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The Camamú triple junction where the aborted Recôncavo-Tucano-Jatobá rift system connects with the Jequitinhonha-Camamú-Almada and Jacuípe-Sergipe-Alagoas rift systems, played an essential role in the opening of the South Atlantic Ocean. The development of the three branches of this triple junction is still not completely understood and even the location of the first oceanic crust and exact breakup time, the segmentation and the tectonic inheritance of the passive margins involved, are still unclear. The SALSA experiment focussed on the crustal and lithospheric structure and aimed to constrain the segmentation, the tectonic inheritance and the geodynamical setting of the area.

The crust beneath the Camamu triple junction is already very well investigated, but the most part of the studies are based in near-offset reflection seismic, what gives a good image of the top of the crust, but few information about deep geometry of the Moho and velocity of the crust. This thesis uses wide-angle refraction seismic to reveal the deep subsurface seismic velocities and bring substantial additional information to the related knowledge of the area.

Seismic shot, Multi-Channel Seismic acquisition (MCS) and Ocean Bottom Seismometers (OBS) deployments were performed by the R/V L'Atalante (IFREMER) along 12 profiles. Among them, five were extended onshore by Land Seismic Stations (LSS). P-wave velocity models were constructed based on the joint interpretation of multichannel and wide-angle seismic data using the RAYINVR software.

In this manuscript, we present models derived from wide-angle refraction and coincident reflection data along two parallel profiles located on the Sergipe-Alagoas basin ii (SL01 and SL02), extending approximately 220 km and 200 km from the continental shelf to the distal Sergipe basin north to the Vaza-Barris Transfer zone, and one of them, the SL02 prolongates for 150 km through the continent, on Sergipe -Alagoas continental basin and its basement, the Sergipana Fold Belt.

The results of this study indicate a crustal segmentation where three distinct domains can be distinguished: 1. An Unthinned Continental Domain; 2. A domain of crustal thinning: the Necking Domain, and lastly; 3. A External Domain presumed to be of oceanic nature. The complete necking of the continental crust occurs within less than 80 km wide, and that the continental-oceanic crusts boundary coincides with the end of the necking zone. This transition between the continental and oceanic crust is marked by some complexes signatures, that are related to truncation of crust layers, high velocities gradients, and anomalous bodies. The Moho discontinuity rises from ~35 km at the Unthinned Continental Domain to less than 8 km on the External Domain. The crust is composed by three layers: an upper layer, with velocities between 5.40 and 5.90 km/s, 10 km thick at the Unthinned Continental Domain, that decreases to 2 km thick at the External Domain; a middle layer with velocities between 6.10 and 6.50 km/s and thickness ranging from 6.0 to 2.0 km; and a lower thicker crustal layer with velocities betweeen 6.60 and 7.50 km/s and thickeness varying from 20.0 km at the Unthinned Continental Domain to 5.0 km at the External Domain. The upper mantle has typical velocities (7.9-8.2 km/s) of an unaltered mantle, without significant variations.

The foward modelling of the passive margin in the Sergipe Alagoas basin precisely constrains crustal geometries and segmentation. The differences between the profiles illuminate the influence of the tectonic inheritance resulted by the Vaza-Barris Transfer Zone. This integrated information allows some new conjectures around the geodynamic history of the region. Le point triple de Camamú, où le système de rift avorté Recôncavo-Tucano-Jatobá est relié aux systèmes de rift Jequitinhonha-Camamú-Almada et Jacuípe-Sergipe-Alagoas, a joué un rôle essentiel dans l'ouverture de l'océan Atlantique Sud. Le développement des trois branches de ce point triple n'est pas encore complètement élucidé. De même l'emplacement de la première croûte océanique, l'âge exact de la rupture, la segmentation et héritage tectonique des marges passives impliquées, ne sont toujours pas clairs. La mission SALSA s'intérêresse à la structure de la croûte et de la lithosphère et vise à contraindre la segmentation, l'héritage tectonique et le cadre géodynamique de la zone.

La croûte sous le point triple de Camamu est déjà très bien étudiée, mais la plupart des études sont basées sur des profils de sismiques de réflexion, qui donne certes une bonne image du toit de la croûte, mais peu de contraintes sur la profondeur du Moho et les vitesses dans la croûte. Cette thèse utilise la sismique réfraction grand angle pour contraindre les vitesses sismiques souterraines profondes, et ainsi apporter des informations supplémentaires substantielles à la connaissance à cette région.

Des acquisitions conjointes de sismique réflexion (MCS) et de sismique grand-angle (OBS) ont été réalisées sur le N/O L'Atalante (IFREMER) le long de 12 profils. Parmi eux, cinq ont été prolongés à terre par des stations sismiques terrestres (LSS). Les modèles de vitesse d'onde P ont été construits sur la base de l'interprétation conjointe de données sismiques réflexion et grand-angle en utilisant le logiciel RAYINVR. iv Dans ce manuscrit, nous présentons des modèles de vitesse le long de deux profils parallèles situés dans le bassin de Sergipe-Alagoas (SL01 et SL02), s'étendant sur 220 km et 200 km, respectivement du plateau continental au bassin profond de Sergipe au nord de la zone de transfert de Vaza-Barris. L'un d'eux, le profil SL02 se prolonge sur 150 km à travers le continent, dans la partie continentale du bassin de Sergipe -Alagoas et son socle, la Sergipana Fold Belt.

Les résultats de cette recherche indiquent une segmentation crustale où trois domaines peuvent être distingués: 1. Un Domaine Continental non-Aminci; 2. un domaine d'amincissiment crustal: le Domaine de Necking, et enfin; 3. un Domaine Externe présumé de nature océanique. L'amincissiment complet de la croûte continentale se produit en moins de 80 km de large, et la limite océan-continent coïncide avec la fin de la zone d'amincissement. Il n'y a pas de domaine transitionel. Cette transition entre la croûte continentale et la croûte océanique est marquée par quelques signatures complexes, qui sont liées à la troncature des couches crustales, aux gradients de fortes vitesses et à la présence de corps anormaux. La discontinuité de Moho diminue de ~ 35 km dans le Domaine Continental non-Aminci à moins de 8 km sur le Domaine Externe. La croûte est composée de trois couches: une couche supérieure, avec des vitesses comprises entre 5,40 et 5,90 km/s, d'une épaisseur de 10 km au niveau du Domaine Continental non-Aminci, qui diminue jusqu'à 2 km d'épaisseur dans le domaine externe; une couche intermédiaire avec des vitesses comprises entre 6,10 et 6,50 km/s et une épaisseur variant de 6,0 et 2,0 km; et une couche inférieure plus épaisse avec des vitesses comprises entre 6,60 et 7,50 km/s, et une épaisseur variant de 20,0 km dans le Domaine Continental non-Aminci à 5,0 km dans le Domaine Externe. Le manteau supérieur a des vitesses typiques (7,9-8,2 km/s) d'un manteau inaltéré, sans variations significatives.

La modélisation de la marge passive du bassin de Sergipe Alagoas contraint précisément les géométries crustales et la segmentation. Les différences entre les profils éclairent l'influence de l'héritage tectonique résultant de la zone de transfert de Vaza-Barris. Ces informations intégrées permettent de nouvelles conjectures autour de l'histoire géodynamique de la région. A junção tripla de Camamu onde o sistema do rift abortado Recôncavo-Tucano-Jatobá se conecta com os sistemas rift de Jacuípe-Sergipe-Alagoas e Camamu-Almada, Jequitinhonha, desempenhou um papel fundamental na abertura do Oceano Atlântico Sul.

Mots

O desenvolvimento dos três ramos desta junção tripla ainda não é totalmente compreendido, e a segmentação e herança tectônica das margens passivas envolvidas ainda não estão devidamente claras. O experimento SALSA baseia-se na análise das estruturas crustal e litosférica, e visa revelar a segmentação, a herança tectônica e a configuração geodinâmica da área.

A litosfera embaixo da junção tripla de Camamu já é de certa forma amplamente estudada, mas a maior parte dos estudos é baseada em sísmicas de reflexão, o que dá uma boa imagem da crosta, mas com profundidades rasas e imprecisas. Esta tese utiliza sísmicas de refração de grande-ângulo para revelar as velocidades sísmicas subterrâneas profundas, e com isso, trazer informações adicionais substanciais para o conhecimento correlato da área.

A aquisição sismica multicanal (MCS) e a deposiçao dos sismômetros oceânicos-Ocean Bottom Seismometers (OBS) foram realizadas pelo N/O Atalante (IFREMER) ao longo de 12 perfis. Entre eles, cinco foram estendidos onshore por sismômetros terrestres-Land Seismic Stations (LSS). Os modelos de velocidade da onda-P foram construídos com vi base na interpretação conjunta de dados sísmicos multicanal, e de grande-ângulo usando o software RAYINVR.

Neste manuscrito, apresentamos modelos derivados de dados de sismica de refração de grande-angulo, e de sismica de reflexão coincidentes, ao longo de dois perfis paralelos (SL01 e SL02), localizados na Bacia de Sergipe-Alagoas , estendendo-se por cerca de 220 km e 200 km, da plataforma continental, até a bacia distal de Sergipe, ao norte da zona de transferência Vaza-Barris, e um deles, o SL02, estendido por 150 km através do continente, na bacia continental de Sergipe-Alagoas e seu embasamento, a Faixa de Dobramentos Sergipana.

Os resultados da pesquisa indicam uma segmentação crustal onde três diferentes domínios podem ser distinguidos: 1. Domínio Continental não-Adelgaçado; 2. um domínio de afinamento crustal, o Necking Domain e, finalmente; 3. Domínio Externo, o qual presume-se ser de natureza oceânica.

O completo adelgaçamento da crosta continental ocorre dentro de 80 km, e o limite de crosta continental-oceânica coincide com o fim da zona de necking. Esta transição entre a crosta continental e oceânica é marcada por algumas assinaturas sismicas complexas, que estão relacionadas ao truncamento de camadas de crosta, altos gradientes de velocidades e corpos anômalos. A descontinuidade Moho sobe de ~ 35 km no Domínio Continental não-Adelgaçado, para menos de 8 km no Domínio Externo. A crosta é composta por: uma camada superior, com velocidades entre 5,40 e 5,90 km/s, 10 km de espessura no Domínio Continental não-Adelgaçado, que diminui para 2 km de espessura no domínio externo; a crosta média, que possui espessura entre 6,0 e 2,0 km, e velocidades entre 6,10 e 6,50 km/s; e a camada inferior, que possui velocidades que variam entre 6,60 e 7,50 km/s, e espessuras variando de 20,0 km no Domínio Continental não-Adelgaçado para 5,0 km no Domínio Externo. O manto superior tem velocidades típicas (7,9-8,2 km / s) de um manto inalterado, sem variações significativas.

A modelagem da margem passiva da bacia de Sergipe Alagoas estabelece precisamente as profundidades e a segmentação crustal. As diferenças entre os perfis iluminam a influência da herança tectônica provocada pela Zona de Transferência Vaza-Barris. Essas informações integradas permitem algumas novas inferências em torno da história geodinâmica da região. Location of the seismic profiles of the SALSA experiment. Mercartor projection. Ocean Bottom Seismometers (OBSs) are marked by white dots, MCS profiles by thick black lines, landstations by white triangles. The SL 01 and SL 02 profiles are marked by yellow lines. ION-GXT survey is represented by thin red dotted lines. The blue line represents the location of a gravity modelled transect made by Blaich et al (2008); and the red line represents the location of an interpreted deep seismic profile 239-RL-343 (Mohriak et al., 1995(Mohriak et al., , 1998(Mohriak et al., , 2000)).
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Figure 2.1

Histogram of crustal thickness. The thickness shown in the box is the average of 560 measurements. The weighted average crustal thickness, based on estimated proportion of tectonic provinces by area, is 41.0 km (Christensen and Mooney, 1995).
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Histogram of average crustal velocity. The weighted average crustal velocityis 6.45 km/s (Christensen and Mooney, 1995).
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Histogram of upper most mantle velocity (Pn). The weighted average Pn velocity is 8.07 km/s (Christensen and Mooney, 1995).
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Simplified cross section of the crustal structure of the Baltic Shield and central Europe based on refraction seismic P-velocities (Wedepohl, 1995).
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Standard profile of the continental crust derived from the 3000 km long European Geotraverse generalized on the basis of worldwide mapping, petrological studies and chemical balances (Wedepohl, 1995).
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Histogram showing distribution of igneous crustal thickness from oceanic seismic profiles constrained by synthetic seismogram modeling (White et al., 1992).

Figure 2.7

Stacked velocity-depth curves for the profiles from the Atlantic Ocean from the compilation made by White et al.,(1992).

Figure 2.8

Schematic ophiolite structure in a oceanic crust and upper mantle [START_REF] Brown | The Inaccessible Earth: an Integrated View to its Structure and Composition[END_REF].

xiii Figure 2.10 Dichotomy proposed by [START_REF] Gernigon | A moderate melting model for the Vøring margin (Norway) based on structural observations and a thermo-kinematical modelling: Implication for the meaning of the lower crustal bodies[END_REF]. Main characteristics of volcanic margins versus non-volcanic passive margins. (a) Schematic crustal section of a wide non-volcanic "Galician Type" margin characterised by the progressive exhumation of the underlying serpentinised mantle (Boillot and Froitzheim, 2001). (b) Structure and main characteristics of a volcanic "Norwegian type" margin. CLCB: continental part of lower crustal body; OLCB: transitional-oceanic part of the lower crustal body; SDRS: seaward dipping reflectors. (S) Symbolizes the postbreakup subsidence of the non-volcanic margin; (U) represents the relative uplift recorded along the volcanic margin as an isostatic consequence of thick high velocity underplating observed along the continent-ocean transition (COT).
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Figure 2.11 Across-strike section of a volcanic passive margin. The presence of internal sedimentary basins is not the rule. SDRint and SDRext respectively, internal and external seaward-dipping lavas and volcanic projections [START_REF] Geoffroy | Volcanic passive margins[END_REF].
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Figure 2.12 (A) Formation of SDR at Volcanic passive margins: SDR are syn-magmatic roll-over flexures accommodated by continentward-dipping normal faults. (B) Example of tilted continentward-dipping normal fault (yellow dots) in the a internal SDR of SE Baffin-Bay (Geoffroy et al., 2001). Note also the reactivation of a dyke as a secondary normal fault during the seaward-tilt of the lavas and projections (red dots). (C) Outer SDR-prism west of Australia [START_REF] Planke | Seismic volcanostratigraphy of large volume basaltic extrusive complexes on rifted margins[END_REF].

Figure 2.13

Comparison between two continental margins (Sergipe-Alagoas Margin and Greenland "volcanic" margin). Low energy reflectors interpreted as SDRs on the Brazilian profile (Mohriak et al., 1995) and the 4 km-thick SDR layer on the Greenland profile (Korenaga et al., 2000) are underlined in yellow. Note the difference of longitudinal extension (20 km versus 150 km). The same observation can be done on lateral extension. After Moulin et al., 2005.

22

Figure 2.14 Characteristic properties of type I and type II margins. Type I (a) is based in the Iberia-Newfoundland margins and type II (b) in Central South Atlantic margins [START_REF] Huismans | Depth-dependent extension, two-stage breakup and cratonic underplating at rifted margins[END_REF]. The characteristics 1-7 and A-I are in the text, in the descriptions of each type of margin.

Figure 2.15

Conceptual schema of the formation of a rift sag basin, where the syn-or post-rift subsidence open space for the sedimentation of the basin [START_REF] Leach | Sediment-hosted lead-zinc deposits in Earth history[END_REF].
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Figure 2. [START_REF] Soares | Seismic characteristics of central Brazil crust and upper mantle: A deep seismic refraction study[END_REF] Schematic evolution of a transformed margin and adjacent divergent margins, modified from [START_REF] Mascle | Evidence for transform margin evolution from the Ivory Coast-Ghana continental margin[END_REF] and Mercier de Lepinay (2015).

xiv Figure 2.17 Three-dimensional illustration of the symmetric pure shear model based in the model of McKenzie, 1978) for continental extension. The detachment is seen as representing an ancient brittle-ductile transition in the Earth's crust. Brittle deformation in the upper plate is synchronous with ductile deformation in the underlying lower plate, which is the result of bulk coaxial extensional as the entire lower part of the lithosphere uniformly stretches (Lister and Davis, 1988).

Figure 2.18

Extension of the continental crust using a single lithospheric dislocation based in the model of [START_REF] Wernicke | Uniform-sense normal simple shear of the continental lithosphere[END_REF]. The detachment fault represents the upper levels of a shallow-dipping shear zone that passes all the way through the lithosphere (Lister and Davis, 1988).
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Figure 2.19 An alternative model for continental extension that involves the concept of a crustal shear zone which detaches the continental crust below the stress guide defined by the brittle-ductile transition. The shear zone broadens with increasing depth, and terminates within the crust (Lister and Davis, 1988. ) 31 Figure 2.20 Continental crust thinning process: conceptual versus kinematic approaches. Top: Simplified geometries of a system of conjugate margins. Drawn after the conjugate Angola and Espirito Santo continental passive margins [START_REF] Contrucci | Deep structure of the West African continental margin (Congo, Zaïre, Angola), between 5°S and 8°S, from reflection/refraction seismics and gravity data[END_REF]Moulin et al., 2005;[START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF][START_REF] Unternehr | Hyper-extended crust in the South Atlantic: in search of a model[END_REF]. A) Conceptual approach (conservative model): The actual area of continental crust is intrinsically strictly equal to the initial area, the continental crust thinning process can be converted in the horizontal movement. B) Kinematic constraints: the horizontal movement is given by precise kinematic reconstruction. A wide thinned basin remains in that case. The allochthonous domains (part 2) of each margin overlap each other and are not shown on figure B-2. The quantity of 'missing' lower continental crust depends of the nature (lower continental or not) of the allochthonous domain [START_REF] Aslanian | Paleogeographic consequences of conservational models in the South Atlantic Ocean[END_REF].

Figure 2.21

Example of a rift evolution described by an analogue model [START_REF] Corti | Control of the rheological structure of the lithosphere on the inward migration of tectonic activity during continental rifting[END_REF]. Note the two-phase rift evolution with a first phase of boundary fault activity and basin subsidence, followed by activation of en-echelon arranged internal faults obliquely cutting the rift floor xv The strongest crust at the top and the weakest at the bottom. Strong crusts generate narrow rifts with large initial asymmetry and weak crust favours wide rifts with an initially symmetric configuration. The final structure of the rifted margins is depicted on the right. The width of the margin that is formed during the simultaneous faulting phase (indicated with black arrows) and also the total margin width grows proportional to the weakness of the crust. The width of the hyperexted margin (blue arrows) depends on the duration of the rift migration, which can least more than 20 Ma. Both narrow and wide rifts are capable of forming highly asymmetric conjugate margins [START_REF] Brune | Rifted margin architecture and crustal rheology: Reviewing Iberia-Newfoundland, Central South Atlantic, and South China Sea[END_REF] 39 Figure

2.23

The three phases model of evolution of [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF]. The horizontal movements are constrained by kinematic reconstructions of Moulin et al;(2007). Vertical exaggeration is 3. The rifting phase (A to B) occurred on a large area, producing some tilted blocks (on the top of the plate-form in this case). The exhumation phase (C to D) is the main thinning phase with the formation of the sag basin and continental to lacustrine sedimentation. The end of this phase is marked by the first marine sediment (known as the "La Chela" layer), the deposit of the salt layer, in a very shallow environment. The third phase (D to E) corresponds to the break-up and drift phase. The elevated position of the system is maintained at least until the break-up. The stress field (red rectangles) narrows from more than 400 km to less than 50 km between these three phases. Note the crustal abrupt thinning, the vertical collapse of the sag basin, and the huge difference between the volume of allochthonous exhumed material (brown area) and the "missing" continental crust in the thinned basin. Note also that if this exhumed material corresponds to middle/lower continental crust, the total thickness of both allochthonous and autochthonous material and the anomalous velocity zone (C) has the same order as the first continental layer given by the refraction data in the unthinned continental crust (E).
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Figure 2.24

Palinspastic reconstruction across the southern Iberia abyssal plain (SIAP) made by Whitmarsh et al. (2001) as an example of how IODP boreholes are used in crust modelling. a) Tectonic interpretation of the depth-migrated multichannel seismic reflection profile. The total extension accommodated by the detachment faults LD, HD and HHD is around 34 km and this occurred between late Tithonian time (137 Ma). Exhumation of about 75 km of subcontinental mantle within the ZECM b) Situation after mantle exhumation along the detachment HHD. The rollover of HHD can explain three characteristic features: (1) the large (20.5 km) offset on this fault resulting in the observed minor submarine relief within most of the ZECM;

(2) exhumation of subcontinental mantle by pulling it out from underneath a relatively stable hanging wall; and (3) the formation of tectono-sedimentary breccias on two basement highs drilled by the ODP (Sites 899 and 900/1067/1068) by a conveyor-belt-type sediment accumulation whereby the exhumed footwall rocks were fractured, exposed, and redeposited along the same active fault system. c) Situation at the onset of HHD and after motion on detachment HD stopped. d) Situation after extension along the detachment LD. We note the listric geometry of this fault, the relatively small 4.7 km offset along it, compared to the later detachment HHD, and its extension into brittle mantle. e) Situation at the onset of detachment faulting when continental crust was already thinned over a broad region by symmetric lithosphericscale pure shear from about 30±35 km to about 7 km, showing distribution of the rocks eventually drilled by ODP. f) Track of profile Lusigal 12.
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Figure 2.25 Bathymetric maps of the Iberia-Newfoundland rifted margins with the location of the principal seismic reflection profiles [START_REF] Sutra | Quantification and restoration of extensional deformation along the Western Iberia and Newfoundland rifted margins[END_REF]. Regional tectonic map of the Somalian and Arabian plates, characterized by nascent divergent margins, and the convergent boundary between Arabia and Iran (Mohriak and Leroy, 2012).

xvii From Moulin et al. (2010). General tectono-structural map of the South Atlantic Ocean at Chron 34 (84 Ma). For this well-constrained reconstruction, was used the Eulerian pole from [START_REF] Campan | Analyse cinématique de l'Atlantique Equatorial, implications sur l'évolution de l'Atlantique Sud et sur la frontière de plaque Amérique du Nord /Amérique du Sud[END_REF] for the Equatorial and South Atlantic oceans and the Eulerian pole from [START_REF] Sahabi | Modèle général de l'évolution de l'océan Indien[END_REF] for the South Western Indian Ocean. This figure summarizes all the geological structures that will be used in this study.

Fracture zones and seamounts are based on interpretation of satellite-derived gravity 1 mn × 1 mn grid (Sandwell and Smith, pers. comm.). The bathymetric contours near Walvis Ridge are based on the Ifremer detailed bathymetric map [START_REF] Needham | Carte bathymétrique de la ride de Walvis et du Bassin du Cap[END_REF]. The large red line represents the accreting oceanic ridge at Chron 34. Sedimentary Cretaceous basins are represented by green lines (after Choubert et al., 1968;[START_REF] Lima | remet en question la proposition selon laquelle le SFB est une ceinture plissée-néoprotérozoïque produite par l'inversion d'un bassin de marge passive situé au nord-est du l'ancienne plaque de Sao Francisco[END_REF][START_REF] Urien | The geology of the basins of the Argentine continental margin and the Malvinas Plateau[END_REF][START_REF] Hinz | The Argentine continental margin north of 48 degrees S; sedimentary successions, volcanic activity during breakup[END_REF][START_REF] Turner | Magmatism and continental break-up in the South Atlantic; high precision 40Ar-39Ar geochronology[END_REF][START_REF] Trompette | Geology of Western Gondwana 2000-500 Ma: Pan-African-Brasiliano aggregation of South America and Africa[END_REF]. Cratons are represented by brown lines (after [START_REF] Trompette | Geology of Western Gondwana 2000-500 Ma: Pan-African-Brasiliano aggregation of South America and Africa[END_REF]. Aptian salt extension (pink areas) are based on a compilation of different sources (Pautot et al., 1973;[START_REF] Renard | Eastern Atlantic continental margins; various structural and morphological types[END_REF][START_REF] Emery | Continental Margin off Western Africa : Angola to Sierra Leona[END_REF][START_REF] Lehner | Structural history of Atlantic margin of Africa[END_REF][START_REF] Rosendahl | Deep seismic reflection study of a passive margin, southeastern Gulf of Guinea[END_REF][START_REF] Rosendahl | Deep seismic structure of the continental margin in the Gulf of Guinea: a summary report[END_REF]Meyers et al., 1996;[START_REF] Marton | Evolution of the Angolan passive margin, West Africa, with emphasis on post-salt structural styles[END_REF][START_REF] Contrucci | Deep structure of the West African continental margin (Congo, Zaïre, Angola), between 5°S and 8°S, from reflection/refraction seismics and gravity data[END_REF]Moulin et al., 2005 for the African side, and [START_REF] Butler | Shallow structure of the continental margin, southern Brazil and Uruguay[END_REF][START_REF] Mascle | The marginal Sao Paulo Plateau, comparison with the southern Angolan margin. Simposio internacional sobre as margens continentais de tipo atlantico[END_REF][START_REF] Leyden | Salt distribution and crustal models for the eastern Brazilian margin[END_REF][START_REF] Curie | Ouverture de l'Atlantique sud et discontinuités intra-plaque: une nouvelle analyse[END_REF][START_REF] Heilbron | From collision to extension: the roots of the south-eastern continental margin of Brazil. In: Talwani & Mohriak (eds) Atlantic Rifts and Continental Margins[END_REF]Unternehr., pers. comm.. for the Brazilian side). The location of the Abimael ridge (interpreted by Mohriak, 2001, as an aborted oceanic propagator across the Rio Grande Fracture Zone) is given by the letters A. R. with a black arrow. Seaward Deeping Reflectors (SDRs) (green light areas) are from Gonçalves de Souza (1991) and [START_REF] Moulin | Typologie des marges -1ere Partie l'Atlantique Sud, Rapport confidentiel[END_REF] for South America, and Bauer et al. (2000) for Africa. The M-sequences magnetic anomalies are based on our new interpretation (see Figs. 4 and5), whereas the C34 anomaly is based on the interpretation of [START_REF] Klitgord | Plate kinematics of the Central Atlantic. The geology of North America[END_REF]. The main structural constraints (lineaments and plateau limits) used for the kinematic reconstructions (blue lines) are drawn according to [START_REF] Gouyet | Evolution tectono-sédimentaire des marges guyanaises et nordbrésilienne au cours de l'ouverture de l'Atlantique Sud[END_REF], [START_REF] Cherkis | Carte Tectonique Internationale de l'Afrique[END_REF], [START_REF] Gueguen | Le bassin Liguro-Provencal, un véritable océan. Exemple de segmentation des marges et de hiatus cinématiques[END_REF], [START_REF] Lima | remet en question la proposition selon laquelle le SFB est une ceinture plissée-néoprotérozoïque produite par l'inversion d'un bassin de marge passive situé au nord-est du l'ancienne plaque de Sao Francisco[END_REF] and [START_REF] Curie | Ouverture de l'Atlantique sud et discontinuités intra-plaque: une nouvelle analyse[END_REF]. Cretaceous volcanism (in red) and triassic volcanism (in purple) limits are by [START_REF] Lima | remet en question la proposition selon laquelle le SFB est une ceinture plissée-néoprotérozoïque produite par l'inversion d'un bassin de marge passive situé au nord-est du l'ancienne plaque de Sao Francisco[END_REF], Jacques (2003a,b), Turner et xviii al. (1994), [START_REF] Araújo | The atypical Permian petroleum system of the Paraná Basin, Brazil[END_REF], Marzoli et al. (1999a) and [START_REF] Cherkis | Carte Tectonique Internationale de l'Afrique[END_REF]. Hinge lines (thick red lines) are based on the compilation of the interpretation of Unternehr (comm. pers.), [START_REF] Heilbron | From collision to extension: the roots of the south-eastern continental margin of Brazil. In: Talwani & Mohriak (eds) Atlantic Rifts and Continental Margins[END_REF], [START_REF] Karner | Tectonic and stratigraphic development of the West African and eastern Brazilian margins; insights from quantitative basin modelling[END_REF] and [START_REF] Moulin | Typologie des marges -1ere Partie l'Atlantique Sud, Rapport confidentiel[END_REF]. Mercator projection.

Figure 3.2

Reconstruction of the evolution of the Equatorial and South Atlantic oceans from LMA (133 Myr) to Intra-Albian (106 Myr) proposed by Moulin et al., 2010.

Figure 3.3

Reconstruction before the breakup (133 Ma) with the compression, extension, and strike slip deformation, and the gaps and overlaps resulted indicated (Moulin et al., 2010).
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Figure 3.4 Stratigraphic charts of the basins of the Central Segment at the Brazilian Margin (Mohriak 2003). The Pre-Rift Sequence is highlighted in red, the tholeiitics basalt floods is highlighted in black and the evaporite occurence highlighted in blue.
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Figure 3.5 Summary paleogeographic and geodynamic maps in eight stages from the Berriasian Valanginian boundary to the Middle-Upper Aptian boundary [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF].
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Figure 3.6 From [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF]. Decompacted sedimentation rates of selected wells in EBRIS. Common high sedimentation rates occurring between 122 and 119 Myr coincide with last pulse of rifting. Note different vertical scales.
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Evolutive geological section and schematic block diagram showing the evolution of the Restricted Marine Supersequence [START_REF] Cainelli | Some remarks on the evolution of sedimentary basins along the Eastern Brazilian continental margin[END_REF].
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The Sergipe-Alagoas Basin, its basement and adjacent geological features and the location of the SALSA experiment [START_REF] Lana | Rifteamento na Bacia de Sergipe-Alagoas[END_REF]. Structural framework of the Sergipe-Alagoas Basin [START_REF] Lana | Rifteamento na Bacia de Sergipe-Alagoas[END_REF].

Figure 4.10

Gravimetric model of the Sergipe Alagoas basin made by Blaich (2008).
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Seismic section 238-RL-343 interpretated by Mohriak (1998Mohriak ( , 2003)). The five-layer model is defined by 26 independent model parameters: 12 boundary nodes (squares) and 14 velocity points (circles). Right: The velocity distribution v(x, z), inside a model trapezoid is given by ( 19) [START_REF] Zelt | Seismic traveltime inversion for 2 D crustal velocity structure[END_REF].
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Figure 7.8 a) Focus on the onshore part of the Final P-wave velocity model of SL07 profile. LSS are indicated in black triangles. Shades areas are constrained by seismic rays. Reflective segments are highlighted in blue. b) Free-air gravity anomaly observed (Pavlis et al., 2012) along the same section of SL07 model (red dotted), measured during the SALSA experiment (blue line) and calculated (green line). c) Density model up to a depth of 50 km with interfaces from wide-angle modeling. Black square highlights the density variation in the lower crust below the main Tucano sedimentary basin.

214
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Chapter I

Introduction

Features like mountains, mid-ocean ridges, and transform faults are connected into a continuous network of mobile belts around the Earth, which divide the surface into several large tectonic plates [START_REF] Wilson | A new class of faults and their bearing on continental drift[END_REF]. According to the relative movement of the tectonic plates, the plates boundaries can be classified as convergent, divergent or transform. Passive margins are the result of continental rifting, which in turn, is related to divergent and transform movements, and is the process, by which, the continental lithosphere thins up until breaks up, and continues to spread out originating seas and oceans, and controlling the evolution of the continents. The study of the deep structure of passive margins is what allows to understand the transition between the continental and oceanic crusts and make a better constrained kinematic construction with a tighter fit of the plates. This carries out a discussion around the crustal nature, and the processes and mechanisms involved in the rift evolution, and the genesis of the related sedimentary basins. (1978) and [START_REF] Wernicke | Uniform-sense normal simple shear of the continental lithosphere[END_REF] are two of the most classical works, that started to investigate continental break up and passive margins generation. For long time, other authors based their researches in the models proposed by these first two authors. They suggested that the lithosphere thins until a rupture, that happens by a mechanism of simple or pure shear. The problem is that, these are conservative models, that no crustal flow is involved and the volume of continental crust is strictly equal to the initial volume, before any horizontal movement. Nowadays, with modern studies (Buck et al., 1999;[START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF][START_REF] Unternehr | Hyper-extended crust in the South Atlantic: in search of a model[END_REF]Moulin et el., 2010;[START_REF] Huismans | Depth-dependent extension, two-stage breakup and cratonic underplating at rifted margins[END_REF][START_REF] Aslanian | Paleogeographic consequences of conservational models in the South Atlantic Ocean[END_REF][START_REF] Brune | Abrupt plate accelerations shape rifted continental margins[END_REF] it is already known that these two models cannot be applied to all passive margins, which do not present the same complexity, depending on previous tectonic history and the complexity of its geodynamic history.

McKenzie

The petroleum exploration and advance in technologies had pressed forward deep crustal investigation. Modern studies are based on high quality seismic data, deep modelling and advanced computational technics.

Near-offset seismic reflection profiling has dominated sub-surface exploration and mapping for half a century, the wide-angle refractions and reflections carry out considerable additional information, particularly on the seismic velocity of the sub-surface. This enhanced velocity information may be crucial in imaging and understanding deep crustal structure.
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Broadly speaking, conventional near-offset reflection data provide a good image of the shapes of sub-surface interfaces, while the wide-angle data provide good control on the velocities and hence lithologies of the deep subsurface (White, 2012). The wide-angle seismic is the mainly method used in this thesis.

Due to the notable affinity between the geometry of the coastlines of East South America and West Africa, the South Atlantic rift has been studied for a long time. Some other remarkable features evidence this event: the clear continuation of zone of fractures, salt deposits in both margins, and the segmentation of the basins. The conjugate margins were vastly investigated, principally the basins of the Brazilian margin, thanks to a developed industry of gas and oil exploration. The available kinematic models for the opening of the South Atlantic (Rabinowitz and Labrecque, 1979;[START_REF] Eagles | New angles on South Atlantic opening[END_REF][START_REF] Heine | Kinematics of the South Atlantic rift[END_REF]Jones et al., 1995;[START_REF] Nürnberg | The tectonic evolution of the South Atlantic from Laten Jurassic to present[END_REF]Moulin et al., 2010) are based in interpolation of magnetic anomalies, datation of fossil content from well data, and seismic modelling. The most part of these works proposed some acceptable models, but still with unexplained intraplate deformation and a lot of overlaps and gaps incompatible with the observed geology.

That's the reason why more detailed models of the African and South American margins are needed. 

Seismic acquisition and aeromagnetic

SALSA mission, general objectives

The SALSA Project was proposed to Petrobras as an integrated geodynamic project, in collaboration with colleagues from the University of Bretagne Occidentale, the University of Lisbon, the University of Brasilia and IFREMER.

In the 2000's high quality seismic profiles from ION-GXT were acquired in Brazil's 1998,2000).

The aim of the overall project is to study and understand the kinematic, segmentation, stratigraphic, palaeogeographic evolution of the North-Eastern Brazilian -Gabon margins system in order in order to:

• Determine the deep geometry and the segmentation of the system

• Define the limit of the first ocean crust and the nature of the transitional domain.

The SALSA is the first part of this objective, on the North-Eastern Brazilian margin and its onshore part, the Recôncavo-Tucano-Jatoba (RTJ) basin system.

The purpose was to acquire with the French R/V L'Atalante new geophysical data (wide-angle and reflection seismic, bathymetry, chirp, gravity and magnetism) on the five different segments of the North-Eastern Brazilian margins, from South to North:

Jequitinhonha, Camamú, Jacuipe, Sergipe and Alagoas segments.

The SALSA project wanted finally to result in a plate to basin scale characterization of the central Segment of the South Atlantic Ocean, providing insights into major concepts such as lithosphere dynamics in a triple junction setting or as the link between tectonic heritage, mantle segmentation, oceanic Fracture Zones and passive margin segmentation and their influence into associated petroleum systems.

On the base of this study, it is proposed an onshore and offshore wide-angle seismic acquisition with OBS (Ocean Bottom Seismometer) and LSS (Land Seismic Stations) on key seismic lines on Jequitinhonha-Camamu-Jacuipe-Alagoas-Sergipe margins of the system.

The SALSA wide-angle/reflexion experiment should:

• Give the thickness of the crust on the platform (with the onshore data)

• Give the geometry of the segmentation. Here, we presented results on P-wave velocity models, based on the combined interpretation of multi-channel and wide-angle seismic data, of two profiles imaging the Sergipe-Alagoas basin (SAB), located in the northern part of the experiment, north to the Va z a -Barris transfer zone.

•

The SAB has a strategic location for the comprehension of the South Atlantic opening.

That's because it is located in the most northern zone of the South Atlantic and was probably the last connection between the continental crusts of South America and Africa. Hence, it is side by side of the aborted rift of Tucano and represents the change in the grain of the rift, after the Triple Point of Camamu. It is located north of the Vaza-Barris transfer zone, that is not yet completely understood, but that play a significant role in the actual framework of the Brazilian margin, once it divides the Tucano basin and produces a flip in the direction of its depocenter. Stratigraphically, the SAB is one of the few basins that presents the pre-rift sequences, and also is the north limit of the evaporite deposits.

The wide-angle data will allow to make a velocity model of the crust, and a seismic inversion, showing the geometry of the basement, the crustal interfaces and possible undercrustal bodies.

The main questions to be answered with the wide-angle profiles are: the geometry of the crust of the margin, and the relation of the lower crustal layers with the upper mantle, what would explain the mechanisms of break up; the difference between the profiles and a possible segmentation along the margin; the location of the first oceanic crust, the behavior of the transitional domain; the tectonic heritage and the role of the Vaza-Barris transfer zone; and the link with the Tucano Recôncavo-Jatobá aborted rift, and the geodynamic context.

Organization of this thesis

The development of this thesis is disposed in 8 chapters, that starts with this present introduction. A brief explanation of the next 7 chapters is amended below:

The chapter 2 is aimed to an introduction to the study of passive margins. It has been made an overview about its features and an explanation about rift mechanisms, and lithospheric geodynamics. It is also presented the most generally used methods of investigation, as geological mapping, drilling, seismic modelling, numerical modelling and kinematic reconstructions. For that were given the example of the most scientifically known rifts, and its resultants conjugate passive margins.

Chapter 3 shows the state of the art of the research of the South Atlantic opening, with a review of the principal works carried in the conjugate margins of South America and West

Africa.

In chapter 4, the Sergipe-Alagoas Basin was put in evidence, and a detailed review, of

Chapter 1-Introduction Pinheiro, J.M.
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its stratigraphy and geophysical models, was made to correlate the basin with context of the South Atlantic rift.

The Seismic method was described in the first part of the chapter 5. The second part reports how the seismic data was acquired and then analyzed by the SALSA survey.

The results of the processed data of the reflection and wide-angle seismic data are

shown in chapter 6. In this chapter is presented the interpretation of the OBS and MCS data, the final velocity model and its validation by gravimetry, spatial resolution and the seismic inversion PSDM.

Chapter 7 carries a discussion of the main questions approached in this thesis, the segmentation of the crust, the location of the Continental-Oceanic Boundary and the tectonic heritage.

Chapter 8 is reserved to the main conclusions and the future steps to give continuation to the research.

The present-day framework of the continents, in Earth, is resulted from geodynamic processes. Oceanic and continental crusts and lithospheres are constantly going through tectonic efforts. Extensional efforts and crustal thinning usually produce a rift, which evolution happens in various stages. The aim of this chapter is to give a review of a rift evolution, and all the stages and implications evolved in the rift process.

The American Geological Institute (AGI) Glossary of Geology defines a rift as "A long, narrow continental trough that is bounded by normal faults; a graben of regional extent.

It marks a zone along which the entire lithosphere has ruptured under extension." Observing the lower crust and/or the upper lithospheric mantle behaviour, in which lithospheric complete rupture may not occur until a stage of sea-floor spreading. All crustal extension is accommodated by the intrusion of new mantle-derived basaltic (oceanic) crust, Olsen and (1995) have modified the definition of a continental rift as "An elongate tectonic depression associated with which the entire lithosphere has been modified in extension".

Morgan

However, these definitions completely exclude the possibility to produce a rift without extension. Therefore, as well as it's not known if a rift can be produced only by vertical efforts, in this thesis is preferred to define a rift as "An elongate tectonic depression associated with which the entire lithosphere has been modified in thinning, by vertical or horizontal efforts".

To understand the rift evolution, in the following paragraphs of this chapter we will make a review of the geometries and compositions of continental and oceanic crusts, how they are disposed in a passive margin, what it is proposed for the passive margin evolution to its actual framework, and the rift mechanisms that act in the lithosphere, and what are the several methods of rift investigation.

Oceanic and Continental crusts

To understand the genesis of passive margins and rifts, one must know the initial nature of the involved geological objects. In particular, we will describe the relationship between seismic velocities, nature of the rocks and thicknesses.

The terrestrial crust is the external layer of the Earth and is the top of the lithosphere.

It is divided in continental crust and oceanic crust. The continental crust has a felsic composition, with a thickness between 20 to 70 km, and is less dense than the oceanic crust, which has a mafic composition and thickness between 5 to 10 km.

The Mohorovicic discontinuity (Moho) is commonly taken as a boundary between the crust and the mantle. Although there was in the past, some discussion around the term Moho, that could be recognized as a seismic-Moho, or as a petrological-Moho, which may not have exactly the same location (a gravity Moho is also used). In seismic based works, like the present thesis, the seismic-Moho is more commonly used. This seismic-Moho is recognized using seismic reflected and refracted arrivals from the top of the upper mantle.

In the next paragraphs we will present the main characteristics of each type of crust.

Continental crust

The term continental crust, refers to the majority of the crust that underlies all land masses above sea level, with the exception of oceanic volcanic islands such as Iceland and

Hawaii (Christensen and Mooney, 1995). These authors summarized the seismic structure of the continental crust based on a worldwide data compilation composed by a total of 560 determinations of the velocity-depth structure, mainly located in North America, Western

Europe, Eurasia and Australia, with a lack of representation of data from Africa, South America, Northern Canada, Antarctica and Greenland. This compilation was based on crustal velocity models using raytracing application to compare the travel times through a 2D velocity model with observed travel times.

The worldwide compilation of Christensen and Mooney (1995) shows that the mean crustal thickness is 41 km (figure 2.1). The compilation shows a value of average crustal velocity of 6.45 km/s with a remarkable trend to rise in function of the depth (figure 2.2).

Analysing the seismic velocities as function of depth, the authors observed that at 25 km depth, a gradational boundary exists, also called "Conrad discontinuity", that separates the upper crust (6.0-6.3 km/s) from the intermediate velocity middle crust (6.6-6.8 km/s) or even, in some cases the lower crust. From 30 to 50 km depths, they reported a continuation of the trend to high velocities, but with a bimodal pattern with peaks at 6.7 to 6.9 km/s and 7.2 to 7.3 km/s.

The upper mantle velocity is frequently referred to as the Pn velocity for "normal P (compressional) wave" (Christensen and Mooney, 1995). Their compilation for the worldwide

Pn velocities shows a range of values from 7.6 to 8.8 km/s with an average mantle velocity of 8.07 km/s (figure 2.3). This division occurs at almost 20 km depth. According to this division, the upper crust would be composed by sediments, granites and gneisses with a P-wave velocity of 6.0 -6.5 km/s, and the lower crust, by mafic granulites with 6.9-7.5 km/s, or by felsic granulites with 6.5-6.9

km/s (figure 2.4 and 2.5). The abundance of major sedimentary, magmatic, and metamorphic rocks in the subunits of the continental crust is derived from the evaluation of mapping and drilling reports (mainly from Ronov and Yaroshevskiy, 1968;Daly, 1933;Moore, 1959; supplemented by additional authors). The chemical composition of the upper and the lower continental crust is for the majority of commonly analysed elements taken from [START_REF] Shaw | Additional estimates of continental surface Precambrian shield composition in Canada[END_REF][START_REF] Shaw | Composition of the Canadian Precambrian shield and the continental crust of the earth[END_REF] and from [START_REF] Rudnick | Geochemistry of intermediate/-to high-pressure granulites[END_REF], respectively. The latter authors presented averages of Archean and post-Archean felsic granulites from terrains and of mafic granulites sampled as xenoliths (figure 2.5). 

Oceanic crust

Compilations of oceanic crustal structure from seismic experiments in Pacific, Atlantic and Indian Oceans, from Raitt (1963) subdivided the oceanic crust into 3 layers: an upper layer composed by a variable thickness of sediments and two more layers which together comprise the igneous section of the oceanic crust. Layer 2 exhibits a wide range of seismic velocities (4.40 to 5.60 km/s) and is commonly identified as the extrusive basaltic lavas and dykes formed at the spreading centre. Layer 3 is thicker, including over two-thirds of the igneous crust, and exhibits consistent seismic velocities (6.30 to 6.90 km/s). It probably consists primarily of intrusive gabbroic rocks (White et al., 1992). et al. (1992) made a compilation of information on oceanic crustal thickness from seismic refraction profiles interpreted by comparison with synthetic seismograms. He also added thickness estimations from the melt distribution derived by inversion of rare earth element concentrations using the method developed by McKenzie and O'Nions (1991).

White

He constructed a reference compilation from normal oceanic crust that is widely used in nowadays as a standard on which to compare results from other settings.

From his compilation, White et al. (1992) assumed some structural crustal parameters:

the upper mantle exhibits an average velocity of 7.9-8.0 km/s but velocities in excess of 7.6 km/s are usually attributed to the mantle. In some cases, the Moho is a first-order discontinuity between lower crustal velocities of ~7 km/s and upper mantle velocities of > 7.6 km/s, and there is no ambiguity as to its location. In other cases, the transition from crustal to mantle velocities is usually represented by a steep velocity gradient extending over a few hundreds to a thousand of meters. In these cases, the Moho is pointed at the base of this transition zone.

The compilation made by White et al. (1992) revealed that the mean igneous crustal thickness of normal oceanic crust is 7.1 +/-0.8 km (figure 2.6). where the upper crustal layer presents large velocity gradients of the order of 1 km/s and velocities that goes from 2.5 to 6.6 km/s. The lower seismic velocities generally present a step to above 6.6 km/s. It increases from typical 6.7 km/s at the top, to about 7.2 km/s at the base (White et al., 1992). The lower crust presents much smaller velocity gradients, and it is more than twice as thick as the overlying upper layer. The velocity cans reach until 7.6 km/s at the base.

Composition of the Oceanic Crust

The structure of igneous oceanic crust has been deduced from seismic studies, drilling of the ocean crust, exposures of the deeper crust at fracture zones and rare tectonic windows, and studies of portions of the oceanic crust that have been abducted onto land (ophiolites).

The figure 2.8 shows a general scheme for the structure and composition of the oceanic crust.

The correlation of seismic velocity data from present-day oceans with ophiolitic stratigraphy suggests that the oceanic crust may be formed of an upper 1-2 km-thick layer of basaltic lavas and dikes, rooted in 3 to 5 km of gabbro [START_REF] Cannat | Emplacement of mantle rocks in the seafloor at mid ocean ridges[END_REF]. Confronting wide-angle seismic data with chemical analysis from the Ocean Drilling

Program (ODP) at the southwest Indian Ridge, Muller et al. (1997) gave more detail to the oceanic layers and found P-waves velocities almost similar to that suggested by [START_REF] Brown | The Inaccessible Earth: an Integrated View to its Structure and Composition[END_REF] (figure 2.8). He found velocities of 5.8-6.5 km/s at the layer 2, and of about 6.5-6.9 km/s at layer 3. The author subdivided the layer 3, and interpreted that, the "upper" layer 3 goes from 1.5 to 3.0 km beneath the seafloor, and corresponds to the Gabbro, with a consistent average velocity of 6.5 km/s, and the "lower" layer 3, from 3.0 to 5.0 km depth beneath the seafloor, would be composed by partially serpentinized mantle with 6.9 km/s.

Passive Continental Margins

Passive continental margins are developed along coastlines that are supposed to be no longer tectonically active. It results from the breakup of a continental lithospheric plate within a rifting process, including the crustal thinning, continental breakup and seafloor spreading, and subsequent formation of a deep ocean. The locus of extension moves away from the continent-ocean boundary towards a mid-ocean ridge. The transition domain between the unthinned continental and oceanic lithosphere is known as a passive margin.

Several types of passive margins are observed around the globe (figure 2.9). We can differentiate each margin in terms of morphology, sedimentation, volcanism and geodynamic environment, and other individualities inherent to each margin.

Due to the vast number of the possible individualities, the classification of passive margins is very complex. Here we present the most common features that allow to group some different types of margins. These are large features, and even with these features in common, the margins can present some infinite another different characteristic. The features to be approached in the next paragraphs are related to volcanism, subsidence, and type of movement between the plates. This aggrupation is valid only for a first insight for the study of a margin. Generally, these classifications represent dichotomies, and even margins of the same type, could be generated by completely different processes. 

2.2.1-Volcanic margins

One of the most used classifications of passive margins is based on the presence or absence of volcanism. The figure 2.10 presents such a simplistic dichotomy, based on magmatism.

Volcanic margins (Figure 2.10-Bottom) are associated with a large magmatic activity. [START_REF] Geoffroy | Volcanic passive margins[END_REF] proposes that they are related to margins formed by narrower rifts where the deformation caused by extension is followed by a mantle fusion and the accretion of a thick magmatic crust. This magmatic crust is composed of heavily intruded continental crust with flood-basalts and tuffs, what in seismic results is imaged as Seaward Dipping Reflectors (SDR) (Mutter et al., 1987;[START_REF] Barton | Crustal structure of Edoras Bank continental margin and mantle thermal anomalies beneath the North Atlantic[END_REF][START_REF] Geoffroy | Volcanic passive margins[END_REF] (figure 2.10 and 2.11). The transition of continental to oceanic crust is usually marked by the presence of a high velocity and dense undercrustal body (Vp = 6.9 to 7.8 km/s) that is mostly interpreted as underplated mafic magma or lower continental crust intruded by volcanic material.

In addition, [START_REF] Geoffroy | Volcanic passive margins[END_REF] argues that volcanic margins are related to what would be "active mantles" and show no subsidence during stretching (figure 2.11). (C) Outer SDR-prism west of Australia [START_REF] Planke | Seismic volcanostratigraphy of large volume basaltic extrusive complexes on rifted margins[END_REF].

This kind of passive margins has been vastly studied and is represented by several examples around the globe, as the margin of Vöring in Northeast Atlantic of Norway [START_REF] Mjelde | Continent ocean transition on the Vøring Plateau, NE Atlantic, derived from densely sampled ocean bottom seismometer data[END_REF], the margin of Namibia in South Atlantic (Bauer et al., 2000); or in the east Greenland margin [START_REF] Gernigon | A moderate melting model for the Vøring margin (Norway) based on structural observations and a thermo-kinematical modelling: Implication for the meaning of the lower crustal bodies[END_REF].

It is worth noticing that magmatism and SDRs can be present in several ways and do not have the same geodynamic meaning. For instance, in the Greenland margin (Korenaga et al., 2000), there is a 4-km thick SDR layer that lies over a 30 km thick igneous crust and extends by 150 km in lateral distance. On another hand, the SDR layer of the Sergipe-Alagoas basin extends over only 20 km distance and it maximum thickness is about 2 km (Mohriak et al., 1995) (figure 2.13). Even with quite similar thickness, their lateral extensions are widely different. While the first one is considered as a typical volcanic margin, where the volcanism represents a major process in the genesis of the basin, Moulin et al. (2005) 

Non-volcanic margins with or without exhumation mantle

Complete amagmatic passive margins are very rare, and the models are mainly based in the very atypical Iberia-Newfoundland margins system (figure 2.15-Top). [START_REF] Huismans | Depth-dependent extension, two-stage breakup and cratonic underplating at rifted margins[END_REF] focused in magma-poor margins and proposed a secondary dichotomy that they modelized numerically.

The Type I (figure 2.14a) margins such as Iberia -Newfoundland conjugate margins (Peron-Pinvidic et al., 2007), usually develop after distributed extension, which finally becomes focused on one location (Huismans and Beaumont, 2007). According to [START_REF] Huismans | Depth-dependent extension, two-stage breakup and cratonic underplating at rifted margins[END_REF] this type of margin presents: major basin-forming faults or shears that penetrate deep into crust (characteristic 1 in figure 2.4 a); narrow regions (less than 100 km wide) across which the crust thins abruptly (2); usually an asymmetric geometry and uplift of rift flanks (3); breakup of the crust before that of the mantle lithosphere (4); exhumation and exposure of serpentinized continental mantle lithosphere in the ocean-continent transition (5); limited magmatism during rifting, leading to a magma poor margin (6); and delayed establishment of an oceanic spreading centre and normal ocean crust production (7).

The type II (figure 2.14b) is exemplified by some margins in the central South Atlantic [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF]Moulin et al., 2005), and has some different characteristics. It is composed by ultrawide regions of thin continental crust (characteristic A in figure 2.4 b); faulted early syn-rift sedimentary basins (B); undeformed late syn-rift sediments (C); the capping of these late syn-rift sediments by evaporites and other sediments, deposited in shallow water conditions in "sag basins" (D); limited syn-rift flank asthenosphere, as suggested by these sag-basins (E); no syn-rift flank uplifts (F); no clear evidence of exposed mantle lithosphere, but some syn-rift magmatism (G); lower-crustal regions with seismic velocities consistent with magmatic underplating (H); and a normal magmatic mid-oceanicridge/ crust system established soon after crustal breakup (I). To explain these margins characteristics, the authors proposed dynamic models, which demonstrate that the characteristics of these margins are not explained by uniform lithospheric extension (McKenzie, 1978), but by depth-dependent extension. In type I, the breakup of the crust occurs before the breakup of the lower lithosphere and results in an exposition of this lower lithosphere. In type II the lower lithosphere breaks up before the crust and there is no mantle exposition. To justify the late syn-rift development of unfaulted shallow-water sag basins at type II margins, Huismans andBeaumont (2011, 2014) say that crustal extension migrates across the margin towards the rift axis, leaves late syn-rift sediments unfaulted, and subsidence of the margin is reduced owing to low-density cratonic underplate.

Non-volcanic margins with Sag Basins

Non-volcanic passive margins can also present, or not, Sag basins. These types of basins are those basins that form possibly as the result of asthenosphere downwelling, or isostatic equilibrium (figure 2.15). They may form over older basins and inherit only some of the previously existing structural grain [START_REF] Coleman | Preliminary catalog of the sedimentary basins of the United States[END_REF].

One typical example of a passive margin with a sag basin is the Angolan margin [START_REF] Contrucci | Deep structure of the West African continental margin (Congo, Zaïre, Angola), between 5°S and 8°S, from reflection/refraction seismics and gravity data[END_REF]Moulin et al., 2005). This sag basin is 200 km wide and is located in the transitional zone between the continental platform and the true oceanic domain. It is characterized by a continuous salt layer with an Aptian age, that covers the whole transitional domain. According to the authors, this basin is formed by vertical movements related to the subsidence of the crust. Subsidence plays an essential role in the formation of passive margins. Rifted margins subsidence patterns are thought to comprise two major and distinct phases, a rapid and strong syn-rift subsidence followed by a smoother post-rift thermal subsidence (McKenzie, 1978). It depends mainly of the thermal anomaly, of the sedimentary load, or sometimes, if there is evaporitic sedimentation, of salt tectonics. Subsidence is calculated by restoring the sedimentary column to its initial thickness and density, using observed thickness, ages of horizons, lithologies and associated palaeowater depths [START_REF] Dupré | Seafloor geological studies above active gas chimneys off Egypt (Central Nile Deep Sea Fan)[END_REF]. As their genesis are restricted to shallow water depths, evaporites and carbonates are good markers of subsidence, once their sedimentation is possible to be dated.

Transform margins

In an extensional regime, two types of plate boundaries can be observed: Divergent boundaries, where two plates slide apart from each other; and so called transform boundaries, where plates slide, or perhaps more accurately grind, past each other along transform-faults and the relative motion of the two plates is therefore either sinistral or dextral.

This type of plate boundary is related to the relative strike-slip movement between two plates.

The most part of the passive margins are formed by divergent or oblique boundaries.

The concept of transform continental margins comes from a definition of transform faults [START_REF] Wilson | A new class of faults and their bearing on continental drift[END_REF] as a « a new class of faults » where the lithospheric plate boundary is parallel to the relative plate displacement (Basile, 2015) (figure 2.16). According Freund (1974), The term « strike-slip » has not a lithospheric scale and is associated to the displacement that occurred along these margins while the term « transform » is related to crustal and lithospheric processes. According to [START_REF] Basile | Transform continental margins-part 1: Concepts and models[END_REF], the term « shear » should be avoided once « shearing » is one of the main processes involved in crustal detachment [START_REF] Wernicke | Uniform-sense normal simple shear of the continental lithosphere[END_REF]. The term « transform » is related in fact, to transform zones, where the relative movement between two plates is transformed (inversed) due to the presence of oceanic ridges. Lepinay et al. (2015) made a compilation where they identified 78 transform continental margins, that represent 16% of all continental margins and 31% of nonconvergent continental margins. In this compilation they concluded that the most part of transform margins show that the width of continental crust necking zone is always significantly narrower than for divergent margins, ranging from 50 to 100 km, reflecting the deformation in a subvertical transform fault. This is just a conjecture, once the representation of the compilation is not enough to make such assumption.

Mercier de

An example of transform zones is the San Andreas Fault of western North America and the Alpine Fault of New Zealand. 

Rifting mechanisms and methods of investigation

This variety in passive margins framework may be caused by a variety of different types of rifting mechanisms.

Several authors have been trying to explain lithosphere breakup, proposing numerous models of formation of a rift. In general, these models can be divided into two types: conservative and non-conservative models. The first one, conserves the volume of the continental crust, and suggests that extension is the principal cause of thinning, which would be only related with horizontal movements, without interaction of the mantle (McKenzie, 1978;[START_REF] Wernicke | Uniform-sense normal simple shear of the continental lithosphere[END_REF]. Non-conservative models propose a transformation of the crust in result of many other elements, with the mantle playing a remarkable role in the process [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF]. For instance, [START_REF] Bott | The deep structure of the Iceland-Faeroe Ridge[END_REF] suggested that a young continental margin is Chapter 2-Geodynamic of passive margins Pinheiro, J.M.
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inherently unstable and develops towards a condition of minimum gravitational energy providing an environment where basin formation by subsidence can occur on the adjacent shelf. The mechanism depends on steady state creep in the ductile lower part of the continental crust causing outward flow of low density material in an oceanward direction, and normal faulting in the overlying brittle upper crust. A suitable sink for the material is provided by the topmost sub-oceanic mantle, and a reverse flow must occur in the underlying asthenosphere if isostatic equilibrium on a regional scale is to be maintained during the development of the margin.

Conservative Models

McKenzie (1978) developed a quantitative model in which he considered instantaneous and uniform extension of the lithosphere and the crust with passive upwelling of hot asthenosphere to maintain isostatic equilibrium. Mechanical stretching is considered responsible for both heating of the lithosphere and subsidence of the basin. The McKenzie model assumes "pure shear" which predicts that the geometry of the thinned crust either side of a rift zone would show a high degree of symmetry (figure 2.17). "Pure Shear" models cannot be applied for the asymmetry and uplift of the flank usually observed in basins. To solve this problem, [START_REF] Wernicke | Uniform-sense normal simple shear of the continental lithosphere[END_REF] proposed an alternative "simple shear" model based on field observations of highly extended terranes that are now juxtaposed to metamorphic core complexes in the Basin and Range province of the western USA. He suggested that lithosphere extension may be accomplished by displacement on a large-scale, gently dipping shear zone cutting throughout the lithosphere. The main feature of his model is a detachment surface that separates an upper plate consisting of a weakly structured rifted upper continental crust from a lower plate dominated by a highly deformed lower crust. The model predicts spatial variations in the proportion of crust to mantle thinning and, hence, a high degree of asymmetry in the subsidence and uplift history either side of a continental rift zone or newly formed ocean basin (figure 2.18). (Lister & Davis 1983, Davis et al.1983, 1986, Lister et al.1984, Davis & Lister 1988) have favoured a geometry for evolving shear zones rooted in the crust, at structural levels beneath the brittle-ductile transition. These evolving shear zones may widen with depth and terminate in a zone of complex anastomosing shear zones involving bulk pure shear in the middle and lower crust, as suggested by [START_REF] Rehrig | Geologic and geochronologic reconnaissance of a northwest-trending zone of metamorphic core complexes in southern and western Arizona[END_REF], [START_REF] Davis | The Eagle Pass detachment, southeastern Arizona: Product of mid-Miocene listric (?) normal faulting in the southern Basin and Range[END_REF] or [START_REF] Hamilton | Structural evolution of the Big Maria Mountains, northeastern Riverside county, southeastern California. Mesozoic-Cenozoic tectonic evolution of the Colorado River region[END_REF]. 'Detachment + pure shear' models (figure 2.19), as suggested by these early workers, have the added advantage that they allow explanation of the distinct upliftsubsidence histories of the several distinct architectural styles observed on passive margins (Lister and Davis, 1988). A zone of mid-crustal detachment underlain by a zone of 'pure shear' creates a broad zone of surface subsidence underlain by a corresponding large wavelength bulge in the crust-mantle boundary (figure 2.18). Such a model can be readily applied to explain relatively 'symmetric' extension, as inferred from the variation in crustal thickness across an extended zone. Mid-crustal detachment leads to subsidence of the surface of the relatively unstructured upper plate (after thermal anomalies delay) because the lower crust is attenuated. Subsidence of the surface of the highly-structured lower plate adjacent to this domain takes place because the upper crust is effectively thinned. A relatively symmetric bulge in the crust-mantle boundary is produced, although on one side of the extended terrane, uplift of the Moho is due to upwards flexure of the lower crust, whereas on the other side, uplift of the Moho has taken place because the lower crust was thinned by ductile stretching (Lister and Davis, 1988). These models exclude exchanges between lower continental crust and upper mantle and therefore imply huge horizontal movements, which fail to explain field observations.

The question of horizontal movement (Aslanian and Moulin, 2012)

The classical kinematic models of rift explained by Simple shear (Mackenzie, 1978); Pure Shear [START_REF] Wernicke | Uniform-sense normal simple shear of the continental lithosphere[END_REF]; Composite deformation mechanisms [START_REF] Lister | Detachment faulting and the evolution of passive continental margins[END_REF] were based in proximal domains or failed rifts, where were located the mains focus of exploration at the time [START_REF] Brune | Abrupt plate accelerations shape rifted continental margins[END_REF]. These models were built with a close view on one particular margin, without questioning the problem of horizontal movement in a global kinematic setting. In terms of horizontal movement and kinematic construction, the problem of conservative models is purely geometrical: if no lower continental crust flow is involved, the continental crust thinning process can be directly converted in horizontal movement (the volume of continental crust is strictly equal to the initial volume before any horizontal movement).

This geometrical problem is illustrated in figure 2.20 with an example of the geometry of the conjugate Angola and Espirito Santos passive margins [START_REF] Contrucci | Deep structure of the West African continental margin (Congo, Zaïre, Angola), between 5°S and 8°S, from reflection/refraction seismics and gravity data[END_REF]Moulin et al., 2005;[START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF][START_REF] Unternehr | Hyper-extended crust in the South Atlantic: in search of a model[END_REF]. According to wide-angle seismic data, part 1 is considered as upper continental crust, part 2, called the allochthonous domain, could be either exhumed lower crust, serpentinized upper mantle, atypical oceanic crust or intruded continental crust [START_REF] Contrucci | Deep structure of the West African continental margin (Congo, Zaïre, Angola), between 5°S and 8°S, from reflection/refraction seismics and gravity data[END_REF]Moulin et al., 20015;[START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF].

In the case of the conservative model, the observed actual thinned continental domain of the passive margin has to be restored by horizontal movement to its unthinned situation. If the entire intermediate thin domain (L act * H act ) represents stretched continental crust, the horizontal movement to reconstruct the initial system (L 0 * H 0 ) will be L act * (1-H act / H 0 ). In the central segment of the South Atlantic Ocean, this horizontal movement would be as great as 240 km [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF]. This amount will be of course greater if some parts of the intermediate domains have a different nature than continental, for example a serpentinized mantle as proposed by [START_REF] Unternehr | Hyper-extended crust in the South Atlantic: in search of a model[END_REF] (L act would be about 350 km if no part of the intermediate domain was continental in the case of the central segment of the South Atlantic Ocean). On the other hand, figure 2.20 B shows the same problem, but with a supplementary and independent constraint: the kinematic constraint. Figure 2.20 B 2 represents the initial system in the tightest reconstruction given by kinematic constraints. In the central segment of the South Atlantic Ocean, the tightest reconstruction given by Moulin et al. (2010) implies about only 100 km of horizontal movement. Based on that precise kinematic reconstruction, [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF] proposed a different, non-conservative evolution of the passive margins Chapter 2-Geodynamic of passive margins Pinheiro, J.M.
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with two options whether the part 2 called the allochthonous domain, is continental (figure 2.20 B 2) or non-continental (exhumed mantle, atypical oceanic crust or intruded continental crust). In both case anyway, a large amount of lower crust is missing and the thinning process, which evolves in a high position until at least the break-up, seems to be depth dependent and mainly concerns to the lower part of the continental crust [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF]. 

Present day concepts

Nowadays studies led us know that rifts and rifted passive continental margins are so diverse that the existence of a unique thinning process must be questioned. All passive margins do not present the same complexity, depending on geodynamic history. The visibility of rift structures depends on the accessibility of geophysical and geological data, including refraction/refraction seismic, gravity, dredges, drills, magnetism and kinematical constraints, both onshore and offshore. Conceptual models struggle to quantitatively connect geological and geophysical observations with rock deformation and thermal evolution of the rift. Modern methods of modelling like analogic and numerical models had added much more detail to the analytic models used before to conduct rifting experiments and to investigate controlling parameters and associated processes. Even through these models cannot reproduce the natural complexity of these systems, they are nonetheless very useful in isolating the impact of several separate processes that work collaboratively to mould rifts.

Analogic models:

These are artificial laboratory models conducted using scalable materials like sand and silicon, in a try to reproduce the different properties of the crustal layers [START_REF] Gartrell | Evolution of rift basins and low-angle detachments in multilayer analog models[END_REF][START_REF] Morley | How successful are analogue models in addressing the influence of pre-existing fabrics on rift structure?[END_REF][START_REF] Keep | Analogue modelling of multiphase rift systems[END_REF]McKlay et al., 2002;Austin et al., 2010;[START_REF] Corti | Control of the rheological structure of the lithosphere on the inward migration of tectonic activity during continental rifting[END_REF]. These models cannot represent real natural conditions once tectonic processes evolve on temporal scales of thousands of millions of years and spatial scales of hundreds of kilometres. But they work scale down to represent schematically continental extension with materials that exhibit dynamically similar behaviour to ductile and brittle layers as well as the processes that control the evolution of fault patterns (figure 2.21).

Numerical models

Numerical models allow a rift modelling in which is possible to incorporate model components usually not accessible to analytical models. In numerical modelling some rock properties have to be take into account: temperature and stress-dependent viscosity, composite rheology, heat conduction and radiogenic heating (Brune et al., 2016a). Nowadays this kind of modelling became one of the mainly tools to 2D modelling and investigation of rift processes (for instance Huisman & Beaumont, see above). However, in 3D modelling, the resolution is a limiting factor that has to be compensated assuming simplified rheology and no crust-mantle decoupling. Such approach must be applied with caution, as mechanical coupling can only be neglected in wide rift systems and only prior to significant lithospheric necking [START_REF] Brune | Abrupt plate accelerations shape rifted continental margins[END_REF]. As numerical modelling became the standard tool for rift modelling, recent advances allowed the development of numerous works based in a wide range of methods. Here we present two works based in numerical modelling that bring some concepts around the geometry of rifts, that will be fundamental to this thesis.

The first one made by [START_REF] Buck | Modes of continental lithospheric extension[END_REF]Buck et al. ( ,1999) ) that makes an approach of the steepness of the necking zone, and a second from [START_REF] Brune | Abrupt plate accelerations shape rifted continental margins[END_REF], that presents the most recent analysis of the symmetry of the conjugated margins.

Some remarks in passive margins study

As said above [START_REF] Aslanian | Some thoughts on the formation of sedimentary basins[END_REF] argues that until now, the published descriptive classifications of passive margins are mainly dichotomies. As an example of that, we can relate each classification made above, to a related dichotomy.

The presence or the absence of the magmatism has been the mainly way to classify passive margins. However, magmatism can be present in several ways and do not have the same geodynamic meaning : Large SDRs like in Namibia margin (Bauer et al., 2000) ; or in Greenland margin [START_REF] Gernigon | A moderate melting model for the Vøring margin (Norway) based on structural observations and a thermo-kinematical modelling: Implication for the meaning of the lower crustal bodies[END_REF], series of SDRs, like in northern part of Pelotas basin, close to Florianopolis Fracture Zone and the Paraná province, or small and local SDR like Sergipe Alagoas Basin (Mohriak et al., 1995 ;1998 ;[START_REF] Matos | Tectonic evolution of the Equatorial South Atlantic[END_REF], or huge but diffused magmatism, like in the Santos Basin [START_REF] Evain | Deep structure of the Santos Basin-São Paulo Plateau System SE Brazilian margin[END_REF]. The first remark about this type of classification is that completely amagmatic passive margins are very rare. Thus, the analysis of the presence or not of SDRs to classify a margin as « Volcanic » should be averted, once SDRs do not have everywhere the same meaning. One example is the margin of Greenland (Korenaga et al., 2000) that presents a 4 km thick SDRs layer which lies over a 30 km thick igneous crust and extends over a lateral distance of 150 km; in contrast with the Sergipe-Alagoas margin that extends over less than 20 km and presents SDRs layer with maximum of 2 km thick (Mohriak et al., 1998;[START_REF] Matos | Tectonic evolution of the Equatorial South Atlantic[END_REF]. With these differences, we could not attribute the same genesis process to the two margins.

Observing the classification of non-volcanic margins of [START_REF] Huismans | Depth-dependent extension, two-stage breakup and cratonic underplating at rifted margins[END_REF], Aslanian proposed another dichotomy for the numerical modelling: firstly, because the Galician Margin is a very atypical margin; and therefore, because the authors consider that the type II, analogue to the Sergipe Alagoas basin, is the anomalous basin, whereas it seems much more common that type I.

Observing the subsidence of the Gabon margin, [START_REF] Dupré | Seafloor geological studies above active gas chimneys off Egypt (Central Nile Deep Sea Fan)[END_REF] concluded that the most striking event of subsidence of this margin is an anomalous extra subsidence that happened during the early post-rift period, associated with high sedimentation rates reaching on average 100 m/ Ma, what do not support the schematic view of two distinct phases of subsidence described by McKenzie (1978). The same observation is made on the Angola Margin (Moulin et al., 2005;[START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF].

Transform margins were firstly thought to systematically display a narrow and steep continental slope underlain by a very sharp necking zone close to the continent-ocean boundary, and an elevated marginal ridge at the top of the continental slope. The compilations made by Mercier de Lepinay et al. (2015) and [START_REF] Basile | Transform continental margins-part 1: Concepts and models[END_REF] show that that these observations, if frequent, are not systematic, and therefore cannot be used as characteristic for transform margins. Transform margins present a previously unexpected variability, both between margins and along-strike within a single margin.

Passive continental margins are so diverse that the existence of a unique thinning process must be questioned. All passive continental margins do not present the same complexity, depending on previous tectonic history and the complexity of its geodynamic history [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF]. These authors draw the attention to the fact that a single margin is only half of the system: the conjugate margin needs to be clearly identified by precise initial kinematic reconstructions and sampled with accuracy. With that they highlight that the main challenge is to decipher between local (as the presence or not of a sag basin) and regional characteristics (as abrupt thinning or delayed subsidence for instance). [START_REF] Buck | Modes of continental lithospheric extension[END_REF]1999) [START_REF] England | Some numerical investigations of large scale continental deformation[END_REF] suggested that slow extension could locally increase the yield strength.

Wide or Narrow Rifts

According to him, this strengthening effect explains the occurrence of wide regions of continental extension like the Aegean Sea and the Basin and Range Province. In the model proposed by [START_REF] Buck | Modes of continental lithospheric extension[END_REF], crustal thickness and viscosity, extension strain rate and lithospheric yield strength determine the mode of extension. Temperature structure and lithospheric composition in turn control viscosity and yield strength. Buck et al. (1999) compared analytical models based in linear stability with numerical models of [START_REF] Buck | Modes of continental lithospheric extension[END_REF] to try to explain what makes a rift narrow or wide and what would result in lithospheric boudinage. However, Buck's (1991) observations do not confirm this prediction since some wide rifts do not extend at a slower velocity than did some narrow rifts. Estimated conditions for extension for a variety of narrow and wide rifts, based in geological and geophysical observations are listed in table 2.1. According to these observations the steepness of a rift would be much more related with initial crustal thickness and heat flow than with extension velocity. In other words, wide rift mode occurs for moderate to high extension rates when the continental crust was hotter and thicker than normal. The initial width of a rift is a function of crust-mantle coupling, which highly depends on the strength of the lower crust [START_REF] Buck | Modes of continental lithospheric extension[END_REF]. This same work suggests also that buoyancy forces resulting from local crustal isostasy could also produce wide regions of extension. According to Buck et al. (1999) linear stability models [START_REF] Fletcher | Unstable extension of the lithosphere: A mechanical model for basin and range structure[END_REF] predict only two forms of extension of an initially uniform lithosphere, both of which would be termed wide rift. The lithosphere extends either in a uniform pure shear mode, or laterally periodic variation in the rate of extension. This second type of extension, often called 'lithospheric boudinage', is suggested to explain the development of a series of basins and range in a broad region of continental extension. After all these authors concluded that wide rifting and boudinage are mainly related to local isostatic stress effect, also called crustal buoyancy (Buck et al., 1999). Extension velocity is a parameter that can affect brittle and ductile localization processes. Rift velocities tend to evolve with a slow and long-lived initial phase that is followed by high extension rates until continental rupture. The geodynamics of rifting is sensitive to key parameters such as mantle temperature; melting and volcanism; structures inherited from pre-rift deformation; brittle and ductile parametrisation of weakening [START_REF] Brune | Rifted margin architecture and crustal rheology: Reviewing Iberia-Newfoundland, Central South Atlantic, and South China Sea[END_REF].

Wide rifts are able to form wide continental margins, but narrow rifts are also capable of forming wide continental margins in an asymmetric rift setting. An actively deforming rift can be less than 50 km and even with that, the resulting hyper-extended margin can be as wide as 200 km or more. The decisive difference is the time-dependency of the deformation.

While in wide rifts the margin is formed by continuous pure shear stretching of the entire margin area, narrow rifts create wide margins by diachronous stretching during lateral rift migration [START_REF] Brune | Rift migration explains continental margin asymmetry and crustal hyper-extension[END_REF].

The formation of hyper-extended margins and strong margin asymmetry through rift migration requires the formation of a low-viscosity pocket at the rift side [START_REF] Brune | Rifted margin architecture and crustal rheology: Reviewing Iberia-Newfoundland, Central South Atlantic, and South China Sea[END_REF].

The formation of this weak area can be resulted by initial asymmetry or through rheological weak crust (figure 2.22). Lower crustal viscosity and initial asymmetry are not independent of each other, strong crust generates more initial asymmetry than weak crust, which is why the final margin asymmetry is not simple linear function of crustal rheology (figure 2.22). Crustal rheology and temperature both also affect the lower crustal viscosity as well as the depth of the crustal brittle-ductile transition [START_REF] Brune | Rifted margin architecture and crustal rheology: Reviewing Iberia-Newfoundland, Central South Atlantic, and South China Sea[END_REF]. [START_REF] Brune | Rifted margin architecture and crustal rheology: Reviewing Iberia-Newfoundland, Central South Atlantic, and South China Sea[END_REF] pointed that the formation of asymmetric margin pairs can be divided into three phases: Simultaneous faulting, Rift migration and, Breakup. Crustal rheology plays a dominant role in controlling the duration of each phase. Weak rheologies result in a prolongation of the first phase of simultaneous faulting. The duration of the second phase of rift migration is controlled by the extent of the low-viscosity pocket at the side of the rift, which is enlarged in models with initial fault asymmetry and relatively weak crust.

Asymmetry deformation stops right before breakup phase and the continental crust is ruptured by predominantly symmetric normal faults cutting in progressively embrittled crust and mantle. Conjugate asymmetry results from rift migration that is accommodated by an array of sequentially active normal faults and associated ductile shear zones.

Kinematic reconstructions

According to [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF] and [START_REF] Aslanian | Paleogeographic consequences of conservational models in the South Atlantic Ocean[END_REF], every model of formation of a passive margin should take in account the geologic constraints obtained by initial kinematic reconstructions of the horizontal movements of the plates.

In an effort to make a tighter kinematic construction, these authors always claim attention to the importance of a regional study and a holistic view of the rift systems.

Kinematic constructions are only possible with the analysis of all the margins involved in a rift system. Aslanian and Moulin (unpublished) have pointed some observations and questions that have to be taken into account.

How different are passive margins? How many different crustal geometries can be described? What are the impacts of the geodynamic context? What is the impact of the mantle temperature distribution? Can we produce a general classification?

These authors have compiled a series of profiles on different passive margins fringing the Atlantic oceans from north to south on both sides. Data are not homogeneous and the geometries are more or less constrained, but the aim was to have an overview of the differences. Observing these margins put into question the term of 'Atlantic passive margin type'. The morphologies are very diverse from one margin to another, varying sometimes in only a few kilometres. General characteristics can be recognized and used to understand the passive margin genesis and evolution, although these variations and local characteristics show us that we cannot do a generalization and assume a unique and complete passive margin building process. Moulin et al. (2010) used all available geophysical and geological data to quantify the intraplate deformations in the African and South American plates.

In this tightest reconstruction, for each reconstructed system, a part of the intermediate domain of one margin, called 'allochthonous crust' by [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF], overlaps the autochthonous part of the intermediate domain of the conjugate margin and is therefore not shown. If we follow the conceptual approach and apply any conservational model onto those systems, we need supplementary horizontal movement in order to explain the missing lower continental crust and to reconstruct the unthinned system. This supplementary movement imply a series of geodynamic and tectonic problems [START_REF] Aslanian | Paleogeographic consequences of conservational models in the South Atlantic Ocean[END_REF]. [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF] analysed some seismic and gravity profiles in the South Atlantic along the south and north coasts of Brazil and described three main phases (figure 2.23):

1 Extensive phase during which some tilted blocks may appear;

2 The exhumation phase (with the sag formation and the salt deposit) which is the main thinning phase (and the first breakup);

3 The (second) break-up and oceanic spreading stage.

However, these authors point aout that the exhumation phase is not sufficient to explain the crustal thinning: horizontal movement can generate only a small part of the thinning process and some of the middle/lower crust disappearance. Therefore, it seems most improbable that the continental crust would maintain its integrity throughout the thinning process.

In next chapters, we will give a more detailed approach of the kinematic constructions and considerations in the South Atlantic made by [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF], Moulin et al. (2010) and [START_REF] Aslanian | Paleogeographic consequences of conservational models in the South Atlantic Ocean[END_REF]. 

IODP drills

The Integrated Ocean Drilling Program (IODP) is an international marine research program. The program used heavy drilling equipment mounted aboard ships to monitor and sample sub-seafloor environments. This drilling brings some important information around the composition of oceanic and transitional crusts, what allows to constrain models (figure 2.24). One good example is the model of the Iberia-Newfoundland conjugate margins (Whitmarsh et al., 2001) as it is shown in figure 2.24. Most of these basins have been extensively drilled in the platform and deep water for petroleum exploration. Only a few (see below the chapter on Iberia and Newfoundland) have been sampled by ODP drill sites at the transition with oceanic crust. These sites targeted features that were alternatively interpreted as volcanic plugs, basement highs, tilted fault blocks, or, as was proved by the boreholes, serpentinized peridotites or lherzolite ridges.

These have not been proved in the South Atlantic or in the Gulf of Aden, but there is one small island in the Red Sea where peridotites may represent the subcrustal rocks uplifted during the formation of the oceanic crust (see below chapter on Gulf of Aden).

Analogous Passive Margins

Before starting to describe the South Atlantic rift system, we will analyse some examples of other passive margins that are often compared with this system. Nonetheless they represent different rift evolutions with its own individualities, they may present also common characteristics that could help us to reveal the evolution of the Atlantic opening. The examples are the Iberia-Newfoundland conjugate margins, and the Red Sea and Gulf of Aden. As said above, each margin has to be studied as a single case, due to its individualities and unique processes of genesis, and any comparison has to be done with caution.

North Atlantic, Newfoundland-Iberia

These conjugated margins (figure 2.25) have been vastly study and is commonly taken by example of a magma poor margin. It has been used as a classic model as a standard against which to compare another conjugated margin systems (Whitmarsh et al., 2001;Pevin-Pinvidic and Manastchal, 2010;Huisman & Beaumont, 2011, 2014;Mohriak and Leroy, 2012;[START_REF] Brune | Abrupt plate accelerations shape rifted continental margins[END_REF]. Over the last decades, a wealth of geochronological, petrological, magnetic and seismic data has been acquired in this margins system in numerous geophysical surveys [START_REF] Boillot | The north and north-west Spanish continental margin: a review[END_REF][START_REF] Reston | The S reflector west of Galicia (Spain): Evidence from prestack depth migration for detachment faulting during continental breakup[END_REF][START_REF] Whitmarsh | The ocean continent boundary off the western continental margin of Iberia: Crustal structure west of Galicia Bank[END_REF]ODP Leg 173 Shipboard Scientific Party, 1998;Tuchholke and Sibuet, 2007;[START_REF] Mohn | The role of post-orogenic inheritance for the formation of rifted margins: Example of the Alpine Tethys[END_REF]. The study of the system has a remarkable differential against other studies that is the Ocean Drilling Program (ODP) boreholes data that gave ages and composition information.

The west Iberia margin exhibits tilted fault blocks bounded by west-facing normal faults [START_REF] Boillot | Undercrusting by serpentinite beneath rifted margins[END_REF][START_REF] Pickup | Insight into the nature of the ocean-continent transition of west Iberia from a deep multichannel seismic reflection profile[END_REF]Reston et al., 1996) (figure 2.26). Under the slope and rise larger blocks lie 10-20 km apart over continental crust 20-30 km thick.

Oceanward such faults are described as listric and cutting crustal blocks with ~7 km thick, even penetrating the mantle. The crust thins oceanward to almost disappear in a distance of 50 km [START_REF] Pickup | Insight into the nature of the ocean-continent transition of west Iberia from a deep multichannel seismic reflection profile[END_REF][START_REF] Reston | The S reflector west of Galicia (Spain): Evidence from prestack depth migration for detachment faulting during continental breakup[END_REF][START_REF] Dean | Deep structure of the ocean continent transition in the southern Iberia Abyssal Plain from seismic refraction profiles: The IAM 9 transect at 40 20′ N[END_REF]Whitmarsh et al., , 2001)). These blocks were drilled by the ODP boreholes and are cover by Late Tithonian (146 Ma) shallow-water sediments and therefore are of continental nature (Whitmarsh et al., 2001(Whitmarsh et al., , 2001b)). In southern Iberia, the basement is described underlying a younger low-angle detachment fault which layer contains pre-rift lower crustal rocks, underplated in Late/ post-Hercynian time ( 270 This margin presents a zone of exhumed continental mantle (ZECM) that is 40 to 170 km wide with distinctive geophysical characteristics [START_REF] Dean | Deep structure of the ocean continent transition in the southern Iberia Abyssal Plain from seismic refraction profiles: The IAM 9 transect at 40 20′ N[END_REF]. A 2-4 km thick upper basement layer with a P-wave velocity of 4.5-7.0 km/s and a high velocity gradient merges into a lower layer not more than 4 km thick with velocities of ~7.6 km/s and a low velocity gradient. Moho reflections are weak or absent. The top-basement velocity is much lower than that of the adjacent continental crust, and the velocity in the lower layer is too high to represent magmatically intruded or underplated continental crust or even lower oceanic crust [START_REF] Dean | Deep structure of the ocean continent transition in the southern Iberia Abyssal Plain from seismic refraction profiles: The IAM 9 transect at 40 20′ N[END_REF]. Besides that, the velocity structure probably reflects decreasing mantle serpentinization with depth [START_REF] Chian | Deep structure of the ocean-continent transition in the southern Iberia Abyssal Plain from seismic refraction profiles: Ocean Drilling Program (Legs 149 and 173) transect[END_REF][START_REF] Dean | Deep structure of the ocean continent transition in the southern Iberia Abyssal Plain from seismic refraction profiles: The IAM 9 transect at 40 20′ N[END_REF][START_REF] Pickup | Insight into the nature of the ocean-continent transition of west Iberia from a deep multichannel seismic reflection profile[END_REF]. The exhumed lherzolite ridges are characterized by the absence of significant magnetic anomalies [START_REF] Boillot | Ocean-continent boundary off the Iberian margin: a serpentinite diapir west of the Galicia Bank[END_REF][START_REF] Whitmarsh | The ocean continent boundary off the western continental margin of Iberia: Crustal structure west of Galicia Bank[END_REF]. They occur adjacent to highly tilted rift blocks in a hyperextended crust with minor indications of pre-, syn-, and post-rift volcanism [START_REF] Chian | Deep structure of the ocean-continent transition in the southern Iberia Abyssal Plain from seismic refraction profiles: Ocean Drilling Program (Legs 149 and 173) transect[END_REF]Whitmarsh et al., 2001b;Mohriak and Leroy, 2012) (figure 2.27). These ridges occur in waters deeper than 4000 m and are overlain by pelagic sediments deposited in abyssal environments [START_REF] Beslier | Ocean-continent boundary in the Iberia Abyssal Plain from multichannel seismic data[END_REF]. The Newfoundland conjugate presents much less faulting and the crustal thinning in this side is much more abrupt where crust thins from 18 to 0 km occurs in a distance of less than 40 km.

Red Sea and Gulf of Aden

The Red Sea and the Gulf of Aden rift basins developed in Late Tertiary as a response to late movements between Africa and the Arabic peninsula (figure 2.28). It represents one of the most classical and didactic cases of rift in Earth and has been reported in literature by several works, including [START_REF] Wegener | Die entstehung der kontinente[END_REF] (Mohriak and Leroy, 2012). It is estimated that movement between Africa and Arabia began in the Early Tertiary (55-45 Ma) and was associated with an Early Tertiary subduction zone in the Persian Gulf [START_REF] Hempton | Constraints on Arabian plate motion and extensional history of the Red Sea[END_REF]. The Gulf of Suez opened about 30 Ma ago, and the northern Red Sea about 20 Ma, forming patches of oceanic crust in the central segment around 5-3 Ma ago [START_REF] Bosence | Architecture and depositional sequences of Tertiary fault-block carbonate platforms; an analysis from outcrop (Miocene, Gulf of Suez) and computer modelling[END_REF][START_REF] Bosworth | The red sea and gulf of aden basins[END_REF] 

(figure 2.29).
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The Red Sea, the Gulf of Aden and the East African Rift System compose a triple junction supposed to be developed above a mantle plume (Havward and Ebinger 1996;[START_REF] Wolfenden | Evolution of the northern Main Ethiopian rift: birth of a triple junction[END_REF].

Most researchers are in agreement that a small ocean basin with an organized seafloor spreading centre has been formed in its central-southern portions, whereas the northern Red Sea and the Gulf of Suez might still be in the syn-rift phase, with no oceanic crust [START_REF] Cochran | The Gulf of Aden: structure and evolution of a young ocean basin and continental margin[END_REF][START_REF] Montenat | Tectonic and sedimentary evolution of the Gulf of Suez and the northwestern Red Sea[END_REF]. In the Red Sea, magnetic anomalies indicate a spreading rate of 1.5-2.0 cm/year and a basaltic oceanic crust formed after a breakup in the last few millions of years [START_REF] Ligi | Initial burst of oceanic crust accretion in the Red Sea due to edge-driven mantle convection[END_REF].

There are some discussions about what the plate separation mechanism would be, if is related to pure shear forming symmetric margins [START_REF] Mckenzie | Some remarks on the development of sedimentary basins[END_REF] or to simple lithospheric shear model resulting in asymmetric conjugate margins [START_REF] Wernicke | Uniform-sense normal simple shear of the continental lithosphere[END_REF][START_REF] Lister | Detachment faulting and the evolution of passive continental margins[END_REF]. Some studies [START_REF] Leroy | From rifting to spreading in the eastern Gulf of Aden: a geophysical survey of a young oceanic basin from margin to margin[END_REF][START_REF] Leroy | Contrasted styles of rifting in the eastern Gulf of Aden: a combined wide angle, multichannel seismic, and heat flow survey[END_REF] have suggested the possibility of exhumed mantle in the Gulf of Aden, however the only indication of exhumed mantle rocks in the Central Red Sea has been found on the small Zabargad Island, which is formed by relatively fresh peridotites associated with basement rocks and small patches of Neogene sediments [START_REF] Bonatti | Peridotites from the island of Zabargad (St. John), Red Sea: petrology and geochemistry[END_REF]. These authors say that this would be related to compressional transform faults and uplift of oceanic blocks. [START_REF] Egloff | Contrasting structural styles of the eastern and western margins of the southern Red Sea: the SONNE 1988 experiment[END_REF] had modelled the margins of southern Red Sea, based in refraction seismic data. According to a more representative model that passes through the stretched continental, the transitional and recent oceanic crusts, he described a crust, in the stretched continental domain, that is composed by an upper layer with velocities varying from 4.80 to 5.40 km/s and thickness varying from 6.0 to 1.5 km. The lower crustal layer has a velocity of 6.45 to 6.80 km/s and the Moho rises from more than 20 km in the unthinned domain to ~13 km in the transitional domain. The upper lithospheric mantle has a velocity of ~7.90 km/s. In the oceanic domain, the Moho is ~6 km depth, the upper mantle has ~7.50 km/s and the oceanic crust is composed by one layer with a velocity of 5.10-6.10 km/s and is covered by pre-evaporite sediments. Mohriak and Leroy (2012) had made this analysis for the three margin systems. The Iberian model of continental break-up and mantle exhumation by detachment faults has recently been used extensively by some authors as an analogue for the basins offshore Brazil and West Africa, despite their strong differences (see [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF][START_REF] Huismans | Depth-dependent extension, two-stage breakup and cratonic underplating at rifted margins[END_REF]2014). Mohriak and Leroy (2012) argued that it presents several fundamental differences to the sedimentary and tectonic processes envisaged for the South Atlantic and documented in the Red Sea-Gulf of Aden. Geological models for continental break-up and the formation of oceanic crust have important implications for paleoenvironments, heat flow and petroleum systems. Hence, these conceptual models necessitate calibration by robust interpretations based on geological and geophysical datasets, including profiles derived from deep penetrating seismic, gravity, magnetics and, where possible, scientific drilling to sample rocks and measure their petrophysical properties. These authors concluded that Red Sea and Gulf of Aden margins provide an analogue for continental break-up in magma-rich regions that is more adequate than models based on the magma-poor Iberia-Newfoundland margins.

The South Atlantic and Central and North Atlantic rift systems display several characteristics that are common in divergent margins; such as the rift phase controlled by extensional faults that is overlain by evaporites and then by shallow-marine carbonate environments that grade into deep marine siliciclastic environments. South Atlantic rifting during the Early Cretaceous formed conjugate basins along the SE Brazilian and West African margins, resulting in the deposition of lacustrine rocks that are much more oil-prolific than those of the Central and North Atlantic. The pre-salt sedimentary package is characterized by a belt of proximal seen-rift tilted blocks that are overlain by extremely thick sag basin deposits in more distal areas. In the ultra-deep-water province of the Atlantic margins, the prebreak-up structures are often obscured by thick salt and post-salt sedimentation.

Two end-member types of divergent margins are recognized in the Atlantic Ocean: the volcanic (magma-rich, corresponding to the majority of basins from Argentina to SE Brazil and their conjugates in West Africa), and the sedimentary/salty rifted margins, with punctually volcanism, which may be represented by the northern Bahia basins (Camamu-Almada) and the Gabon Basin in West Africa. In this chapter we present a review of the kinematic reconstructions and the tectonostratigraphic history of the Gondwana lithosphere breakup and the South Atlantic Opening.

Chapter III The Rifted Continental Brazilian Margin

Geodynamic context

Several authors have tried to solve the problem of the pre-opening fit in the South Atlantic Ocean in the past. Nevertheless, even the most recent entire reconstructions of the break-up history [START_REF] Nürnberg | The tectonic evolution of the South Atlantic from Laten Jurassic to present[END_REF][START_REF] Lawver | A tight fit-early Mesozoic Gondwana, a plate reconstruction perspertive[END_REF][START_REF] Schettino | Apparent polar wander paths for the major continents 200 Ma to the present day: a paleomagnetic reference frame for global plate tectonic reconstructions[END_REF]Eagles, 2006;Konïg & Jokat, 2006;[START_REF] Torsvik | A new scheme for the opening of the South Atlantic Ocean and the dissection of an Aptian salt basin[END_REF][START_REF] Heine | Kinematics of the South Atlantic rift[END_REF][START_REF] Pérez Díaz | Constraining South Atlantic growth with seafloor spreading data[END_REF] present numerous unexplained misfits (gaps, overlaps and misalignments) that have been partly shown in the review of Moulin et al. (2010), where all previous reconstructions were presented with the same geological and geodynamical benchmarks and geographical limits. Attempts to obtain the pre-opening fit (and to evaluate its age) and the early evolution of an ocean are also strongly dependent on the hypothesis made for the location of the first typical oceanic crust and often require an assessment of the rigidity of surrounding plates. This procedure has been undertaken for the South Atlantic Ocean [START_REF] Burke | Two plates in Africa during the Cretaceous?[END_REF][START_REF] Pindell | Permo-triassic reconstruction of western pangea and the evolution of the Gulf of Mexico/Caribbean region[END_REF][START_REF] Curie | Ouverture de l'Atlantique sud et discontinuités intra-plaque: une nouvelle analyse[END_REF]Unternehr et al., 1988;[START_REF] Nürnberg | The tectonic evolution of the South Atlantic from Laten Jurassic to present[END_REF][START_REF] Lawver | A tight fit-early Mesozoic Gondwana, a plate reconstruction perspertive[END_REF][START_REF] Dickson | Constraints for plate reconstruction using gravity data-implications for source and reservoir distribution in Brazilian and West African margin basins[END_REF][START_REF] Macdonald | Mesozoic break-up of SW Gondwana: implications for regional hydrocarbon potential of the southern South Atlantic[END_REF]Eagles, 2006;[START_REF] Torsvik | A new scheme for the opening of the South Atlantic Ocean and the dissection of an Aptian salt basin[END_REF][START_REF] Heine | Kinematics of the South Atlantic rift[END_REF][START_REF] Pérez Díaz | Constraining South Atlantic growth with seafloor spreading data[END_REF] and for the Central Atlantic [START_REF] Olivet | Cinématique de l'Atlantique Nord et Central[END_REF][START_REF] Olivet | La cinématique de la plaque ibérique: Bull[END_REF]Sahabi et al., 2004;Labails et al., 2010 etc.).
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First order segmentation of the Atlantic Ocean

Based on the nature and direction of the regional tensional efforts during the rifting and drifting of the South American and African plates, two different segments are recognized along the Brazilian Margin: The South Atlantic Segment, between the south of Argentina and the extreme east of Brazilian coast, where distensive processes predominate; The Equatorial Atlantic Segment, that goes from the Potiguar Basin to north wards. This segment has a strike-slip character. Moulin et al. (2010) divided the area into four ~ 2000 km-long segments: from the south to the north, the Falkland segment, the Austral Segment (Popoff, 1988), the Central Segment, which is the addressed segment of this thesis and the Equatorial segment (figure 3.2.1). The Central Segment (similar to the tropical Segment of Popoff (1988), is positioned between the Ascension FZ to the North and the Rio Grande (or Florianopolis) Fracture Zone to the South, and is characterized by the presence of a large evaporitic basin, developed in the Aptian [START_REF] Brognon | Tectonique et sedimentation dans le basin du Cuanza (Angola)[END_REF]Reyre, 1966;[START_REF] Butler | Shallow structure of the continental margin, southern Brazil and Uruguay[END_REF][START_REF] Asmus | The Brazilian Marginal Basins[END_REF][START_REF] Leyden | Salt distribution and crustal models for the eastern Brazilian margin[END_REF][START_REF] Asmus | Geologia da margem continental brasileira[END_REF][START_REF] Mohriak | Transform zones in the South Atlantic rifted continental margins. Intraplate strike-slip deformation belts[END_REF]. The seafloor spreading in this region began after the Barremian age, during the quiet magnetic time in Early Cretaceous time (after chron M0), so that no magnetic lineament marks the beginning of the oceanic crust accretion. Some authors (Mohriak, 2001) 

Kinematic problem, South America-Africa reconstructions and the tightest fit

The kinematic problem

Geomagnetic reversal-related anomalies are the most prominent magnetic signature of the oceanic crust, past changes in the strength of the dipolar geomagnetic field are also recorded, resulting in globally correlatable wiggles within geomagnetic chrons [START_REF] Bouligand | Geomagnetic field variations between chrons 33r and 19r (83-41 Ma) from sea-surface magnetic anomaly profiles[END_REF]Cande and Kent, 1992;[START_REF] Granot | Geomagnetic field variability during the Cretaceous Normal Superchron[END_REF][START_REF] Granot | The Cretaceous opening of the South Atlantic Ocean[END_REF][START_REF] Pouliquen | A geomagnetic record over the last 3.5 million years from deep tow magnetic anomaly profiles across the Central Indian Ridge[END_REF].

The problem is that the relative motions between the two plates during most of the breakup period are still poorly resolved due to the lack of reversal-related magnetic anomalies on crust of age 121 (Anomaly M0y) to 83.6 (Anomaly C34y) Myr old [START_REF] Malinverno | M sequence geomagnetic polarity time scale (MHTC12) that steadies global spreading rates and incorporates astrochronology constraints[END_REF]Ogg, 2012). This crust, formed during the Cretaceous Normal Superchron (CNS), is termed the magnetic "quiet zone" (Rabinowitz and LaBrecque, 1979;[START_REF] Malinverno | M sequence geomagnetic polarity time scale (MHTC12) that steadies global spreading rates and incorporates astrochronology constraints[END_REF]Ogg, 2012;[START_REF] Granot | The Cretaceous opening of the South Atlantic Ocean[END_REF].

The available kinematic models for the opening of the South Atlantic during the CNS [START_REF] Eagles | New angles on South Atlantic opening[END_REF][START_REF] Heine | Kinematics of the South Atlantic rift[END_REF]Jones et al., 1995;Moulin et al., 2010;[START_REF] Nürnberg | The tectonic evolution of the South Atlantic from Laten Jurassic to present[END_REF] are based on interpolation between the rotation parameters of M0y and C34y, predicting an opening age of ∼110-104 Myr ago (clearing of continental-oceanic boundaries, COBs) for the Equatorial Atlantic Gateway, even though equatorial sedimentary facies and subsidence rates [START_REF] Pletsch | Cretaceous separation of Africa and South America: the view from the West African margin (ODP Leg 159)[END_REF] and global compilation of benthic foraminifera stable isotopes [START_REF] Friedrich | Evolution of middle to Late Cretaceous oceans-a 55 my record of Earth's temperature and carbon cycle[END_REF] seem to indicate that the establishment of deep-water circulation between the South and Central Atlantic Basins started roughly 10-15 Myr later.

South America-Africa reconstructions

The first tries to reconstruct the initial pre-opening fit were based on rigid plates, without any intraplate deformation. [START_REF] Bullard | The fit of the continents around the Atlantic[END_REF] made the first computer-assisted statistical reconstruction and was followed by many authors (Dietz, 1973;Muscle and Sibuet, 1974;[START_REF] Smith | Mesozoic and Cenozoic paleo-continental maps[END_REF][START_REF] Sibuet | Plate kinematic implications of the Atlantic Equatorial fracture zone trends[END_REF], whom proposed a rigid plate model with a synchronised opening of the whole Austral Atlantic Ocean. These models show a very simplistic pre-rift reconstruction, that produces a huge gap in the Equatorial segment when the Southern segment closes and vice-versa.

The identification of Mesozoic magnetic anomalies in the Austral segment, allowed [START_REF] Rabinowitz | The Mesozoic South Atlantic Ocean and evolution of its continental margins[END_REF] to observe that these anomalies disappear northwards in the South Atlantic, and propose a diachronic opening of the Central and Austral segments.

Based on the mapping of Mesozoic magnetic anomalies of the south of the Walvis-Sao Paulo ridges, Rabinowitz and La Brecque (1979) developed a model predicting a Neocomian E-W motion in this region, progressively more NE-SW motion to the north.

Based in these magnetic anomalies, is believed that breakup of Western Gondwana started in the southern parts of the South American continent in the Late Jurassic/Early Cretaceous, and advanced towards the north, reaching the equatorial margin by Late Aptian/Early Albian (Rabinowitz and LaBrecque, 1979;Conceição et al., 1988;[START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF][START_REF] Matos | The northeast Brazilian rift system[END_REF][START_REF] Cainelli | Some remarks on the evolution of sedimentary basins along the Eastern Brazilian continental margin[END_REF]Eagles et al., 2006;Moulin et al., 2010;[START_REF] Granot | The Cretaceous opening of the South Atlantic Ocean[END_REF].

The reconstruction made by Rabinowitz and LaBrecque (1979) satisfied the South Atlantic fit problem, but with a rigid plate, implied a 300 km large compression in the Equatorial segment, which is inconsistent with geological data. Another author, still with the rigid plates idea, like [START_REF] Vink | Continental rifting and the implications for the plate tectonic reconstructions[END_REF], proposed models with geologically inexplicable extremely significant overlaps. Consequently, it was concluded that a perfect pre-rift fit would be only possible with some intraplate deformation. Movements on these deformation zones were modelled to produce a tighter fit at closure, by introducing continental microplate or 'block' rotations. Pindel and Dewey (1982), as well as some others authors [START_REF] Fairhead | Mesozoic plate tectonic reconstructions of the central South Atlantic Ocean: the role of the West and Central African rift system[END_REF][START_REF] Guiraud | Early Cretaceous rifts of Western and Central Africa: an overview[END_REF], focused on the African intraplate deformation and proposed more acceptable models, but still with a lot of overlaps and gaps incompatible with the observed geology. [START_REF] Curie | Ouverture de l'Atlantique sud et discontinuités intra-plaque: une nouvelle analyse[END_REF] Altimetry data, bathymetric charts and compilation of magnetic anomaly picks, which remains the basic reference for oceanic crust ages. Following the suggestion of [START_REF] Curie | Ouverture de l'Atlantique sud et discontinuités intra-plaque: une nouvelle analyse[END_REF] and [START_REF] Unternher | South Atlantic fits and intraplate boundaries in Africa and South America. Mesozoic and Cenozoic Plate Reconstruction[END_REF], their pre-opening reconstruction integrates both African (two blocks) and South American (four blocks) continental intraplate deformations. Despite this effort, none of these reconstructions presents a fit in agreement with both geological and geophysical data (Moulin et al., 2010;Aslanian and Moulin, 2010;[START_REF] Aslanian | Paleogeographic consequences of conservational models in the South Atlantic Ocean[END_REF] The existence of several intraplate deformations on both African and South American plates is now well accepted and the analysis of the azimuths and lengths of segments of fracture zones, that are powerful constraints (Eagles, 2006), integrated with new magnetic anomaly identification, other isochrons, flow lines, onshore and offshore geological and geophysical data, allow the construction of some more solid and acceptable modern kinematic evolution models. Eagles (2006) affirmed that it is impossible to produce a simultaneous fit of the fracture zones and magnetic isochron constraints that does not result in a kind of overlap, and noticed that the opening of the South Atlantic Ocean is mainly linked to the South American plate deformation. Moulin et al. (2010) proposed a solid reconstruction with the tightest fit possible at 133 Ma (figures 3.2 and figure 3.3), according to geological and geophysical information. In this reconstruction South American plate was divided into 9 blocks and the African plate into 4 blocks, and each block was rotated, using poles of rotation and angles that were sometimes already proposed by past works, as example of the Tucano Microplate, that was moved clockwise, following [START_REF] Szatmari | How South Atlantic rifting affects Brazilian oil reserves distribution[END_REF], [START_REF] Milani | Basement control and transfer tectonics in the Reconcavo-Tucano-Jatobá rift, northeast Brazil[END_REF] and Szatmari and Milani (1999). These rotations would result in intraplate deformation causing compression, extension and strike-slip movements, that may be dispersed throughout a larger area, diluted among several fault zones displaying minor reactivations. The initial fit produced also some gaps and overlaps, usually with less than 50 km large, that may be due to the presence of the intraplate limit or a smaller segmentation (Moulin et al., 2010). Moulin et al. (2010) model presents an age for the tightest fit, which precedes the Chron M7 (132 Ma), and infers that the first oceanic crust in this southern area occurred between M9 and M7 (between 134 and 132 Ma), in the Hauterivian time. This model, made by numerical trial-error method using PLACA software (Matias et al., 2005), pointed four stages to the Gondwana break up.

The tightest fit

Stage 1: Austral Segment, between LMA and M4 Major crustal discontinuities such as the NW lineaments in the Paraná Basin are associated with dike swarms in the Ponta Grossa Arch. Before M7 in the Orange and Argentine Basins, with deformation between Salado and Argentine blocks; this deformation stops at M7. After M7, the opening occurred between Walvis and Pelotas Basins (figure 3.2).

Stage 2: From M4 to Aptian the Santos block plays the role of a kinematic buffer [START_REF] Moulin | Kinematic keys of the Santos Basin[END_REF] between the movements that created the northern Aptian basins with rich source rock lacustrine sediment and salt deposition and the southern volcanic basins with narrow lacustrine rifts and no salt deposition of the South Atlantic Ocean (figure 3.2).

Stage 3: The Late Aptian/Early Albian limit marked the end of salt deposition and the opening of the central segment. The Santos Block is now connected to the northern part of the South Atlantic plate, and the opening of the central segment implies an eastward ridge jump allowing a first "continuous" oceanic ridge from the Ascension FZ in the north to the main limit of Walvis and Rio Grande FZ to the South. Between M0 and Late Aptian/ Early Albian, the different blocks of the northern part of South America and after this period a major 

The South Atlantic stratigraphic evolution

The divergent characteristics of the eastern and northern Brazilian margin allow one to envisage two different structural settings each with its characteristics processes of evolution [START_REF] Ponte | Geological Framework of the Brazilian Continental Margin[END_REF].

For some authors (e.g. Conceiçao et al., 1988), the South Atlantic rifting was happened in two cycles: one much older, from 225 to 160 Ma and the other from 160 to 115 Ma. From the first cycle there are some evidences as varied igneous manifestations: rift structures establishments and some typical sedimentation and stratigraphy in intracratonic basins. But even with that, there is not much known information and is not possible to differentiate its phases, but for these authors it is classified as the starting pulse for the whole process. The fact is, that the most part of the data confirms the second cycle, that is very well recorded in the stratigraphy of the Brazilian marginal basins (Conceiçao et al. 1988;[START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF][START_REF] Matos | The northeast Brazilian rift system[END_REF]Feijó 1994;Cainelli & Mohriak, 1998;[START_REF] Milani | Sedimentary basins of South America[END_REF]Mohriak, 2000Mohriak, , 2003)). The sedimentary basins of the Brazilian margin were generated especially at this phase (figure 3.4 and table 3.1).

The stratigraphic framework of the sedimentary basins (figure 3.4) of the Brazilian Continental Margin preserves the register of this rift process, where the tectonic phases were grouped, according to the stratigraphy hierarchy principles, in depositional mega sequences, super sequences and sequences. Based in this, four mega sequences were established and are used in the most part of the Brazilian works: pre-rift, syn-rift, transitional, and marine (Ojeda,1982;[START_REF] Matos | The northeast Brazilian rift system[END_REF][START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF]Feijó 1994;[START_REF] Cainelli | Some remarks on the evolution of sedimentary basins along the Eastern Brazilian continental margin[END_REF]Mohriak 2003;Campos Neto et al., 2007). Chaboureau et al. 2012 established the timing of the sedimentary and tectonic evolution drawing eight paleogeographic and geodynamic maps from the Barresian to the Middle-Late Aptian (from the end of the pre-rift to the beginning of the transitional phases) based in an integration of published data of biostratigraphic (ostracods and pollen) and absolute ages (chemostratigraphy, interstratified volcanic, Re-Os dating of the organic matter) (figure 3.5). The result of this work is a detailed reconstruction of the paleoenvironment of deposition in the conjugate margins of Africa and Brazil. [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF], as well as many others authors [START_REF] Matos | The northeast Brazilian rift system[END_REF]Mohriak, 2000;Blaich 2008), verified that South Atlantic evolved differently, in term of deformation and palaeogeography, between a southern domain, that includes the Namibia, Santos and Campos Basins, and a northern domain that extends from the Espirito Santo and North Kwanza Basins in the south, to the Sergipe-Alagoas and North Gabon Basins to the north.

Table 3.1. Chart showing main tectono-stratigraphic features of some of the sedimentary basins in the Brazilian margin (Cainelli and Mohriak, 1999).

As the Chaboureau et al., (2012) work is the most recent, precise and complete study of the South Atlantic stratigraphy, we will base this thesis on it. Although, in the next paragraphs we will try to integrate it with the classical Brazilian studies.

3.4.1-Pre-Rift

In the evolution proposed by Chaboureau et al., (2012), the rifting process started in the northeast (figure 3.5), characterized by an initial phase of subsidence with some lacustrine and fluvial continental sediments deposited during the Late Jurassic and Early Cretaceous (140-130 Ma), associated to sag basins that compose the mega-sequence pre-rift [START_REF] Garcia | Paleogeografia do nordeste brasileiro no jur ássico superiorcret áceo inferior[END_REF]Feijó, 1994;Costa,2007;Campos Neto 2007;Mohriak 2003). In the south-southeast, between the Pelotas and Santos basins, the initial phases are associated with an uplift and the tholeiitic basalt floods of the Serra Geral Formation from the Parana Basin (Cainelli & Mohriak, 1998;Mohriak, 2003).

From the Berriasian to the Hauterivian, [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF] proposed that increasing crustal extension caused rapid subsidence, in which deep and permanently stratified fresh water lakes developed. These subsidence phases resulted in elongated and faulted sags infilled by thick packages of fine-grained clastic and sand-grained turbidites, interbedded with coarse massflow deposits which were derived from the fault scarp fanglomerates wedges registered between Espírito Santo and Sergipe/Alagoas Basins, while Santos and Campos Basins were occupied by tholeiitic basalts. This mega sequence represents the intracratonic phase of the Supercontinent Gondwana (Mohriak, 2003), and is characterized by a continental deposition, and is constituted by Neojurassic rocks deposited in fluvio-lake environments [START_REF] Ponte | Geological Framework of the Brazilian Continental Margin[END_REF].

The register of this stage is restricted to the Northeast Brazilian Margin (figure 3.4) with remaining rocks of the Permian and Carboniferous (Cainelli and Mohriak, 1998). This sequence is related to the Sineclise phase of the Sergipe-Alagoas Basin (Feijó, 1994;Campos Neto et al., 2007) and is called as Syn-Rift I phase by [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF] and [START_REF] Matos | The northeast Brazilian rift system[END_REF]. The lithospheric thinning in this stage, would result in the formation of smooth depressions, including a large basin denominated as the Afro-Brazilian Depression (Ponte et al., 1972;[START_REF] Garcia | Paleogeografia do nordeste brasileiro no jur ássico superiorcret áceo inferior[END_REF]. The sedimentary infilling of this area can reach 100 to 300 m in the Sergipe-Alagoas Basin (Feijó, 1994). This phase corresponds to the first period pointed by [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF], the Berrisian-Valanginian Boundary (141-139 Ma) when the sedimentary setting was a deep lake bordered with alluvial fans, in two possible scenarios: a single lake or two lacustrine systems, one from Jatoba Basin to the Almada-Camamu Basin and a second from the Sergipe-Alagoas Basin until the Kwanza Basin (figure 3.5). 

3.4.2-Syn-Rift

This mega sequence is correlated with the Syn-Rift II and Syn-Rift III phases [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF][START_REF] Matos | The northeast Brazilian rift system[END_REF] and is also called as the Continental Mega sequence by Cainelli and Mohriak (1998).

For [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF], the evolution of the rift happened into two phases: a first phase characterized by tilted blocks and growth strata in the inner continental crust with a paroxysm period that begun in the Intra-Valangian (137-136 Ma), followed by a phase of flexural sag basin in Aptian time (figure 3 In the Hauterivian-Barremian Boundary (131-129 Ma) (figure 3.5), the rift was located north of the Benguela FZ, and split into three branches toward the north: The South-Interior Gabon and Camamu-Almada Basins that split themselves into the Tucano-Jatobá and Jacuípe-Sergipe Basins, while in the southern domain was the time of widespread volcanism from the Parana Basin to northern Namibia [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF].

At the Barremian, sedimentation in lakes of interior rift system was followed by the deposition of the alluvial-fluvial sediments. In the eastern marginal basins, carbonate platforms composed of bivalves and ostracods were accumulated on structural highs, whereas fluvio-deltaic and lacustrine sediments were deposited in the adjacent lows. Salinity in these lakes increased gradually to almost the level of normal seawater [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF].

At the Lower Aptian (124-123 Ma), the South Atlantic was a single shallow lake where the first marine floods are recorded in the Sergipe-Alagoas basin (fish fossils [START_REF] Gallo | A paleoictiofauna marinha das bacias marginais brasileiras[END_REF]. The rift was active in the entire South Atlantic central segment, with more activity in the south and quieter in the north. At this time the Reconcavo and Tucano basins presents no stratigraphic record, indicating that the basins were no longer subsiding. This time period is follow by a major time and space varied hiatus, excepted by the Santos, which was already a flexural sag basin, and North Gabon basins, which was dominated by normal faults [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF].

At the Middle Aptian, the sag phase is completely established, the probably first evaporites (pollen ages, Souza [START_REF] Souza-Lima | Sequencia evaporitica da bacia de Sergipe-Alagoas[END_REF] are deposited in the Alagoas Basin, and there is some marine flooding in the Cabinda Basin (ostracods ages, [START_REF] Braccini | A revised chrono-lithostratigraphic framework for the pre-Salt (Lower Cretaceous) in Cabinda, Angola[END_REF].

At the Middle-Upper Aptian Boundary (116-114 Ma) the entire South Atlantic central segment is a sag basin covered by evaporites [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF]. At this time, a protooceanic crust is expected based on the geometrical relationship of the salt with the oceanic crust [START_REF] Milani | Bacia do Paraná[END_REF].

3.4.3-Transitional

The controversy of the transitional phase turns mainly around the discussion of the scenario of salt deposition.

The Transitional mega sequence is marked by the end of continental crustal rifting, cessing the activity of the most of the faults evolving the basement [START_REF] Mohriak | Transform zones in the South Atlantic rifted continental margins. Intraplate strike-slip deformation belts[END_REF].

Very restrictive, euxinic and saline conditions predominated in this seaway, due to the existence of a natural barrier to water circulation at the Walvis-Sao Paulo Ridge. Massive halite, reaching thicknesses of as much as 2000 m accumulated in the most rapidly subsiding parts of the proto-South Atlantic Basin, whereas anhydrite, and in some places even sylvites and tachydrites were deposited on adjacent highs and platform areas [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF].

The relationship between the evaporitic sedimentation and the first occurrence of the oceanic crust is one of the principal issues related to the South Atlantic Opening. The prebreakup salt theory [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF]Moulin et al., 2005;[START_REF] Davison | Tectonics and hydrocarbon distribution along the Brazilian South Atlantic margin[END_REF][START_REF] Duval | Raft tectonics in the Kwanza Basin, Angola[END_REF][START_REF] Evans | Origin and significance of evaporites in basins around Atlantic margin[END_REF][START_REF] Guardado | Petroleum geology of the Campos Basin, Brazil; a model for a producing atlantic type basin[END_REF][START_REF] Ojeda | Structural framework, stratigraphy, and evolution of Brazilian marginal basins[END_REF] defends a scenario where seafloor spreading occurred after salt deposition, and the substratum of the pre-salt sediment infill would be continental or sub-continental (thinned continental crust, intruded lower continental crust or exhumed mantle material as proposed by Moulin et al., 2005, based on combined reflexion and wide-angle seismic data). In the post-breakup salt theory, the salt should be deposited after the first occurrence of oceanic crust [START_REF] Abreu | Geologic evolution of conjugate volcanic passive margins; Pelotas Basin (Brazil) and offshore Namibia (Africa); implication for global sea level changes[END_REF][START_REF] Fonck | Role of subaerial volcanic rocks and major unconformities in the creation of South Atlantic margins[END_REF][START_REF] Guiraud | Early Cretaceous rifts of Western and Central Africa: an overview[END_REF][START_REF] Jackson | Role of subaerial volcanic rocks and mantle plumes in creation of South Atlantic margins; implications for salt tectonics and source rocks[END_REF][START_REF] Karner | Tectonic significance of syn-rift sediment packages across the Gabon-Cabinda continental margin[END_REF][START_REF] Marton | Evolution of the Angolan passive margin, West Africa, with emphasis on post-salt structural styles[END_REF][START_REF] Nürnberg | The tectonic evolution of the South Atlantic from Laten Jurassic to present[END_REF].

On the Angola margin, salt is found continuously from the deep actual basin (the sag) to the unthinned continental platform (Moulin et al., 2005). Because salt deposit occurs in a horizontal context, this observation proves that the top of the salt was deposited in very shallow environment (at the same depth as the unthinned continental platform). Moreover, if the salt was deposited in a confined deep basin, as in Mediterranean Sea, large pre-salt marine sediments layer and erosion on the continental slope should be observed. Together with the absence of thick marine layers prior to Aptian times, the absence of an erosion surface contemporaneous with salt deposition indicate that salt was not deposited in a context of active marine sedimentation but is related to the first marine transgression of the basin. These crucial observations imply shallow deposition environments during the rifting. [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF] The Aptian (Alagoas stage) evaporites are capped by Albian marine carbonate platforms. This reflects a gradual opening of the South Atlantic Gulf, the break-down of the Sao Paulo-Walvis Ridge barrier and the gradual de-restriction of this evolving seaway. Salt tectonics strongly affected the distribution of the high-energy facies, mainly controlling oolite-oncolite banks, developing on the culmination of gentle salt pillow structures [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF].

According to [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF], in the Middle Aptian (119-116 Ma), all the basins of the South Atlantic central segment are flexural sags. The width of the South Atlantic segment is becoming the largest before true oceanic phase. Based in pollen ages (Souza- [START_REF] Souza-Lima | Sequencia evaporitica da bacia de Sergipe-Alagoas[END_REF] there is already the occurrence of evaporites in the Alagoas Basin and based in ostracod ages, marine flooding is expected in the Cabinda Basin [START_REF] Braccini | A revised chrono-lithostratigraphic framework for the pre-Salt (Lower Cretaceous) in Cabinda, Angola[END_REF] 

(figure 3.5).
In the Middle-Upper Aptian Boundary (116-114 Ma) the entire South Atlantic central segment is cover by evaporites (figure 3.5), except in the Jacuipe, Alagoas and Pernambuco Basins, where siliciclastic deposition occurred [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF].

The entire South Atlantic segment is a flexural basin, except toward the north where normal faults are still active in the Sergipe-Alagoas Basin (Campos-Neto et al., 2007). A proto-oceanic crust is expected in the northern part at this time based on the geometrical relationship of the salt with oceanic crust (Chaboureau et al., 2007).

3.4.4-Marine

The first clear evidences of marine faunas are during the Early Aptian what would be supported by the occurrence of salts that are older (Barremian-Aptian boundary 126 Ma) in Kwanza Basin and younger in the Alagoas Basin [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF], as well as hydrogen and carbon isotope geochemistry of the organic matter of the Maculungo Formation [START_REF] Pedentchouk | Distinct variations among source rocks fromEarly Cretaceous West African rift basins based on hydrogen and carbon isotope values of n-alkanes[END_REF] that also suggests marine influences at this time. However, true marine influences are not as obvious for the sag phase (Middle Aptian-119-116 Ma).

The precise sedimentary and stratigraphic setting of the marine faunas is not really described, although [START_REF] Gallo | A paleoictiofauna marinha das bacias marginais brasileiras[END_REF] dated some Early Aptian fossil fish from the Morro do Chaves Formation in the Sergipe-Alagoas basin that would indicate lacustrine environments with some marine influences. This could indicate some sharp and brief marine floods since this age [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF].

Despite the fact that most kinematic constructions suggest that the seafloor spreading evolved from south to north -with the exception of the evolution proposed by Moulin et al. (2010;[START_REF] Tavares | [END_REF] Geohistory diagrams (figure 3.6) of post-rift stage display a common high subsidence pulse during Aptian-Albian time, immediately following the end of rifting, compatible with the thermal cooling of the attenuated continental lithosphere [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF]. Based on the analysis of well data in the South Gabon, [START_REF] Dupré | Seafloor geological studies above active gas chimneys off Egypt (Central Nile Deep Sea Fan)[END_REF] observed that in this early post-rift phase there was a rapid subsidence period, during ~19 Ma, reaching 100 m /Ma, with ~1.9 km of evaporites and shallow water carbonates being deposited. [START_REF] Dupré | Seafloor geological studies above active gas chimneys off Egypt (Central Nile Deep Sea Fan)[END_REF] related this high subsidence rates with the waning of the thermal anomaly. The continuous subsidence started to dissipate the restriction barriers of the South Atlantic Ocean [START_REF] Cainelli | Some remarks on the evolution of sedimentary basins along the Eastern Brazilian continental margin[END_REF]. [START_REF] Koutsoukos | Evolução Paleoecológica do Albiano ao Maestrichtiano na Área Noroeste da Bacia de Campos, Brasil, com base em Foraminíferos[END_REF], Mohriak et al., 2003).

Open marine conditions had started to completely predominate, without any continental influence, at the top of Cretaceous time only in the Late Turonian, in the Sergipe-Alagoas Basin [START_REF] Cainelli | Some remarks on the evolution of sedimentary basins along the Eastern Brazilian continental margin[END_REF] (figure 3.4 and 3.7).

The Open Marine Super sequence marks the truly oceanic phase of deposition in the eastern Brazilian basins, characterized by relative environmental stability and a greater biological diversification with paleo water depths reaching values around 1000 to 2000 m in the present-day platform (figure 3.7) [START_REF] Koutsoukos | Evolução Paleoecológica do Albiano ao Maestrichtiano na Área Noroeste da Bacia de Campos, Brasil, com base em Foraminíferos[END_REF][START_REF] Koutsoukos | A Área Noroeste da Bacia de Campos, Brasil, do Mesocretáceo ao Neocretáceo: Evolução Paleoambiental e Paleogeográfica pelo Estudo de Foraminíferos[END_REF]. 

Chapter IV

The Sergipe-Alagoas Basin As the basin is one of the most traditional Brazilian oil fields (Milani et al., 2000), the geology of the Sergipe Alagoas basin has been extensively studied and reported in the literature (Schaller, 1970;[START_REF] Lana | Rifteamento na Bacia de Sergipe-Alagoas[END_REF][START_REF] Lana | A Microplaca do Nordeste Brasileiro: um elemento no rifteamento no Cretáceo Inferior[END_REF]Szatmari and Milani, 1999;Feijó, 1994;Mohriak, 1995Mohriak, , 1998Mohriak, , 2000Mohriak, , 2003;;[START_REF] Matos | Tectonic evolution of the Equatorial South Atlantic[END_REF]Rosendhal et al., 2005;Campos Neto et al., 2007;[START_REF] Cruz | Caracterização tectono-estratigráfica da sequência transicional na sub-bacia de Sergipe[END_REF]Blaich et al., 2008), and had advanced immensely with the acquisition, processing and interpretation of regional reflection seismic profiles in the deepwater region of the South Atlantic since the beginning of the 1980s.

Whilst in Albian time the central part of the South Atlantic presented the first oceanic crust, the Equatorial Atlantic Ocean started to open, as the last stage of the kinematic evolution of the South Atlantic Ocean formation, allowing the definitive water connection between the Central Atlantic and the South Atlantic oceans (Rabinowitz and La Brecque , 1979 ;Conceiçao et al., 1988;[START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF][START_REF] Matos | The northeast Brazilian rift system[END_REF][START_REF] Cainelli | Some remarks on the evolution of sedimentary basins along the Eastern Brazilian continental margin[END_REF]Moulin et al., 2010;[START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF]. The Sergipe-Alagoas Basin (SAB), with the southern Jacuipe segment, is located between these two main segments and represents a sort of buffer zone (Conceiçao and Zalan, 1998;Moulin et al. 2010).

This buffer zone, located between the Camamu triple junction to the south and the Potiguar Basin to the north, presents a SW-NE elongated margin, oblique respect to the direction of the main Fracture Zones of the central segment of the South Atlantic Ocean (Ascension, Bode Verde, Martin Vaz and Rio Grande Fracture Zones). This buffer segment presents a system of N-S and S-W failed rifts: the Recôncavo-Tucano-Jatoba (RTJ) rift system, which marks the limit of the Triangle-shaped Tucano Microplate which rotated counterclockwise respect to South America plate (Szatmari et al., 1999;Moulin et al., 2010).

The Sergipe-Alagoas Basin (SAB) is situated at the north of the Vaza-Barris transfer zone and the Jacuipe basin, east of the Sergipana fold belt and south of the Pernambuco lineament (figure 4.1), one of the most important Brasiliano structure of the development of the Brazilian NE geology.

The aim of this chapter is to give a general view of the Sergipe-Alagoas Basin, based in a compilation of data and spread concepts in the literature concerning its lithostratigraphy and crustal structure, and put the evolution of the basin in a more general context.

The chapter will raise the principal discussions around the chronostratigraphic limits and discordances that mark the different stages of the geotectonic evolution, placing them in the varied proposed tectonic models, comparing the adopted concepts and showing the problems to be solved with the data and models obtained in this thesis. 

Basement of the Sergipe-Alagoas Basin

The sediments of the SAB lay over the Proterozoic Sergipana fold belt (SFB). The SFB is located between the Pernambuco-Alagoas massif and the São Francisco Craton. It has a triangular shape narrowing towards the west (figure 4.1). It had been studied, first with geological mapping by Humphrey & Allard (1969) and [START_REF] Filho | Geologia do Geossinclinal Sergipana e do seu embasamento. Alagoas, Sergipe e Bahia. Brasília[END_REF], then by Davison & Santos (1989), [START_REF] Santos | Geologia e recursos minerais do Estado de Sergipe. Brasília[END_REF][START_REF] Silva | Tectonic evolution of the Sergipano Belt, NE Brazil[END_REF], 1999) with emphasis on the structural geology and tectonics, and more recently by [START_REF] Oliveira | Evolution of the Neoproterozoic Sergipano Orogenic Belt, NE Bazil: detrital zircon geochronology and Sm/Nd isotopes on metasedimentary rocks unravel part of the story[END_REF][START_REF] Oliveira | Geologic correlation between the Neoproterozoic Sergipano belt (NE Brazil) and the Yaoundé belt (Cameroon, Africa)[END_REF]Oliveira et al. ( , 2010)), on bases of geochronology, whole-rock geochemistry, isotope geochemistry, and structural geology. The nature of the SFB was a matter of controversies. It was first interpreted as a geosyncline (Humprey and Allard, 1969;Santos and Silva Filho, 1975). Almeida et al. 1977 proposed that the SFB represents an inverted sedimentary basin that passed by some tectonicmetamorphic orogenetic process, later as a collage of tectono-stratigraphic terrains or microplates (Davison and Santos, 1989), and as a fold-and-thrust belt, the southern part of which was produced by inversion of a passive continental margin (D'el-Rey Silva, 1999).

More recently Oliveira et al., (2010) (Oliveira et al., 2010).
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Stratigraphy of the Sergipe-Alagoas Basin

In this work we assume the Petrobras stratigraphic chart made by Campos Neto et al. (2007), which follows the lithostratigraphic classification proposed by Schaller (1970) and Feijó (1994) in which Campos Neto et al., (2007) made a few alterations. Based in regional biostratigraphic scale, ostracod and pollen biozones, Schaller (1969) and Viana et al. (1971) 

Carboniferous Sequence:

This sequence is composed by the Batinga Formation (figures 4.3 and 4.4), where siliciclastic sediments were deposited in a sub-aquatic glacial environment. The Mulungu member is the basal unity of the Batinga Formation and is exclusively composed by diamictits originated from reworked glacial sediments by debris flow. The Boacica Member comes on top and is constituted by conglomerates, sandstones, siltstones and shales deposited by fan deltas. The sedimentary stack pattern of these unities is mainly transgressive (Campos Neto et al., 2007). The contacts between the members of the Batinga Formation are discordant, both the inferior with the Estância Formation (figures 4.3 and 4.4), and the superior with various stratigraphic unities. The Batinga Formation was deposited in a marine-glacial environment and despite its poor fossiliferous content, is dated as from the Late Carboniferous period (~310-300 Ma) (Schaller, 1969;Feijó, 1994).

Permian Sequence:

The Aracaré Formation is in the top of the Igreja Nova Group (figures 4.3 and 4.4) and represents the Permian Sequence (~260-250 Ma). It is related to deserted, coastal, and deltaic environments with aeolian and tidal influence. It is composed by black shales over sandstones and lime-sandstones associated to silex and algal shales, characterizing a transgressiveregressive cycle (Campos Neto et al., 2007). The Acararé Formation (figures 4.3 and 4.4) presents inferior and superior discordant contacts. The presence of sporomorphs allows assigning a Middle Permian age (Schaller, 1969;Feijó, 1994). Its rocks were probably deposited in a coastal environment with storms influence and aeolian rework (Feijó, 1994). 

Pre-rift Sequence

Composed by the Perucaba Group (Feijó, 1994) (figures 4.3 and 4.4), with Thitonian ages (~152-148 Ma), this sequence, also called as Jurassic Cretaceous Sequence, was deposited over shallow and long depressions in the Late Jurassic in an over 3 million years stable tectonic phase where would later occur the rift rupture. In its base there is fluvio-deltaic sediments of the Candeeiro Formation (figures 4.3 and 4.4), covered by lake red shales of the Bananeiras Formation (figures 4.3 and 4.4). These lakes were invaded by an interlaced rivers system forming the Serraria Formation (figures 4.3 and 4.4) (Feijó, 1994;Campos Neto et al., 2007). The Candeeiro Formation lays over a discordant contact over Paleozoic rocks or over the basement, and is concordantly under the Bananeiras Formation (Feijó, 1994). Due to an absence of fossiliferous content, Schaller (1969), by subsurface correlations, attributed it a Late Jurassic age. The Bananeiras Formation has its inferior contact in concordance with the Candeeiro Formation or in discordance with Paleozoic rocks or with the basement. Based in the presence of non-marine ostracods, it was dated from the Late Jurassic (Schaller, 1969).

The Serraria Formation is concordantly in contact with the Bananeiras Formation in its base, and with the Barra de Itiúba Formation (figures 4.3 and 4.4) in its top. It is also dated based in non-marine ostracods from the Late Jurassic to the Early Cretaceous (Schaller, 1969;Feijó, 1994).

Rift Super sequence

This sequence was deposited during the period of most intense rift activity which preceded the South Atlantic opening, Due to the strong tectonics that accompanied the deposition, the sedimentary layers show remarkable lateral variation in their facies and thickness (Feijó, 1994). Campos Neto et al. (2007) admit that the starting point for the rift occurred at 142 Ma, when was installed the lake of the Feliz Deserto Formation (figures 4.3 and 4.4). This lake, deeper and with different characteristics from the Bananeiras Formation Lake, points that, beyond the climatic change, there were also a progressive rising in the subsidence rate of the basin. Campos Neto et al. 2007 

Late Barresian-Middle Valangian (~142-138 Ma)

This sequence is dated from Rio da Serra age by non-marine ostracods, and the sedimentation presents an early rift character, when the delta-lake system of the Feliz Deserto Formation was implanted. The Penedo Formation with fluvial sand sedimentation is only observed on the Sergipe basin border and the northeastern border of Alagoas Basin. The Feliz Deserto Formation is also covered by a lacustric deposition of green shales intercalated with sandstones of the basal part of the Barra de Itiúba Formation (Campos Neto et al., 2007). The Barra de Itiúba Formation lays concordantly over the Serraria Formation and is covered and laterally interlinked with the Penedo Formation. The study of non-marine ostracods gives an Early Cretaceous age based (Schaller, 1969;Feijó, 1994). The Penedo Formation is concordantly below the Coqueiro Seco Formation and laterally gradates to the Rio Pitanga Formation in the border of the Sergipe Basin (Schaller, 1969;Feijó, 1994). [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF] propose that, during this period, the SAB was one of two parallel rifts that were active northward the North Abrolhos Fracture Zone. The other rift was eastwards to the Camamu-Almada-Jatoba Basin. The sedimentary setting indicates two deep lakes bordered with alluvial fans, separated by a high that corresponds to a sedimentary hiatus called Central Elevated Block (CEB) (figure 4.5).

Hauterovian-Barremian (~134-128 Ma)

During the first tectonic pulse of the rift, alluvial conglomerates (Rio Pitanga Formation), sandstones (Penedo Formation) and, in the distal portions, the delta-lake sedimentation (Barra de Itiuba Formation) were deposited. In the Alagoas basin, the sedimentation of fluvial sands was occurring simultaneously to the delta-lake sedimentation of the Barra de Itiúba Formation (Campos Neto et al., 2007). In the Jiquiá age, this lake started to be fulfilled by the alluvial-fluvial sediments of the Rio Pitanga and Penedo Formations. In the shallow portions of the Sergipe basin, during low sedimentary rate times, the Morro do Chaves Formation exhibits coquinas and bivalves (Campos Neto et al., 2007).

The Rio Pitanga Formation gradates laterally to the Penedo and Coqueiro Seco Formations and can be discordantly underlying the Muribeca Formation. Its deposition is related to basin border faults that were active during the Aratu Buracica and Jiquiá ages (Feijó, 1994).

According to [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF], at this time, the rift was located north of the Benguela 

Early Aptian (124-123 Ma)

This sequence was deposited in the second rifting pulse, between the Late Jiquiá to Early Alagoas ages, when the tectonic was strongly intensified. This intense tectonic caused a rise in the subsidence rate of the basin, together with a rise in the sedimentation rate. It was the time of deposition of the Coqueiro Seco Formation, in a delta-lake alluvial environment. In the proximal portions of the Sergipe basin, the deposition of alluvial conglomerates from the Rio Pitanga Formation and the carbonates of the Morro do Chaves Formation were predominating, while in the distal portions, there was the delta-lake sedimentation of the sandstones and shales of the Coqueiro Seco Formation. In the Alagoas basin, the delta-alluvial and lake deposits of the Coqueiro Seco Formation was predominating in relation to the alluvial conglomerates of the Poção Formation and to the carbonates and shales of the Morro do Chaves Formation (Campos Neto et al., 2007). Based on the study of fish fossils, [START_REF] Gallo | A paleoictiofauna marinha das bacias marginais brasileiras[END_REF] reports that the first clear evidences of marine faunas are found in the Morro do Chaves Formation. According to this author, the observed fish species (Enchodus sp.) indicate lacustrine environments with some marine influences. The Coqueiro Seco Formation gradates laterally to the Rio Pitanga Formation in the Sergipe Basin and to the Poção Formation in Alagoas Basin. It has an Early Aptian age based on non-marine ostracods and palynomorphs studies (Feijó, 1994). The Poção Formation gradates laterally to the Penedo, Coqueiro Seco and Maceió Formations and has a Jiquiá-Alagoas age inferred by the correlation of seismic data (Seismic data of PETROBRAS, e.g. figure 4.11) (Feijó, 1994).

At this time the Recôncavo-Tucano-Jatoba system (RTJ) was no longer accumulative because the basin was no longer a subsiding domain [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF]. This period is follow by a hiatus in the SAB, in the Middle Aptian , what, according to [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF], could signify a transition toward a new tectonic setting.

Middle-Late Aptian (119-114 Ma)

In the end of the second rifting pulse, in the Early Alagoas age, the tectonic was still very intense and formed the inner hinge line. The sedimentation was restricted oceanward o this hinge line. Some halite deposits in the Alagoas basin characterize a marine environment with continental influence [START_REF] Florêncio | Geologia dos evaporitos Paripueira na porção alagoana da Bacia de Sergipe-Alagoas[END_REF]. According to pollen datation (Souza [START_REF] Souza-Lima | Sequencia evaporitica da bacia de Sergipe-Alagoas[END_REF], these evaporites (halite) probably occurred in the Middle Aptian (119-116 Ma), later than in the Kwanza Basin, southwards (Barremian-Aptian boundary (125 Ma) [START_REF] Bate | Non-marine ostracod assemblages of the pre-salt rift basins of West Africa and their role in sequence stratigraphy[END_REF].
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This sequence is composed by fan alluvial-deltaic conglomerates of the Rio Pitanga and Poção Formation and by sandstones, shales and evaporites of the Maceió Formation (Campos Neto et al., 2007). The Maceió Formation covers, in concordance, the Coqueiro Seco Formation, is also in concordance with the Riachuelo Formation and gradates laterally to the Poção Formation (Feijó, 1994). (figure 4.7).

At this time, the CEB was still there but much smaller [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF]. Feijó (1994) considered that the last sequence of the Maceió Formation, composed by evaporites, was concerned to the beginning of the Transitional Super sequence, with Late Alagoas (~114 Ma) to Early Albian (~112 Ma) ages. Although, Campos Neto et al., (2007) consider that this period is represented by the deposition of the Muribeca Formation.

Transitional

The first step is marked by the deposition of siliciclastic alluvial fluvial and deltaic sediments of the Carmópolis Member (figures 4.3 and 4.4), in a transgressive low stand system tract. The Carmópolis Member is covered by evaporites, microbial carbonates and shales of the Ibura Member, that was deposited in a shallow marine environment with tidal influence in a highstand system tract (Campos Neto et al., 2007). The Muribeca Formation lays, in discordance, over the basement or older unities, and underlies concordantly the Riachuelo Formation. According to palynomorphs and microforams studies, it is dated at Neo-Aptian time [START_REF] Koutsoukos | Mid to late cretaceous microbiostratigraphy, paleo-ecology and paleogeography of the Sergipe Basin[END_REF].

For [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF], at this period, the entire South Atlantic central segment is a flexural basin, except by the SAB, where normal faults were still active. This characterizes a Sag Basin phase, when almost all the basins are covered by evaporites (figure 4.8). A protooceanic crust is expected at this time based on the geometrical relationship of the salt with the oceanic crust [START_REF] Milani | Bacia do Paraná[END_REF][START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF]. The most recent models proposed for the evolution of the South Atlantic rift [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF][START_REF] Unternehr | Hyper-extended crust in the South Atlantic: in search of a model[END_REF][START_REF] Huismans | Depth-dependent extension, two-stage breakup and cratonic underplating at rifted margins[END_REF] suggest an exhumation of the lower crust/ upper mantle prior to the sag phase. This could correspond to the hiatus of the possible end of the Early Aptian (123-121 Ma) age [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF]Aslanian et al., 2017). 
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it is was the moment of the definitely marine invasion, once at this same time, the African conjugate North Gabon Basin was still dominated by lacustrine sedimentation. Due to the hiatus, and a lack of salt cover, the sag phase cannot be confirmed in the SAB, and the transitional super sequence cannot yet be precisely determinated, what makes the "transitional stage" still object of several discussions.

Post-rift Super sequence

This super sequence represents the progressive installation of the ocean conditions (Feijó, 1994). It took place in a stage of thermal subsidence where the sedimentation occurred first in restricted marine and then in open sea conditions (Campos Neto et al., 2007), through a transgressive cycle (Feijó, 1994) with its climax in the Early Turonian (Campos Neto et al., 2007). These authors group the sequences that compose the Drift Super sequence from Late Aptian to end of Cretaceous and from Early Paleogene until present.

Late Aptian to end of Cretaceous (~111~ 66 Ma)

At the end of the Alagoas age, with the open of the barriers and rise of the sea level [START_REF] Cainelli | Some remarks on the evolution of sedimentary basins along the Eastern Brazilian continental margin[END_REF], the complete marine sedimentation of the Sergipe Group and the Riachuelo Formation is established [START_REF] Koutsoukos | Mid to late cretaceous microbiostratigraphy, paleo-ecology and paleogeography of the Sergipe Basin[END_REF]. In the border of the basin and in the low blocks, occurred the deposition of the Angico Member, with coarse siliciclastic sediments in a delta fan environment. In areas of lower sedimentary rates, was developed a carbonatic ramp with oolitic and oncolytic banks of the Maruim Member. In the lagunas and in the slope occurred the deposition of calcilutites and shales of the Taquari Member [START_REF] Mendes | Análise estratigráfica da seção neo-Aptiana/Eocenomaniana (Fm. Riachuelo) na área do Alto de Aracaju e adjacências-Bacia de Sergipe/Alagoas[END_REF][START_REF] Falconi | Sedimentação mista carbonato-siliciclástico durante o Albo-aptiano na porção emersa da Bacia Sergipe-Alagoas[END_REF]., From Cenomanian to Coniacian ages, a big transgressive event happens that resulted in the deposition of the sediments of the carbonatic ramp of the Cotinguiba Formation, in the top of the Sergipe Group [START_REF] Koutsoukos | Mid to late cretaceous microbiostratigraphy, paleo-ecology and paleogeography of the Sergipe Basin[END_REF]Campos Neto et al., 2007). In the proximal parts of the ramp, the calcilutites and breccias of the Sapucari Member were deposited, while at the slope and the basin, shales, marls and calcilutites of the Aracaju Member were deposited (Campos Neto et al., 2007). The Cotinguiba Formation is below the Calumbi Formation and the discordant contact is marked by an erosional discordance (Feijó, 1994).

A retreat of sea level in the end of the Conician favorized the erosion of the underlying sequences. This regional erosional event is denominated Sub-formation Calumbi Discordance in the base of the Piaçabuçu Group (Campos Neto et al., 2007). This discordance can be observed as the most remarkable reflector, with continuity from land to sea, in seismic profiles of the SAB (Mohriak 1998(Mohriak , 2000;;Gomes, 2005). After this, another transgressive event and a change in the sedimentation from carbonatic to siliciclastic, depositing the shales of the Calumbi Formation, occurred, Posteriorly the climax of the transgression, in the Early Campanian, the sedimentary rate rises and the sedimentary stack pattern passes to progradational. In proximal portions were deposited coastal and platform sand of the Marituba Formation, while in distal parts, the shales of the Calumbi Formation had continued to be deposited. Biostratigraphic based in planktonic forams, carbonatic nanofossil, and palynomorphs confer Late Coniacian to Holocenean ages to the Calumbi Formation (Feijó, 1994).

This progradational sedimentary stack pattern continued until the Maastrichtian, with an enlargement of the coastal flat land and the sand platform of the Marituba Formation (Campos Neto et al., 2007).

Early Paleogene until present (~65 Ma to present)

These sequences represent the Tertiary deposits that had started in the Early Paleocene.

At this time, the sedimentary stack pattern was still prograding. Although, in the border of the siliciclastic platform of the Marituba Formation, bioclastic sand-limestones from the Mosqueiro Formation were accumulated (Campos Neto et al., 2007). The Mosqueiro Formation gradates laterally to the Marituba and Calumbi Formations (Feijó, 1994) The progradation continued through the Paleocene and in the beginning of the Oligocene a rise of the sea-level occurred, followed by another retreat in the Late Oligocene, that came back to a transgression before the Middle Miocene. At this moment, the sedimentary stack pattern changed to aggradational, what continued until the Early Miocene (Campos Neto et al., 2007).

At the Pliocene, another regressive event resulted in the deposition of the coastal sediments of the Barreiras Formation in the inland portion of the basin.

The sediments of the Pleistocene lay over a discordance with 1,6 Ma and it is cover by the recent sediments of the deep ocean floor (Campos Neto et al., 2007).

Bahia Seamounts

In the very offshore portion of the SAB, there are some volcanic edifices that belong to the Bahia Seamounts Group. The Bahia Seamount group consists of three distinct SE-Chapter 4-The Sergipe-Alagoas Basin Pinheiro, J.M. 96 aligned seamount chains, containing at least 45 seamounts and numerous elevations. Gaps between the basal platforms of the seamounts within the chains are likewise thickly sedimented [START_REF] Cherkis | Carte Tectonique Internationale de l'Afrique[END_REF]. The group is supposed to be connected with extinct hotspots. A change is recorded in the growth-trend lineation of the three chains, indicative of a change in spreading direction [START_REF] Cherkis | Carte Tectonique Internationale de l'Afrique[END_REF].

The older ages of the seamounts, determined with the use of the method of local isotopic U/Pb age determination, are 75 Ma to the southeast and 84 Ma ago to the northwest.

This could indicate the movement of the plate and relate the mounts with hot spot functioning.

The similarity of the seamounts age with the age of the oceanic bottom indicates the fact that the hot spot would be localized near the axial zone of the MAR spreading (Skolotonev et al., 2012).

The most part of the research lines existent for the Bahia Seamounts, classifies it as a hot spot. We found no publications that supports other theories.

Structural Framework of the Sergipe Alagoas Basin

The basement of the SAB, the Sergipana Fold Belt (SFB) is interpreted as a result of a NE-SW to NNE-SSW oriented continental shortening between the Sao Francisco and the Pernambuco-Alagoas Massif during the Brasiliano orogeny in 600 Ma (Davison and Santos, 1989). In the Eastern region from Brazil, from Pelotas to Sergipe Alagoas Basin, most of the faults are parallel to Precambrian alignments formed in the so-called Brasiliano Orogenic cycle with ENE, N-S and E-W direction (figure 4.9) (Almeida, 1971). The original framework of the Sergipe Alagoas basin was built by the Early Cretaceous-Pre-Aptian rift tectonic during the opening of the South Atlantic Ocean [START_REF] Ponte | Geological Framework of the Brazilian Continental Margin[END_REF]. Post rift structuration is mainly the effect of basin during thermal subsidence, associated faults parallel the present coastline (figure 4.9) [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF].

Most of the East Brazilian margin evolved into a passive margin, as consequence of orthogonal crustal extension. However, the extension along the Sergipe-Alagoas basin evolved in response to left-lateral divergent, strike slip motion during the rift phase [START_REF] Lana | A Microplaca do Nordeste Brasileiro: um elemento no rifteamento no Cretáceo Inferior[END_REF]Szatmari and Milani, 1999;[START_REF] Matos | Tectonic evolution of the Equatorial South Atlantic[END_REF]Rosendhal et al., 2005;Blaich et al., 2008, Aslanian, Moulin, Evain et al., 2016). This is the result of a change in the grain of the rift. At the Hauterovian-Barremian (131-129 Ma), the single rifting splits into two branches [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF]. The eastern branch corresponds to the actual Jacuipe to the SAB, and the conjugated North Gabon Basin. The western branch is the Recôncavo-Tucano-Jatoba Chapter 4-The Sergipe-Alagoas Basin Pinheiro, J.M.
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(RTJ) System. The principal extensional faults strike 30° NE and gravity data (Milani and Davison, 1987) indicates that the depocenters of the basins also have the same direction. The general N-S trend of the rift suggests that oblique rifting occurred. It is important to remark that the depocenter flips to the western margin in the north Tucano. This flip occurs across the Va z a -Barris Arch, which, as discussed below, is a transfer zone controlled by Precambrian strike-slip faults separating stratigraphic terranes in the Sergipana Fold Belt (SFB) (Milani and Davison, 1987). The stratigraphic chart of the RTJ [START_REF] Costa | Subbacias de Tucano Sul e Central[END_REF] shows that the preand syn-rift mega sequences are present in the system, but the transitional and pre-rift mega sequences are absent. Based in ostracods biozones, [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF] deduced that, at the Lower Aptian (124-123 Ma), the system was no longer a subsiding domain and no longer accumulative and the RTJ system aborted. The faults are always normal with tens of kilometers in length and have variable throws with a maximum of 3 to 5 km. They are predominantly basin dip, step-like faults. Locally the presence of W and NW dipping faults determine structural highs either on the outer edge of the shelf or in the interior of the basins. In the first case these structural highs formed barriers to the sediments during the early stages of the basins formation, in the other case they separate grabens that limit sub-basins [START_REF] Ponte | Geological Framework of the Brazilian Continental Margin[END_REF]. [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF] considered the low angle planar faults involving sediments or even basements, that are more abundant in the Sergipe sub-basin, as listric faults associated with roll-over structures. However, this assumption supports the conservative model of [START_REF] Wernicke | Uniform-sense normal simple shear of the continental lithosphere[END_REF], and as we saw in chapter II, this model gives a simplistic representation of the reality.

Crustal Structure of the Sergipe Alagoas Deep Basin and the Continental

Oceanic Boundary (COB).

The Sergipe Alagoas Basin is located at the connection between the Equatorial Atlantic Ocean and the Central Segment of the South Atlantic Ocean, which, together with other nearby basins, represents a peculiar kinematic-buffer situation, which in your turn presents some very The constant magnetic polarity period from early Aptian to Campanian times prevented recognizable seafloor spreading magnetic anomalies, making difficult the reconstruction of plate motion during the early drift stage, and the localization of the continental-oceanic crust boundary (e.g. [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF]. However, ship track magnetic data shows some chaotic patterns with pronounced anomalies possibly coinciding with the continental-oceanic crust boundary (Blaich et al., 2008).

The variations in the potential field are closely related to a number of fracture zones that also affect the conjugated West African Margin. The Salvador-N'Komi and Maceió-Ascension Fracture Zones appear to be first-order structural elements, governing the segmentation and evolution of the conjugate northeastern Brazilian and Gabon margins. The along-margin variations on the width of the region between the shelf-edge and the COB probably reflect the lithosphere nature, structure and rheology that, in turn, may also control the extension kinematics (Blaich et al., 2008).

Based on integrated gravity analysis, Blaich et al. (2008) proposed that the Moho shallows considerably more across the SAB and Jacuipe basins than across the RTJ (figure 4.10). This indicates a much more prominent crustal thinning across the marginal basins than across the abandoned rift of the RTJ. Nevertheless, based on a comparison of the syn-rift mega sequences of the two basins, Mohriak et al. (2000) considered them to be contemporaneous, which may suggest a similar and contemporaneous upper crustal extension and deformation for both basins (Blaich et al., 2008). According to [START_REF] Karner | Modeling the tectonic development of the Tucano and Sergipe-Alagoas rift basins, Brazil[END_REF] Mohriak et al. (1995Mohriak et al. ( , 1998Mohriak et al. ( , 2000[START_REF] Mohriak | Transform zones in the South Atlantic rifted continental margins. Intraplate strike-slip deformation belts[END_REF]) interpreted the regional seismic section 238-RL-343 (figure 4.11). This profile is perpendicular to the coast and hinge line and extends for about 110 km from the platform to deep water-region of the SAB. They constrained their seismic interpretation by stratigraphic calibration with exploration boreholes along the profile and plotted potential field (gravity and magnetic).

In the western and most proximal portion of the profile he pointed a thick sequence of layered reflectors regionally tilted landward to the platform and interpreted as a package that corresponds to interval between Neocomian and the Aptian, what was confirmed by the boreholes that were drilled in the area by PETROBRAS (figure 4.11). This Neocomian to Aptian package correspond to the pre-rift and syn-rift phases, that includes the Perucaba and Coruripe Groups (Feijó, 1994;Campos Neto et al., 2007), in which the sedimentation occurred still in continental conditions in lake, fluvial, alluvial and deltaic environments. As observed on other interpretations (Mohriak, 1995;Gomes, 2005;[START_REF] Caixeta | Albian rift systems in the northeastern brazilian margin: an example of rifting in hyper-extended Continental crust[END_REF], this package has no significant continuation seawards, what can be related to the complete break up of continental crust and seafloor spreading.

Underlying and seawards this package, there is a conspicuous array of strong reflectors in the lower portion of the section forming an anticlinal structure that rises from about 8.0 s TWT at the westernmost portion of the profile, reaches about 6.5 s TWT at the apex near the shelf-break and extends as a conspicuous band of reflectors throughout most of the profile, from slope to deep basin from about 7.0 to 9.0 s TWT (Mohriak, 1998) (figure 4.11). Mohriak et al., (1993Mohriak et al., ( , 1995Mohriak et al., ( , 1998)), Mohriak and Rabelo (1995) attributed these strong deep seismic reflectors to an intracrustal horizon near the Moho and a comparison with other deep seismic profiles in the South America confirms that they might correspond to intracrustal horizons or even the Moho (Mohriak, 1998) that probably marks the transition from the lower crust to the upper mantle ultramafic rocks (Kemplerer et al., 1986). Based on a personal communication from Rabelo (1994), Mohriak (1998) proposed that this band of reflectors between 7 and 9 s TWT coincides with peaks of energy corresponding to layers with velocities ranging from 6.5 to 7.5 km/s. Mohriak (1995Mohriak ( , 1998) ) obtained a good fit between the observed and calculated gravity anomalies assuming a simple geologic model based in thinning of the crust with mantle rising from 35 km in the onshore region to about 25 km in the platform, and about to 20 km near the shelf edge. The Moho topography gets more regular from slope to seawards with depths between 15 and 18 km across the COB (figure 4.11).

The transition from lower crust to the upper mantle, is probably related with magmatic underplating, as indicated by an undercrustal body, and the array of strong seismic reflectors might correspond to the top of underplated rocks (Mohriak, 1998).

In addition to the rapid shallowing of the Moho, and the presence of SDRs, the gravity modeling required the introduction of a lower crustal high-density body (Blaich et al., 2008).

This author interpreted this high-density body as a volcanic margin character, although this assumption would need much more constraints to be accepted.

As seen before in exploratory boreholes, the seismic interpretation made by Mohriak (1998) shows a remarkable lack of volcanic features in the shallow water province.

But despite of that, there are some structures in the deep-water basin that were interpreted as igneous bodies. One example is a plug interpreted as a post-rift volcanic intrusion close to the COB. Fringing this plug, in the proximal side, there are packages of reflectors with a sigmoidal geometry, mostly dipping seawards, that probably correspond to seaward-dipping-reflectors (SDR). As said in chapter 2, Moulin et al. (2005) interpreted that, the smaller SDRs of the Sergipe-Alagoas basin, differently than larger SDRs from typical volcanic margin, where the volcanism represents a major process in the genesis of the basin, are probably the expression of local volcanism along a tilted block, and in addition, for Mohriak, (1998), these SDRs are predominantly formed by volcanic rocks extruded during early phases of spreading oceanic ridges (figure 4.11).

Seawards, the basement is composed by of plutonic and volcanic igneous rocks intercalated with volcano-clastic rocks, forming SDR wedges that gradate into pure oceanic crust. Mohriak (1998) concluded that the volcanism present, has a post-breakup generation and there is no evidence of volcanism before the first production of ocean crust. These magmatic features are associated with extensional processes and oceanic crust inception, and they apparently post-date the rift phase lithospheric extension associated with the breakup of Gondwana in the Early cretaceous.

The Sergipe-Alagoas Basin model proposed by Blaich et al. (2008) proposes a COB which is not aligned with a steep negative to positive Bouguer gravity gradient, and therefore seismic character changes and specific features (e.g. SDRs) along the seismic profiles were (2008) suggest, with no real evidence, that this thinning process probably took place in a ductile manner and resulted in a highly-attenuated lower crust. The upper crust, characterized by brittle behavior, underwent also a large degree of thinning due to the extensional process.

Despite the absence of a deep-water salt diaper province, Mohriak (1995Mohriak ( , 1998) ) observed in the deep-water region, some diapiric features that could have several different interpretations as: rifted blocks, volcanic mounds and volcanic plugs, leaking fracture zones, transpression along fracture zones, basement horsts and outer highs, reefs, salt diapirs or just diffractions caused by canyons in the upper stratigraphic sequences and processing artifacts.

The lithospheric model of Mohriak (1998) suggests a rapid crustal thinning near the present-day shelf edge, resulting in estimated depths for the crust-mantle interface around 15 km in the deep-water and oceanic regions with no evidence of low-angle faults traversing the lithosphere, through-going detachments or lithospheric detachment. For Mohriak (1998) major block rifts are controlled by master faults with synthetic dips, which cut most of the crust and detach on horizons near the base of the crust or slightly above the Moho, although there are no concrete evidences for this. This lower crust-upper mantle detachment zone Chapter 4-The Sergipe-Alagoas Basin Pinheiro, J.M. 103 apparently separates regions with brittle behavior from zones where extension is more diffuse and faulting is not observed.

Conjugate Margins

The firsts kinematic reconstructions for the RTJ and SAB margin [START_REF] Pindell | Permo-triassic reconstruction of western pangea and the evolution of the Gulf of Mexico/Caribbean region[END_REF]Castro, 1987;Meyers et al., 1996;Mohriak and Rosendhal, 2003) present the Rio Muni Margin as the conjugate of the SAB margin, with an oblique or transform context. These reconstructions present a shift of more than 150 km for the Ascension Fracture Zone and cannot be used to define the conjugate margin. 

Contribution of this study to the knowledge of the Sergipe Alagoas Basin

The wide-angle seismic data acquired by the SALSA mission in the Sergipe-Alagoas Basin, will give the geometry and the vertical framework of the continental and oceanic Chapter 4-The Sergipe-Alagoas Basin Pinheiro, J.M. 104 crusts. Once the COB is located, it will be possible, looking to the Moho and possible crustal layers, to discuss around the thinning and breakup processes, in terms of time in relation to subsidence and thermal conditions. The comparison of the models will show if there is any segmentation in the margins. If there is any segmentation, we will question the possible cause, the relation with the observed volcanic features and the tectonic inheritance, as well as the relation of this segmentation with the location of the continental-oceanic crusts boundary.

The refraction seismic data will also show with a higher degree of certainty the real deep and topography of the Sergipe-Alagoas basement. We will be able to relate the sedimentary register with the COB location, and to answer some stratigraphic questions about the transition of the Rift sequences to the Marine sequences and the deposition in the moment of the breakup. This vertical characterization of the continental and oceanic crust, as well as its transition, will be integrated with others in the adjacent basins, in order to observe the lateral segmentation of the crust. This will reveal the relation of the Sergipe-Alagoas Basin Basement with the Pre-Cambrian terrains, São Francisco craton and Borborema Province, and the zones of transference of Va z a -Barris and Pernambuco.

All these crustal features, integrated with the similar information of the crust of the Tucano Rift in the west and the Triple-point of Camamu, will bring us much more detail in the regional geodynamic. The determination of the seismic velocities will feed the discussion around the crustal nature.

Chapter V The seismic method and the SALSA data acquiring

The aim of this chapter is to give a review of the basic concepts of the seismic method and present how the seismic data was acquired, processed and interpreted in the SALSA survey.

The seismic data

The seismic survey starts with the generation of seismic waves, through artificial or natural sources, that propagate through the ground and the underground, where they are reflected and refracted in the interfaces that separate rocks of different geological settings, and return to the surface where they are received by record equipment.

Seismic methods are applied to detect and map deep interfaces. They give also some relevant information of the physical properties of the materials that compose the underground in a scale of tens to hundreds of kilometers in depth.

Seismic waves are packages of elastic deformation energy that rapidly propagate from a seismic source, that can be an explosion (active seismic) or an earthquake (passive seismic).

The ideal seismic sources generate short duration wave trains, also known as pulses, that carry a wide range of frequencies (Kearey et al., 2002). Therefore, the velocity in which that pulses travel, change according to the physical characteristics of each setting, as elasticity and density. The seismic pulses can travel through a geologic layer, or just at its surface.

According to that, we can name "body waves" or "superficial waves" respectively. The superficial waves travel along a surface on a two-dimensional plane. As well as these waves do not traverse the geologic layers, they are not useful for seismic prospection.

Body waves

These waves travel in an isotropic and three-dimensional way and can be divided into two types: Compression waves (P-waves), in which the displacement of particles is parallel to the direction of the pulse propagation; and shear waves (S-waves), in which the displacement of the particles is perpendicular to the direction of the pulse propagation

The mean velocity of propagation of a body wave in a homogeneous and isotropic material is given by:

! = !""#$"#%!&' !"#$%&' !"#$%$& !" !ℎ! !"#$%&"' !"#$%&' !" !ℎ! !"#$%&"' ! ! ! (1)
Therefore, the Vp velocity of a compressional body wave that involves a uniaxial compressional deformation is given by:
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! ! = Ψ ! ! ! (2) 
Or since Ψ= K + 4/3 µ, by:

! ! = ! + 4 3 ! ! ! ! (3) 
Ψ= Axial modulus

K= Bulk modulus µ= Shear modulus

The velocity Vs is given by:

! ! = ! ! ! ! (4) 
One can deduct from these equations that compressional waves propagate with a higher velocity than shear waves in same conditions. The Vp/Vs ratio to any material is determined by the Poisson ratio (σ) for that given material:

! ! ! ! = 2 (1 -!) (1 -2!) ! ! (5) 
Even if the P-wave velocity is very useful, it is an ambiguous index for lithologies, once it varies in function of three properties. However, the Vp/Vs ratio, is independent of density, and can be used to obtain the Poisson ratio, that is a more diagnostic lithologic marker. That's why both, velocities Vp and Vs should be determined in a seismic study [START_REF] Zisman | Comparison of the statically and seismologically determined elastic constants of rocks[END_REF][START_REF] Spriggs | Expressions for shear modulus and Poisson's ratio of porous refractory oxides[END_REF].
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Another relevant property in a seismic study is the acoustic impedance. This property is related to the density and the compressibility of a material, and also to the propagation of the seismic pulses in a given material.

It can be determined by the equation:

Z = ρv (6)
Where v is the velocity ρ is the density of the material.

The acoustic impedance by itself is not so significant, but the contrast between the impedance of varied materials. This contrast will be responsible for the phenomenon of wave propagation as refraction, diffraction and reflection. Generally, less contrast in acoustic impedances, more transmission, less refraction and reflection. If there is no contrast, there will be only transmission of waves.

The most used seismic sources are explosives and vibrators on land surveys, and airguns on marine surveys. Each of these sources send out a characteristic pulse, known as its signature, that propagate in all directions. These elastic pulses have a short duration of about 200 milliseconds.

Reflection

As onshore as offshore surveys, the seismic reflexion data acquisition consist in the generation of a mechanic perturbation in a surface point, and the record of the reflections by hundreds to thousands of reception channels disposed in a straight line, equidistant (20 to 50 m), so that the most distant channel is sometimes tens of kilometers far from the pulse source (figure 5.1). The hole survey system positioning is defined by differential GPS on land and by radio-positioning and satellites on sea.

The basic purpose of a multichannel reflection survey is record reflected pulses in different distances from the shotpoint. The reflection seismic acquisition is usually carried along profiles lines with the shotpoint and the receptors arrangement been moved

progressively, and with that improve the lateral cover of the geologic section. In land surveys, this progression happens step by step, and in marine surveys, this progression happens continuously with the boat in constant movement.
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Refraction

The seismic refraction method quantifies the velocity of propagation of the body waves.

The depth of the investigation is proportional to the size of the arrangement of the seismic receptors, what makes necessary an arrangement of tens to hundreds of kilometers to reach the Moho discontinuity. In the case of marine surveys, the receptors (Ocean Bottom Seismometers) are fixed at the seafloor, and the source is towed by the seismic ship. This arrangement affords longer receptor-source distances than in MSC surveys, and consequently allows to image deeper structures. The refraction method uses the propagation of elastic waves and is based in three assumptions: the waves propagate by different velocities, according to the material; to happen a refraction or a reflection, is necessary an impedance
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110 contrast between the geologic layers; the seismic velocity increases with the depth (figure 5.1). The absence of any of these conditions hinders the results [START_REF] Sjögren | Shallow refraction seismics[END_REF].

The refraction happens when the critical incidence angle is reached by the wave front.

Before the critic angle, in a normal incidence (angle = 0°), the wave front is only transmitted through an interface, as the angle of incidence increases, the angle of refraction decreases (figure 5.2). When the critical angle of incidence is reached, the refracted wave front propagates parallel to the interface. This process is ruled by the Snell's law (Sheriff & Geldart, 1985). Chapter 5-Methods Pinheiro, J.M.
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The analysis of data is undertaken from the determination of the alignment of the representative phases of the direct, reflected and refracted waves read in seismograms.

This process can be described by the equations:

Snell's Law:

sin ! 1 ! ! = sin ! 2 ! ! (7)
relating the incidence angle θ in layer 1 with velocity V 1 to the transmission angle i in layer 2

with velocity V 2 . Both angles are measured with respect to the vertical. Then deriving the arrival times for the three types separately:

Direct wave:

In a layered setting the direct wave travels straight along the surface with velocity V 2 . At distance x clearly, the travel time t will be

! = ! ! ! (8) 
Reflected Wave:

To calculate the reflected wave, we need to introduce a few geometrical concepts. The length of the path the ray travels in layer 1 is obviously related to the distance in a non-linear way. The travel time for the reflection is given by:

! ! = ! ! ! ! + (2ℎ) ! ! ! (9) 
In refraction seismic, this arrival is often of minor interest, as the distances are so large that the reflected wave has merged with the direct wave. Note that this has the form of a hyperbola.

Refracted wave:

As we can easily see from the figure 5.2, the refracted wave needs a more involved treatment. Refracted waves correspond to energy which propagates horizontally in setting 2

with the velocity V 2 . This can only happen if the emergence angle ! ! is 90°.

Critical angle:

sin

! ! = ! ! ! ! (10)
Where, ! ! is the critical angle. So, in order to calculate the travel time, we need to consider rays which impinge on the discontinuity with angle ! ! . From elementary geometry, it follows that the arrival time t of the refracted wave as a function of distance x is given by:

Travel time refracted wave:

! = ! ! ! + 2ℎ cos ! ! ! ! (11) 
which is a straight line which crosses the time axis x=0 at the intercept time t and has a slope 1/V 2 .

Gravity

A gravimeter measures the acceleration of the gravity, that follows the law of universal attraction developed by Newton. Two masses influence one another by an attraction force, that is inversely proportional to the distance between them. Hence, the Earth attracts a mass m by a force that is proportional to it:

F = m.g ( 12 
)
Where g is the gravitational acceleration that we want to measure. g depends on the radius of the Earth (R), its mass (M) and on the universal gravity constant G g= GM/R2

(13)
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All gravimeters are characterized by a time drift of the measured data. To be able to correct the measured anomaly for this drift gravity measurements at two base stations of known absolute gravity are used. Ideally these base station measurements are just before and after the cruise. The drift is then taken to be linear and described by:

g = Δg+derive.ΔT+g0 (14)
The raw data must be corrected for the influence of the movement and the position of the ship on the moving earth. The correction is called Eotvos correction and calculated by EC = 7.503*V*sin(Head) cos(q)+0.004154V2

(15)

where V = velocity of the ship in knots q = Latitude of the ships position

H = Heading of the ship

The effect of the elevation of the gravimeter above the sea surface is calculated by FAC = 0.3080*h [START_REF] Soares | Seismic characteristics of central Brazil crust and upper mantle: A deep seismic refraction study[END_REF] where h = height of the gravimeter Rather than using the absolute gravity value the relative gravity anomaly called free-air anomaly, is used. To determine the free-air anomaly the theoretical anomaly at the ships position is calculated and substracted from the measured data. gtheo = 978031.85*(1+0.0005278895sin2(q) + 0.0000023462 sin4(q)) (17)

The complete correction of the gravity data then includes

FAA = gobs -gtheo + FAC + EC (18)

The seabed and the subsoil are heterogeneous and gravity measurement can provide information on the shape of the different layers and their density. A relatively dense region will cause an increase in gravity. An area of low density results in a gravity low. The gravity anomalies at different altitudes above a particular body have a particular shape. Comparing this shape of the gravity signal for simple theoretical shapes whose gravity signature is determined mathematically, one can determine a first order geometry of the observed body. In practice, more complex models are applied, as the structure of the subsoil is rarely as simple as a sphere or a cylinder. g also varies with the distance from the attracting mass: if one moves away from the center of the Earth, the gravitational attraction reduces by about 0.3 mGal/m.

Even though on assumes that measurements at sea are made at the level of the reference geoid, it is important, particularly in areas with large tides, to take into account the variation in the water depth. For example, in Brest, the tides can reach an amplitude of 7 m, and imply a variation of 0.3 x 7 = 2.1 mGal in the gravity measurements. This variation is larger than the precision that we want to obtain for the measurements (about 1 mGal).

Modelling of the wide-angle data

Zelt and Smith, (1992) presented a technique for inverting traveltimes to obtain 2D velocity and interface structure simultaneously, in which the model parametrization and method of ray tracing are suited to the forward step of an inversion algorithm. The method is applicable to any set of traveltimes for which forward modelling is possible, regardless of the shot receiver geometry or data quality, since the forward is equivalent to trial-and-error forward modelling.

The wide-angle seismic data use in this thesis was modelized using the interactive inversion method RAYINVR [START_REF] Zelt | Seismic traveltime inversion for 2 D crustal velocity structure[END_REF]Zelt,1999). This method is based in a model parametrization, and the ray tracing method is the adequate approach to an inverse approximation. The value and the position of velocities and the limits of the layers can be adapted to the geometry of the shots and the receptors. The model parametrization allows also to fit amplitude information with additional characteristics as gravity and magnetic signatures.

The ray tracing method uses an efficient numerical solution to the ray tracing equations, and an automatic determination of the incidence angles and a smoothing of the limits of the layers, what generates more stable results [START_REF] Zelt | Seismic traveltime inversion for 2 D crustal velocity structure[END_REF].

This modelling consists in the construction of a velocity model, from traveltimes of seismic rays and the source-receiver distance. The aim of this direct modelling is to get Pwave velocity model, well constrained by the observed data in the OBS seismic sections.
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Approaches and strategies of the forward modelling

According to Zelt (1999), the modelling approach and strategy must take in account:

Model parameters (velocity and depth); geological and geodynamical information of the studied area; structural complexity to be imaged (presence of salt, zone of subduction, etc…); data characteristics; and additional geophysical data (reflection seismic, gravity modelling, etc…).

The construction of a velocity model follows the assumption of the minimum structure,

where is always tried to explain the data with the simplest model. The main layers represent the basic structural layers of a crust: water, sedimentary cover, upper and lower crusts and upper mantle layers.

The starting model is composed by a layer sequence. These layers are limited by straight lines. These lines represent the top and bottom boundaries of each layer. The extremities of these lines are velocity nodes, where the velocities are defined in top and bottom of each layer.

The upmost layer of the model is the water column and is defined by bathymetric data.

The geometry of the sedimentary layers is drawn mainly based in reflection sections, once they have very good resolution in this kind of data. These layers are picked in reflection seismograms in time scale and converted to depth using the seismic velocities found in the OBS data. The deepest lithospheric layers are usually not clearly imaged by the MCS data, and they are modelled in most part with the refraction data. The proper phase identification is the most important step made by the seismologist since the misidentification of a phase will cause unpredictable and potencially gross errors in the final model [START_REF] Zelt | Seismic traveltime inversion for 2 D crustal velocity structure[END_REF].

The follow step is the layer-stripping (Zelt, 1999) modelization is the picking of each reflected and refracted phase from top to bottom in order to avoid the propagation of error.

Model parametrization

The parametrization presented by [START_REF] Zelt | Practical and efficient ray tracing in two-dimensional media for rapid traveltime and amplitude forward modeling[END_REF] and used as base to other authors [START_REF] Zelt | Seismic traveltime inversion for 2 D crustal velocity structure[END_REF]Zelt, 1999) consists in: a layered, variable-block-size representation of a 2D isotopic velocity structure. Each layer boundary is specified by an arbitrary number and spacing of boundary nodes connected by linear interpolation; the number and position of nodes may differ for each boundary.

For the purpose of ray tracing, each layer is divided laterally into trapezoidal blocks separated by vertical boundaries that are included automatically wherever there is an upper or lower layer boundary node or velocity point (figure 5.3).

For a model trapezoid that has four boundaries in the xz plane defined by:

x=x 1 x=x 2 z= s 1 x+b 1 z= s 2 x+b 2 ,
And four corner velocities v 1 , v 2 , v 3 and v 4 , the P-wave velocity, v, within the trapezoid is:

! !, ! = (! ! ! + ! ! ! ! + ! ! ! + ! ! !" + ! ! ) (! ! ! + ! ! ) (19) 
Where the coefficients, c i , are linear combinations of the corner velocities (figure 5.2.1): 

c 1 = s 2 (x 2 v 1 -x 1 v 2 ) +b 2 (v 2 -v 1 )-s 1 (x 2 v 3 -x 1 v 4 )-b 1 (v 4 -v 3 ) c 2 = s 2 (v 2 -v 1 )-s 1 (v 4 -v 3 ) c 3 =x 1 v 2 -x 2 v 1 +x 2 v 3 -x 1 v 4 c 4 =v 1 -v 2 +v 4 -v 3 c 5 = b 2 (x 2 v 1 -x 1 v 2 )-b 1 (x 2 v 3 -x 1 v 4 )

Ray tracing

Rays are traced through the velocity model using zero-order asymptotic ray theory by solving the ray tracing equations numerically (Cerveny et al., 1977). The 2D ray tracing equations are a pair of first order ordinary differential equations that can be written in two forms:

!" !" = !"#$%&, !" !" = (! ! -! ! !"#$%&) ! or !" !" = !"#$, !" !" = (! ! !"#$ -! ! ) ! (20) 
With initial conditions

x=x 0, z=z 0 , ! = ! !
To complete the basic ray tracing algorithm, Snell's law (equation 7) is applied at the intersection of a ray with a layer boundary [START_REF] Zelt | Seismic traveltime inversion for 2 D crustal velocity structure[END_REF].

Ray take-off angles

Rapid forward modelling is achieved by the ability to determine the take-off angles of particular ray groups, using an interactive shooting/bisection technique described in detail by [START_REF] Zelt | Practical and efficient ray tracing in two-dimensional media for rapid traveltime and amplitude forward modeling[END_REF]. A ray group is defined as a set of rays that have all turning and/or reflection points in the same layer or layers. Figure 5.4 shows the behavior of the different ray groups

The number of rays traced in the interactive search mode depends on the velocity gradients and amount of lateral variation. Often fewer than 20 rays are required to determine a specific take-off angle, although, more than 100 rays are not uncommon [START_REF] Zelt | Seismic traveltime inversion for 2 D crustal velocity structure[END_REF]. After each ray traced, three values are calculated: The RMS (root-mean-square) is the value of the difference of the adjustement error between the synthetic arrival-times and the observed arrival-time ; the number of picks N is the number of observed arrival-times used by the model ; and the χ 2 that joins the difference between the obeserved and calcuated arrivaltimes to the uncertainty of the picks. It is obtained by the equation: 

! ! = 1 ! !"#$ ! -!"#"$(!) !(!) ! ! !!!

σ(i)= attributed uncertainty

The best constrain for a model implies in a minor value for RMS and a value of χ 2 closer to 1, that explains the maximum of observed arrival-times.

Inversion and synthetic data test

It is necessary to test the inversion algorithm with synthetic data typical of crustal seismic experiments to: ensure that it recovers the true model in an idealized case; study its convergence behavior and sensitivity to noise; understand the effects of damping and the a priori estimates of parameters uncertainties; and interpret the calculated resolutions and uncertainty estimates.

Resolution of the model

The test of the resolution of the model is the verification of the number of rays that pass through a zone of the model constrained by an only velocity node. This test depends of the number of nodes that are present in each layer. The resolution parameter rises inverse to the number of velocity nodes. The resolution value is inverted and calculated by the function dmplstsqr (Damped Lest Square) (Zelt, 1999). This test is applied layer by layer and the resolution is calculated for each velocity node. Nodes with 0.5 or more resolution values are considered satisfactory and well constrained. This test is also related to ray density, once the resolution is better in better covered zones.

Gravity modelling

The gravity modelling shows if the final model is coherent with the gravity data. For that, a gravimetric inversion is carried out, and the gravimetric response calculated is compared with the gravimetric data observed. This inversion is based in the work of Ludwig et al. (1970), which presents the relation between the velocity of seismic propagation and the density of the geologic settings. The gravity modelling verifies if the velocity models are coherent with the measured gravity data. It brings a good evaluation of the velocity model, once the density is intrinsically related to velocity. Even with a certain ambiguity inherent to gravity data, an impossible velocity model would not fit to the gravity model.

The first step is to convert the velocity nodes in densities, according the ones given by Ludwig et al. (1970). The densities vary from 1.03 g/cm 3 in the water column, and 3.32 g/cm 3 in the mantle. With a density model, the free-air anomaly is calculated by the v2grav software from C. Zelt.
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Seismic data acquired in SALSA mission

SALSA Equipment configuration

The Source

The source is composed of an 18 airguns (figure 5.5 and 5.6) :

• 3x 250 inc3 G-guns in the lead

• 4x 5L Bolt • 2x380 an 1x250 in3 G-Guns • 8x 9L Bolt in the rear
The air-gun's array is synchronized on the first peak. Gun's immersion is 14 m at stern, 

MCS data acquisition system

Renewed in 1999, the SERCEL multi-channel seismic acquisition system onboard the R/V L'Atalante is constituted by a 360 channel digital streamer of about 4500 m in length, a 18 airgun array, an ECOS navigation system, and a SEAL recording system.

The streamer is composed as (Figure 5.7):

• traction cable

• lead-in

• immersion sensors

• active sections (30 elements (ALS) of 150m (12 traces))

• lead-out

• tail buoy

The streamer is further equipped with 17 « birds » equipped with immersion sensors and gyrocompasses that enable continuous streamer localization. The birds wing can be controlled during acquisition to optimize streamer immersion. The streamer depth was maintained at Additional advantages of the wide-angle seismic method are that layers below a seismic screen layer (eg. Salt or basalt) can be imaged using larger offsets. Also, the resulting velocity models describe the subsurface in depth and give the true geometry of the underlying layers.

Also, from the well-defined seismic velocities the lithology of these layers can be deduce, eg.

To determine the nature of the crust, either continental or oceanic.

The signal recording is done by autonomous marine stations disposed at the seafloor, that return to surface and are recovered at the end of the survey. These stations are called Ocean Bottom Seismometers (OBS). IFREMER equipement setting counts with two types of OBS, the OldOBS and the MicrOBS.

Ifremer's first OBS generation (OldOBS)

The first generation of Ifremer OBS (OldOBS) consists of 15 identical instruments based on the GEOMAR electronic system (SEND GmbH) with a mechanical design from Ifremer.

They consist of an aluminium frame on which two cylinders are mounted, one containing the acquisition electronics, the storage media and the battery of the OBS, and the other cylender containing the electronic components and the battery of the instrument release.

A total of 15 of this generation of instrument were used during this cruise. The OBS have a height of 1.8 m and a mass of 240 kg plus 65 kg for the anchor. All instruments are equipped with an external OAS-R2-PD hydrophone and an external 3-component geophone (4.5 Hz) which is released automatically 3-4 hours after deployment by an electrolytic system.

External deployment of the geophone ensures a good coupling between the geophone and the seabottom. During this cruise all instruments were equipped with either a LOWN 0-50 Hz or
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MicrObs

In order to increase the number of OBS available, in 2002 Ifremer began designing a new generation of small, low-cost ocean-bottom seismometers for wide-angle seismic use, which are easy to deploy (Figure 5.8 and 5.9). Four basic new ideas have emerged during the development of the new generation of MicrOBS as compared to the older OBS:

• Integration of acquisition and instrument release: This integration is possible due to the use of a broadband hydrophone which allows recording of the low frequency signal from airgun shots or earthquakes (from 0.1 Hz up to several 100 Hz) as well as the high frequency release signal (about 10 kHz). This significantly reduces the weight of the instrument and therefore facilitates its handling.

• Rechargeable batteries: To avoid the opening and resealing of the instrument, which remains a delicate operation at sea, a rechargeable battery pack is used in the MicroOBS.

• Data download by USB cable: The data are downloaded from the instrument via a USB 1.1 cable connection, to avoid opening and closing the instrument between successive deployments at sea.

• Size reduction: The substantial size reduction of the MicrOBS compared to the older OBS was possible due to the three points mentioned above, the integration of the electronics with the release, the reduction of the battery weight and the download of the data. Thus, it was possible to fit the complete instrument into a 13'' glass sphere. The complete mass of the instrument is only 20 kg plus 20 kg for the anchor. During the cruise 15 MicrOBS where deployed.

In 2006 Sercel started producing a new generation of MicrOBS instruments with the objective to allow for longer deployments during wide-angle seismic surveys (Figure 5.8 and 5.9). In order to contain a larger amount of batteries, the instrument named MicrOBS+ is housed in a 17-inch glass sphere. The disk space was enlarged to 8 gigabytes resulting in a deployment length of up to 31 days with 24 days of recording at a sampling rate of 0.004 s.

Acquisition electronics, geophone and hydrophone are identical with the original MicrOBS.

The weight of the instruments is 30 Kg and a anchor weight of 25 Kg is used for the deployment. 

Landstations

The landstations were deployed in the prolongation of the profile SL02. The air-gun shots of the seismic R/V L'Atalante were recorded in land by the portable seismic stations REF125A-01 that were put in a wide-angle refraction configuration (figure 5.10).
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The land operations of the SALSA project were performed with a vehicule L-200s

Savana 4x4 and all the navigation to the points was made with Google Earth and Garmin GPS attached to a computer to perform the location.

Recording instruments :

The campaign used 250 Reftek 125A-01 acquisition system (Figures 5.10 

Processing of the data

The processing of the data was made by Phillipe Schnurle from IFREMER and was done in most part during the fieldwork. In office. The raw data performed during the fieldwork was reviewed. The comparison of the data with and without clock drift correction indicated a drift of less than 50-100 ms during the deployment, therefore for forward modelling purposes there was no effective data loss, although time precision is reduced. The SEGY encoding is Big Endian byte order with IEEE 32bit samples.

Then the data from LSS composing an array were first debiased and band-pass filtered. The array was than stacked. In addition, the LSS data was reduced by an 8.0 or 8.5 km/s velocity which flatten the principal Pn arrivals, then processed with an FX deconvolution (in a moving 1.9 s × 21 traces window) to attenuate random noise.

Processing of MCS

The raw seismic data is processed for quality control and geometry with the SISPEED software, developed at IFREMER (Yannick Thomas and Bruno Marsset, EIS Ifremer). The aim of SISPEED software is to merge and correct navigation data, to generate the seismic profile geometry and along profile 2D-binning, and to provide a full quality control, standard for all IFREMER seismic acquisition. All the data necessary to SISPEED are included in the shot records as extended header in SEG-D format.

The onboard seismic data processing is performed with the Geocluster (CGG-Veritas), version 5100, installed on a linux PC. A OYO-24 plotter is used for plotting seismic sections.

The main seismic processing sequence is composed of (Figure 5. Chapter 5-Methods Pinheiro, J.M.
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For relatively flat seafloor and strata, water-bottom related multiples are self-similar with the primary and can thus be attenuated through wave-equation Surface-Related Multiple Estimate (SSMOD and ADAPT, in Figure 5.11); However, in areas such as the continental shelf slope, the multiple estimate may seriously be biased due to rough and dipping topography, and the adaptive multiple removal inefficient. A second multiple attenuation processed is integrated to the processing flow, based on seafloor topography and hyperbolic moveout that produces a least-square estimate of water-bottom multiples in the radon domain independent of the SRME (LEMUR). Finally, based on the synthetic source wavelet and the seismic spectral and auto-correlation analysis, a spiking predictive deconvolution (220 ms in length, 66 ms lag) was applied to the wide bandpass filtered (2-8-64-92 Hz) CMP gathers.

Velocity analysis is performed iteratively at 500, then 250 CMP spacing, on a super-gather of 5 CMP, as the more advanced processes are added to the flow (deconvolution, multiple removal). One more RMS velocity analysis is performed after multiple attenuation.

Then normal moveout, inside and outside mute, a dip move-out (DMO) and stack is than performed, followed by a time dependant band-pass filter (4-12-48-64 Hz in 2 s window starting at seafloor, and 2-8-32-48 Hz from 4000 to 6000 ms below seafloor, linearly interpolated). The outside mute is dedicated to suppress excessive NMO stretch and far offset non-hyperbolic move-out. The inside mute begins below the sedimentary sequence, or before the onset of water-bottom related multiples, depending on water depth. Then a 1550 134 m/s FK Stolt migration is performed. Finally, a FX deconvolution is applied to attenuate random noise and increase lateral continuity of the final section.

Processing of Wide-Angle data

This stage of the work was done by Alexandra Afilhado from the University of Lisbon, also suring the fieldwork.

The pre-processing sequence of the wide-angle data, once downloaded from the instruments, included:

• OBS's internal clock-drift correction;

• OBS's relocation on the seafloor from travel-time picks of water-wave direct arrivals;

• Band pass-filtering (1-6-48-64 Hz).

Then upward and downward traveling waves were separated (e.g. [START_REF] Schneider | Ocean bottom seismic measurements off the California coast[END_REF]) by combining hydrophone and vertical seismometer OBS components. A spiking predictive deconvolution was applied to the upward traveling record using the downward traveling wave as signature. Spherical divergence was applied to compensate amplitude decay of the records. Traces were further scaled with a gain proportional to the offset in order to enhance the refracted events.

. Instrument locations were corrected for drift from the deployment position during their descent to the seafloor using the direct water wave arrival. The first arrival water wave was picked in the unfiltered data and the discrepancy between the predicted arrival time and the observed arrival time was calculated for 100 evenly spaced positions around the deployment position of the instrument (Figure 5.12). The best fitting position was subsequently selected as input for a second iteration using a smaller space increment. All other instruments gave useful data on all four channels. Picking of the onset of first arrivals was performed without filtering where possible (mostly between offsets of 0 -40 km). Further processing of the data to facilitate picking at further offsets included deconvolution, application of a 5 to 15 Hz

Butterworth filter and equalization.

The SALSA SL02 was extended inland using between 21 to 46 small arrays, each composed by 3 RefTek 125A-01 Land Seismic Stations (LSS) equipped 2 Hz Sercel L-4A vertical component seismometers. 

Field data retriaval and pre-processing

The data were processed after each recovery with two programs routines to convert the For the field work of the present campaign, SALSA, it was decided to keep the same equipment for the field operations, all 32-bits systems, and do the field-data processing after the campaign. It spites of this, it was useful nevertheless to make a pre-processing in the field to make a preliminary analysis of data quality and report eventual anomalies for later analysis.

Navigation Data

All navigation data used to create the segy files have been acquired by the ships antenna GPS 2. The raw data have been corrected for the distance between the antenna and the center of the airgun source. The correction for this cruise was 104.3 m. A delay of 32 ms which, is due to the delay between the shot signal and the actual firing of the air canons.

Forward modeling

For phase identification and picking, we have used the pack ZPLOT, available at http://terra.rice.edu/ department/faculty/zelt/rayinvr.html.

Phase identification

A color code and name are assigned to each identified phase to allow a certain level of homogeneity between different profiles (figure 5.13). However, and considering the extent of the SALSA survey, it should be emphasized that the same color code and the same name for phases recorded in different profiles do not mean necessarily that they correspond exactly to the same geological unit, in terms of deposition age, lithology, nature, etc (figure 5.14). For the sedimentary phases colors range from red to green, trough yellow, and the names follow the rule (5.13 and 5.14):

• PsXP -Phase reflected from the top of X the layer

• PsX -Phase refracted in layer X Blue hue indicate crustal layers and magenta hue indicate mantle layers.

The names of the phases that propagate in the basement follow the rule:

• PgXP -Phase reflected from the top of basement layer X

• PgX -Phase refracted in the basement layer X
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• PmXP -Phase reflected from the top of the mantle layer X

• PnX -Phase refracted in the mantle layer X

To preserve consistency of classification, even for phases with standard designation we keep the designation according to the above rules. For instance, phases that reflect from the Moho (PmP) or that turn beneath the Moho (Pn), are named here as Pm1P and Pn1. We use "u" to indicate an apriori unknown or debatable nature for the layer where a specific phase propagates. Two cases can occur: sedimentary versus igneous crust or crustal versus mantellic lithology.

In cases we add a number to distinguish "u" phases that may occur at different levels in the profiles, and the rule for "u" names is the same as for basement layers, meaning that:

• PuP -represents a Phase that reflects from the top of a "u" layer and

• Pu -represents the Phase that refracts in "u" layer

Gravity modeling

Gravity modeling is performed to evaluate the consistency of the velocity model with the satellite altimeter gravity data (Sandwell & Smith, 2009) and the land data available in the BGI (http://bgi.omp.obs-mip.fr/) ("The International Gravimetric Bureau". In: IAG Geodesist's Handbook). We worked upon reduced time record sections, in order to flatten the successive arrivals.

The main objective of applying an offset/velocity reduction of times is to horizontalize specific phases, in order to highlight its lateral coherency. We therefore applied reduction velocities that range from 2 km/s to 8 km/s, depending on the apparent velocity of each seismic phase. The phases that propagate in the sediment cover have apparent velocities of ~2-5 km/s, whereas the phases that propagate in the deep crust and shallow mantle have apparent velocities of ~6-8 km/s. The data were modeled using an iterative procedure of twodimensional forward ray-tracing followed by a damped least-squares travel-time inversion from the RAYINVR software [START_REF] Zelt | Seismic traveltime inversion for 2 D crustal velocity structure[END_REF]. The wide-angle modelling proceeds in a top-to-down strategy of arrival time fitting of the reflected and refracted phases identified in the sedimentary section. For each sedimentary sequence, we correlate the twt of its base, from the MCS section, with the arrival times of the reflected and refracted phases identified in the OBS data. An iterative procedure of velocity and depth adjustment, with check of the depthtwt conversion against MCS data was then applied. Such procedure is applied to all
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sedimentary layers up to the basement. In the basement, we used only the arrival times from the OBS and LSS data set.

In order to constrain velocity gradients and velocity contrasts at the interfaces of the model, we perform amplitude modeling [START_REF] Zelt | Practical and efficient ray tracing in two-dimensional media for rapid traveltime and amplitude forward modeling[END_REF], which is a trial and error procedure. Amplitude modeling is based on the variation with the angle of incidence of the transmitted and reflected seismic energy across boundaries; therefore, synthetic record sections should reproduce the observed offset variations of amplitude. Furthermore, for each incidence angle, the fractions of transmitted and reflected P-wave energy (relative to the total incident energy) depend on the impedance contrast across interfaces; thus, synthetic record sections should reproduce the relative amplitudes among different arrivals. Another important constraint given by the amplitude modelling concerns the velocity gradient in each layer and its thickness. The depth-velocity increase within a layer will act as a convergent lens, focusing the energy that penetrates in it and resending it back to the surface. Moreover, the maximum offset reached by the energy that penetrates one layer depends on the layer thickness. Thus, synthetic record sections should also reproduce the observed cut-off offsets. Whereas the OBS set recorded direct and inverse sense of energy propagation, allowing to constrain both velocity and topography of the layered medium, LSS records are not reversed. Therefore, besides modeling the LSS's arrivals time and amplitude, gravity modeling needs to be considered in order to verify the consistency of a velocity model with the mass distribution imprint, since P-wave velocity is directly related to density (lithology, rheological properties, fracturing, pore pressure, etc, have a second order contribution to P-wave velocity).

Nevertheless, considering that the large number of in-land records spanning for 100 km to 200 km, the wide-angle LSS record is a powerful tool to evaluate the actual thinning geometry of the crust across the margin.

Chapter VI

Results of the SALSA data 
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As said in the chapter V, the modelling starts always with the simplest model possible,

where the avalaible informations are added step by step. The SL01 profile is parallel to the ION-GXT 2275 profile and the SL 02 parallel to the ION-GXT 2275 profile. Aslanian and

Moulin made an interpretation of these profiles, and it was the starting point for our forward modelling.

The interpretation of the ION-GXT 2275 shows 4 main domains:

• The first domain has a well-marked dome at the base of the crust. The crust, with a thickness of about 10 km, probably of continental nature, presents 5 km-wide, 2 km thick seawards dipping reflectors at the seaward end of this domain, overlaid by a small sedimentary basin. These SRDs can be interpreted as a very local volcanic feature related to the evolution of the small basin.

• The second domain differs abruptly of the two adjacent ones. The top of the crust is much smoother at about 6 km depth. Deeper, two sets of strong reflectors are observed: sparse non-continuous reflectors between 10 and 15 km depth, and V-shaped more continuous reflectors between 18 and 28 km depth. These reflectors can be intracrustal, the base of the crust, within the mantle or 3D-effect.

• The third domain is characterized by isolated sedimentary basins on a relatively smooth basement. The base of the crust is well imprinted by strong reflectors at 15-17 km depths.

• The last domain is characteristic of a 7 km thick oceanic crust with intracrustal reflectors at its base.

140 The interpretation of the ION-GXT2300 shows a very reflective substratum with a thickness varying between 20 and 15 km. 3 main domains can be described:

• The first domain has a crust, with a thickness decreasing seawards from 25 to 15 km.

Two sets of seaward highly dipping reflectors are observed within this crust.
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• The second domain is characterized by a volcano. The base of the crust below the volcano is blind, with no reflector.

• The last domain is characteristic of a 7 km thick oceanic crust with intracrustal reflectors at its base. 142

In this chapter we presentate all the steps involved, from the interpretation of the MCS and OBS data, to the construction of a velocity model, and its validation, with resolution analysis, gravimetry and PSDM inversion.

Forward model of SALSA01

At sea, a total of 16 OBS (instruments with four components: Hydrophone plus 3-Comp. Seismometer) were deployed, spaced every 7 nmi, at water depths of 1 560 m to 4 320 m. The 1376 air-gun shots in SL01 were recorded by all instruments. The quality of the recorded signal is very good.

This profile crosses the SL05 and the SL06 profiles at the positions of the SL01OBS02, SL01OBS03 and SL05OBS14 and SL06OBS01.

Seismic data

The seafloor is irregular for all along the profile, it starts at 2 s twt and deepens to 5 s twt at the SE edge of the profile, with canyons and wave-marks. The MCS record-section We found 6 sedimentary layers in the continental slope domain. These sedimentary sequences do not significantly change of thickness into the distal part.

(
The two first sedimentary layers are not very clear, but it looks like they are very thin.

The third layer is well-expressed throughout the entire profile by a strong reflector that deepens from 3 s twt at 0 km distance model to 5s twt at 60 km distance model.

The fourth layer, which is also identifiable on other profiles, is better marked and continuous for all along the profile, following the topography of the basement. Under this layer, there is another strong double reflector, that is often over last layer, and often in contact with the basement. The sixth sedimentar layer shows up only in the continental slope domain, over a depression (first basin) of the basement, and then it pinches out with the fifth layer. All 143 these sedimentary layers deepen more than 2 s twt until the end of this domain at 60km distance model.

At the continental slope domain, the top of the acoustic basement is marked by a reflector at 4.5 s twt at the continental slope and increasing to 6.5 s twt at 60 km distance model, and is identified by the change, from a stratified to some more amorphous seismic facies. The topography of the basement is very irregular, with some peaks, what added to observed SDRs, suposes the presence of volcanism. There is no deeper reflectors at this part.

At 70 km there's a big high, shaped like a little volcano, and after it, the configuration of the layers changes evidently, what mark the beginning of the the transitional domain, where the seafloor deepens much more smoothly, from 4.5 s twt to 5 s twt, the sedimentary layers assume a plan-parallel character, the basement, at 7 s twt, looks like to be fractured and has a chaotic seismic signature. But it's topography goes much more regular, and is observed a deep reflector at 10 s twt, which is relationed with the Moho discontinuity.

At the presumed oceanic basin between 135 and 150 km, there's a zone where the 3 shallowest sedimentary layers pinch out under a depression of the seafloor, that is suposed to be a canyon. The basement at 7.5 s twt, assumes a topography much more irregular with the mount and basin pattern. In the basis of these basins there's always some structures similar to SDRs. The deep reflector associated to the Moho, rises up from 10 s twt to 8 s twt.

After this zone, towards the oceanic edge of the profile, we observe only 4, plan-parallel sedimentary layers, the basement at 7.5 s twt with the same chaotic signature representing the upper crust, and, the deep reflector that deepens back to 9.5 s twt.

The Sergipe-Alagoas basin and presumed Oceanic Basin

In the OBS data, several near-offset reflected and associated refracted arrivals are visible, decreasing in number as we move towards the presumed oceanic basin.

From SL01OBS01 onward, the full subsurface sedimentary, crustal, and mantellic sequence is imaged from shots at the vertical of each OBS to offsets reaching 110 km. In In the presumed oceanic basin, from 90 to 220 km offset (Figure 6.4 and 6.5), the Ps4 remains long refracted arrival phases that are recorded as a fan of second arrival phases with slightly increasing velocities and relatively low velocity-gradients that emerges from the water cone. The Ps6 refraction shows considerably higher amplitude. In the presumed oceanic basin, the Pg1, Pg2 and Pg3 refracted phases form a relatively continuous event in both amplitude and apparent velocity, without sharp inflections indicative of major velocity changes between layers. The PuP phase spans from 0 to 80 km with apparent velocity close to Pg3 in the necking zone. Pn is observed emerging at ~70 km with an apparent velocity increasing from 7.90 to more than 8.10 km/s and large amplitude variations both along offset and OBSs. 151

Velocity model

From SL01 wide-angle data, we digitized 25741 events and interpreted their respective phases (Table 6.1). Travel-time uncertainty was estimated on the SL01OBS records and fixed at 0.030 for the water, 0.050 for the sedimentary arrivals increasing to 0.100 for the crustal and mantellic arrivals. The model explains the travel-time and phase of 21204 events or 82% of total picks, with a global RMS travel-time residual of 0.119. Given our events individual uncertainty, the model results in a normalized chi-squared of 1.406. Generally, the SL01 model correctly explained the SL01OBS with chi-squared and rms values acceptable (Table 6.2).

The final velocity model of profile SL01 images the all sedimentary and basement layers to a depth of around 25 km (Figure 6.7).

The model has a sedimentary cover with 6 sedimentary layers in the continental part and 4 layers in the presumed oceanic basin, that reach a thickness of 5.0 km for all along the profile.

Ps1 has top and bottom P wave seismic propagation velocities of 1.75 km/s to 1.80 km/s.

Ps2 has a lateral gradient in the velocities that goes from 2.00 km/s in the western part of the profile and gradually decreases up to 1.80 km/s.

Ps3 has top and bottom velocities from 2.40 km/s to 2.50 km/s. The three first sedimentary layers pinch out at 130 km in the presumed oceanic basin.

Ps4 has regular top and bottom velocities from 2.85 km/s to 3.00 km/s.

Ps5 has also regular top and bottom velocities from 3.10 km/s to 3.15 km/s on the presumed oceanic basin and a constant velocity of 2.95 km/s on the continental slope.

Ps6 appears only in the continental slope zone, over a basement depression, and pinches out at 40 km and has top and bottom velocities from 3.35 km/s to 3.45 km/s.

The basement structure has five layers: upper crust, middle crust, lower crust, anomalous velocity zone, and lithospheric mantle. The upper crust has a thickness of 2.5 km on the continental slope and decreases to 1.0 km and 1.5 km on the presumed oceanic basin with a very irregular topography, full of basins and mounts, with velocities at the top and bottom of 5.00 km/s and 5.10 km/s, a little decrease to 4.85 km/s at 110 km and increases to 5.10 km/s and 5.20 km/s at the presumed ocean basin.
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The middle crust has regular thickness of 2.5 km for all along the profile, with velocities at the top and bottom from 6.50 km/s to 6.60 km/s.

The lower crust starts with a thickness of 5 km in the very western part of the profile, and thicks to 10 km between 20 and 70 km and thins to 3.0 km towards the ocean, with velocities at the top and bottom from 7.00 km/s to 7.20 km/s.

The anomalous velocity zone is located at the the necking zone, with a 10 km thickness, and thins abrubtly until pinches out the lower crust at 80 km, with velocities the the top and bottom from 7.20 km/s to 7.25 km/s. 

Gravity modelling

A 2-D model consisting of homogeneous density blocks was constructed from the seismic velocity model: The P-wave velocity is converted to densities according to Ludwig et al. [1970] except onshore in the continental crust where conversion follow Christiansen and 156 [1995]; The resulting density ranges from 2200 to 2500 kg/m3 in the basins, 2600 to 2750 kg/m3 in the crust and 3000 to 3170 kg/m3 in the U-Unit. The Pm mantle density is set at 3420 kg/m3. The model is extended down to 80 km where isostatic compensation may be reached, and the modelled free-air anomaly is compared to measured gravity anomaly along the SALSA01 profile.

Mooney

The forward model fits relatively well (within less than 25 mGal) the gravity data acquired offshore during the SALSA survey, except for the continental slope where there's a detour of 17 mGal. Free air gravity from satellite data [Sandwell et al., 2014] extracted along the profile and 10, 20, and 30 km cross-line presents broad (>50 km wavelength) along profile and lateral scatter amplitude variations of +/-50 mGal (Figure 1.9). Due to the high altitude of the satellite, lower wave-lengths are not well recorded. Onshore, the forward model fits the gravity from satellite data. Offshore, the satellite data do not follow at all neither the survey data nor the predicted gravity anomaly (Figure 6.8). The load anomaly reaches180 Bar at the necking zone continental shelf and near to 0 Bar at the presumed oceanic basin.

157 In order to verify the accuracy of the wide-angle velocity model, the MCS data is prestack depth migrated and residual move-out analysis is performed. The pre-processing sequence is identical to the MSC data time processing, and includes geometry, wave-equation multiple attenuation, shot-gather predictive deconvolution, time variant bans-pass filter, and radon multiple attenuation. The PSDM processing is undertaken using the Seismic Unix package (Stockwell Jr., 1999;Cohen and Stockwell Jr., 2003). The PSDM consists in 2 steps: and 4596 m spacing at 150 m. Dip-independent velocity analysis can then be performed on the migrated CIG by analyzing residual move-out. Hence, if the velocity model used for migration is close to the true medium velocity, all common offset migrated panels map the recorded seismic events to the same reflector depth, else the move-out from near to far offset translates into an interval velocity correction (Liu and Bleistein, 1995). Figure 6.9 presents the This layer is relational to the upper crust, and it has 5 km to 4 km thickness. Under the upper crust is hard to differentiate anything until a uncontinuous but high amplitude reflector, that

ray
shows up between 18 km to 13 km deep and represents the Moho.

1-D velocity-depth profiles

In order to characterize the P-wave seismic velocity variations along SL01 profile, 1-D velocity-depth profiles were extracted from the velocity model at 10 km interval (Figure 6.10): 1-D velocity-depth profiles below the seafloor allow to discuss the lateral variations in the geometry of the sedimentary layers while 1-D velocity-depth profiles below the basement allow to discuss the properties of crust and to establish the lateral segmentation along the SL01 profile.

Based on these 1-D velocity-depth profiles, we identify three main areas along the SL01 profile from northwest to southeast: the necking domain, the Sergipe-Alagoas basin domain and the Presumed Oceanic domain (Figure 6.10).

In the Sergipe-Alagoas Basin, the continental crust outcrops at the surface and is 25 km thick. There is a velocity and gradient contrast between the upper and middle continental crust et al. 2012;Vinicius et al., 2015). The comparison of the 1D velocity profiles with a worldwide compilation of the continental crust (Christensen and Mooney, 1995) clearly

shows similarities both in velocities and gradients (Figure 6.10).

Along the SL01 profile, up to 3 km of sediments deposited on top of the basement that deepens from 4 km deep in the necking domain to 6km deep at the Presumed Oceanic Domain (Figure 6.10), the thick continental crust thins smoothly over a distance of almost 150 km. This necking domain is asymmetric: the Moho rises from 25 km to ~12 km, while the basis of the lower crust deepens from 14 to 20 km between 0 and 50 km model distance;).

After pinchs out with the anomalous velocity body, the base of the lower crust rises from ~20

to 12 km depth, following the trend of the Moho in the Necking domain. In the 1D velocity 161 profiles, the scatter decreases towards the base of the lower crust. The base of the anomalous velocity body lies at ~25 km depth and rise to 20 km at 50 km model distance. This unit is composed of homogeneous velocity.

The Sergi-Alagoas Basin domain domain goes from 60 km to 140 km model distance,

and in this area, the sedimentary layers become much more regulars reaching almost 4 km deep, without significantly changes in the velocity, as well, the top of the basement assumes a much more regular topography, all the crustal segments preserve a homogenous velocity for each one, and the thickness of the crust thins smoothly from 12km to 9 km thick.

The Presumed Oceanic Basin (140-210 km distance model) shows the thinner thickness as to the sedimentary cover, that reaches 3 km thick as the crust, with the top of basement located at 6 km deep and the moho at 14 km deep rising smoothly to 12 km deep at the end of the profile with a mild increase of 0.10 km/s in the low crust velocity.

The comparison of the 1D velocity profiles with a worldwide compilation of the oceanic crust of the for the Atlantic Ocean [White et al., 1992] clearly shows dissimilarities: velocity is slightly larger at the basement and middle crust, a thinner crust and considerably lower velocity gradients at the necking domain; and higher velocities in all segments and lower velocity gradients in the lower crust of the oceanic domain (Figure 6.10).

The GXT line correspondent to the profile is the GXT 2275 and when we compare the final depth model with this interpreted line (Figure 6.10), there are some structures that fits very well. The majority of the sedimentary layers's limits, fits at the same place, the deep and the topography full of mounts and basins of the basement are almost the same, some intracrustal structures, the boundary between the Moho and the anomalous body is very well marked in the GXT line as well as the Moho as itself sometimes. This profile crosses the SL05 profile at the position of the SL02OBS02 and SL05OBS14.

Seismic data

Despite the profiles SALSA01 and SALSA02 being parallel, 75 km distant from each other, and in the same sedimentary basin, each multi-channel seismic image shows a very different sedimetary coverage and basement geometry.

While the SALSA01 MCS record-section shows some chaotic patterns, with heterogeneous layers, sometimes truncated, segmented and a basement with a quite irregular topography, the SALSA02 MCS record-section, shows some plan-parallel layers (except the seafloor, that is fairly irregular in the proximal part) filled of reflective and well-stratified sediments (layers s1 to s5) from the seafloor to ~6.5 s twt depth.

The only (but large) irregularity, is a volcano with 30.0 km large and 1.0 km high located in the lenght of the OBS05 (125 km).

The SALSA02 MCS can be subdivided into the offshore portion of the Sergipe Basin composed of the continental slope (between 0 and 40 km model-distance), the volcanic edifice located between 90 and 140 km model-distance and belonging to the Bahia Seamounts group (Bryan 1995[START_REF] Cherkis | Carte Tectonique Internationale de l'Afrique[END_REF], Skolotnev 2010), and the presumed oceanic basin.

The quality of the SALSA02 seismic reflection data is generally good until 7s twt, at the basis of the sedimentary cover.

We can clearly see 5 sedimentary layers, that get thinner from the continent in direction to the NW flank of the volcanic edifice, where they all pinch out, and return again in the SE flank, towards to the presumed oceanic basin. It seems that the mount is a basement high,
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with almost none sedimentary cover on the top of the volcanic mount. The mount shows a transparent seismic signature, that doesn't show any structure.

The seismic facies of sedimentary layers modeled (s1 to s5) shows some plan-parallel reflectors within some strong amplitude and north-western edge of the profile, on the continental slope, the sedimentary layers deepen towards the SE from 5.5 s twt to 6.8 s twt over a distance of less than 50 km (light blue reflector on Figure 6.12). In this area, the base of the basin is relatively rough and intruded, most likely by magmatic events, at numerous locations (at 20 to 50 km distance for instance). In the presumed oceanic Domain, the sedimentary thickness varies from 1.4 to 1.8 s twt (Figure 6.12). The top of the acoustic basement also deepens parallel to the continental slope and is marked by a reflector at 5.4 s twt at 10 km model distance and increasing to 7 s twt at the eastern end of the profile and is identified by the change from a plan-parallel to some more amorphous seismic facies.

Below the deepest sedimentary deposit (layer s6) there's a layer characterized by some almost transparent and chaotic seismic facies, with only some sparse reflectors observed. The interpretation of the top of the basement is based on combined work with the OBS modelling (see the section below). The crustal facies is almost transparent and the deepest crustal and mantellic layers are interpreted from the seismic wide angle data.

Sergipe-Alagoas Continental shelf and its basement

The SL02 profile spans from the continental basement onland to the presumed oceanic

Sergipe-Alagoas basin. The sediments of the basin, lay over the Sergipana Fold Belt, that is located between the Borborema Province and the Sao Francisco Craton. Unfortunately, there

are not significant studies about the lithosphere in this area. However, a deep seismic refraction experiment was carried out in the Borborema Province in November 2008 (INCT-ET/CNPq; Soares et al. 2010;Tavares et al. 2012;Vinicius et al., 2015). This profile resolves the seismic structure of the lithosphere along a 880 km long transect that runs 200 km NE of SL02 profile. From their results in the Borborema area, we can conclude that:

• the continental crust presents 2 layers separated at about 16 km depth, with a velocity of 5.75 to 6 km/s at the top and 6.2 to 6.3 km/s at the base of the upper crust, and 6.4 to 6.5 km/s at the top and 6.75 to 6.90 km/s at the base of the lower crust;

• the continental crust reaches about 32 km thickness;

• Furthermore, receiver functions computed along the INCT-ET/CNPq profile indicates a crustal thickness of 30-36 km (de Lima, 2015).
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The geometry of the sedimentary and crustal layers onland beneath the seismic land stations can further be constrained from geological and geophysical studies conducted in the study area. Surface geology indicates the Macurure Domain from SL02LSS11 toSL02LSS01, and an outcrop of quartenary deposits from SL02LSS21 to SL02LSS10. The Macurure domain is inserted in the Sergipana Neoproterozoic High-Grade Fold Belt and comprises metapelites with some great faciologic variation and metavulcanic intercalation (Barbosa, 1970;Silva Filho et al., 1977;Jardim de Sá et al., 1981;Santos et al., 1988).

Refracted events in the continental crust middle-crust Pg2 in light-blue, lower-crust Pg3 

The presumed Oceanic Basin

From SL02OBS15 onward, the full subsurface sedimentary, crustal, and mantellic sequence is imaged from shots at the vertical of each OBS to offsets reaching 110 km. In addition to clear Pg1, Pg2, Pg3, Pu, Pn (mostly) first arrivals (represented with blue, violet and magenta shades), Ps1 to Ps5 sedimentary refracted arrivals, travelling with apparent velocity increasing from less than 2 km/s (close to the water-cone) up to 4 km/s, are observed as secondary arrivals (represented with red, orange, yellow, and light-green shades).

Furthermore, at near-critical incidence, high-amplitude reflections are observed, particularly from the tops of the lower crust Pg3P, unknown unit PuP, and Moho PmP on the seaward-side of shots. The Pg1 phase presents the shortest offset (from ~7.5 to 20 km offset), (figure 6.16);

and the largest curvature indicative of larger velocity gradient. The Pg2 extends from 20 to ~40 km offset and Pg3 from 45 to ~80 km offset and the lowest apparent velocity gradient.

In the presumed oceanic basin, from 90 to 140 km offset (Figure 6.17), the Ps4 remains long refracted arrival phases that are recorded as a fan of second arrival phases with slightly increasing velocities and relatively low velocity-gradients that emerges from the water cone.

The Ps5 refraction shows considerably higher amplitude and apparent velocity: the exact nature of this layer must be further examined from the pre-stack depth migration of the MCS data, for instance. In the presumed oceanic basin, the Pg1, Pg2 and Pg3 refracted phases form a relatively continuous event in both amplitude and apparent velocity, without sharp inflections indicative of major velocity changes between layers. The PuP phase spans from 90

to 140 km and has apparent velocity close to Pg3. Pn is observed emerging at ~75 km with an apparent velocity increasing from 7.9 to more than 8.15 km/s and large amplitude variations both along offset and OBSs (Figure 6.18, 6.19 and 6.20).
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Velocity model

From SL02 wide-angle data, we digitized 24009 events and interpreted their respective phases (Table 6.3). Travel-time uncertainty was estimated on the SL02OBS records and fixed at 0.030 for the water, 0.050 for the sedimentary arrivals increasing to 0.100 for the crustal and mantellic arrivals. The model explains the travel-time and phase of 21166 events or 88% of total picks, with a global RMS travel-time residual of 0.138 s. Given our events individual uncertainty, the model results in a normalized chi-squared of 1.892. Generally, the SL02 model correctly explained the SL02OBS with chi-squared and rms values acceptable (Table 6.4).

The final velocity model of profile SL2 images the depth geometry of all sedimentary, crustal and mantellic layers to a depth of around 34 km (Figure 6.21). According to the interpretation of the wide-angle data described above the velocity structure of SL02 model was modeled using five to six layers of sediments. These sedimentary layers are characterized by a relatively homogeneous P-wave velocity all along the SL02 model with no strong lateral variation. A 8 km thick sedimentary sequence is deposited in the Sergipe-Alagoas Basin, that has its limit at -120 km distance of the profile, on the continental shelf, and goes until the SE end of the profile, whereas only 5 km of sediments covers the presumed Oceanic basement towards the SE (Figure 6.21). The P-wave velocities of the sedimentary sequence show an increasing trend: the top velocity at the seafloor is 1.65 km/s (s1) and the maximum velocity 4.7 km/s is reached at the base of the sedimentary sequence (s6).

181 The middle crust has 7.0 km to 5.0 km thickness on the continental domain, and a regular thickness of 3.0 km for all over the rest of the profile, unless under the volcano, where it goes to almost 5.0 km.The velocities at the top and bottom goes from 6.10 km/s to 6.40

km/s at the continental domain, 6.4 km/s to 6.5 km/s on the continental slope and from 6.2 km/s to 6.3 km/s on the presumed oceanic basin.

The lower crust reaches 21.0 km thick on the continental domain and decreases to 8.0 km thick at the western end of the model, and finally, completely thins out to 4.0 km thick towards the ocean, with velocities at the top and bottom from 6.60 km/s to 6.90 at the continental domain, 7.30 km/s to 7.50 km/s in the necking zone and 6.9 km/s to 7.1 km/s in the presumed oceanic domain.

The 8 km thick anomalous body under the volcano has a velocity of 7.3-7.4 km/s. A high velocity zone is observed in the middle and lower oceanic crust, at the necking zone (0-50 km). At this spot, the middle crust passes from 6.10-6.30 km/s to 6.30-6.50 km/s and the lower crust, from 6.90-7.10 km/s to 7.30 km/s (Figure 6.21). 

Gravity modelling

A 2-D model consisting of homogeneous density blocks was constructed from the seismic velocity model. The P-wave velocity is converted to densities according to Ludwig et al. [1970] except onshore in the continental crust where conversion follows Christensen and 186 [1995]; The resulting density ranges from 2200 to 2500 kg/m3 in the sediments, 2600 to 2750 kg/m3 in the crust and 3100 kg/m3 in the U-Unit. The Pm1 and Pm2 mantle density is set at 3140 and 3300 kg/m3. The model is extended down to 80 km where isostatic compensation may be reached, and the modelled free-air anomaly is compared to measured gravity anomaly along the SL02 profile.

Mooney

The forward model fits relatively well (within less than 20 mGal) the gravity data acquired offshore during the SALSA survey, except for the peak of the volcano where there's a misfit of 30 mGal. The calculated gravity anomaly falls well within the values observed on parallel profiles extracted (each 10 km) north and south of the profile (light blue and yellow lines on figure 6.23 a), derived from satellite gravity measurements (Sandwell et al., 2014).

Due to the high altitude of the satellite, lower wave-lengths are not well recorded. Onshore, the forward model fits the gravity from satellite data. Offshore, the satellite data do not follow at all neither the survey data nor the predicted gravity anomaly (Figure 6.23). The load anomaly reaches 250 Bar at continental shelf at the axis of the volcano where density of both the volcano and its mantellic root may not be accurately predicted from P-wave velocity. Chapter 6-Results Pinheiro, J.M. 189

MCS data pre-stack depth migration (PSDM)

In order to verify the accuracy of the wide-angle velocity model, the MCS data is prestack depth migrated and residual move-out analysis is performed. The pre-processing sequence is identical to the MSC data time processing, and includes geometry, wave-equation multiple attenuation, shot-gather predictive deconvolution, time variant bans-pass filter, and radon multiple attenuation. The PSDM processing is undertaken using the Seismic Unix package (Stockwell Jr., 1999;Cohen and Stockwell Jr., 2003). The PSDM consists in 2 steps: and 4596 m spacing at 150 m. Dip-independent velocity analysis can then be performed on the migrated CIG by analyzing residual move-out. Hence, if the velocity model used for migration is close to the true medium velocity, all common offset migrated panels map the recorded seismic events to the same reflector depth, else the move-out from near to far offset translates into an interval velocity correction (Liu and Bleistein, 1995). Figure 6.24 presents the PSDM section and CIG gathers extracted every 7.5 km along the profile. Moreover, depth migrated gathers are excellent records of amplitude variations with offset (AVO), and therefore are indicators of in-situ rheological changes. The residual move-out behavior together with the seismic character from PSDM images are key elements to locate accurately major geological contacts, moreover with higher horizontal resolution when compared to the OBS records.

They confirm the velocity structure of Sergipe-Alagoas basin along SL02 and finely image them with their true reflector geometry. The Sergipe-Alagoas basin shows a sedimentary structuration that can be subdivided between an upper and lower package. Upper sediments represent the first 4 layers which are finely stratified and made of low amplitude continuous reflectors while deeper reflectors have a stronger amplitude character. All the sedimentary package is clearly interrupted by the volcanic edifice. The upper package varies in thickness from about 1.5 km at the continental slope, 3 km at NW side of the volcano and 2 km at SE side, at the presumed oceanic basin. The lowest sedimentary is composed by 2 layers that truncate into 1 layer with about 1-2 km thick at the NW side of the volcano and less than 1 km at the SE side. Its top shows the strongest and most continuous reflector, what 190 makes us think that it is relationed to the basement. But the top of the basement corresponds to the base of this last sedimentary layer, composed by chaotic seismic facies. Under the basement is impossible to differentiate any seismic facies or structure.

1-D velocity-depth profiles

In order to characterize the P-wave seismic velocity variations along SL02 profile, 1-D velocity-depth profiles were extracted from the velocity model at 10 km interval (Figure 6.25): 1-D velocity-depth profiles below the seafloor allow to discuss the lateral variations in the geometry of the sedimentary layers while 1-D velocity-depth profiles below the basement allow to discuss the properties of crust and to establish the lateral segmentation along the SL02 profile.

Based on these 1-D velocity-depth profiles, we identify four main areas along the SL02 profile from northwest to southeast: the continental domain, the necking domain, the Sergipe-Alagoas basin domain and the Presumed Oceanic domain (Figure 6.25).
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In the Continental domain, the continental crust outcrops at the surface and is 35 km thick. There is a velocity and gradient contrast between the upper and middle continental crust at ~17 km depth; A distinct contrast in both velocity and gradient marks the middle and the lower crust transition at ~12 km depth. The Moho presents the sharpest contrast at ~35 km depth (figure 6.25 c). The results obtained for the structure and thickness of the continental crust divided into 3 layers with distinct velocity gradients are in agreement with the onshore seismic experiment conducted 100 km NWward [(INCT-ET/CNPq; Soares et al. 2010;Tavares et al. 2012;Vinicius et al., 2015]. The comparison of the 1D velocity profiles with a worldwide compilation of the continental crust [Christensen and Mooney, 1995] clearly shows similarities both in velocities and gradients (figure 6.25).

The thickness of the sedimentary cover goes from 8km thick at the continental and necking domain, to 4 km thick at the Presumed Oceanic Domain (figure 6.25).

At the continental domain, the top of the upper crust is at the surface until -120km distance model, then it deepens in two steps, the first at -120 km distance model, where it deepens to 2.5 km deep, and other at -60 km distance model it deepens to 8 km deep. The interface between the upper and middle crust is almost regular for all along the profile. Any crust layer shows significant velocity gradient at the continental domain.

The thick continental crust thins smoothly over a distance of almost 100 km from the continental domain to the necking domain, from ~35 km to ~33 km deep.

The necking domain is asymmetric: the Moho rises from 33 km to ~16 km with a remarkable velocity increase.

The Sergipe-Alagoas Basin domain goes from 50 km to 100 km model distance, and in this area, the sedimentary layers thin to 5 km thick, without significantly changes in the velocity, as well, the top of the basement assumes a much more regular topography, all the crustal segments preserve a homogenous velocity for each one, and the thickness of the crust thins smoothly from 16 km to 13 km thick.

The Presumed Oceanic Basin (150-210 km distance model) shows the thinner thickness as to the sedimentary cover, that reaches 3 km thick as the crust, with the top of basement located at 8 km deep and the moho at 14 km deep rising smoothly to 13 km deep at the end of the profile with a mild decrease of 0.20 km/s in the middle crust velocity.

Between the Sergipe Basin and Presumed Oceanic Basin, there is a sub-crustal high velocity body with almost 5 km thick, probably related to the isostasy resultant from the volcanic edifice.
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The comparison of the 1D velocity profiles with a worldwide compilation of the oceanic crust of the for the Atlantic Ocean (White et al., 1992) clearly shows dissimilarities: velocity is slightly larger at the basement and middle crust, a thinner crust and considerably lower velocity gradients at the necking domain; and higher velocities in all segments and lower velocity gradients in the lower crust of the presumed oceanic basin (Figure 6.26).

When we compare the crust behavior along the profile, we observe that the gratest difference is th tickness, that goes from from ~35 km in the Continental Domain, to 9 km in the Presumed Oceanic Basin, with the most abrupt thinning under the Sergipe Basin, in the necking zone. At this this area we see a increase of 0.30 km/s in the lower crust velocity.

The GXT line correspondent to the profile is the GXT 2300 and when we compare the final depth model with this interpreted line (Figure 6.26), there are some structures that fits very well. The majority of the sedimentary layers's limits, fits at the same place, the deep and the geometry of the basement are almost the same, and the boundary between the Moho and the anomalous body is very well marked in the GXT line. 
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The main scientific questions in this chapter are:

! the architecture and the segmentation and the tectonic heritage, ! the first oceanic crust ! and the link with the Tucano-Recôncavo-Jatobá aborted rift, and the role of the geodynamic context

Architecture and the Segmentation

In order to determine the nature of the crust, 1D crustal velocity-depth (Vz) profiles were extracted each 10 km from the final velocity models, underneath the top of the basement. These Vz graphs can be compared to compilations for typical continental crust (Christensen and Mooney, 1995) and Atlantic-type oceanic crust (White et al., 1992), which allows to discuss the properties of crust and to establish the lateral segmentation along the profiles.

On the base of this analysis of the final models and these Vz graphs, three distinct domains can be distinguished:

1. An unthinned Continental Domain 2. a sharp domain of crustal thinning, the Necking Domain,

3. an external domain presumed to be of oceanic nature (Figures 7.1 to 7.4).

Unthinned Continental Domain

This domain is essentially based on the profile SL02 data, taking into consideration that it is the unique profile with landstations.

As the inland proximal part of the profile, between the landstations and the OBSs, is not completely covered by the seismic rays (Figure 7.1), we used additional information from the crossing profile SL05 (Evain, et al. In prep.) and bibliographical information [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF]Feijó et al., 1994;Mohriak et al., 1995Mohriak et al., , 1998Mohriak et al., , 2000;;Blaich et al., 2008;Soares et al., 2010;[START_REF] Borba | Estratigrafia dos depósitos iniciais do rifte no Campo de Furado, região de São Miguel dos Campos, Bacia de Sergipe-Alagoas[END_REF]Tavares et al., 2012;[START_REF] Lima | remet en question la proposition selon laquelle le SFB est une ceinture plissée-néoprotérozoïque produite par l'inversion d'un bassin de marge passive situé au nord-est du l'ancienne plaque de Sao Francisco[END_REF].

In the Continental domain, the continental crust outcrops at the surface until -120 km distance model and is at least 35 km thick. The comparison of the 1D velocity profiles with a worldwide compilation of the continental crust (Christensen and Mooney, 1995) clearly
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shows similarities both in velocities and gradients (Figure 7.2). The basement top deepens in two steps: first at -120 km distance model, where it reaches a depth of 2.5 km, and then at -60 km distance model, where it deepens to 8 km deep (Figure 7.1). In that part, the thinning is mainly due to a thickness decreasing of the upper continental layer. This upper layer has velocities between 5.50 and 5.90 km/s, that decrease seawards. The topography of the interface between the upper and middle crust is almost regular for all along the profile, and the velocities of this middle crust range from 6.10 to 6.50 km/s. The base of the lower crust corresponds to the Moho, with a depth decreasing smoothly from 35 to 33 km. Its velocities at the top increase from 6.60 km/s in most continental part, to 7.50 km/s seawards, and its velocities at the base range from 6.90 km/s at the continental domain to 7.50 km/s near the necking zone. The comparison of the 1D velocity profiles with a worldwide compilation of 199 the continental crust (Christensen and Mooney, 1995) clearly shows similarities both in velocities and gradients (Figure 7.2). 
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Further south, the Sergipana Fold Belt (SFB) characterizes a main structural change: the foliation changes from East-West to NE-SW directions, on either side of the E-W oriented Pernambuco lineament, which fringes the northern boundary of the Jatobá Basin. This lineament, together with the parallel Patos lineament (Almeida & Black, 1967, in Cornacchia & Dars, 1983;[START_REF] Lima | remet en question la proposition selon laquelle le SFB est une ceinture plissée-néoprotérozoïque produite par l'inversion d'un bassin de marge passive situé au nord-est du l'ancienne plaque de Sao Francisco[END_REF], are the conjugate structures of the African Ngaoundéré-Sanaga lineaments (Black & Girod, 1970in Cornacchia & Dars, 1983;Dumont, 1986[START_REF] Dumont | Etude structurale des bordures nord et sud du plateau de l'Adamaoua: influence du contexte atlantique[END_REF].

At the SL02 profile, in the Continental domain, the top of the upper crust, the basement, is at the surface until -120 km distance model, then it deepens, first at -120 km distance model, where it deepens to 2.5 km deep, and then at -60 km distance model it deepens to 8 km deep (Figure 7.1). This upper layer has velocities between 5.50 and 5.90 km/s, that decreases seawards. The topography of the interface between the upper and middle crust is almost regular for all along the profile, and the velocities of this middle crust range from 6.10 to 6.50 km/s. The base of the lower crust corresponds to the Moho, which depth decrease smoothly from 35 to 33 km. Its velocities at the top increase from 6.60 km/s in most continental part, to 7.50 km/s seawards, and its velocities at the base, range from 6.90 km/s at the continental domain to 7.50 km/s near the necking zone.

The deep seismic refraction experiment carried out in the Pernambuco Province (Soares et al., 2010;Tavares et al., 2012 ;[START_REF] Lima | remet en question la proposition selon laquelle le SFB est une ceinture plissée-néoprotérozoïque produite par l'inversion d'un bassin de marge passive situé au nord-est du l'ancienne plaque de Sao Francisco[END_REF] shows a structure of the lithosphere, with 2 layers separated at about 16 km depth, with a velocity of 5.75 to 6 km/s at the top and 6.2 to 6.3 km/s at the base of the upper crust, and 6.4 to 6.5 km/s at the top and 6.75 to 6.90 km/s at the base of the lower crust, for a total continental crust thickness of about 32 km. In terms of velocities, this structure is quite similar to that found in SL01 and SL02. The upper layer found by these authors, would correspond to the upper and middle layer of SL01 and SL02.

The SL02 stays at the Sergipana Fold Belt (SFB), in the zone of contact between the Sao Francisco Craton and the Pernambuco Province. The SL04 is located at the Borborema Province, while the SL09 passes through the Sao Francisco Craton. The detailed structure of SL04 (Schnurle et al., in prep) and SL09 profiles (Afilhado et al., in prep) will be discussed in two specific papers, nevertheless, Figure 7.2 shows that the SL02 Vz profiles presents clear similarity with the SL04, whilst the SL09 Vz profiles of the Sao Francisco domain exhibit a very different velocity structure.
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These similarity between the SL02 and SL04 puts into question the proposition that the SFB is a Neoproterozoic fold-thrust belt produced by inversion of a passive margin basin located at the north-eastern edge of the ancient Sao Francisco plate (Almeida et al. 1977;D'el-Rey Silva, 1999) and reinforces the idea that the SFB was possibly on the margin of the Palaeoproterozoic Pernambuco-Alagoas Block (Oliveira et al., 2010) and was attached to the Sao Francisco Craton during the about 600 Ma old Brasiliano orogenic event (Davison and Santos, 1989;[START_REF] Silva Filho | Arco vulcânico Canindé-Marancó e a Faixa Sul-Alagoana: sequências orogênicas Mesoproterozóicas[END_REF].

The crust of the SFB characterizes the main structural change: the main foliation changes from East-West to NE-SW directions, on either side of the E-W oriented Pernambuco lineament, which fringes the northern boundary of the Jatobá Basin. This lineament, together with the parallel Patos lineament (Almeida & Black, 1967, in Cornacchia & Dars, 1983;[START_REF] Lima | remet en question la proposition selon laquelle le SFB est une ceinture plissée-néoprotérozoïque produite par l'inversion d'un bassin de marge passive situé au nord-est du l'ancienne plaque de Sao Francisco[END_REF], are the conjugate structures of the African Ngaoundéré-Sanaga lineaments (Black & Girod, 1970in Cornacchia & Dars, 1983;Dumont, 1986[START_REF] Dumont | Etude structurale des bordures nord et sud du plateau de l'Adamaoua: influence du contexte atlantique[END_REF].

Necking Zone

The necking zone goes from -55 km to 25 km distance profile. On profile SL02, from the Continental Domain to seawards, the total crustal thickness, without the water column (~4 km through the COB) and sediment cover, thins from ~33 km at the most continental part, to ~10 km through the COB at 20 km distance in the profile. The thickness of the upper crust thins from 10 km in the northwesternmost part of the profile to almost disappears seawards.

At the most continental part, at the SFB, the top of the upper crustal layer is almost in the surface, deepens to ~8 deep, at the depocenter of the SAB, at -50 km distance of the profile, and keep this depth for all along the profile. The thickness of the middle crust thins smoothly from ~7 km at the continental domain, to ~2 km through the COB. The Moho rises from 33 km to ~16 km deep over a distance of almost 100 km, and the total thickness of the lower crust goes from 16 km in the continental domain to 7 km through the COB, with a light velocity increase in the middle of the Necking Zone. This lateral velocity change happens only in the lower crust where it reaches 7.3 km/s on the top and 7.5 km/s in the basis. In the Necking Zone there are also packages of intra-crustal reflectors that may correspond to SDRs.

Although the basis of the crust is much clearer than in SL 01, without basal intra-crustal reflectors.

The gravity map shows a prominent positive anomaly in the necking zone.
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The necking zone of the SL01 is partially constrained in the wide-angle data (figure 7.1), but in the MCS, it presents a zone of intracrustal reflectors. We can recognize few SDRs pattern in this zone, and a group of reflectors in the lower crust, near the Moho discontinuity. These reflectors were interpreted by Mohriak (1998) as a gradational passage from the lower crust to the lithospheric mantle. In this same zone, we observe a very irregular topography in the basement, showing some structures that look like volcanic plugs (Mohriak et al. 1995(Mohriak et al. , 1998)).

This zone gives a chaotic response in the wide-angle data. In addition, this area is a zone with poor data coverage and no inland continuation, which makes difficult a detailed interpretation of the crustal framework near the base of the crust. However, in wide-angle data, the Pmp is very clear and allows us to make a good interpretation of the Moho discontinuity. It rises from 25 km deep in the extreme NW of the profile to 17 km deep in the transition of the continental to oceanic crust at ~70 km distance in the profile. In the lower crust, the array of basal intra-crustal reflectors is disposed in an anticlinal pattern that gives an idea of a lenticular shape (figure 7.1). In this zone, the velocity goes from 7.0 to 7.3 km/s laterally. Loureiro et al. (submitted) found some similar structures in the profile SL11, located at the Jequitinhonha basin, near a zone of "necking zone wideness" transition. Buck (1991[START_REF] Buck | Symmetric or Asymmetric Rifts (Brune[END_REF] reports "a series of basins and ranges in a broad region of continental extension". According to [START_REF] Buck | Symmetric or Asymmetric Rifts (Brune[END_REF], this pattern, is related to lateral periodic variations in the rate of extension, which causes the so-called "lithospheric boudinage". This process of boudinage of the lithosphere produces variations on the local isostasy, also called crustal buoyancy [START_REF] Block | Core complex geometries and regional scale flow in the lower crust[END_REF][START_REF] Bird | Lateral extrusion of lower crust from under high topography, in the isostatic limit[END_REF]Buck, 1991[START_REF] Buck | Symmetric or Asymmetric Rifts (Brune[END_REF].

From the Continental Domain to seawards, the total crustal thickness, without the water column (~4 km through the COB) and sediment cover, thins from ~33 km at the most continental part, to ~10 km through the COB at the change in the velocity may therefore be interpreted as a density compensation to effect of boudinage process and/or as volcanic intrusions.

The velocity model of the profile SL07 (Gallais et al., in prep.) (figure 7.3), located at the Jacuipe Basin, in the south of the Vaza-Barris transfer zone, shows a continental crust that thins much more abruptly than the SL01 and SL02 profiles, or even than the profile SL04 (Schnurle et al., in prep.) further north of the SALSA project. This difference in the Necking 204 Zone behaviour between the profiles highlights the segmentation between the south and the north of the Vaza-Barris fault. Figure 7.3 shows that the transition between the unthinned continental crust and the thinned domain preserves the configuration and the velocities of the continental crust (Christensen and Mooney, 1995). Then, the Vz on both profiles present a sharp transition which corresponds to the disparition of the upper continental layers. Comparing with the compilations for a typical continental crust (Christensen and Mooney, 1995) and for Atlantictype oceanic crust (White et al., 1992), the resulting Vz in the necking zone is closer to a truncated typical continental crust than a typical oceanic crust. The necking seems therefore to be constituted by thinned lower continental crust, that presents a continuity of the velocity structure during the thinning process, and the main change to oceanic crust occurs outside the Necking Zone.

External domain:

The External Domain (25-210 km distance model) shows a thinner crustal thickness as to the sedimentary cover, that reaches 3 km thick as to the crust. The top of the basement located at 8-6 km deep assumes a much more regular topography. The crustal layers do not present any significant velocity gradient through the transition from continental to external domain. The figure 7.4 shows that, except under the volcanic edifice where the thickness of the crust is around 12 km, the total thickness of the external varies between 6 to 8 km.

Due to the fact that this crust was formed in the Cretaceous Normal Superchron (CNS), a magnetic quiet period, it presents a lack of reversal-related magnetic anomalies on crust of age 121 (Anomaly M0y) to 83.6 (Anomaly C34y) Ma old [START_REF] Opdyke | Magnetic stratigraphy[END_REF][START_REF] Gradstein | A geologic time scale[END_REF][START_REF] Malinverno | M sequence geomagnetic polarity time scale (MHTC12) that steadies global spreading rates and incorporates astrochronology constraints[END_REF]Ogg, 2012;[START_REF] Granot | Magnetic Gradiometer and Vector Magnetometer Survey of the Eastern Mediterranean[END_REF]. Nevertheless, the Vz profiles (figure 7.4) along the profiles SL01 and SL02 show that the basement and upper crustal layers fit almost perfectly in the compilation a worldwide compilation for Atlantic-type oceanic crust (White et al., 1992). The velocity of the lower crust is slightly higher than those found in the compilation. The basis of the lower crust, the Moho, has a range of depths that goes from 12 to 6 km. The thicker depths are associated to the proximal Vzs (figure 7.4), extracted of the area in the transition from continental to lower crust or under the volcanic edifice. The thicker depths under the volcano can be justified due to the presence of the underplate layer, or by an isostasy effect. 
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Continent Ocean Boundary

The transition between the continental and the oceanic domain is characterized in the MSC profiles by a zone dominated by intracrustal reflectors. These reflectors look like in most part as SDRs, but there is also some that are similar to LDRs (figure 7.1). At this zone, the basement topography shows some mounds and little elevations. All these structures could 207 be classified as a magmatic signature. Notwithstanding that, as Moulin et al. (2005) noticed already, these structures are not sufficient to characterize an archetype that could classify the margin of the SAB as a volcanic margin similar to the Greenland or Argentina Margins.

Moreover, there is no evidence in the bibliography of volcanism before the first production of ocean crust. As described by Mohriak (1998), these magmatic features are probably associated with extensional processes and oceanic crust inception, and they apparently postdate the rift phase lithospheric extension associated with the breakup of Gondwana in the Early cretaceous, and were used by Mohriak (1995Mohriak ( , 1998) ) and Blaich et al., (2008), for their localization of the COB. Based on wide-angle data analysis, we pointed the COB at ~70 km from the coast, between the SL02OBS12 and SL02OBS11 at the SL 02 profile, and ~100 km from the coast, between the SL01OBS06 and the SL01OBS07, at the SL 01 profile, a little further than that one pointed by these authors (figure 7.1).

Tectonic Heritage

In order to replace our results in a global setting, we used the onland seismic experiments of the Brazilian teams (Figure 7.5: coloured squares: Assumpçao et al., 2013;Soares et al., 2010), mainly focused north to the latitude S11°. These results highlight a Northeast-Southwest partition on both sides of the northern part of the Vaza-Barris zone: to the Southwest, the continental crust has a thickness of more than 42 km; to the Northeast, the continental thickness decreases with most of the values comprise in the range of 32-36 km.

Our onland wide-angle results show a similar Southeast-Northwest partition (figure 7.5):

in Sergipe Alagoas area, the continental crust thickness is less than 35 km, which confirms the previous results;

in the Camamú-Jacuípe area, the continental thickness increases to about 40 km, with some variations in the Tucano Rift due to the presence of sedimentary basins.

This partition reflects the geology of the NE-Brazil with the presence of San Francisco Craton, which ends north of Jacuípe Basin.

For Peixoto, 2013, the transition between the Borborema province, to the North, and the São Francisco Craton to the South, is represented by a neo-Proterozoic zone. This zone was once thought to belong to the São Francisco Craton. 
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The Salsa results present a different option with a strong partition situated at the southern limit of this neo-Proterozoic zone, South of Aracajú city. This limit corresponds to the Vaza-Barris Transfer zone, a Precambrian reactivated transcurrent fault [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF]. This Vaza-Barris Transfer zone divides the Tucano rift in two half-grabens with different polarity: North Tucano Basin, with an eastward vergence, the central and south Tucano Basin, with a westward vergence [START_REF] Milani | Basement control and transfer tectonics in the Reconcavo-Tucano-Jatobá rift, northeast Brazil[END_REF][START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF].

From Ilhéus to Aracajú cities (Almada-Camamú-Jacuipe margins), the necking zone wideness is therefore less than 40 km. Northwards of S11,5°, coincident with the Vaza-Barris Transfer zone, the thinning zone width increases to about 80-100 km (figure 7.5). All along the Jacuípe-Sergipe-Alagoas margins, the oceanic crust is rapidly reached, less than 80 km to the coast with a limit parallel to the coast. It thicknesses decrease seawards to an average of 6-8 km. Below the volcanoes and Fracture zone, some velocity anomalies are present at the base of the crust.

North of the Vaza-Barris Transfer zone the oceanic crust appears at the end of the necking zone. South of the Vaza-Barris Transfer zone, this domain appears to be of thin exhumed lower continental crust and has a width of about 50km.

This domain disappears at the Vaza-Barris Transfer zone, where the necking zone enlarges and presents thinned continental crust overlain by a 1.5 km-thick volcanic layer.

Further seawards, the 1D-Vz profiles below basement on profiles SL01, and SL02 exhibit oceanic velocity crustal structure (figure 7.4), with a thickness which decreases seawards to an average of 6-8 km. Below the volcanoes and Fracture zone, some velocity anomalies are present at the base of the crust.

Therefore, the south subdomain (Jacuípe) presents a domain that is interpreted as exhumed lower continental, while the north subdomain (Sergipe & Alagoas domains) a thinned continental crust overlain by a 1.5 km-thick volcanic layer (figure 7.1).

The Vaza-Barris Transfer zone, which highlights the segmentation on the Jacuípe-Sergipe-Alagoas margins and their adjacent oceanic crust, has a NW-SE direction, oblique to the relative movement of the plates, showing the strong impact of the tectonic heritage and/or mantle structure. Offshore, this segmentation seems to continue with the presence of the NW-SE oriented Bahia Seamount alignments in the Sergipe & Alagoas sub-segment, which may represent the direction of the movement respect to the mantle.
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The necking zone in SL01 is only partially imaged by ray covering. Even with that, it can be observed that this zone is wider in SL01 than in SL02. In SL01, the Moho, rises from 25 km deep in the extreme NW of the profile to 17 km deep, in the transition of the continental to oceanic crust, at ~70 km distance in the profile, and the crustal velocities vary between 5.0 to 7.3 km/s (figure 7.1). As mentioned above, the basal reflectors, at this zone in SL01, have an anticlinal pattern, what possibly indicates that this zone passed by some boudinage process (Buck et al., 1999), what does not happen in SL02.In profile SL01, the base of the crust is characterized by a group of sinuous high-amplitude arrivals (figure 7.6). Mohriak et al. (2000) and Blaich et al. (2008) interpreted that these reflectors are caused by the transition between crystalline crust and a high-velocity /high-density lower crustal body (figure 7.7). Farther east, this "high density body" merges with the seismic Moho. This zone of high velocity is observed only at the three most proximal OBSs at the two profiles, where the basal arrivals are chaotic, and reflected arrivals related to a sub-crustal layer are not identified. Additionally, the increase in the velocity is not significant enough to consider it as a "high velocity body". So, here, it is interpreted that these basal reflectors represent a zone of transition between the lower crust and the lithospheric mantle.

These internal variations are far from being geologically inconceivable if we keep in mind that continental break-up nearly always occurs inside previous orogenic belts and that the material involved in the process is therefore highly heterogeneous [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF].

In addition, the thermal segmentation of the upper mantle can impact the rheology (McKenzie et al., 2000) and imply mineral phase transformations [START_REF] Bousquet | Kinematic, thermal and petrological model of the central Alps: Lepontine metamorphism in the upper crust and eclogitisation of the lower crust[END_REF]. 

The link with the Recôncavo Tucano Jatoba aborted rift

The inland extension of the SL02 profile does not reach the Tucano Basin. Although the analysis of this aborted rift, and its relation with the rift basins, is fundamental to a complete 213 description of the SAB and we present here the results of the analysis of the profile SL 07 (Gallais et al., in prep) that crosses the Jacuipe and the South Tucano Basin.

A remarkable feature obtained from wide-angle modelling is the absence of topography on the Moho, below the well-known South Tucano Basin, characterized by a sedimentary half-graben of 6 km thick (figure 7 On the base of this reconstructed transect, these authors proposed that this basin may have been influenced by pure shear crustal extension in the early stage of rifting characterized by formation of distributed listric faults. They argued that "at a later stage, the Recôncavo Basin was probably influenced by simple shear mode of deformation", as already proposed by Castro (1987), following the suggestions of [START_REF] Lister | Detachment faulting and the evolution of passive continental margins[END_REF], with multiple detachment surfaces. "Consequently, the listric faults were overprinted by localized detachment faulting, causing a westwards shift of the zone of maximum thinning".

Our data and results totally contradict this geometry and hypothesis.
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Geodynamic context

To rebuild the kinematic history of the Camamu triple junction, the Jequitinhonha-Camamú-Almada, Jacuípe-Sergipe-Alagoas and the aborted Recôncavo-Tucano-Jatoba rift systems, the twelve SALSA profiles were interpreted together and integrated with data from the conjugate African segment. (Moulin et al., 2010), with the seismic interpretation made by the SALSA team [START_REF] Aslanian | [END_REF]. The interpretation of the African side is based on seismic profiles [START_REF] Rosendahl | Deep seismic reflection study of a passive margin, southeastern Gulf of Guinea[END_REF]Meyers & Rosendahl, 1991;[START_REF] Rosendahl | Comparison of the Tanganyika, Malawi, Rukwa and Turkana Rift zones from analyses of seismic reflection data[END_REF]Meyers et al., 1996;[START_REF] Rosendahl | Deep seismic structure of the continental margin in the Gulf of Guinea: a summary report[END_REF][START_REF] Matos | Tectonic evolution of the Equatorial South Atlantic[END_REF][START_REF] Dupré | Structure of the Gabon Margin from integrated seismic reflection and gravity data[END_REF], on the gravity map, and on what is known of the Angola Margin [START_REF] Contrucci | Deep structure of the West African continental margin (Congo, Zaïre, Angola), between 5°S and 8°S, from reflection/refraction seismics and gravity data[END_REF]Moulin et al., 2005;[START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF]. The Tucano-Recôncavo-Jatobá basins delimits the Tucano block as described by [START_REF] Szatmari | How South Atlantic rifting affects Brazilian oil reserves distribution[END_REF] and [START_REF] Milani | Basement control and transfer tectonics in the Reconcavo-Tucano-Jatobá rift, northeast Brazil[END_REF] and Szatmari & Milani (1999).

Whilst the Aptian/Albian boundary reconstruction strictly juxtaposes the oceanic limit in the Jacuípe-Sergipe-Alagoas-North Gabon segment, we still have an overlap of the conjugate Brazilian and African domains (exhumed lower continental crust) on the Jequitinhonha-Almada-South Gabon segment (as proposed by Blaich et al., 2008).

Figure 7.10 presents the situation at the tightest palinspastic reconstruction (Moulin et al., 2010). The Tucano-Recôncavo-Jatobá basins delimits the Tucano block as described by [START_REF] Szatmari | How South Atlantic rifting affects Brazilian oil reserves distribution[END_REF] and [START_REF] Milani | Basement control and transfer tectonics in the Reconcavo-Tucano-Jatobá rift, northeast Brazil[END_REF] and Szatmari & Milani (1999).

At Berriasian-Vallanginian boundary, the outer limit of the necking zone of the Jequitinhonha and the Sergipe-Alagoas sub-segments is adjacent to the African Hinge Line. between this area and the Jequitinhonha, the Almada-Camamú and the Jacuípe sub-segments present a wide gap between the Brazilian necking zone and the African Hinge Line (Figure 7.11).

At the Camamú Triple Junction, the exhumed lower continental crust is even thinner. This gap is filled by exhumed lower continental crust on the Brazilian side. On the African margin, whilst the limit is still badly constrained, the gap seems to represent the position of the thinned upper continental crust, which implies in that area a "Wernicke style" passive margin genesis. The Figure 7.12 presents a zoom of the evolution of the central south Atlantic segment.
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These reconstructions are modified from Moulin et al., 2010, accordingly to the results of Chaboureau et al., 2014. For a better understanding, the relative movement evolution is presented, both respect to Tucano and San Francisco plates (as considered as a fixed plate). This evolution is described in three phases: 
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These results confirm the observations of [START_REF] Mohriak | Transform zones in the South Atlantic rifted continental margins. Intraplate strike-slip deformation belts[END_REF] who suggested that the offshore area (east of the Tucano basin) was characterized by strike-slip movements during the early stages of drifting. Note also that on-land in this area, Fairhead & Maus (2003) described possible sinistral strike-slip Aptian movement. This kinematic change is related to the African intraplate deformation [START_REF] Guiraud | Early Cretaceous rifts of Western and Central Africa: an overview[END_REF]and Maurin & Guiraud, 1993), which ended around the Aptian-Albian Boundary (112 Ma). In the Jacuipe-Sergipe-Alagoas area, the movement therefore goes from oblique (phase 1), to strike-slip (phase 2) and then oblique again (phase 3), which may explain the sharp thinning of the margin. This may be an explanation of the presence of Tachyhydrite, Carnallite, mineral rich in potassium, on these margins [START_REF] Davison | Geology and tectonics of the South Atlantic Brazilian salt basins[END_REF]Chaboureau, 2012).

In the Camamú Triple Junction area, the conjunction of rifts in the three branches produced a zone of Boutonnière, with very thin exhumed lower continental crust and anomalous velocity zone, which extends along Jacuipe and Almada Margins (Loureiro et al.,Submitted) (Figure 7.11).

The presence of a microplate as Tucano is a common worldwide feature, which appears at the junction of the main earth segmentation. 

Chapter VIII

Conclusions and Perspectives

This work is based on the analysis, interpretation and modelling of the wide-angle seismic data, from the profiles SL01 and SL02 of the SALSA mission. These two profiles are located in the Sergipe Alagoas Basin. The results obtained in this study enhance the importance of wide angle modelling of passive margins with OBS profiles in addition to land stations.

The data acquired during the SALSA mission improved the Brazilian seismic database, once the previous studies on the margins of Central Segment of the South Atlantic Ocean are in most part based in reflexion seismic.

The P-wave modelling of the SL01 and SL02 profiles revealed the deep crustal structure of the passive margin in the NE Brazil, and from the models, it was concluded that:

•

Along the SAB margin, the oceanic crust is rapidly reached, less than 80 km to the coast; its limit is parallel to the coast all along this segment. The COB is therefore situated a a little further than that one pointed by Mohriak (1995Mohriak ( , 1998) ) and Blaich et al., (2008).

• There is a segmentation, parallel to the NE-SW coastline and the hinge line of the platform, in which we divide the SAB into Continental Domain, Necking Zone and Oceanic Crust Domains.

•

In the SAB, the LSS onshore data of the SL02 allow the identification of an unthinned continental crust domain. The unthinned crust is ~30-35 km thick, divided into three layers with velocities between 5.0 and 7.2 km/s. The results confirm the previous studies of Mohriak et al., 1995Mohriak et al., , 1998;;Blaich et al., 2008.

•

The necking zone presents a rather sharp crustal thinning on the north of the Va z a -Barris fault (SL02) going from 33 km to 12 km thick in less than 100 km, and the first thinning corresponds to the vanishing of the upper crust, that thins from 10 km, at the continental domain, to less than 2 km through the COB, and keeps this thickness seawards. (1998) and confirms the gravity model of Blaich et al. (2008).

The

• Further SE, a 8 km thick typical oceanic crust is present, with a thin upper layer (1-1.5 km) that presents velocities varying from 5.0 to 5.20 km/s, a 2.5 km thick middle layer with velocities of 6.5-6.6 km/s, and a thicker lower layer with 3-4 km thick and 6.9 to 7.1 km/s. The transition between the necking zone and this domain is characterized by a zone dominated by intracrustal reflectors, which could reflect a magmatic signature, notwithstanding that, as Moulin et al. (2005) noticed already, these structures are not sufficient to characterize an archetype that could classify the margin of the SAB as a volcanic margin. As described by Mohriak (1998), these magmatic features are associated with extensional processes and oceanic crust inception, and they apparently post-date the rift phase lithospheric extension associated with the breakup of Gondwana in the Early cretaceous.

•

This oceanic crust is affected on profile SL02 by a volcanic edifice with 40 km extension where the basement rises almost 4 km. The Bahia Seamounts chain has U/Pb ages from 75 to 84 Ma and is supposed to be related to a post-rift hotspot localized near the Middle Atlantic Ridge (MAR) (Skolotonev, 2012). Below this domain, there is a sub-crustal layer, very well constrained with the OBS and gravity data, with ~5 km thick and 7.3 km/s velocity.

This layer is probably related to a magmatic underplating process where basaltic magmas are frequently trapped at or near the Moho, or within the crust, or in complex crust-mantle transition zones (Cox,1993).

• On the geologic map from Peixoto, 2013, the transition between the Borborema Province, to the North, and the São Francisco Craton to the South, is represented by a neo-Proterozoic zone. This region, corresponds to the SFB, which are formed by a thrust fault of the Pernambuco Alagoas Domain, over the São Francisco Craton, in the Brasiliano orogeny, resulting in a collage of its crusts (Oliveira et al., 2010). The comparison between velocity models of the Pernambuco Alagoas Domain [START_REF] Loureiro | Imaging exhumed lower continental crust and proto-oceanic crust in the distal Jequitinhonha basin, Brazil[END_REF]Soares et al. 2010;Tavares et al. 2012;de Lima et al., 2015) and the São Francisco Domain (Afilhado et al., in prep.;Soares et al., 2006 and Soares, personal communication), shows that the crust in the SFB is much more similar to the Pernambuco Alagoas Domain than to the São Francisco

Craton. This could mean that the São Francisco crust was subducted, and the crust of the Pernambuco-Alagoas predominated in the Brasiliano orogenic event.

• The anticlinal intracrustal reflectors in the base of the lower crust of the necking zone in SL01 profile, added to the rise in the seismic velocity are a good evidence that the rift caused a lithospheric boudinage. This zone of Boudinage is near of and is probably affected by the Vaza-Barris Transfer Zone. A similar feature is observed in the south, at the Jequitinhonha Basin (Loureiro et al., submitted), where the crust is also affected by Boudinage, near a zone of "necking zone wideness" transition. Buck et al., 1999 proposed that lithospheric boudinage is formed under local isostatic effect, sometimes called crustal buoyancy. Due to a possible heterogeneity, the crust was affected by a non-homogeneous thinning and extension, generating crustal boudinage. It can be explained by some transformations in the composition of the lower crust under the necking. On the other hand, this boudinage could be a consequence of a magmatic intrusions in the moment of the rift.

However, the Pmp in the wide-angle data, is clear and continuous, and do not seem to has any influence of a volcanic intrusion.

• The necking zone presents a rather sharp crustal thinning on the north of the Vaza- (1998) and confirms the gravity model of Blaich et al. (2008).

Perspectives

The results obtained in this study enhance the importance of wide angle modelling of passive margins with OBS profiles in addition to land stations. The integration of the SALSA The onshore region of the Sergipana Fold Belt, between the Sao Francisco Craton and the Borborema Province, as well as the Tucano Basin, present yet a lack of wide-angle seismic data. Refraction transects passing through the boundaries of these geological features would help a lot for modelling (in 3D) the crustal framework of this zone.

The Brazilian margin present no data from any ocean drilling projects. This kind of data would be interesting to better constrain the deep structure, allowing dating and the knowledge of the real crustal composition. It would be interesting to have this kind of information, from the crust, in the necking zone, near the COB. Such information will give more precision to kinematic constructions.

The conjugated African margin is not yet well studied. It would be interesting to fulfill the seismic network in zones of crustal transition. These new data would rather be acquired trying to follow a continuation of the existing studies from the conjugated Brazilian margin, allowing a more precised crustal reconstruction.

To feed the discussion around passive margins around the globe, it would be interesting to put the passive margin of the SAB in comparison with others in the world, in a try to find a passive margin with a real similarity between its structures and verify if both represent the same mechanisms of genesis. (McKenzie, 1978[START_REF] Wernicke | Uniform-sense normal simple shear of the continental lithosphere[END_REF]. Les modèles non conservatifs proposent une transformation de la croûte en résultat de nombreux autres éléments, le manteau jouant un rôle remarquable dans le processus [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF]. [START_REF] Nürnberg | The tectonic evolution of the South Atlantic from Laten Jurassic to present[END_REF][START_REF] Lawver | A tight fit-early Mesozoic Gondwana, a plate reconstruction perspertive[END_REF][START_REF] Schettino | Apparent polar wander paths for the major continents 200 Ma to the present day: a paleomagnetic reference frame for global plate tectonic reconstructions[END_REF]Eagles, 2006). [START_REF] König | The Mesozoic breakup of the Weddell Sea[END_REF][START_REF] Torsvik | A new scheme for the opening of the South Atlantic Ocean and the dissection of an Aptian salt basin[END_REF], Moulin et al., 2010[START_REF] Heine | Kinematics of the South Atlantic rift[END_REF][START_REF] Pérez Díaz | Constraining South Atlantic growth with seafloor spreading data[END_REF] [START_REF] Ojeda | Structural framework, stratigraphy, and evolution of Brazilian marginal basins[END_REF][START_REF] Matos | The northeast Brazilian rift system[END_REF][START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF], Feijó 1994[START_REF] Cainelli | Some remarks on the evolution of sedimentary basins along the Eastern Brazilian continental margin[END_REF], Mohriak 2003, Campos Neto et al., 2007). Pour cette thèse, c'est l'évolution stratigraphique proposée par Alors qu'à l'époque Albienne, la partie centrale de l'Atlantique Sud présentait la première croûte océanique, l'Océan Atlantique équatorial a commencé à s'ouvrir, dernière étape de la débâcle de l'océan Atlantique, permettant la connexion définitive entre les océans l'Atlantique Central et l'Atlantique Sud (Moulin et al., 2010). Le SAB, avec le segment sud de Jacuipe, représente une zone tampon entre deux contextes géodynamiques différents (Conceicao et Zalan, 1998, Moulin et al., 2010).

Chapitre IX

Dans

Konïg

Après la description stratigraphique, la croûte du bassin a été approchée. Cette approche était principalement basée sur des interprétations sismiques faites par Mohriak et al. (1995Mohriak et al. ( , 1998[START_REF] Mohriak | Transform zones in the South Atlantic rifted continental margins. Intraplate strike-slip deformation belts[END_REF] et la modélisation gravimétrique réalisée par Blaich et al. (2008).

Ces modèles prédisaient un amincissement de la croûte avec le manteau passant de 35 

Domaine continental non aminci

Ce domaine est essentiellement basé sur les données de profil SL02, en tenant compte du fait qu'il est le seul profil avec les stations terrestres.

Comme la partie proximale intérieure du profil, entre les stations terrestres et les OBS, n'est pas complètement contrainte par les rayons sismiques, la modélisation du domaine continental non aminci a été faite avec des informations supplémentaires du profil de croisement SL05 (Evain, et al. en préparation), et des informations bibliographiques [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF], Feijo et al., 1994, Mohriak et al., 1995, 1998[START_REF] Matos | Tectonic evolution of the Equatorial South Atlantic[END_REF], Blaich et al., 2008, Soares et [START_REF] Buck | Symmetric or Asymmetric Rifts (Brune[END_REF].

Le necking semble donc être constitué par une croûte continentale amincie, qui présente une continuité de la structure de la vitesse au cours du processus d'amincissement, et le principal changement de la croûte océanique se produit à l'extérieur de la zone de Necking.

Domaine externe:

Le [START_REF] Malinverno | M sequence geomagnetic polarity time scale (MHTC12) that steadies global spreading rates and incorporates astrochronology constraints[END_REF], Ogg, 2012[START_REF] Granot | Magnetic Gradiometer and Vector Magnetometer Survey of the Eastern Mediterranean[END_REF].

Néanmoins, les profils Vz le long des profils SL01 et SL02 montrent que le socle et les couches crustales supérieures correspondent presque parfaitement à la compilation d'une compilation mondiale pour la croûte océanique de type atlantique (White et al., 1992). La vitesse de la croûte inférieure est légèrement supérieure à celles trouvées dans la compilation.

La base de la croûte inférieure, le Moho, a une profondeur de 12 à 6 km. Les plus grandes épaisseurs sont associées aux Vz proximaux, extraites de la zone dans la transition de la croûte continentale à la croûte inférieure ou sous l'édifice volcanique.

Le reste de la croûte océanique a une épaisseur de 8 à 6 km. La plus grande épaisseur sous le volcan peut être justifiée en raison de la présence de la couche sous-plaque, ou par un effet d'isostasie. Malgré l'épaisseur de cette zone, le reste de la croûte se déroule selon la constitution d'une croûte océanique typique (White et al., 1992).

Continent Ocean Boundary

La 

Héritage tectonique

Comme cette question est plus régionale, dans le but de faire une meilleure approche de l'héritage tectonique, nous avons utilisé quelques informations provenant d'autres profils modélisés de la mission SALSA.

Les résultats en grand angle montrent une partition N-S :

-dans la région de Sergipe Alagoas, l'épaisseur de la croûte continentale est inférieure à 35 km, ce qui confirme les résultats précédents;

-dans la région de Camamú-Jacuípe, l'épaisseur du continent augmente à environ 40 km, avec quelques variations dans le rift de Tucano, en raison de la présence de bassins sédimentaires. Cette partition reflète la géologie du NE-Brésil avec la présence de Craton San Francisco, qui se termine au nord du bassin de Jacuípe.

Pour Peixoto 2013, la transition entre la province de Borborema, au nord, et le craton de São Francisco au sud, est représentée par une zone néoprotérozoïque. On pensait que cette zone appartenait autrefois au craton de São Francisco (Almeida et al., 1977).

Les résultats de SALSA présentent une option différente avec une partition forte située à la limite sud de cette zone néoprotérozoïque, au sud de la ville d'Aracajú. Cette limite correspond à la zone de transfert de Vaza-Barris, une faille transcurrente d'âge précambrienne réactivée [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF].

Cette zone de transfert de Vaza-Barris divise le rift de Tucano en deux demi-grabens de polarité différente: le bassin du nord de Tucano, avec une vergence vers l'est, le bassin central et sud de Tucano avec une convergence vers l'ouest [START_REF] Milani | Basement control and transfer tectonics in the Reconcavo-Tucano-Jatobá rift, northeast Brazil[END_REF], 1992) (Mohriak et al., 1995(Mohriak et al., , 1998(Mohriak et al., , 2000) ) The sediments of the SAB lie over the Proterozoic SFB (figure 2). The SFB is located between the Pernambuco-Alagoas Massif and the São Francisco Craton (SFC) (figures 1 and

2) with a triangular shape narrowing towards the west (figure 2). The nature of the SFB is a subject of controversy. It was first interpreted as a geosyncline (Humprey and Allard, 1969;Santos and Silva Filho, 1975); Almeida et al. 1977 said that the SFB represents an inverted sedimentary basin that passed by some tectonic-metamorphic orogenetic process; later it was interpreted as a collage of tectono-stratigraphic terrains or microplates (Davison and Santos, 1989), and as a fold-and-thrust belt, the southern part of which was produced by inversion of a passive continental margin (D'el-Rey Silva, 1999).

More recently Oliveira et al., (2010) Alagoas Block, led to deposition of the uppermost clastic sediments (Oliveira et al., 2010).

The SAB presents a complete rift stratigraphic record (Mohriak, 2003). The initial rift deposits records can be observed in the onshore part of the SAB. Gomes (2005), using well logs information with seismic data (Cainelli, 1992), had tracked continuous seismic horizons related to the basis of the Calumbi Formation that marked the drift phase. Campos Neto et al.

(2007) elaborated the Petrobras stratigraphic chart, following the lithostratigraphic classification proposed by Schaller (1970) andFeijó (1994). Mohriak et al. (1995Mohriak et al. ( , 1998Mohriak et al. ( , 2000[START_REF] Mohriak | Transform zones in the South Atlantic rifted continental margins. Intraplate strike-slip deformation belts[END_REF]) interpreted the regional seismic section 238-RL-343 (figures 1, and 3). This profile is perpendicular to the coast and hinge line and extends for about 110 km from the platform to deep water-region of the SAB. He did an interpretation stratigraphically calibrated by exploration boreholes along the profile and plotted potential field (gravity and magnetic) along the section to constrain the seismic interpretation. The results of a deep seismic reflection were also utilized by Blaich (2008Blaich ( , 2011)). From these past studies, we can assume some key elements:

• Mohriak (1998) describes a conspicuous array of strong reflectors in the lower portion of the profile (figure 3) forming an anticlinal structure that rises from the westernmost portion of the profile until the apex near the shelf-break and extends as a band of reflectors throughout most of the profile (figure 3), from slope to deep basin. He suggested that they might correspond to intracrustal horizons that probably mark the transition from the lower crust to the upper mantle ultramafic rocks (Kemplerer et al., 1986).

a. Mohriak (1998) observed some structures in the proximal deep-water basin that was interpreted as igneous bodies (figure 3). One example is a plug interpreted as a post-rift volcanic intrusion close to the Continental Ocean Boundary (COB) (figure 3). Bordering this plug, in the proximal side, there are packages of reflectors with a sigmoidal geometry, mostly dipping seawards, but also dipping landwards, that probably correspond to seaward-dippingreflectors and landward dipping reflectors (SDRs and LDRs) (figure 3), which is interpreted as formed by volcanic rocks extruded during early phases of spreading oceanic ridges (Mohriak et al., 1998). These magmatic features are usually associated with extensional processes and oceanic crust inception, and therefore post-date the rift-phase lithospheric extension associated with the break-up of Gondwana in the Early Cretaceous. On the base of this observations, Mohriak et al. (1995) suggested that the central segment of the South Atlantic African margins could also be considered as a volcanic margin such as the Norwegian margin (e.g. Eldholm et al., 1989), the Greenland margin (e. g. Korenaga et al., 2000), the Aden margin [START_REF] Tard | The volcanic passive margin in the vicinity of Aden, Yemen[END_REF] or the Namibia margin (Bauer et al., 2000;Austin & Uchupi, 1982). However, Moulin et al. (2005) have quoted the differences between the 4km thick SDRs layer lying on top of a 30km-thick igneous crust and extends over a lateral distance of 150km on the Greenland margin (Korenaga et al., 2000) and this less than 20km

wide and less than 3km thick SDRs described by Mohriak et al. (1995). They argued that if their thickness is similar, their lateral extensions are quite different and the same genetic process can hardly be attributed to both structures.

b.

Assuming a simple geologic model based in thinning of the crust with mantle rising from 35 km in the onshore region to about 25 km in the platform, and about to 20 km near the shelf edge, the gravity modelling for the Sergipe sub-basin and the Jacuipe Basin suggests a very rapid crustal thinning near the present-day shelf edge, Mohriak et al. (1995Mohriak et al. ( , 1998)). According to this modelling, the Moho topography gets more regular from slope to seawards with depths between 15 and 18 km across the COB (figure 3).

c.

In addition to the rapid shallowing of the Moho and the presence of SDRs, the 2D gravity modeling of Blaich et al. (2008) required the introduction of a lower crustal high density body in the proximal part of the gravimetric profile, in the necking zone, between 200 km and 300 km distance (figure 4). For this author this high density body would indicate a volcanic margin character.

d.

The COB location was evaluated by this 2D gravity modelling (Blaich et al., 2008) and illustrates also a Moho discontinuity that shallows very rapidly eastward of the depotcenter, rising from 33 km to 18 km depth within a distance of about 70 km, not so different of the model proposed by Mohriak (1998). 

Data Processing and Modeling

The ION-GXT profiles are high quality reflection seismic profiles. However, the seismic inversion made to transform the time data into depth data are not based into highaccuracy P-wave velocities. The SALSA refraction seismic profiles were located following some ION-GXT profiles positions, allowing to integrate these quality reflection seismic profiles with the detailed P-wave velocities obtained by wide-angle refraction data. In the SALSA experiment Multi Channel Seismic (MCS) acquired jointly with refraction data was processed using the Geocluster (CGG Veritas) software. The MCS data was processed with geometry, wide bandpass filtering , wave-equation multiple attenuation, shotgather predictive deconvolution, time variant band-pass filter, random multiple attenuation, normal move-out, CMP stack et post-stack FK time migration. A last step of seismic data processing is the pre-stack depth migration of the MCS data with residual move-out analysis, using the results of wide-angle seismic data modeling. This procedure uses both near-vertical and wide-angle seismic data sets to produce a depth seismic section, which images both the sedimentary crust as well as the basement. Furthermore, it allows to verify the accuracy of the wide-angle velocity model in the sedimentary sequences.

Results

Despite the profiles SL01 and SL02 being parallel, 75 km distant from each other, and in the same sedimentary basin, each multi-channel seismic image shows a very different sedimentary coverage and basement geometry (Figure 4). While the southern SL01 MCS record-section shows some chaotic patterns, with heterogeneous layers, sometimes truncated, segmented and a basement with a quite irregular topography, the SL02 MCS record-section, shows some plan-parallel layers (except the seafloor, that is quite irregular in the proximal part). Sometimes, reflectors are completely transparent, and associated with erosional boundaries (Figure 4).

SL01

The SL01 line is a 210 km long and NW-SE orientated profile that spans from the continental slope to the distal Basin. It is coincident with the ION-GXT 2275 profile and parallel to the associated SL02 profile both planned to study the SAB (Figure 1).

At sea, a total of 16 OBS (instruments with four components: Hydrophone plus 3-Comp. Seismometer) were deployed, spaced every 7 Nm, at water depths of 1 560 m to 4 320 m. The 1376 air-gun shots in SL01 were recorded by all instruments. The quality of the recorded signal is very good. This profile crosses two margin parallel profiles designed to image the segmentation (Evain et al ., in prep.) : the SL06 profile at the SL01OBS02 and the SL05 profile at the SL01OBS03 in the proximal part.

In the OBS data, several near-offset reflected and associated refracted arrivals are visible, decreasing in number as we move towards the distal basin.

From SL01OBS01 onward, the full subsurface sedimentary, crustal, and mantellic sequence is imaged from shots at the vertical of each OBS to offsets reaching 110 km. In addition to clear Pg1, Pg2, Pg3, Pu, Pn (mostly) first arrivals (represented with blue, violet and magenta shades), Ps1 to Ps6 sedimentary refracted arrivals, travelling with apparent velocity increasing from less than 2 km/s (close to the water-cone) up to 3 km/s, are observed as secondary arrivals (represented with red, orange, yellow, and light-green shades) The shallowest one, is very slow (1.85 km/s) and it's not very well marked on the seismic profile, but is necessary to fit correctly the second arrival. From the second to fifth layer, the velocity increases from 2.00 km/s to 3.10 km/s. These layers do not show evidence of clear refracted arrivals, and they were located according to the reflected arrivals. Furthermore, at near-critical incidence, high-amplitude reflections are observed, particularly from the tops of the lower crust Pg3P, Unknown unit PuP, and Moho PmP on the seaward-side of shots. The Pg1 phase presents the shortest offset span (from ~7.5 to 20 km offset, as we can see in the SL01OBS03 (Figure 5); and the largest curvature indicative of larger velocity gradient. The Pg2 extends from 20 to ~50 km offset and Pg3 from 50 to ~80 km offset and the lowest apparent velocity gradient.

In the distal oceanic part, from 90 to 220 km offset, from SL01OBS08 (Figure 6) to SL01OBS15 (Figure 7), the Ps4 remains long refracted arrival phases that are recorded as a fan of second arrival phases with slightly increasing velocities and relatively low velocitygradients that emerges from the water cone. The Ps6 refraction shows considerably higher amplitude. In the presumed oceanic basin, the Pg1, Pg2 and Pg3 refracted phases form a relatively continuous event in both amplitude and apparent velocity, without sharp inflections indicative of major velocity changes between layers. The PuP phase spans from 0 to 80 km with apparent velocity close to Pg3 in the necking zone. Pn is observed emerging at ~70 km with an apparent velocity increasing from 7.90 to more than 8.10 km/s and large amplitude variations both along offset and OBSs. 

Velocity model

From SL01 wide-angle data, we digitized 25741 events and interpreted their respective phases. Travel-time uncertainty was estimated on the SL01OBS records and fixed at 0.030 s for the water, 0.050 s for the sedimentary arrivals increasing to 0.100 s for the crustal and mantellic arrivals. The model explains the travel-time and phase of 21204 events or 82% of total picks, with a global RMS travel-time residual of 0.119 s. Given our events individual uncertainty, the model results in a normalized chi-squared of 1.406. Generally, the SL01 model correctly explained the SL01OBS with acceptable chi-squared and rms values.

The final velocity model of profile SL01 images all the sedimentary and basement The model has a sedimentary cover with 6 sedimentary layers in the continental part and 4 layers in the presumed oceanic basin, that reach a total thickness of 5 km along the profile. Ps1 has no lateral velocity gradient with top and bottom seismic velocities of 1.75 km/s to 1.80 km/s. Ps2 has a lateral gradient in the velocities that goes from 2.00 km/s in the western part of the profile and gradually decreases up to 1.80 km/s. profiles, but only in the distal part of SL02 profile (figure 8).

SL02

The SL02 line is a 220 km long and NW-SE oriented profile, parallel to SL01, that spans offshore from the continental platform to the distal basin. The SL 02 was extended inland along a distance of 150 km from the most proximal OBS, for a total of 370 km long profile. It is coincident with the ION-GXT 2300 profile (Figure 1).

At sea, a total of 15 OBS (instruments with four components: Hydrophone plus 3-Comp. Seismometer) were deployed, spaced every 7 Nm, at water depths of 1.557 to 4.368 m.

The 1271 air-gun shots in SL02 were recorded by all instruments. The quality of the recorded signal is very good. Inland, the profile was extended 100 km towards the North-West with the deployment of 21 Land Seismic Stations (LSS, spaced every 5 km). This profile crosses the SL05 profile at the position of the SL02OBS02 and SL05OBS14, in proximal position.

The geometry of the sedimentary and crustal layers onland beneath the seismic land stations can further be constrained from geological and geophysical studies conducted in the study area [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF]Soares et al., 2010 ;Tavares et al., 2012 ;de Lima et al., 2015). Surface geology indicates the Sergipana Fold Belt from SL02LSS11 to SL02LSS01, and an outcrop of quartenary deposits from SL02LSS21 to SL02LSS10, as shown at the SL02LSS15 (Figure 9). From SL02 wide-angle data, we digitized 24009 events and interpreted their respective phases. Travel-time uncertainty was estimated on the SL02OBS records and fixed at 0.030 s for the water, 0.050 s for the sedimentary arrivals increasing to 0.100 s for the crustal and mantellic arrivals. The model explains the travel-time and phase of 21166 events or 88% of total picks, with a global RMS travel-time residual of 0.138 s. Given our events individual uncertainty, the model results in a normalized chi-squared of 1.892. Generally, the SL02 model correctly explained the SL02OBS with acceptable chi-squared and rms values.

The final velocity model of profile SL02 images the depth geometry of all sedimentary, crustal and mantellic layers to a depth of around 34 km (Figure 8B). According to the interpretation of the wide-angle data described above the velocity structure of SL02 model was modeled using five to six layers of sediments. These sedimentary layers are characterized by relatively homogeneous P-wave velocities all along the SL02 model with no strong lateral variation. An 8 km thick sedimentary sequence is deposited in the SAB, that has its limit at -120 km profile distance, on the continental shelf, and extends until the SE end of the profile, whereas only 5 km of sediments covers the distal basin towards the SE (Figure 8B). 

Hitcount, spread, and resolution

Interface depth node spacing as well as velocity node spacing is key to model the lateral variations of the seismic velocity with sufficient resolution, but without introducing spurious and unwarranted complexity. Although all synthetics section correctly reproduces the observed amplitude on the wide-angle data (Figure 5 to Figure 11), suggesting a good parameterization of the model, we perform evaluation tests of the P-wave velocity models:

hitcount, Spread Point Function (SPF) and resolution (Figure 14).

The interface nodes are spaced at less than 2 km on the seafloor where depth is well 

MCS data pre-stack depth migration (PSDM)

To verify the accuracy of the wide-angle velocity model, the MCS data is pre-stack depth migrated and residual move-out analysis is performed. The pre-processing sequence is identical to the MSC data time processing, and includes geometry, wave-equation multiple attenuation, shot-gather predictive deconvolution, time variant bans-pass filter, and radon multiple attenuation. The PSDM processing is undertaken using the Seismic Unix package 29 (Stockwell Jr., 1999;Cohen and Stockwell Jr., 2010). The PSDM consists in 2 steps: ray tracing and seismic data depth migration. First, the velocity model is utilized to compute and 4596 m spaced at 150 m. Dip-independent velocity analysis can then be performed on the migrated CIG by analyzing residual move-out. Hence, if the velocity model used for migration is close to the true medium velocity, all common offset migrated panels map the recorded seismic events to the same reflector depth, else the move-out from near to far offset translates into an interval velocity correction (Liu and Bleistein, 1995). The top of this package shows the strongest and most continuous reflector in the MCS data.

This reflector represents the base of the Calumbi Formation. A recede of the sea level at the end of the Conician favorized the erosion of the underlying sequences. This regional erosional event is represented by the so called Sub-formation Calumbi Discordance in the base of the Piaçabuçu Group (Campos Neto et al., 2007). This discordance can be observed as the most remarkable reflector, with continuity from land to sea, in seismic profiles of the SAB (Mohriak 1998(Mohriak , 2000)).

The basement is composed by chaotic seismic facies in the MCS data. Below the basement it is impossible to differentiate any seismic facies or structure. Unlike the profile SL01, no reflector corresponding to the Moho is observed in the profile SL02.

Discussion

In order to constrain the nature of the crust, 1D crustal velocity-depth (Vz) profiles were extracted from the final velocity models underneath the top of the basement at 10 km interval, and mean curves were calculated for the different regions. These Vz graphs can be compared to compilations for typical continental crust (Christensen and Mooney, 1995) and

Atlantic-type oceanic crust (White et al., 1992), that allow to discuss the properties of crust and to establish the lateral segmentation along the profiles.

On the base of this analysis of the final models and these Vz graphs, three distinct domains can be distinguished: 1. Unthinned Continental Domain ; 2. a domain of crustal thinning, the Necking Domain, and lastly ; 3. a external domain presumed to be of oceanic nature (Figure 8). 

Unthinned Continental Domain

This domain is essentially based in the profile SL02 data, taking into consideration that it is the unique profile with landstations.

As the inland proximal part of the profile, between the landstations and the OBSs, is not completely constrained by the seismic rays, the modelisation of the Unthinned At the SL02 profile, in the Continental domain, the top of the upper crust, the basement, is at the surface until -120 km distance model, then it deepens, first at -120 km distance model, where it deepens to 2.5 km depth, and then at -60 km distance model it deepens to 8 km depth (Figure 8B). The topography of the interface between the upper and middle crust is almost regular all along the profile. None of the crustal layers shows significant lateral velocity gradient at the continental domain

The deep seismic refraction experiment carried out in the Pernambuco Province (Soares et al., 2010 ;Tavares et al., 2012 ;[START_REF] Lima | remet en question la proposition selon laquelle le SFB est une ceinture plissée-néoprotérozoïque produite par l'inversion d'un bassin de marge passive situé au nord-est du l'ancienne plaque de Sao Francisco[END_REF] shows a similar structure of the lithosphere, with 2 layers separated at about 16 km depth, with a velocity of 5.75 to 6 km/s at the top and 6.2 to 6.3 km/s at the base of the upper crust, and 6.4 to 6.5 km/s at the top and 6.75 to 6.90 km/s at the base of the lower crust, for a total continental crust thickness of about 32 km.

These similarities put into question the proposition that the SFB is a Neoproterozoic fold-thrust belt produced by inversion of a passive margin basin located at the northeastern edge of the ancient Sao Francisco plate (Almeida et al. 1977 ;D'el-Rey Silva, 1999) and reinforces the idea that the SFB was possibly on the margin of the Palaeoproterozoic Pernambuco-Alagoas Block (Oliveira et al., 2010), and was attached to the Sao Francisco Craton during the Brasiliano (~600 Ma) orogenic event (Davison and Santos, 1989;[START_REF] Silva Filho | Arco vulcânico Canindé-Marancó e a Faixa Sul-Alagoana: sequências orogênicas Mesoproterozóicas[END_REF].

The crust of the SFB characterizes the main structural change : the main foliation changes from East-West to NE-SW directions, on either side of the E-W oriented Pernambuco lineament (figure 2), which fringes the northern boundary of the Jatobá Basin.

This lineament, together with the parallel Patos lineament (Almeida & Black, 1967, in Cornacchia & Dars, 1983;Almeida et al., 1977), are the conjugate structures of the African Ngaoundéré-Sanaga lineaments (Black & Girod, 1970in Cornacchia & Dars, 1983 ;Dumont, 1986).

Necking Zone:

The necking zone goes from -50 km to 45-60 km profile distance.

The necking zone on the SL01 is not very well constrained from the wide-angle data.

But in the MCS, it presents a zone full of intracrustal reflectors. We can recognize few SDRs pattern in this zone, and a group of reflectors in the low crust, near the Moho discontinuity.

These reflectors in the base of crust were already reported by Mohriak (1998) and were related to a gradational passage from the lower crust to the lithospheric mantle. In this same zone, we observe a very irregular topography of the basement, showing some structures that look like volcanic plugs. All these features may represent volcanic patches associated with the breakup of the continental crust and beginning of oceanic crust production but as noticed by Moulin et al. (2005) they do not have the same pattern than the so-called volcanic margins.

This volcanic zone gives a chaotic response in the wide-angle data, taht in addition to the fact that the area is a zone with poor data coverage and no inland continuation, makes a detailed interpretation of the crustal framework near the base of the crust very difficult.

However, in wide angle data, the Pmp is very clear and allows us to make a good interpretation of the Moho discontinuity. It rises from 25 km depth in the extreme NW of the profile to 17 km depth in the transition of the continental to oceanic crust at ~70 km distance in the profile. In the lower crust, the array of basal intra-crustal reflectors is disposed in an anticlinal pattern that gives an idea of a lenticular shape. In this zone, the velocity goes from 7.0 to 7.3 km/s laterally. This zone could be interpreted as resultant of a boudinage process (Buck et al., 1999). km/s in the base. In the Necking Zone there are also packages of intra-crustal reflectors that may correspond to SDRs. Although the base of the crust is much clearer than in SL 01, without basal intra-crustal reflectors. Even without a characteristic shape, the change in the velocity may be also interpreted as an effect of a boudinage process [START_REF] Buck | Symmetric or Asymmetric Rifts (Brune[END_REF].

Figure 17 shows that the transition between the unthinned continental crust and the thinned domain preserves the configuration and the velocities of the crustal layers. The total crustal thickness has a sharp transition and the comparison of the Vz of the two profiles with the compilations for a typical continental crust (Christensen and Mooney, 1995) and for Atlantic-type oceanic crust (White et al., 1992), shows that the crustal nature in the necking zone is closer to a typical continental crust than a typical oceanic crust (figure 17). The necking seems therefore to be constituted by thinned continental crust, that presents a continuity of the velocity structure during the thinning process, and the main change to oceanic crust occurs outside the Necking Zone.

External domain:

The Presumed Oceanic Basin (50-210 km model distance) shows a thinner crustal thickness as to the sedimentary cover, that reaches 3 km thick as to the crust. The top of the basement located at 8-6 km depth assumes a much more regular topography. The crustal layers do not present any significant velocity gradient through the transition from continental to oceanic crust. The figure 16 shows that, except for the transition area, and under the volcanic edifice, where the thickness of the crust is around 12 km, the total thickness of the oceanic crust varies between 6 to 8 km.

In the distal Basin of the profile SL02, there is a sub-crustal high velocity body almost 5 km thick, probably related to the isostasy resultant from the volcanic edifice.

Due to the fact that this crust was formed in the Cretaceous Normal Superchron (CNS), a magnetic quiet period, it presents a lack of reversal-related magnetic anomalies on crust of age 121 (Anomaly M0y) to 83.6 (Anomaly C34y) Myr old [START_REF] Malinverno | M sequence geomagnetic polarity time scale (MHTC12) that steadies global spreading rates and incorporates astrochronology constraints[END_REF]Ogg, 2012;[START_REF] Granot | Magnetic Gradiometer and Vector Magnetometer Survey of the Eastern Mediterranean[END_REF].

Nevertheless, the Vz profiles (figure 18) along the profiles SL01 and SL02 show that the basement and upper crustal layers fit almost perfectly the compilation a worldwide compilation for Atlantic-type oceanic crust (White et al., 1992). The velocity of the lower crust is slightly higher than those found in the compilation. The base of the lower crust, the Moho, has a range of depths that goes from 12 to 6 km. The larger thickness are associated to the proximal Vzs (figure 18), extracted of the area in the transition from continental to lower crust or under the volcanic edifice. The rest of the oceanic crust ranges 8 to 6 km in thickness.

The larger thickness under the volcano can be justified due to the presence of the underplate layer, or by an isostasy effect. Despite the thickness in this area, the rest of the crust goes according with the compilation of a typical oceanic crust (White et al., 1992).

40 The figure 19 shows a comparison between the data and the segmentation obtained in this work and the ION-GXT seismic profiles, showing that the wide-angle model goes in accord with the structures of the ION-GXT interpreted lines.

SL01&SL02

Atlantic Ocean (White et al. 1992) 

Conclusions

Along the SAB margin, the oceanic crust is rapidly reached, less than 80 km from the coast ; its limit is parallel to the coast all along this segment. Observing the two parallel profiles SL 02 and SL 01, we see that there is a segmentation with NE-SW direction, parallel to the coastline and the hinge line of the platform, in which we divide the SAB into Continental Domain, Necking Zone and Oceanic Crust Domains. In addition we can put the following points : 4

In the SAB, the LSS onshore data of SL02 allow the identification of an unthinned continental crust domain. The unthinned crust is ~30-35 km thick with velocities between 5.0 and 7.2 km/s. The results confirms the previous studies of Mohriak et al., 1995Mohriak et al., , 1998;;Blaich et al., 2008. 5 The necking zone presents a rather sharp crustal thinning on the north of the 6

The anticlinal intracrustal reflectors in the base of the lower crust of the necking zone in SL 01 profile, added to the rise in the seismic velocity are a good evidence that the rift caused a lithospheric boudinage. Buck et al., 1999 proposed that lithospheric boudinage is formed under local isostatic effect, sometimes called crustal buoyancy. Due to a possible heterogeneity, the crust was affected by a non-homogeneous thinning and extension, generating crustal boudinage. It can be explained by some transformations in the composition of the lower crust under the necking. On the other hand, this boudinage could be a consequence of a magmatic intrusion in the moment of the rift. Although, the Pmp in the wide-angle data do not show any evidence of this option.

7

Further SE, the thinned crust presents an 8 km thick typical oceanic crust made of a thin upper layer (1-1.5 km) that presents velocities varying from 5.0 to 5.20 km/s, a 2.5 km thick middle layer with velocities of 6.5-6.6 km/s, and a thicker lower layer with 3-4 km thick and 6.9 to 7.1 km/s. The transition between the necking zone and this domain is characterized by a zone dominated by intracrustal reflectors with a magmatic signature.

Notwithstanding that, as Moulin et al. (2005) noticed already, these structures are not sufficient to characterize an archetype that could classify the margin of the SAB as a volcanic

  s'insère dans le projet SALSA (Sergipe ALagoas Seismic Acquisition), mené en collaboration entre le Département de Géosciences Marines à l'IFREMER (Institut Français de Recherche pour l'Exploitation du MER, France), l'IUEM (Institut Universitaire et Européen de la Mer, France), la Faculté des sciences de l'Université de Lisbonne (IDL, Portugal), l'Université de Brasilia (Brésil) et la PETROBRAS (Brésil). Le projet SALSA poursuit l'étude sur les marges brésiliennes, commencée avec deux précédents projets, avec la même collaboration et la même méthodologie: le projet SANBA, consacré à la structure et à la géodynamique du bassin de Santos, et le projet MAGIC, centré sur les marges équatoriales des bassins de Ceara-Maranhão.

  -clé: Brésil; Bassin de Sergipe-Alagoas; Sismique grand-angle; Lithosphère; Segmentation crustale; Heritage tectonique; Geodynamique v Resumo A presente tese esta inserida no projeto SALSA (Sergipe Alagoas Seismic Acquisition), que foi conduzido por uma cooperação entre os Departamentos de Geociências Marinha; IFREMER (Institut Français de Recherche pour l'Exploitation du MER, França), o IUEM (Institut Universitaire et Européen de la Mer, França), Faculdade de Ciências da Universidade de Lisboa (IDL, Portugal), Universidade de Brasília (Brasil) e a PETROBRAS (Brasil). O Projeto SALSA segue dois projetos anteriores com as mesmas cooperação e metodologia: o projeto SANBA, voltado à estrutura e à geodinâmica da Bacia de Santos, e o projeto MAGIC, com foco nas margens dos estados do Ceará-Maranhão.
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  Figure 1.1 Location of the seismic profiles of the SALSA experiment. Mercartor projection. Ocean Bottom Seismometers (OBSs) are marked by white dots, MCS profiles by thick black lines, landstations by white triangles. The SL 01 and SL 02 profiles are marked by yellow lines. ION-GXT survey is represented by thin red dotted lines. The blue line represents the location of a gravity modelled transect made byBlaich et al (2008); and the red line represents the location of an interpreted deep seismic profile 239-RL-343(Mohriak et al., 1995(Mohriak et al., , 1998(Mohriak et al., , 2000)).

Figure 2 . 22

 222 Figure 2.22Scheme summarizing the rift symmetry in function of the crustal weakness. The strongest crust at the top and the weakest at the bottom. Strong crusts generate narrow rifts with large initial asymmetry and weak crust favours wide rifts with an initially symmetric configuration. The final structure of the rifted margins is depicted on the right. The width of the margin that is formed during the simultaneous faulting phase (indicated with black arrows) and also the total margin width grows proportional to the weakness of the crust. The width of the hyperexted margin (blue arrows) depends on the duration of the rift migration, which can least more than 20 Ma. Both narrow and wide rifts are capable of forming highly asymmetric conjugate margins[START_REF] Brune | Rifted margin architecture and crustal rheology: Reviewing Iberia-Newfoundland, Central South Atlantic, and South China Sea[END_REF] 
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 22 Figure 2.26 Interpreted sections across the two conjugate pairs of rifted margins. The interpretations are based on all available geophysical (seismic reflection and refraction) and ODP drill hole data (Manastchal et al., 2013) 46
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 2 Figure 2.29 (a) Crustal cross section of the eastern Gulf of Aden combining the interpretations of sismic data of western Socotra. The Moho geometry is speculative. SP are shotpoints. (b) Prebreakup reconstruction of the eastern Gulf of Aden rift showing the complementary asymmetry of the opposing margins (Mohriak and Leroy, 2012 modified from Fournier et al., 2007.49
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 4248 Figure 4.2Proposition of the tectonic evolution of the Sergipana Fold Belt(Oliveira et al., 2010) 81
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  Figure 4.9Structural framework of the Sergipe-Alagoas Basin[START_REF] Lana | Rifteamento na Bacia de Sergipe-Alagoas[END_REF].
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 12 Figure 4.12 Two systems of conjugate margins inferred by different palinspastic reconstructions. A) The conceptual reconstruction of Castro, 1987; B) The reconstruction of Moulinet al., 2010et al., , used in Aslanian et al., 2009. . 

Figure 5 . 1

 51 Figure 5.1 Schematic illustration of a reflection and refraction seismic survey and the wave fronts behavior in geologic layers in each method (Figure from the Japan Agency for Marine -Earth Science Technology-JAMSTEC, http://www.jamstec.go.jp).
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 52 Figure 5.2 Schematic representation of wave fronts behavior according to Snell's law and different incidence angles (Modified from Kearey et al., 2002).
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 53 Figure 5.3Left: Example of the velocity model parametrization. The five-layer model is defined by 26 independent model parameters: 12 boundary nodes (squares) and 14 velocity points (circles). Right: The velocity distribution v(x, z), inside a model trapezoid is given by (19)[START_REF] Zelt | Seismic traveltime inversion for 2 D crustal velocity structure[END_REF].
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 5558 Figure 5.5 Technical characteristics of the SALSA air-gun array Figure 5.6 Air-gun used as seismic source in SALSA mission Figure 5.7 The SERCEL 360 channel digital streamer with about 4500 m Figure 5.8 Left : The MicroObs in scale of a men size. Right: The MicroObs in detail.
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 59 Figure 5.9 Schematic diagram of a MicroObs.Figure 5.10The 250 Reftek 125A-01 acquisition system and it instalation in the ground
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 5 Figure 5.9 Schematic diagram of a MicroObs.Figure 5.10The 250 Reftek 125A-01 acquisition system and it instalation in the ground
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 55 Figure 5.11SALSA onboard full process routine. Velocity analysis is performed on filtered and deconvolved CMP gather after multiple attenuation.
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 513 Figure 5.13Example of a data section from an OBS channel, with the phase identification.
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 5 Figure 5.14 Example of a data section from an OBS channel, with the phases and its respective layers indicated Figure 6.1
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 356 Figure 6.3 Two-way travel-time record section of MCS data along SALSA01 profile overlain by time converted interfaces of wide-angle model. The intersections with the SALSA dataset are indicated by red line. OBS location are indicated by white triangle. Vertical exaggeration at seafloor is 1:12.5 Figure 6.4 SL01OBS03 on profile SL01 -southeast direction to the right and northwest to the left. a) Seismic record; b) Synthetic; c) Color coded synthetic; d) Color coded observed travel-times overlain by predicted times in black; e) Seismic rays; f) MCS time migrated section and colorcoded model interfaces. On a, b, c, and d, travel-time is reduced by a velocity of 7 km/s.
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 514861496869156615761616 Figure 6.5 SL01OBS08 on profile SL01 -southeast direction to the right and northwest to the left. a) Seismic record; b) Synthetic; c) Color coded synthetic; d) Color coded observed travel-times overlain by predicted times in black; e) Seismic rays; f) MCS time migrated section and colorcoded model interfaces. On a, b, c, and d, travel-time is reduced by a velocity of 7 km/s.
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 16461676617161726173617561766618561926194711997220073 Figure 6.13 Pre-stack depth migrated record section of MCS data along SALSA02 profile superposed by the structures of the GXT-2300 interpreted line. Model's interfaces are represented with dashed lines and the GXT-2300 structures by the continuous lines. 164
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 5 Figure 7.5Crustal thickness compilation from wide-angle SALSA experiment (coloured bars) and from model of crustal thickness based on refraction, receiver functions and surface wave tomography(Assumpçao et al., 2013) (coloured squares). Position of OBS is given by white dots, LSS by white triangles. Note the limit of the necking zone.208

  surveys were performed in the Brazilian Continental Shelf at the beginning of the 60's by the Brazilian company PETROBRAS. Although, these surveys used always reflection seismic, what gives a good image of the crust, but with shallow and imprecisely depths. There is a lack of wide-angle seismic surveys in Brazil's coast. Motived by this, the IFREMER and the PETROBRAS created a partnership, with the objective to carry some wide-angle experiments in the Brazilian margins. Until now, the wide-angle survey happened by three missions: The SANBA, at the Santos basin in 2011; the Magic, in the Maranhão basin in 2012; and the SALSA mission in 2014, in which the present thesis is inserted (figure 1.1)

  coast, but none was published. The location of the SALSA profiles follows the location of 3 some of the ION-GXT profiles. They were studied in detail by Daniel Aslanian and MarylineMoulin (IFREMER) and Marina Rabineau (CNRS-LDO-UNR6538-UBO). Seismic shots,Multi-Channel Seismic (MCS) acquisition and Ocean Bottom Seismometers (OBS)deployments were performed by the French R/V L'Atalante (IFREMER) along twelve profiles. Among them, five were extended onshore by Land Seismic Stations (LSS).
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 11 Figure 1.1: Location of the seismic profiles of the SALSA experiment. Mercator projection. Ocean Bottom Seismometers (OBSs) are marked by white dots, MCS profiles by thick black lines, landstations by white triangles. The SL 01 and SL 02 profiles are marked by yellow lines. ION-GXT survey is represented by thin red dotted lines. The blue line represents the location of a gravity modelled transect made by Blaich et al (2008); and the red line represents the location of an interpreted deep seismic profile 239-RL-343 (Mohriak et al., 1995,

  Test of the existence of the dome north to the Camamú Triple junction • Confirm/infirm the limit of the first typical oceanic crust • Constrain the nature of the substratum in the intermediate domain • Image the lateral variations • Verify the existence of the very deep series of reflectors on some ION-GXT profiles • Sample and constrain the extension of the Ascension Fracture Zone.
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 21 Figure 2.1: Histogram of crustal thickness. The thickness shown in the box is the average of 560 measurements. The weighted average crustal thickness, based on estimated proportion of tectonic provinces by area, is 41.0 km (Christensen and Mooney, 1995).
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 22 Figure 2.2: Histogram of average crustal velocity. The weighted average crustal velocities 6.45 km/s (Christensen and Mooney, 1995).
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 23 Figure 2.3: Histogram of upper most mantle velocity (Pn). The weighted average Pn velocity is 8.07 km/s (Christensen and Mooney, 1995).
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 24 Figure 2.4: Simplified cross section of the crustal structure of the Baltic Shield and central Europe based on refraction seismic P-velocities (Wedepohl, 1995).
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 25 Figure 2.5: Standard profile of the continental crust derived from the 3000 km long European Geotraverse generalized on the basis of worldwide mapping, petrological studies and chemical balances (Wedepohl, 1995).
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 26 Figure 2.6: Histogram showing distribution of igneous crustal thickness from oceanic seismic profiles constrained by synthetic seismogram modelling (White et al., 1992).
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 27 Figure 2.7: Stacked velocity-depth curves for the profiles from the Atlantic Ocean from the compilation made by White et al., (1992).
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 28 Figure 2.8: Schematic ophiolite structure in an oceanic crust and upper mantle (Brown and Mussett, 1993).

Figure 2 . 9 :

 29 Figure 2.9: Geographic distribution of passive margins around the globe (Aslanian, personal communication with satellite data from Smith and Sandwell, 1997).

Figure 2 .

 2 Figure 2.10: Dichotomy proposed by Gernigon et al., 2006. Main characteristics of volcanic margins versus non-volcanic passive margins. (a) Schematic crustal section of a wide non-volcanic "Galician Type" margin characterized by the progressive exhumation of the underlying serpentinised mantle (Boillot and Froitzheim, 2001). (b) Structure and main characteristics of a volcanic "Norwegian type" margin. CLCB: continental part of lower crustal body; OLCB: transitional-oceanic part of the lower crustal body; SDRS: seaward dipping reflectors. (S) Symbolizes the post-breakup subsidence of the non-volcanic margin; (U) represents the relative uplift recorded along the volcanic margin as an isostatic consequence of thick high velocity underplating observed along the continent-ocean transition (COT).

Figure 2 .

 2 Figure 2.11: Across-strike section of a volcanic passive margin. The presence of internal sedimentary basins is not the rule. SDRint and SDRext respectively, internal and external seaward-dipping lavas and volcanic projections (Geoffroy, 2005).

Figure 2 .

 2 Figure 2.12: (A) Formation of SDR at Volcanic passive margins: SDR are synmagmatic roll-over flexures accommodated by continentward-dipping normal faults. (B) Example of tilted continent ward-dipping normal fault (yellow dots) in the internal SDR of SE Baffin-Bay (Geoffroy et al., 2001). Note also the reactivation of a dyke as a secondary normal fault during the seaward-tilt of the lavas and projections (red dots).

  interpreted that, the smaller SDRs of the Sergipe-Alagoas basin, are probably the expression of local volcanism along a tilted block.

Figure 2 .

 2 Figure 2.13 Comparison between two continental margins (Sergipe-Alagoas Margin and Greenland "volcanic" margin). Low energy reflectors interpreted as SDRs on the Brazilian profile (Mohriak et al., 1995) and the 4 km-thick SDR layer on the Greenland profile (Korenaga et al., 2000) is underlined in yellow. Note the difference of longitudinal extension (20 km versus 150 km). The same observation can be done on lateral extension. After Moulin et al., 2005.
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 2 Figure 2.14: Characteristic properties of type I and type II margins. Type I (a) is based in the Iberia-Newfoundland margins and type II (b) in Central South Atlantic margins (Huismans and Beaumont, 2011). The characteristics 1-7 and A-I are in the text, in the descriptions of each type of margin.
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 2 Figure 2.15: Conceptual schema of the formation of a rift sag basin, where the syn-or post-rift subsidence open space for the sedimentation of the basin (Leach et al., 2010).

Figure 2 . 16 :

 216 Figure 2.16: Schematic evolution of a transformed margin and adjacent divergent margins, modified from Mascle and Blarez (1987) and Mercier de Lepinay (2015).
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 2 Figure 2.17: Three-dimensional illustration of the symmetric pure shear model based in the model of McKenzie, 1978) for continental extension. The detachment is seen as representing an ancient brittle-ductile transition in the Earth's crust. Brittle deformation in the upper plate is synchronous with ductile deformation in the underlying lower plate, which is the result of bulk coaxial extensional as the entire lower part of the lithosphere uniformly stretches (Lister and Davis, 1988).
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 2 Figure 2.18: Extension of the continental crust using a single lithospheric dislocation based in the model of Wernicke (1985). The detachment fault represents the upper levels of a shallow-dipping shear zone that passes all the way through the lithosphere (Lister and Davis, 1988).
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 2 Figure 2.19: An alternative model for continental extension that involves the concept of a crustal shear zone which detaches the continental crust below the stress guide defined by the brittle-ductile transition. The shear zone broadens with increasing depth, and terminates within the crust (Lister and Davis, 1988).
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 2 Figure 2.20: Continental crust thinning process: conceptual versus kinematic approaches. Top: Simplified geometries of a system of conjugate margins. Drawn after the conjugate Angola and Espirito Santo continental passive margins (Contrucci et al., 2004; Moulin et al., 2005; Aslanian et al., 2009; Unternehr et al., 2010). A) Conceptual approach (conservative model): The actual area of continental crust is intrinsically strictly equal to the initial area; the continental crust thinning process can be converted in the horizontal movement. B) Kinematic constraints: the horizontal movement is given by precise kinematic reconstruction. A wide thinned basin remains in that case. The allochthonous domains (part 2) of each margin overlap each other and are not shown on figure B-2. The quantity of 'missing' lower continental crust depends of the nature (lower continental or not) of the allochthonous domain (Aslanian and Moulin, 2012).

Figure 2 .

 2 Figure 2.21: Example of a rift evolution described by an analogue model (Corti et al., 2010). Note the two-phase rift evolution with a first phase of boundary fault activity and basin subsidence, followed by activation of en-echelon arranged internal faults obliquely cutting the rift floor.

  had compared numerical models of the Iberia-Newfoundland conjugate margins, Central South Atlantic, and China Sea, seeking to understand what generates wide or narrow; symmetric or asymmetric; failed successful or migrating rifts. Around this issue he arrived to the following assumptions:

Figure 2 .

 2 Figure 2.22: Scheme summarizing the rift symmetry in function of the crustal weakness. The strongest crust at the top and the weakest at the bottom. Strong crusts generate narrow rifts with large initial asymmetry and weak crust favours wide rifts with an initially symmetric configuration. The final structure of the rifted margins is depicted on the right. The width of the margin that is formed during the simultaneous faulting phase (indicated with black arrows) and also the total margin width grows proportional to the weakness of the crust. The width of the hyperextend margin (blue arrows) depends on the duration of the rift migration, which can least more than 20 Ma. Both narrow and wide rifts are capable of forming highly asymmetric conjugate margins (Brune, 2017).

Figure 2 .

 2 Figure 2.23: The three phases model of evolution of Aslanian et al. (2009). The horizontal movements are constrained by kinematic reconstructions of Moulin et al; (2007). Vertical exaggeration is 3. The rifting phase (A to B) occurred on a large area, producing some tilted blocks (on the top of the plate-form in this case). The exhumation phase (C to D) is the main thinning phase with the formation of the sag basin and continental to lacustrine sedimentation. The end of this phase is marked by the first marine sediment (known as the "La Chela" layer), the deposit of the salt layer, in a very shallow environment. The third phase (D to E) corresponds to the break-up and drift phase. The elevated position of the system is maintained at least until the break-up. The stress field (red rectangles) narrows from more than 400 km to less than 50 km between these three phases. Note the crustal abrupt thinning, the vertical collapse of the sag basin, and the huge difference between the volume of allochthonous exhumed material (brown area) and the "missing" continental crust in the thinned basin. Note also that if this exhumed material corresponds to middle/lower continental crust, the total thickness of both allochthonous and autochthonous material and the anomalous velocity zone (C) has the same order as the first continental layer given by the refraction data in the unthinned continental crust (E).
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 2 Figure 2.24: Palinspastic reconstruction across the southern Iberia abyssal plain (SIAP) made by Whitmarsh et al. (2001) as an example of how IODP boreholes are used in crust modelling. a) Tectonic interpretation of the depth-migrated multichannel seismic reflection profile. The total extension accommodated by the detachment faults LD, HD and HHD is around 34 km and this occurred between late Tithonian time (137 Ma). Exhumation of about 75 km of subcontinental mantle within the ZECM b) Situation after mantle exhumation along the detachment HHD. The roll-over of HHD can explain three characteristic features: (1) the large (20.5 km) offset on this fault resulting in the observed minor submarine relief within most of the ZECM; (2) exhumation of subcontinental mantle by pulling it out from underneath a relatively

Figure 2 .

 2 Figure 2.25: Bathymetric maps of the Iberia-Newfoundland rifted margins with the location of the principal seismic reflection profiles (Sutra et al., 2013).

  Ma), that later underwent ductile deformation and cooling before exhumation at the seabed (137 Ma) (Manastchal et al., 2013) (figure 2.26).
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 2 Figure 2.26: Interpreted sections across the two conjugate pairs of rifted margins. The interpretations are based on all available geophysical (seismic reflection and refraction) and ODP drill hole data (Manastchal et al., 2013).
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 2 Figure 2.27: Conceptual model of the development of the Iberia margin (Whitmarsh et al., 2001)

Figure 2 .

 2 Figure 2.28: Regional tectonic map of the Somalian and Arabian plates, characterized by nascent divergent margins, and the convergent boundary between Arabia and Iran (Mohriak and Leroy, 2012). The Red Sea is a fault-controlled depression that lies between North Africa and Arabia, and extends for about 2000 km from the Gulf of Suez and Gulf of Aqaba in the north to the Bab el-Mandeb Strait which connects with the Gulf of Aden between Somalia and Yemen.
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 2 Figure 2.29 :(a) Crustal cross section of the eastern Gulf of Aden combining the interpretations of seismic data of western Socotra. The Moho geometry is speculative. SP are shot points. (b) Prebreak up reconstruction of the eastern Gulf of Aden rift showing the complementary asymmetry of the opposing margins (Mohriak and Leroy, 2012 modified from Fournier et al., 2007).
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  proposed oceanic crust propagators such as the Abimael Ridge advancing from the Pelotas Basin in the south towards the southern Santos Basin in the north impinge on the salt basin. The Sergipe-Alagoas basin is located in the north part of the Central segment, right in the south of the Ascension Zone of Fracture (figure 3.1).
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 31 Figure 3.1: From Moulin et al. (2010). General tectono-structural map of the South Atlantic Ocean at Chron 34 (84 Ma). For this well-constrained reconstruction, was used the Eulerian pole from Campan (1995) for the Equatorial and South Atlantic oceans and the Eulerian pole from Sahabi (1993) for the South Western Indian Ocean. This figure summarizes all the geological structures that will be used in this study. Fracture zones and seamounts are based on interpretation of satellite-derived gravity 1 mn × 1 mn grid (Sandwell and Smith, pers. comm.). The bathymetric contours near Walvis Ridge are based on the Ifremer detailed bathymetric map (Needham et al., 1986). The large red line represents the accreting oceanic ridge at Chron 34. Sedimentary Cretaceous basins are represented by green lines (after Choubert et al., 1968; Almeida et al., 1970;[START_REF] Urien | The geology of the basins of the Argentine continental margin and the Malvinas Plateau[END_REF][START_REF] Hinz | The Argentine continental margin north of 48 degrees S; sedimentary successions, volcanic activity during breakup[END_REF][START_REF] Turner | Magmatism and continental break-up in the South Atlantic; high precision 40Ar-39Ar geochronology[END_REF][START_REF] Trompette | Geology of Western Gondwana 2000-500 Ma: Pan-African-Brasiliano aggregation of South America and Africa[END_REF].Cratons are represented by brown lines (after[START_REF] Trompette | Geology of Western Gondwana 2000-500 Ma: Pan-African-Brasiliano aggregation of South America and Africa[END_REF]. Aptian salt extension (pink areas) are based on a compilation of different sources(Pautot et al., 1973;[START_REF] Renard | Eastern Atlantic continental margins; various structural and morphological types[END_REF][START_REF] Emery | Continental Margin off Western Africa : Angola to Sierra Leona[END_REF][START_REF] Lehner | Structural history of Atlantic margin of Africa[END_REF] Rosendahl et al., 

  changed the focus to the South American plate and introduced a discontinuity in the area between the Rio Grande Rise to the Cochabamba Santa Cruz bend, in the Bolivian Andes, what allowed Curie to close the southern part of the South Atlantic independently of the adjustment of the equatorial central segment. This reconstruction implies a large compression west of the Paraná Basin. Due to the presence of the Paraná volcanism (Serra Geral Fm., with Early Cretaceous ages, 133 Ma, Renne et al., 1999), the direct and quantifiable observations for such an intraplate deformation are difficult along the Southeastern Brazilian sedimentary covertures. In 1991, Nürnberg and Müller published a new global model based on Satellite

  intraplate deformation occurred both in the Africa and South America plates (except in the Paranà area) (figure 3.2). Stage 4: In Albian time, the Equatorial Atlantic Ocean opened, allowing the definitive water connection between the Central Atlantic and the South Atlantic oceans (figure 3.2).
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 32 Figure 3.2: Reconstruction of the evolution of the Equatorial and South Atlantic oceans from LMA (133 Myr) to Intra-Albian (106 Myr) proposed by Moulin et al., 2010.
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 33 Figure 3.3: Reconstruction before the breakup (133 Ma) with the compression, extension, and strike slip deformation, and the gaps and overlaps resulted indicated (Moulin et al., 2010).
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 35 Figure 3.5: Summary paleogeographic and geodynamic maps in eight stages from the Berriasian Valanginian boundary to the Middle-Upper Aptian boundary (Chaboureau et al., 2013).
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 3 Figure 3.5 (continued).

Figure

  Figure 3.5 (continued)

. 5 )

 5 The first phase englobes the Hauterivian-Barremian Boundary (131-129 Ma); the Upper-Barremian (128-126 Ma); the Lower Aptian I (124-123 Ma) and the Lower Aptian II (123-121 Ma) periods (ostracod biozones).

  and Chaboureau et al. (2013) -, Arai (2009), using marine dinoflagellates, shows a Tethyan origin of these microfossils, common in the Venezuela, Senegal and north of Brazil, what would indicate a marine flooding coming from the north.
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 36 Figure 3.6 From Chang (1992). Decompacted sedimentation rates of selected wells in EBRIS. Common high sedimentation rates occurring between 122 and 119 Myr coincide with last pulse of rifting. Note different vertical scales.

Figure 3 . 7

 37 Figure 3.7 Evolutive geological section and schematic block diagram showing the evolution of the Restricted Marine Super sequence (Cainelli and Mohriak, 1999).
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Figure 4

 4 Figure 4.1: The Sergipe-Alagoas Basin, its basement and adjacent geological features and the location of the SALSA experiment (Lana, 1985).

  based on U-Pb SHRIMP and detrital zircons ages from Carvalho et al. 2005 proposed that the evolution of the Sergipana Fold Belt began with the breakup of a Palaeoproterozoic continent followed by development of a Mesoproterozoic (∼980-960 Ma) continental arc (Poço Redondo gneisses) possibly on the margin of the Palaeoproterozoic Pernambuco-Alagoas Block. The extension of this continental block resulted in the stretched margin of the Poço-Redondo/ Marancó Domain (figure 4.2) and a passive margin on the southern edge of the Pernambuco-Alagoas block. Between these two margins there was the rift of the Canindé Domain. A second passive margin was formed on the São Francisco Craton (figure 4.2). The sedimentation in the passive margin of the Pernambuco-Alagoas Block began after ca. 900 Ma (detrital zircons ages), and in the Canindé Domain it started at about 715 Ma (U-Pb ages) and continued at least to 625 Ma (detrital zircons ages). The sedimentary deposition in the passive margin of the São Francisco Craton could have started any time after 975 Ma (youngest zircons ages) (Oliveira et al., 2010). Convergence of the Pernambuco-Alagoas Block and the Sao Francisco Craton led to the deformation in shelf sediments, buildup of a continental arc between 630 Ma and 620 Ma and the emplacement of the plutonic rocks of the Canindé, Poço Redondo and Macururé Domains. The little of oceanic crust formed in the extensional period was probably subducted beneath the Poço Redondo-Marancó Domain (figure 4.2), what explain the occurrence of the 603Ma old volcanic arc rocks in the Marancó sub-Domain (Oliveira et al., 2010). Subsequent exhumation and erosion of the Pernambuco-Alagoas block and the Canindé, Poço Redondo-Marancó and Macururé Domains, allowed the deposition of the uppermost clastic sediments of the Estância and Vaza-Barris Domains with 615-570 Ma old (detrital zircons ages) (figure 4.2), domains, which were posteriorly served as bedrock to the deposition of the first sequences of the Sergipe-Alagoas Basin. At this time, the supracrustal rocks were thrust onto the continental margin of the São Francisco Craton in the south

  proposed local stages for the Lower Cretaceous of the Brazilian margin: Dom Joao (~150-143 Ma), Rio da Serra (~142-135 Ma), Aratu (~134-128 Ma), Buracica (~128-126 Ma), Jiquia (~125-123 Ma) and Alagoas (~122-111 Ma) (figures 4.3 and 4.4).Remarkable discordances allow the identification of the depositional sequences related to the principal tectonic phases in which the SAB passed through. These tectonic phases, in turn, represent the evolving stages of the Gondwana break-up and South Atlantic opening, and are generally grouped into four phases: pre-rift, rift, transitional and passive margin (drift)(Campos Neto et al., 2007) (figures 4.3 and 4.4). A phase of sineclise is also identified at the SAB. This phase comes before the pre-rift sequence and is not found in the rest of the Brazilian basins, what difficult the datation and the correlation with the other sequences. The next paragraphs carry a description of the stratigraphy of each phase, and the relation with the tectonic environment at the time of deposition.
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 42 Figure 4.2: Proposition of the tectonic evolution of the Sergipana Fold Belt (Oliveira et al., 2010)

Figure 4

 4 Figure 4.4: Stratigraphic chart of the Sub-Basin of Alagoas (Campos Neto et al., 2007).

  FZ, splitting into three branches: The South Interior Gabon and Camamu-Almada Basins, that Chapter 4-The Sergipe-Alagoas Basin Pinheiro, J.M. 87 split themselves into two sub-branches, the Tucano /Jatoba and the Jacuipe/ Sergipe Basins (figure 4.6).
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 45 Figure 4.5: Paleogeographic map at the Barresian-Valangian boundary (141-139 Ma). After Chaboureau et al. (2013).
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 46 Figure 4.6: Paleogeographic map around the Hauterovian-Barremian boundary (131-129 Ma). Modified from Chaboureau et al. (2013).

Figure 4

 4 Figure 4.7: Paleogeographic map at the Middle Aptian? (119-116 Ma). Modified from Chaboureau et al. (2013).

Figure 4 . 8 :

 48 Figure 4.8: Paleogeographic map at the Middle-Upper Aptian boundary (116-114 Ma). Modified from Chaboureau et al. (2013).

Figure 4 . 9 :

 49 Figure 4.9: Structural framework of the Sergipe-Alagoas Basin (Lana, 1985).

!

  The presence of the aborted rift of the Recôncavo-Tucano-Jatoba Rift (RTJR) system, in the direction of the main central breakup, in the south of the Camamu Basin, south of the SAB; ! The presence of a triple junction in the Camamu Basin due to the abortion of the RTJR and jump of the opening to the Jacuipe-Sergipe-Alagoas Basins; ! This jump resulted in a drastic change in the coastline direction from south to north Camamu Triple Junction; ! And the presence of a short wavelength segmentation (<200 km) on the margins. ! The relation between these characteristics with the different geodynamic settings (divergent or oblique) that affected the NE Brazilian Margin, makes the question of segmentation (wavelength, direction, heritage and connection with the on-land rifts and the oceanic part) extremely important to the comprehension of the crustal architecture of the area.

  , these dissimilarities between upper crustal and lithospheric mantle extensions would require the existence of an intracrustal detachment or a sub-crustal detachment separating crust and Chapter 4-The Sergipe-Alagoas Basin Pinheiro, J.M. 100 mantle.
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 410 Figure 4.10: Gravimetric model of the Sergipe Alagoas basin made by Blaich (2008).

  taken in consideration (figure 4.10).

Figure 4 .

 4 Figure 4.11: Seismic section 238-RL-343 interpreted by Mohriak (1998, 2003). This COB location was evaluated by 2D gravity modelling (figure 4.10). This 2D gravity modelling presents a Moho discontinuity that shallows very rapidly eastward of the depocenter, rising from 33 km to 18 km depth within a distance of about 70 km. Blaich et al.

  The kinematic reconstruction ofMoulin et al. (2010) is constrained by geological and geophysical data of the Equatorial and South Atlantic Oceans. In this reconstruction, the conjugate margin of the SAB is the South Gabon Margin (Figure4.6.1).

Figure 4 .

 4 Figure 4.12: Two systems of conjugate margins inferred by different palinspastic reconstructions. A) The conceptual reconstruction of Castro, 1987; B) The reconstruction of Moulin et al., 2010, used in Aslanian et al., 2009.
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 51 Figure 5.1: Schematic illustration of a reflection and refraction seismic survey and the wave fronts behavior in geologic layers in each method (Figure from the Japan Agency for Marine -Earth Science Technology-JAMSTEC, http://www.jamstec.go.jp).

Figure 5 . 2 :

 52 Figure 5.2: Schematic representation of wave fronts behavior according to Snell's law and different incidence angles (Modified from Kearey et al., 2002).

  Figure 5.3: Left: Example of the velocity model parametrization. The five-layer model is defined by 26 independent model parameters: 12 boundary nodes (squares) and 14 velocity points (circles). Right: The velocity distribution v (x, z), inside a model trapezoid is given by (19) (Zelt and Smith, 1992).

Figure 5

 5 Figure 5.4: An example of the refracted (a), reflected (b), and head wave (c) ray groups for a single layer (Zelt and Smith, 1992).

N

  = number of calculated picks ; tobs(i)= observed picked arrival-times tcalc(i)= calculated arrival-times Chapter 5-Methods Pinheiro, J.M.

  18 m at array center, and 24 m at tail. Firing occurs at constant time interval of 60 s (firing rate), resulting ins about 150 m shooting rate. During acquisition, a visual quality control of shot and near-trace display is performed, and the air-gun array is controlled and monitored by the ACTRIS software. Immersion is measured at lead and tail of both air-gun lines. Firing jitter and near field volume (piezometer) are further recorded as shot auxiliary traces.
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 5556 Figure 5.5 : Technical characteristics of the SALSA air-gun array

  During acquisition, the streamer is controlled and monitored by the SEAL a marine version of the SERCEL SN408. The birds magnetic gyrocompasses and the tail buoy GPS positioning continuously track streamer feathering. Bird immersion and wing inclination are further recorded as shot auxiliary traces.

Figure 5 . 7 :

 57 Figure 5.7 : The SERCEL 360 channel digital streamer with about 4500 m.

Figure 5 . 8 :

 58 Figure 5.8 : Left : The MicroObs in scale of a

Figure 5 . 9 :

 59 Figure 5.9 : Schematic diagram of a MicroObs.

  ) and 105 seismic sensors L-4A belonging to Brazilian Geophysics Instrument pool (Observatório Nacional do Rio de Janeiro).The recording instrument has the following characteristics:Each land point/station usually was composed by 3 pairs of REF125A-01 and L-4A, normally deployed in a triangle with sizes ranging from 1-8 m depending on the local conditions.

Figure 5

 5 Figure 5.10 : The 250 Reftek 125A-01 acquisition system and it instalation in the ground

  11): geometry, CMP sorting, water column mute, wide bandpass filtering, editing (noisy channels), spiking predictive deconvolution, multiple removal, spherical divergence compensation, Normal Move-Out, time dependant band-pass filter, NMO outside and inside mutes, stack or DMO-stack, poststack mute and filtering, post-stack 1550 m/s FK Stolt migration, and F-X deconvolution.

Figure 5 .

 5 Figure 5.11 : SALSA onboard full process routine. Velocity analysis is performed on filtered and deconvolved CMP gather after multiple attenuation.

Figure 5 .

 5 Figure 5.12 : Output of the OBS routine used to relocate the position of the instruments on the seafloor. (A) Seafloor bathymetry around the deployment position of the instrument. Small circles mark shot points and inverted triangle the deployment position. (B) Misfit between the calculated and the oserved water wave arrivalfrom 100 positions around the deployment site. Best fitting position is marked by a red triangle and deployment position by yellow triangle. (C) Picked travel times (error bars) of the water-wave arrival and predicted arrivals (black line) using the deployment position. (D) Picked traveltimes (error bars) of the water wave arrival and predicted arrivals (black line) using best fit position.

Figure 5 .

 5 Figure 5.13: Example of a data section from an OBS channel, with the phase identification.

Figure 5 .

 5 Figure 5.14: Example of a data section from an OBS channel, with the phases and its respective layers indicated.

Figure 6 .

 6 Figure 6.1 processed GXT-2275 seismic line (Petrobras) with our un-interpreted and interpreted line-drawing. Red lines delimit the various domains defined in this study on the base of gravity and seismic data.

Figure 6 .

 6 Figure 6.2 processed GXT-2300 seismic line (Petrobras) with our un-interpreted and interpreted line-drawing. Red lines delimit the various domains defined in this study on the base of gravity and seismic data.

  Figure 6.1) shows sedimentary layers, sometimes with clear reflectors. Sometimes reflectors are completely transparent and associated with erosional boundaries. They are very chaotic in the proximal part and going more orderly towards to the sea. We can distinguish 3 different domains based in the sedimentary seismic facies and in crust geometry. The first domain is at the continental slope from 0 km to 70 km distance model, the middle domain is in the transitional zone, from 70 km to 140 km, and the last one is from 140 km to the end of the profile, completely in the Presumed Oceanic Basin. The topography of the basement is characterized by mounts and basins. There's one bigger basin (35 km long) in the continental edge, and another smaller (20 km long) in the middle of the profile at 135 km distance model.

145 Figure 6

 1456 Figure 6.3: Two-way travel-time record section of MCS data along SALSA01 profile overlain by time converted interfaces of wideangle model. The intersections with the SALSA dataset are indicated by red line. OBS location are indicated by white triangle. Vertical exaggeration at seafloor is 1:12.5
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 64656667 Figure 6.4: SL01OBS03 on profileSL01 -southeast direction to the right and northwest to the left. a) Seismic record; b) Synthetic; c) Color coded synthetic; d) Color coded observed travel-times overlain by predicted times in black; e) Seismic rays; f) MCS time migrated section and color-coded model interfaces. On a, b, c, and d, travel-time is reduced by a velocity of 7 km/s.

  Interface depth node spacing as well as velocity node spacing is key to model the lateral variations of the seismic velocity with sufficient resolution, but without introducing spurious and unwarranted complexity. Although all synthetics section correctly reproduces the observed amplitude on the wide-angle data, suggesting a good parameterization of the model, we perform evaluation tests of the SALSA01 P-wave velocity models: hitcount (b), Spread Point Function (SPF) (c) and resolution (d) on Figure 6.7. The interface nodes are spaced at less than 2 km on the seafloor where depth is well constrained by multi-beam bathymetry. Node spacing increases to 2.5 km at Ps2; Ps3 and Ps4 then 4 km at Ps5; Ps6; Pg1 and Pg2, then 10 km at Pg3; Pu and Pn, the interface geometry is well constrained in twt from the MCS data, 25 km at Pm2 and 40 km at Pm3. The velocity nodes are not spaced evenly but located where velocity changes are warrant by the observed wide-angle records, resulting in node spacing ranging from 30 to 200 km. The total standard deviation for depth nodes and velocity nodes is 1.171 km and 1.030 km/s, respectively. Most interface and velocity nodes in our experiment produce a hit-count larger than 5000 rays (Figure 1.8 -SL02 model evaluation b) with exception of the NW edges of the deep Pg3 layer in the basement. The Spread Point Function (Figure 1.8 -SL01 model evaluation c) is indicative for a given velocity variation of the resulting travel-time variations when taking the different ray paths into account; Depth and velocity node SPF is relatively homogeneous in the model except in the lower crust, in the transition of the continental to the oceanic domain. Finally, the diagonal terms of the resolution matrix are a measurement of the spatial averaging of the true earth structure by a linear combination of model parameters [Zelt 1999]. Typically, resolution matrix diagonals greater than 0.5-0.7 are said to indicate reasonably well-resolved model parameters [e.g. Lutter & Nowack 1990]. The major part of the interface and velocity nodes present good resolution (>0.7). Resolution is poorest at basis of the anomalous body under the Pg3. (Figure 1.8 -SL01 model evaluation d).
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 69 Figure 6.9: Evaluation of the wide-angle model SL01. a) Model parameterization includes interface depth nodes (squares), top and bottom layer velocity nodes (red circles); interfaces where reflections have been observed on OBS data are highlighted in blue. b) Hit-count for velocity (gridded and colored) and depth nodes (colored squares). c) Smearing from Spread-Point Function (SPF) for velocity (gridded and colored) and depth nodes (colored squares). d) Resolution of velocity (gridded and colored) and depth nodes (colored squares).
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 610 Figure 6.10: Gravity modeling along SL01 profile. a) Density model up to a depth of 40 km overlain by interfaces from wide-angle modeling. b) Free-air gravity anomaly observed (Pavlis et al., 2012) along the SALSA01 profile (red dotted), measured during the SALSA experiment (blue line) and calculated (green line). c) Load anomaly. d) Magnetism measured during the SALSA experiment.

  tracing and seismic data depth migration. First, the velocity model is utilized to compute travel-time tables regularly spaced at 150 m along the profile by paraxial ray tracing on a 50 × 25 m spaced grid, then travel-times in shadow zones are compensated by solving the eikonal equation. Secondly, common offset Kirchhoff depth migration is performed: Migrated traces are output as common image gathers (CIG) binned at 25 m with 30 offset-classes between 249

  PSDM section and CIG gathers extracted every 7.5 km along the profile. Moreover, depth migrated gathers are excellent records of amplitude variations with offset (AVO), and therefore are indicators of in-situ rheological changes. The residual move-out behavior together with the seismic character from PSDM images are key elements to locate accurately major geological contacts, moreover with higher horizontal resolution when compared to the OBS records. They confirm the velocity structure of Sergipe-Alagoas basin along SL01 and finely image them with their true reflector geometry. The Sergipe-Alagoas basin shows a sedimentary structuration that can be subdivided between a shallow, an upper and lower package. The shallow package is composed by three layers represented by very low amplitude reflectors, sometimes not unidentifiable that truncate at 150 km model distance.Upper sediments are finely stratified and made of low amplitude continuous reflectors while deeper reflectors have a stronger amplitude character. The shallow package varies in thickness from about 1.0 km to 1.5 km through all along the profile. The upper package has 2 km thickness and the lower package varies from 3.0 km at the continental slope to 2 km at the presumed oceanic basin. The base of this package is the top of the basement, where we find a very irregular topography, dominated by mounts, that can reach 2 km high. The top of 160 basement is marked by a strong amplitude continuous reflector, which is the top of a crustal layer represented by some chaotic seismic facies, where we can see some SDR structures.

  at ~6 km depth; A distinct contrast in both velocity and gradient marks the middle and the lower crust transition at ~12 km depth. The Moho presents the sharpest contrast at ~25 km depth (Figure 6.10). The results obtained for the structure and thickness of the continental crust divided into 3 layers with distinct velocity gradients are in agreement with the onshore seismic experiment conducted 100 km NWward (INCT-ET/CNPq; Soares et al. 2010; Tavares
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 66 Figure 6.11: a)Pre-stack depth migrated record section of MCS data along SALSA01 profile. Model's interfaces are represented with continuous lines. The intersections with the SALSA dataset are indicated by red line. Vertical exaggeration is 1:5. b) Residual move-out of MCS data along SALSA01 profile. Common image gathers are spaced every 7.5 km. Vertical exaggeration is 1:4.
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 614 Figure 6.14: Two-way travel-time record section of MCS data along SALSA04 profile overlain by time converted interfaces of wide-angle model. The intersections with the SALSA dataset are indicated by red line. OBS location are indicated by white triangle.Vertical exaggeration at seafloor is 1:12.5.

  in blue and Pn in violet are relatively strong and allow to constrain de crustal structure from -160 to 0 km model-distance. Pn arrivals refracted from as deep as 30 km beneath the unthinned continental margin travelling at 8 km/s apparent velocity. PmP arrivals from 150-160 km offset reflect from the hinge-line where the continental crust begins to thin. From SL02LSS02 onward, until SL02LSS10 (Figure6.13), without a sedimentary cover, Pg3 arrivals refracted in the lower crust are recorded as high-amplitude first arrivals travelling at ~7 km/s as Pn arrivals. From SL02LSS 11 to SL02LSS19 (Figure6.14), Pg3 is also observed but the Pn becomes very weak. The topography of the volcanic edifice results in early "peakshaped" arrivals. From SL02LSS20 (Figure6.15) onward, the same sequence of arrivals is observed, but now with the Pg2 first arrivals.
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 6156166 Figure 6.15: SL02LSS11 on profile SL02 on the Borborema Massif. a) Seismic record; b) Synthetics; c) Color coded synthetics; d) Colorcoded observed travel-times overlain by predicted times in black. On a, b, c, and d, travel-time is reduced by a velocity of 8 km/s.

Figure 6 .

 6 Figure 6.18: SL02OBS14 on profile SL02 -southeast direction to the right and northwest to the left. a) Seismic record; b) Synthetic; c) Color coded synthetic; d) Color coded observed travel-times overlain by predicted times in black; e) Seismic rays; f) MCS time migrated section and color-coded model interfaces. On a, b, c, and d, travel-time is reduced by a velocity of 7 km/s.
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 66216 Figure 6.20: SL02OBS07 on profile SL02 -southeast direction to the right and northwest to the left. a) Seismic record; b) Synthetic; c) Color coded synthetic; d) Color coded observed travel-times overlain by predicted times in black; e) Seismic rays; f) MCS time migrated section and color-coded model interfaces. On a, b, c, and d, travel-time is reduced by a velocity of 7 km/s.
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 623 Figure 6.23: Final P-wave interval velocity model along SL02 profile. Black lines mark model layer boundaries. Colored area are constrained by seismic rays. Inverted black triangle mark OBS positions. Blue lines mark the interfaces where reflection are observed on the wide angle records. Vertical exaggeration is 1:3.

  4: Instrument name, distance along model, direction code, number of explained events, residual mean-square, and normalized chi-squared value.Interface depth node spacing as well as velocity node spacing is key to model the lateral variations of the seismic velocity with sufficient resolution, but without introducing spurious and unwarranted complexity. Although, all synthetics section correctly reproduces the observed amplitude on the wide-angle data (Figure6.13 to Figure 6.20), suggesting a good parameterization of the model, we perform evaluation tests of the SALSA02 P-wave velocity models: hitcount (b), Spread Point Function (SPF) (c) and resolution (d) on figure 6.22. The interface nodes are spaced at less than 2 km on the seafloor where depth is well constrained by multi-beam bathymetry. Node spacing increases to 2.5 km at Ps2 and Ps3 then 5 km at Ps4 and Pg1 where the interface geometry is well constrained in twt from the MCS data, then 10 km at Pg2, 15 km at Pg3, Pu and Pn, 30 km at Pm2 and 50 km at Pm3. The velocity nodes are not spaced evenly but located where velocity changes are warrant by the observed wide-angle records, resulting in node spacing ranging from 30 to 350 km. The total standard deviation for depth nodes and velocity nodes is 6.229 km and 1.785 km/s, respectively. Most interface and velocity nodes in our experiment produce a hit-count larger than 3000 rays (figure 6.22 b) with exception of the edges of our survey and the deep Pg2 layer in the basement. The Spread Point Function (figure 6.22 c) is indicative for a given velocity variation of the resulting travel-time variations when taking the different ray paths into account. Depth and velocity node SPF is relatively homogeneous in the model except in the lower crust, in the transition of the continental to the presumed oceanic domain. Finally, the diagonal terms of the resolution matrix are a measurement of the spatial averaging of the true earth structure by a linear combination of model parameters (Zelt 1999). Typically, resolution matrix diagonals greater than 0.5-0.7 are said to indicate reasonably well-resolved model parameters [e.g. Lutter & Nowack 1990]. The major part of the interface and velocity nodes present good resolution (>0.7). Resolution is poorest at the transition zone, in the lower crust, in the upper crust at the Sergipe-Alagoas basin, and under the volcanic edifice. (Figure 6.22 d).

Figure 6 . 23 :

 623 Figure 6.23: Evaluation of the wide-angle model SL04. a) Model parameterization includes interface depth nodes (squares), top and bottom layer velocity nodes (red circles); interfaces where reflections have been observed on OBS data are highlighted in blue. b) Hit-count for velocity (gridded and colored) and depth nodes (colored squares). c) Smearing from Spread-Point Function (SPF) for velocity (gridded and colored) and depth nodes (colored squares). d) Resolution of velocity (gridded and colored) and depth nodes (colored squares).

Figure 6 . 24 :

 624 Figure 6.24: Gravity modeling along SL2 profile. a) Density model up to a depth of 40 km overlain by interfaces from wide-angle modeling. b) Free-air gravity anomaly observed (Pavlis et al., 2012) along the SALSA02 profile (red dotted), measured during the SALSA experiment (blue line) and calculated (green line). c) Load anomaly. d) Magnetism measured during the SALSA experiment.

  ray tracing and seismic data depth migration. First, the velocity model is utilized to compute travel-time tables regularly spaced at 150 m along the profile by paraxial ray tracing on a 50 × 25 m spaced grid, then travel-times in shadow zones are compensated by solving the eikonal equation. Secondly, common offset Kirchhoff depth migration is performed: Migrated traces are output as common image gathers (CIG) binned at 25 m with 30 offset-classes between 249
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 66628 Figure 6.26: (a) Distribution of 1-D velocity profiles extracted from the final P-wave interval velocity model and color coded according to segmentation along the SL01 profile. (b) P-wave interval velocity as a function of depth below seafloor. (c) P-wave interval velocity as a function of depth below basement.
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 7172 Figure 7.1 Final P-wave interval velocity models along SL01 (A) and SL02 (B) profiles, overlaid by the respective line-drawing of the ION-GXT lines. Highlighted areas are constrained by seismic rays. Inverted black triangles mark OBS and LSS positions. Blue lines mark the interfaces where reflections are observed on the wide-angle records. Vertical exaggeration is 1:3.

Figure 7 . 3

 73 Figure 7.3 Compilation of 1D velocity-depth profiles extracted below the top of the basement (Vz) in the Unthinned Continental Domain and the Necking Zone. Coloured lines mark individual Vz profiles at a 10 km interval of profiles SL01 and SL02. The blue shaded area

Figure 7 . 4

 74 Figure 7.4 Compilation of 1D velocity-depth profiles extracted below the top of the basement (Vz) in the Thinned Crust. Coloured lines mark individual Vz profiles at a 10 km interval of profiles SL01 and SL02. The blue shaded area bounds a compilation of velocity profiles for typical Atlantic oceanic crust (White et al., 1992).

Figure 7 . 5 :

 75 Figure 7.5: Crustal thickness compilation from wide-angle SALSA experiment (coloured bars) and from model of crustal thickness based on refraction, receiver functions and surface wave tomography (Assumpçao et al., 2013) (coloured squares). Position of OBS is given by white dots, LSS by white triangles. Note the limit of the necking zone.

Figure 7 . 6 :

 76 Figure 7.6: Comparison between proximal, observed and synthetics SL01OBS02 (left) and SL02OBS15 (right), showing more complexes arrivals in the SL 01.

Figure 7

 7 Figure 7.7: a) Gravity modelled transect in SAB modified from Blaich et al (2008), represented by the blue line in figure 1. The red dotted square in the gravity model represents the location of the seismic profile 238-RL-343, the area inside the square was modelled based in seismic data and the rest in gravity data; b) Interpreted deep seismic profile 239-RL-343 by Mohriak et al. (1995, 1998, 2000), depth-inverted by Blaich, 2006, represented by the red line in figure 1. CTB, Central Tucano Basin; SAB, Sergipe Alagoas Basin; COB Continental-Oceanic Boundary c) SL01 profile.

  .8): the Moho is completely flat with clear reflections on Moho observed between -120 and -90 km modelled distance, but the density values and variations are not well constrained. In contrary, velocity variations exist in the upper (-0.5 km/s) and lower (-0.25 km/s) crustal layers (figure 7.7). The gravity modelling implies density variations in the two layers, associated with the presence of the sedimentary basins. In 2008, Blaich et al. proposed a reconstructed transect (figure 7.9b), based mainly on gravity modelling, with "a shallowing Moho" below the Recôncavo-South Tucano basin.

Figure 7 .

 7 Figure 7.10 and Figure 7.11 present respectively the situation at Aptian/Albian boundary (112Ma) and the tightest palinspastic reconstruction at Berriasian-Vallanginian boundary (141-139Ma) (Moulin et al., 2010), with the seismic interpretation made by the

•

  Phase 1: Berriasian-Vallanginian boundary (141-139 Ma) to Barremian-Aptian (125 Ma) Boundary; • Phase 2: Barremian-Aptian (125 Ma) Boundary to Aptian-Albian Boundary (112 Ma); • Phase 3: Post Aptian-Albian Boundary (112 Ma).During the first phase, the rift occurred on both Tucano plate boundaries: the Tucano-Recôncavo-Jatobá basins and the Jacuipe-Sergipe-Alagoas margins.

Figure 7 .

 7 Figure 7.10 Reconstruction at Aptian/Albian boundary (112 Ma) with the our newinterpretation of the African margin structures, according to the SALSA results. Note that the overlap persists only in the Jequitinhonha-Almada -South Gabon segment. Tucano microplate is considered as the fixed plate.

Figure 7 .

 7 Figure 7.11: Tightest reconstruction according Moulin et al., 2010 (Berriasian-Vallanginian boundary 141-139 Ma) with the position of the African hinge line and the South American necking zone, Green area highlights the gap between the African hinge line and the South American necking zone in the Almada-Camamú-Jacuípe-South Gabon sub-segments.The signification of this gap will be discussed in the text. Tucano is fixed.

Figure 7 .

 7 Figure 7.12: Geodynamic evolution of the North-East part of the South Atlantic Ocean. Each colour represents the position of the plates at a specific time, between the fit (141-139 Ma) and the Aptian/Albian boundary (112 Ma). The positions of the South American and African plates are restored following the parameters given by Moulin et al. (2010). A) shows the movements relative to the Tucano subplate (the fixed plate represented with a grey area). B) represents exactly the same motions, but relative to the Sao Francisco Plate (the fixed plate represented with a grey area). The coloured arrows indicate the relative movement of the late for the three different phases.

  The figure7.13 summarizes the geodynamic evolution of the North-East Brazil-Gabon system, based on theMoulin et al. (2010) model, with the results of the SALSA experiment. The evolution in three stages (Phase 1: Hauterovian/Barremian (130 /129 Ma) to Barremian-Aptian (125 Ma) Boundary -Phase 2: Barremian-Aptian Boundary (125 Ma) to Aptian-Albian Boundary (112 Ma) -Phase 3: Post Aptian-Albian Boundary (112 Ma) is detailed step by step, with a time space of 5 Million Years between the fit and M0 and 2 Million Years between the M0 and 112 Ma. We choose a constant velocity movement between the first movement (112 Ma) and the first magnetic anomaly (C34-84Ma). The ages of the different stages are therefore indicative and relative and should be taken with precaution.. The first figure at 130 Ma (Top left) in figure 7.11 represents the fit at Hauterovian time before the start of the first motions in the Central segment of South Atlantic Ocean. This age marked the beginning of formation of the Tucano Basin together with the Jacuipe-Sergipe-Alagoas Basin until M0. At M0 (Bottom Left, Barremian-Aptian Boundary), the triple junction at Camamú stopped, and a main kinematic change occurred. The African Plate movement change in direction, to a North-East direction (blue arrow). This change implies a strike-slip movement along the Jacuipe-Sergipe-Alagoas and North Gabon margins.At 112 Ma, this movement stops, and the first oceanic crust in the central segment of the South Atlantic starts (Phase 3). This period corresponds also to the beginning of the movement in the Equatorial Atlantic Ocean and to the end of the African intraplate deformation. The African Plate movement comes back to the previous ENE movement (red arrow) respect to the South America Plate, parallel to the Ascension Fracture Zone.

Figure 7 .

 7 Figure 7.13: Initial Evolution, after Moulin et al., 2010, of the North-East Brazil/Gabon system from Hauterovian (130/129 Ma) to intra-Albian (100 Ma), considering a constant velocity movement between the first seafloor spreading at 112 Ma and the first magnetic anomaly (C34 -84 Ma). The coloured areas represent the different segments issued from the SALSA experiment. Tucano sub-plate is the fixed reference in its present-day position.

  Moho rises from a depth of 33 km at the Continental Domain to a depth of 16 km through the COB, located 40 km distance of the profile. The lateral velocity change happens only in the lower crust where it reaches 7.3 km/s on the top and 7.5 km/s in the basis. This wide-angle model shows a Moho located a slightly (2 km) shallower than the one found by Mohriak et al.

  Barris fault (SL02) going from 33 km to 12 km thick in 100 km, and the change is observed mainly in the upper crust, that thins from 10 km, at the continental domain, to less than 2 km through the COB, and keeps this thickness seawards. The Moho corresponds to the base of the lower crust and rises from 33 km at the Continental Domain to 16 km deep through the COB, located 40 km distance of the profile. The lateral velocity change happens only in the lower crust where it reaches 7.3 km/s on the top and 7.5 km/s in the basis. This wide-angle model shows a Moho located a little bit (2 km) shallower than the one found by Mohriak et al.

  in the set of Brazilian seismic experiments conducted by Ifremer and Petrobras, in collaboration with the University of Lisboa and Universidade do Brasilia, the MAGIC and SANBA projects, increase the wide-angle seismic coverage of the Brazilian margin, and gives complementary and deeper information to these previous reflexion seismic data. The results presented in this thesis reached significant advances and had pushed up the comprehension of the South Atlantic opening and the formation of the related passive margins. To keep this study going on I propose the following steps:

  [START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF], qui a été utilisée. Ce auteur établit le calendrier de l'évolution sédimentaire et tectonique en tirant huit cartes paléogéographiques et géodynamiques du Barresien à l'Aptien moyen-tardif (de la fin du pré-rift au début des phases de transition) sur la base d'une intégration des données publiées sur les âges biostratigraphiques (ostracodes et pollen) et absolus (chimiostratigraphie, volcanites interstratifiées, datations Re-Os de la matière organique).Une fois l'évolution de l'Atlantique Sud décrite, il a été possible de corréler l'évolution du bassin de Sergipe Alagoas dans le contexte de l'ensemble de la marge brésilienne. Pour cela, chaque phase pointée par[START_REF] Chaboureau | Palaeogeographic evolution of the central segment of the South Atlantic during Early Cretaceous times: Palaeotopographic and geodynamic implications[END_REF], était en corrélation avec la phase correspondante dans le bassin de Sergipe Alagoas. Les cartes stratigraphiques faites par CamposNeto et al. (2007) étaient supposées représenter l'évolution du bassin de Sergipe-Alagoas.

Figure 1 :

 1 Figure 1 : Location of the seismic profiles of the SALSA experiment. Mercartor projection.Ocean Bottom Seismometers (OBSs) are marked by white dots, MCS profiles by thick black lines, land-stations by white triangles. The SL 01 and SL 02 profiles are marked by yellow lines. ION-GXT survey is represented by thin red dotted lines. The blue line represents the location of a gravity modelled transect made by Blaich et al (2008); and the red line represents the location of aninterpreted deep seismic profile 239-RL-343(Mohriak et al., 1995(Mohriak et al., , 1998(Mohriak et al., , 2000) ) 

  , based on U-Pb SHRIMP (Sensitive High-Resolution Ion Microprobe) and detrital zircons ages from Carvalho et al. (2005), proposed that the evolution of the Sergipano Belt began with the breakup of a Palaeoproterozoic continent followed by development of a Mesoproterozoic ( 980-960 Ma) continental arc possibly on the margin of the Palaeoproterozoic Pernambuco-Alagoas Massif. The extension of this continental block resulted in a stretched margin, a passive margin on the southern edge of the Pernambuco-Alagoas Massif with a rift in between. A second passive margin was formed on the São Francisco Craton. Convergence of the Pernambuco-Alagoas Massif and the São Francisco Craton led to deformation in shelf sediments, build-up of a continental arc between 630 Ma and 620 Ma, and subsequent exhumation and erosion of the Pernambuco-

Figure 2 .

 2 Figure 2. Geological Map of regional Basin Sergipe-Alagoas (modified from Lana, 1990 andPeixoto, 2013) with the SALSA profiles, the principal faults and fractures, and the geology with theSão Francisco Craton (SFC), the Sergipano Fold Belt and the Sergipe Alagoas Basin (SAB).Mercartor projection. Note that the whitish part in the SE of the map represent topographic highs that correspond to the Bahia Seamounts (Skolotonev et al., 2012).

Figure 3 :

 3 Figure 3: a) Gravity modelled transect in SAB modified from Blaich et al (2008), represented by the blue line in figure 1. The red dotted square in the gravity model represents the location of the seismic profile 238-RL-343, the area inside the square was modelled based in seismic data and the rest in gravity data; b) Interpreted deep seismic profile 239-RL-343 by Mohriak et al. (1995, 1998, 2000), represented by the red line in figure 1. CTB, Central Tucano Basin; SAB, Sergipe Alagoas Basin; COB Continental-Oceanic Boundary.

Figure 4 :

 4 Figure 4 : Two-way travel-time record section of MCS data along SL02 (A) and SL01 (B) profiles overlain by time converted interfaces of wide-angle model. The intersections with the SALSA dataset are indicated by red line. OBS location are indicated by white triangle. Vertical exaggeration at seafloor is 1 :12.5.

Figure 5 :

 5 Figure 5: SL01OBS03 on profile SL01 on the SAB. a) Seismic record; b) Synthetics; c) Color coded synthetics; d) Color-coded observed travel-times overlain by predicted times in black. On a, b, c, and d, travel-time is reduced by a velocity of 8 km/s.

  depth of around 25 km (figure8A).

Figure 6 :

 6 Figure 6: SL01OBS08 on profile SL01 on the SAB. a) Seismic record; b) Synthetics; c) Color coded synthetics; d) Color-coded observed travel-times overlain by predicted times in black. On a, b, c, and d, travel-time is reduced by a velocity of 8 km/s. Ps3 has top and bottom velocities from 2.40 km/s to 2.50 km/s. The three first sedimentary layers pinch out at 130 km in the distal basin. Ps4 has regular top and bottom velocities from 2.85 km/s to 3.00 km/s. Ps5 has also regular top and bottom velocities from 3.10 km/s to 3.15 km/s on the distal basin and a constant velocity of 2.95 km/s on the

Figure 7 :

 7 Figure 7 : SL01OBS15 on profile SL01 on the Borborema Massif. a) Seismic record; b)

Figure 8 :Figure 9 :

 89 Figure 8: Final P-wave interval velocity models along SL02 (A) and SL01 (B) profiles. Black lines mark model layer boundaries. Colored area is constrained by seismic rays. Inverted black triangle mark OBS and LSS positions. Thick blue lines mark the interfaces where reflections are observed on the wide-angle records. Vertical exaggeration is 1:3.Refracted events in the continental middle-crust Pg2 in light-blue, lower-crust Pg3 in blue and upper-mantle Pn in violet are relatively strong and allow to constrain de crustal structure from -160 to 0 km model-distance (Figure9). Pn arrivals refracted from as deep as 30 km beneath the un-thinned continental margin travel at 8 km/s apparent velocity. PmP arrivals from 150-160 km offset reflect from the hinge-line where the continental crust begins to thins.

Figure 11 :

 11 Figure 11: SL02OBS07 on profile SL02 on the SAB. a) Seismic record; b) Synthetics; c)Color coded synthetics; d) Color-coded observed travel-times overlain by predicted times in black.On a, b, c, and d, travel-time is reduced by a velocity of 8 km/s.The P-wave velocities of the sedimentary sequence show an increasing trend with depth: the top velocity at the seafloor is 1.65 km/s (s1) and the maximum velocity 4.7 km/s is reached at the base of the sedimentary sequence (s6).

Figure 12 :Figure 13 :

 1213 Figure 12: Gravity modeling along SL01 profile. a) Density model up to a depth of 40 km overlain by interfaces from wide-angle modeling. b) Free-air gravity anomaly observed (Pavlis et al., 2012) along the SALSA01 profile (red dotted), measured during the SALSA experiment (blue line) and calculated (green line).

  -beam bathymetry. Node spacing increases to 2.5 km at Ps2 and Ps3 then 5 km at Ps4 and Pg1 where the interface geometry is well constrained in twt from the MCS data, then 10 km at Pg2, 15 km at Pg3, Pu and Pn, 30 km at Pm2 and 50 km at Pm3. The velocity nodes are not spaced evenly but located where velocity changes are warrant by the observed wide-angle records, resulting in node spacing ranging from 30 to 350 km. The total standard deviation for depth nodes and velocity nodes is 6.229 km and 1.785 km/s, respectively. Most interface and velocity nodes in our experiment produce a hit-count larger than 3000 rays (Figure14) with exception of the edges of our survey and the deep Pg2 layer in the basement. The Spread Point Function (Figure14) is indicative for a given velocity variation of the resulting travel-time variations when taking the different ray paths into account. Depth and velocity node SPF is relatively homogeneous in the model except in the lower crust, in the transition of the continental to the presumed oceanic domain. Finally, the diagonal terms of the resolution matrix are a measurement of the spatial averaging of the true earth structure by a linear combination of model parameters(Zelt 1999). Typically, resolution matrix diagonals greater than 0.5-0.7 are said to indicate reasonably well-resolved model parameters (e.g.Lutter & Nowack 1990). The major part of the interface and velocity nodes present good resolution (>0.7). Resolution is poorest at the transition zone, in the lower crust, in the upper crust at the SAB, and under the volcanic edifice. (Figure14).

Figure 14 :

 14 Figure 14 : Evaluation of the wide-angle models SL01 (A) and SL02 (B): Resolution of velocity (gridded and colored). There are zones that were not imaged due to the lack of raycoverage.

  travel-time tables regularly spaced at 150 m along the profile by paraxial ray tracing on a 50 × 25 m spaced grid, then travel-times in shadow zones are compensated by solving the eikonal equation. Secondly, common offset Kirchhoff depth migration is performed: Migrated traces are output as common image gathers (CIG) binned at 25 m with 30 offset-classes between 249

  Figure15presents the PSDM section and CIG gathers extracted every 7.5 km along the two profiles. Moreover, depth migrated gathers are excellent records of amplitude variations with offset (AVO), and therefore are indicators of in-situ rehological changes. The residual move-out behavior together with the seismic character from PSDM images are key elements to locate accurately major geological contacts, moreover with higher horizontal resolution when compared to the OBS records.They confirm the velocity structure of SAB along the profiles and finely image them with their true reflector geometry. The SAB shows a sedimentary structuration that can be subdivided between an upper and lower package. Upper sediments represent the first 4 layers which are finely stratified and made of low amplitude continuous reflectors while deeper reflectors have a stronger amplitude character. All the sedimentary package is clearly interrupted by the volcanic edifice. The upper package varies in thickness from about 1.5 km at the continental slope, 3 km at NW side of the volcano and 2 km at SE side, at the presumed oceanic basin. The lowest sedimentary package is composed by 2 layers that truncate into 1 layer with about 1-2 km thick at the NW side of the volcano and less than 1 km at the SE side.

Figure 15 :

 15 Figure 15: a) Pre-stack depth migrated record section of MCS data along SL02 profile. Model's interfaces are represented with continuous lines. The intersections with the SALSA dataset are indicated by red line. Vertical exaggeration is 1:5. b) Residual move-out of MCS data along SL02 profile. Common image gathers are spaced every 7.5 km. c) Pre-stack depth migrated record section of MCS data along SL01 profile. Vertical exaggeration is 1:5. b) Residual move-out of MCS data along SL01 profile. Common image gathers are spaced every 7.5 km. Vertical exaggeration is 1:4.

Fig. 16 .

 16 Fig. 16. Compilation of 1D velocity-depth profiles extracted below the top of the basement (Vz) in the domains of unthinned continental crust. The thick dark grey profiles correspond toaveraged velocity profiles for continental crust(Christensen and Mooney, 1995).

Fig. 17

 17 Fig. 17 Compilation of 1D velocity-depth profiles extracted below the top of the basement (Vz) in the Unthinned Continental Domain and the Necking Zone. Colored lines mark individualVz profiles at a 10 km interval of profiles SL01 and SL02. The blue shaded area bounds a compilation of velocity profiles for typical Atlantic oceanic crust(White et al., 1992), and thick dark grey profiles correspond to averaged velocity profiles for continental crust(Christensen and 

Fig. 18

 18 Fig. 18 Compilation of 1D velocity-depth profiles extracted below the top of the basement (Vz) in the Thinned Crust. Colored lines mark individual Vz profiles at a 10 km interval of profilesSL01 and SL02, and a compilation of some African margins. The blue shaded area bounds a compilation of velocity profiles for typical Atlantic oceanic crust(White et al., 1992).

Figura 19 :

 19 Figura 19: Pre-stack depth migrated record section of MCS data along SL02 (A) and SL01 (B) profiles superposed by the structures of the GXT-2300 and GXT-2275 interpreted lines. Model's interfaces are represented with dashed lines and the GXT structures by the continuous lines.

  Vaza-Barris fault (SL02) going from 33 km to 12 km thick in 100 km, and the change is observed mainly in the upper crust, that thins from 10 km, at the continental domain, to less than 2 km through the COB, and keeps this thickness seawards. The Moho corresponds to the base of the lower crust and rises from 33 km at the Continental Domain to 16 km deep through the COB, located 40 km distance of the profile. The lateral velocity change happens only in the lower crust where it reaches 7.3 km/s on the top and 7.5 km/s in the base. This wide-angle model shows a Moho located a little bit (2 km) shallower than the one found byMohriak et al. (1998) and confirms the gravity model ofBlaich et al. (2008).

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  Figure modified fromBlaich et al., 2008[START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF]. Tightest reconstruction according Moulin et al., 2010 (Berriasian-Vallanginian boundary 141-139 Ma) with the position of the African hinge line and the South American necking zone, Green area highlights the gap between the African hinge line and the South American necking zone in the Almada-Camamú-Jacuípe-South Gabon sub-segments. The signification of this gap will be discussed in the text. Tucano is fixed. Geodynamic evolution of the North-East part of the South Atlantic Ocean. Each colour represents the position of the plates at a specific time, between the fit (141-139 Ma) and the Aptian/Albian boundary (112 Ma). The positions of the South American and African plates are restored following the parameters given byMoulin et al. (2010). A) shows the movements relative to the Tucano subplate (the fixed plate represented with a grey area). B) represents exactly the same motions, but relative to the Sao Francisco Plate (the fixed plate represented with a grey area). The coloured arrows indicate the relative movement of the late for the three different phases.

		218
	Figure 7.12	
		215
	Figure 7.10	Reconstruction at Aptian/Albian boundary (112 Ma) with
		the our new -interpretation of the African margin

structures, according to the SALSA results. Note that the overlap persists only in the Jequitinhonha-Almada -South Gabon segment. Tucano microplate is considered as the fixed plate. xxvi

Figure 7.11 219 Figure 7.13 Initial Evolution, after Moulin et al., 2010, of the North-East Brazil/Gabon system from Hauterivian (130/129 Ma) to intra-Albian (100 Ma), considering a constant velocity movement between the first seafloor spreading at 112 Ma and the first magnetic anomaly (C34 -84 Ma). The coloured areas represent the different segments issued from the SALSA experiment. Tucano sub-plate is the fixed reference in its present-day position.
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Instrument name, distance along model, direction code, number of explained events, residual meansquare, and normalized chi-squared value of SL01.
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Reflected or refracted phase name, number of explained events, residual meansquare, and normalized chi-squared value of SL02.

181 Table 6.4

Instrument name, distance along model, direction code, number of explained events, residual meansquare, and normalized chi-squared value of SL02.

  argue that the end of the rift happened in intense tectonic conditions and admit, with stratigraphic positioning, an Eoalagoas age of approximately 116 Ma (figures 4.3 and 4.4) for it. The rift Super sequence is inserted in the Coruripe Group, where we can individualize the Feliz Deserto, Penedo, Barra de Itiúba, Morro do Chaves, Coqueiro Seco, Ponta Verde, Rio Pitanga; Poção and Maceió Formations (figures 4.3 and 4.4). These authors grouped the sequences that compose the Rift Super sequence in four periods: Late Barresian-Middle Valangian; Hauterovian-Barremian; Early Aptian and Late Aptian.
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Table 6 .1: Reflected or refracted phase name, number of explained events, residual mean- square, and normalized chi-squared value. 153 Figure 6.8: Final P-wave interval velocity model along SL01 profile. Black lines mark model layer boundaries. Colored area are constrained by seismic rays. Inverted black triangle mark OBS positions. Blue lines mark the interfaces where reflection are observed on the wide angle records. Vertical exaggeration is 1:3.

 6 The lithospheric mantle has a velocity of 7.90 km/s to 8.10 km/s, 10 to15 km below the Moho to provide a gradient capable of explaining the observations.

	phase	npts	Trms	chi-squared
	1	2112	0.028	0.080
	4	264	0.091	0.827
	5	10	0.076	0.641
	6	527	0.087	0.751
	8	672	0.186	3.463
	9	243	0.097	0.943
	10	682	0.252	6.379
	31	810	0.106	1.122
	32	1582	0.104	1.081
	33	1507	0.100	1.008
	34	2173	0.100	1.004
	35	4916	0.127	1.605
	36	3048	0.113	1.274
	37	535	0.204	4.163
	39	419	0.222	4.924
	40	1483	0.242	5.859

Table 6 .2: Instrument name, distance along model, direction code, number of explained events, residual mean-square, and normalized chi-squared value.
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Table 6 .3: Reflected or refracted phase name, number of explained events, residual mean- square, and normalized chi-squared value.
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	phase	npts	Trms chi-squared
	1	2708	0.029	0.084
	2	21	0.013	0.017
	4	436	0.070	0.496
	6	305	0.085	0.727
	8	298	0.067	0.444
	9	122	0.154	2.394
	10	277	0.102	1.042
	29	43	0.113	1.308
	31	32	0.186	3.570
	32	347	0.167	2.793
	33	30	0.052	0.282
	34	1893	0.131	1.706
	35	1980	0.121	1.470
	36	7194	0.121	1.462
	37	1083	0.145	2.101
	38	38	0.052	0.274
	39	1078	0.243	5.906
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  SynthèseLe point triple de Camamú, où le système de rift avorté Recôncavo-Tucano-Jatobá est relié aux systèmes de rift Jequitinhonha-Camamú-Almada et Jacuípe-Sergipe-Alagoas, a joué un rôle essentiel dans l'ouverture de l'océan Atlantique Sud. Le développement des trois branches de ce point triple n'est pas encore complètement élucidé. De même, l'emplacement de la première croûte océanique, l'âge exact de la rupture, la segmentation et l'héritage tectonique des marges passives impliquées, ne sont toujours pas clairs. La mission SALSA s'intéresse à la structure de la croûte et de la lithosphère et vise à contraindre la segmentation, l'héritage tectonique et le cadre géodynamique de la zone. La croûte sous le point triple de Camamu est déjà très bien étudiée, mais la plupart des études sont basées sur des profils de sismiques de réflexion, qui donnent certes une bonne image du toit de la croûte, mais peu de contraintes sur la profondeur du Moho et les vitesses dans la croûte. Afrique. Par conséquent, il est côte à côte avec de le rift avorté de Tucano, et représente le changement dans la direction du rift, après le Triple Point de Camamu. Il est situé au nord de la zone de transfert de Vaza-Barris, qui n'est pas encore complètement comprise, mais qui joue un rôle important dans le cadre actuel de la marge brésilienne. Stratigrafiquement, le SAB est l'un des rares bassins qui présente les séquences pré-rift, ainsi que la limite nord des dépôts d'évaporites. Les données grand-angle permettront de faire un modèle de vitesse de la croûte, et une inversion sismique, montrant la géométrie du socle, les interfaces crustales et les éventuels corps sous-crustaux. Des acquisitions conjointes de sismique réflexion (MCS) et de sismique grand-angle (OBS) ont été réalisées sur le N/O L'Atalante (IFREMER) le long de 12 profils. Parmi eux, cinq ont été prolongés à terre par des stations sismiques terrestres (LSS). Les modèles de vitesse d'onde P ont été construits sur la base de l'interprétation conjointe de données sismiques réflexion et grand-angle en utilisant le logiciel RAYINVR.Les principales questions auxquelles il faut répondre avec les profils grand-angle sont: la géométrie de la croûte de la marge, et la relation des couches crustales inférieures avec le manteau supérieur, ce qui expliquerait les mécanismes de rupture; la différence entre les profils et une segmentation possible le long de la marge; l'emplacement de la première croûte océanique, le comportement du domaine de transition; le patrimoine tectonique et le rôle de la zone de transfert de Vaza-Barris; et le lien avec le rift avorté Tucano Recôncavo-Jatobá, et le contexte géodynamique.Les trois premiers chapitres de la thèse ont été réservés à une revue bibliographique contextualisant les marges brésiliennes et les processus et mécanismes dans lesquels elles ont été générées. Elle débute par une vue générale des marges passives, suivie d'une explication de l'ouverture de l'Atlantique Sud et enfin, l'état de l'art du bassin de Sergipe Alagoas.Pour la vue générale des marges passives, dans le chapitre 2, un examen des géométries et des compositions des croûtes continentales et océaniques a été fait afin de voir comment elles sont disposées dans une marge passive, ce qui est proposé pour l'évolution de la marge passive à son cadre actuel, et les mécanismes de rupture qui agissent dans la lithosphère, et quelles sont les différentes méthodes d'investigation du rift.Cette variété dans le cadre des marges passives peut être causée par une variété de différents types de mécanismes de rifting.Dans le but d'expliquer ces mécanismes, plusieurs auteurs ont proposé de nombreux modèles de formation d'un rift. On a présenté les deux types de modèles: conservateur et non conservateur. Le premier, conservant le volume de la croûte continentale, suggère que l'extension est la cause principale de l'éclaircie, qui ne serait liée qu'aux mouvements horizontaux, sans interaction du manteau

	Le bassin Sergipe-Alagoas dispose d'un emplacement stratégique pour la
	compréhension de l'ouverture de l'Atlantique Sud.
	C'est parce qu'il est situé dans la zone la plus au nord de l'Atlantique Sud, et était probablement la dernière connexion entre les croûtes continentales de l'Amérique du Sud et de l'Cette thèse utilise la sismique réfraction grand angle pour contraindre les vitesses sismiques souterraines profondes, et ainsi apporter des informations supplémentaires classiques (Christensen et Mooney, 1995 pour la croûte océanique et White et al., 1992 pour la croûte continentale), qui aideraient plus tard à déterminer la nature de la croûte étudiée. Après cela, quelques classifications possibles des marges passives ont été soulignées. Ces classifications comptent sur des paramètres tels que la morphologie, la sédimentation, le volcanisme et l'environnement géodynamique, l'affaissement, le type de mouvement entre les plaques, et d'autres individualités inhérentes à chaque marge. Après l'analyse des différents types de marges, il a été admis que, en raison du grand nombre d'individualités possibles, la classification des marges passives est très complexe. Les grandes caractéristiques mentionnées ci-dessus ne sont valables que pour un premier aperçu de l'étude d'une marge. Même avec ces caractéristiques en commun, les marges peuvent présenter une infinie d'autres caractéristique s différentes. Généralement, ces classifications substantielles à la connaissance à cette région. Pour les géométries et les compositions, on a présenté quelques compilations représentent des dichotomies, et même des marges du même type, pourraient être générées par
	des processus complètement différents.

  ce chapitre, il a été conclu que toutes les marges passives ne présentent pas la même complexité, en fonction de l'histoire géodynamique. La visibilité des structures du rift dépend de l'accessibilité des données géophysiques et géologiques, y compris la sismique de réflexion / réfraction, la gravité, les dragues, les forages, le magnétisme et les contraintes cinématiques, onshore et offshore. Les modèles conceptuels ont du mal à relier quantitativement les observations géologiques et géophysiques à la déformation des roches et à l'évolution thermique du rift. Des méthodes modernes de modélisation ont été présentées, comme des modèles analogiques et numériques, qui ont ajouté beaucoup plus de détails aux modèles analytiques utilisés auparavant pour mener des expériences de rifting. Même si ces modèles ne peuvent pas reproduire la complexité naturelle de ces systèmes, ils sont Après cette revue des marges passives, de leur genèse et des méthodes d'enquête, une description des marges de l'Atlantique Nord, de Terre-Neuve-et-Péninsule Ibérique et de la mer Rouge et le golfe d'Aden a été fait. Cependant, ils ont évolué différemment avec leurs propres individualités. Ils peuvent également aider à révéler l'évolution de l'Atlantique. L'ouverture de l'Atlantique Sud a été abordée au chapitre 3. Pour donner un aperçu de la façon dont le Gondwana s'est séparé. Il a été souligné que l'on essayait principalement d'obtenir l'ajustement de pré-ouverture (et d'évaluer son âge) et l'évolution précoce de l'océan

	néanmoins très utiles pour isoler l'impact de plusieurs processus distincts qui collaborent à la
	création de failles.

  Ce sont des reconstructions statistiques assistées par ordinateur principalement basées sur la cartographie des anomalies magnétiques. Dans la seconde partie du chapitre 3, ces reconstructions ont été confrontées à l'évolution stratigraphique de l'Atlantique Sud qui est basée sur des observations géologiques et des données sur les fossiles.Le cadre stratigraphique des bassins sédimentaires de la marge continentale brésilienne préserve le registre de ce processus de rift, où les phases tectoniques ont été regroupées, selon les principes de la hiérarchie stratigraphique, dans les mégaséquences de dépôt, les superséquences et les séquences. Sur cette base, quatre mégaséquences ont été établies et sont utilisées dans la plupart des travaux brésiliens: pré-rift, syn-rift, transitionnel et marin

. Ces reconstitutions présentent de nombreuses inadaptations inexpliquées (lacunes, chevauchements et désalignements) qui ont été partiellement montrées dans la revue

de Moulin et al. (2010)

, où toutes les reconstructions précédentes ont été présentées avec les mêmes repères géologiques et géodynamiques et les mêmes limites géographiques.

  km dans la région côtière à environ 25 km dans la plate-forme, et à environ 20 km près du bord du plateau. La topographie Moho devient plus régulière de la pente vers la mer avec des profondeurs entre 15 et 18 km à travers le COB, qui est situé à environ 60 km de la côte.Le chapitre 5 est consacré à l'information technique. Premièrement, les concepts de base de l'étude sismique ont été introduits. Les types d'ondes sismiques et la façon dont elles se propagent dans les environnements géologiques ont été le principal sujet de cette section.

	Dans le chapitre 6, les résultats du traitement et de l'interprétation des données sont
	présentés.
	Avec cette revue, nous avions suffisamment d'informations pour intégrer nos données Bien que les profils SL01 et SL02 soient parallèles, distants de 75 km l'un de l'autre, et
	et nourrir la discussion autour de la géodynamique du bassin de Sergipe Alagoas. dans le même bassin sédimentaire, les données sismiques montrent une couverture
	sédimentaire et une géométrie différentes. Alors que la section des enregistrements du profil
	SL01, plus au sud, montre des modèles chaotiques, avec des couches hétérogènes, parfois
	tronquées, segmentées et un socle avec une topographie plutôt irrégulière, la section
	La partie suivante explique comment la propagation des ondes sismiques peut être d'enregistrement SL02 MCS montre des couches planes parallèles (sauf le fond marin, c'est-à-
	utilisée dans la recherche géologique en décrivant les méthodes de levés sismiques par dire assez irrégulier dans la partie proximale).
	réflexion et réfraction. Basé sur l'interprétation des données, le chapitre 7 traite des principales questions
	abordées dans cette thèse, la segmentation de la croûte, la localisation de la frontière
	continentale-océanique et l'héritage tectonique.
	La construction d'un modèle de vitesse suit l'hypothèse de la structure minimale, où l'on
	essaie toujours d'expliquer les données avec le modèle le plus simple. Les couches principales
	représentent les couches structurales de base d'une croûte: l'eau, la couverture sédimentaire,
	les croûtes supérieures et inférieures et les couches supérieures du manteau. Les étapes
	impliquées dans une telle modélisation sont: la paramétrisation du modèle; le tracé des
	rayons; la détermination des angles de décollage des rayons; la validation du modèle; la test
	d'inversion et de données synthétiques; et enfin, la détermination de la résolution du modèle.

De manière générale, les données de réflexion "near-offset" conventionnelles fournissent une bonne image des formes des interfaces sub-surface, tandis que les données grand-angle permettent un bon contrôle des vitesses et donc des lithologies du sous-sol profond

(White, 2012)

. C'est la raison pour laquelle la méthode sismique grand angle est la principale méthode utilisée dans cette thèse.

Ensuite, il a été montré comment utiliser les données grand angle acquises, et la modélisation, basée sur la méthode

de Zelt et Smith (1992)

. Selon

Zelt (1999)

, l'approche et la stratégie de modélisation doivent prendre en compte: Les paramètres du modèle (vitesse et profondeur) ; les informations géologiques et géophysiques de la région étudiée ; la complexité de la structure imagée (présence de sel, zone de subduction, etc.) ; les caractéristiques des données; et les données géophysique ajoutées (sismique de réflexion, modélisation gravimétrique etc.)

Cette première partie du chapitre 5 explique l'ensemble de la méthode sismique grand-angle, depuis la génération des données jusqu'à la construction du modèle de vitesse finale.

La dernière partie de ce chapitre est constituée par la configuration de l'équipement sismique N / O L'Atalante, utilisé dans la mission SALSA.

L'architecture et la segmentation

Afin de contraindre la nature de la croûte, des profils de vitesse crustale-profondeur (Vz) 1D ont été extraits des modèles de vitesse, sous le sommet du socle, à un intervalle de 10 km. Ces graphes Vz peuvent être comparés à des compilations de croûte continentale typique

(Christensen et Mooney, 1995) 

et de croûte océanique de type atlantique

(White et al., 1992)

, permettant de discuter des propriétés de la croûte et d'établir la segmentation latérale le long du profils.

Sur la base de cette analyse des modèles finaux et de ces graphes Vz, trois différents domaines peuvent être distingués: 1. Domaine continental non aminci; 2. un domaine d'amincissement crustal, le domaine de Necking, et enfin; 3. un domaine externe présumé d'être de nature océanique.

  al., rapportés parMohriak (1998) et étaient liés à un passage graduel de la croûte inférieure au manteau lithosphérique. Dans cette même zone, nous observons une topographie très irrégulière du socle, montrant des structures ressemblant à des monts volcaniques. Toutes ces caractéristiques peuvent représenter des traits volcaniques associées à la fragmentation de la croûte continentale, et au début de la production de croûte océanique, mais tel que noté parMoulin et al. (2005) ils n'ont pas le même patron que les dénommées marges volcaniques.Cette zone volcanique donne une réponse chaotique dans les données à grand angle. Le fait que la zone est une zone avec une couverture de données médiocre et aucune continuation vers l'intérieur, gêne une interprétation détaillée du cadre crustal près de la base de la croûte.Cependant dans les données grand angle, le Pmp est très clair et permet de faire une bonne interprétation de la discontinuité Moho. Il passe de 25 km de profondeur dans l'extrême NW du profil à 17 km de profondeur dans la transition de la croûte continentale à la croûte océanique à ~ 70 km de distance dans le profil. Dans la croûte inférieure, le réseau de , à une distance de -50 km dans le profil et garde cette profondeur le long du profil.L'épaisseur de la croûte moyenne s'amincit de ~ 7 km dans le domaine continental à ~ 2 km à travers la COB. Le Moho s'élève de 33 km à 16 km de profondeur sur une distance de près de 100 km, et l'épaisseur totale de la croûte inférieure passe de 16 km dans le domaine continental à 7 km à travers le COB, avec une légère augmentation de la vitesse au milieu de la zone de necking. Ce changement de vitesse latéral se produit uniquement dans la croûte inférieure où il atteint 7,3 km / s en haut et 7,5 km / s dans la base. Dans la zone de necking, il

réflecteurs intra-crustaux basaux est disposé dans un motif anticlinal qui donne une idée d'une forme lenticulaire. Dans cette zone, la vitesse passe de 7,0 à 7,3 km / s latéralement. Cette zone pourrait être interprétée comme le résultat d'un processus de boudinage

(Buck et al., 1999)

.

Au profil SL02, du domaine continental vers le large, l'épaisseur totale de la croûte, sans la colonne d'eau (~ 4 km à travers la COB) et la couverture sédimentaire, passe de ~ 33 km à la partie la plus continentale à ~ 10 km à travers la COB . L'épaisseur de la croûte supérieure s'amincit de 10 km dans la partie la plus au nord-ouest du profil jusqu'à presque disparaître à travers le COB. Dans la partie la plus continentale, au niveau du SFB, le sommet de la couche crustale supérieure est presque à la surface, s'approfondit jusqu'à ~ 8 de profondeur, au centre de la SABexiste également des paquets de réflecteurs intra-crustaux qui peuvent correspondre à des SDR. Bien que la base de la croûte soit beaucoup plus claire que dans SL 01, sans réflecteurs intra-crustaux basales, même sans forme caractéristique, le changement de la vitesse peut aussi être interprété comme un effet d'un processus de boudinage

  bassin océanique présumé (50-210 km de distance dans le modèle) montre une épaisseur crustale plus mince quant à la couverture sédimentaire, qui atteint 3 km d'épaisseur en ce qui concerne la croûte. Le sommet du socle situé à 8-6 km de profondeur suppose une topographie beaucoup plus régulière. Les couches crustales ne présentent pas de gradient de vitesse significatif à travers la transition de la croûte continentale à la croûte océanique. A l'exception de la zone de transition, et sous l'édifice volcanique, où l'épaisseur de la croûte est d'environ 12 km, l'épaisseur totale de la croûte océanique varie entre 6 et 8 km. En raison du

fait que cette croûte s'est formée dans le Crétacé Normal Superchron (CNS), une période magnétique calme, elle présente un manque d'anomalies magnétiques liées à l'inversion sur la croûte de 121 Ma (Anomaly M0y) à 83,6 Ma(Anomaly C34y)

  Dans cette zone, la topographie du socle montre des monticules et de petites élévations. Toutes ces structures pourraient être classées comme une signature magmatique. Malgré cela, comme Moulin et al. (2005) a déjà remarqué, ces structures ne sont pas suffisantes pour caractériser un archétype qui pourrait classer la marge du SAB comme une marge volcanique. Ajouté à cela, il n'y a aucune évidence dans la bibliographie du volcanisme avant la première production de la croûte océanique. Comme décrit par Mohriak et al. (1998), ces caractéristiques magmatiques sont probablement associées aux processus d'extension et à la création de la croûte océanique, et elles post-datent apparemment l'extension lithosphérique de la phase du rift associée à la dislocation du Gondwana au Crétacé précoce. Même si la localisation de la COB avait déjà bien été réalisée parMohriak (1995Mohriak ( , 1998) ) etBlaich et al., (2008), nous avons pointé le COB à ~ 70 km de la côte, entre le SL02OBS12 et SL02OBS11 au profil SL 02, et ~ 100 km de la côte, entre le SL01OBS06 et le SL01OBS07, au profil SL 01, un peu plus loin que celui pointé par ces auteurs.

transition entre le domaine continental et le domaine océanique est caractérisée par une zone dominée par des réflecteurs intracrustaux. Ces réflecteurs ressemblent en grande partie à des SDR, mais il y en a aussi qui sont similaires aux LDR.

.

  Les profils Vz sur les zones de Sergipe et Alagoas (SL02 & SL04) montrent que la croûte de la partie sud de la province de Borborema, la Sergipana Fold Belt, où la direction structurale change de direction est-ouest à direction nord-ouest, de chaque côté du linéament de Pernambuco orienté E-W, qui borde la limite nord du bassin de Jatobá.Au nord de Camamú Triple Junction, les profils Vz sous le socle, le long des profils SL07 et SL08, présentent un domaine de 40 km de large dans la continuité de 1D-Vz-profils sous le socle ont une couche supérieure de 3 km et une vitesse maximale de 5,8 km / s. La La segmentation sur les marges de Jacuípe-Sergipe-Alagoas et leur croûte océanique adjacente ont une direction NW-SE, oblique par rapport au mouvement relatif des plaques, montrant le fort impact de l'héritage tectonique. Encore plus loin de la plateform, cette segmentation semble se poursuivre avec la présence des alignements du mont sous-marin Bahia orientés NW-SE dans le sous-segment Sergipe & Alagoas.L'évidence de cette partition peut être observée dans la différence entre les zones de necking du profil SL01, qui coïncident presque avec la zone de transfert de Vaza-Barris, et le profil SL 02, soit environ 75 km vers le nord.Le long de la marge SAB, la croûte océanique est rapidement atteinte, à moins de 80 km de la côte; sa limite est parallèle à la côte tout au long de ce tronçon. En observant les deux profils parallèles SL02 et SL01, il y a une segmentation avec direction NE-SW, parallèle au trait de côte et à la ligne charnière de la plate-forme, dans laquelle nous divisons le SAB en domaine continental, zone de necking et domaines de croûte océanique.Les résultats obtenus dans cette étude renforcent l'importance de la modélisation grand angle des marges passives avec profils OBS en plus des stations terrestres.Les données obtenues lors de la mission SALSA ont permis d'améliorer la base de données sismique brésilienne, une fois que les études précédentes sur les marges du segment central de l'océan Atlantique Sud se sont en grande partie basées sur la sismique de réflexion.

	De la ville d'Ilhéus à la ville d'Aracajú (les marges d'Almada-Camamú-Jacuipe), la
	largeur de la zone de necking est donc inférieure à 50 km. Vers le nord de S11 °, coïncidant
	avec la zone de transfert de Vaza-Barris, la largeur de la zone d'amincissement passe à 100
	km.

vitesse du fond se situe autour de 7,0 km / s. Ce domaine disparaît dans la zone de transfert de Vaza-Barris, où la zone de necking s'agrandit et présente une croûte continentale amincie recouverte d'une couche volcanique de 1,5 km d'épaisseur. Plus loin vers le large, les profils 1D-Vz au-dessous du socle des profils SL01 et SL02 montrent une structure de la croûte océanique, avec une épaisseur qui diminue en moyenne de 6 à 8 km. En dessous des volcans et de la zone Fracture, des anomalies de vitesse sont présentes à la base de la croûte.

-Le long des marges de Jacuípe-Sergipe-Alagoas, la croûte océanique est rapidement atteinte, à moins de 80 km de la côte; sa limite est parallèle à la côte tout au long de ce tronçon. Ce domaine présente une sous-division de la zone de transfert de Vaza-Barris, montrant clairement l'impact de l'héritage tectonique.

La modélisation de l'onde P des profils SL01 et SL02 a révélé la structure crustale profonde de la marge passive dans le NE du Brésil, et à partir des modèles, on remarque que : L'intégration de la SALSA avec les données MAGIC et SANBA couvre la majeure partie de la marge brésilienne et fournit des informations complémentaires et plus approfondies que ces données antérieures.

Figure 4.3: Stratigraphic chart of the Sub-Basin of Sergipe (Campos Neto et al., 2007).
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The present thesis is inserted in the SALSA project (Sergipe ALagoas Seismic Acquisition), which was conducted by a collaboration between the Department of Marine The SALSA project followed two previous projects with the same collaborations and same methodology: the SANBA project, devoted to structure and the geodynamic of the Santos Basin, and the MAGIC project, focused on the Ceara-Maranhão equatorial margins.

PmPs. The Continental-Oceanic Crust Boundary (COB) is located at ~80 km from the coastline and is marked by intracrustal seismic reflectors and changes in the seismic velocity, showing a sharp transition. On profile SL02, the oceanic crust is perturbed by a volcanic edifice with anomalous velocity zone, which underplates the area.

Introduction

In 2014, a deep and wide-angle seismic refraction survey was carried out off the Northeast coast of Brazil, precisely off the states of Bahia, Sergipe and Alagoas (figure 1).

This project called SALSA (Sergipe Alagoas Seismic Acquisition) was conducted by the Department of Marine Geosciences (IFREMER: Institut Français de Recherche pour l'Exploitation de la MER, France) and PETROBRAS (Brazil), in collaboration with the Laboratory of Oceanic Domain (IUEM: Institut Universitaire et Européen de la Mer, France), the Faculdade de Ciências da Universidade de Lisboa (IDL, Portugal) and the Universidade de Brasilia (Brazil). The purpose of this project is to image the lithospheric structure and the lateral and longitudinal segmentation of the Jequitinhonha-Almada-Camamu-Jacuípe-Alagoas-Sergipe margin segments formed following the Cretaceous continental break-up of Pangea.

In the 2000's high quality seismic profiles from ION-GXT (figure 1) were acquired in Brazil's coast, but none was published. The location of the SALSA profiles follows the location of some of the ION-GXT profiles. They were studied in detail by Daniel Aslanian and Maryline Moulin (IFREMER) and Marina Rabineau (CNRS-LDO-UNR6538-UBO).

Seismic shots, Multi-Channel Seismic (MCS) acquisition and Ocean Bottom Seismometers (OBS) deployments were performed by the French R/V L'Atalante (IFREMER) along twelve profiles. Among them, five were extended onshore by Land Seismic Stations (LSS) (figure 1).

Here, we presented results on P-wave velocity models, based on the combined interpretation of multi-channel and wide-angle seismic data, of two profiles imaging the Sergipe-Alagoas basin (SAB), located in the northern part of the experiment, north to the Vaza-Barris transform zone (figures 1 and 2).

Geological Setting

Whilst in Albian time the central part of the South Atlantic presented the first oceanic crust, the Equatorial Atlantic Ocean started to open, as the last stage of the breakup of the Atlantic Ocean, allowing the definitive water connection between the Central Atlantic and the South Atlantic oceans (Moulin et al., 2010). The SAB, with the southern Jacuipe segment
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Figure 7.9 presents the hypothesis proposed by [START_REF] Ussami | Crustal detachment during South Atlantic rifting and formation of Tucano-Gabon basin system[END_REF], which follows the lines suggested by [START_REF] Wernicke | Uniform-sense normal simple shear of the continental lithosphere[END_REF] with an upper crustal extension onshore (and a flat Moho) and eastwards intracrustal detachment deeper. This detachment should produce a strong reflector with strong velocity variations, which are not seen in the wide-angle data. On the wide-angle model, the mantle velocity appears to be constant all along the profile. In contrary, velocity variations exist in the upper (-0.5 km/s) and lower (-0.25 km/s) crustal layers (figure 7.7). The gravity modelling implies density variations in the two layers, associated with the presence of the sedimentary basins.

Therefore, the Salsa data seem indicate that all the crustal thinning in the Tucano Rift system is isostatically compensated by local velocities and densities variations, which clearly highlights the role of the lower and middle continental crust in the thinning process as already proposed by [START_REF] Aslanian | Brasilian and Angolan Passive Margins: the kinematic constraints[END_REF] and Aslanian & Moulin (2012) and in the Provençal Basin [START_REF] Moulin | Deep Crustal Structure Across An Young Passive Margin From Wide-Angle And Reflection Seismic Data (The Sardinia Experiment) -I. Gulf Of Lion's Margin[END_REF][START_REF] Afilhado | Deep crustal structure across an young passive margin from wide-angle and reflection seismic data (The SARDINIA Experiment) -II. Sardinia's margin[END_REF].

Appendix

Modeling onshore-offshore wide-angle seismic data across the Alagoas- 

Abstract

The structure and nature of the crust underlying the Camamu-Almada-Jequitinhonha- This buffer zone, located between the Camamu triple junction to the south and the Potigar Basin to the north, presents a SW-NE alongated margin, oblique with respect to the main direction of the Fracture zones of the central segment of the South Atlantic Ocean. This buffer segment presents a failed N-S and failed E-W rift: the Recôncavo-Tucano-Jatoba rift, which marks the limit of the Triangle-shaped Tucano Microplate, which rotated counterclockwise (Szatmari et al., 1999;Moulin et al., 2010) during the South Atlantic opening. The SAB is situated on the middle of the eastern branch of this triangle, to the north of the Vaza-Barris transfer zone and the Jacuipe basin, East of the Sergipana Fold Belt (SFB)

Sergipe

and South of the Pernambuco lineament, is one of the most important Brasiliano structure of the development of the Brazilian NE geology (figure 2).

water cone. The Ps5 refraction shows considerably higher amplitude and apparent velocity:

the exact nature of this layer must be further examined from the pre-stack depth migration of the MCS data, for instance. In the distal oceanic part, the Pg1, Pg2 and Pg3 refracted phases form a relatively continuous event in both amplitude and apparent velocity, without sharp inflections indicative of major velocity changes between layers. The PuP phase spans from 90

to 140 km and has apparent velocity close to Pg3. Pn is observed emerging at ~75 km with an apparent velocity increasing from 7.9 to more than 8.15 km/s and large amplitude variations both along offset and OBSs. The middle crust has a regular thickness of 3.0 km along the entire profile, exept under the volcano, where it reaches almost 5.0 km with velocities at the top and bottom from 6.4

km/s to 6.5 km/s on the continental slope and from 6.2 km/s to 6.3 km/s in the distal basin.

The lower crust is 8.0 km thick at the western end of the model and completely thins out to 4.0 km towards the ocean, with velocities at the top and bottom from 6.90 to 7.10 km/s all along the profile, except in the necking zone. Between 0 and 50 km distance model, there is a light increase of the velocities in the middle and the lower crusts: the middle crust passes from 6.10-6.30 km/s to 6.30-6.50 km/s and the lower crust, from 6.90-7.10 km/s to 7.30 km/s (Figure 8B). Note that there is also a thick anomalous body, not located below the Necking

Zone, but below the Moho in the volcanic edifice area. It has a thickness of 8 km and velocities between 7.3-7.4 km/s.

Evaluation of the models

Gravity modelling

A 2-D model consisting of homogeneous density blocks was constructed from the seismic velocity model: the P-wave velocity is converted to densities according to Ludwig et al. (1970) except onshore in the continental crust where conversion follow Christiansen and (1995); The resulting density ranges from 2200 to 2500 kg/m3 in the basins, 2600 to 2750 kg/m3 in the crust and 3000 to 3170 kg/m3 in the U-Unit. The Pm mantle density is set at 3300 kg/m3. The model is extended down to 80 km where isostatic compensation may be reached, and the modelled free-air anomaly is compared to measured gravity anomaly along the SL01 and SL02 profiles (figures 12 and 13).

Mooney

The SL01 model fits relatively well (within less than 25 mgal) the gravity data acquired offshore during the SALSA survey, except for the continental slope where there's a missfit of 17 mgal. Free air gravity from satellite data (Sandwell et al., 2014) extracted along the profile and 10, 20, and 30 km cross-line presents broad (>50 km wavelength) along profile and lateral scatter amplitude variations of +/-50 mgal (Figure 12).

The SL02 model fits relatively well (within less than 25 mgal) the gravity data acquired offshore during the SALSA survey, except for the presumed oceanic basin where there's a misfit of 25 mgal. The calculated gravity anomaly falls well within the values observed on parallel profiles extracted north and south of the profile (figure 13), derived from satellite gravity measurements (Sandwell et al., 2014). Due to the high altitude of the satellite, higher wave-length are not well recorded. Onshore, the forward model fits the gravity from satellite data (figures 12 and 13).

Continental domain, was made also with additional information from the crossing profile SL05 (Evain, et al. In prep.), and bibliographical information [START_REF] Chang | Tectonics and stratigraphy of the East Brazil Rift system: an overview[END_REF]Feijo et al., 1994 ;Mohriak et al., 1995Mohriak et al., , 1998Mohriak et al., , 2000;;Blaich et al., 2008 ;Soares et al., 2010 ;[START_REF] Tavares | [END_REF]de Lima et al., 2015) .

In the Continental domain, the continental crust outcrops at the surface and is 35 km thick. The comparison of the 1D velocity profiles with a worldwide compilation of the continental crust (Christensen and Mooney, 1995) clearly shows similarities both in velocities and gradients (Figure 16).

margin. Added to this there is no evidence in the bibliography of volcanism before the first production of ocean crust. As described by Mohriak (1998), these magmatic features are associated with extensional processes and oceanic crust inception, and they apparently postdate the rift phase lithospheric extension associated with the breakup of Gondwana in the Early Cretaceous. Even trough, the localization of the COB, as well as done by Mohriak (1995Mohriak ( , 1998) ) and Blaich et al., (2008), was based on these volcanic features. With an integration of the two profiles, we pointed the COB at 80 km from the coast, a little further than the one pointed by these authors.
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The SL02 presents a region of thin crust affected by the volcanism of the Bahia Seamounts. There is a volcanic edifice with 40 km extension where the basement rises by almost 4 km. The Bahia Seamounts chain has U/Pb ages from 75 to 84 Ma and is related to a post-rift hotspot localized near the Middle Atlantic Ridge (MAR) (Skolotonev, 2012).

Below this domain, there is a sub-crustal layer, very well constrained with the OBS and gravity data, with ~5 km thickness and 7.3 km/s velocity. This layer is probably related to a magmatic underplating process where basaltic magmas are frequently trapped at or near the Moho, or within the crust, or in complex crust-mantle transition zones (Cox,1993).
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On the geologic map from Peixoto, 2013, the transition between the Borborema Province, to the North, and the São Francisco Craton to the South, is represented by a neo-Proterozoic zone. This region, corresponds to the SFB, wich are formed by a thrust fault of the Pernambuco Alagoas Domain, over the São Francisco Craton, in the Brasiliano orogeny, resulting in a collage of its crusts (Oliveira et al., 2010). The comparison between velocity models of the Pernambuco Alagoas Domain (Soares et al. 2010;Tavares et al. 2012;de Lima et al., 2015) and the São Francisco Domain (Soares et al., 2006 and Soares, personal communication), shows that the crust in the SFB is much more similar to the Pernambuco Alagoas Domain than to the São Francisco Craton. This could mean that the São Francisco crust was subducted, and the crust of the Pernambuco-Alagoas predominated in the Brasiliano orogenic event.
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