quiescence period. The present time might be at the limit between two seismic super-cycles.

Further investigations on the carbonate platform and canyon systems of the Lesser Antilles could provide complementary data and help characterize RDL not triggered by seismic events. Finally, shallower sediments collected closer to the shoreline might record tsunami back-wash deposits that could be associated to HmTu events. 

Introduction

Sediments are of great interest for paleomagnetic studies, in particular for their global coverage and possible continuous record of past Earth's magnetic field behavior (e.g. Stoner and St-Onge, 2007;[START_REF] Mazaud | Relative paleointensity and environmental magnetism since 1.2Ma at IODP site U1305 (Eirik Drift, NW Atlantic)[END_REF]Liu et al., 2016;Deschamps et al., 2018;Channell et al., 2019;Bieber et al., 2021;[START_REF] Hatfield | Relative Paleointensity Record of Integrated Ocean Drilling Program Site U1396 in the Caribbean Sea: Geomagnetic and Chronostratigraphic Observations in the Pliocene[END_REF][START_REF] Lisé-Pronovost | Chronostratigraphy of a 270-ka sediment record from Lake Selina, Tasmania: Combining radiometric, geomagnetic and climatic dating[END_REF]. Most of paleomagnetic studies avoided instantaneous deposits as they do not record high fidelity paleomagnetic variations. The key point of sediment paleomagnetism is the acquisition of a natural remanent magnetization (NRM), which is the sum of a detrital remanent magnetization (DRM) and a post-DRM (pDRM). Understanding the process behind the acquisition of DRM and pDRM remains imperfect (Tauxe et al., 2006). Over the last decades, several studies tried to better constrain this remanent magnetization acquisition through redeposition experiments (e.g. Tauxe and Kent, 1983;Spasov and Valet, 2012;Valet et al., 2017;Chang et al., 2021). However, such experiments are analogous to turbidity current deposits, but not to hemipelagic background sediment deposits. Therefore, a few (paleo) magnetic studies began to investigate turbidite data (e.g. [START_REF] Piguet | Tectonic rotation and diverse remanence carriers revealed by the paleomagnetism of Eo-Oligocene turbidites from two Ultrahelvetic units (Western Alps, Haute-Savoie, France)[END_REF]St-Onge et al., 2004;Campos et al. 2013;Tanty et al., 2016;[START_REF] Philippe | ACQUISITION DE L'AIMANTATION REMANENTE DANS LES SÉDIMENTS[END_REF]. Turbidites are well studied by sedimentologists, and many specific characteristics were identified after the ideal Bouma sequence was defined (Bouma, 1961). The most common facies were summarized by several papers including [START_REF] Mulder | Classification of Offshore Mass Movements[END_REF], and Stow and Smilie (2020) to mention a few. One peculiar deposit reveals a homogenous thick uppermost layer called megaturbidite [START_REF] Mulder | A new conceptual model for the deposition process of homogenite: Application to a cretaceous megaturbidite of the western Pyrenees (Basque region, SW France)[END_REF] or complex homogenite-turbidite (Beck et al., 2012;Seibert et al., 2021). From three giant piston cores recovered during the CASEIS cruise in July 2016 (Feuillet, 2016), twenty homogenite-turbidite complexes (HmTu) were identified (Bieber et al., in prep).

Based on the paleomagnetic analysis of these HmTu, the present study will present a new depositional model using variations in paleomagnetic inclination. The differentiation of the turbidite and homogenite part of these complexes allows for investigating a total of thirtyfour turbidites and how their depositional processes affect the magnetic grain size variations and inclination variations. The identification of two depositional processes within one event including one strongly affected by hydrodynamic forces (i.e. turbidite), while the other one that is driven by gravity settling with a standing seiche-like wave (i.e. homogenite), makes the HmTu complex a perfect candidate to better understand how sediment acquires a NRM.

Materials and methods

Core CAS16-04PC, CAS16-14PC, and CAS16-36PC were collected by the R/V

Pourquoi Pas? (French oceanographic fleet) during the CASEIS cruise in 2016 (Feuillet, 2016) in fore-arc basins (Fig. 35) of the Lesser Antilles volcanic arc system at a water depth of 5706, 5821, and 6100 meters below sea level respectively. These cores are stored in the marine collection of the Muséum national d'Histoire naturelle (Paris, France) under the number MNHN-GS-CAS16-##PC (# = core number). Core locations were selected specifically to be disconnected from the continental terrigenous input (Seibert et al., 2020;Morena et al., in prep). Each core was analyzed on-board using a GEOTEK multi-sensor core logger to determine the physical and magnetic parameters of the sediments including bulk magnetic susceptibility (k). Lithologic description and analysis of each core have been interpreted and published in Bieber et al. (in prep). where all turbidite and homogeniteturbidite complexes (HmTu) recorded over the past ≈ 70 ka were reported. Paleomagnetic and rock magnetic analyses were performed at the Institut des sciences de la mer de Rimouski, ISMER (Rimouski, QC, Canada) of the Université du Québec à Rimouski (UQAR). Natural remanent magnetization (NRM) of each core was measured on a 2G

Enterprises 755SRM-1.65 cryogenic magnetometer. Thereafter, sediment was stepwise demagnetized at 5-mT increments using an alternative field (5 to 100 mT maximum). For sections mostly composed of rapidly deposited layers (RDL, St-Onge et al., 2012), stepwise demagnetization was performed from 5 to 60 mT. Following the same stepwise demagnetization, an anhysteretic remanent magnetization (ARM) was secondly induced using a 100 mT peak AF and a 50 µm direct current (DC) biasing field. kARM was calculated by normalizing the ARM with the bias field value and is used in the kARM/k ratio as a magnetic grain size indicator (e.g., Banerjee et al., 1981;King et al., 1982). The present study focuses on inclination (I°) and maximum angular deviation (MAD), as well as k and kARM of RDL. I° and MAD values result from the principal component analysis [START_REF] Kirschvink | The least-squares line and plane and the analysis of palaeomagnetic data[END_REF] of the NRM using demagnetization steps from 10 to 45 mT and the Excel spreadsheet developed by Mazaud (2005). MAD values can be used to assess the quality of the directional data (i.e., inclination and declination, e.g., Stoner and St-Onge 2007). Several subsamples are quite similar with a mean σ respectively equal to 2.6 and 1.6, while it is about 5.5 for Tu.

2) Inclination and declination σ show the same behavior for each sediment type with σHMPL < σHm < σTu. Core CAS16-14PC is the only one that shows high inclination σ variations that can be inferred to the very small amount of hemipelagic background sediments available (composite record of 0.81 MCD long) with more RDL affecting this HMPL.

Figure 37 -Two typical orthogonal projections with the associated demagnetization curves for one turbidite example in each core. , 1967) with the associated demagnetization curve for one homogenite-turbidite complex in each core. Top: homogenite part; bottom: turbidite part. White circles (green circles) represent projections on the vertical plane (horizontal plane).

Discussion

HmTu magnetic mineral deposition model

Turbidite and HmTu show similar physical and magnetic parameters except that HmTu has a thick homogenous upper section (up to 6-meter in thickness) with a magnetic grain size sequence slightly fining upward (Fig. 38). Depositional processes associated with homogenite-turbidite are not well constrained despite several attempts. Kastens and Cita (1981) were the first to introduce the term homogenite for a sediment deposit triggered by tsunamis in the Mediterranean Sea. Siegenthaler (2021) explains homogenites with slide/seiche dynamics occurring in large lakes after earthquake-triggered mass movement. the presence of coarser grains that are unreliable for the recording of a coherent paleomagnetic signal. However, a generalized oscillatory record of inclination is found in the basal HmTu record (Fig. 38 and 41), while it is not with the inclination of strict turbidite (Fig. 36). Following the basal Tu deposit, inclination oscillation increases along the homogenite section. MAD values are low and express a good portion of the paleomagnetic record over the sequence. While the homogenites of cores CAS16-04PC, -14PC, and -36PC are structureless on high-resolution photography and CT-scan images (Bieber et al., in prep), we interpret the oscillatory record of inclination as the result of a seiche-like effect on the water column with fluctuating bottom water to seabed pressure. Analysis of bottom pressures was previously performed in the coastal environment [START_REF] Suhayda | Surface waves and bottom sediment response[END_REF](Suhayda, , 1984) ) and linked with crest and through of surface waves as well as internal waves, which explain the ability of homogenite sediments to record inclination variations. This oscillatory motion cannot systematically affect the declination record because the oscillatory system might be aligned to the paleomagnetic vector, which prevents from using the declination. Finally, hydrodynamic conditions of the seiche-like effect drop and stop to affect the deposition of the magnetic grains as they are mainly influenced by Earth's magnetic field. This is reflected in the values typical of the GAD observed in the hemipelagic sediments immediately above the homogenite deposit. This oscillatory nature of the paleomagnetic signal is observed in all the homogenites found in cores CAS16-04PC, CAS16-14PC, and CAS16-36PC.

Natural remanent magnetization acquisition in turbidites

Based on the above section, the homogenous section of HmTu cannot be considered for magnetic and paleomagnetic analyses of turbidites as they are influenced by the oscillatory nature of the seiche effect. As such only the basal section of HmTu will be considered, along with strict turbidites for the following statistical analysis (a total of fourteen deposits). Magnetic grain size variations (ΔkARM/k) show a close logarithmic relationship with turbidite thickness (Fig. 44), which is consistent with previous work on bulk sediment of [START_REF] Potter | Bed thickness and grain size: graded beds[END_REF] Finally, a linear relationship is observed between turbidite thickness and inclination range (Fig. 44). Such a link has been previously established by Tanty et al. (2016) and [START_REF] Philippe | ACQUISITION DE L'AIMANTATION REMANENTE DANS LES SÉDIMENTS[END_REF]. They attribute this relation to turbulence. Undoubtedly, the magnetic torque of magnetic minerals is unable to align with the geomagnetic ambient field because of Figure 44 -Left plot is a power-law relationship between magnetic grain size range and turbidite thickness. Right plot is a linear relationship between ΔI and turbidite thickness. Red dots are strictly turbidite, while green dots are turbidite basal parts of HmTu. Their respective fit curves are in red and blue lines (with a 90 % confidence range) while the blue line is the fit curve of the combination of both datasets. associated turbulence, particle interactions, and extremely fast sedimentation rates. However, within the thirty-four turbidites of this study, no clear shallowing effect is systematically recorded, on the contrary, larger deposits present rising inclination at the base that shallows closer to the top. This result suggests that turbulence only cannot explain inclination deviation, nor can the effect of compaction by a high sedimentation rate. However, the maximum deviation of inclination observed in turbidites occurs at the basal part of deposits (Fig. 36, 38, and 41), which link the linear relationship between inclination and bed thickness to the initial turbidity current hydrodynamics rather than lithologic composition.

Conclusion

Paleomagnetic analyses and more specifically paleodirections (inclination and declination) are often derived from hemipelagic sediments and used as a magnetostratigraphic tool, while turbidites are avoided. This study uses paleodirections as a sedimentological marker of hydrodynamic conditions. Using three cores collected in deep marine fore-arc basins of the Lesser Antilles subduction zone, several HmTu were identified.

These specific deposits are related to one event but can be differentiated into two hydrodynamic modes. The basal turbulent gravity current led to fining upward turbidite deposits with unreliable paleodirections (MAD > 20 °). The upper homogenous section presents larger standard deviations of paleodirections than the background hemipelagic sediments, but with a similar high-quality record (MAD < 5°). Sinusoidal variations of inclinations are most probably the imprint of a seiche-like effect induced by the combination of seismic waves and (multi) turbidite flow into the basin. Subsequently, to study the impact of turbidite on the acquisition of the remanent magnetization, we studied 34 turbidites together with the basal Tu section of HmTu. We identified a power-law relationship between magnetic grain size variation as a function of turbidite thickness that we infer to the increasing particle concentration. The link between the size and the inclination's range of the deposit follows a linear trend. The more turbulent the flow, the larger is the ΔI. However, most of the thickest deposits do not reveal a shallowing effect on the most turbulent basal deposits but on the upper part, which does not associate a linear relation between turbulence and shallowing inclination.

Turbidite remanent magnetization acquisition turned out to be more complex and might not be a good comparison to redeposition experiments. Thus, homogenite emerged to be the most similar natural deposit to laboratory redeposition experiments.

CONCLUSION GÉNÉRALE

À travers l'étude de cinq carottes sédimentaires prélevées sur la façade atlantique des Antilles et de l'arc volcanique résultant (Kent et Spariosu, 1983 ;Wilson, 1984 ;Hounslow et al., 1990) notamment la partie homogène qui serait plus assimilable aux expériences de redéposition de sédiment naturel et artificiel (e.g. Tauxe et Kent, 1983 ;Spasov et Valet, 2012 ;Valet et al., 2017 ;Chang et al., 2020). 

Figure -

 - Figure5-A : Carte générale de la région autour de la Mer des Caraïbes avec les principaux courants marins (flèches rouges ;[START_REF] Johns | Annual Cycle and Variability of the North Brazil Current[END_REF][START_REF] Zhang | Different precipitation patterns across tropical South America during Heinrich and Dansgaard-Oeschger stadials[END_REF]. B : Carte des Petites Antilles. Gris clair et gris foncé : îles respectivement de l'arc intérieur et de l'arc extérieur (Mts: Montserrat; MG: Marie-Galante; FaB: Falmouth bank, BB: Bertrand bank, FB: Flandre bank, CB: Colombia bank, DBPB: Dien Bien Phu bank, AB: Amerique Banque). Noir : îles non volcaniques. Étoiles jaunes : tremblements de terre historiques, localisation d'après Feuillet et al. (2011a). Triangles rouges : volcans actifs. Lignes brunes : Débris des dépôts d'avalanche et les glissements de terrain sous-marins de Deplus et al. (2001), Le Friant et al. (2004) et Brunet et al. (2016). Ligne noire graticulée : les systèmes de failles de Feuillet et al. (2001, 2004). Ligne noire avec triangles et ligne en pointillé noire : respectivement la poussée frontale du prisme d'accrétion et la limite supposée du prisme interne. Lignes bleues : canaux (pointillés les lignes sont des canaux supposés). Les rides asismiques sont mises en évidence par des lignes rouges et leurs parties subductées par des lignes pointillées rouges. C : profil de la bathymétrie à travers l'arc des Petites Antilles, emplacement sur la figure B. Les lignes pointillées noires correspondent à la bathymétrie Geomap et les lignes noires à la bathymétrie des missions océanographiques (figure et légende issues de Seibert et al., 2020)......................................................................................................................

  Figure18-A: Day plot(Day et al., 1977). Red labeled dots are data for the samples presented in Fig. 17. B: King plot (King et al., 1982). ..........................................

Figure 19 -

 19 Figure 19 -Magnetic properties of the pelagic sediments (event-free composite record) with concentration, and magnetic grain size-dependent parameters on the left (NRM20 mT, ARM20 mT and IRM20 mT). kARM/k indicates magnetic grain size variations for a magnetic assemblage dominated by magnetite. ..............................................................................................................

Figure 20 -

 20 Figure 20 -Paleomagnetic data including from left to right: ChRM10-40 mT, ARM, IRM and SIRM demagnetization steps. Inclination (red line is the ±GAD inclination at the site latitude) and declination (blue dots are data for the discrete samples). MAD values > 15• are indicated in dark red and >20• in red. .........................................................................................................................

Figure 21 -

 21 Figure 21 -Typical demagnetization curves and orthogonal projections of hemipelagic sediments. Filled blue dots represent the range of demagnetization steps used to calculate the characteristic remanent magnetization (ChRM). .........................................................................................

Figure 22 -

 22 Figure 22 -Comparison of the RPI estimated with the average ratios (superposed red and green curves) and slope methods (red and green curves) in the scatter plots on the left, the correlation is reduced for ARM. Demagnetization curves for NRM, ARM and IRM are presented on the right-hand side. ...............
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 23 Figure 23 -Planktic foraminiferal δ 18 O record for core CAS16-24PC (red curve)correlated to the LR04 benthic stack in blue(Lisiecki and Raymo, 2005). Black crosses represents the tie points determined using the AnalySeries software[START_REF] Paillard | Macintosh Program performs time-series analysis[END_REF]. .............................................................................
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 26 Figure 26 -Planktic foraminiferal δ 18 O record for core CAS16-24PC (blue curve) and RPI record (red curve) using the age-depth model developed in this study (Fig. 25) compared with the LR04 benthic (upper black curve), PISO-1500 (lower black curve) and PADM2M (grey curve) stacks. Odd-numbered MIS are highlighted with grey bands. B = Brunhes Chron, M = Matuyama Chron, J = Jaramillo Subchron. ............................................................................
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 27 Figure 27 -Bathymetric map of the Lesser Antilles Arc, western Atlantic Ocean (A),north of Barbuda island (B) and east of Antigua and Guadeloupe islands (C), using GEBCO and CASEIS data. Maps also reveal the core location in orange for CAS16-04, -14 and -36PC, and purple for core CAS16-12PC. ........

Figure 28 -

 28 Figure 28 -Physical and magnetic parameter as a function of depth (m) comprising from left to right: high-resolution photography (P.), CT-scan images (CT-S.), CT-number, density, P-wave velocity, magnetic susceptibility, white (100) to black (0) color space (L*) and magnetic susceptibilities ratio (kARM/k). RDL are highlighted as light red (turbidite), light brown and yellow-sand (HmTu complexes).........................................................................

Figure 29 -

 29 Figure 29 -Examples for each facies of each core with the same parameters as Fig. 28. Top: hemipelagic background sediments (HMPL). Middle: Turbidite facies highlighted in light red with fining upward red arrows on CT-scan images. Bottom: Homogenite-turbidite complexes (HmTu) facies highlighted in light brown (Tu) and sandy-yellow (Hm) with fining upward brown arrows and vertical yellow arrows on CT-scan images. ..........................
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 35 Figure 35 -Location of cores CAS16-04PC, -14PC, and -36PC in the western Atlantic Ocean (Lesser Antilles fore-arc basins). ...............................................
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 3637 Figure 36 -Inclination (including MAD values in orange)) and magnetic grain size parameter (kARM/k) as a function of rescaled depth (cm) from turbidites identified in each core. Dark red arrows follow grains size variations from the bottom to top of each deposit. Grey arrows represent the range in inclination and kARM/k. ........................................................................................

Figure 38 -

 38 Figure 38 -Inclination (including MAD values in orange) and magnetic grain size parameter (kARM/k) as a function of rescaled depth (cm) from homogeniteturbidite complexes identified in each core. Dark red arrows follow grains size variations from bottom to the top of each deposit. Grey arrows represent the range of inclination and kARM/k. ...................................................
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 39 Figure 39 -Typical orthogonal projection (Zijderveld, 1967) with the associated demagnetization curve for one homogenite-turbidite complex in each core. Top: homogenite part; bottom: turbidite part. White circles (green circles) represent projections on the vertical plane (horizontal plane). ...........................
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 40 Figure 40 -A) Normalized coercivity distribution made from the first derivative of IRM acquisition curves. Brown, yellow and green curves represent Tu, Hm, and hemipelagite respectively. B) Same figure as A) but with a 3D rotation. The depth of each turbidite and hemipelagite are in their respective color ........
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 41 Figure 41 -Top: Homogenite part of HmTu with from left to right high-definition photography, CT-scan images, MAD (°), inclination (°), and declination (°). Bottom: Same parameters for the turbidite part of HmTu deposits....................
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 42 Figure 42 -Bar chart of HMPL (green), HMG (yellow) and TU (brown) declination, inclination, and MAD standard deviation (σ) for each core and total mean values. .................................................................................................................

Figure 43 -

 43 Figure 43 -A) HmTu example from core CAS16-04PC with inclination (°, black line), GAD (°, red line), and MAD (°, grey line) as a function of depth. Transparent rectangles represent Tu (brown), Hm (yellow), and HMPL (green). B) The right side of the figure presents the dynamics, while the left side presents the resulting deposits. ....................................................................

Figure 44 -

 44 Figure 44 -Left plot is a power-law relationship between magnetic grain size range and turbidite thickness. Right plot is a linear relationship between ΔI and turbidite thickness. Red dots are strictly turbidite, while green dots are turbidite basal parts of HmTu. Their respective fit curves are in red and blue lines (with a 90 % confidence range) while the blue line is the fit curve of the combination of both datasets. .......................................................................

  fréquence et la magnitude de ces événements en un lieu donné.Pacheco et Sykes (1992) ont démontré que les séismes de plus grande magnitude ont lieu dans les zones de subduction, c'est-à-dire là où la lithosphère océanique plus froide et plus dense plonge sous l'asthénosphère d'une autre plaque tectonique (Fig.1).

Figure 1 -

 1 Figure 1 -Image issue du modèle Slab2 mettant en évidence la localisation des principales zones de subduction avec la géométrie de plongement des plaques subduites (modifiée de Hayes et al., 2018).
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 2 Figure 2 -Exemples de dégâts structurels liés au séisme des Sainte de 2004.

Figure 3 -

 3 Figure 3 -Reconstruction des deux modèles géodynamiques envisagés pour la formation de la plaque Caraïbes depuis le Crétacé moyen (d'après Laurencin et al. 2018). AP: Passage d'Anegada; APs: Plaques Americaines ; BR: Ride de Barracuda ; C: Cuba; CAR: Plaque des Caraïbes ; CT: Fosse des Caïmans ; H: Hispaniola; MR: Rift de Mona ; PR: Puerto Rico ; TR: Ride de Tiburon.

Figure 6 -

 6 Figure 6 -Séismes historiques de magnitude supérieure à 5 depuis 1900 dans les Petites Antilles. Les étoiles orange sont les séismes de mai 1851 et avril 1897 à proximité de la Guadeloupe.

Figure 7 -

 7 Figure 7 -Modèle des principaux processus sédimentaires existant autour de l'arc des Petites Antilles (figure modifiée d'aprèsPicard et al. (2006), Carey (2000),[START_REF] Sigurdsson | Marine Tephrochronology and Quaternary Explosive Volcanism in the Lesser Antilles Arc[END_REF]).

8)

  au travers de l'inclinaison I, la déclinaison D et sa norme B (soit son intensité). La déclinaison est l'angle mesuré entre le nord magnétique et le nord géographique, tandis que l'inclinaison est la mesure de l'angle entre le vecteur 𝐵 ⃗ et sa projection sur le plan horizontal.Alors que la norme de ce vecteur représente l'intensité du champ magnétique, le sens va définir le signe positif ou négatif de I. À l'heure actuelle, le champ magnétique terrestre est positif dans l'hémisphère Nord et négatif dans l'hémisphère Sud (polarité normale). Des études ont montré que ce champ magnétique n'a pas toujours été orienté dans ce sens et que des inversions de ce champ peuvent se produire[START_REF] Brunhes | Recherches sur la direction d'aimantation des roches volcaniques[END_REF]. magnétique terrestre par le sédiment. Contrairement aux roches ignées (i.e. les roches volcaniques) qui enregistrent directement le signal lors de la formation et le refroidissement des minéraux ferrimagnétique (par exemple la magnétite et la titano-magnétite), les sédiments se composent de grains magnétiques souvent incorporés dans des matrices ellesmêmes agglutinées sous forme d'agrégats ou flocs. L'enregistrement du signal se fait par ces minéraux magnétiques sous forme d'aimantation rémanente dite naturelle (NRM). Ainsi, le postulat scientifique permettant d'étudier le paléomagnétisme des sédiments est que l'aimantation rémanente détritique (DRM) est proportionnelle au champ magnétique ancien.

Figure 8 -

 8 Figure 8 -Composante du champ magnétique terrestre représenté par le vecteur magnétique 𝐵 ⃗ (figure de Philippe, 2019).

Figure 9 -

 9 Figure 9 -Corrélation stratigraphique (traits verts) des paramètres physiques et magnétiques de quatre carottes sédimentaires prélevées dans la fosse de Sumatra. Les dates 14 C ont été réalisées sous la base des turbidites (figure de Patton et al., 2013).

  ces questions. En effet, l'utilisation des turbidites comme dépôt sismique a été utilisée dans différentes régions(St-Onge et al., 2004 -Fjord du Saguenay ; Gràcia et al., 2010 -Portugal ; St-Onge et al., 2012 -Chili) et notamment au niveau d'autres zones de subduction(Goldfinger et al., 2003, 2007 -Cascade ; Ratzov et al., 2010 -Equateur ; Pouderoux et al., 2012 -Nouvelle-Zélande ; Patton et al., 2013 -Sumatra-Andaman). Goldfinger et al. (2003) décrivent dans leur étude, la possibilité d'utiliser les dépôts turbiditiques synchrones sur des régions étendues, notamment avec des bassins déconnectés les uns des autres. Il est alors possible de discriminer la majorité, voire la totalité des dépôts associés à des séismes. Les travaux de Seibert et al. (soumis) et de Morena (2020) ont pu mettre en évidence que des turbidites et des complexes homogénite-turbidites pouvaient être corrélés au travers de plusieurs carottes sédimentaires dans la région. Nous utiliserons des carottes communes à ces deux études pour apporter de nouveaux éléments de réponse à l'aide des données paléomagnétiques de ces carottes.

( 2016 )

 2016 ont été les premiers à étudier dans le détail l'impact de 4 turbidites différentes sur le signal paléomagnétique. Ils ont montré qu'il y a une relation linéaire entre les variations d'enregistrement de l'inclinaison et la taille du dépôt gravitaire. Les carottes de la mission CASEIS offrent ainsi un potentiel très important pour étudier plus précisément ces dépôts et avec un éventail plus large de turbidites. 8. ÉCHANTILLONNAGE ET ANALYSES : DES FONDS MARINS JUSQU'AU LABORATOIRE Le projet de la mission CASEIS (CAraïbes et SEISmes) est né en 2012 et a été porté par Nathalie Feuillet. Ce n'est qu'en 2015 que les financements seront finalement alloués pour réaliser la mission océanographique en mai-juin 2016. L'étude préalable de la région pour préparer les zones d'intérêt de recherche a été réalisée par Chloé Seibert (voir Chapitre 1, Seibert, 2019). À bord du navire de recherche Pourquoi Pas ? de l'IFREMER un banc de

Figure 10 -

 10 Figure 10 -Banc MSCL insallé à bord du N/R Pourquoi Pas ? pendant la mission CASEIS (© Nathalie Feuillet, 2016).

Figure 11

 11 Figure 11 -A gauche, prélèvement d'un u-channel dans une demie-section de carotte sédimentaire. A droite, photographie d'un magnétomètre cryogénique SRM-755 de 2G Enterprise.

  2600d spectrophotometer inline with the MSCL. Data were converted into the L*a*b* colour space of the International Commission on Illumination (CIE): L* ranges from black (0) to white (100), a* ranges from green (-60) to red (+60), and b* ranges from blue (-60) to yellow (+60). U-channel samples were scanned at the Institut national de recherche scientifique -Centre eau, terre et environnement (INRS-ETE, Québec, Canada) with a CT scanner. The resulting digital X-ray images were displayed in greyscale and expressed as CT numbers, which primarily reflect bulk density changes (e.g.,St-Onge et al., 2007; Fortin et al., 2013).Major elements from Al to Ba were analysed on archive halves at the UMR CNRS 5805 EPOC laboratory (Bordeaux, France) using an X-Ray fluorescence (XRF) Avaatech core-scanner. XRF-measurements were conducted at 1 cm intervals with two tube voltages (MAGNETIC MEASUREMENTS Continuous paleomagnetic data were acquired at 1-cm intervals on u-channel samples using a 2G Enterprises 755SRM-1.65 cryogenic magnetometer at the ISMER. The natural remanent magnetization (NRM) was first measured directly and then stepwise demagnetized and measured after each of 17 alternating field (AF) demagnetization steps (0 to 80 mT, 5 mT increments) until the residual magnetization was less than 15% of the initial magnetization. An anhysteretic remanent magnetization (ARM) was then induced using a 100 mT peak AF and a 50 µT direct current (DC) bias field. The ARM was measured following the same procedure and increment steps as the NRM. Finally, an isothermal remanent magnetization (IRM) and a saturation IRM (SIRM) were induced in DC fields of 0.3 T and 0.95 T, respectively, using a pulse magnetizer, and were then stepwise demagnetized and measured at 9 steps for IRM (0 to 80 mT, 10 mT increments) and 4 steps for SIRM (0, 10, 30, 50 mT). The data were processed with the Excel spreadsheet developed byMazaud (2005), which provided the paleomagnetic inclination, declination and the associated maximum angular deviation (MAD) values calculated for the characteristic remanent magnetization (ChRM; 10 to 40 mT steps). The pseudo S-ratio was determined using the IRM0 mT induced at 300 mT divided by SIRM0 mT induced at 950 mT (IRM/SIRM). This pseudo S-ratio, alike the classical S-ratio, is an indicator of the magnetic coercivity and mineralogy(St-Onge et al., 2003). Values close to 1 (IRM ≈ SIRM) indicate the preponderance of low coercivity minerals, whereas lower values are the expression of higher coercivity minerals (IRM < SIRM). The sediments from core CAS16-24PC are

  δ 18 O was determined on 250-315 µm sized Globigerinoides ruber planktic foraminifera using a Dual Inlet GV isoprime mass spectrometer at the Laboratoire des Sciences du Climat et de l'Environnement (LSCE). The measurements are reported versus the Vienna Pee Dee Belemnite standard (VPDB) with NBS-19 standard at δ 18 O = -2.20‰, with a mean external reproducibility (1σ) of carbonate standards of ±0.05‰. Measured NBS-18 δ 18 O values are -23.27 ± 0.10‰ VPDB.

1. 2

 2 Fig.14-Aand confirm the overall homogeneity of brownish to greyish sediment. The associated CT-scan images have low (dark grey) to medium (light grey) density with traces of bioturbation. This background sediment is interbedded with thinner, darker sediment layers with higher density (white color) that can be related to RDL. In addition to the visual core characterization, down-core variations of physical and magnetic parameters, CT-

Figure 16 -

 16 Figure 16 -SEM images for representative bulk sample VIII-1137. The left-hand image is a general view of the sample. The right-hand image is focused on small particles (<10 μm) and matrix analysis. Blue bands are 10 μm scales. Red objects are elemental analyses, as referenced in Table 6 (ANNEXE 1) with the same numbers.

  Figure18-A: Day plot(Day et al., 1977). Red labeled dots are data for the samples presented in Fig.17. B: King plot(King et al., 1982).

Figure 20 -

 20 Figure 20 -Paleomagnetic data including from left to right: ChRM10-40 mT, ARM, IRM and SIRM demagnetization steps. Inclination (red line is the ±GAD inclination at the site latitude) and declination (blue dots are data for the discrete samples). MAD values > 15• are indicated in dark red and >20• in red.

Figure 21 -

 21 Figure 21 -Typical demagnetization curves and orthogonal projections of hemipelagic sediments. Filled blue dots represent the range of demagnetization steps used to calculate the characteristic remanent magnetization (ChRM).

Figure 22 -

 22 Figure 22 -Comparison of the RPI estimated with the average ratios (superposed red and green curves) and slope methods (red and green curves) in the scatter plots on the left, the correlation is reduced for ARM. Demagnetization curves for NRM, ARM and IRM are presented on the right-hand side.

  Figure 23 -Planktic foraminiferal δ 18 O record for core CAS16-24PC (red curve) correlated to the LR04 benthic stack in blue(Lisiecki and Raymo, 2005). Black crosses represents the tie points determined using the AnalySeries software[START_REF] Paillard | Macintosh Program performs time-series analysis[END_REF].

Figure 26 -

 26 Figure 26 -Planktic foraminiferal δ 18 O record for core CAS16-24PC (blue curve) and RPI record (red curve) using the age-depth model developed in this study (Fig. 25) compared with the LR04 benthic (upper black curve), PISO-1500 (lower black curve) and PADM2M (grey curve) stacks. Odd-numbered MIS are highlighted with grey bands. B = Brunhes Chron, M = Matuyama Chron, J = Jaramillo Subchron.

  font partie de l'unique marge active de l'Océan Atlantique, mais reste l'une des zones de subduction les moins étudiées par la paléo-séismologie. Bien qu'aucun mégaséisme n'ait été enregistré durant les derniers siècles, deux séismes de magnitude 8-8.5 ont été documentés le 11 janvier 1839 et le 8 février 1843. Ces deux événements majeurs ont entrainé la destruction des villes de Pointe-à-Pitre (île de la Guadeloupe) et Fort-de-France (île de la Martinique). Plus récemment, en 2007, un séisme de magnitude 7,4 dont l'épicentre se situait entre la Dominique et la Guadeloupe, a engendré la destruction de certains bâtiments et certaines routes sur ces îles. Les risques sismiques liés à ce type de séisme ont donc motivé la campagne CASEIS et le prélèvement de plusieurs carottes sédimentaires à piston dans les bassins avant-arc pour obtenir des informations sur la paléo-sismicité régionale. Cette étude offre un nouvel enregistrement paléomagnétique pour les derniers 400 ka (CAS16-12PC) et permet d'identifier des complexes homogéniteturbidites qui sont associés à des mégaséismes dans trois carottes à piston. Les carottes CAS16-04PC et CAS16-14PC ont été prélevées au large de la Guadeloupe, alors que la carotte CAS16-36PC a été prélevée au large d'Anguilla. Ce deuxième article, intitulé « Paleomagnetic analysis of rapidly deposited layers over the last 90 ka at the Lesser Antilles subduction zone: expression of earthquake super-cycle », fut corédigé par moi-même ainsi que mes deux directeurs de recherche Guillaume St-Onge (ISMER-UQAR) et Nathalie Feuille (IPGP), ainsi que huit collaborateurs incluant Chloé Seibert (IPGP), Pierre Morena (IFREMER), Julie Carlut (IPGP), Eva Moreno (LOCEAN/MNHN) Gueorguy Ratzov (IRD), Frauke Klingelhoefer (IFREMER) et Antonio Cattaneo (IFREMER). Ce manuscrit sera soumis à la revue Earth and Planetery Science 100 Letter (EPSL). Ma contribution en tant que premier auteur a été de réaliser l'état de l'art, l'analyse en laboratoire d'une grande partie des échantillons, le développement du modèle d'âge et la rédaction de l'article. Guillaume St-Onge a participé à la recherche sur l'état de l'art, supervisé les travaux analytiques, aidé dans l'analyse et l'interprétation des données et la rédaction. Nathalie Feuillet a participé à la recherche sur l'état de l'art, élaboré et dirigé le projet de la mission océanographique qui a permis la collecte des carottes sédimentaire, aidé dans l'analyse des données et la rédaction. Chloé Seibert et Pierre Morena ont tous deux réaliser des analyses en laboratoire, sont les auteurs des différentes datations radiocarbones et ont participé à l'interprétation et la rédaction. Julie Carlut et Eva Moreno m'ont aidé dans la réalisation de prélèvement et d'analyse d'échantillon au sein de l'IPGP, ainsi que dans le suivi de l'analyse des données et de la rédaction. Gueorguy Ratzov, Frauke Klingelhoefer, et Antonio Cattaneo ont participé à la rédaction et l'amélioration du manuscrit. Une partie des résultats a été présentée lors d'une présentation orale à l'International Sedimentology Congress (ISC) qui s'est déroulé à Québec (Canada) en 2018, et au format affiche au Congrès des Doctorants (CDD) en 2019 à Paris (France).

  spectral reflectance using a Minolta CM-2600d spectrophotometer. All these parameters were analyzed at a 1-cm intervals. Red-green-blue data were converted into the L*a*b* colour space of the International Commission on Illumination (CIE). These parameters range from black (0) to white (100) for L*, from green (-60) to red (+60) for a* and from blue (-60) to yellow (+60) for b*. U-channel samples were scanned at the Institut national de recherche scientifique -Centre eau, terre et environnement(INRS-ETE, Québec, Canada) 

Falmouth

  half-graben (FHG). While both are disconnected from continental inputs, the DB is linked to the carbonate shelve by a 50 km-long canyons and channels system. The DB is near the accretionary prism internal limit and might receive sediments originating from slope destabilization as well as from the carbonate platform. Platform inputs to the FHG are interrupted by an intermediate basin. FHG north and west sides lean against the accretionary prism. Therefore, hemipelagic sedimentation represents the major input interbedded by RDL originating from slope failures and tephra fall deposits. Core CAS16-36PC was retrieved offshore the north-eastern Barbuda Island in a 6500-m deep fore-arc basin bordered by the Barbados accretionary wedge (Fig.27-B). It is in the continuity of the Barbuda basin, which is mainly fed by canyons from the Barbuda spur and the Anguilla bank through the St-Barthelemy Valley. However, two bulges (probably interconnected) are limiting density currents to travel straight forward to this basin. Readers are referred toSeibert et al. (2020) andMorena (2020) for a detailed description of the morpho-bathymetry of the two locations presented in Fig.27-B and -C.

  photographic and CT-scan images do not exhibit any sedimentary structures, but faint traces of bioturbation characteristic of hemipelagic sediments are observed. The physical and magnetic parameters are consistent within each core. CT-number, P-wave velocity and

Figure 29 -

 29 Figure 29 -Examples for each facies of each core with the same parameters as Fig. 28. Top: hemipelagic background sediments (HMPL). Middle: Turbidite facies highlighted in light red with fining upward red arrows on CT-scan images. Bottom: Homogenite-turbidite complexes (HmTu) facies highlighted in light brown (Tu) and sandy-yellow (Hm) with fining upward brown arrows and vertical yellow arrows on CT-scan images.

  Fig. 31 displays the paleomagnetic records including NRM, ARM and IRM, as well as inclination, declination and MAD variations as a function of MCD. The ChRM presents clear linear trend towards the origin of the orthogonal projection (ANNEXE 2, Fig. 48). A viscous component is removed easily within the first three demagnetization steps. As a comparison, TU and HmTu orthogonal projections are shown in ANNEXE 2, Fig. 48. Inclination is following the GAD value except

  Fig. 49-G) allows to distinguish turbidite-like deposits with high Hcr/Hc and low Mrs/Ms values from the hemipelagic background sediments with lower Hcr/Hc and higher Mrs/Ms values (parameters derived from HMPL hysteresis loops are plotted in the ANNEXE 2, Fig.

  Figure 31 -Paleomagnetic data including from left to right: NRM, ARM and IRM demagnetization steps, inclination (I°; red line is the GAD inclination at the site latitude), declination and MAD angles for cores CAS16-04PC, -14PC and -36PC.

Figure 33 -

 33 Figure33-Same figure as Fig.32but for cores CAS16-04PC (blue curves), -14PC (green curves) and -36PC (purple curves). Blue dots are 14C dates while red dots are RPI tie points and green dots reflect the Laschamps geomagnetic excursion. RDL are additionally ploted as chart bar (yellow) with HmTu labeled with event size.

Figure 34 -

 34 Figure 34 -A) Bar chart of 5 ka grouped and stacked RDL with blue bar for CAS16-04PC RDL (deep blue for HmTu), green bar for CAS16-14PC RDL (deep green for HmTu) and violet bar for CAS16-36PC RDL (deep violet for HmTu) compared to global sea level variations (Spratt and Lisiecki, 2015). B) Bar chart of RDL size function of time. HmTu are labeled from 1 to 11 for each core ante-chronologically. Background bar chart stacked RDL as clustered defined by C. C: box plots of each clustered event (CE-1 to CE-4) with associated quiescence time Q1 to Q3. Red arrows reveal time between each average age of CE.

  EN FRANÇAIS DU TROISIEME ARTICLELes océans représentent plus de 70 % de la surface de la Terre, ce qui fait des sédiments marins des archives idéales pour étudier le champ géomagnétique au cours du temps.Cependant, la manière dont le champ ambiant est enregistré lors de la sédimentation des particules magnétiques reste mal comprise. Pour améliorer notre compréhension de cet enregistrement, plusieurs études ont mené des expériences de redéposition de sédiment en champ magnétique contrôlé. Étant donné que ces expériences reflètent des dépôts rapides de sédiments, les turbidites ont commencé à avoir de l'intérêt pour les études paléomagnétiques.Cependant, ces études ne dissocient pas les turbidites des complexes homogénite-turbidites (HmTu), alors que ces derniers, associés à des séismes et/ou des tsunamis, présentent une couche supérieure homogène qui ne peut pas être le fruit d'un courant de turbidité uniquement. L'étude paléomagnétique de vingt HmTu identifiés dans trois carottes sédimentaires prélevées dans des bassins de l'avant-arc des Petites Antilles a permis de mieux comprendre comment ces couches sédimentaires se sont déposées. Les aimantations rémanentes naturelle et anhystérétique ont été mesurées et utilisées pour obtenir les données de paléodirection incluant l'angle de déviation maximale (MAD) et les variations de la taille des grains magnétiques. Les MAD ont été utilisés pour déterminer la qualité de l'enregistrement paléomagnétique et pour dissocier les HmTu en deux processus hydrodynamiques distincts. En utilisant les variations de l'inclinaison, cet article développe un nouveau modèle de déposition des HmTu et explore l'impact des turbidites sur l'enregistrement du signal paléomagnétique. Pour étudier cet impact, quatorze turbidites ont

  were analyzed on a MicroMag 2900 alternating gradient force magnetometer (AGM) from Princeton Measurements Corporation to measure the progressive acquisition of isothermal remanent magnetization (IRM). These curves are used to analyze the coercivity distribution based on the first derivative of this progressive acquisition.

Figure 35 -

 35 Figure 35 -Location of cores CAS16-04PC, -14PC, and -36PC in the western Atlantic Ocean (Lesser Antilles fore-arc basins).

Figure 36 -

 36 Figure 36 -Inclination (including MAD values in orange)) and magnetic grain size parameter (kARM/k) as a function of rescaled depth (cm) from turbidites identified in each core. Dark red arrows follow grains size variations from the bottom to top of each deposit. Grey arrows represent the range in inclination and kARM/k.

Figure 38 -

 38 Figure 38 -Inclination (including MAD values in orange) and magnetic grain size parameter (kARM/k) as a function of rescaled depth (cm) from homogenite-turbidite complexes identified in each core. Dark red arrows follow grains size variations from bottom to the top of each deposit. Grey arrows represent the range of inclination and kARM/k.

Figure 39 -

 39 Figure39-Typical orthogonal projection(Zijderveld, 1967) with the associated demagnetization curve for one homogenite-turbidite complex in each core. Top: homogenite part; bottom: turbidite part. White circles (green circles) represent projections on the vertical plane (horizontal plane).

  Figure40 -A) Normalized coercivity distribution made from the first derivative of IRM acquisition curves. Brown, yellow and green curves represent Tu, Hm, and hemipelagite respectively. B) Same figure as A) but with a 3D rotation. The depth of each turbidite and hemipelagite are in their respective color

Figure 42 -

 42 Figure 42 -Bar chart of HMPL (green), HMG (yellow) and TU (brown) declination, inclination, and MAD standard deviation (σ) for each core and total mean values.

  that links maximum grain size relation to bed thickness with the turbulence of the turbidity current. The linear trend found on small turbidites (< 20 cm) probably reflects the grain size distribution while a threshold effect occurs between 30 and 40 cm in thickness where sediment concentration increases more than particle size. The logarithmic growth of magnetic grains size might be linked to sediment concentration and the turbulence of the turbidity currents. As the largest turbidites (> 80 cm) correspond to HmTu and as homogenite layer has been associated with local hemipelagite remobilization by seismic waves(Hughes et al. 2020; Bieber et al., in prep), turbidity currents flowing through this hemipelagic sediment increases their sediment concentration, which led to the build-up of flocculation and growth of larger flocs.

Figure 43 -

 43 Figure 43 -A) HmTu example from core CAS16-04PC with inclination (°, black line), GAD (°, red line), and MAD (°, grey line) as a function of depth. Transparent rectangles represent Tu (brown), Hm (yellow), and HMPL (green). B) The right side of the figure presents the dynamics, while the left side presents the resulting deposits.
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  'isolement des bassins, leur profondeur et leur faible connexion aux plateformes carbonatées ont fait de ces carottes des candidates idéales pour réaliser une étude paléosismologique. Le développement d'un modèle d'âge pour chacune de ces carottes, basé sur des datations au radiocarbone(Seibert et al., soumis ; Morena, 2020) et les variations de paléointensité comparées au stack NAPIS-75 et à la RPI de la carotte CAS16-12PC ont permis de dater l'ensemble des RDL. Considérant la localisation des bassins, ces dépôts sédimentaires sont le plus probablement issus d'événements sismiques, notamment de mégaséismes qui n'ont encore jamais été répertoriés dans des archives historiques des Petites Antilles. Les travaux réalisés au cours de ce second chapitre ont permis d'identifier au cours des derniers 90 ka, un super-cycle sismique de 24 ±2 ka comprenant une période de quiescence de 7 ka. Ces résultats viennent enrichir les récentes études de Seibert et al., (soumis) et Morena (2020). Il s'agit aussi de la première étude où les variations de RPI sont utilisées pour déterminer l'âge des dépôts sédimentaires d'origine sismique. Les mesures de RPI étant continues, tout le sédiment hémipélagique conservé permet d'améliorer la datation du sommet et de la base des turbidites et des HmTu, et donc d'obtenir une estimation plus précise de l'âge de ces dépôts. Chapitre 3 Au travers des nombreuses RDL caractérisées dans le chapitre 2, quatorze turbidites et vingt complexes homogénite-turbidites (HmTu) ont composé l'objet d'étude du troisième et dernier chapitre de cette thèse. Alors que la grande majorité des études paléomagnétiques cherchent à obtenir des enregistrements sédimentaires quasi-continus avec le moins possible de ces dépôts (e.g. Lisé-Pronovost et al., 2014 ; Deschamps et al., 2016 ; Caron et al., 2019 ; Bieber et al., 2021), ce sont ces couches sédimentaires qui peuvent aider à mieux comprendre les processus qui gouvernent l'enregistrement d'une aimantation rémanente par le sédiment. En effet, l'analyse paléomagnétique des HmTu a confirmé la succession d'un dépôt très turbulent à la base (la turbidite) avec un dépôt particulièrement homogène d'un point de vue sédimentaire (Cita et al. 1981 ; Beck et al. 2009), mais dont l'inclinaison magnétique montre une oscillation le long du dépôt. Cette oscillation est confirmée par des écarts types plus importants sur ces dépôts d'homogénites que pour les hémipélagites. De plus, les déviations angulaires maximales et leurs écarts types sont du même ordre de grandeur que ceux des dépôts hémipélagique. Les homogénites sont donc le fruit d'une sédimentation avec un faible hydrodynamisme, mais sous l'effet d'une onde stationnaire qui modifie l'orientation verticale des grains magnétiques. Un modèle de dépôt a ainsi pu être établi pour les HmTu et révèle que les processus hydrodynamiques affectant les sédiments sont très différents entre les parties turbidites et homogénites. Il devient donc nécessaire de séparer ces deux dépôts pour étudier le comportement des turbidites ou des homogénites, même s'il s'agit d'un seul et même événement. Cette dissociation avait déjà été suggérée par Beck et al., 2009 en nommant ces dépôts « turbidites/homogénites ». Ainsi, en analysant des turbidites strictes et des turbidites issues des HmTu, il a été possible de mettre en évidence une corrélation quasi-logarithmique entre l'épaisseur de ces dépôts et l'étendue granulométrique de la fraction magnétique (ΔkARM/k), et une corrélation linéaire entre l'épaisseur de ces couches et l'étendue de la déviation de l'inclinaison (ΔI). Il est cependant notable que sur l'ensemble de ces trente turbidites, seulement deux présentent des inclinaisons négatives. Il est donc envisageable que même au travers d'un hydrodynamisme aussi important qu'un dépôt gravitaire, le champ magnétique terrestre conserve une importance non-négligeable dans l'orientation des grains magnétiques. Cependant, l'orientation attendue (inclinaison) n'est pas retrouvée et semble particulièrement variable d'un dépôt à un autre. Il semble donc que les HmTu seraient de très bons candidats pour l'étude de l'acquisition de l'aimantation rémanente naturelle (NRM),

Figure 45 -

 45 Figure 45 -Schematic explanation of age-error used for the age-depth model. The half-time gap between a tie-point and its surrounding values is represented in green and purple segments. The longest half-time gap (green segments) is set as this specific tie-point ageerror.

Figure 46 -

 46 Figure 46 -Inclination, declination and relative paleointensity records for core CAS16-24PC.

Figure 47 -

 47 Figure 47 -Physical and magnetic parameter as a function of depth (m) comprising from left to right: high-resolution photography (P.), CT-scan images (CT-S.), CT-number, density, Pwave velocity, magnetic susceptibility, white (100) to black (0) color space (L*) and magnetic susceptibilities ratio (kARM/k). RDL are highlighted as light red (turbidite), light brown and yellow-sand (HmTu complexes).

Figure 48 -

 48 Figure 48 -Typical demagnetization curves and orthogonal projections of hemipelagic background sediment (HMPL), turbidite (TU) and homogenite (HMG) for cores CAS16-04PC, -14PC and -36PC.

Figure 49 -

 49 Figure 49 -Typical raw hysteresis loops (blue) and high-field corrected loops (red) of hemipelagic sediment (solid line) and turbidite (dotted line) for core CAS16-12PC (A, B and C) and cores CAS16-04PC (D), CAS16-14PC (E) and CAS16-36PC (F). G and H are King plot(King et al., 1982) of respectively all the sample listed on Table7(ANNEXE 2) and the six hemipelagite hysteresis loops (A to F).

Figure 50 -

 50 Figure 50 -Comparison of the CAS16-12PC RPI variations estimated with the average ratios (Red + orange for ARM normalizer and violet curve for k normalizer) and slope method (red curve) associated to the correlation coefficient (red dot, r). Scatter plots on the left test unconformity of normalizer against estimated RPI and reveal a reduced correlation for ARM. Demagnetization curves for NRM and ARM are presented on the right-hand side.

Figure 51 -

 51 Figure 51 -Comparison of the CAS16-04PC RPI variations estimated with the average ratios (superposed red, green and violet curves for ARM, IRM and k respectively) and slope methods (red and green curves). Scatter plots on the left test unconformity of normalizers against estimated RPI and show a reduced correlation for k and ARM. Demagnetization curves for NRM, ARM and IRM are presented on the right-hand side.

Figure 52 -

 52 Figure 52 -Comparison of the CAS16-14PC RPI variations estimated with the average ratios (superposed red, green and violet curves for ARM, IRM and k respectively) and slope methods (red and green curves). Scatter plots on the left test unconformity of normalizers against estimated RPI and show a reduced correlation for k and ARM. Demagnetization curves for NRM, ARM and IRM are presented on the right-hand side.

Figure 53 -

 53 Figure 53 -Comparison of the CAS16-36PC RPI variations estimated with the average ratios (superposed red, green and violet curves for ARM, IRM and k respectively) and slope methods (red and green curves). Scatter plots on the left test unconformity of normalizers against estimated RPI and show a reduced correlation for k and ARM. Demagnetization curves for NRM, ARM and IRM are presented on the right-hand side.
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  Tandis qu'au niveau de l'Amérique centrale (avec les blocs du Yucatan, Cortis, Chortega et

	2.	L'ARC ANTILLAIS, DE LA TECTONIQUE AUX SEISMES
		La zone est des Caraïbes est très complexe au niveau structural avec des systèmes de
	failles de différentes natures orientées dans toutes les directions cardinales. Cette étude se
		concentre sur les zones morphotectoniques de l'arc, des bassins avant-arc et du prisme
		d'accrétion des Petites Antilles.
		Cet arc volcanique est la résultante d'une subduction (voir Tatsumi (2005) pour les
		processus mis en jeu lors d'une subduction et l'hétérogénéité des zones de subduction). Les
		plaques lithosphériques océaniques américaines sont subduites sous la plaque lithosphérique
		Chocos) à l'ouest, il s'agit des plaques Pacifique et Coco qui plongent selon une direction océanique des Caraïbes. Ce processus entraine parfois la formation d'îles basaltiques
		SE-NE en opposition avec la façade atlantique. Les trois dernières provinces sont le nord des volcaniques, comme l'arc des Petites Antilles. Ces roches basaltiques sont le fruit de la
		Caraïbes (composée du golfe du Mexique, des Antilles, du glacis de Nicaragua, de la fosse remontée de croûtes océaniques recyclées.
		des Caïmans et du bassin du Yucatan), la mer des Caraïbes (comprenant le basin Colombien,
		la ride Beata, et le basin du Venezuela), et le nord de l'Amérique du Sud (avec la limite
		continentale du Venezuela et les Andes colombiennes). Cette étude se concentre sur la partie
		est des Caraïbes avec l'avant-arc des Petites Antilles et le prisme d'accrétion (Fig. 5) issu de
		la subduction des plaques américaines nord et sud sous la plaque des Caraïbes.

Figure 4 -Carte de la région des Caraïbes présentant les positions relatives des plaques et les différentes régions citées dans le texte (modifiée de Giunta et Orioli, 2011). AP=Passage d'Anegada ; BeR=Ride Beata ; CHC=Block Choco ; CHR=Block Chortis ; CHT=Block Chorotega ; GB=Bassin de Grenade ; MAY=Block Maya.

  d'inversion de polarité magnétique (limite Brunhes/Matuyama et Jaramillo), des variations de paléointensité relative et de la stratigraphie des isotopes stables de l'oxygène.
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2 REGIONAL CHRONOSTRATIGRAPHY IN THE EASTERN LESSER ANTILLES QUATERNARY FOREARC AND ACCRETIONARY WEDGE SEDIMENTS: RELATIVE PALEOINTENSITY, OXYGEN ISOTOPES AND REVERSALS
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Finalement, une conclusion générale synthétisera les résultats des trois chapitres, coeur de cette thèse, tout en montrant de quelle manière ils ont su répondre à la problématique générale au travers des différents objectifs spécifiques. Pour étendre la discussion, quelques perspectives d'études sont proposées à la suite des connaissances acquises au travers de ce projet de recherche. datation qu'elles soient absolues ou relatives, cela permet le développement d'un cadre chronostratigraphique régional de référence. Lors de la mission CASEIS qui a eu lieu en 2016 à bord du N/O Pourquoi Pas ?, plusieurs carottes sédimentaires ont été prélevées le long de la façade atlantique des Petites Antilles. La carotte CAS16-24PC a été dédiée à l'analyse chronostratigraphique et elle a permis le développement d'un enregistrement quasi-continu du Quaternaire. Dans cette étude et après avoir identifié et enlevé les couches déposées rapidement, telles que les turbidites et les téphras, nous avons reconstituer les variations de paléointensité relative (RPI) en normalisant l'aimantation rémanente avec l'aimantation anhystérétique rémanente. Un modèle d'âge a été développé en comparant notre enregistrement de RPI avec le stack PISO-1500 et le modèle paléomagnétique du moment dipolaire axial des dernières 2 Ma (PADM-2M), et en comparant l'enregistrement des isotopes stables de l'oxygène (δ 18 O) dans des foraminifères planctoniques de la carotte CAS16-24PC avec le stack benthique LR04. En combinant la stratigraphie isotopique avec l'analyse paléomagnétique, nous avons établi un modèle d'âge avec un taux de sédimentation de 1,7 cm.ka -1 qui couvre la limite Brunhes/Matuyama et le Subchron Jaramillo jusqu'à ~1.15 Ma. Ce modèle d'âge vient compléter les données paléomagnétique issues des campagnes IODP et des enregistrements volcaniques et permet d'obtenir une référence locale presque complète pour la RPI, l'inclinaison et la déclinaison. Ce premier article, intitulé « Regional chronostratigraphy in the eastern Lesser Antilles quaternary forearc and accretionary wedge sediments: Relative paleointensity, oxygen isotopes and reversals rédaction. Julie Carlut et Eva Moreno m'ont aidé dans la réalisation de prélèvement et d'analyse d'échantillon au sein de l'IPGP, ainsi que dans le suivi de l'analyse des données et de la rédaction. Élisabeth Michel a réalisé toutes les mesures isotopiques de l'oxygène et participer à la rédaction, notamment en rédigeant la méthodologie appliquée pour les mesures isotopiques. Une version préliminaire de cet article a été présentée au format affiche au congrès European Geoscience Union qui s'est déroulé à Vienne (Autriche) en 2019. 1.devoted to chronostratigraphic analysis and allowed development of a quasicontinuous Quaternary record. In this study, after identifying and removing rapidly deposited layers such as turbidites and tephra layers, we reconstructed the relative paleointensity (RPI) variations by normalizing the natural remanent magnetization with the laboratory induced anhysteretic remanent magnetization. An age model was developed by comparing our RPI record with the PISO-1500 stack and paleomagnetic axial dipole moment model for the past 2 Myr (PADM-2M) and the planktic oxygen isotopic record (δ 18 O) for core CAS16-24 PC with the LR04 benthic stack. By combining the δ 18 O stratigraphy with paleomagnetic analyses, we established an age model covering the Brunhes/Matuyama boundary and Jaramillo Subchron back to ~1.15 Ma with a mean sedimentation rate of 1.7 cm/kyr. This age model complements the paleomagnetic data from IODP campaigns and volcanic records, and offers almost complete inclination, declination and RPI records as a local reference.

  1.2.4.3 Creation of an event-free composite record One part of the core, from 10.32 m to 12.01 m, presents a specific signal that is mostly not related to turbidite or mass movement deposits. This section has no high values of density indicators or P-wave velocities, but L* and the photography (section VII132cm to IX1cm) indicate darker sediments. The XRF ratio ln (Fe/Ca) has high values, which combined with magnetic susceptibility and negative L* spikes, could indicate the presence of cryptotephras and reworked volcaniclastic minerals

Table 1 -

 1 List of δ 18 O tie points with isotopic composition of the sample and the corresponding LR04 point with age, including the error used in the age-depth model.

	Composite depth (m) δ 18 Oplanktic (‰) Age (ka) LR04 δ 18 Obenthic (‰) Error (± ka)
	0.05	-1.84	4	3.3	3.75
	0.9	-0.41	60	4.60	2.5
	1.87	-1.72	124	3.27	2.5
	2.34	0.25	139	4.87	5
	2.95	-0.76	188	4.46	7
	3.15	-1.45	203	3.61	4
	3.65	-0.95	229	4.02	5
	3.85	-1.16	240	3.44	5
	4.27	-1.1	285	3.84	4.5
	4.67	-1.05	296	4.23	5
	4.87	-1.28	317	3.89	5
	5.07	-1.74	326	3.23	3
	5.37	-0.28	343	4.8	3.5
	5.98	-1.18	384	4.08	3.5
	6.28	-1.6	405	3.11	4.5
	7.13	-0.49	476	4.3	3.5
	7.49	-1.31	491	3.47	4.5
	7.79	-0.82	510	4.14	3.5
	7.94	-0.98	525	3.92	11
	8.14	-0.52	547	4.53	11
	8.8	-1.66	579	3.57	7
	9.42	-1.74	614	3.53	3.5
	9.72	-0.2	634	4.93	3.5
	10.29	-0.44	676	4.4	3.5
	10.99	-1.34	696	3.5	4
	11.26	-0.29	720	4.66	4
	11.7	-0.79	740	4.11	2.5
	11.94	-0.31	756	4.59	4
	12.23	-1.31	780	3.48	4
	12.81	-1.38	822	3.9	6.5
	13.11	-1.37	860	3.45	6.5
	14.46	-2.12	954	3.39	3
	15.7	-1.17	1022	3.94	3
	16.31	-1.41	1068	3.66	8
	16.90	-0.68	1126	4.5	4
	17.26	-1.51	1148	4.02	9

Table 2 -

 2 List of RPI tie points determined against PISO-1500 (I1-18) and against PADM2M (P1-16), including the error used in the age-depth model.

	Composite depth (m) RPI Age (ka) Models (10 22 Am 2 ) Error (± ka)
	0.36 P-1	0.94	20	4.59	2
	0.51 P-2	1.52	23	6.01	2
	0.68 P-3	1.13	41	3.48	2
	1.11 P-4	0.78	65	5.07	2
	1.34 I-1	1.26	92	9.62	1
	1.41 I-2	0.83	99	3.59	1
	2.14 P-5	2.01	139	7.10	2
	2.85 P-6	2.23	169	7.10	2
	3.07 I-3	0.46	194	2.34	2
	3.28 P-7	1.05	203	6.32	1
	3.28 I-4	1.05	205	9.24	1
	3.63 P-8	1.07	219	5.52	2
	3.72 I-5	1.62	231	13.11	1
	3.88 P-9	1.10	242	5.16	2
	4.43 P-10	0.50	294	4.25	1
	5.52 I-6	2.45	348	13.51	2
	6.07 I-7	0.68	394	10.81	1
	6.44 I-8	1.51	415	11.04	2
	7.85 I-9	1.92	510	10.46	2
	8.70 I-10	2.16	569	12.34	1
	9.12 P-11	0.50	596	4.69	1
	9.53 P-12	0.53	617	5.14	2
	10.33 P-13	1.59	667	8.21	1
	10.55 I-11	0.48	685	3.97	1
	11.19 P-14	0.73	712	5.55	1
	11.38 I-12	1.83	723	9.48	1
	12.24 I-13	0.36	771	1.41	2
	13.47 I-14	1.72	871	8.06	1
	13.60 I-15	0.58	890	2.62	2
	13.87 I-16	2.70	901	7.68	1
	14.44 I-17	0.13	936	2.30	2
	14.75 I-18	0.88	961	10.32	1

  records.

	Our results make a new contribution to the global coverage of paleomagnetic data by
	adding a detailed and almost continuous late Quaternary paleomagnetic record from the
	Lesser Antilles subduction zone. The chronostratigraphy established here will be useful to
	correlate and date numerous cores from the CASEIS campaign from this area (Seibert et al.,
	2020), as well as to date the RDL triggered by earthquakes (e.g. seismo-turbidites, Heezen
	and Ewing, 1952) and tsunamis (e.g. turbidite-homogenite complexes, San Pedro et al., 2017)
	in these cores.
	1.2.5.3	Age-depth model limitations

Table 3 -

 3 Physical properties of the three main facies hemipelagic (HMPL), turbidite (Tu) including turbidite from homogenite-turbidite complexes (HmTu) and homogenite (HMG) for cores CAS16-04PC, -14PC and 36PC.

	Facies	Core	Stat	P-wave	Density	Magnetic	L*	kARM/k
				veolocity	(g/cm 3 )	susceptibility		
				(m/s)		(10 -5 SI)		
	HMPL CAS16-	Min	1482	0.74	14	25.7	1.8
		04PC	Max	1563	1.05	386	62.1	16.8
			Mean	1497	0.87	53	48.4	7.1
			Median 1493	0.87	47	48.0	6.8
		CAS16-	Min	1499	1.29	18	20.4	2.1
		14PC	Max	1782	1.77	296	64.3	42.5
			Mean	1535	1.49	95	49.8	6.5
			Median 1527	1.51	74	49.4	5.3
		CAS16-	Min	1453	1.68	5	43.8	3.1
		36PC	Max	1541	2.46	169	62.7	58.1
			Mean	1490	2.03	52	50.1	7.8
			Median 1488	2.04	48	49.2	7.2
	Tu	CAS16-	Min	1486	0.76	20 (5)	22.6 (0.1) 1.1 (0.8)
	(HmTu)	04PC		(1483)	(0.86)			
			Max	1634	1.14	411 (381)	60.1	20.1
				(1618)	(1.14)		(61.8)	(39.4)
			Mean	1508	0.90	103 (74)	47.3	4.3 (5.5)
				(1533)	(0.98)		(51.6)	
			Median 1500	0.89	103 (63)	47.2	3.8 (3.7)
				(1533)	(0.98)		(54.8)	
		CAS16-	Min	1500	1.26	8 (28)	11.2	0.6 (0.9)
		14PC		(1504)	(1.33)		(22.8)	
			Max	1603	1.77	818 (704)	65.5	32.4 (8.2)
				(1747)	(1.83)		(60.8)	
			Mean	1553	1.533	126 (112)	46.7	4.2 (3.4)
				(1556)	(1.58)		(52.1)	
			Median 1557	1.55	93 (85)	47.2	3.2 (3.2)
				(1556)	(1.58)		(53.8)	
		CAS16-	Min	1480	1.76	34 (1.8)	43.0	0.7 (0.2)
		36PC		(1477)	(1.70)		(39.1)	
			Max	1598	2.72	379 (456)	65.6	9.7 (81.5)
				(1602)	(2.80)		(68.7)	
			Mean	1524	2.32	89 (62)	55.7	3.4 (4.5)
				(1524)	(2.24)		(57.2)	
			Median 1524	2.39	84 (46)	56.9	3.0 (3.5)
				(1527)	(3.25)		(57.2)	
	HMG	CAS16-	Min	1468	0.78	11	15.0	1.3
		04PC	Max	1527	1.04	87	62.4	10.6
			Mean	1493	0.90	44	54.4	6.1

  and CAS16-12PC, with MCD and age, including the error used in the age-depth model.

	CAS16-12PC	83		29.1		0.2		NAPIS-75 1
	CAS16-12PC	132		34.5		0.2		NAPIS-75 1
	Sample CAS16-12PC	186	MCD (m)	41	Age (ka)	0.2	Error (ka)	Reference NAPIS-75 1
	CAS16-04PC CAS16-12PC 235		49.4	16.465	0.2	0.2	NAPIS-75 1 NAPIS-75 1
	CAS16-04PC CAS16-12PC 304		67.9	21.797	0.2	0.2	NAPIS-75 1 NAPIS-75 1
	CAS16-04PC CAS16-12PC 458		118.8	29.548	6	0.2	NAPIS-75 1 CAS16-24PC 2
	CAS16-04PC CAS16-12PC 689		198.1	32.205	4	0.2	NAPIS-75 1 CAS16-24PC 2
	CAS16-04PC CAS16-12PC 828		279.2	45.476	10	1	CAS16-12PC CAS16-24PC 2
	CAS16-04PC CAS16-12PC 1100		331.7	58.002	6	0.2	CAS16-12PC CAS16-24PC 2
	CAS16-04PC CAS16-12PC 1152		349.8	66.167	5	2.9	CAS16-12PC CAS16-24PC 2
	CAS16-04PC CAS16-12PC 1312		380.1	70.283	9	1.4	CAS16-12PC CAS16-24PC 2
	CAS16-04PC CAS16-12PC 1473		407.9	75.547	6	1.8	CAS16-12PC CAS16-24PC 2
	CAS16-04PC			90.612		4.4	CAS16-12PC
	CAS16-04PC			101.506		6.3	CAS16-12PC
	CAS16-04PC			102.309		6.9	CAS16-12PC
	CAS16-14PC			49.667		0.2	NAPIS-75 1
	CAS16-14PC			62.532		2.3	CAS16-12PC
	CAS16-36PC			40.9		0.2	NAPIS-75 1
	CAS16-36PC			46.542		0.4	NAPIS-75 1
	CAS16-36PC			65.135		2	CAS16-12PC
					122			

  Petites Antilles, cette thèse de doctorat répond à l'objectif principal qui est d'étudier les aléas naturels au cours du Quaternaire récent, et plus particulièrement les séismes dans la région des Petites Antilles. À l'aide d'une chronostratigraphie régionale, nous avons mis en évidence l'existence d'un super-cycle sismique sur les quatre-vingt derniers milliers d'années avec une récurrence de vingt-quatre mille ans. Pour atteindre ce résultat, les dépôts sédimentaires caractéristiques des séismes ont été analysés au travers de paramètres

physiques et magnétiques, ce qui a amené à l'établissement d'un modèle de dépôt sédimentaire des complexes homogénite-turbidites. Ces dépôts sont liés à des événements sismiques majeurs qui n'ont encore jamais été enregistrés dans l'histoire récente des Petites Antilles. Ainsi, cette dernière section sera l'occasion de rappeler les principaux résultats et conclusions des trois chapitres de cette thèse, tout en ouvrant sur des perspectives qui pourraient compléter les limites de cette étude et enrichir ce projet.

Chapitre 1

Dans ce chapitre, une magnétostratigraphie régionale a été établie à l'aide d'une carotte sédimentaire dédiée à ces travaux. En effet, alors que les îles volcaniques ont fait l'objet de plusieurs études paléomagnétiques (e.g.

Carlut et Quidilleur, 2000 ; Tanty et al., 2015 ; Ricci et al., 2018) 

et que certaines études de l'Ocean Drilling Program (ODP) ont cherché à mieux comprendre les processus de formation et d'évolution de la zone de subduction des Petites

  , aucune étude n'a encore permis d'établir une magnétostratigraphie détaillée du Quaternaire récent dans cette région. Par conséquent, lors de la mission océanographique CASEIS à bord du N/R Pourquoi Pas ?, un site spécifique a été choisi pour prélever la carotte CAS16-24PC. À l'est de la Dominique, un haut-bathymétrique séparant deux bassins profonds -dont le Bassin de la Martinique -a été un endroit privilégié pour obtenir une carotte sédimentaire peu perturbée, isolée des apports fluviaux des îles et des apports de la plateforme carbonatée. Ainsi, à l'aide des paramètres physiques et magnétiques du sédiment, la totalité des couches déposées rapidement (RDL) ont été identifiées et retirées des données pour obtenir une carotte composite avec un signal quasi-continu.L'analyse paléomagnétique du sédiment a permis de mettre en évidence l'enregistrement de la dernière inversion paléomagnétique que la Terre ait connue : l'inversion Brunhes-Matuyama datée à environ 773 ka(Simon et al., 2019 ; Channell et al., 2020) ainsi que le subchron Jaramillo dont les limites temporelles sont approximativement 1.01 Ma et 1.069 Ma(Singer et al, 2014). L'établissement de la chronostratigraphie complète a été permise par la combinaison de ces données avec celles des variations isotopiques de Guadeloupe jusqu'à ceux de Saint-Barthélemy. Pour identifier la récurrence sismique de cette région, trois carottes prélevées dans des bassins profonds (> 5000 mètres de profondeur) et une carotte provenant d'un bassin du prisme d'accrétion ont été étudiées. Cette dernière,

	la carotte CAS16-12PC, a été analysée à l'aide des paramètres physiques et magnétiques pour
	obtenir une carotte composite dont la RPI a pu être mise en corrélation à la fois avec la carotte
	de référence CAS16-24PC (Bieber et al., 2021) et avec le stack de RPI Nord-Atlantique
	(NAPIS-75 ; Laj et al., 2000).
	Les trois autres carottes, CAS16-04PC, CAS16-14PC et CAS16-36PC, ont aussi été
	étudiées au travers des paramètres physiques et magnétiques pour l'établissement des
	carottes composites. Contrairement aux deux précédentes carottes, celles-ci sont
	principalement composées de couches déposées rapidement (RDL) dont deux types
	référence ont permis de déterminer l'âge de la carotte CAS16-12PC étudiée dans le chapitre comme marqueur paléosismologique (e.g. Goldfinger et al., 2003, 2007 -Cascade ; Ratzov suivant et pourra ainsi servir de carotte de référence pour de futures études sur la période et al., 2010 -Equateur ; Pouderoux et al., 2012 -Nouvelle-Zélande ; Ikehara et al., 2016 -quaternaire des Petites Antilles. Japan ; St-Onge et al., 2012 -Chile ; Patton et al., 2013 -Sumatra-Andaman), les HmTu ont
	Chapitre 2 principalement été identifiées comme des dépôts associés à des séismes ou à des tsunamis
	Ce second chapitre a permis de mettre en valeur un super-cycle sismique associé à la dans des milieux confinés tels que des lacs (e.g., Chapron et al., 1999) ou des mers (e.g., Cita,
	zone de subduction des Petites Antilles sur un secteur qui s'étend des bassins avant-arc de la 2008) mais très peu comme marqueur stratigraphique dans les zones de subduction (e.g.,
	McHugh et al. 2020).

l'oxygène et des variations de paléointensité relative (RPI). En effet, ces dernières ont été comparées à des compilations (stacks) globaux bien contraints temporellement pour obtenir de nombreux tie-points (i.e.,

LR04, Lisiecky et Raimo, 2005 ; PISO1500, Channel et al., 2009 ; PADM2M, Ziegler et al., 2011)

.

Il résulte de cette analyse un taux de sédimentation particulièrement faible (environ 3 cm/ka au cours des derniers 1150 Ma), mais tout à fait cohérent avec la littérature

(Reid et al. 1996)

. L'étendue de cette chronostratigraphie fait de la carotte CAS16-24PC une très bonne référence pour estimer l'âge de dépôts sédimentaires associés à des phénomènes naturels tels que des séismes dans la région. Les variations de RPI de cette carotte de majoritaires ont été identifiées : les turbidites et les complexes homogénite-turbidites. Les turbidites présentent un contact franc, souvent érosif, et sont identifiées avec un granoclassement normal mis en évidence à l'aide des paramètres de densité et de taille des grains magnétiques. L'épaisseur de ces turbidites varie de quelques centimètres à plusieurs décimètres. Les complexes homogénite-turbidites (HmTu) présentent une structure similaire aux turbidites avec une base à contact franc et érosif suivit d'un granoclassement normal, mais avec une partie supérieure homogène généralement très épaisse (plusieurs décimètres jusqu'à quatre mètres d'épaisseur). Cette partie homogène ne présente aucune structure lithologique identifiable sur les photographies à haute-résolution ou les images à rayon-X, mais présente un granoclassement normal très léger tout le long du dépôt. Alors que les turbidites ont déjà fait l'objet de nombreuses études dans d'autres zones de subduction

Table 5 -

 5 Meter composite depth (MCD) correspondence with original coring depth in meters.

	Depth (m) MCD (m) Depth (m) MCD (m) Depth (m) MCD (m)
	0.05	0	7.35	6.58	13.18	11.92
	0.27	0.22	7.92	7.15	13.24	11.98
	0.4	0.23	7.97	7.16	13.26	11.99
	0.63	0.46	8.68	7.87	13.76	12.49
	0.77	0.47	8.74	7.88	13.89	12.5
	1.27	0.97	9.38	8.52	15.31	13.92
	1.32	0.98	9.42	8.53	15.4	13.93
	1.58	1.24	9.48	8.59	15.48	14.01
	1.62	1.25	9.5	8.6	15.55	14.02
	2.14	1.77	10.06	9.16	15.93	14.4
	2.21	1.78	10.12	9.17	16.05	14.41
	2.66	2.23	10.14	9.19	17.14	15.5
	2.7	2.24	10.28	9.2	17.21	15.51
	3.19	2.73	11.01	9.93	17.58	15.88
	3.26	2.74	11.05	9.94	17.78	15.89
	3.42	2.9	12.15	11.04	18.81	16.92

Table 6 -

 6 Major elemental percentages obtained by energy dispersive X-ray spectroscopy (EDS) in samples indicated in Fig.16.

	Element	Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
	Boron	25.35	20.35	0	0	0
	Sodium	0	1.02	0.43	2.21	0
	Magnesium 10.02	1.58	0.45	2.38	0.94
	Aluminium 1.37	6.45	1.51	15.31	0.81
	Silicon	39.85	35.14	1.94	58.89	1.69
	Potassium	0	0.48	0	1.32	0
	Calcium	6.88	1.61	0.26	10.55	0.27
	Iron	15.09	29.05	87.8	7.91	88.82
	Chlorine	0	0	0	0.78	0
	Titanium	0	4.32	7.62	0.65	7.47
	Manganese 1.44	0	0	0	0

Table 8 -

 8 Meter composite depth (MCD) correspondence with original coring depth in meter.

		CAS16-04PC		CAS16-14PC	CAS16-36PC	CAS16-12PC
	MCD	Depth	MCD	Depth	MCD	Depth	MCD	Depth	MCD	Depth
	(m)	(m)	(m)	(m)	(cm)	(m)	(m)	(m)	(m)	(m)
	0.01	3.35	4.39	17.98	0.1	4.98	0.01	1.46	0.01	0.28
	0.17	3.51	4.40	18.10	0.9	5.06	0.17	1.62	1.52	1.79
	0.18	3.55	4.46	18.16	0.10	5.25	0.18	2.91	1.53	1.95
	0.26	3.63	4.47	18.18	0.21	5.36	0.44	3.17	1.72	2.14
	0.27	3.68	4.81	18.52	0.22	6.78	0.45	3.84	1.73	2.17
	0.30	3.71	4.82	18.74	0.40	6.96	0.57	3.96	2.13	2.57
	0.34	3.91	5.18	19.10	0.41	7.06	0.58	8.33	2.14	2.59
	0.35	3.95			0.44	7.09	0.61	8.36	2.87	3.32
	0.48	4.08			0.45	7.21	0.62	10.17	2.88	3.37
	0.49	4.27			0.49	7.25	0.66	10.21	5.37	5.86
	0.95	4.73			0.50	10.07	0.67	10.23	5.38	5.90
	0.96	4.81			0.55	10.12	0.70	10.26	6.73	7.37
	1.10	4.95			0.56	14.74	0.71	10.28	6.74	7.65
	1.11	5.10			0.64	14.82	0.74	10.31	7.88	8.79
	1.14	5.13			0.65	14.85	0.75	10.33	7.89	8.87
	1.15	5.21			0.72	14.92	0.95	10.53	9.63	10.61
	1.30	5.36			0.73	14.97	0.96	10.60	9.64	10.66
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PALEOMAGNETIC ANALYSIS OF RAPIDLY DEPOSITED LAYERS OVER THE LAST 90 KA AT THE LESSER ANTILLES SUBDUCTION ZONE: EXPRESSION OF EARTHQUAKE

SUPER-CYCLE

The Lesser Antilles is an active margin in the Atlantic Ocean, but one of the less studied subduction zones in term of paleo-seismicity over the last decades. While no major earthquakes occurred in the last centuries, records of M ≥ 8 earthquakes were reported on January 11, 1839, and February 8, 1843. These two major events resulted into the destruction of Pointe-à-Pitre and Fort-de-France in the Guadeloupe and the Martinique islands. More recently a M = 7.4 earthquake occurred between the Dominica and Guadeloupe islands in the subducting slab and promoted the destruction of several buildings and roads. A better understanding of the seismic hazards induced by earthquakes along the subduction zone motivated a submarine paleoseismological study in the Lesser Antilles fore-arc basins. To this goal, we collected 38 up to 29 m-long piston cores during the CASEIS expedition. This study presents new exceptionally long (up to 400 ka) paleomagnetic and sedimentary records from four piston cores that reveal the occurrence of several rapidly deposited layers (RDL) in the fore-arc basins. Those RDL includes homogenite-turbidite complexes that may have been triggered by megathrust earthquakes. To establish the chronology of the RDL, we first construct a composite record for each core by isolating and removing those RDL from hemipelagic background sediments on the basis of physical and magnetic parameters. We then used those composite cores to reconstruct relative paleointensity (RPI) variations and to compare them to both the NAPIS-75 stack and the core CAS16-24PC regional reference record to derive several chronostratigraphic tie-points. By combining these tie-points with radiocarbon ages, we developed four age-depth models to temporally constrain all the RDL.

We evidenced that those RDL are emplaced in a cyclic manner. They cluster over ~18 ka long active period separated by ~7 ka long quiescent period during which almost no RDL are observed. Those RDL may be triggered by earthquakes that cluster to form a ~25 ka long seismic super-cycle in the Lesser Antilles subduction.

Regional setting

The Lesser Antilles subduction zone is located at the extreme east of the Caribbean region (Fig. 27-A) where the Caribbean asthenosphere scavenges the Atlantic oceanic sinking plate (Macdonald et al., 2000) at 2 cm.yr -1 in a NNE-SSW orientation (DeMets et al., 2000;Symithe et al., 2015). The trench is 8000 mbsl next to an accretionary prism of 300 km (south) to 50 km (north) of width. The insular shelf presents the same south-north dissymmetry and is 250 km to 100-80 km wide (Picard et al., 2006). Two periods of eruptive activity during the Eocene-Oligocene and the late Miocene-early Pliocene to present (Bouysse and Westercamp, 1990) shaped the morphology of the Lesser Antilles arc. It is composed of an active volcanic arc (volcanic caribbees) along which are growing the main active volcanoes (Montagne Pelée, Soufrière, Montserrat) to the west and an old, nowadays inactive, volcanic arc composed of abraded volcanic islands now covered by Plio-Pleistocene carbonate platform to the east (limestone caribbes). The westward migration of the volcanism may have resulted from a change in the dip of the subducting slab promoted by the subduction of the Tiburon and St-Lucia ridges (Briden et al., 1979;Bouysse and Westercamp, 1990). In addition to the megathrust fault zone at the subduction plate interface, the overriding Caribbean plate is cut by numerous active faults that form two different families: arc perpendicular graben in the fore-arc and arc-parallel sinistral en-echelon oblique faults along the arc which result from slip partitioning of the convergence [START_REF] Feuillet | Extension active perpendiculaire à la subduction dans l'arc des Petites Antilles (Guadeloupe, Antilles françaises)[END_REF][START_REF] Feuillet | Arc parallel extension and localization of volcanic complexes in Guadeloupe, Lesser Antilles: EXTENSIONAL ACTIVE FAULTING IN GUADELOUPE[END_REF](Feuillet et al., , 2004(Feuillet et al., , 2011)).

A long-term strain accumulation at the megathrust might have been responsible for large and strong earthquakes as those recorded in 1839 and 1843 (M ≥ 8; Feuillet et al., 2011;[START_REF] Hough | Missing great earthquakes: MISSING GREAT EARTHQUAKES[END_REF]. The oldest large historical earthquake occurred in April 1690 offshore Monserrat (intensity between VIII and IX; Feuillet et al., 2011). In the last decades, the two most recent large earthquakes occurred in 2004 in Les Saintes (Mw = 6.3; [START_REF] Zahibo | The earthquake and tsunami of November 21, 2004 at Les Saintes, Guadeloupe, Lesser Antilles[END_REF], Feuillet et al. 2011a) and 2007 in Martinique (Mw = 7.4;Schlupp et al. 2008).

seismic-reflection survey to study the paleo-seismology offshore Montserrat and Nevis Islands. They reveal the presence of homogenite-turbidite complexes probably associated to historical earthquakes. Seibert et al. (2022;SUBMITTED) and Morena et al. (in prep) produced the first analysis of respectively the middle and the north of Lesser Antilles forearc basins paleo-seismology. These studies reveal a seismic recurrence time between 2 and 5 ka and about 1.5 ka respectively. Recurrence of major event seems larger (about 30 ka); however, those studies are limited by their age models developed with radiocarbon dating and biozones. We propose here to complement these two studies with a paleomagnetic analysis to better constrain the age model and link the two geographic locations. We also Considering all the above arguments, the NRM is most probably carried by low coercivity minerals such as magnetite and titano-magnetite and the hemipelagic sediments of the composite records fulfill recommended criteria to reconstruct a reliable RPI (Levi and Banerjee, 1976;Tauxe, 1993;Stoner and St-Onge, 2007).

The reconstruction of the RPI requires to correct the NRM from the lithological influence using a normalizer such as ARM, IRM or k (Tauxe, 1993). The use of different methods to normalize the NRM is a requirement to evaluate the robustness of the RPI reconstructions (coherence between each normalization results). Two main methods are commonly used to identify the best normalizer. The most used is the ratio method (e.g. Channel et al., 1997;St-Onge et al., 2003;Bieber et al. 2021), which was calculated here using eight demagnetization steps (10-45 mT) of the NRM for core CAS16-12PC and nine demagnetization steps (10-50 mT) for the other cores, each of them normalized by ARM, IRM and k. The normalized NRM is plotted against each normalizer and the best one must reveal the lowest coefficient of determination (r²). For the top twelve meters, CAS16-12PC

presents the lowest r² = 0.04 with ARM as a normalizer (ANNEXE 2, Fig. 50), while for the other cores, the lowest r² is found to be with k as the normalizer. Because k might be affected by paramagnetic grains that do not contribute to remanent magnetization (Forter et al., 1994;Brachfeld and Banerjee, 2000) and because ARM or IRM better mimics the coercivity spectra of the NRM (right-end graphs in figures S4-S7), we will further investigate the use of ARM or IRM as the best normalizer. Cores CAS16-04PC, CAS16-14PC and CAS16-36PC show the lowest r² with ARM as normalizer with respective values of 0.18, 0.07 and 0.10 (ANNEXE 2, Fig. 51 to 53). A second method to reconstruct the RPI is based on the pseudo-Thellier approach developed by Tauxe et al. (1995) and recognizes as the slope method (e.g. Channell, 2002;Snowball and Sandgren, 2004;Xuan and Channel, 2009). It uses the slope between NRM and normalizer at different demagnetization steps. To assess the efficiency of a normalizer using the slope method, a correlation coefficient (r) must be the highest. In all cores, ARM normalizer presents the best r median values > 0.99. Coherence between both methods is strongest with ARM than with IRM normalization, which raises Marie-Pier St-Onge for their help on board the ship and/or in the laboratory. We thank MNHN for CASEIS cores storage in the marine collection. A. Bieber acknowledges scholarships from the Institut des sciences de la mer de Rimouski (ISMER) and Institut de physique du globe de Paris (IPGP). 

INFLUENCE OF LITHOLOGICAL CHANGES ON THE PALEOMAGNETIC RECORD BASED ON QUATERNARY RAPIDLY DEPOSITED LAYERS FROM THE LESSER ANTILLES: A NEW MODEL FOR THE DEPOSITION OF HOMOGENITE-TURBIDITE COMPLEXES.

Oceans represent over 70 % of Earth's surface, which makes marine sediment an ideal archive to study the geomagnetic field through time. However, how the ambient field is recorded by settling magnetic particles remains incomplete. To improve this knowledge, several studies realized redeposition experiments. Given that such experiments reflect the deposition of rapidly deposited layers, turbidites began to gain paleomagnetic interest.

However, turbidites and homogenite-turbidite complexes (HmTu) were used indistinctively.

While turbidites are the result of a turbidity current, HmTu were previously associated to tsunami and earthquakes events with a generally thick homogenous uppermost layer that cannot be the result of a sole turbidity current. The paleomagnetic study of twenty HmTu HmTu dataset for a total of thirty-four beds available. A quasi-logarithmic relationship was found between magnetic grain size and turbidite thickness, while inclination reveals a linear relationship with thickness. These two different trends might be the reflection of distinct processes and, in particular, turbidite inclination variations are less affected by flocculation than by turbulence. This study suggests analyzing homogenite rather than turbidite to compare with redeposition experiments, as no turbulence occurs during the latter.

Results

Turbidite characterization

Thirteen turbidites were identified on cores CAS16-04PC, CAS16-14PC, and CAS16-36PC (Bieber et al. in prep). Twelve present a fining upward magnetic grain size variations based on the kARM/k parameter (Fig. 36). This magnetic grain size variation is consistent with the analysis of density parameters. The four cm-thick turbidite observed in core CAS16-14PC is the only one with decreasing kARM/k values. The mean range (Δ) of kARM/k is 3.7 for core CAS16-04PC, while it is 5.7 and 5.0 for cores CAS16-14PC and CAS-36PC.

For each core, two demagnetization diagrams from a single turbidite (10-cm interval) are shown in Figure 37. Their associated orthogonal projections present a well-defined single component magnetization passing through the origin. These samples also reveal that 90 % of the demagnetization is already removed before the 50 mT step, which is typical of low coercivity minerals with larger grains. ΔI show similar variations between cores with a mean value of 8.8° for the core CAS16-04PC, while the two other cores depict higher values of 39.0° and 16.4° respectively. Range data are shown in Figure 36 with left-right gray arrows.

All MAD values range from 1° to 40° with the highest values found at the base and the lowest in the uppermost parts of turbidites. Small turbidites (< 5 cm) reveal MAD values < 5°.

Homogenite-Turbidite complexes (HmTu) characterization

Twenty HmTu's were identified and analyzed on the three cores presented in this paper.

Turbidite basal parts range from 6 to 173 cm in thickness with an average of 58 cm. They are defined as turbidites with normal grading and similar mean ΔkARM/k values of 3.7, 4.7, and 5.0 for cores CAS16-04PC, -14PC, and -36PC (Fig. 38). In contrast with turbidite, ΔI is more important with mean values of 37.0°, 48.0°, and 77.6° for the respective cores, however, like the turbidites, MAD values are ranging from 1° to 29° with higher values at the base of the event and lowest values at the top. Typical demagnetization diagrams and orthogonal