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Role of continental runoff versus upwellings in the triggering of the

Weissert oceanic anoxic event (~137 My): micropaleontological and isotopic investigations

Resumé

De nombreux événements océaniques anoxiques sont enregistrés dans les sédiments marins du . Ils sont caractérisés par un dépôt important de carbone organique et des perturbations associées dans le cycle global du carbone. L'événement océanique anoxique Weissert correspond à la première excursion positive importante des isotopes du carbone du Crétacé (étage Valanginien). Il a été associé à une augmentation de la température et de l'humidité, de la fertilité et de la productivité primaire des eaux marines de surface, et à une crise de biocalcification. Les conditions paléocéanographiques au cours de l'événement Weissert ne sont pas bien contraintes, et différentes hypothèses existent pour la fertilisation de l'océan. De plus, les mécanismes déclencheurs de cette perturbation ont été potentiellement liés à un volcanisme extensif provenant de grandes provinces ignées. Cette étude porte donc sur l'événement océanique anoxique Weissert, nouvellement identifié sur la marge centrale du Maroc, qui comprend le Bassin d'Essaouira-Agadir. Au cours du Crétacé, cette aire géographique était située sur la marge sud de la Téthys ; une analyse quantitative des assemblages de nannofossiles calcaires et des isotopes radiogéniques (Pb, Sr et Nd) a été réalisée sur un transect proximal-distal (coupes à terre et site DSDP 416A) afin de reconstituer les conditions paléocéanographiques autour de l'événement Weissert. Un cadre temporel bien contraint a été établi en utilisant la biostratigraphie par ammonites (coupes à terre) et nannofossiles calcaires, la chimio-stratigraphie (isotope du carbone) et les discontinuités sédimentologiques. L'évolution sédimentaire du Bassin d'Essaouira-Agadir a montré que les variations du niveau de la mer contrôlaient la paléogéographie, les apports clastiques et la disponibilité des nutriments. Les analyses quantitatives de l'ensemble des nannofossiles calcaires ont démontré des variations de la production de nannoplancton et de la fertilité des eaux de surface, principalement contrôlées par les changements du niveau de la mer. La production de nannoplancton et la fertilité des eaux de surface étaient particulièrement fortes au cours du Valanginien supérieur et coïncidaient avec les valeurs élevées de δ 13 Ccarb de l'excursion positive correspondant à l'événement Weissert. Les assemblages minéralogique et argileux ont montré que des conditions climatiques plus humides et plus hydrolisantes prévalaient pendant cet intervalle de temps, conduisant à une augmentation du ruissellement continental et à l'afflux de nutriments associés, apportés dans le bassin, couplé à une grande transgression. Ces conditions étaient certainement à l'origine de l'eutrophisation observée. Furthermore, I would like to thank the institutions that hosted me and gave me access to their fine laboratory equipment and space: The Institute of Earth Sciences (ISTerre) in Grenoble-France, the Paris Institute of Earth Physics (IPGP) in Paris-France, and the department of Life and Earth Sciences of the Lebanese University in Beirut-Lebanon. I sincerely thank the direction and the administrative and technical staff from all three laboratories. In addition, I express my sincere appreciation and acknowledgement to all members of the TRB (Tectonic Relief and Basins) team at the ISTerre laboratory; their support and encouragement were invaluable to terminate this project. Lastly, I express my gratitude to all the fellow colleagues (PhDs, postdocs, and staff) in all those laboratories, many became close friends and we all shared moments of laughter and joy.
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Chapter 1 State of the Art

Preface: This introductory chapter provides a systematic and concise state of the art that concerns the Weissert Oceanic Anoxic Event. The chapter begins with a brief explanation on the carbon cycle and how perturbations (i.e., positive and negative C-isotope excursions) have been used as a proxy to past climatic perturbations. This is a necessary starting point since the Weissert Oceanic Anoxic Event is identified from the carbon-isotope record. This is followed by describing the history (old to recent literature) of how oceanic anoxic events and the Weissert Oceanic Anoxic Event were identified. Afterwards, we provide a thorough description of the climatic and environmental conditions during the "Weissert Event". These cover the literature on anoxic conditions during the Valanginian stage, temperature and humidity conditions as reconstructed from various proxies, biotic perturbations obtained from the paleontological record, and the possible triggering conditions. Each section includes interpretations from recent studies and covers the existing hypotheses/problematics of paleoenvironmental reconstructions that concern the Weissert Oceanic Anoxic Event. The chapter terminates by linking the explained problematics with the objectives of this manuscript, and briefly describes the scientific methods to be used in this manuscript and how they will be systematically used in order to address the sought problematics.

Carbon-isotope excursions

The global carbon cycle has been studied ever since the 1950 and 1960s for its potential in recording past climatic, environmental, and oceanographic changes [START_REF] Craig | The geochemistry of the stable carbon isotopes[END_REF]Keith and Weber, 1964;Tappan, 1968). The oxidized and reduced carbon reservoirs (i.e., sedimentary carbonates and organic matter) record positive and negative carbon-isotope excursions throughout the Mesozoic and Cenozoic (see [START_REF] Scholle | Carbon isotope fluctuations in Cretaceous pelagic limestones: potential stratigraphic and petroleum exploration tool[END_REF][START_REF] Weissert | C-Isotope stratigraphy, a monitor of paleoenvironmental change: A case study from the early cretaceous[END_REF][START_REF] Strauss | The Paleozoic to Mesozoic carbon cycle revisited: The carbon isotopic composition of terrestrial organic matter[END_REF]. The excursions reflect changes in the carbon cycling and in the partitioning of the carbon isotopes ( 12 C and 13 C) between its reservoirs. Several factors are shown to control carbon-isotope excursions. Excluding diagenetic effects, [START_REF] Scholle | Carbon isotope fluctuations in Cretaceous pelagic limestones: potential stratigraphic and petroleum exploration tool[END_REF] indicate the effect of surface water temperature, ocean circulation patterns, biotic variations, primary productivity variations, preservation of organic matter, weathering rates of silicates and organic matter, CO2 outgassing, and tectonic activity. The effect of these factors on the fractionation of carbon-isotopes can be also seen in the quantitative models by [START_REF] Kump | Interpreting carbon-isotope excursions: Carbonates and organic matter[END_REF]. Nevertheless, several of these factors (e.g., temperature variations, local water-mass differences, and biotic variations) can still be minor or show local effects and average-out at the geological sampling resolution.

The perturbations in the global carbon-cycle (i.e., carbon-isotope excursions) are used to reflect environmental perturbations occurring in Earth's climatic, oceanographic, and biotic ecosystems. Negative carbon-isotope excursions are hypothesized to result from the direct input of the lighter isotope of carbon ( 12 C) into the ocean-atmosphere system from extensive volcanic activity and/or methane degassing [START_REF] Scholle | Carbon isotope fluctuations in Cretaceous pelagic limestones: potential stratigraphic and petroleum exploration tool[END_REF][START_REF] Weissert | C-Isotope stratigraphy, a monitor of paleoenvironmental change: A case study from the early cretaceous[END_REF]. Other possible mechanisms include biotic crisis, decreased productivity, and/or enhanced fluvial input of isotope-depleted dissolved inorganic carbon [START_REF] Scholle | Carbon isotope fluctuations in Cretaceous pelagic limestones: potential stratigraphic and petroleum exploration tool[END_REF][START_REF] Kump | Interpreting carbon-isotope excursions: Carbonates and organic matter[END_REF][START_REF] Weissert | C-Isotope stratigraphy, a monitor of paleoenvironmental change: A case study from the early cretaceous[END_REF][START_REF] Föllmi | Early Cretaceous life, climate and anoxia[END_REF]. Whereas, positive carbon-isotope excursions are mainly explained by increasing marine and/or terrestrial primary productivity, enhanced preservation of organic matter, and/or higher rates of carbonate weathering [START_REF] Kump | Interpreting carbon-isotope excursions: Carbonates and organic matter[END_REF][START_REF] Scholle | Carbon isotope fluctuations in Cretaceous pelagic limestones: potential stratigraphic and petroleum exploration tool[END_REF][START_REF] Weissert | C-Isotope stratigraphy, a monitor of paleoenvironmental change: A case study from the early cretaceous[END_REF]. Lastly, carbon-isotope excursions are followed by a return to pre-excursion values due to a series of feedback mechanisms that include the abovementioned factors. These mechanisms regulate the "sources" versus "sinks" of the light and heavy isotopes of carbon [START_REF] Scholle | Carbon isotope fluctuations in Cretaceous pelagic limestones: potential stratigraphic and petroleum exploration tool[END_REF]; and references therein).

2 Oceanic Anoxic Events [START_REF] Schlanger | Cretaceous Oceanic Anoxic Events: Causes and Consequences[END_REF] observed the widespread occurrence and global correlation (Tethyan, Atlantic, Pacific, and Indian Basins) of organic-carbon rich sediments during the Aptian-Albian and Cenomanian-Turonian stages. The authors hypothesized the development of widespread oxygen-minimum zones in the world oceans during those periods of poor ocean mixing, and named these time intervals as "Oceanic Anoxic Events". Also, the considered basins were open-marine settings and excluded local hydrographic effects with restricted water-circulation. Figure 1.1 shows the schematic diagram developed by [START_REF] Schlanger | Cretaceous Oceanic Anoxic Events: Causes and Consequences[END_REF] of the marine basinal conditions associated with the formation of organiccarbon rich sediments during an OAE (oceanic anoxic event). Then, [START_REF] Scholle | Carbon isotope fluctuations in Cretaceous pelagic limestones: potential stratigraphic and petroleum exploration tool[END_REF] demonstrated positive carbon-isotope excursions occurring closely with the Cretaceous OAEs identified by [START_REF] Schlanger | Cretaceous Oceanic Anoxic Events: Causes and Consequences[END_REF]. The explanation is that the production and preservation of organic matter during an OAE, which is a sink of the lighter isotope of carbon ( 12 C), will enrich the ocean-atmosphere system with the heavier isotope of carbon ( 13 C). This leads to the observed positive carbon-isotope excursions. Photosynthesis is known to favor the diffusion of 12 C over 13 C into the photosynthetic cells. Since then, several OAEs have been discovered in the sedimentary record (Figure 1.2).

Figure 1.1 Model of an oceanic anoxic event showing the O2-minimum zone and the accumulation of organic-matter rich sediments in different oceanic settings. Model of [START_REF] Schlanger | Cretaceous Oceanic Anoxic Events: Causes and Consequences[END_REF] redrawn by [START_REF] Baudin | The late hauterivian faraoni "oceanic anoxic event": An update[END_REF] The environmental (e.g., climatic and biotic) and marine (e.g., hydrographic and hypsographic) conditions favoring the accumulation of organic-rich sediments during OAEs

are not yet well-constrained. Also, the triggering factors behind their occurrence remain problematic. Several factors are hypothesized to interplay in the development of widespread O2-minimum zones and organic-rich sediments during an OAE. These include eustatic transgressions coupled with increased epicontinental ecological niches, enhanced nutrient supply, enhanced marine productivity, restricted ocean circulation, water column stratification, particular water column redox conditions, increased sedimentation rates, and/or reduced oxygen solubility under elevated global temperatures [START_REF] Arthur | Stratigraphy, geochemistry, and paleoceanography of organic carbon-rich Cretaceous sequences[END_REF][START_REF] Jenkyns | Geochemistry of oceanic anoxic events[END_REF][START_REF] Weissert | C-Isotope stratigraphy, a monitor of paleoenvironmental change: A case study from the early cretaceous[END_REF]. The inception of a global "greenhouse" climate is also hypothesized to trigger

OAEs. High global temperatures could follow periods of excessive subaerial and submarine volcanic activity which would increase the atmospheric pCO2 levels [START_REF] Weissert | C-Isotope stratigraphy, a monitor of paleoenvironmental change: A case study from the early cretaceous[END_REF][START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: A possible link? Palaeogeogr[END_REF][START_REF] Jenkyns | Mesozoic anoxic events and palaeoclimate[END_REF][START_REF] Jenkyns | Evidence for rapid climate change in the Mesozoic-Palaeogene greenhouse world[END_REF][START_REF] Larson | Onset of the mid-Cretaceous greenhouse in the Barremian-Aptian: Igneous events and the biological, sedimentary, and geochemical responses[END_REF]and references therein).

Consequently, high atmospheric temperatures could accelerate hydrological cycling and continental weathering. These conditions, along with enhanced hydrothermal activity in the case of submarine volcanic activity (i.e., release of limiting bio-metals from spreading ridge activity), would ultimately lead to the eutrophication of proximal and distal marine settings.

Eutrophication will in turn increase organic-matter production. [START_REF] Jenkyns | Mesozoic anoxic events and palaeoclimate[END_REF][START_REF] Jenkyns | Evidence for rapid climate change in the Mesozoic-Palaeogene greenhouse world[END_REF] proposed a model illustrating the sequence of feedback mechanisms possibly leading to an OAE (see Figure 1.3). After the inception of an OAE, negative feedbacks mechanisms are hypothesized to regulate the ocean-atmosphere systems via higher organic matter deposition and silicate weathering (sinks of CO2) [START_REF] Kump | Interpreting carbon-isotope excursions: Carbonates and organic matter[END_REF][START_REF] Jenkyns | Evidence for rapid climate change in the Mesozoic-Palaeogene greenhouse world[END_REF] (Figure 1.3). These mechanisms are also hypothesized to lower global temperatures [START_REF] Dessert | Erosion of Deccan Traps determined by river geochemistry: Impact on the global climate and the 87Sr/86Sr ratio of seawater[END_REF][START_REF] Jenkyns | Geochemistry of oceanic anoxic events[END_REF][START_REF] Föllmi | Early Cretaceous life, climate and anoxia[END_REF][START_REF] Johansson | The Interplay Between the Eruption and Weathering of Large Igneous Provinces and the Deep-Time Carbon Cycle[END_REF]. OAEs can be seen in [START_REF] Erba | Calcareous nannofossils and Mesozoic oceanic anoxic events[END_REF] and [START_REF] Föllmi | Early Cretaceous life, climate and anoxia[END_REF].

Figure 1.3 Diagram from [START_REF] Jenkyns | Mesozoic anoxic events and palaeoclimate[END_REF][START_REF] Jenkyns | Evidence for rapid climate change in the Mesozoic-Palaeogene greenhouse world[END_REF] illustrating the positive and negative feedback mechanisms leading to the inception of OAE and its end 3

The "Weissert Oceanic Anoxic Event"

Originally, [START_REF] Arthur | Stratigraphy, geochemistry, and paleoceanography of organic carbon-rich Cretaceous sequences[END_REF] suggested that the Valanginian (137. 7 -132.6 Ma;[START_REF] Gale | The Cretaceous Period[END_REF] could correspond to an OAE based on the occurrence of organic-rich sediments in the western Tethys, northwest Atlantic, and the Gulf of Mexico (p. 87 in [START_REF] Arthur | Stratigraphy, geochemistry, and paleoceanography of organic carbon-rich Cretaceous sequences[END_REF] and references therein). Later, [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF] described a "Valanginian carbon-isotope event"

characterized by a global (Tethys, Atlantic, and Pacific) and "synchronous" positive Carbon-Isotope Excursion (CIE) on the order of ~1.5-2 ‰. The authors observed a correlation of the Valanginian positive CIE with sparse occurrences of organic-carbon rich sediments in the Tethys, Atlantic, and east Antarctica (see references therein). They interpreted the Valanginian positive CIE as the first episode of greenhouse conditions the Earth experienced during the Cretaceous. Their interpretation of greenhouse conditions was based on evidence of a warm and humid climate associated with a pulse of siliclastics during the Valanginian stage. Also, the organic matter accumulation was interpreted as a result of higher oceanic primary productivity.

Lastly, Erba et al. (2004) identified the Valanginian positive CIE as the "Weissert Oceanic

Anoxic Event" based on the extension of discovered organic-carbon rich sediments into the Pacific Ocean. According to Erba et al. (2004), the Weissert OAE is identified between the base of the positive carbon-isotope excursion and its climax. Even though, the authors do not strictly apply their definition on their reported carbon-isotope record (Erba et al., 2004;Figure 2, pg. 150). In later studies, the definition provided by Erba et al. (2004) was strictly followed by some authors (e.g., [START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF][START_REF] Aguado | A new record of the Weissert episode from the Valanginian succession of Cehegín (Subbetic, SE Spain): Bio-and carbon isotope stratigraphy[END_REF], whereas other studies considered the Weissert Event interval as including part of the decrease in δ 13 C that follows the positive excursion (e.g., [START_REF] Bersezio | Berriasian-Aptian black shales of the Maiolica formation (Lombardian Basin, Southern Alps, Northern Italy): Local to global events[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF], or all of the decrease in δ 13 C (e.g., [START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF]. [START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF] identified three phases for the CIE, these include a first phase of rapid δ 13 C increase with a duration of 0.60 My, a second phase of stable δ 13 C values lasting 1.48 My, and a final phase of smooth decrease in δ 13 C values lasting 3.77 My and extending to the early/late Hauterivian boundary. The onset of the positive CIE is generally observed just below the early/late Valanginian boundary and its termination extends to the late Valanginian/early Hauterivian [START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF]McArthur et al., 2007;[START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF]. All this information highlights the importance of having a clear identification of the Weissert Event interval linked with a well-constrained bio-and chemo-stratigraphy among the different study basins. Such approach facilitates correlating and interpreting time-periods of environmental change occurring before, during, and after the Weissert Event interval.

Records of the Valanginian positive CIE extend to a wide range of geographic locations that include the Tethys, Atlantic, northwestern Pacific Ocean, Boreal Realm, and the southern Hemisphere (Figure 1.4) (e.g., [START_REF] Hennig | C-isotope stratigraphy, a calibration tool between ammonite-and magnetostratigraphy: The Valanginian-Hauterivian transition[END_REF][START_REF] Bartolini | Cretaceous radiolarian biochronology and carbon isotope stratigraphy of ODP Site 1149 (northwestern Pacific, Nadezhda Basin)[END_REF][START_REF] Price | Isotopic signals from late Jurassic-early Cretaceous (Volgian-Valanginian) sub-Arctic belemnites, Yatria River, Western Siberia[END_REF][START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF]McArthur et al., 2007;[START_REF] Aguirre-Urreta | Southern Hemisphere Early Cretaceous (Valanginian-Early Barremian) carbon and oxygen isotope curves from the Neuquén Basin, Argentina[END_REF][START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF][START_REF] Charbonnier | Astronomical calibration of the Valanginian "Weissert" episode: The Orpierre marl-limestone succession (Vocontian Basin, southeastern France)[END_REF][START_REF] Price | A High-Resolution Belemnite Geochemical Analysis of Early Cretaceous (Valanginian-Hauterivian) Environmental and Climatic Perturbations[END_REF]. Lastly, the Valanginian positive CIE is reported from different sedimentary marine records such as in carbonates (magnitude ~1.5-2 ‰; e.g., [START_REF] Bartolini | Cretaceous radiolarian biochronology and carbon isotope stratigraphy of ODP Site 1149 (northwestern Pacific, Nadezhda Basin)[END_REF][START_REF] Channell | Magnetostratigraphic calibration of the Late Valanginian carbon isotope event in pelagic limestones from Northern Italy and Switzerland[END_REF][START_REF] Aguado | A new record of the Weissert episode from the Valanginian succession of Cehegín (Subbetic, SE Spain): Bio-and carbon isotope stratigraphy[END_REF], individual fossils such as belemnites, bivalves and foraminifera (magnitude ~2-3 ‰; e.g., [START_REF] Van De Schootbrugge | Paleoceanographic changes during the early Cretaceous (Valanginian-Hauterivian): Evidence from oxygen and carbon stable isotopes[END_REF][START_REF] Price | Isotopic signals from late Jurassic-early Cretaceous (Volgian-Valanginian) sub-Arctic belemnites, Yatria River, Western Siberia[END_REF]McArthur et al., 2007;[START_REF] Meissner | Latitudinal temperature trends in the northern hemisphere during the Early Cretaceous (Valanginian-Hauterivian)[END_REF][START_REF] Price | A High-Resolution Belemnite Geochemical Analysis of Early Cretaceous (Valanginian-Hauterivian) Environmental and Climatic Perturbations[END_REF], and organic matter (magnitude ~1.5-3 ‰; e.g., [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF]. Moreover, the positive CIE was observed in terrestrial fossil plants (~4 ‰ magnitude) from the boreal regions in the Crimea and arctic Russia [START_REF] Gröcke | The Upper Valanginian (Early Cretaceous) positive carbon-isotope event recorded in terrestrial plants[END_REF][START_REF] Nunn | The Valanginian positive carbon isotope event in Arctic Russia: Evidence from terrestrial and marine isotope records and implications for global carbon cycling[END_REF]. The perturbation of the carbon-cycle is then recorded in both the oceanic and atmospheric climate systems. 

Oceanic anoxic conditions

The expression of the Valanginian positive CIE as an OAE has been seriously

questioned by some authors [START_REF] Westermann | The Valanginian δ 13 C excursion may not be an expression of a global oceanic anoxic event[END_REF][START_REF] Kujau | No evidence for anoxia during the Valanginian carbon isotope event -An organic-geochemical study from the Vocontian Basin, SE France[END_REF]. Valanginian layers rich in organic matter are limited to few localities in the Tethys, Atlantic, and Pacific (Figure 1.5) [START_REF] Westermann | The Valanginian δ 13 C excursion may not be an expression of a global oceanic anoxic event[END_REF][START_REF] Kujau | No evidence for anoxia during the Valanginian carbon isotope event -An organic-geochemical study from the Vocontian Basin, SE France[END_REF]. The total organic carbon (TOC) contents reported from the Tethys are generally low, evaluated at <1.68 % by [START_REF] Westermann | The Valanginian δ 13 C excursion may not be an expression of a global oceanic anoxic event[END_REF].

However, centimetric layers rich in organic matter "Barrande layers" are observed from the Vocontian Basin (France) prior to the Valanginian positive CIE, with TOC contents in the range of 1.9 -3.7 % [START_REF] Reboulet | Ammonoid and nannoplankton abundance in Valanginian (early Cretaceous) limestone-marl successions from the southeast France Basin: Carbonate dilution or productivity? Palaeogeogr[END_REF]. Other localities where TOC contents were reported include the Atlantic (<0.9 %, [START_REF] Claypool | Analysis of organic matter in sediment cores from the Moroccan Basin, Deep Sea Drilling Project sites 415 and 416[END_REF]and <1.9 %, Bornemann and Mutterlose, 2008), Pacific (2.5 -3.1 %, Bralower et al., 2002), Boreal Realm (<3 %, [START_REF] Mutterlose | The Greenland-Norwegian Seaway: A key area for understanding Late Jurassic to Early Cretaceous paleoenvironments[END_REF], and the southern Hemisphere (0.07 -2.8 %, Gómez-Dacal et al., 2018b).

Moreover, [START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF] implied that the observed organic-matter rich layers are not consistently synchronous among basins.

Based on geochemical proxies, there is no clear evidence of widespread oceanic dys-to anoxic conditions, as they seem limited to few basins in the northern Atlantic and the Pacific [START_REF] Bersezio | Berriasian-Aptian black shales of the Maiolica formation (Lombardian Basin, Southern Alps, Northern Italy): Local to global events[END_REF][START_REF] Mutterlose | The Greenland-Norwegian Seaway: A key area for understanding Late Jurassic to Early Cretaceous paleoenvironments[END_REF][START_REF] Westermann | The Valanginian δ 13 C excursion may not be an expression of a global oceanic anoxic event[END_REF][START_REF] Kujau | No evidence for anoxia during the Valanginian carbon isotope event -An organic-geochemical study from the Vocontian Basin, SE France[END_REF]Morales et al., 2015;Gómez-Dacal et al., 2018a). Consequently, [START_REF] Kujau | No evidence for anoxia during the Valanginian carbon isotope event -An organic-geochemical study from the Vocontian Basin, SE France[END_REF] suggested to refer to the event as the "Weissert CIE" instead of the "Weissert OAE". Hypotheses that explain the absence of significant organic-carbon rich marine sediments in the Valanginian include, limited marine primary productivity [START_REF] Kujau | No evidence for anoxia during the Valanginian carbon isotope event -An organic-geochemical study from the Vocontian Basin, SE France[END_REF], and/or the absence of oceanic stratification associated with a low decantation and preservation of the organic matter transported to the sea-floor [START_REF] Westermann | The Valanginian δ 13 C excursion may not be an expression of a global oceanic anoxic event[END_REF][START_REF] Westermann | Paleoenvironmental changes during the valanginian: New insights from variations in phosphorus contents and bulk-and clay mineralogies in the western tethys[END_REF].

Organic-matter production and preservation in terrestrial environments was proposed as an alternative mechanism to drawdown 12 C and cause the Valanginian positive CIE [START_REF] Van De Schootbrugge | Paleoceanographic changes during the early Cretaceous (Valanginian-Hauterivian): Evidence from oxygen and carbon stable isotopes[END_REF][START_REF] Price | Isotopic signals from late Jurassic-early Cretaceous (Volgian-Valanginian) sub-Arctic belemnites, Yatria River, Western Siberia[END_REF][START_REF] Westermann | The Valanginian δ 13 C excursion may not be an expression of a global oceanic anoxic event[END_REF]and references therein). Supporting evidence come from occurrences of Valanginian coal deposits (Figure 1.5), although these are not significant and widespread [START_REF] Westermann | The Valanginian δ 13 C excursion may not be an expression of a global oceanic anoxic event[END_REF]and references therein). Moreover, the source of organic matter present in marine sediments from different geographic locations (e.g., Atlantic and the Tethys-Lombardy Basin) is terrestrial [START_REF] Claypool | Analysis of organic matter in sediment cores from the Moroccan Basin, Deep Sea Drilling Project sites 415 and 416[END_REF][START_REF] Van De Schootbrugge | Paleoceanographic changes during the early Cretaceous (Valanginian-Hauterivian): Evidence from oxygen and carbon stable isotopes[END_REF][START_REF] Bersezio | Berriasian-Aptian black shales of the Maiolica formation (Lombardian Basin, Southern Alps, Northern Italy): Local to global events[END_REF]. Nonetheless, organic matter of marine and mixed marine-terrestrial origins are also observed in the Vocontian Basin (Tethys), Polish Basin (seaway connecting the Tethys-Boreal Realms), and Shatsky rise (Pacific) [START_REF] Mutterlose | The Greenland-Norwegian Seaway: A key area for understanding Late Jurassic to Early Cretaceous paleoenvironments[END_REF][START_REF] Westermann | The Valanginian δ 13 C excursion may not be an expression of a global oceanic anoxic event[END_REF][START_REF] Kujau | No evidence for anoxia during the Valanginian carbon isotope event -An organic-geochemical study from the Vocontian Basin, SE France[END_REF]. , 1992; and references therein), and basins with organic-rich layers (yellow circles) [START_REF] Westermann | The Valanginian δ 13 C excursion may not be an expression of a global oceanic anoxic event[END_REF][START_REF] Kujau | No evidence for anoxia during the Valanginian carbon isotope event -An organic-geochemical study from the Vocontian Basin, SE France[END_REF]. Construction from Scotese (2016) PaleoAtlas

Climatic reconstructions

Temperature reconstructions for the Valanginian stage mainly come from geochemical proxies such as oxygen-isotopes and Mg/Ca ratios, and the majority of studies are from the Tethys. These reconstructions are complicated by the lack of precise age correlations among the different basins, and by the contradictory results obtained from different proxies. Oxygen isotopes and Mg/Ca ratios generally show a warming starting from the early Valanginian, followed by a global cooling during the late Valanginian and coinciding with the highest δ 13 C values [START_REF] Van De Schootbrugge | Paleoceanographic changes during the early Cretaceous (Valanginian-Hauterivian): Evidence from oxygen and carbon stable isotopes[END_REF][START_REF] Pucéat | Thermal evolution of Cretaceous Tethyan marine waters inferred from oxygen isotope composition of fish tooth enamels[END_REF][START_REF] Price | Isotopic signals from late Jurassic-early Cretaceous (Volgian-Valanginian) sub-Arctic belemnites, Yatria River, Western Siberia[END_REF]McArthur et al., 2007;[START_REF] Meissner | Latitudinal temperature trends in the northern hemisphere during the Early Cretaceous (Valanginian-Hauterivian)[END_REF][START_REF] Price | A High-Resolution Belemnite Geochemical Analysis of Early Cretaceous (Valanginian-Hauterivian) Environmental and Climatic Perturbations[END_REF][START_REF] Charbonnier | A global palaeoclimatic reconstruction for the Valanginian based on clay mineralogical and geochemical data[END_REF].

Cooling in the late Valanginian is further supported from occurrences of glendonites, dropstones, and illites in high-latitude seas. These sedimentological evidence suggest at least seasonal ice in latitudes higher than 60-65° N-S [START_REF] Frakes | A guide to Phanerozoic cold polar climates from high-latitude ice-rafting in the Cretaceous[END_REF][START_REF] Price | Valanginian isotope variation in glendonites and belemnites from Arctic Svalbard: Transient glacial temperatures during the Cretaceous greenhouse[END_REF][START_REF] Alley | Glaciations at high-latitude Southern Australia during the Early Cretaceous[END_REF]. On the contrary to the above-reconstructions, [START_REF] Littler | High seasurface temperatures during the Early Cretaceous Epoch[END_REF] demonstrated warm sea-surface temperatures and a stable Valanginian climate, obtained from the biomarker TEX86 in the north Atlantic and south Tethys. This was supported by similar warm conditions from oxygen-isotopes characterizing the southern Hemisphere (Gómez Dacal et al., 2018b).

Temporal and spatial distributions of clay minerals demonstrate the influence of a southward-migrating climatic belt within the Tethyan Realm. The climatic belt promoted intensified hydrolyzing conditions around the early-late Valanginian coinciding with the Valanginian positive carbon-isotope excursion [START_REF] Westermann | Paleoenvironmental changes during the valanginian: New insights from variations in phosphorus contents and bulk-and clay mineralogies in the western tethys[END_REF][START_REF] Charbonnier | Eccentricity paced monsoon-like system along the northwestern Tethyan margin during the Valanginian (Early Cretaceous): New insights from detrital and nutrient fluxes into the Vocontian Basin (SE France)[END_REF][START_REF] Charbonnier | A global palaeoclimatic reconstruction for the Valanginian based on clay mineralogical and geochemical data[END_REF]and references therein). Spore-pollen ratios and plant assemblages also show increasing humidity around the early-late Valanginian at mid-latitudes in the Tethys [START_REF] Kujau | Reconstructing Valanginian (Early Cretaceous) mid-latitude vegetation and climate dynamics based on spore-pollen assemblages[END_REF]. Afterwards, dry conditions (i.e., less hydrolyzing) are recorded in the late

Valanginian.

The possible humid and warm conditions coinciding around the early-late Valanginian support a Valanginian greenhouse climate [START_REF] Charbonnier | A global palaeoclimatic reconstruction for the Valanginian based on clay mineralogical and geochemical data[END_REF], thus an increasing fertilization of marine settings through continental weathering (i.e., intensified hydrolysis). The latter is also supported by the enrichment of marine sediments with continentally-sourced elements (Al, Mn, Fe and P) in the Tethys (Vocontian Basin, Lombardy Basin, Umbria-Marche Basin, Helvetic Alps, western Carpathians, and the Betic Cordillera) and the Polish Trough (Van De Schootbrugge et al., 2003;[START_REF] Kuhn | Altered carbon cycling and trace-metal enrichment during the late Valanginian and early Hauterivian[END_REF][START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF][START_REF] Westermann | Paleoenvironmental changes during the valanginian: New insights from variations in phosphorus contents and bulk-and clay mineralogies in the western tethys[END_REF]Morales et al., 2015;[START_REF] Charbonnier | Eccentricity paced monsoon-like system along the northwestern Tethyan margin during the Valanginian (Early Cretaceous): New insights from detrital and nutrient fluxes into the Vocontian Basin (SE France)[END_REF].

Biotic perturbations, and a biocalcification crisis

Variations in marine planktonic and benthic assemblages demonstrate environmental change around the Weissert Event. Several micropaleontological studies demonstrated increasing marine primary productivity and fertility during the Valanginian stage, and in different geographic realms (Tethys, proto-Atlantic Ocean, and the Boreal Realm). These studies concerned calcareous nannofossils [START_REF] Bersezio | Berriasian-Aptian black shales of the Maiolica formation (Lombardian Basin, Southern Alps, Northern Italy): Local to global events[END_REF][START_REF] Lozar | Calcareous nannofossil biostratigraphy of Cretaceous sediments recovered at ODP Site 1149 (Leg 185, Nadezhda Basin, western Pacific)[END_REF][START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF][START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF][START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF], radiolarians [START_REF] Jud | Biochronology and systematics of Early Cretaceous Radiolaria of the western Tethys Keith[END_REF][START_REF] O'dogherty | Rates and pattern of evolution among Cretaceous radiolarians: Relations with global paleoceanographic events[END_REF][START_REF] Bartolini | Cretaceous radiolarian biochronology and carbon isotope stratigraphy of ODP Site 1149 (northwestern Pacific, Nadezhda Basin)[END_REF], and dinoflagellate biomarkers [START_REF] Kujau | No evidence for anoxia during the Valanginian carbon isotope event -An organic-geochemical study from the Vocontian Basin, SE France[END_REF][START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF]. Turnovers are also observed in benthic carbonate producers from coalgal and foramol assemblages (oligotrophic photozoan) to bryomol and crinoid assemblages (mesotrophic heterozoan) [START_REF] Föllmi | Phosphogenesis, carbon-isotope stratigraphy, and carbonate-platform evolution along the Lower Cretaceous northern Tethyan margin[END_REF][START_REF] Föllmi | Interactions between environmental change and shallow water carbonate buildup along the northern Tethyan margin and their impact on the Early Cretaceous carbon isotope record[END_REF].

The Valanginian stage is also characterized by a biocalcification crisis recorded from benthic and planktonic organisms in platform and pelagic settings. A correlation is observed between the demise of Tethyan carbonate platforms (i.e., carbonate platform drowning) and the

Valanginian positive CIE (Carbon-Isotope Excursion) [START_REF] Föllmi | Phosphogenesis, carbon-isotope stratigraphy, and carbonate-platform evolution along the Lower Cretaceous northern Tethyan margin[END_REF][START_REF] Föllmi | Interactions between environmental change and shallow water carbonate buildup along the northern Tethyan margin and their impact on the Early Cretaceous carbon isotope record[END_REF][START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: A possible link? Palaeogeogr[END_REF]Van De Schootbrugge et al., 2003). Also, a decline in the nannofossil group "nannoconids" is observed to start before the Valanginian positive CIE [START_REF] Channell | Magnetostratigraphic calibration of the Late Valanginian carbon isotope event in pelagic limestones from Northern Italy and Switzerland[END_REF][START_REF] Bersezio | Berriasian-Aptian black shales of the Maiolica formation (Lombardian Basin, Southern Alps, Northern Italy): Local to global events[END_REF][START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF]. Nannoconids are the biggest carbonate producers within the nannofossil assemblages during the Early Cretaceous. Also, [START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF] show that during the nannoconids decline prior to the positive CIE, the platform carbonate production was not affected. Also, during the positive CIE, pelagic carbonate production (represented by nannofossil fluxes) increased while the platform carbonate production decreased.

The biocalcification crisis is hypothesized to be caused by elevated pCO2 levels, changing ocean chemistry (low pH, carbonate ion concentration and CaCO3 saturation), temperature variations, shallowing of the calcite compensation depth, and/or sea-level rise [START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF][START_REF] Weissert | Volcanism, CO2 and palaeoclimate: a Late Jurassic-Early Cretaceous carbon and oxygen isotope record[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF]and references therein). Increased terrigenous input from continental weathering and higher nutrients input from upwellings are also proposed to increase suspension load and cause the dilution and drowning of carbonates. The accumulation of phosphate-, glauconite-and clastic-rich layers during the platform drowning events support the nutrification hypotheses from continental and upwelling sources [START_REF] Föllmi | Phosphogenesis, carbon-isotope stratigraphy, and carbonate-platform evolution along the Lower Cretaceous northern Tethyan margin[END_REF][START_REF] Föllmi | Interactions between environmental change and shallow water carbonate buildup along the northern Tethyan margin and their impact on the Early Cretaceous carbon isotope record[END_REF][START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: A possible link? Palaeogeogr[END_REF]Van De Schootbrugge et al., 2003;[START_REF] Weissert | Volcanism, CO2 and palaeoclimate: a Late Jurassic-Early Cretaceous carbon and oxygen isotope record[END_REF].

Trigger of the Weissert Event

The triggering mechanisms causing the suggested re-enforced greenhouse climate and the associated aforementioned environmental perturbations have been tentatively linked with extensive volcanism from the Paraná-Etendeka LIP (Large Igneous Province) of south America -southwest Africa [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF][START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: A possible link? Palaeogeogr[END_REF]Erba et al., 2004) or the Comei-Bunbury LIP of southeast Tibet -southwest Australia [START_REF] Zhu | The 132 Ma Comei-Bunbury large igneous province: Remnants identified in present-day southeastern Tibet and southwestern Australia[END_REF] (Figure 1.6). However, radiometric ages of basaltic and silicic rocks range between, 135-133 Ma in the Paraná province (south America) [START_REF] Renne | The age of Paraná flood volcanism, rifting of Gondwanaland, and the Jurassic-Cretaceous boundary[END_REF][START_REF] Thiede | Paraná flood basalts: Rapid extrusion hypothesis confirmed by new 40Ar/39Ar results[END_REF][START_REF] Janasi | The onset of flood basalt volcanism, Northern Paraná Basin, Brazil: A precise U-Pb baddeleyite/zircon age for a Chapecótype dacite[END_REF][START_REF] Almeida | Contemporaneous alkaline and tholeiitic magmatism in the Ponta Grossa Arch, Paraná-Etendeka Magmatic Province: Constraints from U-Pb zircon/baddeleyite and 40Ar/39Ar phlogopite dating of the José Fernandes Gabbro and mafic dykes[END_REF][START_REF] Baksi | Paraná flood basalt volcanism primarily limited to ~ 1 Myr beginning at 135 Ma: New 40Ar/39Ar ages for rocks from Rio Grande do Sul, and critical evaluation of published radiometric data[END_REF][START_REF] Rocha | Rapid eruption of silicic magmas from the Paraná magmatic province (Brazil) did not trigger the Valanginian event[END_REF], 135-126 Ma in the Etendeka province (southwest Africa) (e.g., [START_REF] Roex | Isotope and trace element geochemistery of Cretaceous Damaraland lamprophyres and carbonatites, northwestern Namibia: evidence for plume-lithosphere interactions[END_REF]Ewart et al., 1998;[START_REF] Thompson | Early cretaceous basalt and picrite dykes of the Southern Etendeka Region, NW Namibia: Windows into the role of the Tristan mantle plume in Paraná-Etendeka magmatism[END_REF]Trumbull et al., 2004; and references therein), 134-130 Ma in the Comei province (southeast Tibet) [START_REF] Zhu | The 132 Ma Comei-Bunbury large igneous province: Remnants identified in present-day southeastern Tibet and southwestern Australia[END_REF][START_REF] Liu | Petrogenesis of the Early Cretaceous Laguila bimodal intrusive rocks from the Tethyan Himalaya: Implications for the break-up of Eastern Gondwana[END_REF], and 132-123 Ma in the Bunbury province (southwest Australia) [START_REF] Frey | Petrogenesis of the Bunbury Basalt, Western Australia: Interaction between the Kerguelen plume and Gondwana lithosphere?[END_REF][START_REF] Zhu | Petrogenesis of the earliest Early Cretaceous mafic rocks from the Cona area of the eastern Tethyan Himalaya in south Tibet: Interaction between the incubating Kerguelen plume and the eastern Greater India lithosphere?[END_REF]and references therein). These radiometric ages postdate the onset of the Valanginian positive CIE (135.22 ± 1.0 Ma, [START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF].

Although, very few radiometric ages from the Paraná province (135.6±1.8 to 134.4±1.1 Ma; [START_REF] Pinto | Zircon U-Pb geochronology from the Paraná bimodal volcanic province support a brief eruptive cycle at ~135Ma[END_REF] show a partial overlap with the onset of the Valanginian positive CIE. In addition, the introduction of limiting bio-metals from spreading-ridges is hypothesized to cause the nutrification of pelagic settings far from riverine input (Erba et al., 2004). The activity of spreading ridges was highly common in the lower Cretaceous tectonic setting with the breakup of Gondwana and the formation of basaltic oceanic plateaus (e.g., [START_REF] Vallier | Volcanogenic Sediments and their Relation to Landmass Volcanism and Sea Floor-Continent Movements, Western Indian Ocean, Leg 25, Deep Sea Drilling Project[END_REF].

Evidence for volcanic outgassing during the Valanginian come from few recent studies. [START_REF] Charbonnier | Mercury enrichment indicates volcanic triggering of Valanginian environmental change[END_REF] observed mercury enrichments in sediments at or near the onset of the Weissert Event, whose origin is hypothesized to be volcanic. Also, [START_REF] Fesneau | Evidence of aerial volcanic activity during the Valanginian along the northern Tethys margin[END_REF] observed an ochre-colored layer of early Valanginian age in the Vocontian Basin (France), that was enriched in trace elements with a specific magmatic affinity (Zr, Ba, Th, Y, Hf, U, Pb, Nb, Ta). They interpreted it as "bentonite" of volcanic intraplate or rifting origin. [START_REF] Chavagnac | Global environmental effects of large volcanic eruptions on ocean chemistry: Evidence from "hydrothermal" sediments (ODP Leg 185, Site 1149B)[END_REF] Valanginian stage and their connection with the "Weissert Oceanic Anoxic Event" is still not achieved. Also, the mechanisms causing the 12 C depletion and the respective carbon-reservoirs implicated remain obscure. Although, discussions generally focus on enhanced primary productivity in marine and terrestrial environments as the underlying mechanisms. The assumed triggering factors include a greenhouse Valanginian climate inferred from temperature, humidity, and/or weathering reconstructions. Moreover, the majority of available studies come from geological sections in the northern and central Tethys, and from DSDP sites in the Atlantic (see Figure 1.4). Fewer studies concern the eastern and southern Tethys, the Boreal Realm, and much less concern the Pacific and the southern Hemisphere. Also, environmental reconstructions are rarely investigated along a proximal-to-distal transect within a basin (i.e., shallow versus deep settings). In addition, very limited studies integrate different proxies (sedimentological, paleontological, and geochemical) on several geological sections within a basin. Often, the use of a single proxy on a single geological section leads to missing interpretations. Lastly, global reconstructions on the Valanginian environmental perturbations are subject to uncertain time-correlation due to the limitations of biostratigraphic schemes when comparing between basins in different biotic realms.

In this study, we attempt to face these challenges by investigating the paleoceanographic perturbations during the Valanginian stage in order to better constrain the variations before, during and after the Weissert Oceanic Anoxic Event. First, we consider studying several geological successions from the southern Tethys margin. The successions belong to the central Moroccan margin which includes the Essaouira-Agadir Basin. Also, they provide a basin-wide coverage that include proximal-to-distal and north-to-south transects. This allows to identify sedimentary sequences and to obtain a detailed paleogeographic reconstruction. Then, we establish a well-constrained integrated stratigraphy based on bio-(ammonite and calcareous nannofossil), chemo-stratigraphy (carbon-isotope), and sedimentological discontinuities.

Afterwards, we reconstruct the paleoenvironmental conditions by integrating the abovementioned data with different proxies, calcareous nannofossils and radiogenic isotopes (Pb, Sr and Nd) along with major and trace elements. The paleoceanographic variations are investigated using calcareous nannofossils from three geological successions with different paleogeographical locations within the central Moroccan margin. This allows to characterize a detailed time-succession in nannoplankton production and surface-water fertility in the marine surface waters during the Valanginian. These are then correlated with the observed carbonisotope signal to test the hypothesis of productivity to drawdown 12 C. The application of radiogenic isotopes together with major and trace elements was then integrated from two geological successions (one proximal and another distal). This helps constrain the former paleoceanographic reconstruction from calcareous nannofossils. Stratigraphic variations in the geochemical proxies provided additional information on the changing environmental conditions during the Valanginian, such as to characterize changes in continental weathering regimes, to test for nutrient input from upwellings, and to investigate for any volcanic contribution.

Chapter 2 Study area

Preface: This chapter provides a general understanding of the investigated study area, located on the central Moroccan margin (NW Africa). The margin includes the Essaouira-Agadir Basin where several onshore sections have been investigated in the course of this study.

In addition, we investigated an offshore succession (DSDP Leg 50 Site 416A) which is also located on the central Moroccan margin. Accordingly, we present the basin's geography, geological evolution that controlled facies deposition, and the lithostratigraphy of lower Cretaceous facies.

Geographic location

The study area is located on the central Moroccan margin (NW Africa) and includes the Essaouira-Agadir Basin (EAB) and the offshore DSDP Site 416A (Leg 50). The EAB is a coastal basin situated in the westernmost part of the High Atlas fold belt ( The EAB presently constitutes part of the Atlantic passive margin, and it extends offshore until the western limit of the continental margin (Frizon de Lamotte et al., 2008). The Atlantic passive margin is considered one of the oldest existing passive margins [START_REF] Stets | Atlas and Atlantic -structural relations[END_REF][START_REF] Sahabi | Un nouveau point de départ pour l'histoire de l'Atlantique central[END_REF]. Also, it was part of the Tethyan margin during the life-time of the Tethys oceanic development (Triassic-Cretaceous). Therefore, the geological evolution of the Atlantic-Tethyan passive margin controlled that of the EAB [START_REF] Ellouz | From rifting to Alpine inversion: Mesooic and Cenozoic subsidence history of some Moroccan basins[END_REF]. Its sedimentary and tectonic history will be discussed in the following section. 

General geological evolution

The Essaouira-Agadir Basin (EAB) presently belongs to the "Atlas system" which is defined as an "intracontinental, autochthonous system that developed over a continental crust", and is formed by the high Atlas and Middle Atlas mountain ranges (Figure 2.1) (Frizon de Lamotte et al., 2008;and references therein). The geological evolution of the Atlas system can be divided into a pre-orogenic period during the rifting and drifting stage (Triassic to Late Cretaceous), and an orogenic inversion period during the Alpine compression stage (Cenozoic).

Initial rifting from the EAB conjugate counterpart, Nova Scotia of North America, started in the Late Permian-Triassic and the syn-rift stage extended from the Early Triassic until the early Middle Jurassic [START_REF] Zühlke | Quantitative Meso-/Cenozoic development of the eastern Central Atlantic continental shelf, western High Atlas, Morocco[END_REF][START_REF] Davison | Central Atlantic margin basins of North West Africa: Geology and hydrocarbon potential (Morocco to Guinea)[END_REF][START_REF] Gouiza | Mesozoic Source-to-Sink Systems in NW Africa : Geology of vertical movements during the birth and growth of the Moroccan rifted margin[END_REF]. The Triassic sedimentation is characterized by thick red bed clastics, overlain by lower Jurassic shales and anhydrite [START_REF] Hafid | Triassic-early Liassic extensional systems and their Tertiary inversion, Essaouira Basin (Morocco)[END_REF][START_REF] Roy | Triassic-Liassic western Moroccan synrift basins in relation to the Central Atlantic opening[END_REF][START_REF] Davison | Central Atlantic margin basins of North West Africa: Geology and hydrocarbon potential (Morocco to Guinea)[END_REF]. Within the latter, thick tholeiitic basalt flows correspond to the intense magmatic activity of the Central Atlantic Magmatic Province (CAMP) dated around 200 Ma (Le [START_REF] Roy | Subsidence of the Atlantic Moroccan margin during the Mesozoic[END_REF][START_REF] Nomade | Chronology of the Central Atlantic Magmatic Province: Implications for the Central Atlantic rifting processes and the Triassic-Jurassic biotic crisis[END_REF].

The CAMP basalts are dated from ~203 to ~196 Ma and mark the climax of the rifting stage [START_REF] Knight | The Central Atlantic Magmatic Province at the Triassic-Jurassic boundary: Paleomagnetic and 40Ar/39Ar evidence from Morocco for brief, episodic volcanism[END_REF][START_REF] Michard | An outline of the geology of Morocco[END_REF]. Figure 2.3 shows a scheme illustrating the rift stage in the Atlantic Ocean. Thereafter, marine conditions prevailed during the Early Jurassic with the formation of broad carbonate ramps [START_REF] Zühlke | Quantitative Meso-/Cenozoic development of the eastern Central Atlantic continental shelf, western High Atlas, Morocco[END_REF]. The Liassic (Early Jurassic) paleogeography was important in the development of the High Atlas Cretaceous basins. At that time, a subsident high called the West Moroccan Arch (WMA) separated two provinces in the Atlas system (Figure 2.4): (1) an eastern province opening to the Tethys (Central and Eastern High Atlas and Middle Atlas), and (2) a western province connected to the Atlantic (western High Atlas) (Frizon de Lamotte et al., 2008;and references therein). The EAB belonged to the western province. Following the appearance of oceanic crust in the early Middle Jurassic, continuous post-rift sedimentation associated with thermal subsidence took place until the Early Cretaceous [START_REF] Medina | Syn-and postrift evolution of the El Jadida-Agadir Basin (Morocco): constraints for the rifting models of the central Atlantic[END_REF][START_REF] Piqué | Transtensive synsedimentary tectonics associated with ocean opening: The Essaouira-Agadir segment of the Moroccan Atlantic margin[END_REF][START_REF] Bouatmani | Subsidence, évolution thermique et maturation des hydrocarbures dans le bassin d'Essaouira (Maroc) : apport de la modélisation[END_REF][START_REF] Hafid | Atlantic basins[END_REF]. During the Jurassic, a N-S to NNW-SSE trending mainly carbonate shelf was located ~ 5-15 km offshore the present coastline between Agadir and Essaouira [START_REF] Hafid | The western termination of the Jebilet-High Atlas system (Offshore Essaouira Basin, Morocco)[END_REF][START_REF] Zühlke | Quantitative Meso-/Cenozoic development of the eastern Central Atlantic continental shelf, western High Atlas, Morocco[END_REF]. Subsidence combined with well-documented eustatic transgressions allowed the development of broad marine carbonate platforms, and deeper marine carbonates to the West (Le [START_REF] Roy | Subsidence of the Atlantic Moroccan margin during the Mesozoic[END_REF][START_REF] Davison | Central Atlantic margin basins of North West Africa: Geology and hydrocarbon potential (Morocco to Guinea)[END_REF][START_REF] Hafid | Atlantic basins[END_REF].

Prevalent shallowing conditions during the Late Jurassic terminated with the latest Jurassic sharp regression that caused the emergence of the carbonate platforms, and the stacking of evaporitic deposits [START_REF] Wiedmann | Cretaceous Stratigraphy, Environment, and Subsidence History at the Moroccan Continental Margin[END_REF][START_REF] Rey | Lithostratigraphy, biostratigraphy and sedimentary dynamics of the Lower Cretaceous deposits on the northern side of the western High Atlas (Morocco)[END_REF][START_REF] Roy | Subsidence of the Atlantic Moroccan margin during the Mesozoic[END_REF]. to the north and south by emergent lands (Figure 2.5) [START_REF] Behrens | Sedimentation in the Atlas Gulf I: Lower Cretaceous Clastics[END_REF][START_REF] Piqué | Transtensive synsedimentary tectonics associated with ocean opening: The Essaouira-Agadir segment of the Moroccan Atlantic margin[END_REF][START_REF] Masrour | Succession des peuplements d'échinides du Crétacé inférieur dans le Haut Atlas atlantique (Maroc); révision systématique et intérêt stratigraphique[END_REF][START_REF] Frizon De Lamotte | Mesozoic and Cenozoic vertical movements in the Atlas system (Algeria, Morocco, Tunisia): An overview[END_REF]. Transgressive conditions reached a maximum during the late Valanginian-early Hauterivian, with deposition of deep marine marlstones [START_REF] Ferry | Le Crétacé de la marge atlantique marocaine (région d'Agadir). Excursion du Groupe Français du Crétacé[END_REF]. Shallowing conditions in the late early Hauterivian marked the end of the transgression with the deposition of red sand-and silt-stone beds to the East, and of reefal limestones and shallow marine sandstones of late Hauterivian-early Barremian age to the West (Canerot et al., 1986;[START_REF] Ferry | Le Crétacé de la marge atlantique marocaine (région d'Agadir). Excursion du Groupe Français du Crétacé[END_REF]Jaillard et al., 2019a). Deeper marine conditions were re-established during the Barremian transgression and marly facies were deposited along with marine shales, followed by a late Barremian regression, reaching its maximum in the earliest Aptian [START_REF] Rey | Lithostratigraphy, biostratigraphy and sedimentary dynamics of the Lower Cretaceous deposits on the northern side of the western High Atlas (Morocco)[END_REF][START_REF] Frizon De Lamotte | The Atlas system[END_REF]Jaillard et al., 2019a). The Aptian transgression led to the deepening of depositional environment, leading to the formation of a large marine gulf reaching its largest extension in the late Aptian-early Albian [START_REF] Zühlke | Quantitative Meso-/Cenozoic development of the eastern Central Atlantic continental shelf, western High Atlas, Morocco[END_REF]. The overlying Albian shallow marine marlstones and limestones terminated with shallow marine limestones and sandstones of late Albian age [START_REF] Butt | Micropaleontological bathymetry of the cretaceous of western Morocco[END_REF][START_REF] Wiedmann | Cretaceous Stratigraphy, Environment, and Subsidence History at the Moroccan Continental Margin[END_REF]Jaillard et al., 2019b;[START_REF] Gale | Roveacrinidae (Crinoidea, Articulata) from the Cenomanian and Turonian of North Africa (Agadir Basin and Anti-Atlas, Morocco, and central Tunisia): biostratigraphy and taxonomy[END_REF]. Sea-level continued to fluctuate throughout the Late Cretaceous, marked by notable regressions during the latest Cenomanian [START_REF] Jati | The Cenomanian-Turonian boundary event on the Moroccan Atlantic margin (Agadir basin): Stable isotope and sequence stratigraphy[END_REF][START_REF] Essafraoui | Sequence stratigraphic architecture of marine to fluvial deposits across a passive margin (Cenomanian, Atlantic margin, Morocco, Agadir transect)[END_REF], and in the Senonian due to compressional tectonics [START_REF] Algouti | Le Sénonien du Haut Atlas occidental, Maroc: Sédimentologie, analyse séquentielle et paléogéographie[END_REF]. A final transgression during the Maastrichtian gave way to marls, dolomites, limestones, and chalk [START_REF] Algouti | Le Sénonien du Haut Atlas occidental, Maroc: Sédimentologie, analyse séquentielle et paléogéographie[END_REF]. After the episodic deposition of Tertiary subaerial sediments, compressional deformation resulted in the inversion of the Mesozoic EAB and in the formation of the Atlas Mountains during the Late Eocene-Pliocene interval (Frizon de [START_REF] Frizon De Lamotte | The two main steps of the atlas building and geodynamics of the Western Mediterranean[END_REF]2009).

Salt deposition and the development of evaporite basins began in the Late Triassic-Early

Jurassic during the emplacement of the CAMP basalts and continued episodically during the Jurassic. Salt tectonics "halokinesis" greatly influenced post-rift sedimentation and structural evolution in the EAB [START_REF] Tari | Examples of salt tectonics from West Africa: A comparative approach[END_REF][START_REF] Hafid | Atlantic basins[END_REF][START_REF] Tari | Salt tectonics along the atlantic margin of morocco[END_REF]. (1985), [START_REF] Rey | Lithostratigraphy, biostratigraphy and sedimentary dynamics of the Lower Cretaceous deposits on the northern side of the western High Atlas (Morocco)[END_REF], [START_REF] Ettachfini | Le Valanginien de l'Atlas atlantique (Maroc): stratigraphie et ammonitofaune[END_REF], Le [START_REF] Roy | Subsidence of the Atlantic Moroccan margin during the Mesozoic[END_REF][START_REF] Zühlke | Quantitative Meso-/Cenozoic development of the eastern Central Atlantic continental shelf, western High Atlas, Morocco[END_REF].

According to these authors, the Lower Cretaceous strata rest on limestones and sandy/marly limestones of latest Tithonian-earliest Berriasian age; the latter belong to the "Cap Tafelney" Formation. The Lower Cretaceous formations are as follows, from base to top. (1) The "Agroud Ouadar" Formation (Berriasian-lower Valanginian) is characterized by alternations of marlstones and marly limestones along with glauconite and calcareous nodules.

It is probably restricted to the early Valanginian. Both aforementioned formations were deposited in an inner shelf environment. [START_REF] Aoutem | UJF-ID 17067[END_REF] The "Sidi Lhousseine" Formation (late Valanginian-lower Hauterivian) consists of green marlstones with beds of argillaceous limestones and sandstones. This formation shows a lithological change to higher terrigenous clastics, and is overlain by a major sedimentary discontinuity. The depositional environment reflects a relatively high sea-level.

(3) The "Tamanar" Formation (upper part of the lower Hauterivian) mainly consists of reefal limestones reflecting a shallow shelf deposition, which grade upward to marlstones of deeper environment [START_REF] Ferry | Le Crétacé de la marge atlantique marocaine (région d'Agadir). Excursion du Groupe Français du Crétacé[END_REF]. Lastly, (4) the "Talmest" Formation (upper Hauterivian) consists of red claystones and sandstones in the east, red and green claystones with thin sandy beds in the central area, and sandy limestones in the west (marine deposition). These were deposited in a fluvial to peri-tidal flat. According to [START_REF] Ferry | Le Crétacé de la marge atlantique marocaine (région d'Agadir). Excursion du Groupe Français du Crétacé[END_REF], they were deposited in a nearshore environment submitted to frequent emergences that explain their red color.

Chapter 3 Principles and analytical methods in geochemistry

Preface Also, an additional lot of twenty-eight samples from the Site 416A were analyzed only for their radiogenic isotope ratios. Bulk-rock samples were finely crushed and homogenized in an agate mortar.

Major elements

The analysis of major elements was done by the CNRS Service d'Analyse des Roches et des Minéraux (SARM) in Nancy, France. Rocks samples were digested using alkali fusion, and major element analysis was done by flow injection ICP-MS. The procedures and analyses conditions are described in [START_REF] Carignan | Routine analyses of trace elements in geological samples using flow injection and low pressure on-line liquid chromatography coupled to ICP-MS: A study of geochemical reference materials BR, DR-N, UB-N, AN-G and GH[END_REF]. Accuracy was assessed based on the international reference materials (BR, AN-G, UB-N, DR-N and GH) (see [START_REF] Carignan | Routine analyses of trace elements in geological samples using flow injection and low pressure on-line liquid chromatography coupled to ICP-MS: A study of geochemical reference materials BR, DR-N, UB-N, AN-G and GH[END_REF].

Complete duplicate analysis of one of our samples demonstrates a reproducibility better than 5 % (Table 3.1). 

Sample digestion and preparation

The protocols were generally similar to those described in [START_REF] Chauvel | Comprehensive Chemical and Isotopic Analyses of Basalt and Sediment Reference Materials[END_REF], with some slight modifications. About 100 mg of total rock powder were dissolved in concentrated HNO3:HF (1:3 ratio) in Parr bombs for over 2 weeks at 150 o C. The only exceptions were the three basalt standards (BHVO-2, BR-24, and BE-N) that were digested in Savillex Teflon beakers, because they do not contain refractory minerals. Complete digestion was assured in both cases. After digestion, the samples were evaporated and then conditioned with 5 mL HNO3 (14N), followed by another evaporation. The conditioning and evaporating were repeated as much as was necessary in order to remove any precipitates that might have formed. The studied samples were digested and analyzed in batches consisting of twenty rock samples, one or two complete duplicate samples, one chemistry blank, and the three rock standards (BHVO-2, BR-24, and BE-N).

2.2

Analytical Measurement (ICP-MS)

Fundamentals of operation

Concentrations were measured on the "Agilent 8900" ICP-MS (Inductively Coupled Plasma -Mass Spectrometry). An ICP-MS uses a high-temperature atomizing ion source coupled to a mass spectrometer. It allows the quantification of 48 elements, ranging from light mass 7 (Li) to heavy mass 238 (U), after ionization of liquid samples in the ICP source.

In the plasma, which is ionized argon gas (Ar+ and e-), high temperatures (6000 -10000 K) cause efficient ionization and break all bonds irrespective of their chemical bonding. The high ion density generated by the plasma facilitates higher sensitivity for analyte measurement.

The samples are introduced into the plasma through a peristaltic pump and a nebulizer. Then, the ion beam passes through an interface composed of two lenses and a pumping system designed to reduce the pressure at the inlet before the MS system. This is necessary since the ICP operates at atmospheric pressure while the MS is about 108 times less (10 -5 mbar). The ions formed go through a focusing system of lenses that accelerate the beam, which is then routed to the mass spectrometer. A mass spectrometer separates charged atoms based on their mass to charge ratio (m/z) during the passage of atoms in electrical and/or magnetic fields. The relative abundance of the separated ions is then quantified by an electron multiplier detector (e.g., [START_REF] Dickin | Radiogenic isotope geology, 2nd editio. ed, Radiogenic isotope geology[END_REF][START_REF] Ammann | Inductively coupled plasma mass spectrometry (ICP MS): a versatile tool[END_REF].

The MS used for elemental concentrations assessment was a triple quadrupole system, consisting of two quadrupoles separated by an octopole (in the collision reaction cell), each composed of several rods (4 to 8) arranged parallel to the ion beam path. In the quadrupoles, a specific DC and radio frequency AC current can be applied to each opposite pairs of rods in order to let ions of a certain mass over charge ratio pass through to the ion detector, whereas all other m/z ratios are deflected. When changing the electrical frequencies on the rods, the quadrupole can scan a spectrum of masses from 0 to 250.

Analytical running conditions

The Agilent 8900 ICP-MS was used in single quadrupole mode, the first quadrupole therefore serving as an ion guide. The ICP settings were set to general purpose. A mode of intermediate sensitivity that enables precise quantification of most major and trace elements in a single x10000 rock dilution, while robust enough to minimize signal drift throughout the run (~1% sensitivity reduction per hour, 7 samples per hour). Except for low masses 7 Li, 9 Be, and 11 B, all masses where measured in collision mode with a 5 ml.min -1 He flux in the collision reaction cell to remove polyatomic interferences. The dilution factor of x10000 was performed using HNO3 (0.5N) plus traces of HF and indium standard (5 ppb). It is necessary to reduce the matrix concentration to 0.01 % TDS (Total Dissolved Solids) for optimal machine stability.

Data treatment

In order to assess sensitivity evolution through time, an indium (In) internal standard at 

Results validation (reference material and duplicates)

The chemical procedure was checked by evaluating the procedural blank (chemistry blank) and the running blank solution (solution blank). They were both negligible. The accuracy of our analytical results was evaluated from the analyses of reference basalt material (BR-24 and BHVO-2). The obtained results are compared with their published trace elements concentrations in Table 3.2. The accuracy is generally good (<5 %) for the majority of elements.

Few elements do not show good correspondence (W, Tl and Bi), which can be explained by their low measured concentrations (<1 ppm) reducing analytical sensitivity. Also, the precision was assessed from complete duplicate analyses. The results show a very good reproducibility (<5 %) for most elements (Table 3.3). 

Sample preparation and element separation (ion chromatography)

The methods and protocols for the isotope ratios analyses generally follow those described in [START_REF] Chauvel | Comprehensive Chemical and Isotopic Analyses of Basalt and Sediment Reference Materials[END_REF]. The measurement of isotope ratios requires prior separation and purification of elements from the sedimentary matrix. These separations were carried out by aqueous phase chromatography on ion exchange resins (Figure 3.3). Each batch of analyses consisted of 10 samples, the AGV-2 basalt standard or a complete duplicate sample, and a chemistry blank.

About 50 mg of the total rock powder were dissolved in concentrated HF (27N, high purity optima grade) with few drops of HNO3 (14N) in Savillex Teflon beakers for 1-2 weeks at 125°C. This dissolution is separate from that for trace elements. After dissolution, few drops of concentrated HBr (9N, 48 %) were added to the acid solution, and was then evaporated.

Then, the residual solid was treated two times with 1 mL HBr (0.7N) and evaporated, followed by a final treatment with 1.5 mL HBr (0.7N). This final solution was taken into the first ion exchange column. The ion exchange steps will be detailed in the following sections.

Hydrobromic acid forms PbBr complexes which will facilitate Pb separation on the chromatographic column. 

Chromatographic column 1: Separation and purification of Pb

An aliquot of 1 mL was taken from the final mother solution of 1.5 mL HBr (0.7N), representing ~67 % of the dissolved material, and was passed through a column filled with anion exchange resin (0.1 mL AG1-X8, 100-200 mesh). Lead is the last element to be eluted from the column with HCl (6N). The HBr 0.7N and HCl 2N are collected and contain the REE and most elements. The eluted Pb fraction was evaporated and treated with 0.5mL HBr (0.7N), before repeating the same column procedure again in order to further purify the Pb fraction.

The collected REE and other elements fraction was also evaporated and conditioned for the second chromatographic column.

Chromatographic column 2: Separation of Sr and REE

The fraction containing the REE and most elements was conditioned twice with HCl (6N) and evaporated; followed by another conditioning/evaporation step with HCl (2N). The final solid residue was treated with 1 mL HCl (2N), and was loaded onto a cationic exchange resin (2 mL AG50W-X8, 200-400 mesh). In this column, the alkali-earth elements including Sr are separated from the REE including Nd. The columns were calibrated with 2 mL of resin. Sr is eluted by HCl (3.5N); whereas, REE are removed with HCl 6N. The eluted fractions are evaporated prior to the following conditioning steps.

Chromatographic column 3: Separation and purification of Sr

The eluted Sr fraction was then taken in HNO3 (3N) and passed through a third column filled with 0.1 mL of Sr-Spec Resin, 50-100 mesh. Sr is eluted with pure water passed in the final step of the column procedure, and major elements are discarded with HNO3 (3N).

Chromatographic column 4: Separation and purification of Nd

The evaporated residue containing the REE fraction from "column 2" was conditioned with HCl (0.25N) and evaporated, before a final treatment with 0.2 mL HCl (0.25N). The Nd purification columns were filled with Ln-Spec resin (h= 6.5 cm/ Ø= 0.36 cm), and were calibrated using a neodymium standard at 2.5 microg/column. Nd was collected in 6 mL, after discarding 8 to 9 mL HCl (0.25N).

The column calibration technique is qualitative and consists of continuously collecting small volumes (~1 mL) of eluted solution, and then adding few drops of ammoniac and color indicator. The solution changes from blue to a "pink-purple" color when Nd is present (Figure 3.4) because the color indicator reacts with 3+ ions. Figure 3.4 shows a typical Ln-Spec resin elution profile. 

Analytical Measurement (MC-ICP-MS)

Fundamentals of operation

The Pb, Sr, and Nd isotope ratios were measured on a Multi-Collector (MC) ICP-MS (Thermo scientific Neptune plus). The source is similar to that described in the ICP-MS (section 2.2.1). After ionization in the plasma source, the beam passes through two cones before being focused by a lens system. The beam then passes through the electrical and magnetic sectors, allowing isotope separation according to their mass before their measurement in the collector cages.

The ions are separated in a magnetic-sector MS (curved electromagnet) by changing the applied magnetic field, or by their radius trajectory when the magnetic field is constant. The latter case allows the separation of isotopes of an element simultaneously even when their masses are very similar (e.g., 143 Nd and 144 Nd). Heavier ions will be deflected to paths having larger radii than the lighter ions. Equation 3.1 and Equation 3.2 demonstrate how the radius trajectory is proportional to the mass of the ions when the magnetic field and the accelerating voltage are constant [START_REF] Faure | Principles of isotope geology[END_REF][START_REF] Dickin | Radiogenic isotope geology, 2nd editio. ed, Radiogenic isotope geology[END_REF].

Equation 3.1

! = 143.95 ) * + × - .
/ with r: radius of ion path (cm), 143.95 is a constant, B: strength of magnetic field (gauss), m: mass of ions (amu), V: potential differences (volts), and e: units of electronic charge.

Equation 3.2

! 0 = + .
2-3 0 with r and V are same as for Equation 3.1, H: magnetic field (gauss), and m/e: mass to charge ratio.

The practical limit of single-collector analysis in isotope analyses necessitates the use of multiple-collection techniques that cancel out the plasma source instability. Multi-collector detectors for isotope ratio measurements are usually linked to magnetic-sector mass spectrometers. Multi-Collector systems are made of several detectors (~ 9) capturing ion beams, and called Faraday cups. After a spatial separation of ions in the magnetic-sector MS, several Faraday cups will simultaneously collect various isotope intensities. Additionally, measuring several isotopes simultaneously allows to evaluate contributions from elements with interfering masses on the natural isotopic compositions [START_REF] Ammann | Inductively coupled plasma mass spectrometry (ICP MS): a versatile tool[END_REF].

Mass splitting/fractionation

The ionization process in the plasma source involves breaking chemical bonds. The strengths of these chemical bonds are mass-dependent; a bond involving the lighter isotope of an element is more readily broken and preferentially released. Consequently, the lighter isotopes of an element will be overestimated relative to the heavier isotopes. This massdependent fractionation in the plasma source is internally corrected by including a fractionation factor correction when an element has two or more non-radiogenic isotopes [START_REF] Dickin | Radiogenic isotope geology, 2nd editio. ed, Radiogenic isotope geology[END_REF][START_REF] Zou | Quantitative Geochemistry[END_REF].

In order to overcome the mass fractionation bias, the 88 Sr/ 86 Sr and 146 Nd/ 144 Nd ratios are monitored since these are non-radiogenic naturally-occurring isotopes. The measured Sr and Nd isotope ratios are normalized by a fractionation correction value of 0.1194 and 0.7219, respectively [START_REF] O'nions | Geochemical and cosmochemical applications of Nd isotope analysis[END_REF]. For Pb, only one naturally occurring isotope exists ( 204 Pb), and internal fractionation correction is not possible. An external correction is applied using a thallium (Tl) internal standard. Since the mass fractionation is independent of the chemistry of elements involved, a uniform fractionation behavior can be achieved between the standard and the sample. Thus, the stable isotopes of Thallium ( 205 Tl/ 203 Tl ratio) are monitored for fractionation correction at a value of 2.38714 [START_REF] White | High-precision analysis of Pb isotope ratios by multi-collector ICP-MS[END_REF].

Isobaric interferences

Isobaric interferences occur from ionized molecules or elements holding the same mass number as the isotope of a particular element. Although the majority of interfering elements are eliminated during the chemical purification steps, it is still possible that small quantities are present during analyses. For this reason, they are measured during analyses to correct for their presence. For example, when measuring the 143 Nd/ 144 Nd ratio, the 144 Sm interferes on the mass 144 Nd. It is therefore necessary to measure Sm on a mass without interference ( 147 Sm), called control mass, in order to quantify the required correction to be applied on the mass 144. The interfering isotopes on the measured ratios of Pb, Sr, and Nd are summarized in Table 3.4.

Table 3.4 Interfering isotopes on the measured Pb, Sr, and Nd isotope ratios, and the control masses

Analytical running conditions

Isotopic ratio measurement on the MC-ICP-MS was performed using an Apex IR sample introductory system. This system introduces the sample as dry gas into the plasma beam through a humidity condensation tract. The purpose of this "dry" plasma method is to enhance the detected signal. Cones used for lead and strontium were a Jet sampler and a H skimmer, and for neodymium a Jet sampler with an X skimmer. Sample flow rate was at 50 µl/min; sample measurement including the wash and uptake time was for 10 min/sample. During the neodymium measurement, N2 gas was introduced in the Apex IR system at 4 bar pressure to reduce the oxides of Nd which could form in the plasma and interfere with the signal.

Prior to measurement, the Pb fraction samples were spiked with thallium (Tl) internal standard at 5 ppb. Furthermore, all samples were diluted whenever necessary and matched at ~5 % certainty of isotope standard intensity. Isotope fractionation was corrected using the exponential law and the previously-mentioned correction values (see section 3.2.2).

Results validation

Results on blanks

Total procedure blanks (n= 12) measured during the course of this work are shown in in *relatively high concentration in the chemistry blank, refer to text for explanation

Results on isotope reference material

An operating MC-ICP-MS is affected by instrumental drift causing inherent variation in the signal intensity. This drift is controlled and corrected by monitoring standards whose isotopic composition is known and published. The standards (NBS 981 for Pb, AMES Rennes Nd for Nd, and NBS 987 for Sr) were analyzed every four samples during an analysis session.

The measured isotopic ratios on these standards are reported in Table 3.6 and shown in Figure of the sessions, relatively low 143 Nd/ 144 Nd ratios were measured from the "AMES Rennes Nd" standard (Figure 3.6). This could be related to the inherent machine functioning during the day. 

Results on rock reference material and duplicates

The accuracy of isotope analyses was assessed by comparing the corrected isotope ratios of the AGV-2 basalt standard against its recommended values. The results show good accuracy (Figure 3.7). Also, complete duplicate analyses show good reproducibility (see The chapter is presented in the format of an article which is not completely finished yet.

Its introduction and conclusion present respectively the main goals and results which lay the foundation for the subsequent chapters of this manuscript. Introduction

During this research project, multiple field trips were effectuated within the Essaouira-Agadir Basin (EAB, SW Morocco) to study several onshore sections. Sections were measured bed by bed, and samples were collected for multidisciplinary analyses (sedimentology, geochemistry, macrofauna, and calcareous nannofossils). The main goals of this work are to:

(1) Establish a well-constrained integrated stratigraphic framework for the late Berriasianearliest Hauterivian interval based on a high-resolution biostratigraphy (ammonite and calcareous nannofossil biozonations) and chemo-stratigraphy (carbon-isotope). This includes the integration of local biostratigraphic ammonite zonation with the standard zonation. ( 2)

Define time lines, based on the analysis of the evolution of sedimentary depositional environments and sequence analysis. This approach makes it possible to establish precise correlations between the sections in the EAB and with more distant basins, and to isolate, among the parameters influencing sedimentation and environments, local factors from global factors.

(3) Identify the Weissert Event in the EAB following the carbon-isotope analysis.

Geological setting

The Essaouira-Agadir Basin (EAB) of Morocco belongs to the Western Atlas Chain.

The EAB presents outcrops of West-sloping Mesozoic strata that rest on the Hercynian rocks of the High Atlas (Figure 4.1). The EAB comprises two main E-W trending folds, which divide it in three parts. The southern part constitutes the southern flank of the Imouzzer anticline, the core of which offers large outcrops of Jurassic rocks. The central part is comprised between the Imouzzer and the Amsittene anticlines, and includes a mild anticline located south of Tamanar (Figure 4.1). The Northern part is located North of the Amsittene anticline, and has not been studied here.

The first comprehensive studies to understand the stratigraphy of the EAB are those of [START_REF] Roch | Une histoire stratigraphique du Maroc[END_REF] and [START_REF] Ambroggi | Etude géologique du versant méridional du Haut Atlas occidental et de la plaine du Souss[END_REF] who provided a major contribution, and [START_REF] Duffaud | Le bassin du Sud-Ouest Marocain[END_REF]. An overview of the Cretaceous sedimentary succession of the EAB has been given by [START_REF] Wiedmann | Cretaceous Stratigraphy, Environment, and Subsidence History at the Moroccan Continental Margin[END_REF]. The limits of these units, however, are not well defined, and Wiedmann Detailed and modern palaeontological studies based on ammonites of the latest Berriasian-earliest Hauterivian interval have been provided by [START_REF] Ettachfini | Le Valanginien de l'Atlas atlantique (Maroc): stratigraphie et ammonitofaune[END_REF]2004) and [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003). Their rigorous works on systematics of Valanginian fauna allowed to show taxonomic misinterpretations of some Valanginian neocomitids and olcostephanids, and to propose new bio-chronostratigraphic results. For example, [START_REF] Wippich | Valanginian (Early Cretaceous) ammonite faunas from the western High Atlas, Morocco, and the recognition of western Mediterranean "standard" zones[END_REF] recognized most of the ammonite (sub-)zones of the Standard Zonation of the Mediterranean Province proposed by [START_REF] Hoedemaeker | Report on the 1st International Workshop of the IUGS Lower Cretaceous Ammonite Working Group, the "Kilian Group[END_REF], and he gave, for the first time, ammonite markers to characterize the Valanginian-Hauterivian boundary. The boundary is placed within a thick marly series corresponding to the Sidi Lhoussaine Fm of [START_REF] Rey | Le Crétacé inférieur de la région d'Essaouira : données biostratigraphiques et évolutions sédimentaires[END_REF][START_REF] Hofmann | Chemical differentiation of the Earth: the relationship between mantle, continental crust, and oceanic crust[END_REF]. East-West profile of the southern part of the EAB, see [START_REF] Ferry | Le Crétacé de la marge atlantique marocaine (région d'Agadir). Excursion du Groupe Français du Crétacé[END_REF]. The Aït Hamouch (30°36'54"N, 9°42'14"W -30°36'46"N, 9°42'40"W) and Sidi Abderahmane sections (30°42'33"N, 9°44'52"W -30°43'10"N, 9°45'47"W) are located on the southern and northern side of the Imouzzer anticline, respectively. The former was described by [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003), [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF][START_REF] Ferry | Le Crétacé de la marge atlantique marocaine (région d'Agadir). Excursion du Groupe Français du Crétacé[END_REF]; and the latter corresponds to the Zaouia Sidi Abd-er-Rahmane and Taourirt Oubazine sections of [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003) and to the Zawiat Si Abd A-Rahmane of [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]. The Zalidou section (30°54'22"N, 9°39'42"W -30°51'38"N, 9°39'20"W) is located NE of the village Ida w Tghouma, and was already described by [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]. The Igouzoulen section (31°04'59"N, 9°41'24"W -31°04'54"N, 9°41'28"W) has been studied along the Igouzoulen river, a few km West of the Tamanar-Smimou road. The Obbay (31°07'07"N, 9°46'05"W -31°07'01"N, 9°46'06"W) and Ida w Iddar (31°07'28"N, 9°36'01"W -31°08'20"N, 9°36'02"W) sections belong to the southern flank of the Amsittene anticline. The former was already studied by [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF].

Sedimentology

The sections were studied and measured bed by bed. Most sedimentological observations (lithology, sedimentary features, macrofossil content, bioturbation …) were made in the field. Samples were collected in the limestone beds, and thin sections were prepared for microfacies analysis. Because the Valanginian-earliest Hauterivian succession is mainly made of marl, facies were chiefly defined through field observations and locally completed by few microfacies analysis of limestone beds.

Ammonites

1344 specimens of ammonites were found in the six studied sections; no aptychus. The Valanginian. The specimens are recorded as "Collection Reboulet" and with the numbering "UJF-ID" that means "Université Joseph Fourrier -Institut Dolomieu" (University of Grenoble, France).

Calcareous nannofossils

Ninety and fifty-five samples, selected from calcareous clay to limestone, and collected in beds of the Zalidou and Aït Hamouch sections, respectively, were investigated for calcareous nannofossil biostratigraphy. These two sections are more dilated and are characterized by more marly intervals with respect to the other sections; then they are more suitable for nannofossils sampling. Studied samples from the composite Aït Hamouch section corresponded to the "AH" section, except for the interval between 32 and 42 m, where the studied samples were collected from the "ATH" section. Two types of numero-notations were used (AH and ATH). Smear slides were prepared using a random settling technique developed by [START_REF] Beaufort | Optical measurements to determine the thickness of calcite crystals and the mass of thin carbonate particles such as coccoliths[END_REF] and modified by [START_REF] Menini | New calcareous nannofossil and carbon isotope data for the pliensbachian/toarcian boundary (Early jurassic) in the western tethys and their paleoenvironmental implications[END_REF]. This technique allows calculating absolute abundances, used for paleoenvironmental reconstitutions (Shmeit et al., submitted). Nannofossil smear-slides are curated at the Collections de Géologie de l'Observatoire des Sciences de l'Univers de Grenoble (OSUG-COLLECTIONS), with appropriate UJF-ID number. The OSUG-COLLECTIONS is a database of rocks, minerals, and fossils; https://web.collections.osug.fr, OSUG, UGA (doi:10.5072/OSUG-COLLECTIONS.all). Nannofossils were observed using a light polarizing microscope (Leica "DM2500 P") at 1000x magnification. The nannofossil preservation was evaluated following the classes defined by [START_REF] Roth | calcareous nannoplankton: Leg 14 of the Deep Sea Drilling Program[END_REF] and modified by [START_REF] Roth | Jurassic and Lower Cretaceous calcareous nannofossils in the western North Atlantic (Site 534): biostratigraphy, preservation, and some observations on biogeography and paleoceanography[END_REF]. Between 350 and five hundred nannofossils per sample were counted in a variable number of fields of view, depending on their abundance. In addition, two longitudinal random transverses (200 fields of view per transverse) were scanned after each counting to search for rare species that could be of biostratigraphic importance. To improve the biostratigraphic schemes whenever needed, scanning ~8-12 random longitudinal transverses was done on few slides from both sections.

The taxonomic frameworks of [START_REF] Perch-Nielsen | Mesozoic Calcareous nannofossils[END_REF], Bown andYoung (1998), andNannotax3 Young et al. (2017) were followed. For nannoconids, the work of [START_REF] Deres | Biostratigraphy of nannoconids[END_REF] was followed. The calcareous nannofossil zonation applied to the investigated sections were the NC and NK zones of [START_REF] Bralower | Valanginian to Aptian calcareous nannofossil stratigraphy and correlation with the upper M-sequence magnetic anomalies[END_REF], [START_REF] Bralower | Calcareous nannofossil zonation of the Jurassic-Cretaceous boundary interval and correlation with the geomagnetic polarity timescale[END_REF][START_REF] Bralower | An Integrated Cretaceous Microfossil Biostratigraphy[END_REF], modified from [START_REF] Roth | Cretaceous Nannoplankton Biostratigraphy and Oceanography of the Northwestern Atlantic Ocean[END_REF]. This zonation scheme was selected because of its applicability to low-latitude Tethyan continental margins and Atlantic oceanic settings [START_REF] Bralower | An Integrated Cretaceous Microfossil Biostratigraphy[END_REF][START_REF] Bown | Early to mid-Cretaceous calcareous nannoplankton from the northwest Pacific Ocean, Leg 198, Shatsky Rise[END_REF][START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF]. The biostratigraphic scheme (CC zones and subzones) of [START_REF] Sissingh | Biostratigraphy of Cretaceous Calcareous Nannoplankton[END_REF], modified by Perch-Nielsen (1979, 1985) and [START_REF] Applegate | Cretaceous calcareous nannofossil biostratigraphy of sediments recovered from the Galicia margin, ODP Leg 103[END_REF], was also applied because it allows subdividing the early Valanginian. This zonal scheme uses taxa with cosmopolitan distribution and Tethyan affinities, it relies on the first occurrence (FO) of Eiffelithus taxa (E. windii and E. striatus) for subzone divisions during the Valanginian stage.

Stable Carbon-isotope

Stable carbon isotope analysis was performed on 292 whole rock samples from all the sections, except Obbey, at the stable isotope laboratories of the Institute of Earth Surface Dynamics of the University of Lausanne, using a Thermo Fisher Scientific Gas Bench II carbonate preparation device connected to a Delta Plus XL isotope ratio mass spectrometer.

The CO2 extraction was done at 70°C. The stable carbon isotope ratios were reported in the delta (δ) notation as the per mil (‰) relative to the Vienna Pee Dee belemnite standard (VPDB),

where δ = (Rsample -Rstandard)/Rstandard and R = 13 C/ 12 C. The standardization of the δ 13 Ccarb values were standardized relative to the international VPDB scale by calibration of the reference gases and working standards with international reference materials NBS 18 (carbonatite, δ 13 C = -5.01 ‰) and NBS 19 (limestone, δ 13 C = +1.95 ‰). Analytical uncertainty (1 sigma), monitored by replicate analyses of the international calcite standard NBS 19 and the laboratory standard Carrara Marble (δ 13 C = +2.05 ‰), was not greater than ±0.05‰ for δ 13 C.

4 Ammonite biostratigraphy

Systematic remarks

The ammonite fauna of the 6 studied sections ) consists of 33 genera grouped into 7 families, using the supra-classification proposed by [START_REF] Klein | Lower Cretaceous Ammonites I, Perisphinctaceae 1: Himalayitidae, Olcostephanidae, Holcodiscidae, Neocomitidae, Oosterellidae[END_REF] and [START_REF] Klein | Lower Cretaceous Ammonites III. Bochianitoidea, Protancyloceratoidea, Ancyloceratoidea, Ptychoceratoidea[END_REF][START_REF] Klein | Lower Cretaceous Ammonites IV. Boreophylloceratoidea, Phylloceratoidea, Lytoceratoidea, Tetragonitoidea, Haploceratoidea including the Upper Cretaceous representatives[END_REF], partly modified here (Appendix 4.A). As the purpose is not to make a systematic revision, only palaeontological comments are made for some taxa. The systematic revision of species was mainly based on the monographies of Le [START_REF] Hégarat | Le Berriasien du Sud-Est de la France[END_REF], Company (1987), Bulot (1995), [START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF], [START_REF] Joly | Les Juraphyllitidae, Phylloceratidae, Neophylloceratidac (Phyllocerataceae, Phylloceratina, Ammonoidea) de France au Jurassique et au Crétacé. Geobios, Mémoire Spécial[END_REF], [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF], [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF], [START_REF] Gauthier | Révision critique de la Paléontologie française d'Alcide d'Orbigny[END_REF][START_REF] Kenjo | Biostratigraphie intégrée à nannofossiles calcaires et ammonoïdes : développement et implications pour la définition et la valorisation des stratotypes d'unité et de limite[END_REF]. Further information on stratigraphy and taxonomy is available in the papers by [START_REF] Thieuloy | La zone à Callidiscus du Valanginien supérieur vocontien (Sud-Est de la France). Lithostratigraphie, ammonitofaune, limite Valanginien-Hauterivien, corrélations[END_REF], [START_REF] Reboulet | Renouvellement des ammonites en fosse vocontienne à la limite Valanginien-Hauterivien[END_REF], [START_REF] Bulot | Le cadre stratigraphique du Valanginien supérieur et de l'Hauterivien du Sud-Est de la France : définition de biochronozones et caractérisation de nouveaux biohorizons[END_REF], Bulot and Thieuloy (1995), [START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonite zonation of south-eastern France[END_REF], [START_REF] Busnardo | Le Crétacé inférieur de la Veveyse de Châtel (Ultrahelvétique des Préalpes externes ; canton de Fribourg, Suisse)[END_REF], [START_REF] Wippich | Valanginian (Early Cretaceous) ammonite faunas from the western High Atlas, Morocco, and the recognition of western Mediterranean "standard" zones[END_REF], [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF], and [START_REF] Vašíček | Tescheniceras gen. nov. (Ammonoidea) and the definition of the Valanginian/Hauterivian boundary in Butkov Quarry (Central Western Carpathians, Slovakia)[END_REF].

The Neocomitidae family is well diversified with numerous taxa grouped into two subfamilies. Berriasellinae are represented in the EAB by three species that are overall rare:

Berriasella calisto, Malbosiceras rouvillei, and Pomeliceras breveti. The two latter genera were recorded in the western High Atlas by [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF] but not by [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]. The Berriasian interval is also characterized by the occurrence of few taxa belonging to Neocomitinae as Tirnovella alpillensis (Plate 1A), index-species of the last standard zone of the Berriasian [START_REF] Kenjo | Biostratigraphie intégrée à nannofossiles calcaires et ammonoïdes : développement et implications pour la définition et la valorisation des stratotypes d'unité et de limite[END_REF][START_REF] Reboulet | Report on the 6th International Meeting of the IUGS Lower Cretaceous Ammonite Working Group, the Kilian Group[END_REF][START_REF] Kenjo | The Berriasian-Valanginian boundary in the Mediterranean Province of the Tethyan Realm: Ammonite and calcareous nannofossil biostratigraphy of the Vergol section (Montbrun-les-Bains, SE France), candidate for the Valanginian GSSP[END_REF] gratianopolitense are large and relatively well preserved in the neritic facies of the western High Atlas. Their inner whorls are comparable to the small specimens characteristic of the Mediterranean hemi-pelagic facies, for which Bulot (1995) created the species "Fauriella" kiliani (nomen nudum). According to [START_REF] Aguado | The Berriasian/Valanginian boundary in the Mediterranean region: new data from the Caravaca and Cehegín sections, SE Spain[END_REF], the latter taxa should be put in synonymy with "T." gratianopolitense. According to [START_REF] Kenjo | The Berriasian-Valanginian boundary in the Mediterranean Province of the Tethyan Realm: Ammonite and calcareous nannofossil biostratigraphy of the Vergol section (Montbrun-les-Bains, SE France), candidate for the Valanginian GSSP[END_REF], large Moroccan specimens identified as "Thurmanniceras" thurmanni by Wippich (2001: pl. 19, fig. 1, pl. 20, fig. 1;2003: fig. 8E) may correspond to "T." gratianopolitense; its taxonomy is also well discussed in [START_REF] Kenjo | Biostratigraphie intégrée à nannofossiles calcaires et ammonoïdes : développement et implications pour la définition et la valorisation des stratotypes d'unité et de limite[END_REF]. "Thurmanniceras" pertransiens (Plate 1C), index-species of the first standard zone of the Valanginian [START_REF] Hoedemaeker | Report on the 1st International Workshop of the IUGS Lower Cretaceous Ammonite Working Group, the "Kilian Group[END_REF], is very rare. This was already observed by [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF], who used the first occurrence (FO) of Neocomites premolicus [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF], the latter taxa could be an extreme morphotype of Neocomites gr. neocomiensis-teschenensis.

(
However, the taxonomic status of N. platycostatus is maintained here based on the discussion proposed by Reboulet (1996, p. 92). Even though Neocomites peregrinus (Plate 2C), indexspecies of the 5 th standard zone of the Valanginian [START_REF] Hoedemaeker | Report on the 1st International Workshop of the IUGS Lower Cretaceous Ammonite Working Group, the "Kilian Group[END_REF], is well characterized by its morphology and ornamentation [START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF][START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF][START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF], the poor preservation of the Moroccan specimens made their identification difficult. Moreover, this taxon is relatively rare in the studied sections. Neocomitids are also relatively well represented by Sarasinella, restricted to the early Valanginian with four species:

Sarasinella eucyrta (Plate 2D), Sarasinella longi, Sarasinella trezanensis, and Sarasinella uhligi. According to [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF], S. trezanensis seems to first occur in the uppermost part of the Berriasian. As noted by this author for the EAB (see also [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF], Sarasinella has not been recognized in the upper Valanginian of the studied sections .

Alhough Reboulet (1996, p. 69-70) included in the latter genus upper Valanginian forms described in SE France (see [START_REF] Thieuloy | La zone à Callidiscus du Valanginien supérieur vocontien (Sud-Est de la France). Lithostratigraphie, ammonitofaune, limite Valanginien-Hauterivien, corrélations[END_REF][START_REF] Thieuloy | Ammonites du Crétacé inférieur du Sud-Est de la France : 1. Nouvelles espèces à valeur stratigraphique pour le Valanginien et l'Hauterivien[END_REF][START_REF] Bulot | Le cadre stratigraphique du Valanginien supérieur et de l'Hauterivien du Sud-Est de la France : définition de biochronozones et caractérisation de nouveaux biohorizons[END_REF][START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF], he underlined that they have some ornamental differences with respect to the "typical" Sarasinella of the lower Valanginian. The study of the Moroccan species and their stratigraphic distribution seems to confirm that "true" Sarasinella could be restricted to the early Valanginian as suggested by Company (1987). Kilianella, less frequent than the previous genus, has been only found in the early Valanginian and two species have been recognized:

Kilianella lucensis and Kilianella roubaudiana (Plate 3A). Luppovella superba (Plate 3B) and

Busnardoites campylotoxus (Plate 3C), typical lower Valanginian species, are relatively abundant in some sections. The distinction between these both taxa is sometimes difficult, the identification can be done only on the living chamber of large specimens. In the Aït Hamouch section (Figure 4.4), few incomplete large specimens were ascribed with doubt to the genus Luppovella. Busnardoites subcampylotoxus was only found in the Zalidou section (Figure 4.3).

Around the mid-Valanginian interval, the genus Karakaschiceras is mainly represented by Karakaschiceras inostranzewi (Plate 3D) and Karakaschiceras pronecostatum (Plate 4A). The former, index-species of the third standard zone of the Valanginian [START_REF] Reboulet | Report on the 5th international meeting of the IUGS lower cretaceous ammonite working group, the kilian group[END_REF], is often represented by large specimens and is abundant in most studied sections; [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF] noted the dominance of this species (93% of the total abundance of Karakaschiceras). Two other species of this genus, less frequent and identified with doubt, were found in the early and late Valanginian of some sections: Karakaschiceras paraplesium and Karakaschiceras companyi (Plate 4B), respectively. Company (1987) and [START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF] [START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF]2008) and not to the Ancyloceratoidea as kept by Klein et al. (2007, p. 31). Criosarasinella [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF][START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]this work). Rare and relatively poorly preserved specimens of Criosarasinella furcillata (Plate 4D), index-species of the last standard zone of the Valanginian [START_REF] Hoedemaeker | Report on the 1st International Workshop of the IUGS Lower Cretaceous Ammonite Working Group, the "Kilian Group[END_REF] Abderahmane sections . This allowed to reliably characterize the base of the Acanthodiscus radiatus standard zone, and thus, the base of the Hauterivian stage, as it is defined by the first appearance datum (FAD) of the genus [START_REF] Mutterlose | The Global Boundary Stratotype Section and Point (GSSP) for the base of the Hauterivian Stage (Lower Cretaceous)[END_REF]. When this genus is absent, Breistrofferella is classically used to recognize the base of the zone, as done in the Zalidou section (Figure 4.3) with the FO of Breistrofferella castellanensis (Plate 5D).

Breistrofferella was not found by [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]. However, this author evoked the occurrence of three specimens of Leopoldia; the rarity of this genus is confirmed here as no exemplar was recorded in the studied sections. The Neocomitinae can be also represented by very rare Saynella. This genus is not cited by [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF] and only one exemplar is recorded by [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]. In the studied material, one specimen of Saynella mucronata occurs in the Zaouia Sidi Abderahmane section (Figure 4.5). In some sections, Spitidiscinae is represended by rare Jeanthieuloyites as J. quinquestriatus.

Olcostephanidae is represented in the late Berriasian of the Zalidou section (Figure 4. 

Biostratigraphic implications and chronostratigraphic subdivisions

The analysis of the ammonite stratigraphic distribution allowed to establish a zonal scheme for the six studied Moroccan sections. The standard ammonite zonation built by the Kilian Group [START_REF] Hoedemaeker | Report on the 1st International Workshop of the IUGS Lower Cretaceous Ammonite Working Group, the "Kilian Group[END_REF][START_REF] Reboulet | Report on the 2nd international meeting of the IUGS Lower Cretaceous ammonite working group, the "Kilian Group[END_REF]2009;[START_REF] Gouiza | Mesozoic Source-to-Sink Systems in NW Africa : Geology of vertical movements during the birth and growth of the Moroccan rifted margin[END_REF]2014;2018) for the Mediterranean Province of the Mediterranean-Caucasian Subrealm (Tethyan Realm) is applied here. Only two regional units are added, namely the N. subtenuis and B. campylotoxus local subzones, in order to make easier the comparisons with previous works of [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003) and [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]. The ammonite zones are interval zones and are defined by the interval between the first appearance datum (FAD) of two successive ammonite-indices [START_REF] Hedberg | International stratigraphic guide. A Guide to Stratigraphic Classification, Terminology, and Procedure[END_REF]. In order to correlate more precisely biostratigraphic subdivisions with ammonite evolution, the boundaries of the Valanginian interval zones correspond to major changes in the ammonite fauna (Reboulet andAtrops, 1999, Kenjo, 2014;[START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF][START_REF] Kenjo | The Berriasian-Valanginian boundary in the Mediterranean Province of the Tethyan Realm: Ammonite and calcareous nannofossil biostratigraphy of the Vergol section (Montbrun-les-Bains, SE France), candidate for the Valanginian GSSP[END_REF]; this allows a better faunal characterization of the zones. The 

The Tirnovella alpillensis Standard Zone -Uppermost Berriasian

According to the Kilian group [START_REF] Reboulet | Report on the 6th International Meeting of the IUGS Lower Cretaceous Ammonite Working Group, the Kilian Group[END_REF], the T. alpillensis StZ is the last zone of the Berriasian (for detailed informations see [START_REF] Kenjo | The Berriasian-Valanginian boundary in the Mediterranean Province of the Tethyan Realm: Ammonite and calcareous nannofossil biostratigraphy of the Vergol section (Montbrun-les-Bains, SE France), candidate for the Valanginian GSSP[END_REF]. The index-species was found in the Zaouia Sidi Abderahmane, Zalidoum and Obbay sections (Figures. 4.3,4.5,4.8).

However, as the sampling was low in the lower part of the successions, the first occurrence (Figures 4,(6)[START_REF] Cultrata | UJF ID 17713[END_REF](8). In the three latter sites, the first occurrence (FO) of this index-species is used to identify the base of the "T." pertransiens StZ, and thus the lower boundary of the Valanginian (OB13, IW5, AH60). [START_REF] Kenjo | The Berriasian-Valanginian boundary in the Mediterranean Province of the Tethyan Realm: Ammonite and calcareous nannofossil biostratigraphy of the Vergol section (Montbrun-les-Bains, SE France), candidate for the Valanginian GSSP[END_REF] discussed the choice of the primary marker to define the base of this stage, and gave the priority to the FAD of "T."

pertransiens rather than the FAD of calpionellites darderi. As the index-species of "T."

pertransiens is rare or even absent in most of the Moroccan sections, the base of the zone can be placed with the FO of N. premolicus [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]this work, layers ZA20, ZS35, IGZ18). Taking in account the systematic and biostratigraphic characteristics of N. premolicus

shown by [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF], [START_REF] Kenjo | Biostratigraphie intégrée à nannofossiles calcaires et ammonoïdes : développement et implications pour la définition et la valorisation des stratotypes d'unité et de limite[END_REF], and [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF], the Kilian group agreed to introduce the N. premolicus Subzone in the standard zonation [START_REF] Reboulet | Report on the 6th International Meeting of the IUGS Lower Cretaceous Ammonite Working Group, the Kilian Group[END_REF].

This subzone starts at the base of the "T." pertransiens StZ and ends at the last occurrence of N. premolicus. Because the upper part of the zone is not characterised by a subzone at the moment, the N. premolicus StSz is provisionaly considered as a total range subzone. For [START_REF] Wippich | Valanginian (Early Cretaceous) ammonite faunas from the western High Atlas, Morocco, and the recognition of western Mediterranean "standard" zones[END_REF], the simultaneous FO of N. premolicus and the genus Sarasinella is a workable alternative to put the base of the zone. Except for S. trezanensis that would appear in the uppermost part of the Berriasian, [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]tab. 5, p. 82) [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003) identified the base of the "T." pertransiens StZ in the Aït Hamouch section with the FO of his "T." thurmanni. [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]tab. 5) also indicated the occurrence of "T." gratianopiltense in the uppermost part of the Berriasian. In his sections showing the ammonite distributions (Addar, Sidi Yahia Ou Saïd, Zalidou, and Akoui Griz), specimens of this species were found in the top part of the T. alpillensis Subzone. However, at least for some of these sections, this interval could be alternatively dated as earliest Valanginian. The difference in the ranges of "T." gratianopiltense [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003) and [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF] versus [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF] 4.4, 4.7). This is in accordance with other data on the Moroccan western High Atlas given by [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF] occurrence of Kilianella sp. 1 in the upper part of his N. premolicus Zone). [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003) did not record Kilianella in the "T." pertransiens StZ. In summary, the (co-) occurrences of "T." pertransiens, "T." gratianopolitense, N. premolicus, S. longi, and/or S. eucyrta allow to place the base of the Valanginianan, and a good characterization of the "T."

pertransiens StZ of all the studied sections .

The Neocomites neocomiensiformis Standard Zone; Neocomites subtenuis and

Busnardoites campylotoxus Local Subzones

The N. neocomiensiformis StZ is applied for the first time in the Moroccan lower Valanginian successions. It could not be integrated in the zonal schemes of [START_REF] Wippich | Valanginian (Early Cretaceous) ammonite faunas from the western High Atlas, Morocco, and the recognition of western Mediterranean "standard" zones[END_REF] and [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF] as this zone was proposed by [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF]. This index-species neocomiensiformis in SE Spain [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF]. In terms of stratigraphic interval, the N. subtenuis LSz [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]) used here corresponds to the B. hirsutus Subzone proposed by [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF]. Indeed, the FO of N. subtenuis is simultaneous of that of B. hirsutus [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF] and the upper boundary of these subzones is defined by the FAD of B. campylotoxus [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF] and Valanginites dolioliformis [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF], respectively. According to the latter authors, the appearance of these both species is contemporeanous. It is difficult to characterize the N. subtenuis LSz in the Moroccan sections: the assemblage is poor and B. hirsutus was not identified [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003;[START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]this work). In the N. subtenuis LSz, rare S. uhligi and/or K. paraplesium has been recorded in the Aït Hamouch, Igouzoulen, and Zalidou sections 4.6).

The occurrence of S. uhligi in the zonal scheme of Wippich (2003, fig. 10) allows to identify the N. subtenuis LSz in the upper part of the "T." pertransiens StZ. In the same interval, specimens identified by [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003) as N. neocomiensis could be partly interpreted as N. subtenuis. The range of K. paraplesium is concordant with that observed in SE Spain [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003;[START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]this work). This is in agreement with [START_REF] Kenjo | Biostratigraphie intégrée à nannofossiles calcaires et ammonoïdes : développement et implications pour la définition et la valorisation des stratotypes d'unité et de limite[END_REF] and [START_REF] Kenjo | The Berriasian-Valanginian boundary in the Mediterranean Province of the Tethyan Realm: Ammonite and calcareous nannofossil biostratigraphy of the Vergol section (Montbrun-les-Bains, SE France), candidate for the Valanginian GSSP[END_REF], who noted in SE France the FO of L. superba in the N. neocomiensiformis StZ (see also Bulot (1995) 4.3-4.5, 4.7). This assemblage is also observed by [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003) and [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]. In agreement with these authors, the last occurrences of Luppovella and/or Kilianella are recorded in this subzone, as well illustrated in the Aït Hamouch and Ida w Iddar sections (Figures 4.4,4.7). The B. campylotoxus LSz corresponds, in terms of stratigraphic interval, to the V. dolioliformis Subzone of [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF]. Indeed, according to these authors, the FOs of both index-species are simultaneous and the upper limit of these subzones is defined by the FO of K. inostranzewi (see also [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]this work). However, V. dolioliformis is only recorded in the basal part of the B. campylotoxus LSz of the Aït Hamouch section; in the same interval of the Igouzoulen section, a specimen of Valanginites sp. ind. was found (Figure 4.6).

The Karakaschiceras inostranzewi Standard Zone

The base of this zone is placed at the FO of its index-species ; AH87, ZA34a, ZS50, IGZ27a, IW26, and OB22). The K. inostranzewi StZ corresponds to the K.

biassalense Zone of [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003) and [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]. According to these authors, this stratigraphic interval is not well diversified. Among neocomitids, the FO of N. [START_REF] Wippich | Valanginian (Early Cretaceous) ammonite faunas from the western High Atlas, Morocco, and the recognition of western Mediterranean "standard" zones[END_REF] and [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF] emphasized the difficulty to identify the base of the S. verrucosum StZ due to the scarcity of the index-species in the Moroccan successions. For example, only a single specimen was found by [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003) in the Tarourirt Oubazine section. Moreover, as noted by this author, the succession is highly condensed and the thickness much reduced around the early (K. inostranzewi StZ) -late (S. verrucosum StZ) Valanginian boundary (see also this work,. As the identification of this boundary is problematic in the EAB, [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF] chose to place the base of the late Valanginian to the base of his K. biassalense Zone. Even if no specimens of S. verrucosum were found in the six studied sections ), this solution is not followed here. In absence of the marker, the (base of?) S. verrucosum StZ was identified by the occurrence of V. ventrotuberculatus as recorded in the Igouzoulen (IGZ27c), Zaouia Sidi Abderahmane (ZS52), and Obbay (OB24)

sections 4.8). Indeed, according to [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF], the FOs of these both species are simultaneous in SE Spain and their range ends in the basal part of the S.

verrucosum StZ. In the Zaouia Sidi Abderahmane and Obbay sections, V. ventrotuberculatus is found with K. pronecostatum, index-species of the second subzone of the S. verrucosum StZ.

As K. pronecostatum appears in the upper part of the zone, their co-occurrence could be explained by a condensed lithology in the basal part of the late Valanginian (see above; this work). Even though, a mistake in the identication of these specimens of Karakaschiceras cannot be excluded. In the Obbay section, S. contestatum is also recorded together with K.

pronecostatum (OB24). [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF] observed their co-occurrence too; however, their ranges do not overlap in SE France (Bulot, 1995). For [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF], the base of the S.

verrucosum StZ is characterized by the FO of O. guebhardi morphe querolensis, that is well represented in the lower part of his S. verrucosum horizon. This could correspond, at least partly, to the second acme of O. guebhardi, as observed at Zaouia Sidi Abderahmane, Ida w Iddar, and Zalidou. In both latter sections, the base or the lower part of the S. verrucosum StZ is not well identified due to the absence of ammonite markers (V. ventrotuberculatus and S. contestatum). Thus, the second acme of O. guebhardi could be used to approximate the earlylate Valanginian boundary. In this case, it could be put at the base of layers IW29 and ZA36, respectively (Figures 4.3,4.7). This solution is applied for the Ida w Iddar section, in which typical ammonite markers of the lower part of the late Valanginian are absent. In the Zalidou section, however, the FO of K. pronecostatum (ZA40) is used to place the base of the zone.

According to [START_REF] Wippich | Valanginian (Early Cretaceous) ammonite faunas from the western High Atlas, Morocco, and the recognition of western Mediterranean "standard" zones[END_REF], N. platycostatus is restricted to the S. verrucosum StZ, as is observed in the Igouzoulen and Zaouia Sidi Abderahmane sections (Figures 4. 5-4.6). However, this neocomitid is already present in the upper part of the K. inostranzewi StZ in the Obbay section (Figure 4.8). Similar observations were made in SE France [START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF][START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonite zonation of south-eastern France[END_REF]; in their N. platycostatus Horizon) and SE Spain [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF] in their S. contestatum Subzone). [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF], who considered that N. platycostatus is a junior synonym of N. teschenensis, indicated the FO of this species at the base of the K.

inostranzewi StZ. If the (base of the) S. verrucosum StZ cannot be identified by the FO of N.

platycostatus, the latter taxon seems (more) abundant in this zone, as observed in the Obbay and Zaouia Sidi Abderahmane sections (Figures 4.5,4.8). It can be supposed that the distribution of N. platycostatus recorded by [START_REF] Wippich | Valanginian (Early Cretaceous) ammonite faunas from the western High Atlas, Morocco, and the recognition of western Mediterranean "standard" zones[END_REF] only corresponds to the highest frequency of this species in the S. verrucosum StZ. As N. platycostatus and N. teschenensis are relatively well represented in layers ZA36 and ZA37, respectively (Figure 4.3), this interval of the Zalidou section could be dated to this zone as previously evoked based on the abundance of O. guebhardi (cf. 2 nd acme). However, the lower boundary of this zone cannot be placed using the abundance variations of some taxa that partly depend on palaeoenvironmental factors (see [START_REF] Reboulet | Ammonoid and nannoplankton abundance in Valanginian (early Cretaceous) limestone-marl successions from the southeast France Basin: Carbonate dilution or productivity? Palaeogeogr[END_REF]2005). The occurrences of some neocomitids as R. lamberti, R.

belimenlensis, N. submartini, and N. karakaschi can be observed in some sections (Igouzoulen, Zalidou, and Zaouia Sidi Abderahmane) and allow to characterize the S. verrucosum StZ, and possibly the K. pronecostatum StSz. This should be interpreted carefully as their ranges show some discrepancies (see Bulot and Thieuloy, 1995;[START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF][START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003;[START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]. The S. verrucosum StZ is not clearly recognized in the Aït Hamouch section.

The assemblages of V. nucleus, K. pronecostatum, R. lamberti, R. belimelensis, and N.

karakaschi could allow to date the bed AH89 as S. verrucosum StZ, possibly to the K.

pronecostatum StSz. However, in this bed, N. peregrinus is also recorded; it is the index-species of the N. peregrinus StZ. This could be interpreted as a result of a condensed lithology or a misidentification of specimens of N. peregrinus sampled in this layer.

The Neocomites peregrinus Standard Zone; the N. peregrinus and Olcostephanus nicklesi Standard Subzones

In the western High Atlas, this zone was identified by [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003) and [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]. The index-species is recorded in three sections and its FO allows to place the base of the N. peregrinus (Sub-)Zone in the Aït Hamouch (AH89), Zalidou (ZA41), and Zaouia

Sidi Abderahmane (ZS57) sections . However, it is relatively difficult to characterize this interval as the ammonite assemblage is poor. When the index-species is absent, the boundary between the S. verrucosum and N. peregrinus zones can be approximated using the occurrence of O. balestrai and/or Oosterella, as made at Obbay (OB25), Igouzoulen (IGZ33), and Ida w Iddar (IW33) ). The O. nicklesi StSz is identified in the Obbay section by the FO of the index-species (OB28). Moreover, pyriteous specimens of Himantoceras were also sampled in the same layer. The occurrence of this genus in the Zalidou section (ZA 46) allows to recognize the O. nicklesi StSz. Indeed, these heteromorphs are known in the basal part of this subzone [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003;[START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]Bulot and Thieuloy, 1995;[START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF][START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonite zonation of south-eastern France[END_REF].

The Criosarasinella furcillata Standard Zone; the C. furcillata and Tescheniceras callidiscum Standard Subzones

The base of the C. furcillata StZ is defined by the FAD of the index-species but it can be identified by the FO of Criosarasinella [START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF][START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonite zonation of south-eastern France[END_REF]. In the EAB, the different species of this genus were recorded by [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF]2003), [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF], and in most studied sections of the present work 4.7;FO in AH96,ZA52d,ZS60,and IW41). This stratigraphic interval is relatively well characterized by the occurrence of T. subflucticulum, T. subpachydicranum, K. companyi, and/or O. densicostatus.

When Criosarasinella is absent, as in the Obbay section (Figure 4.8), the base of the zone can be placed using the FO of Tescheniceras (OB29; for the range of these latter genera see [START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF][START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonite zonation of south-eastern France[END_REF]. In the Zalidou section, J. quinquestriatus was sampled at the base of the zone. The T. callidiscum StSz was identified in the Aït Hamouch (AH102 and AtH15) and Zaouia Sidi Abderahmane (ZS67) sections. T. castellanensiforme was also sampled at the base of the subzone in the Zalidou section.

The Acanthodiscus radiatus Standard Zone -Base of the Hauterivian stage

The base of the zone is defined by the FAD of the genus Acanthodiscus (Mutterlose et al., 2020). In the Zaouia Sidi Abderahmane (ZS69) and Aït Hamouch (AH103) sections, the FO of A. radiatus and/or A. vaceki is used to place the lower boundary of the Hauterivian . When these species are absent, the FO of species of Breistrofferella, like B.

castellanensis, has been considered in the Aït Hamouch (AtH17) and Zalidou (ZA56) sections . In these three sections, the occurrence of T. flucticulum and T. pachydicranum allow to characterize the zone. O. cultrata (Aït Hamouch) and S. mucronata (Zaoui Sidi Abderahmane) complete the assemblage of the basal part of the Hauterivian.

Calcareous nannofossils biostratigraphy

The NK3A, NK3B and NC4A subzones of [START_REF] Bralower | An Integrated Cretaceous Microfossil Biostratigraphy[END_REF] were identified in the two studied field sections, Zalidou and Aït Hamouch ). In the latter section, the NC4B Subzone was additionally identified. The CC3a, CC3b, and CC4a subzones of [START_REF] Sissingh | Biostratigraphy of Cretaceous Calcareous Nannoplankton[END_REF] were identified in both sections; and the CC4b Subzone was identified only at Aït

Hamouch. Nannofossil markers are illustrated in Plate 8.

The precise identification of the FO (first occurrence) of Calcicalathina oblongata has been reported to be problematic due to the different taxonomic concepts. Its FO defines the base of the NK3 Zone, and lies just above the Berriasian/Valanginian boundary (lower part of the « T.» pertransiens, [START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF][START_REF] Kenjo | The Berriasian-Valanginian boundary in the Mediterranean Province of the Tethyan Realm: Ammonite and calcareous nannofossil biostratigraphy of the Vergol section (Montbrun-les-Bains, SE France), candidate for the Valanginian GSSP[END_REF] or in the early Valanginian [START_REF] Aguado | The Berriasian/Valanginian boundary in the Mediterranean region: new data from the Caravaca and Cehegín sections, SE Spain[END_REF]. Indeed, [START_REF] Aguado | The Berriasian/Valanginian boundary in the Mediterranean region: new data from the Caravaca and Cehegín sections, SE Spain[END_REF] recognized earlier specimens, called C.

praeoblongata, very similar in morphology to C. oblongata but smaller in average size and with a thick wide wall, which occur in the late Berriasian (T. alpillensis StSz). However, C.

praeoblongata figured in [START_REF] Aguado | The Berriasian/Valanginian boundary in the Mediterranean region: new data from the Caravaca and Cehegín sections, SE Spain[END_REF] have been considered by other authors to be overgrown specimens of Rhagodiscus asper (see [START_REF] Kenjo | The Berriasian-Valanginian boundary in the Mediterranean Province of the Tethyan Realm: Ammonite and calcareous nannofossil biostratigraphy of the Vergol section (Montbrun-les-Bains, SE France), candidate for the Valanginian GSSP[END_REF]. In the present work, small specimens of C. oblongata (< 6 µm) with a thin and bright wall have been recognized in the first samples of both sections. These samples contain abundant calcite and preservation is characterised by overcrystallizations, which makes the differentiation between these small forms and the larger C. oblongata more complicated.

The precise identification of the first occurrence of E. striatus, which defines the base of the CC4 Zone, is considered problematic due to difficulty in differentiating E. striatus from its smaller-sized predecessor, E. windii [START_REF] Bown | Lower Cretaceous calcareous nannoplankton from the Neuquén Basin, Argentina[END_REF]. The morphological distinction between both species is set at 6.4 µm for the coccolith length. However, a gradual size transition is observed between these two species [START_REF] Applegate | Cretaceous calcareous nannofossil biostratigraphy of sediments recovered from the Galicia margin, ODP Leg 103[END_REF][START_REF] Bralower | Calcareous nannofossil zonation of the Jurassic-Cretaceous boundary interval and correlation with the geomagnetic polarity timescale[END_REF][START_REF] Bown | Lower Cretaceous calcareous nannoplankton from the Neuquén Basin, Argentina[END_REF]. In practice, identifying the 6.4 µm cut-off point under the polarized-light microscope is not concrete. Therefore, we identified E. striatus coccoliths when the length of their long-axes is greater than 6.0 µm and with a relatively wide central area (almost 2/3 or greater of coccolith length).

Calcicalathina oblongata, was present in both sections from the first studied sample (T. [START_REF] Bralower | Site 1219[END_REF], Neuquén Basin (Argentina; [START_REF] Bown | Lower Cretaceous calcareous nannoplankton from the Neuquén Basin, Argentina[END_REF], and BGS hole 81/43 (southern North Sea; [START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF].

The is recorded earlier at the early/late Valanginian transition (Figure 4.9;Bergen, 1994;[START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF]. Discrepancies in the LO of R. wisei could be explained by its scarcity at the top of its range [START_REF] Aguado | A new record of the Weissert episode from the Valanginian succession of Cehegín (Subbetic, SE Spain): Bio-and carbon isotope stratigraphy[END_REF]. Corrugated surface. These surfaces are mainly marked by a wavy shape and by reworking of intraclasts in the immediately overlying bed. In the Valanginian succession, they are often observed at the base of thick beds of fine-grained sandstone or of sandy limestone, and also between thin limestone beds and only marked by the reworking of small-sized intraclasts. These surfaces are interpreted as resulting from the erosion of the underlying bed(s)

The LO of T. verenae is recorded in the late

that can be reworked in the overlying deposits. In the absence of emergence evidences, they are tentatively ascribed to mainly submarine erosion periods.

Limestone to marlstone abrupt lithological change. In the lower part of the studied series, this kind of surface is usually observed at the top of limestone beds, and below a marly succession. It is frequently marked with a phosphate enrichment of the limestone bed in the Berriasian units, and is locally associated with a hardground capping the latter. It is interpreted as traducing a sedimentary hiatus that allowed mineralization (Ph, Fe, …) of the bed surface. underlying marlstones and overlying thick beds of sandstone. In this case, it is interpreted as an erosional surface which allowed sandy particles to be loosened from the underlying strata, and then sorted out and deposited in a shallow marine, moderately energetic environment as deposition resumed. Usually, the importance of erosion and the occurrence of emergence periods can not be assessed. In one case, however, the lack of biostratigraphic biozones suggests significant erosions during a long-lasting period of subaerial erosion.

In the following text, sedimentary discontinuities are labelled D0 to D8, in stratigraphical order.

Overview of the Tithonian-Berriasian carbonate shelf sedimentation (Figures 4.10-4.11)

These carbonate deposits correspond to part of the Timsilline Fm. and to the Cap Tefelney Fm. of [START_REF] Rey | Le Crétacé inférieur de la région d'Essaouira : données biostratigraphiques et évolutions sédimentaires[END_REF][START_REF] Hofmann | Chemical differentiation of the Earth: the relationship between mantle, continental crust, and oceanic crust[END_REF]. Only the top of this series is dated as late Berriasian In the Obbay section, the upper part of the sequence is made of massive limestone beds containing oysters, trigonids, and Trichites sp., and affected by repeated karstification.

The second sequence (Be 2) consists of alternating limestone and marlstone beds, the upper part of which is dated as latest Berriasian (T. alpillensis StZ). Its base (D0) is an erosional surface in the South and a karstified surface in the northern sections. In the southern sections, the lower three quarters of the sequence show a thinning upward trend, while the upper quarter is slightly thickening upward. In the lower part, fauna is abundant and is dominated by oysters and terebratulids, associated with echinoids, pectinids, plicatulids, other bivalves, and locally

Trichites sp. and fish teeth. In the upper part, ammonites and terebratulids are dominant, and present with oysters, pectinids, other bivalves, serpulids, and nautiloids. The uppermost bed of the sequence is marked by the occurrence of pinnids and oyster coquina. Microfacies evolve from the base to top, from sandy Wackestone/Packstone rich in echinoid remnants and small benthic foraminifers associated with calpionellids, brachiopods, and scarce bryozoans, to sandy Mudstone/Wackestone rich in echinoids and bivalves, with subordinate calpionellids, planktic foraminifers, brachiopods, and small benthic foraminifers. In the northern sections, the same evolution is observed, but ammonites are abundant throughout the succession and microfacies (Igouzoulen) are dominated by Wackestone rich in echinoids and benthic foraminifers, both small sized and agglutinated. The presence of agglutinated foraminifers suggests a mild oxygen depletion of the shelf [START_REF] Kuhnt | Ecological structuring and evolution of deepsea agglutinated foraminifera -A review[END_REF][START_REF] Kender | Modern deep-water agglutinated foraminifera from IODP Expedition 323, Bering Sea: ecological and taxonomic implications[END_REF].

In all sections, the top of the Be 2 sequence is marked by an abrupt lithological change, locally marked by a hardground (Obbay). This sequence is interpreted as constituted by a thick retrograding succession overlain by a thin prograding unit, deposited in a shallow outer shelf environment. The two above described sequences seem to represent the Cap Tefelney Fm. of [START_REF] Rey | Le Crétacé inférieur de la région d'Essaouira : données biostratigraphiques et évolutions sédimentaires[END_REF][START_REF] Hofmann | Chemical differentiation of the Earth: the relationship between mantle, continental crust, and oceanic crust[END_REF]. [START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF] and Spain [START_REF] Aguado | A new record of the Weissert episode from the Valanginian succession of Cehegín (Subbetic, SE Spain): Bio-and carbon isotope stratigraphy[END_REF]. In both these areas, as in the EAB, the carbon isotopic curve is characterized by a (smooth) decrease of in the EAB as well as around the world [START_REF] Föllmi | Early Cretaceous life, climate and anoxia[END_REF].

Valanginian-earliest

The Va2 and Va3 sequences encompass a period of low sea level (see [START_REF] Haq | Cretaceous eustasy revisited[END_REF], which culminates with the major D4 discontinuity. As a matter of fact, the latter is marked by a deeply karstified surfaces amalgamating several discontinuities in the proximal northern sections, and is overlain by the Va4 sequence that onlaps toward the North or Northeast. Therefore, D4

probably correlates with the "discontinuité du Valanginien moyen" (mid-Valanginian discontinuity) classically identified in Southeastern France [START_REF] Masse | Evénements géodynamiques médio-valanginiens dans le S-E de la France et leur retentissements bathymétriques. Leur signification dans le cadre géodynamique de la Méditerranée occidentale[END_REF][START_REF] Autran | L'évolution de la marge nord-est provençale (Arc de Castellane) du Valanginien moyen à l'Hauterivien à travers l'analyse biostratigraphique des séries de la région de Peyroules : séries condensées, discontinuités et indices d'une tectogenèse distensive[END_REF][START_REF] Thieuloy | Biostratigraphie du Crétacé inférieur de l'Arc de Castellane (S.E. de la France). 1 : Faunes d'ammonites du Valanginien supérieur et âge de l'horizon dit de "La Grande Lumachelle[END_REF][START_REF] Bulot | Organisation stratigraphique et dynamique sédimentaire du Valanginien au passage plate-forme/bassin en Basse-Provence (S-E France)[END_REF]. In the southern part of the EAB, the "mid-Valanginian discontinuity" is represented by at least three discontinuities, materialized by erosional surfaces in the southern sections. These discontinuities bound depositional sequences

marked by an open marine fauna indicating an outer shelf environment, which suggests that sea level oscillations were of high amplitude. Moreover, in the Aït Hamouch section, the V2, V3, and part of the V4 sequences belong to the B. campylotoxus LSz, the duration of which is estimated at 390 ky [START_REF] Martinez | Astrochronology of the Valanginian Stage from reference sections (Vocontian Basin, France) and palaeoenvironmental implications for the Weissert Event[END_REF]. This means that the average duration of the sequences is lower than 200 ky. Although not conclusive, these observations are consistent with an orbitally-driven, glacio-eustatic origin for these rapid and high amplitude sea level fluctuations, as suggested for the "middle Valanginian" [START_REF] Price | The evidence and implications of polar ice during the Mesozoic[END_REF][START_REF] Gréselle | Sea-level reconstructions from the Peri-Vocontian Zone (Southeast France) point to Valanginian glacio-eustasy[END_REF][START_REF] Martinez | Astrochronology of the Valanginian Stage from reference sections (Vocontian Basin, France) and palaeoenvironmental implications for the Weissert Event[END_REF][START_REF] Charbonnier | A global palaeoclimatic reconstruction for the Valanginian based on clay mineralogical and geochemical data[END_REF].

In Southeastern France, [START_REF] Autran | L'évolution de la marge nord-est provençale (Arc de Castellane) du Valanginien moyen à l'Hauterivien à travers l'analyse biostratigraphique des séries de la région de Peyroules : séries condensées, discontinuités et indices d'une tectogenèse distensive[END_REF] identified a major discontinuity in the late

Valanginian associated with erosions that may remove down to his "mid-Valanginian discontinuity" (Autran, 1989, p. 83). This author ascribed this "Discontinuité du Valanginien supérieur" to the H. trinodosum ammonite zone [START_REF] Autran | L'évolution de la marge nord-est provençale (Arc de Castellane) du Valanginien moyen à l'Hauterivien à travers l'analyse biostratigraphique des séries de la région de Peyroules : séries condensées, discontinuités et indices d'une tectogenèse distensive[END_REF] The established integrated stratigraphy framework for the late Berriasian-earliest

Hauterivian interval of the Essaouira-Agadir Basin (EAB) is extremely beneficial for this research project, it provided the foundations for the subsequent chapters of this manuscript, i.e., the calcareous nannofossils and radiogenic isotope investigations. We outline the key interpretations:

(1) The ammonite biostratigraphy allowed to establish the chronostratigraphic subdivisions (Berriasian-Valanginan, early-late Valanginian, and Valanginian-Hauterivian boundaries) in all six investigated sections.

(2) The basin-wide sedimentary evolution provided a spatial and temporal evolution of the basin's depositional environment. Also, the identified sedimentary discontinuities were integrated with the ammonite biostratigraphy, allowing to further constrain the stratigraphic correlation between the studied sections.

(3) The "Weissert Event" interval was identified in the studied sections from the carbonate δ 13 C records. The Zalidou section is the most relevant section for further investigations. It displays the most complete δ 13 Ccarb record in the EAB, consisting of an increase, a plateau, and a smooth decrease in δ 13 Ccarb values.

(4) A sequence of seven reliable nannofossil bioevents has been recognized in the EAB, and were correlated with the ammonite zonation. (5) The basin's integrated stratigraphy framework based on biostratigraphy (ammonite and calcareous nannofossil biozonations), chemo-stratigraphy (carbon-isotope), and sedimentary discontinuities made it possible to establish precise correlations between the sections in the EAB and the more distant basins.

Berriasellinae SPATH

Berriasella UHLIG; considered as a subgenus of Berriasella according to Klein (2005, p. 163) Berriasella calisto (D'ORBIGNY)

Malbosiceras GRIGORIEVA

Malbosiceras rouvillei (MATHERON)

Pomeliceras GRIGORIEVA; considered as a subgenus of Pomeliceras according to Klein (2005, p. 211)

Pomeliceras breveti (POMEL) Neocomitinae SALFELD Fauriella NIKOLOV Fauriella boissieri (PICTET) "Fauriella" kiliani BULOT (nomen nudum) Fauriella latecostata (MAZENOT)
Fauriella rarefurcata (PICTET) Tirnovella NIKOLOV

Tirnovella alpillensis (MAZENOT)

Thurmanniceras COSSMANN; below, the inverted commas indicate that the assignment of the species to that genus is provisional and they awAït for revision [START_REF] Kenjo | Biostratigraphie intégrée à nannofossiles calcaires et ammonoïdes : développement et implications pour la définition et la valorisation des stratotypes d'unité et de limite[END_REF][START_REF] Reboulet | Report on the 5th international meeting of the IUGS lower cretaceous ammonite working group, the kilian group[END_REF][START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF] "Thurmanniceras" gratianopolitense (SAYN); included in Fauriella according to [START_REF] Klein | Lower Cretaceous Ammonites I, Perisphinctaceae 1: Himalayitidae, Olcostephanidae, Holcodiscidae, Neocomitidae, Oosterellidae[END_REF] Reboulet (1996, p. 83-84) for discussion on Eristavites.

Tescheniceras VAŠÍČEK; the old name was Teschenites THIEULOY, originally a subgenus of Neocomites, see Klein (2005, p. 315); the change proposed by [START_REF] Vašíček | Tescheniceras gen. nov. (Ammonoidea) and the definition of the Valanginian/Hauterivian boundary in Butkov Quarry (Central Western Carpathians, Slovakia)[END_REF] was motivated to solve some taxonomic problems revealed by [START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF] and related to the non-valid proposal on the typespecies of the genus made by [START_REF] Busnardo | Le Crétacé inférieur de la Veveyse de Châtel (Ultrahelvétique des Préalpes externes ; canton de Fribourg, Suisse)[END_REF].

Tescheniceras callidiscum (THIEULOY)

Tescheniceras castellanensiforme (BULOT)

Tescheniceras flucticulum (THIEULOY)

Tescheniceras pachydicranum (THIEULOY) 

Introduction

The Valanginian stage (137. 7 -132.6 My;[START_REF] Gale | The Cretaceous Period[END_REF] records the first positive carbon-isotope excursion (CIE) of the Early Cretaceous [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF][START_REF] Weissert | Volcanism, CO2 and palaeoclimate: a Late Jurassic-Early Cretaceous carbon and oxygen isotope record[END_REF], termed the Weissert oceanic anoxic event or the Weissert episode of environmental change (Erba et al., 2004;[START_REF] Föllmi | Early Cretaceous life, climate and anoxia[END_REF]. The "Weissert Event" is defined between the base of the positive CIE and its climax (Erba et al., 2004). It is of amplitude 1.5-2 ‰ in bulk marine carbonate rock and 1.5-3 ‰ in marine organic matter [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF][START_REF] Hennig | C-isotope stratigraphy, a calibration tool between ammonite-and magnetostratigraphy: The Valanginian-Hauterivian transition[END_REF]McArthur et al., 2007;[START_REF] Charbonnier | Astronomical calibration of the Valanginian "Weissert" episode: The Orpierre marl-limestone succession (Vocontian Basin, southeastern France)[END_REF]. In addition, the positive CIE was recognized in terrestrial fossil plants with a magnitude of ~4 ‰, implying a perturbation of both the oceanic and atmospheric Earth systems [START_REF] Gröcke | The Upper Valanginian (Early Cretaceous) positive carbon-isotope event recorded in terrestrial plants[END_REF][START_REF] Nunn | The Valanginian positive carbon isotope event in Arctic Russia: Evidence from terrestrial and marine isotope records and implications for global carbon cycling[END_REF]. [START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF] identified three phases for the CIE, a first phase of rapid δ 13 C increase with a duration of 0.60 et al., 2007;McArthur et al., 2007;[START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF]. The positive CIE was first calibrated with calcareous nannofossils [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF]. In the Tethyan Realm, the positive CIE is dated from the late NK3A calcareous nannofossil Subzone and extends to the NC4A calcareous nannofossil Subzone in some localities [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF][START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF][START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF][START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF][START_REF] Charbonnier | Astronomical calibration of the Valanginian "Weissert" episode: The Orpierre marl-limestone succession (Vocontian Basin, southeastern France)[END_REF][START_REF] Aguado | A new record of the Weissert episode from the Valanginian succession of Cehegín (Subbetic, SE Spain): Bio-and carbon isotope stratigraphy[END_REF]. Calibrated with ammonite biostratigraphy, the onset of the positive CIE is identified in the lower part of the Karakaschiceras inostranzewi Zone (uppermost lower Valanginian) and the highest values occur during the Saynoceras verrucosum Zone (lowermost upper Valanginian; McArthur et al., 2007;[START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF][START_REF] Aguado | A new record of the Weissert episode from the Valanginian succession of Cehegín (Subbetic, SE Spain): Bio-and carbon isotope stratigraphy[END_REF], following the standard ammonite zonation that is suitable for the Mediterranean Province of the Mediterranean-Caucasian Subrealm (Tethyan Realm; [START_REF] Reboulet | Report on the 6th International Meeting of the IUGS Lower Cretaceous Ammonite Working Group, the Kilian Group[END_REF].

In addition to the Tethys realm, records of the positive CIE extend to a wide range of geographic locations that include the Atlantic Ocean [START_REF] Brenneke | A Comparison of the Stable Oxygen and Carbon Isotope Composition of Early Cretaceous and Late Jurassic Carbonates from DSDP Sites 105 and 367[END_REF][START_REF] Cotillon | Cyclic sedimentation in the Cretaceous of Deep Sea Drilling Project Sites 535 and 540 (Gulf of Mexico), 534 (Central Atlantic), and in the Vocontian Basin (France). Initial reports DSDP, Leg 77[END_REF], northwestern Pacific Ocean [START_REF] Bartolini | Cretaceous radiolarian biochronology and carbon isotope stratigraphy of ODP Site 1149 (northwestern Pacific, Nadezhda Basin)[END_REF], Boreal Realm [START_REF] Price | Isotopic signals from late Jurassic-early Cretaceous (Volgian-Valanginian) sub-Arctic belemnites, Yatria River, Western Siberia[END_REF][START_REF] Meissner | Latitudinal temperature trends in the northern hemisphere during the Early Cretaceous (Valanginian-Hauterivian)[END_REF]Morales et al., 2015) and the southern Hemisphere (Aguirre- [START_REF] Aguirre-Urreta | Southern Hemisphere Early Cretaceous (Valanginian-Early Barremian) carbon and oxygen isotope curves from the Neuquén Basin, Argentina[END_REF]Gómez-Dacal et al., 2018a).

The positive CIE has been associated with a global increase in marine surface-water primary productivity (Erba et al., 2004). During the Valanginian, calcareous nannofossils and dinoflagellates were the major marine planktonic primary producers (Bown et al., 2004).

Several studies on calcareous nannofossils assemblages have shown enhanced surface-water trophic conditions occurring before and during the Weissert Event, inferred from increasing abundances of high-fertility taxa such as Biscutum, Discorhabdus, Diazomatolithus, and small Zeugrhabdotus spp. (Tethyan Realm: [START_REF] Bersezio | Berriasian-Aptian black shales of the Maiolica formation (Lombardian Basin, Southern Alps, Northern Italy): Local to global events[END_REF][START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF][START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF][START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF]Atlantic Ocean: Bornemann and Mutterlose, 2008;[START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF]Pacific Ocean: Lozar and Tremolada, 2003;and Boreal Realm: Williams and Bralower, 1995;[START_REF] Melinte | A Valanginian (Early Cretaceous) "boreal nannoplankton excursion" in sections from Romania[END_REF][START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF].

However, paleoceanographic reconstructions based on calcareous nannofossils from the southern Tethys have not been documented yet, such that it needs to be further investigated.

The increase in marine primary productivity differs in coastal and distal pelagic settings; eutrophication in the former settings is hypothesized to be caused by a greenhouse climate, intensification of the hydrological cycle and consequently higher weathering rates and detrital input, ultimately leading to higher nutrient input [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF]. Furthermore, climate reconstructions demonstrate intensified hydrolyzing conditions culminating around the early/late Valanginian transition observed from clay mineral distributions [START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Charbonnier | A global palaeoclimatic reconstruction for the Valanginian based on clay mineralogical and geochemical data[END_REF] and spore-pollen ratios [START_REF] Kujau | Reconstructing Valanginian (Early Cretaceous) mid-latitude vegetation and climate dynamics based on spore-pollen assemblages[END_REF]. Whereas, eutrophication in pelagic settings could be explained by the introduction of limiting bio-metals from hydrothermal vents during the break-up of Gondwana [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF][START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: A possible link? Palaeogeogr[END_REF]Erba et al., 2004).

Sea-level changes might have also influenced the fertilization of the ocean. A biocalcification crisis in both platform and pelagic settings has been also inferred from carbonate platform drowning around the early/late Valanginian [START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: A possible link? Palaeogeogr[END_REF][START_REF] Wortmann | Tying platform drowning to perturbations of the global carbon cycle with a delta δ 13 COrg-curve from the Valanginian of DSDP Site 416[END_REF][START_REF] Föllmi | Interactions between environmental change and shallow water carbonate buildup along the northern Tethyan margin and their impact on the Early Cretaceous carbon isotope record[END_REF] and a nannoconid decline predating the positive CIE has been identified [START_REF] Channell | Magnetostratigraphic calibration of the Late Valanginian carbon isotope event in pelagic limestones from Northern Italy and Switzerland[END_REF][START_REF] Bersezio | Berriasian-Aptian black shales of the Maiolica formation (Lombardian Basin, Southern Alps, Northern Italy): Local to global events[END_REF][START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Barbarin | Evidence for a complex Valanginian nannoconid decline in the Vocontian basin (South East France)[END_REF].

This study aims to reconstruct the paleoceanographic conditions around the Weissert Event in the central Moroccan margin, which was located on the southern Tethyan margin during the Cretaceous. Calcareous nannofossils abundances and accumulation rates together with their assemblages were used to quantify changes in surface-water primary productivity and fertility conditions. Nannofossil samples were collected from three geological successions located on a proximal-distal transect (two onshore sections: Zalidou and Aït Hamouch belonging to the Essaouira-Agadir Basin) and an offshore DSDP Site 416A. The paleogeographic context of the onshore sections was defined from a sedimentological analysis.

The time framework is based on both ammonite (only for the onshore sections) and calcareous nannofossil biostratigraphy, and carbon-isotope stratigraphy. The transect allowed to better constrain the variations of continental nutrient flux, upwellings that are present on the NW African margin in the Early Cretaceous due to active trade winds considering atmospheric circulation models from [START_REF] Price | Sedimentological evaluation of general circulation model simulations for the "greenhouse" Earth: Cretaceous and Jurassic case studies[END_REF] and [START_REF] Poulsen | The impact of paleogeographic evolution on the surface oceanic circulation and the marine environment within the mid-Cretaceous Tethys[END_REF], and calcareous nannofossil production.

Geological setting

The This study concerns two onshore sections located within the EAB, where rocks of Valanginian age are well exposed. The Zalidou section is located 45 km north of Agadir (30°54'23"N; 9°39'48"W; Figure 5.1), whereas the Aït Hamouch section is located ~25 km NNW of Agadir (30°36'54"N; 9°42'14"W). The latter is composed of two adjacent sections, only 0.6 km apart from each other. The primary section, denoted "AH", was not accessible in its middle part (between 32 and 42 m). Accordingly, the nearby "ATH" section was studied and correlated using ammonite biostratigraphy and sedimentological discontinuities (Reboulet et al., in prep.). Additionally, the offshore succession DSDP Leg 50 Site 416A was studied (Figure 5.1). Busnardoites campylotoxus local subzones, to make more accesible the comparisons with previous works made in this Moroccan area by [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF][START_REF] Wippich | Valanginian (Early Cretaceous) ammonite faunas from the western High Atlas, Morocco, and the recognition of western Mediterranean "standard" zones[END_REF] and [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF].

The pertransiens StZ, and therefore the lower boundary of the Valanginian, is placed at the FO of the index-species at Aït Hamouch (AH60). As "T." pertransiens is absent at Zalidou, the base of the zone can be placed with the FO of Neocomites premolicus (Za20; see [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]).

The N. premolicus StSz, provisionaly considered as a total range subzone [START_REF] Reboulet | Report on the 6th International Meeting of the IUGS Lower Cretaceous Ammonite Working Group, the Kilian Group[END_REF], starts at the base of the "T." pertransiens StZ and ends at the last occurrence of N.

premolicus. According to [START_REF] Wippich | Valanginian (Early Cretaceous) ammonite faunas from the western High Atlas, Morocco, and the recognition of western Mediterranean "standard" zones[END_REF], the simultaneous FO of N. premolicus and the genus Sarasinella is a workable alternative to put the base of the zone; these events were observed in both studied sections. The Neocomites neocomiensiformis StZ is applied for the first time in the Moroccan lower Valanginian successions. In terms of the stratigraphic interval, it corresponds to the Olcostephanus stephanophorus Zone of Bulot and Thieuloy (1995;see Reboulet et al., 2014). Due to the rarity of the index-species, the base of the N. neocomiensiformis StZ is identified at Aït Hamouch and Zalidou sections by the FO of Neocomites subtenuis (AH72, Za25, respectively), as its appearance is contemporaneous with that of N. neocomiensiformis in SE Spain [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF]. The N. subtenuis LSz [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]) used here corresponds, in terms of stratigraphic interval, to the Baronnites hirsutus Subzone proposed by [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF]. In the upper part of the zone, the base of the Busnardoites campylotoxus LSz is placed at the FO of its relatively abundant index-species (AH79, Za29).

The subzone is also well characterized by Luppovella superba and numerous Olcostephanus guebhardi (first acme). The B. campylotoxus LSz corresponds, in terms of stratigraphic interval, to the Valanginites dolioliformis Subzone of [START_REF] Company | Lower Valanginian ammonite biostratigraphy in the Subbetic Domain (Betic Cordillera, southeastern Spain)[END_REF]. The base of the

Karakaschiceras inostranzewi

StZ is placed at the FO of its index species (AH87, Za34a). This zone corresponds to the Karakaschiceras biassalense Zone of [START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF][START_REF] Wippich | Valanginian (Early Cretaceous) ammonite faunas from the western High Atlas, Morocco, and the recognition of western Mediterranean "standard" zones[END_REF] and [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]. [START_REF] Wippich | Valanginian (Early Cretaceous) ammonite faunas from the western High Atlas, Morocco, and the recognition of western Mediterranean "standard" zones[END_REF] and [START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF] Valanginian boundary; in this case, it could be put at the base of layer Za36. However, the lower boundary of this zone cannot be placed using the abundance variations of some taxa that partly depend on paleoenvironmental factors; a similar discussion is suggested for the use of Neocomites platycostatus to identify the substage boundary (Reboulet et al., in prep.).

identification of several sequences (Reboulet et al., in prep.). Faur main stages can be recognized in the Late Berriasian-Valnginian evolution of the EAB. to cold temperature and the presence of upwellings favours the development of heterozoan carbonate systems [START_REF] Michel | Heterozoan carbonates: When, where and why? A synthesis on parameters controlling carbonate production and occurrences[END_REF]. The abundance of agglutinated foraminifers in the late Berriasian and early Valanginian, also supports a significant nutrient supply, and suggests an oxygen depletion at that time (e.g., [START_REF] Kuhnt | Ecological structuring and evolution of deepsea agglutinated foraminifera -A review[END_REF][START_REF] Reolid | Foraminiferal assemblages as palaeoenvironmental bioindicators in Late Jurassic epicontinental Platforms: Relation with trophic conditions[END_REF][START_REF] Kender | Modern deep-water agglutinated foraminifera from IODP Expedition 323, Bering Sea: ecological and taxonomic implications[END_REF]. This interpretation is supported by the abundance of pyrite in the lower

Valanginian marlstones of the southern sections and by the sporadic occurrence of Aucellina sp. throughout the Valanginian succession. Oxygen depletion, however, must be mild or sporadic, since echinoids appear locally associated with the agglutinated foraminifers.

Paleogeography

Although partly studied, the Tithonian-Berriasian succession suggests that the western Although sandstone prograded in the northern part of the basin during the late Valanginian, the southernmost section (Aït Hamouch) displays sandy layers in the late early to earliest late Valanginian (Figure 5.4), thus suggesting that the course of rivers that supplied quartz grains to the EAB was changing through time.

In the Obbay section, the upper Valanginian series does not differ significantly from the other sections, but the lower Valanginian succession is very condensed, and probably also during the Berriasian (Figure 5.3). Three explanations may be proposed. First, the presence of strong upwelling currents [START_REF] Price | Sedimentological evaluation of general circulation model simulations for the "greenhouse" Earth: Cretaceous and Jurassic case studies[END_REF][START_REF] Poulsen | The impact of paleogeographic evolution on the surface oceanic circulation and the marine environment within the mid-Cretaceous Tethys[END_REF] can both account for the condensation of the section and the abundance of phosphate and glauconite [START_REF] Föllmi | The phosphorus cycle, phosphogenesis and marine phosphate-rich deposits[END_REF][START_REF] Puhfal | Sedimentary and igneous phosphate deposits: formation and exploration[END_REF] in the early Valanginian. Second, incipient movements of the Amsittene diapir (e.g., [START_REF] Tari | Salt tectonics along the atlantic margin of morocco[END_REF] may have locally uplifted this area that became a shallow swell, on which a high energy regime caused condensation. Finally, Bertotti et al.

(2012) and [START_REF] Fernández-Blanco | Anticline growth by shortening during crustal exhumation of the Moroccan Atlantic margin[END_REF] proposed that compressional tectonics may have uplifted the Amsittene area during Late Jurassic-Early Cretaceous times. In the lack of more sections studied around the Amsittene anticline, we cannot specify the origin of this condensation, but a combination of both upwelling and uplift is likely, the latter allowing the swell to reach the Fair-Weather Wave Base.

The fact that condensation disappears during the late Valanginian sea level rise suggests that either, upwelling currents were less active, or more probably, they migrated toward the continent, or their activity was distributed and mitigated in the thicker water column. Berriasian to Hauterivian sediments consist of a turbidite succession, deposited in a lowermost continental rise environment [START_REF] Lancelot | Site 416, in the Moroccan Basin, Deep Sea Drilling Project Leg 50[END_REF]. The Valanginian interval was identified onboard from core 48 to 14, between -1540 and -1222 meters below seafloor (mbsf) [START_REF] Čepek | Mesozoic Calcareous Nannofossils, Deep Sea Drilling Project sites 415 and 416[END_REF][START_REF] Sliter | Mesozoic foraminifers and deep-sea benthic environments from Deep Sea Drilling Project sites 415 and 416, eastern North Atlantic[END_REF]. The detailed lithology of Site 416A was described by [START_REF] Lancelot | Site 416, in the Moroccan Basin, Deep Sea Drilling Project Leg 50[END_REF]. Briefly, the Berriasian and early Valanginian were assigned to lithological unit VII (from -1624 to -1430 mbsf, cores 57 to 37), characterized by alternating terrigenous and carbonate turbidites. The lithology displays quartz-rich siltstone and mudstone cycles alternating with hard micritic and calpionellid-rich limestones. A prominent change in lithology above -1430 mbsf characterizes the shift to the overlying lithological unit VI (from to -1430 to -880 mbsf, cores 36 to 7). This change is identified by an abrupt decrease in carbonate deposition and a subsequent increase in terrigenous input; such that siliclastic terrigenous turbidites replace the calcareous turbidites. The lithology change was regarded as a classical example of the mid-Valanginian platform drowning [START_REF] Schlager | Mesozoic Calciturbidites in Deep Sea Drilling Project Hole 416A Recognition of a Drowned Carbonate Platform[END_REF]. Lithological unit VI spans the rest of the Valanginian and builds up to the Hauterivian [START_REF] Lancelot | Site 416, in the Moroccan Basin, Deep Sea Drilling Project Leg 50[END_REF][START_REF] Schlager | Mesozoic Calciturbidites in Deep Sea Drilling Project Hole 416A Recognition of a Drowned Carbonate Platform[END_REF]. The lithology shows graded calcareous and siliclastic cycles, from siltstone or fine sandstone to mudstone.

Materials and methods

Samples for calcareous nannofossils, calcium carbonate content, and carbon-isotope analyses were regularly collected from different lithologies (except sandstones). The studied onshore successions (Zalidou and Aït Hamouch) span the late Berriasian to early Hauterivian, covering the entire Valanginian; the interval corresponding to the supposed Weissert Event was sampled with a higher resolution with respect to the whole investigated time interval. The offshore succession, DSDP Leg 50 Site 416A spanned the early to late Valanginian [START_REF] Čepek | Mesozoic Calcareous Nannofossils, Deep Sea Drilling Project sites 415 and 416[END_REF], and was characterized by a gap in the late Valanginian limiting the number of available samples.

Calcareous nannofossils

Biostratigraphic and paleoenvironmental analysis of the Zalidou and Aït Hamouch sections are based on eighty-five and fifty-four samples, respectively, selected from calcareous claystone to limestone ( [START_REF] Bordiga | Absolute nannofossil abundance estimates: Quantifying the pros and cons of different techniques[END_REF][START_REF] Lupi | Do sample preparation techniques affect the relative abundance of Florisphaera profunda?[END_REF].

Nannofossils were observed using a light polarizing microscope (Leica "DM2500 P") at 1000x magnification. Five hundred specimens per slide, both coccoliths and nannoliths, were generally counted in a variable number of fields of view (a mean of 52 for Zalidou, 80 for Aït

Hamouch and 39 for DSDP site 416A). In few samples (four from Zalidou and three from Aït Hamouch) characterized by low abundance of nannofossils (approx. 1-2 specimens/4 Fields of view), ~ 350-400 specimens were counted. All nannofossils with at least more than half of the specimen preserved were counted. In addition, two longitudinal random transverses (200 fields of view per transverse) were scanned after each counting for rare species that could be of biostratigraphic importance. To improve the biostratigraphic schemes whenever needed, scanning ~8-12 random longitudinal transverses was done on additional samples not used in the paleoenvironmental analyses (five from Zalidou, one from Aït Hamouch and eleven from Site 416A).

The taxonomic frameworks of [START_REF] Perch-Nielsen | Mesozoic Calcareous nannofossils[END_REF], Bown and Young (1998), and Nannotax3 [START_REF] Young | Nannotax3 website[END_REF] were followed. For nannoconids, the work of Deres and Achéritéguy (1980) was followed. The calcareous nannofossil zonation applied to the investigated sections were the NC and NK zones of [START_REF] Bralower | Valanginian to Aptian calcareous nannofossil stratigraphy and correlation with the upper M-sequence magnetic anomalies[END_REF] and [START_REF] Bralower | Calcareous nannofossil zonation of the Jurassic-Cretaceous boundary interval and correlation with the geomagnetic polarity timescale[END_REF][START_REF] Bralower | An Integrated Cretaceous Microfossil Biostratigraphy[END_REF], modified from [START_REF] Roth | Cretaceous Nannoplankton Biostratigraphy and Oceanography of the Northwestern Atlantic Ocean[END_REF]. This zonation scheme was selected because of its applicability to low-latitude Tethyan continental margins and Atlantic oceanic settings [START_REF] Bralower | An Integrated Cretaceous Microfossil Biostratigraphy[END_REF][START_REF] Bown | Early to mid-Cretaceous calcareous nannoplankton from the northwest Pacific Ocean, Leg 198, Shatsky Rise[END_REF][START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF]. The biostratigraphic scheme (CC zones and subzones) of [START_REF] Sissingh | Biostratigraphy of Cretaceous Calcareous Nannoplankton[END_REF], modified by Perch-Nielsen (1979, 1985) and [START_REF] Applegate | Cretaceous calcareous nannofossil biostratigraphy of sediments recovered from the Galicia margin, ODP Leg 103[END_REF], was also applied to the studied sections, because it allows subdividing the early Valanginian. This zonal scheme uses taxa with cosmopolitan distribution and Tethyan affinities; it relies on the first occurrence (FO) of Eiffelithus taxa (E. windii and E.

striatus) for subzone divisions during the Valanginian stage.

Nannofossil preservation was evaluated following the classes defined by [START_REF] Roth | calcareous nannoplankton: Leg 14 of the Deep Sea Drilling Program[END_REF] and modified by [START_REF] Roth | Jurassic and Lower Cretaceous calcareous nannofossils in the western North Atlantic (Site 534): biostratigraphy, preservation, and some observations on biogeography and paleoceanography[END_REF] 

Results

Calcareous nannofossils biostratigraphy

The NK3A, NK3B, and NC4A subzones of [START_REF] Bralower | An Integrated Cretaceous Microfossil Biostratigraphy[END_REF] were identified in both, Zalidou and Aït Hamouch sections (Figure 5.5 and Figure 5.6). In the latter section, the NC4B Subzone was additionally identified. At Site 416A, only the NK3A and NK3B subzones were identified (Figure 5.7). The CC3a, CC3b, and CC4a subzones of [START_REF] Sissingh | Biostratigraphy of Cretaceous Calcareous Nannoplankton[END_REF] were identified in all studied sections; and the CC4b Subzone was identified only at Aït Hamouch.

Nannofossil zonal and subzonal markers are illustrated in Figure 5.8.

The first occurrence (FO) of Eiffelithus windii and E. striatus identifies the top of the CC3a and CC3b subzones, respectively. The precise identification of the FO of E. striatus has been reported to be problematic due to difficulty in differentiating it from its smaller-sized predecessor (E. windii) [START_REF] Bown | Lower Cretaceous calcareous nannoplankton from the Neuquén Basin, Argentina[END_REF]. The morphological distinction between both species is set at 6.4 µm for the coccolith length. However, a gradual size transition is observed between these two species [START_REF] Applegate | Cretaceous calcareous nannofossil biostratigraphy of sediments recovered from the Galicia margin, ODP Leg 103[END_REF][START_REF] Bralower | Calcareous nannofossil zonation of the Jurassic-Cretaceous boundary interval and correlation with the geomagnetic polarity timescale[END_REF][START_REF] Bown | Lower Cretaceous calcareous nannoplankton from the Neuquén Basin, Argentina[END_REF]. In practice, identifying the 6.4 µm cut-off point under the polarizedlight microscope is not concrete. Therefore, in this study, coccoliths with the length of their long-axes greater than 6.0 µm and with a relatively wide central area (almost 2/3 or greater of coccolith length), are identified as E. striatus (Figure 5. 

Calcareous nannofossils assemblage

Following the abundance classes defined by [START_REF] Erba | Biostratigrafia a Nannofossili calcarei Calpionellidi e Foraminiferi planctonici della Maiolica (Titoniano superiore-Aptiano) nelle Prealpi Bresciane (Italia Settentrionale)[END_REF], calcareous nannofossils are common (10-20 specimens per field of view) in the majority of the studied samples. Most samples present moderate or good preservation of calcareous nannofossils with minor dissolution and recrystallization, the delicate structures of coccoliths are still visible.

Highly dissolved and recrystallized coccoliths were limited to 14-18% of all the samples.

The calcareous nannofossils assemblage is dominated by eight and nine groups of taxa in the onshore and offshore sections, respectively, illustrated in Figure 5 and Assipetra infracretacea. Rotelapillus crenulatus are negligible in both onshore sections, but not at Site 416A where their relative abundance is on average 2.5 %. In this study, Diazomatolithus lehmanii and Diazomatolithus subbeticus were combined since their distinction under optical microscope is not well-constrained; moreover, the latter was considered as a morphological variant of D. lehmanii [START_REF] Grousset | The Lower Cretaceous of Caravaca (Spain): Berriasian Calcareous Nannoplankton of the Miravetes Section (Subbetic Zone, Prov. of Murcia)[END_REF]. The small Zeugrhabdotus spp. in this study correspond to Zeugrhabdotus with long axis ≤5 µm combined with Zeugrhabdotus erectus. Finally, Watznaueria barnesiae and W. fossacincta were merged, since the latter is considered to be a morphological variant of the former [START_REF] Bornemann | Size analyses of the coccolith species Biscutum constans and Watznaueria barnesiae from the Late Albian " Niveau Breistroffer[END_REF].

The nannoconids group is mainly represented in all studied successions by three taxa (N. steinmannii: narrow-canal, N. kamptneri and N. globulus, both corresponding to widecanal), constituting on average ~80 % of the total nannoconid population in both onshore sections, and ~94 % at Site 416A. Additionally, N. steinmannii is the dominant taxon, representing on average ~50 % of the total nannoconid population in both onshore sections, and ~67 % at Site 416A.

For the paleoceanographic reconstruction, only taxa that presented significant variations in all studied sections are considered. Thereby, the following groups are not described: other Watznaueria species (W. biporta and W. britannica), D. ignotus and R. crenulatus. 

Calcareous nannofossils absolute abundance and accumulation rate

The 

Calcareous nannofossil diversity indices and relative abundances

Average nannofossil diversity indices, specifically taxa richness and equitability, have values of 27 and 0.72, respectively, at Aït Hamouch, and 30 and 0.73 at Zalidou, and 34 and 0.93 respectively at Site 416A (Figure 5.5, Figure 5.6, and Figure 5.7). Thus, the offshore succession was characterized by higher nannofossil diversity compared to onshore sections.

At Zalidou (Figure 5 subzones. Upwards, it increases and remains stable (~3 %).

Calcium carbonate content and carbon-isotope

The CaCO3 (%) contents range between 15 -93 (avg. 49 %) at Zalidou, 14 -88 (avg.

41 %) at Aït Hamouch, and 4 -92 (avg. 23 %) at Site 416A (Table Supp and lower CC3a subzones. After that, the δ 13 Ccarb fluctuates around the value of -2 ‰ until the lower NK3B and uppermost CC3b subzones. Finally, the δ 13 Ccarb values are higher (~0 ‰) in the latest Valanginian than the rest of the succession.

Interpretation

Preservation of a calcareous nannofossils primary signal

The majority of studied samples showed good to moderate preservation of calcareous nannofossils with minor dissolution and recrystallization (Figure 5.5, Figure 5.6, and Figure 5.7). To note that the delicate structures of coccoliths were still visible.

The relative abundance (RA) of the solution-resistant W. barnesiae/fossacincta taxa is another indication of the preservation state. [START_REF] Roth | Middle Cretaceous calcareous nannofossil biogeography and preservation in the Atlantic and Indian oceans: Implications for paleoceanography[END_REF] suggested that relative abundances of W. barnesiae > 40 % indicate high degree of diagenesis and dissolution.

Whereas, [START_REF] Williams | Nannofossil assemblages, fine fraction stable isotopes, and the paleoceanography of the Valanginian-Barremian (Early Cretaceous) North Sea Basin[END_REF] suggested that even higher proportions (> 70 %) indicate assemblage alteration. In the studied samples, the RA of W. barnesiae/fossacincta is on average 41 % at Zalidou, 43 % at Aït Hamouch, and 37 % at Site 416A. Additionally, RA ranges of W. barnesiae/fossacincta in this study are not very different from those recorded in other basins: ~50 -90 % in Lombardian and Belluno basins -northern Italy [START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF]; 18 -77 % in DSDP Site 535, Gulf of Mexico [START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF]; and 22 -59 % in DSDP Site 603B, northern Atlantic [START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF].

The correlation between the RA of W. barnesiae/fossacincta and the taxa richness were tested in all the studied successions (Figure 5.9). Despite the fact that a negative correlation is observed (r = -0. Thereby, based on all aforementioned evidence, we assume that the nannofossil assemblages of both the Essaouira-Agadir Basin and DSDP setting (Site 416A) are slightly affected by diagenetic alteration but still hold a primary signal that can be used for the paleoceanographic reconstruction.

Figure 5.9 Plot of W. barnesiae/fossacincta relative abundance (RA, %) and taxa richness in Zalidou, Aït Hamouch and Site 416A

Time succession in calcareous nannofossil assemblages

The nannofossil total accumulation rate (NTAR) and nannofossil total absolute abundances (NTAA), along with the accumulation rates (AR) and abundances of the major calcareous nannofossil taxa demonstrate variations from the early to late Valanginian. This will allow to reconstruct paleoceanographic conditions on the central Moroccan margin, and better constrain the evolution of paleoceanographic conditions around the Weissert Event.

As the late Berriasian p.p. was only recognized at Zalidou, and the early Hauterivian p.p. was only recognized at Aït Hamouch, the discussion will be focused on paleoceanographic conditions during the Valanginian.

For the paleoceanographic reconstruction, the NTAR (and NTAA for Site 416A) is used as a proxy to estimate the nannoplankton production; and the accumulation rates and abundances (absolute and relative) of the high-fertility nannofossil taxa are used as a proxy for surface-water fertility levels. The ecological affinity of calcareous nannofossils taxa used for this purpose, along with the associated literature, are summarized in Table 5.1. Lastly, in the remaining late Valanginian, the nannoplankton production slightly decreases, with similar values as those observed in the early Valanginian. However, despite a decrease in surface-water fertility, the fertility remains higher with respect to the early Valanginian, as supported by the high RA of the small Zeugrhabdotus spp. (Figure 5.5). 

The Zalidou section

The Aït Hamouch section

The Site 416A

The lower NK3A and CC3a calcareous nannofossil subzones are characterized by an increase in the nannoplankton production, as suggested by both increasing NTAA and abundances of meso-eutrophic taxa (Figure 5.7). The latter recorded their highest proportions at that time. Marine conditions are also favorable for the development of nannoconids; their absolute abundance is higher compared with both onshore sections (Figure 5.7,Figure Supp. 5.2,and Figure Supp. 5.3), and they are mainly represented by narrow-canal forms with the large dominance of N. steinmannii (Figure 5.7). The assumption that narrow-canal Nannoconus inhabited the deep photic zone, under stratified waters and a deep nutricline [START_REF] Erba | Calcareous nannofossils and Mesozoic oceanic anoxic events[END_REF][START_REF] Erba | Nannofossils and superplumes: The Early Aptian "nannoconid crisis[END_REF], The onset of the nannoplankton production recovery, similar to that of NTAR observed onshore, seems to occur in the topmost samples (Figure 5.7). However, the recovery phase itself, as recorded in the onshore settings, seems to be missing at Site 416A.

has

The Carbon-isotope record and identifying the Weissert Event

At demonstrates to be a reliable biomarker (Reboulet et al., in prep.).

In the Essaouira-Agadir Basin (EAB), the calibration of the Weissert Event with calcareous nannofossils allowed to assign the CI positive shift to the upper NK3A-upper NK3B subzones (upper CC3b to "middle" CC4a). The base of the Event is close to the FO of H. circumradiatus, whereas its end coincides roughly with the LO of T. verenae (Figure 5.10).

At Site 416A, the measured δ 13 Ccarb values do not show any positive shift (Figure 5.7

and Figure 5.10). [START_REF] Wortmann | Tying platform drowning to perturbations of the global carbon cycle with a delta δ 13 COrg-curve from the Valanginian of DSDP Site 416[END_REF] measured δ 13 C in organic matter in samples from Site 416A and identified a δ 13 C positive excursion from -1420 to -1300 mbsf; which was not recognized in this study (Figure 5.7). Moreover, in both onshore sections, the base of the Weissert Event is roughly near to the FO of H. circumradiatus, although we acknowledge its occurrence is very sporadic. Therefore, we tentatively consider the interval corresponding to the Weissert Event from -1303 to -1122 mbsf (Figure 5.10). Its base is after the decline in nannoplankton production and surface-water fertility, similar to the observation from the onshore sections. The explanation for the absence of a CI positive shift at Site 416A is unclear.

The supposed positive shift might have been diluted by the high reworked material and terrigenous supply, or concealed by the graded turbidite cycles and/or by the high sedimentation rates known for this interval [START_REF] Lancelot | Site 416, in the Moroccan Basin, Deep Sea Drilling Project Leg 50[END_REF][START_REF] Schlager | Mesozoic Calciturbidites in Deep Sea Drilling Project Hole 416A Recognition of a Drowned Carbonate Platform[END_REF]. Indeed, the Valanginian sediments at Site 416A are more than 400 m thick [START_REF] Lancelot | Site 416, in the Moroccan Basin, Deep Sea Drilling Project Leg 50[END_REF]. Furthermore, the carbonate sediments in all studied successions, including Site 416A, generally present similar order of magnitude for the δ 13 Ccarb values (~ -1.0 ‰).

The carbonate sediments on the central Moroccan margin generally present lower δ 13 Ccarb values (on average below -1.1 ‰) compared with carbon-isotope records (on average above +1.0 ‰) from other hemipelagic-pelagic settings (SE France, Duchamp-Alphonse et al., 2007;[START_REF] Kujau | No evidence for anoxia during the Valanginian carbon isotope event -An organic-geochemical study from the Vocontian Basin, SE France[END_REF][START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF]Argentina, Aguirre-Urreta et al., 2008;Spain, Aguado et al., 2018;Italy, Bottini et al., 2018;[START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF]. et al. (in prep.). Simplified schemes of nannoplankton production, fertility and nannoconids abundance are comparable between Zalidou and Aït Hamouch; they were based on the accumulation rate results. Whereas, those of Site 416A are based on the absolute abundance results

Basin-wide paleoceanographic reconstruction

In the EAB, a high calcareous nannoplankton production and mesotrophic surface-water conditions are recorded in the early Valanginian, before the Weissert Event interval. This timeinterval is characterized by a low energy depositional environment and a mild oxygen-depletion (see section 2.3), which could infer stratification of the water-column. However, some differences are observed between the different settings due to their respective paleogeographic location (Figure 5.1). The nannoplankton production is higher at Aït Hamouch with respect to Zalidou in the early Valanginian (Figure 5.10). Aït Hamouch was more distal from the shoreline with respect to Zalidou (see section 2.4). Consequently, the greater depth of deposition at Aït

Hamouch and its location farther form the coastline, allow the development of a large and diverse nannoplankton community in a larger photic zone. Also, trophic levels in surface waters are higher at Aït Hamouch than at Zalidou (Figure 5.10). Nutrients input in the EAB was generally maintained from both, clastic river input and oceanic upwelling (see sections 2.3 and 2.4). During the early Valanginian, the northern part of the EAB (Zalidou section) was less influenced by clastic river influx, with respect to the southern part (Aït Hamouch) (Figure 5.4).

Moreover, Aït Hamouch was additionally fed by nutrients from the nearby upwelling system observed in the Obbay section. Although, the highest nannoplankton production is in Site 416A, being offshore with the largest photic zone (Figure 5.7,Figure Supp. 5.2,and Figure Supp. 5.3). corresponds to an outer shelf (see Figure 5.4), possibly with a large photic zone for the nannoplankton to flourish. Whereas, the depositional environment in Zalidou corresponds to a clastic shelf, with higher turbidity responsible for a reduced photic zone.

In the EAB and Site 416A, the nannoconids, mainly resperesented by Nannoconus steinmannii (narrow-canal form), generally show a distal-to-proximal gradient, with highest abundances in Site 416A, followed by Aït Hamouch and Zalidou, successively. Also, the nannoconids were "thriving" during periods of relatively high fertility in surface-waters in all studied successions (Figure 5.10). Initially, this was observed in the early Valanginian onshore Different positions within the photic zone were proposed for narrow and wide-canal Nannoconus (Table 5.1). At Aït Hamouch, the proportion of narrow-canal forms (mainly N.

steinmannii) within the nannoconid population reaches its highest value during the sea-level fall interval, and coincides with maximum clastic input (Figure 5.6). Afterwards, although the clastic input is reduced, the proportion of narrow-canal forms within the nannoconids population decreases all along the succession. Then, as shown for the Site 416A, high abundance of N. steinmannii is not associated with a stratified water column, but seems favored by high clastic input and associated nutrients (see section 5.2.3). This implies a shallow nutricline. Our results confirm the assumption of [START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF] suggesting that N.

steinmannii inhabited de-stratified surface waters.

Integrating the central Moroccan margin in a global paleoceanographic reconstruction

In order to globally reconstruct the fertility in surface-waters during the Weissert Event, the paleoceanographic conditions reconstructed from calcareous nannofossils between the central Moroccan margin and other basins are compared.

In the early Valanginian, high surface-water fertility is suggested in the western Atlantic in DSDP 535 (Gulf of Mexico) [START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF]. In the western and northern Altantic (DSDP 534A/603B), [START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF] suggest that surface-water productivity was already increasing from the Berriasian/Valanginian boundary prior to the Weissert Event.

Additionally, in the Tethys (Vocontian Basin, SE France), however, generally oligotrophic conditions in the earliest Valanginian (lowermost NK3 Zone) were followed by more mesotrophic conditions in the early Valanginian (lower NK3 Zone), prior to the Weissert Event [START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF]. In the EAB, and in Site 416A, the nannoplankton production and surface-water fertility are relatively high in the early Valanginian (N. premolicus StSz to N. subtenuis LSz, lower NK3 and lower CC3 subzones).

At the early/late Valanginian transition and/or during the incipient Weissert Event, increasing surface-water fertility is observed in several basins. In the Pacific (Site 1149B) and

Tethys oceans (Lombardian Basin, northern Italy), higher fertility and primary productivity is demonstrated in the upper NK3 Zone to the NC4A Subzone (Erba et al., 2004;[START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF]). In the Vocontian Basin (SE France), increasing calcareous nannofossil fluxes resulted from an increase in surface-water fertility during the Weissert Event, with highest values recorded within the lower NK3B calcareous nannofossil Subzone (upper B.

Campylotoxus to lower S. verrucosum ammonite zones) [START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF]. In the western and northern Atlantic (DSDP 534A and 603B), a further increase in surface-water primary productivity is observed during the NK3A Subzone and prior to the carbon-isotope excursion [START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF]. Also, in the western Atlantic (DSDP 535), [START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF] interpreted higher surface-water fertility in the early late

Valanginian. The central Moroccan margin complements these previous records, and similarly demonstrates increasing surface-water fertility and nannoplankton production during the Weissert Event in the southern Tethyan margin. In the rest of the late Valanginian, during the end or after the Weissert Event, surface-water fertility is observed to globally decrease. In the western Atlantic (DSDP 535), trophic conditions decrease in the late Valanginian, supported by lower abundances of all fertility-related taxa [START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF]. In the northern Tethys, a decrease in the abundance of D. lehmanii is observed in the Lombardian Basin (northern Italy), in the NC4A Subzone when δ 13 C is decreasing [START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF]). In the Vocontian Basin (SE France), a decrease in both nannofossil fluxes and fertility indicators is observed from the upper part of the Weissert Event (N. Peregrinus Zone and upper NK3-lower NC4 subzones) [START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF]. In the EAB, surface-water fertility and nannoplankton production decrease in the top of the Weissert Event and after it, seen in the most complete section of Zalidou, although the fertility remains higher than in the early

Valanginian. In the Aït Hamouch section, an abrupt increase in surface-water fertility and nannoplankton production, related to a large photic zone in an outer shelf setting, is observed in the latest Valanginian (upper C. furcillata StZ, NC4A and upper CC4a subzones).

However, in other studied basins, marine surface-water fertility was stable during the Valanginian. In the northern-central Atlantic (DSDP 638, NW Spain), high surface-water fertility is observed throughout the Valanginian [START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF]. Further north, in NE Greenland, which was a gateway between the Arctic Ocean and the northern Tethys, oligotrophic conditions are observed during the Valanginian [START_REF] Patchett | Hafnium/rare earth element fractionation in the sedimentary system and crustal recycling into the Earth's mantle[END_REF]. In the eastern Tethys (South and east Carpathians), generally oligotrophic surface-waters are observed during the Berriasian-Valanginian interval, supported by stable nannofossil diversity and abundance [START_REF] Melinte | A Valanginian (Early Cretaceous) "boreal nannoplankton excursion" in sections from Romania[END_REF]. From the available data, the eastern and northernmost Tethys seem to have been characterized by unchanging paleoceanographic conditions during the Valanginian. This might be linked to the physiographic characteristics of these basins, and the associated atmospheric/oceanic circulation currents (see [START_REF] Price | Sedimentological evaluation of general circulation model simulations for the "greenhouse" Earth: Cretaceous and Jurassic case studies[END_REF][START_REF] Poulsen | The impact of paleogeographic evolution on the surface oceanic circulation and the marine environment within the mid-Cretaceous Tethys[END_REF].

The nannoconid decline

The decrease in the nannoconid abundances is known as the "Nannoconid decline", and is globally recorded to start before the Valanginian Carbon-Isotope (CI) positive excursion and spans the Weissert Event [START_REF] Channell | Magnetostratigraphic calibration of the Late Valanginian carbon isotope event in pelagic limestones from Northern Italy and Switzerland[END_REF][START_REF] Bersezio | Berriasian-Aptian black shales of the Maiolica formation (Lombardian Basin, Southern Alps, Northern Italy): Local to global events[END_REF][START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF]). In the western Atlantic, the decrease in the nannoconid abundances is observed from the NK3A to NC4A calcareous nannofossil subzones (DSDP 534A; Bornemann and Mutterlose, nannoconid population. However, enhanced clastic input and associated nutrients led to a shallow nutricline that did not particularly impact N. steinmannii.

Moreover, the nannoconid recovery is observed to coincide with the high δ 13 Ccarb values in the Tethys (Vocontian Basin, France), and in the western and northern Atlantic (DSDP 534A and 603B; [START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF][START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF][START_REF] Barbarin | Evidence for a complex Valanginian nannoconid decline in the Vocontian basin (South East France)[END_REF].

This agrees with observations in the EAB, since nannoconids recover during the Weissert Event when the δ 13 Ccarb is high, and under conditions of both, high nannoplankton production and surface-water fertility. This suggests that nannoconids do not particularly disfavor such surfacewater conditions.

Conclusions

The quantitative analyses of calcareous nannofossil assemblages from two onshore 

Chapter 6 Geochemical and radiogenic isotope records of the Weissert Event in southern Tethys sediments

Preface: This chapter presents the geochemical and radiogenic isotope study that we use to compliment the paleoceanographic reconstruction obtained in the preceding chapters from calcareous nannofossils and sediment analyses. We already observed variations in surfacewater fertility and nannoplankton production before, during, and after the Weissert Event in the Essaouira-Agadir Basin. These variations were linked with changes in sea-level and in sediment input from fluvial influx and/or oceanic upwelling. In the current chapter, we use trace and major elements and the radiogenic isotopes Pb, Sr, and Nd to investigate more closely the relative roles of continental weathering and upwellings in the source of nutrients. In addition, we use the Pb, Sr, and Nd isotopic signature of studied sediments to test for a volcanic contribution; since large igneous provinces are hypothesized to be at the origin of the Weissert Event. For these purposes, two geological successions were investigated, the onshore Zalidou section and the offshore Site 416A. Such combination is pursued to compare the geochemical results between a proximal and a distal site in the Essaouira-Agadir Basin.

Prologue:

The radiogenic lead, strontium and neodymium isotopic systems originate in the decay of long-lived radionuclides (uranium, thorium, rubidium and samarium) with very long halflives, on the order of billions of years (see [START_REF] Chauvel | Long-Lived Radionuclides[END_REF]and references therein). They are used as tracers in palaeoceanographic reconstructions because they vary over the surface of the Earth and within it [START_REF] Goldstein | Long-lived Isotopic Tracers in Oceanography, Paleoceanography, and Ice-sheet Dynamics[END_REF]. Moreover, these elements have high atomic masses (>87 amu), and consequently their isotopic ratios are not really affected by chemical and biological mass fractionation effects [START_REF] Faure | Principles of isotope geology[END_REF][START_REF] Dickin | Radiogenic isotope geology, 2nd editio. ed, Radiogenic isotope geology[END_REF].

The parent-daughter ratio of the radiogenic systems U-Th-Pb, Rb-Sr and Sm-Nd varies between oceanic and continental crusts, owing to the differentiation of the silicate Earth during continental crust formation (see [START_REF] Goldstein | Long-lived Isotopic Tracers in Oceanography, Paleoceanography, and Ice-sheet Dynamics[END_REF]. During partial melting and fractional crystallization, U, Th, Pb, Rb, Sr, Nd and Sm all concentrate in silica-rich melts and get enriched in continental rocks [START_REF] Faure | Principles of isotope geology[END_REF][START_REF] Zindler | Chemical Geodynamics[END_REF][START_REF] Hofmann | Chemical differentiation of the Earth: the relationship between mantle, continental crust, and oceanic crust[END_REF][START_REF] Dickin | Radiogenic isotope geology, 2nd editio. ed, Radiogenic isotope geology[END_REF].

They are all considered as incompatible trace elements but subtle differences exist. U and Th are more incompatible than Pb, Rb is more incompatible than Sr, and Nd is more incompatible than Sm. The consequence is that the continental crust has higher U/Pb, Th/Pb and Rb/Sr and lower Sm/Nd than in the oceanic crust or the mantle that formed it. It follows that owing to radiogenic decay over sufficiently long geological time-periods, the continental crust will develop more radiogenic Pb and Sr isotopic ratios, and unradiogenic Nd ratios (see Figure 

Highlights:

• Pb, Sr, and Nd isotope ratios do not significantly change during the Weissert Event

• Sediment geochemistry supports continental weathering rather than oceanic upwelling

• No volcanic contribution could be detected in the sediment geochemistry

• The source of sediments was most probably the African Sahara region

ABSTRACT:

The Cretaceous marine sedimentary record is characterized by time intervals rich in organic matter and correlating with positive carbon-isotope excursions, often called oceanic While this does not preclude an impact of volcanic activity on the composition of seawater, it demonstrates that the erupted volumes were not sufficient to affect the deposited sediments.

Introduction

The Cretaceous marine sedimentary record is characterized by several positive carbonisotope excursions (CIEs) corresponding to perturbations in the global carbon-cycle [START_REF] Scholle | Carbon isotope fluctuations in Cretaceous pelagic limestones: potential stratigraphic and petroleum exploration tool[END_REF][START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: A possible link? Palaeogeogr[END_REF]. These are mainly explained by enhanced marine and terrestrial primary productivity and/or enhanced preservation of organic matter [START_REF] Scholle | Carbon isotope fluctuations in Cretaceous pelagic limestones: potential stratigraphic and petroleum exploration tool[END_REF][START_REF] Weissert | C-Isotope stratigraphy, a monitor of paleoenvironmental change: A case study from the early cretaceous[END_REF][START_REF] Kump | Interpreting carbon-isotope excursions: Carbonates and organic matter[END_REF]. Positive CIEs are often associated with records of widespread organic-rich oceanic sediments, often termed as "Oceanic Anoxic

Events" (OAEs, [START_REF] Schlanger | Cretaceous Oceanic Anoxic Events: Causes and Consequences[END_REF][START_REF] Scholle | Carbon isotope fluctuations in Cretaceous pelagic limestones: potential stratigraphic and petroleum exploration tool[END_REF]. The Valanginian stage (137. 7 -132.6 Ma;[START_REF] Gale | The Cretaceous Period[END_REF] records the first positive CIE of the Cretaceous and it is named the Weissert Oceanic Anoxic Event [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF][START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: A possible link? Palaeogeogr[END_REF][START_REF] Erba | Calcareous nannofossils and Mesozoic oceanic anoxic events[END_REF]. However, its expression as an OAE has been doubted due to the absence of significant and widespread organic-rich layers [START_REF] Westermann | The Valanginian δ 13 C excursion may not be an expression of a global oceanic anoxic event[END_REF][START_REF] Kujau | No evidence for anoxia during the Valanginian carbon isotope event -An organic-geochemical study from the Vocontian Basin, SE France[END_REF].

Centimetric organic carbon-rich layers (1.9 -3.7 % TOC), called the "Barrande" layers, were observed prior to the Valanginian positive CIE in the Vocontian basin (SE France) [START_REF] Reboulet | Ammonoid and nannoplankton abundance in Valanginian (early Cretaceous) limestone-marl successions from the southeast France Basin: Carbonate dilution or productivity? Palaeogeogr[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF].

The positive CIE corresponding to the "Weissert Event" is observed in a wide range of geographic locations such as the Tethys, Atlantic, Pacific, Boreal Realm and the Southern Hemisphere [START_REF] Hennig | C-isotope stratigraphy, a calibration tool between ammonite-and magnetostratigraphy: The Valanginian-Hauterivian transition[END_REF][START_REF] Bartolini | Cretaceous radiolarian biochronology and carbon isotope stratigraphy of ODP Site 1149 (northwestern Pacific, Nadezhda Basin)[END_REF][START_REF] Price | Isotopic signals from late Jurassic-early Cretaceous (Volgian-Valanginian) sub-Arctic belemnites, Yatria River, Western Siberia[END_REF][START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF]McArthur et al., 2007;[START_REF] Aguirre-Urreta | Southern Hemisphere Early Cretaceous (Valanginian-Early Barremian) carbon and oxygen isotope curves from the Neuquén Basin, Argentina[END_REF][START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF][START_REF] Charbonnier | Astronomical calibration of the Valanginian "Weissert" episode: The Orpierre marl-limestone succession (Vocontian Basin, southeastern France)[END_REF][START_REF] Price | A High-Resolution Belemnite Geochemical Analysis of Early Cretaceous (Valanginian-Hauterivian) Environmental and Climatic Perturbations[END_REF]. This CIE has been recorded in marine carbonates and organic matter [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF][START_REF] Channell | Magnetostratigraphic calibration of the Late Valanginian carbon isotope event in pelagic limestones from Northern Italy and Switzerland[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Aguado | A new record of the Weissert episode from the Valanginian succession of Cehegín (Subbetic, SE Spain): Bio-and carbon isotope stratigraphy[END_REF], and in terrestrial fossil plants [START_REF] Gröcke | The Upper Valanginian (Early Cretaceous) positive carbon-isotope event recorded in terrestrial plants[END_REF], implying a perturbation in both the oceanic and atmospheric carbon-reservoirs.

The "Weissert Event" has been associated with a warm and humid climate [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF][START_REF] Charbonnier | A global palaeoclimatic reconstruction for the Valanginian based on clay mineralogical and geochemical data[END_REF], enhanced marine primary productivity [START_REF] Bersezio | Berriasian-Aptian black shales of the Maiolica formation (Lombardian Basin, Southern Alps, Northern Italy): Local to global events[END_REF][START_REF] Bartolini | Cretaceous radiolarian biochronology and carbon isotope stratigraphy of ODP Site 1149 (northwestern Pacific, Nadezhda Basin)[END_REF][START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF][START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF][START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF][START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF], and a biocalcification crisis in platform and pelagic settings [START_REF] Channell | Magnetostratigraphic calibration of the Late Valanginian carbon isotope event in pelagic limestones from Northern Italy and Switzerland[END_REF][START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: A possible link? Palaeogeogr[END_REF][START_REF] Wortmann | Tying platform drowning to perturbations of the global carbon cycle with a delta δ 13 COrg-curve from the Valanginian of DSDP Site 416[END_REF][START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF][START_REF] Föllmi | Interactions between environmental change and shallow water carbonate buildup along the northern Tethyan margin and their impact on the Early Cretaceous carbon isotope record[END_REF]. Two main hypotheses explain the eutrophication (i.e., nutrient input) of the marine environment in proximal and distal marine settings. Intensification of the hydrological cycle is suggested to cause higher detrital and nutrient input in the proximal settings close to fluvial influx [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF][START_REF] Jenkyns | Evidence for rapid climate change in the Mesozoic-Palaeogene greenhouse world[END_REF]Erba et al., 2004). In contrast, nutrient input in pelagic settings is often explained by the introduction of nutrients from upwellings [START_REF] Arthur | Stratigraphy, geochemistry, and paleoceanography of organic carbon-rich Cretaceous sequences[END_REF][START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: A possible link? Palaeogeogr[END_REF][START_REF] Jenkyns | Geochemistry of oceanic anoxic events[END_REF][START_REF] Föllmi | Early Cretaceous life, climate and anoxia[END_REF]. Such hypotheses proposed for the fertilization of the ocean need to be examined for the Weissert Event.

The triggering conditions causing the environmental perturbations of the Weissert Event have been tentatively linked with excessive volcanism from the Paraná-Etendeka LIP (large igneous province) [START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: A possible link? Palaeogeogr[END_REF]Erba et al., 2004;[START_REF] Charbonnier | Mercury enrichment indicates volcanic triggering of Valanginian environmental change[END_REF] or the Comei-Bunbury LIP [START_REF] Zhu | The 132 Ma Comei-Bunbury large igneous province: Remnants identified in present-day southeastern Tibet and southwestern Australia[END_REF]. Other studies used only Pb isotopes to correlate the Weissert Event with the Paraná-Etendeka LIP [START_REF] Chavagnac | Global environmental effects of large volcanic eruptions on ocean chemistry: Evidence from "hydrothermal" sediments (ODP Leg 185, Site 1149B)[END_REF][START_REF] Peate | Global dispersal of Pb by large-volume silicic eruptions in the Paraná-Etendeka large igneous province[END_REF].

Nonethless, radiometric ages of basalts from these LIPs cluster around 135-126 Ma [START_REF] Liu | Petrogenesis of the Early Cretaceous Laguila bimodal intrusive rocks from the Tethyan Himalaya: Implications for the break-up of Eastern Gondwana[END_REF][START_REF] Almeida | Contemporaneous alkaline and tholeiitic magmatism in the Ponta Grossa Arch, Paraná-Etendeka Magmatic Province: Constraints from U-Pb zircon/baddeleyite and 40Ar/39Ar phlogopite dating of the José Fernandes Gabbro and mafic dykes[END_REF][START_REF] Baksi | Paraná flood basalt volcanism primarily limited to ~ 1 Myr beginning at 135 Ma: New 40Ar/39Ar ages for rocks from Rio Grande do Sul, and critical evaluation of published radiometric data[END_REF][START_REF] Rocha | Rapid eruption of silicic magmas from the Paraná magmatic province (Brazil) did not trigger the Valanginian event[END_REF], postdating the onset of the Valanginian positive CIE (135.22 ±1.0 Ma, [START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF].

In the current study, we report major and trace element concentrations and radiogenic isotope ratios of Pb, Sr, and Nd in Valanginian carbonate sediments from two stratigraphic successions in the central Moroccan margin, that includes the Essaouira-Agadir Basin.

Comparing data obtained on sediments from an onshore (Zalidou) and an offshore succession (DSDP Site 416A) allows to investigate the geochemical similarities and differences between a proximal and a distal site in the same basin. In both sites, temporal geochemical variations are constrained by an accurate chronostratigraphic framework, allowing us to establish whether changes occur before, during or after the Weissert Event. Ultimately, the aim of this study is two folds: (a) determine whether the source of nutrients (i.e., eutrophication) is continental runoff, oceanic upwellings or both and (b) search for the presence of a volcanic contribution in the sediments, a feature that would support such origin for the Weissert Event.

Geological setting

The Essaouira-Agadir Basin faces the eastern Atlantic margin and is located in the western High Atlas in Morocco (longitudes 9 o 55' to 9 o 20' W, and latitudes 30 o 30' to 31 o 05' N) (Figure 6.1). The Essaouira-Agadir Basin extends offshore until the western limit of the continental margin and constitutes part of the present-day Atlantic passive margin (Frizon de Lamotte et al., 2008). Consequently, the geological evolution of the passive margin controlled that of the basin itself [START_REF] Ellouz | From rifting to Alpine inversion: Mesooic and Cenozoic subsidence history of some Moroccan basins[END_REF]. Post-rift sedimentation along with thermal subsidence started in the middle Jurassic and an eustatic transgression gave way to extended marine sedimentation during the Early Cretaceous (Berriasian to early Hauterivian; [START_REF] Piqué | Transtensive synsedimentary tectonics associated with ocean opening: The Essaouira-Agadir segment of the Moroccan Atlantic margin[END_REF][START_REF] Hafid | Atlantic basins[END_REF][START_REF] Frizon De Lamotte | Mesozoic and Cenozoic vertical movements in the Atlas system (Algeria, Morocco, Tunisia): An overview[END_REF]. During the Early Cretaceous, the basin corresponded to a temperate platform on the southern Tethyan margin between paleo-latitudes ~ 15°N and ~22°N (Figure 6.2). The combination of the two successions allowed us to investigate how the geochemical signature in a proximal setting close to river-influence compares to that in a distal setting close to possible upwellings. Upwellings are known to be present during this time period on the NW African margin [START_REF] Price | Sedimentological evaluation of general circulation model simulations for the "greenhouse" Earth: Cretaceous and Jurassic case studies[END_REF][START_REF] Poulsen | The impact of paleogeographic evolution on the surface oceanic circulation and the marine environment within the mid-Cretaceous Tethys[END_REF].

The Zalidou section

The section is located onshore at about 100 km north of Agadir city (30°54'23"N; 9°39'48"W) (Figure 6 

2.2

The DSDP Leg 50 Site 416A drill core

The offshore succession was drilled ~238 km NW of Zalidou (32°50'10.7"N 10°48'03.6"W), at a water depth of 4201 m on the eastern Atlantic (Lancelot et al., 1980) (Figure Supp. 6.1). The Valanginian interval is identified using calcareous nannofossils from core 49 to 9, between -1542 and -1119 mbsf (meters below seafloor) [START_REF] Čepek | Mesozoic Calcareous Nannofossils, Deep Sea Drilling Project sites 415 and 416[END_REF]Shmeit et al., submitted). Also, the top of the studied interval at Site 416A records the late Valanginian, but not the latest Valanginian which could be missing (Shmeit et al., submitted). The lithology is thoroughly described in [START_REF] Lancelot | Site 416, in the Moroccan Basin, Deep Sea Drilling Project Leg 50[END_REF]. 

Materials and methods

We selected twenty samples from the Zalidou section and forty-eight from the DSDP Site 416A. The selected samples span the Valanginian time interval (Figure Supp. 6.2). The Zalidou samples correspond to marlstones and argillaceous-limestones. For the Site 416A, samples were collected in the finest parts of the turbiditic cycles, corresponding to marlstone and mudstone. Such fine-grained lithologies were selected to minimize geochemical changes due to different rock types that would potentially overprint those due to source/sedimentation changes. The Zalidou samples have calcium carbonate contents of ~40 %, and samples from Site 416A have contents between 8 and 50% (Table Supp. 6 and Table Supp. 7). Due to the scarcity of available samples in the late Valanginian of Site 416A, we chose samples with the highest possible calcium carbonate content although it was low (<10 %). The Table Supp. 6

and Table Supp. 7 summarize the information on the selected samples from both successions.

All samples were finely crushed in an agate mortar.

Major and trace elements

Major elements and loss on ignition were measured by the CNRS Service d'Analyse des Roches et des Minéraux (SARM) in Nancy, France. Rocks samples were digested using alkali fusion, and major element analyses were done by flow injection ICP-MS. The procedures and analyses conditions are described in [START_REF] Carignan | Routine analyses of trace elements in geological samples using flow injection and low pressure on-line liquid chromatography coupled to ICP-MS: A study of geochemical reference materials BR, DR-N, UB-N, AN-G and GH[END_REF]. Accuracy was assessed based on the international reference materials (BR, AN-G, UB-N, DR-N and GH) (see [START_REF] Carignan | Routine analyses of trace elements in geological samples using flow injection and low pressure on-line liquid chromatography coupled to ICP-MS: A study of geochemical reference materials BR, DR-N, UB-N, AN-G and GH[END_REF]. Complete duplicate analysis of one of our samples demonstrates a reproducibility better than 5 % (Table Supp. 6 and Table Supp. 7). Also, the chemical index of alteration was calculated using the molecular proportions of Al, Ca, Na, and K oxides, while also correcting the molar proportion of CaO for phosphate and carbonate. This correction is needed for carbonate sediments and is applied to restrict the molar proportion of CaO to that derived from silicate mineral (see [START_REF] Bomou | The expression of the Cenomanian-Turonian oceanic anoxic event in Tibet[END_REF]and references therein).

Trace element concentrations were measured at the IPGP (Institut de Physique du Globe de Paris) Paris, France. The methods used were generally similar to those described in [START_REF] Chauvel | Comprehensive Chemical and Isotopic Analyses of Basalt and Sediment Reference Materials[END_REF], with slight modifications. About 100 mg of each sample was dissolved in concentrated HNO3:HF using Parr bombs maintained at 150 o C for over two weeks. The only exceptions were the three basalt standards (BHVO-2, BR-24 and BE-N) digested in Savillex Teflon beakers because they do not contain refractory minerals. After dissolution, samples were diluted using 0.5M HNO3 plus traces of HF to reach a dilution factor of 10000. A 5 ppb indium standard was added to all samples prior to measurements on an Agilent 8900 ICP-MS. Except for low masses 7 Li, 9 Be, and 11 B, all masses were measured in collision mode, with a 5 ml.min - 1 He flux in the collision reaction cell to remove polyatomic interferences. The international reference material BE-N was used to calibrate the signal (external calibration) and was run every 5-6 samples during the entire sequence. The procedural blanks were negligible. The accuracy of our data as evaluated from analyses of reference rock materials (BHVO-2 and BR-24) is generally better than 5 %, but there are few exceptions (see Table Supp. 5). The precision was assessed from complete duplicate analyses of three samples that reproduce within 5 % for most elements (Table Supp. 6 andTable Supp. 7). pg, and Nd <86 pg) but there were two exceptions: one Sr blank at 770 pg and one Nd blank at 1800 pg. These two high values remain negligible relative to the quantity of element in the samples and correspond to 0.016 % and 1.05 % of the mass isolated from the least concentrated samples for Sr and Nd, respectively. Pb, Sr, and Nd isotopic ratios were measured on a Multi-Collector ICP-MS (Thermo scientific Neptune plus) equipped with an Apex IR introductory system. Cones used for lead and strontium were a Jet sampler and an H skimmer and for neodymium a Jet sampler with an X skimmer. The sample flow rate was at 50 µl/min, sample measurement, including the wash and uptake time, was 10 min/sample. For Nd, N2 gas was introduced in the Apex IR system at 4 bars pressure to reduce the oxides of Nd, which could form in the plasma and interfere with the signal.

Radiogenic isotopes (

Measured strontium and neodymium isotope ratios were normalized to 88 Sr/ 86 Sr = 0.1194 and 146 Nd/ 144 Nd = 0.7219 [START_REF] O'nions | Geochemical and cosmochemical applications of Nd isotope analysis[END_REF]. For lead measurements, the samples were spiked with thallium (5 ppb) and normalized to 205 Tl/ 203 Tl: 2.38714 [START_REF] White | High-precision analysis of Pb isotope ratios by multi-collector ICP-MS[END_REF].

International standard materials (NBS 981 Pb, NBS 987 Sr, and AMES Rennes Nd) were measured every four samples, and the average isotopic ratio of the session was used to correct for the bias relative to values published by [START_REF] Jochum | GSD-1G and MPI-DING Reference Glasses for In Situ and Bulk Isotopic Determination[END_REF] for Pb, by [START_REF] Thirlwall | Long-term reproducibility of multicollector Sr and Nd isotope ratio analysis[END_REF] for Sr and by [START_REF] Chauvel | Comprehensive Chemical and Isotopic Analyses of Basalt and Sediment Reference Materials[END_REF] for Nd. Isotopic ratios measured on complete duplicate analyses of five samples and two dissolutions of the AGV-2 international standard demonstrate that both the reproducibility and the accuracy are excellent (Table Supp. [START_REF] Thiede | Paraná flood basalts: Rapid extrusion hypothesis confirmed by new 40Ar/39Ar results[END_REF]Table Supp. 6. and Table Supp. 7).

Results

Major elements

The major elements contents in Zalidou and Site 416A are reported in Table Supp. 6

and Table Supp. 7. The average Al2O3 content is higher in Site 416A (15 ±7 wt%) than in Zalidou (9 ±5 wt.%) (Figure 6.3). The errors correspond to the variability between samples. In contrast, the average SiO2 content is slightly higher in the Zalidou section (47 ±15) than in Site 416A samples (43 ±17); and the CaO is comparable between both successions (Figure 6.3). The studied sediments from Zalidou lie in the middle of a "triangular" field defined by three endmembers of oceanic sediment composition (i.e., silica-rich, clay, and carbonate; Figure 6.3) while most of the Site 416A samples define a trend between clay and carbonate.

Stratigraphic variations in the SiO2 and CaO contents (wt.%) at Zalidou show a stable trend during the entire studied interval (Figure 6.4). The Al2O3 content shows possibly higher values (12 ±6 wt.%) in the upper part of the Weissert Event interval between 25.05 and 32.8 m, compared with the rest of the succession (9 ±5 wt.%) (Figure 6.4). This interval corresponds to the Olcostephanus nicklesi ammonite Subzone (NK3B and CC4a calcareous nannofossil subzones). Also, the calculated CIA (chemical index of alteration) is slightly higher (74 ±4) in the same interval where Al2O3 is higher, compared with the rest of the succession (68 ±6). At Site 416A, the SiO2 content is steady throughout the studied interval (Figure 6. 

Trace elements

Figure 6.5 shows the concentrations in Zalidou and Site 416A of Al2O3 vs. selected trace elements representing different oceanic sediment end-members. Lithium, which is contained in fine-grained clays, is higher in Site 416A (avg. 87 ±42 ppm) compared with Zalidou (avg. 46 ±37 ppm) (Figure 6.5a). Similarly, this applies to other elements contained in clays (e.g., Cs

and Rb) (Table Supp. 6 and Table Supp. 7). The REE contents, whose budget is mainly controlled by the abundance of clays, are slightly higher in Site 416A than in Zalidou. For example, the concentration of Nd is higher in Site 416A (avg. 33 ±17 ppm) compared with Zalidou (avg. 25 ±2 ppm) (Figure 6.5b). Strontium, which substitutes Ca in calcium carbonate minerals, is higher and more variable in Site 416A (avg. 407 ±239 ppm) compared with Zalidou (avg. 302 ±215 ppm) (Figure 6.5c). Lastly, the high field strength elements (HFSE), mainly carried by heavy minerals present in the coarse-grained detrital sands, are significantly higher in Zalidou than Site 416A (Table Supp. 6 and Table Supp. 7). For example, the Zr concentration is 302 ±217 ppm in the former section against a lower concentration of 137 ±63 in the latter (Figure 6.5d).

Stratigraphic variations, at Zalidou, in the trace elements contained in clays and coarser grain detrital materials (Li and Nd) are stable throughout the studied interval (Figure 6.6).

Strontium, possibly representing a carbonate component, is also stable during the studied interval. The Zr concentration is consistently low (178 ±87 ppm) in the upper part of the Weissert Event interval between 25.05 and 32.8 m, compared with the rest of the succession (346 ±176 ppm) (Figure 6.6). This corresponds to the time interval when Al2O3 contents are higher (O. nicklesi Subzone, NK3B and CC4a subzones) (Figure 6.4). At Site 416A, the concentration of Li increases from 61 ±7 ppm before the Weissert Event interval to 90 ±40 ppm after it (Figure 6.6). This corresponds to the time interval when Al2O3 contents also increase 

Radiogenic isotopes

The measured and initial isotope ratios of Pb, Sr, and Nd in Zalidou and Site 416A are reported in Table Supp. 6 and Table Supp. 7. The initial isotope ratios of Pb and Sr were calculated at 135 Ma using Equation 6.1. Still, the initial isotopic ratios of Nd were not calculated due to the long half-life of 147 Sm that hardly decayed in such amount of time. Equation 6.1

! " " # $ %&%'%() = ! " " # $ +,-.-&'/0(1 + ! 3 " # $ %&%'%() 45 6' -19
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radioactive parent isotope, and :: decay constant.

The initial and measured isotopic ratios display similar stratigraphic trends, and the former are slightly lower than the latter (Figure 6. Supp. 6). Sample ZA56a has a low 208 Pb/ 204 Pb(i) because of its high Th/Pb ratio. We suspect that these anomalous ratios are due to recent events and are unrelated to the original contents, resulting in an overcorrection with age. In Site 416A, all the Pb isotopic ratios were steady during the Valanginian stage. The Sr isotopic ratios are highly variable (avg. 0.7106 ±0.4338, 2σ) and do not show any significant trend. The Nd isotopic ratios are quite constant and show minor variations (0.51197 ±0.00003, Figure 6.8 Comparing the initial (i) isotope ratios of Pb and Sr and measured (m) isotope ratios of Nd between Zalidou and Site 416A. Initial isotope ratios are calculated at 135 Ma using the decay constants and the half-life of parent/daughter decay systems from [START_REF] Villa | IUPAC-IUGS recommendation on the half life of 87Rb[END_REF] for Rb-Sr, and [START_REF] Jaffey | Precision measurement of half-lives and specific activities of U235 and U238[END_REF] and Le [START_REF] Roux | Half-life of 232Th[END_REF] for U-Th-Pb

Discussion

The positive carbon-isotope excursion (CIE) corresponding to the Weissert Event (Valanginian stage, 137.7 -132.6 Ma) is mainly interpreted as the consequence of enhanced marine primary productivity [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF][START_REF] Bartolini | Cretaceous radiolarian biochronology and carbon isotope stratigraphy of ODP Site 1149 (northwestern Pacific, Nadezhda Basin)[END_REF]Erba et al., 2004). Several micropaleontological (e.g., [START_REF] Bersezio | Berriasian-Aptian black shales of the Maiolica formation (Lombardian Basin, Southern Alps, Northern Italy): Local to global events[END_REF][START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF][START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF][START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF] and geochemical (e.g., [START_REF] Plank | Site 1149[END_REF][START_REF] Bartolini | Cretaceous radiolarian biochronology and carbon isotope stratigraphy of ODP Site 1149 (northwestern Pacific, Nadezhda Basin)[END_REF]Morales et al., 2015) studies support increasing marine primary productivity and fertility during the Valanginian stage.

An increase in marine primary productivity requires enhanced nutrification, and two main hypotheses exist for its origin. It could be due to higher continental weathering rates or to intensified upwellings [START_REF] Lini | The Valanginian carbon isotope event: a first episode of greenhouse climate conditions during the Cretaceous[END_REF][START_REF] Föllmi | Phosphogenesis, carbon-isotope stratigraphy, and carbonate-platform evolution along the Lower Cretaceous northern Tethyan margin[END_REF]Erba et al., 2004). The two processes would have different impacts in proximal and distal marine settings. Comparing the time evolution of the two types of settings could help understand the causes of increasing productivity. Enhanced continental weathering and hydrolyzing conditions have been demonstrated during the Valanginian stage from clay-mineral assemblages [START_REF] Westermann | Paleoenvironmental changes during the valanginian: New insights from variations in phosphorus contents and bulk-and clay mineralogies in the western tethys[END_REF][START_REF] Charbonnier | A global palaeoclimatic reconstruction for the Valanginian based on clay mineralogical and geochemical data[END_REF], spore-pollen ratios [START_REF] Kujau | Reconstructing Valanginian (Early Cretaceous) mid-latitude vegetation and climate dynamics based on spore-pollen assemblages[END_REF], and sedimentenrichments in continentally sourced elements (Al, Mn, Fe and P; Van De Schootbrugge et al., 2003;[START_REF] Kuhn | Altered carbon cycling and trace-metal enrichment during the late Valanginian and early Hauterivian[END_REF][START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF]Morales et al., 2015). This continental weathering ultimately increases nutrient input in proximal marine settings close to fluvial discharge. Thereby, substantial nutrient input from the continent may be responsible for a crustal geochemical signature in the central Moroccan margin sediments, particularly in the proximal setting (Zalidou), closer to river input. In contrast, the upwellings of nutrient-rich deep waters are suggested to increase nutrient levels in pelagic settings [START_REF] Bartolini | Cretaceous radiolarian biochronology and carbon isotope stratigraphy of ODP Site 1149 (northwestern Pacific, Nadezhda Basin)[END_REF]Erba et al., 2004;[START_REF] Föllmi | Early Cretaceous life, climate and anoxia[END_REF], and evidence include abundance peaks in the radiolarian taxa Pantanellium in the Tethys and the Pacific [START_REF] Jud | Biochronology and systematics of Early Cretaceous Radiolaria of the western Tethys Keith[END_REF][START_REF] Bartolini | Cretaceous radiolarian biochronology and carbon isotope stratigraphy of ODP Site 1149 (northwestern Pacific, Nadezhda Basin)[END_REF], and the presence of steryl ethers in the Pacific, which may be biomarkers of cool water, high seasonal productivity and/or nutrient input by upwelling [START_REF] Brassell | Steryl ethers in a Valanginian claystone: Molecular evidence for cooler waters in the central Pacific during the Early Cretaceous? Palaeogeogr[END_REF]. A significant nutrient input from upwellings in the central Moroccan margin should hypothetically enhance an oceanic crust signature in the sediments and it should be more visible in the distal setting (Site 416A) which is closer to possible upwellings.

5.1

Is there any geochemical change in the central Moroccan margin during the Weissert event?

Proximal Zalidou site

The steady stratigraphic trends in the selected major elements contents (Al2O3, SiO2, and CaO) support that continental weathering and the input of detrital material, from both coarse-and fine-grained minerals, was stable throughout the Valanginian stage (137. 7-132.6 Ma) (Figure 6.4). The trace elements associated with detrital and continental sources (e.g., Li

and Nd) also display a steady trend (Figure 6.6), supporting an almost continuous weathering and hydrolysis regime. However, the consistently low concentrations of HFSE (i.e., Zr and Hf)

in the upper part of the Weissert Event interval (between 25.05 and 32.8 m, O. nicklesi ammonite Subzone, NK3B and CC4a subzones; see Figure 6.6 and Table Supp. 6 and Table Supp. 7) suggest low deposition of coarse-grained clastics (i.e., quartz). This may be related to the sandy-marlstones (fine-grained lithology) of this interval, which were deposited under conditions of sea-level rise (maximal flooding). The calculated CIA is generally steady, further supporting a constant rate of hydrolysis on the continent. The slightly higher values at the same level where HFSE have low concentrations might be reflecting higher contents of fine-grained material, such as alluminosilicates, related to the deeper depositional setting. Furthermore, the unchanged Pb, Sr, and Nd isotopic ratios do not support any geochemical change during the Valanginian stage (Figure 6.7).

Distal Site 416A

The stable SiO2 content and CIA suggest, respectively, a steady input of coarse-grained clastic material and a constant rate of hydrolysis for the entire Valanginian stage (Figure 6.4).

However, the increasing Al2O3 content suggests higher input of fine-grained detrital material within the Weissert Event interval (from -1280.71 to -1187.94 mbsf, upper NK3A to NK3B

and upper CC3b to CC4a subzones). A concomitant reduction in carbonate deposition is also suggested from the decreasing CaO content. Such changes are evident at the beginning of the Weissert Event interval within the lithological unit VI. In the lower part of that unit, two calcareous and quartz-rich turbidite cycles are recognized, whereas, in its upper part, the cycles are uniform and grade from sandstones to marlstones and claystones [START_REF] Lancelot | Site 416, in the Moroccan Basin, Deep Sea Drilling Project Leg 50[END_REF]pg. 129). The level of this lithological change is not certain, occurring gradually, and was first recorded in core 22 (~ -1299 mbsf).

Additionally, the increase in Li concentration during the Weissert Event interval (upper NK3A to NK3B, and upper CC3b to CC4a subzones) complements the observation from major elements (Figure 6.6) since the proportion of clays controls lithium contents. The input of continental and coarse-grained clastics was probably steady, as observed from the unifrom HFSE and REE contents (Figure 6.6 and Table Supp. 6 and Table Supp. 7 

How sediments from proximal and distal sites compare?

The distal Site 416A shows a simple binary mixture of clay and carbonate sediment. In contrast, the proximal Zalidou section shows a more complicated mixture of detrital deposits with a continental origin (silica-rich and clay) and carbonates. This complexity is depicted by the distribution of the major elements (Figure 6.3). Site 416A sediments are relatively rich in Al-rich components such as fine-grained clays (i.e., aluminosilicates). The Zalidou sediments are relatively rich in coarse-grained Si-rich components (i.e., quartz), as shown by the slightly higher SiO2 content. It is noteworthy that these correspond to the fine-grained lithologies, as was avoided the sampling of turbidite beds. The observed difference between sites (proximal versus distal) is caused by the different depositional settings. Clays are light-weight minerals and can travel further and accumulate in the deeper setting (Site 416A). In contrast, coarsegrained clastic minerals are heavy and accumulate in the proximal setting close to river output (Zalidou) (Figure 6.4 and Table Supp. 6 and Table Supp. [START_REF] Cultrata | UJF ID 17713[END_REF].

Differences in the concentrations of trace elements between Zalidou and Site 416A also highlight their different depositional settings. The higher concentrations of Li in Site 416A reflect the more significant proportion of clays compared with Zalidou (Figure 6.5a) since Li is concentrated in fine-grained minerals rather than coarse-grained minerals [START_REF] Sauzéat | New perspectives on the Li isotopic composition of the upper continental crust and its weathering signature[END_REF] and references therein). Additionally, Li could reflect a higher proportion of authigenic clay minerals in Site 416A rather than detrital clays (see [START_REF] Andrews | Exploring the importance of authigenic clay formation in the global Li cycle[END_REF]and references therein). The concentration of Nd is marginally higher in Site 416A compared with Zalidou, indicating that both successions record input from continental detrital material. Lastly, the higher Zr concentration in Zalidou (Figure 6.5d) compared to Site 416A, is explained by its proximal depositional setting close to the fluvial input of coarse clastic minerals. Zirconium, like other HFSE, resides in heavy minerals such as zircon, minerals that are not transported far in a basin and are deposited close to the continental margin [START_REF] Patchett | Hafnium/rare earth element fractionation in the sedimentary system and crustal recycling into the Earth's mantle[END_REF]. In contrast, fine-grained clays (light-weight) deposited farther away from the continent show deficiencies in Zr and Hf.

The initial isotope ratios of Pb and Sr, and the measured ratios of Nd are comparable between both studied successions except for few differences (Figure 6.8). The slightly more radiogenic 208 Pb/ 204 Pb(i) and 87 Sr/ 86 Sr(i) ratios in Site 416A compared to Zalidou can be explained by a contribution from a source of more radiogenic sediments (Figure 6.8b and Figure 6.8c). In summary, the geochemical differences observed between the two studied successions relate mainly to their depositional setting (proximal versus distal) and to the associated chemical fractionation occurring during the transport of sediments.

5.3

Is there a volcanic input during the Weissert Event?

The aforementioned environmental perturbations have been uncertainly linked to extensive volcanism from the Paraná-Etendeka LIP (Large Igneous Province) of south America -southwest Africa [START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: A possible link? Palaeogeogr[END_REF]Erba et al., 2004) or the Comei-Bunbury LIP of southeast Tibet -southwest Australia [START_REF] Zhu | The 132 Ma Comei-Bunbury large igneous province: Remnants identified in present-day southeastern Tibet and southwestern Australia[END_REF]. Uncertainties related to age models (e.g., scarcity of data, uncertainty in age models and in absolute age calibration) prevent obtaining a direct temporal correlation between these LIPs and the Weissert Event [START_REF] Charbonnier | Mercury enrichment indicates volcanic triggering of Valanginian environmental change[END_REF]. For example, radiometric ages of basalts from the Paraná-Etendeka LIP (135-126

Ma; e.g., [START_REF] Thompson | Early cretaceous basalt and picrite dykes of the Southern Etendeka Region, NW Namibia: Windows into the role of the Tristan mantle plume in Paraná-Etendeka magmatism[END_REF]Trumbull et al., 2004;[START_REF] Almeida | Contemporaneous alkaline and tholeiitic magmatism in the Ponta Grossa Arch, Paraná-Etendeka Magmatic Province: Constraints from U-Pb zircon/baddeleyite and 40Ar/39Ar phlogopite dating of the José Fernandes Gabbro and mafic dykes[END_REF][START_REF] Baksi | Paraná flood basalt volcanism primarily limited to ~ 1 Myr beginning at 135 Ma: New 40Ar/39Ar ages for rocks from Rio Grande do Sul, and critical evaluation of published radiometric data[END_REF][START_REF] Rocha | Rapid eruption of silicic magmas from the Paraná magmatic province (Brazil) did not trigger the Valanginian event[END_REF] and the Comei-Bunbury LIP (134-123 Ma; e.g., [START_REF] Zhu | Petrogenesis of the earliest Early Cretaceous mafic rocks from the Cona area of the eastern Tethyan Himalaya in south Tibet: Interaction between the incubating Kerguelen plume and the eastern Greater India lithosphere?[END_REF][START_REF] Zhu | The 132 Ma Comei-Bunbury large igneous province: Remnants identified in present-day southeastern Tibet and southwestern Australia[END_REF][START_REF] Liu | Petrogenesis of the Early Cretaceous Laguila bimodal intrusive rocks from the Tethyan Himalaya: Implications for the break-up of Eastern Gondwana[END_REF] postdate the onset of the Valanginian positive carbon-isotope excursion (135.22 ±1.0 Ma, [START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF]. In addition, and to our knowledge, geochemical evidence for volcanic outgassing during the Valanginian comes from few recent studies. Charbonnier et al.

(2017) observed mercury enrichments in sediments at or near the onset of the Weissert Event, whose origin is suggested to be volcanic. [START_REF] Fesneau | Evidence of aerial volcanic activity during the Valanginian along the northern Tethys margin[END_REF] observed an ochre-colored layer of early Valanginian age in the Vocontian Basin (France) enriched in trace elements with a specific magmatic affinity (Zr, Ba, Th, Y, Hf, U, Pb, Nb, Ta). The layer was interpreted as "bentonite" of volcanic origin. Also, [START_REF] Chavagnac | Global environmental effects of large volcanic eruptions on ocean chemistry: Evidence from "hydrothermal" sediments (ODP Leg 185, Site 1149B)[END_REF] and [START_REF] Peate | Global dispersal of Pb by large-volume silicic eruptions in the Paraná-Etendeka large igneous province[END_REF] observed overlapping Pb isotopic compositions between Valanginian sediments from ODP Leg 185 Site 1149B (Pacific Plate) and magmas from the Paraná-Etendeka LIP. However, most of these studies cannot suggest unambiguously which specific LIP might be involved. Using a combination of Pb, Sr, and Nd isotopes should help being more specific about the relation between any of the aforementioned LIPs and the Weissert Event. For example, a volcanic contribution to the sediments is expected to cause a more radiogenic Nd isotopic composition (i.e., radiogenic mantle source) associated to less radiogenic Sr isotopes.

In the central Moroccan margin, the Nd isotopic composition in both studied successions does not increase to more radiogenic ratios (Figure 6.7). Furthermore, Figure 6.9 Figure 6.9 Comparing the measured isotope ratios of the central Moroccan margin with Early Cretaceous LIPs (Large Igneous Provinces). Measured isotope ratios for LIPs: Paraná basalts [START_REF] Hawkesworth | Evidence from the Prana of south Brazil for a continental contribution to the Dupal basalts[END_REF]1999;[START_REF] Peate | Lithospheric to asthenospheric transition in low-Ti flood basalts from southern Paraná, Brazil[END_REF][START_REF] Peate | Petrogenesis and stratigraphy of the high-Ti/Y Urubici magma type in the Parana Flood Basalt Province and implications for the nature of 'Dupal'-type mantle in the South Atlantic Region[END_REF]Turner et al., 1999;[START_REF] Rocha-Júnior | Sr-Nd-Pb isotopic constraints on the nature of the mantle sources involved in the genesis of the high-Ti tholeiites from northern Paraná Continental Flood Basalts (Brazil)[END_REF][START_REF] Barreto | Geochemical and Sr-Nd-Pb isotopic insight into the low-Ti basalts from southern Paraná Igneous Province, Brazil: The role of crustal contamination[END_REF][START_REF] Rämö | Geochemistry of Paraná-Etendeka basalts from Misiones, Argentina: Some new insights into the petrogenesis of high-Ti continental flood basalts[END_REF][START_REF] Marques | Elemental and Sr-Nd-Pb isotope geochemistry of the Florianópolis Dyke Swarm (Paraná Magmatic Province): crustal contamination and mantle source constraints[END_REF], Etendeka basalts (Ewart et al., 1998(Ewart et al., , 2004;;[START_REF] Roex | Isotope and trace element geochemistery of Cretaceous Damaraland lamprophyres and carbonatites, northwestern Namibia: evidence for plume-lithosphere interactions[END_REF][START_REF] Mingram | A petrogenetic study of anorogenic felsic magmatism in the Cretaceous Paresis ring complex, Namibia: Evidence for mixing of crust and mantle-derived components[END_REF][START_REF] Thompson | Early cretaceous basalt and picrite dykes of the Southern Etendeka Region, NW Namibia: Windows into the role of the Tristan mantle plume in Paraná-Etendeka magmatism[END_REF], Etendeka silicic sequences (Ewart et al., 1998b(Ewart et al., , 2004b;;Trumbull et al., 2004), Comei basalts [START_REF] Zhu | Petrogenesis of the earliest Early Cretaceous mafic rocks from the Cona area of the eastern Tethyan Himalaya in south Tibet: Interaction between the incubating Kerguelen plume and the eastern Greater India lithosphere?[END_REF][START_REF] Liu | Petrogenesis of the Early Cretaceous Laguila bimodal intrusive rocks from the Tethyan Himalaya: Implications for the break-up of Eastern Gondwana[END_REF], and the Bunbury basalt and silicic sequences [START_REF] Frey | Petrogenesis of the Bunbury Basalt, Western Australia: Interaction between the Kerguelen plume and Gondwana lithosphere?[END_REF] 

Continental runoff versus upwelling

The trace elements patterns of Zalidou and Site 416A normalized to the upper continental crust (UCC) values of [START_REF] Rudnick | Composition of the Continental Crust[END_REF] and the sediments are dominated by detrital material [START_REF] Lancelot | Site 416, in the Moroccan Basin, Deep Sea Drilling Project Leg 50[END_REF]. Also, [START_REF] Carpentier | Large U loss during weathering of upper continental crust: The sedimentary record[END_REF] have demonstrated that offshore settings close to continental shelves have a chemical composition (signature) similar to the nearby continental source areas. Another explanation could be that during Valanginian times, the oceanic and atmospheric conditions were not severe enough to induce significant upwellings in this part of the Moroccan margin.

The isotope results also support that upwellings did not significantly contribute to Site 416A sediments. In principle, strong upwellings should induce a "juvenile" oceanic crust isotopic signature to the sediments. However, this is not the case at Site 416A. First, the Pb and Sr isotopic ratios of Site 416A sediments are very similar to those of the Zalidou proximal sediments, supporting the interpretation that they were fed by the same continental source (Figure 6.8). Second, the average ɛNd values in the two studied successions are identical (~ -12 ±1; Table Supp. 6 and Table Supp. 7) and of continental origin and even lower than the average upper continental crust value (-10.3 ± 1.2, 1σ) reported by [START_REF] Chauvel | Constraints from loess on the Hf-Nd isotopic composition of the upper continental crust[END_REF]. These identical values further support a common continental source for Zalidou and Site 416A and undermine a significant contribution from upwellings.

What is the source of the central Moroccan margin sediments?

The provide a model age of about 1.9 Ga when using the parameters provided by [START_REF] Chauvel | Role of recycled oceanic basalt and sediment in generating the Hf-Nd mantle array[END_REF]2014). Therefore, both isotopic systems suggest that the central Moroccan margin was fed by sediments from an old and continental "cratonic" source. Additionally, the source of sediments did not change during the Valanginian stage (137. , as observed from the unchanged isotopic ratios of Pb, Sr, and Nd (Figure 6.7).

The best approach to trace the origin of sediments deposited in the basin is to compare the isotopic compositions of sediments and potential sources in the area. We measured Pb, Sr, and Nd isotopes in the sediments but studies of potential sources reporting data for the combined three isotopic systems are limited. Thereby, we considered only Nd and Sr isotopes in Figure 6.10 because they are the only two isotopic systems for which a significantly extensive database exists. We also depict the measured isotopic ratios and not the initial values at ~135

Ma. Most published data on the potential sources do not report the parent-daughter ratios necessary to do the age correction. Given that the difference between initial and measured isotopic ratios in the studied sediments is small (see Figure 6.7), it is not a problem when age correction is not performed. [START_REF] Essaifi | Geochemical and Sr-Nd isotopic constraints on the petrogenesis and geodynamic significance of the Jebilet magmatism (Variscan Belt, Morocco)[END_REF][START_REF] Bouloton | Petrogenesis of the Early-Triassic quartz-monzodiorite dykes from Central Jebilet (Moroccan Meseta): Trace element and Nd-Sr isotope constraints on magma sources, and inferences on their geodynamic context[END_REF], Anti-Atlas 543-560 Ma [START_REF] Toummite | Field, geochemistry and Sr-Nd isotopes of the Pan-African granitoids from the Tifnoute Valley (Sirwa, Anti-Atlas, Morocco): A post-collisional event in a metacratonic setting[END_REF][START_REF] Belkacim | The Ediacaran volcanic rocks and associated mafic dykes of the Ouarzazate Group (Anti-Atlas, Morocco): Clinopyroxene composition, whole-rock geochemistry and Sr-Nd isotopes constraints from the Ouzellarh-Siroua salient (Tifnoute valley)[END_REF], Central High Atlas 165-125 Ma [START_REF] Essaifi | Petrogenesis and origin of the Upper Jurassic-Lower Cretaceous magmatism in Central High Atlas (Morocco): Major, trace element and isotopic (Sr-Nd) constraints[END_REF], Western High Atlas 290 Ma [START_REF] Gasquet | Petrogenesis of the Hercynian Tichka plutonic complex (Western High Atlas, Morocco): Trace element and RbSr and SmNd isotopic constraints[END_REF], NE Meseta 344 Ma [START_REF] Ajaji | Coeval potassic and sodic calc-alkaline series in the post-collisional Hercynian Tanncherfi intrusive complex, northeastern Morocco: Geochemical, isotopic and geochronological evidence[END_REF], and east Moroco complex including the El Jadida complex [START_REF] Chalot-Prat | Genesis of rhyolitic ignimbrites and lavas from distinct sources at a deep crustal level: field, petrographie, chemical and isotopic (Sr, Nd) constraints in the Tazekka volcanic complex (Eastern Morocco)[END_REF][START_REF] Gasquet | Contribution to a geodynamic reconstruction of the Anti-Atlas (Morocco) during Pan-African times with the emphasis on inversion tectonics and metallogenic activity at the Precambrian-Cambrian transition[END_REF][START_REF] El Haibi | Geochronology and isotopic geochemistry of Ediacaran high-K calc-alkaline felsic volcanism: An example of a Moroccan perigondwanan (Avalonian?) remnant in the El Jadida horst (Mazagonia)[END_REF]; Peri-Saharan dust [START_REF] Grousset | The Lower Cretaceous of Caravaca (Spain): Berriasian Calcareous Nannoplankton of the Miravetes Section (Subbetic Zone, Prov. of Murcia)[END_REF], African and Saharan dust [START_REF] Grousset | Tracing dust sources and transport patterns using Sr, Nd and Pb isotopes[END_REF][START_REF] Skonieczny | A three-year time series of mineral dust deposits on the West African margin: Sedimentological and geochemical signatures and implications for interpretation of marine paleo-dust records[END_REF][START_REF] Gross | Elemental and isotopic composition of surface soils from key Saharan dust sources[END_REF], Mali/Cape Verde desert dusts [START_REF] Kumar | A radiogenic isotope tracer study of transatlantic dust transport from Africa to the Caribbean[END_REF], and subtropical Saharan/Atlantic sediments [START_REF] Grousset | Saharan wind regimes traced by the Sr-Nd isotopic composition of subtropical Atlantic sediments: Last Glacial Maximum vs today[END_REF][START_REF] Meyer | Grain size control on Sr-Nd isotope provenance studies and impact on paleoclimate reconstructions: An example from deep-sea sediments offshore NW Africa[END_REF]; and WAC (West African Craton) 2.1 Ga [START_REF] Blanc | U-Pb dating and isotopic signature of the alkaline ring complexes of Bou Naga (Mauritania): its bearing on late proterozoic plate tectonics around the West African craton[END_REF][START_REF] Pawlig | Geochemical and Sr-Nd isotopic data on the Birimian of the Kedougou-Kenieba Inlier (Eastern Senegal): Implications on the Palaeoproterozoic evolution of the West African Craton[END_REF][START_REF] Tapsoba | Chemical and Sr-Nd isotopic compositions and zircon U-Pb ages of the Birimian granitoids from NE Burkina Faso, West African Craton: Implications on the geodynamic setting and crustal evolution[END_REF], and 2.9 Ga WAC and Reguibat rise [START_REF] Blanc | U-Pb dating and isotopic signature of the alkaline ring complexes of Bou Naga (Mauritania): its bearing on late proterozoic plate tectonics around the West African craton[END_REF][START_REF] Peucat | Major and trace element geochemistry and isotope (Sr, Nd, Pb, O) systematics of an Archaean basement involved in a 2.0 Ga very high-temperature (1000 °C) metamorphic event: In Ouzzal Massif, Hoggar, Algeria[END_REF]Bea et al., 2013;[START_REF] Montero | Timing of Archean crust formation and cratonization in the Awsard-Tichla zone of the NW Reguibat Rise, West African Craton: A SHRIMP, Nd-Sr isotopes, and geochemical reconnaissance study[END_REF] In the Sr-Nd space of Figure 6. The contribution of sediments via fluvial input from both of these "cratonic" end-members is highly plausible, considering their geographic proximity to the studied successions. It is noteworthy that the Jebilet massif and the Anti-Atlas are closer to the Zalidou section (see Ocean (e.g., [START_REF] Grousset | Tracing dust sources and transport patterns using Sr, Nd and Pb isotopes[END_REF][START_REF] Abouchami | Geochemical and isotopic characterization of the bodélé depression dust source and implications for transatlantic dust transport to the Amazon basin[END_REF]; and during the Valanginian stage (~135 Ma ago) the dust input from old African terrains located eastward could be similarly expected. Indeed, the wind circulation models of [START_REF] Price | Sedimentological evaluation of general circulation model simulations for the "greenhouse" Earth: Cretaceous and Jurassic case studies[END_REF] demonstrate W and SW wind vectors over north Africa in the Jurassic and the Cretaceous. Additionally, the surrounding Moroccan massifs could have contributed to the sediments via direct river transport.

Conclusions

The Valanginian (137.7-132.6 Ma) carbonate deposits from two geological successions in the central Moroccan margin show geochemical signatures characteristic of their respective depositional settings (proximal versus distal). The onshore Zalidou section consists in a mixture of detrital (silica-rich and clay) and carbonate materials, while the offshore DSDP Site 416A

shows a simple binary mixture of clay and carbonates. The major and trace elements show higher coarse-detrital input (silica-rich) in the Zalidou section and higher authigenic clay input (aluminosilicates) in Site 416A. This is due to mineral sorting processes occurring during the transport of sediments, leading to the chemical fractionation of some elements. Nonetheless, the similar radiogenic isotope signature between both sites suggests a common "old" and continental source for all sediments. No trace of a significant input from oceanic upwellings can be detected in the distal site sediments. This suggests that the central Moroccan The possible sources are the Bodélé depression N Africa [START_REF] Abouchami | Geochemical and isotopic characterization of the bodélé depression dust source and implications for transatlantic dust transport to the Amazon basin[END_REF], east Saharan metacraton [START_REF] Küster | Zircon geochronology and Sr, Nd, Pb isotope geochemistry of granitoids from Bayuda Desert and Sabaloka (Sudan): Evidence for a Bayudian event (920-900 Ma) preceding the Pan-African orogenic cycle (860-590 Ma) at the eastern boundary of the Saharan Metacra[END_REF], and Central Atlantic Magmatic Province (CAMP) rocks in the Central High Atlas 200 Ma [START_REF] Deckart | Geochemistry and Sr, Nd, Pb isotopic composition of the Central Atlantic Magmatic Province (CAMP) in Guyana and Guinea[END_REF].
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A supplementary climatic reconstruction: preliminary oxygen-isotope and mineral/clay data

In this section, we complement the previous paleoceanographic reconstructions with preliminary data on oxygen-and carbon-isotopes obtained from brachiopods, and mineral/clay assemblages from sediments belonging to the Zalidou and Aït Hamouch sections. The methodology and the validation of the results will be briefly described.

Carbon and oxygen isotopes from brachiopods

Carbon and oxygen isotopes were measured from fifty-two brachiopods in the Aït Hamouch section. The analytical procedures and results validation methods are similar as those reported in Chapter 5, section 3.2. The stable low-Mg calcite shells of brachiopods make them resistant to diagenetic alteration, and they can be used to reflect the bottom-water temperatures of their habitat and the seawater isotopic composition (Jaffrés et al., 2007). The δ 13 Cbrachiopod shows a gradual increase from ~ -1 ‰ to ~ 0 ‰ during the early Valanginian (T. pertransiens to N. neocomiensiformis ammonite zones, lower NK3A and CC3a to upper CC3b subzones) (Figure 7.1), followed by a positive-shift to ~ 1.2 ‰ during the Weissert Event interval identified in Chapter 5, section 5.3 (see Figure 5.10). Indeed, this supports our previous identification of the Weissert Event interval from the δ 13 C measured on bulk rock; and further supports that the carbonate sediments in Aït Hamouch hold a primary paleoceanographic signal.

After the Weissert Event interval, the δ 13 Cbrachiopod starts to decrease, following the same trend as that of the δ 13 Ccarb (Figure 7.1). However, δ 13 Ccarb does not record an increase in the early Valanginian similar to that observed from δ 13 Cbrachiopod. It is possible that only significant changes (i.e., up to a certain threshold) in the ocean-water isotopic composition are recorded in the bulk rock. factors such as decreasing temperature, increasing marine-water salinity, and/or increasing acidity (see also [START_REF] Föllmi | Early Cretaceous life, climate and anoxia[END_REF]and references therein). We assume that the increasing δ 18 Obrachiopod might be reflecting cold-water input from the upwelling system, which was bringing nutrients to the Aït Hamouch location (Chapter 5, section 5.4). 

Mineral phases

Mineral phases were quantified in twenty-eight samples from the Aït Hamouch section using a D8 advance 2 (Bruker AXS) X-ray diffraction. The data were collected at ISTerre laboratory (Grenoble) during a Masters 1 internship [START_REF] Lesourd | Quantification des sédiments de la coupe d'Aït Hamouch (Maroc) par XRD[END_REF]. The samples were crushed and powdered at 50 µm. Mineral quantification was carried out using the Rietveld method (Profex and Eva software), and the accuracy of quantification was controlled using the quality indices of the Profex modelling. We consider comparing the different contributions between autochthonous and allochthonous minerals (Figure 7.2); chlorite was plotted separately because it can be both, eroded and transported or formed as an authigenic mineral. We observe consistently low proportions of autochthonous minerals (<40 %) within the early Valanginian (lower N. neocomiensiformis Zone, lower NK3A and CC3a-CC3b transition subzones) (Figure 7.2), against an average of 45 % for the entire studied time-interval. This is associated with a lower proportion of calcite, decreasing proportion of mica and kaolinite, and higher quantities of illite along with increasing quartz (Figure 7.2). This shows the increase of fluvial detrital input at this time-interval. During this time-interval at Aït Hamouch, the δ 18 Obrachiopod is heaviest (Figure 7.1); and we interpreted a sea level fall coupled with the ocean-ward migration of the upwelling system away from this site reducing nutrients input. Also, these conditions were coupled with with less favorable surface-water conditions for both high-fertility taxa (reduced surface-water fertility) and nannoconids, but the nannoplankton production was maintained by eurytopic taxa (Chapter 5, section 5.4). It is possible that the high detrital input disrupted the water-column stratification (see Chapter 5, section 5.4), and potentially resulted in higher turbidity that would have reduced the photic zone.

Afterwards, during the Weissert Event interval, the proportion of autochthonous minerals is higher than the previous interval but potentially lower (avg. 43 %) compared with the rest of the section (avg. 45 %); nonetheless, the proportion of allochthonous minerals does not increase significantly (Figure 7.2). Also, during this time-interval, the proportion of calcite decreases (avg. 29 %) compared with the rest of the section (avg. 34 %). Moreover, within the allochthonous minerals, the proportion of quartz varies antagonistically with micas and increases within the Weissert Event interval (Figure 7.2). This is merely due to the deposition energy: low energy during the lower part of the Hamouch, we observed an increase in surface-water fertility and nannoplankton production and the recovery of nannoconids. This is concomitant with the high clastic input under a high energy environment. Upwards, the proportion of allochthonous minerals potentially decreases after the Weissert Event interval (avg. 47 %) compared with higher proportions below (avg. 50) (Figure 7.2). This might be due, in a first order, to the late Valanginian sea-level rise, since the proportion of quartz decreases from 27 % before and during the Event to 21 % after it (i.e., a decrease of the coarse clastic input). This is also accompanied by a subtle increase in the proportion of micas and kaolinite. This could be explained by a higher alteration on the continent. The higher surface-water fertility and nannoplankton production in Aït Hamouch in the late Valanginian could be explained the increase in nutrients input associated with the observed increase in continental alteration (see Chapter 5, Figure 5.10). 

Clay minerals

Clay mineral phases were quantified in sixty-five samples from the Aït Hamouch and sixty samples from the Zalidou section. The procedures and analyses were done at the Biogéosciences laboratory (Université de Bourgogne) in the course of a Masters 1 internship [START_REF] Munier | Etude des argiles du valanginien de la coupe d'Aït hamouch (CAP GHIR -MAROC). M1 report[END_REF], supervised by Jean-François Deconinck. The samples were prepared following the technique of [START_REF] Holtzapffel | Les minéraux argileux : préparation, analyse diffractométrique et détermination[END_REF] and the subsequent steps: grinding, decarbonation, deflocculation, extracting the clay fraction, and preparing oriented clay slides for analyses using the X-ray diffraction technique. To identify the different clay fractions, analyses were done under different conditions [START_REF] Holtzapffel | Les minéraux argileux : préparation, analyse diffractométrique et détermination[END_REF]. These include, normal conditions, after saturation with ethylene glycol, and after heating (490ºC, 2 hrs). Diffractograms were analyzed using the MacDiff software. Four mineral species are identified in both sections, these are chlorite, illite, interbedded illite-smectite type (I-S R1), and kaolinite (Figure 7.3). The I-S R1 most probably come from the diagenetic transformation (burial diagenesis) of pre-existing smectites. The low proportions of kaolinite and high proportions of illite in the Aït Hamouch section could suggest the effect of diagenetic transformation (burial diagenesis) of pre-existing smectites. However, the kaolinite is relatively resistant to burial diagenesis and their proportions can be considered of primary detrital origin. Also, kaolinite is known to form under a humid and warm climate. In both sections, we observe an antagonistic change in the proportions of I-S R1 and kaolinite throughout the entire Valanginian stage (Figure 7.3). In the Aït Hamouch During the earliest Valanginian, mesotrophic conditions in the surface-waters and a large photic zone allowed a diverse calcareous nannoplankton community to flourish, and allowed the development of benthic carbonate producers such as agglutinated foraminifers, ostreids, and plicatulids (Chapter 5, section 2.3). Afterwards, during the rest of the early

Valanginian and until the onset of the Weissert Event, the fluvial detrital input is higher and is associated with a major sea level fall. Although, cold-water input from an upwelling system is still suspected. The reduced photic zone led to the collapse in the nannoplankton production (Chapter 5, section 5.4 and Figure 5.10).

The highest surface-water fertility and nannoplankton production observed during the upper part of the Weissert Event interval in the Zalidou section were interpreted to coincide with conditions of maximal flooding and continuous continental influx (Chapter 5, section 5.4).

The major and trace elements concentration give more insight on the depositional environment during this time-interval. They demonstrate high input of fine-grained detrital material (e.g., aluminosilicates) rather than coarse-grained clastics material (e.g., quartz) in the Zalidou section (Chapter 6, section 5.1). This agrees with the the increasing kaolinite proportion (Figure 7.3). Similar conditions are observed later in the Aït Hamouch section, after the Weissert Event and during the late Valanginian-early Hauterivian (Figure 7.3). This eutrophication is linked to increased runoff and associated nutrients under a more humid and therefore more hydrolising climate. In the distal Site 416A, fertility-levels and nannoplankton production are observed to decrease during the NK3A-NK3B and CC3b-CC4a subzones (Chapter 5, Figure 5.10); accompanied with high input of alluminosilicates, as observed from the major and trace elements concentrations. Moreover, the clay input was authigenic rather than detritalcontinental (Chapter 6, section 5.2). Also, the abundances of nannoconids decline during this time-interval. We assume that this interval in Site 416A corresponds to the major sea-level decline observed in the Essaouira-Agadir Basin at the early-late Valanginian transition.

Consequently, although nutrient input was maintained, the low sea-level and associated trubidity must have caused unfavorable conditions for the nannoplankton community. We also hypothesize that such conditions could be associated with a disruption of the water-column, or could lead to a reduced photic zone. However, we do not have more information to better correlate these conditions with the onshore sections.

After the Weissert Event interval, and during the rest of the late Valanginian, when the surface-water fertility and nannoplankton production decreased (Figure 5.10), the clastic input returns to similar conditions that prevailed during the early Valanginian. This is supported by the major and trace elements in Zalidou (Chapter 6, section 5.1), and from the mineral phases in Aït Hamouch (Figure 7.2). Nonetheless, the proportion of kaolinite remains high after the Weissert Event (Figure 7.3), demonstrating high humidity and warm conditions. The resulting continuous nutrient input should explain that surface-water fertility and nannoplankton production were higher in the late Valanginian compared with the early Valanginian.

Furthermore, evidence for upwelling in the Essaouira-Agadir Basin only come from the sedimentology results. In particular, in the early Valanginian at Obbay section, the facies are very condensed with abundant phosphate and glauconite (Chapter 5, section 2.3). However, the geochemical results (radiogenic isotopes and major/trace elements) from Zalidou and Site 416A excluded the possibility of a significant upwelling-related geochemical signature to the composition of the analyzed bulk-rock. Also, they demonstrated that the sediments have a chemical signature primarily controlled by terrigenous input (i.e., continental runoff) (Chapter 5, section 5.4).

3

Is there a link between marine-eutrophication and the Valanginian positive carbon-isotope excursion?

In the central Moroccan margin, the positive carbon-isotope excursion (CIE) corresponding to the Weissert Event is only observed in the onshore successions (Zalidou and Aït Hamouch), but not in the offshore succession (DSDP Site 416A). Also, no organic-rich facies were detected in the onshore sections. In Site 416A, the organic carbon content is < 0.89 wt.%, and the organic matter is primarily of terrigenous origin with a variable contribution of marine organic matter [START_REF] Claypool | Analysis of organic matter in sediment cores from the Moroccan Basin, Deep Sea Drilling Project sites 415 and 416[END_REF]. Thereby, the carbon-isotope record in the onshore sections shows that the Valanginian carbon-cycle perturbation is also recorded in the southern Tethys margin. Whereas, the absence of organic-rich layers excludes the organicmatter preservation model to explain the positive CIE. Alternatively, we consider discussing if there is a possible link in the Essaouira-Agadir Basin (EAB) between the observed enhanced surface water fertility and the positive CIE. The discussion follows the models that consider organic matter production and/or preservation to cause the positive CIE [START_REF] Scholle | Carbon isotope fluctuations in Cretaceous pelagic limestones: potential stratigraphic and petroleum exploration tool[END_REF][START_REF] Weissert | C-Isotope stratigraphy, a monitor of paleoenvironmental change: A case study from the early cretaceous[END_REF][START_REF] Kump | Interpreting carbon-isotope excursions: Carbonates and organic matter[END_REF].

Since the surface-water fertility and nannoplankton production were low in the interval corresponding to the onset of the carbon-isotope positive shift in the EAB, the trigger of this shift is not the increase in nannoplankton primary productivity (Chapter 5, section 5.4 and Figure 5.10). The positive shift can be only explained by the global homogeneity of the oceanatmosphere system, such that the ocean-atmosphere reservoirs were getting "globally" depleted from the lighter isotope of carbon ( 12 C); regardless whether high primary productivity (marine and/or terrestrial) was the responsible mechanism. Moreover, the δ 13 Ccarb in the EAB remained high in the late Valanginian after the Weissert Event interval and did not return to pre-excursion levels. This might be possibly related to the high surface-water fertility and nannoplankton production recorded during this time interval (Chapter 5, section 5.4 and Figure 5.10). In other studied basins, the δ 13 Ccarb is observed to similarly remain high in the late Valanginian-earliest Hauterivian (Tethys: Vocontian Basin, SE France, [START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF][START_REF] Charbonnier | Astronomical calibration of the Valanginian "Weissert" episode: The Orpierre marl-limestone succession (Vocontian Basin, southeastern France)[END_REF][START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF][START_REF] Price | A High-Resolution Belemnite Geochemical Analysis of Early Cretaceous (Valanginian-Hauterivian) Environmental and Climatic Perturbations[END_REF]Subbetic Basin, SE Spain, Aguado et al., 2018;Umbria-Marche andLombardy Basins, Italy, Bersezio et al., 2002, Sprovieri et al., 2006;DSDP 534A, western Atlantic, Bornemann and Mutterlose, 2008;Pacific: Bartolini, 2003;and boreal realm: Meissner et al.,2015). This might correspond to a globally higher nannoplankton production in surface-waters with respect to the early Valanginian (i.e., higher proportion of 12 C locked-up in a sink). Interestingly, the nannoplankton production reached very high levels in the late Valanginian as seen from [START_REF] Suchéras-Marx | Statistical confidence intervals for relative abundances and abundance-based ratios: Simple practical solutions for an old overlooked question[END_REF]. However, other carbon-isotope records, and sometimes in the same basins previously mentioned, demonstrate a return to pre-excursion levels in the late Valanginian/early Hauterivian (Tethys: Vocontian Basin, SE France, [START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF] Provence platform, S France, [START_REF] Hennig | C-isotope stratigraphy, a calibration tool between ammonite-and magnetostratigraphy: The Valanginian-Hauterivian transition[END_REF]Lombardy Basin, N Italy, Lini et al., 1992;Helvetic shelf, Switzerland, Kuhn et al., 2005; and in the Pacific Ocean, [START_REF] Cotillon | Cyclic sedimentation in the Cretaceous of Deep Sea Drilling Project Sites 535 and 540 (Gulf of Mexico), 534 (Central Atlantic), and in the Vocontian Basin (France). Initial reports DSDP, Leg 77[END_REF]. This demonstrates the need of further knowledge on the factors controlling the Valanginian carbon-cycle.

In an additional effort, we focus on comparing the nannofossil absolute abundance (or accumulation rates) in the EAB with other studied basins. In the northern Atlantic (DSDP 603B), the nannofossil absolute abundance is observed to gradually increase from the upper NK3A to the NC4A subzones, concomitant with the positive CIE and the return to lower δ 13 Ccarb values [START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF]. This is in agreement with the primary productivity -carbon-isotope excursion models. On the contrary, in the Vocontian Basin (SE France), the nannofossil absolute abundance increases during the early-late Valanginian transition when the δ 13 Ccarb is increasing (uppermost B. campylotoxus Zone to S. verrucosum Subzone, lower NK3B Subzone), but then decreases in the K. pronecostatum ammonite Subzone (mid-NK3B calcareous nannofossil Subzone) to values similar as that recorded in the early Valanginian [START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF]. Then, it remains stable in the rest of the Valanginian when δ 13 Ccarb is still high. In another study on the same section, high nannofossil fluxes are recorded during the CIE, but they decline to lower values when the δ 13 Ccarb remains high [START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF]. Thus, the nannoplankton primary productivity in the Vocontian Basin did not possibly maintain a drawdown of 12 C after the inception of the Weissert Event. Moreover, in an additional study from the Vocontian Basin, the nannofossil total abundance is observed to gradually decrease in the early Valanginian and low values persist during the positive CIE. The nannofossil total abundance increases only after the highest δ 13 Ccarb values are reached [START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF]. Additionally, in the western Atlantic (DSDP 534A), the nannofossil absolute abundance was low and stable during the NK3A and NK3B subzones, concomitant with the CIE [START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF]. Based on the above-information, we can not demonstrate a confident link between an increasing nannoplankton primary productivity and the positive CIE (see also Chapter 5,section 5.5). This could support that other environmental factors were implicated in causing and maintaining the Valanginian positive CIE (i.e., drawdown and storage of 12 C). Other mechansism coud include increase in terrestrial primary productivity and/or higher rates of carbonate weathering. et al., 2011;[START_REF] Peybernès | Stratigraphic framework and calcareous nannofossil productivity of the Essaouira-Agadir Basin (Morocco) during the Aptian-Early Albian: Comparison with the north-Tethyan margin[END_REF]and references therein).

Isotopic composition during the Weissert Event

Studies reporting Pb, Sr, and Nd isotope ratios for the early Cretaceous are very limited, and this is even more the case for the Valanginian (see Moiroud et al., 2013;[START_REF] Chavagnac | Global environmental effects of large volcanic eruptions on ocean chemistry: Evidence from "hydrothermal" sediments (ODP Leg 185, Site 1149B)[END_REF][START_REF] Charbonnier | Mercury enrichment indicates volcanic triggering of Valanginian environmental change[END_REF]and references therein). In this section, we compare the Pb, Sr, and Nd isotopic compositions of the central Moroccan margin sediments (this study) with the few available data from other geographic locations. The latter correspond to geologic materials reflecting the ocean isotopic composition (fish teeth and debris, phosphate, and glauconite) but also that of oceanic sediments. We consider data around the Valanginian stage, as it is not our purpose to discuss changes through geologic time.

In 58 -18.70, 15.64 -15.65, and 38.56 -38.63, respectively. was not surrounded by as many emerged "old" continental areas and must have received materials with a younger average age. In contrast, sediments deposited during the same period in the Pacific Ocean are more radiogenic (εNd(i) > -7) than in the Tethys (εNd(i) < -7) (Figure 7.4). This also applies for fish and phosphate material; although only two data points are available from the Pacific. Considering both datasets (sedimentary and phosphatic), we conclude that the Tethys was significantly influenced by continental input coming from the surrounding landmasses, whereas the Pacific region located further away from continental masses was mainly influenced by submarine volcanic activity. Recently, [START_REF] Chavagnac | Global environmental effects of large volcanic eruptions on ocean chemistry: Evidence from "hydrothermal" sediments (ODP Leg 185, Site 1149B)[END_REF] and [START_REF] Peate | Global dispersal of Pb by large-volume silicic eruptions in the Paraná-Etendeka large igneous province[END_REF] interpreted the shift to more radiogenic Pb isotopic ratios when going from Valanginian to Hauterivian marine sediments at ODP 1149B site (lithological unit VI), as being due to the addition of volcanic products from the Paraná-Etendeka large igneous province. However, Figure 7.5 shows that the Pb and Sr isotopic ratios of ODP 1149B sediments lie within the range of isotopic ratios defined by the Tethyan sediments. Given the non-negligeable range found for the Tethyan samples, it is quite possible that the change that they observed at the beginning of the Valanginian has no real geological significance. Such interpretation is also consistent with the fact that the Nd isotope signature of the ODP 1149B Valanginian sediments remains unchanged and is identical to that of fish debris as sampled at ODP 1213B site in the western Pacific (Figure 7.4). The situation is therefore unclear and the isotopic ratios of ODP 1149B sediments might not record any significant volcanic input. Tethys (north and central Italy; [START_REF] Channell | Magnetostratigraphic calibration of the Late Valanginian carbon isotope event in pelagic limestones from Northern Italy and Switzerland[END_REF][START_REF] Bersezio | Berriasian-Aptian black shales of the Maiolica formation (Lombardian Basin, Southern Alps, Northern Italy): Local to global events[END_REF][START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF].

The quantitative investigation on calcareous nannofossils from the two onshore sections (Zalidou and Aït Hamouch) and the offshore Site 416A, allowed to reconstruct changes in surface-water fertility and nannoplankton production. These were coupled with the paleogeographic context and sea-level variations that were defined from a sedimentological analysis, and with geochemical results (major and trace elements, and clay/mineral results).

Altogether, allowed to develop a paleoceanographic scheme for the Valanginian interval of the 

Perspectives

This study demonstrated the advantage of applying different disciplines (sedimentology, paleontology, and geochemistry) in reconstructing the biotic and abiotic paleoceanographic conditions occurring before, during and after the Weissert Event. Indeed, future paleoceanographic reconstructions, and already available studies, must be complemented with sedimentological and geochemical investigations in order to obtain more accurate reconstructions within a basin. This is crucial since, as seen in this study, the sea-level variations and depositional settings can influence the physical habitat of calcareous nannofossils (extent of the photic zone, stratification, turbidity, and nutrient input).

Quantitative-based studies on the entire calcareous nannofossil assemblages are limited during the Valanginian, and the available studies mostly come from the central and northern

Tethys and the Atlantic Ocean. Thereby, it will be useful to investigate the surface-water fertility and nannoplankton production from the eastern and southern Tethys, the Pacific, Boreal

Realm, and the Southern Hemisphere. In addition, it is favorable to investigate surface-water fertility and nannoplankton production along proximal-to-distal transects within a basin (i.e., shallow versus deep). A global integration of such datasets and their correlation with the Valanginian carbon-isotope positive excursions, within well-constrained biostratigraphic frameworks, could allow to test if nannoplankton production associated with surface-water fertility is indeed the sink for 12 C, and causing the Valanginian carbon-isotope positive excursion.

The use of Pb, Sr, and Nd isotopes, altogether, has never been applied before to test for a volcanic input during the Weissert Event. Such tools, if applied in different basins at a regional and global scale, might give insight into whether there is any volcanic input during the Valanginian stage. Also, it could be crucial to examine radiogenic isotopes in basins that are close to the Paraná-Etendeka and Comei-Bunbury large igneous provices (i.e., in the southern Hemisphere). Such information can be then compared with the available data from the Tethys, Atlantic, and Boreal realms. Moreover, the different sources of nutrients causing the ocean fertilization (i.e., continental runoff versus upwellings) should be further investigated in basins from different geographic locations, using major and trace elements along with radiogenic isotopes. This would provide more information on the source of sediment and nutrients input, in neritic, hemipelagic, and pelagic marine settings. Lastly, further knowledge on the isotopic composition of Valanginian oceans (from fish and phosphatic material) and marine basins (sediments), can also give insight into weathering regimes and oceanic circulation patterns, which, in turn, can be useful for the paleoceanographic reconstructions. This will also allow to

The data set includes the sample repository reference number, sample name, height (m) or depth (mbsf), CaCO3 (%), δ 13 Ccarb (‰), mass of sediment deposited on the cover slip (g) for the preparation of smear slides, nannofossil preservation, and the quantitative nannofossil data. Preservation of nannofossils was evaluated following the codes defined by [START_REF] Roth | Jurassic and Lower Cretaceous calcareous nannofossils in the western North Atlantic (Site 534): biostratigraphy, preservation, and some observations on biogeography and paleoceanography[END_REF], allowing a categorization as follow: E3, heavily etched; E2, moderately etched; E1, slightly etched; O3, heavily overgrown; O2, moderately overgrown; O1, slightly overgrown. The quantitative analysis of nannofossils was performed with a Leica "DM2500 P" light-transmitting microscope at 1000 X magnification. FOV corresponds to the total number of fields of view that was needed to reach the total nannofossils count "Total" in each sample. The letter "P" corresponds to the present taxa (i.e., observed after the counting), samples in "bold" font were only scanned and not quantified, and whenever the taxa were not identifiable at the species level they were identified at the genus level AH 84 ibc 27.6 80.5 -2 0.02715 E1O3 40 504 0 0 0 0 0 3 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 3 0 0 33 6 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 UJF-ID.18406

AH 85 ibc 28.9 42.7 -2.5 0.02209 E2O1 216 337 10 10 0 1 0 2 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 20 6 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 UJF-ID.18407

AH 87 ibc 31.5 21.6 -2.7 0.01984 E2O2 88 520 9 1 0 1 0 8 0 0 0 0 0 0 0 0 7 0 0 0 0 0 2 0 0 0 5 0 0 17 5 0 8 0 0 0 0 0 0 0 0 0 0 0 0 P 0 0 0 0 0 0 0 0 AH 87 32. ATH 3a 35.9 0.00048 E2O1 126 520 1 0 0 P 0 6 0 0 4 0 0 0 2 0 16 0 0 0 0 0 3 0 0 0 8 0 0 79 31 0 13 0 0 0 0 0 0 0 0 0 0 0 1 3 0 0 0 0 0 1 0 0 UJF-ID.18435 ATH 4a 36.4 0.00093 E2O1 90 515 0 0 2 0 0 7 0 0 P 0 0 0 P 0 16 0 0 0 0 0 4 0 0 0 5 0 0 80 17 0 2 0 0 0 0 0 0 0 0 0 0 0 P P 0 0 0 0 0 0 0 0 UJF-ID.18436 ATH 4c 37.25 0.00118 E1O1 75 519 5 0 1 0 0 0 0 0 P 0 0 0 1 0 17 0 0 0 0 0 P 0 0 0 3 0 0 68 25 0 2 0 0 0 0 0 0 0 0 0 0 0 2 P 0 0 0 0 0 0 0 0 UJF-ID.18437 ATH 5b 37.75 0.00061 E1O1 114 532 1 0 1 0 0 11 0 0 1 0 1 0 P 0 18 0 0 0 0 0 6 0 0 0 4 0 0 46 20 0 12 0 0 0 P 0 0 0 0 P 0 0 2 0 0 0 0 0 0 5 1 0 UJF-ID.18438 ATH 6 38.1 0.00045 E2O1 138 512 0 0 1 1 0 11 1 0 2 2 0 0 1 0 15 0 0 0 0 0 0 0 0 0 1 0 0 49 14 0 3 0 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 2 0 0 UJF-ID.18439 ATH 7 38.6 0.0005 E1O2 129 522 2 0 1 1 0 4 0 0 0 0 0 0 P 0 15 0 0 0 0 0 1 0 0 0 0 0 0 61 11 0 4 0 0 0 1 0 0 P 1 2 0 0 P 0 0 0 0 0 0 2 0 0 UJF-ID.18440 ATH 8a 39.2 0.00105 E2O2 74 528 3 0 0 P 0 9 0 0 P 0 0 0 0 0 16 0 0 0 0 0 4 0 0 0 0 0 0 86 21 0 7 0 0 0 0 P P 0 P 0 1 0 0 0 0 0 0 0 0 0 0 0 UJF-ID.18441 ATH 8b 39.75 0.00078 E2O2 144 342 0 0 2 0 0 5 0 0 3 1 0 0 0 0 8 0 0 0 0 0 0 0 0 0 4 0 0 26 5 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 UJF-ID.18442 ATH 9 40.1 0.00057 E2O1 96 513 0 0 0 0 0 9 P 0 0 0 0 0 0 0 13 0 0 P 0 0 3 0 0 0 2 0 0 53 18 0 4 1 0 1 0 1 0 0 0 0 0 0 0 0 P 0 0 0 0 0 0 0 UJF-ID.18443 ATH 11 41.1 0.00044 E2O1 142 518 0 0 1 0 0 9 0 0 P 0 0 0 1 0 16 0 0 0 0 0 2 0 0 0 5 0 0 62 13 0 4 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 UJF-ID.18444 ATH 12 41.9 0.00113 E2O2 96 534 5 0 0 0 0 2 0 0 3 6 P 0 3 0 10 0 0 1 0 0 1 0 0 0 1 0 0 50 8 0 1 0 0 P 0 0 0 0 0 0 0 0 P 0 0 0 0 0 0 0 0 0 Same caption as in Table Supp. 1. The seventeen samples from the Aït Hamouch "AH section" which were analyzed in a preliminary study by Despierres (2013) and prepared using the random settling technique of [START_REF] Geisen | Calibration of the random settling technique for calculation of absolute abundances of calcareous nannoplankton[END_REF] are in italic font (water volume: 475 mL and water-column height: 2.2 cm) AA: absolute abundance (specimens/g of rock); Sa: surface area studied, with a FOV having a surface area of 0,00038 cm 2 ; m: mass of sediment deposited on cover slip (g); and l and h are the cover slip dimensions (5 cm x 2.4 cm).

AA following the technique of [START_REF] Geisen | Calibration of the random settling technique for calculation of absolute abundances of calcareous nannoplankton[END_REF] !! "#$%&'$("/*+,' ./ +.%0 = 2 × V 6 , × 7 × H AA, Sa, and m same as before; V: volume of water used for dilution (mL); and H: height of water column above the cover slip Relative Abundance (RA) for each taxon or group of taxa was calculated as follows :!(%) = 2 > × 100 RA: relative abundance (%); n: number of specimens counted from one taxon or a group of taxa; and N: total number of specimens counted Nannofossil Accumulation Rate (NAR) was calculated for Zalidou and Aït Hamouch sections >!: = !! × 6: × ABA NAR: nannofossil accumulation rate (nannofossils.m -2 .year -1 ); AA: calcareous nannofossil absolute abundance (nannofossils.grambulk rock -1 ); SR: sedimentation rate (m.Myr -1 ); and DBD: dry bulk density of rock (g.cm -3 ). A value of 2.7 g.cm -3 corresponding to calcite density was set for DBD The accuracy as evaluated from the analyses of reference rock materials (BHVO-2 and BR-24) is generally better than 5 % for the majority of elements when compared against their published values (i.e., % difference); published values for BHVO-2 are from [START_REF] Jochum | Reference Values Following ISO Guidelines for Frequently Requested Rock Reference Materials[END_REF] and for BR-24 from [START_REF] Chauvel | Comprehensive Chemical and Isotopic Analyses of Basalt and Sediment Reference Materials[END_REF]. The measured isotopic ratios on the AGV-2 standard are in excellent agreement against the recommended isotope ratios for all elements [START_REF] Weis | High-precision isotopic characterization of USGS reference materials by TIMS and MC-ICP-MS[END_REF] 

  Postérieurement à l'événement Weissert, la production de nannoplancton et la fertilité des eaux de surface sont restées fortes et plus élevées que durant le Valanginien inférieur, probablement en raison de conditions climatiques plus chaudes et plus humides. Les variations stratigraphiques des éléments majeurs et traces et des compositions isotopiques de Pb, Sr et Nd démontrent que l'apport de sédiments (c'est-à-dire l'apport de nutriments) résultait de l'altération continentale et du ruissellement plutôt que des remontées d'eaux profondes (upwellings) océaniques. De plus, les données d'isotopies radiogéniques ne supportent pas l'hypothèse d'une contribution volcanique pendant tout l'intervalle Valanginien étudié. Mots-clés : Crétacé inférieur ; Valanginien ; marge centrale du Maroc ; stratigraphie intégrée ; nannofossiles calcaires ; isotopes radiogéniques (Pb, Sr et Nd)
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 12 Figure 1.2 The stratigraphic position of the different Oceanic Anoxic Events (OAEs) modified from Jenkyns (2010). Age of stage boundaries are from the Geologic Time Scale 2020
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 14 Figure 1.4 Paleogeographic map of the Valanginian (~ 135 Ma) showing the sites where the Valanginian positive carbon-isotope is observed (yellow circles). References for the data points are mentioned in section 3. Construction from Scotese (2016) PaleoAtlas
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 15 Figure 1.5 Locations of basins with Berriasian, Valanginian, and Hauterivian coal deposits (orange stars) (McCabe and Parrish, 1992; and references therein), and basins with organic-rich layers (yellow circles)[START_REF] Westermann | The Valanginian δ 13 C excursion may not be an expression of a global oceanic anoxic event[END_REF][START_REF] Kujau | No evidence for anoxia during the Valanginian carbon isotope event -An organic-geochemical study from the Vocontian Basin, SE France[END_REF]. Construction from Scotese (2016) PaleoAtlas

  observed overlapping Pb isotopic compositions between Valanginian sediments from ODP Leg 185 Site 1149B (Pacific Plate) and basaltic magmas from the Paraná-Etendeka LIP. Whereas, Peate (2009) demonstrated a greater overlap of Pb isotopic composition between Site 1149B Valanginian sediments and silicic magmas from the same LIP. Nevertheless, Rocha et al. (2020) revealed that radiometric ages of silicic magmas are younger than the inception of the Valanginian CIE.
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 16 Figure 1.6 Paleogeographic map of the Valanginian (~ 135 Ma) showing the approximate locations of the Paraná-Etendeka and Comei-Bunbury large igneous provinces. Construction from Scotese (2016) PaleoAtlas
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 21 . The latter fold belt trends E-ENE from the Atlantic coast to Algeria. The EAB is bounded by the following coordinates: longitudes 9 o 55' to 9 o 20' W, and latitudes 30 o 30' to 31 o 05' N; and is bordered to the north by the Jebilet massif and Doukkala Plateau (Paleozoic basements), to the south by the plain of Souss (Neogene basin), and to the East by the High Atlas (Figure 2.2).

Figure 2 . 1

 21 Figure 2.1 Location of the Atlas Mountains in north Africa. The study area is indicated by the red rectangle (EAB: Essaouria-Agadir Basin), and the red circle (DSDP Leg 50 Site 416A). The location of Morocco is highlighted in red on the world map (upper left)

Figure 2 . 2

 22 Figure 2.2 The tectono-sedimentary units of western Morocco from Zühlke et al. (2004). The Atlantic basins are highlight in light grey, and the dashed borders indicate the Essaouira-Agadir basin. Abbreviations correspond to CHA: Central High Atlas; CM: Central Meseta; EAA: Eastern Anti-Atlas; JB: Jebilet; MA: Middle High Atlas; RH: Rehamna; RN: Rif Nappes; RNF: Rif Nappe Front; SAFZ: South Atlas Fault Zone; SM: Southern Meseta; TB: Tindouf Basin; WAA: Western Anti-Atlas; WHA: Western High Atlas

Figure 2 . 3

 23 Figure 2.3 Diagram illustrating the rifting between Africa and America from the Triassic to Cretaceous, leading to the opening of the Atlantic Ocean. Modified from[START_REF] Stets | Atlas and Atlantic -structural relations[END_REF] 

Figure 2 . 4

 24 Figure 2.4 Paleogeographic map during the early Jurassic (195-185 Ma). Red star corresponds to the Essaouira-Agadir Basin. The West Moroccan Arch corresponds to a shallow platform, shedding its erosive products (siliclastics) during the Middle Jurassic-Early Cretaceous to the surrounding basins. It also separates the Atlantic and Tethyan domains. Modified from Frizon de Lamotte et al. (2008)
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 25 Figure 2.5 Paleogeography of NW Morocco during the Early Cretaceous showing the developed gulf in the western High Atlas. Abbreviations, CM: Central Massif; DG: Doukkala Gulf; Jb: Jebilet; NHAG: North High Atlas Gulf; NMAG: North Middle Atlas Gulf; PhP: Phosphate Plateau; PRG: Prerif Ridge Gulf; Rh: Rehamna; SAG: Saharan Atlas Gulf. Modified from Frizon de Lamotte et al. (2008)

:

  In this chapter we detail the principles and methods used for the geochemical analyses in this study. The chemistry protocols and analyses of trace elements concentrations and the isotope ratios of Pb, Sr, and Nd isotopes were done by the PhD candidate of this manuscript at the IPGP (Institut de Physique du Globe du Paris) Paris, France. The analysis of major elements concentrations was done by the CNRS Service d'Analyse des Roches et des Minéraux (SARM) in Nancy, France. All analyses were done on the bulk rock samples. For each type of analysis, we will systematically describe the following: (1) method for sample digestion and preparation. The latter includes separating and purifying Pb, Sr, and Nd for isotope analyses. (2) The used analytical techniques along with their fundamentals of operation and analytical running conditions. (3) The validation of results using blanks and international rock standards. Samples for geochemical analyses come from two geological successions in the central Moroccan margin (the Zalidou section and DSDP Leg 50 Site 416A). Twenty samples from the Zalidou section and twenty from the Site 416A were selected for all geochemical analyses.

5

  ppb concentration was added to all samples, standards, and blanks. The In internal standard was monitored during the ICP run. The BE-N rock reference was used to calibrate the signal (external calibration) and was run every 5-6 samples during the entire sequence. Calculations to transform machine signal (cps, counts per second) into concentrations were done offline. For each analyte, signals were divided by their respective indium signals for a first drift and matrix effect correction. Signal drift not accounted for by the indium signal was detected by analyzing a BE-N rock standard every 5-6 samples (Figure 3.1). It was corrected along with converting the sample signals to concentrations, by modeling the BEN analyte / indium ratio evolution using a polynomial fit. Instrumental drift is caused by the inherent instability of ICP-MS. For each element, the average signal from all BE-N measurements made during the sequence was calculated and used for the concentration calculations (Figure 3.2). Uncertainties on the blank correction and on the signal to concentration conversion were propagated to the final concentration uncertainties.

Figure 3 . 1

 31 Figure 3.1 Illustration of the instrumental drift recorded with time during an ICP-MS analysis sequence. The y-axis corresponds to the signal intensity on the analyzed BE-N standards for 88 Sr, and the x-axes corresponds to the time-lapse during the analytical session

Figure 3 . 3

 33 Figure 3.3 Scheme summarizing the steps of ion-exchange chromatography for the separation and purification of Pb, Sr, and Nd

Figure 3 . 4

 34 Figure 3.4 Left: qualitative calibration of the Ln-Spec resin columns; right: typical Ln-Spec resin elution profile, fromPimbert (2006, PhD Thesis) 
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 5 Figure 3.6. Then, the mean deviation from the reference values of the analyzed standard at the end of each session is used to correct for the isotopic composition of samples. During one

Figure 3 . 5

 35 Figure 3.5 Pb isotope ratios obtained from the NBS 981 standard during all measurements; different colors correspond to an analysis session. The vertical bars correspond to the in-run errors (2σ/√n, where σ is the standard deviation and n the number of measured isotope ratios). The published value of NBS 981 is indicated by the horizontal black line, and the vertical bars on both ends represent the uncertainty (2σm)[START_REF] Jochum | GSD-1G and MPI-DING Reference Glasses for In Situ and Bulk Isotopic Determination[END_REF] 

Figure 3 . 6

 36 Figure 3.6 Sr isotope results obtained from NBS 987 standard (left), and the Nd ratios from the "AMES Rennes Nd" standard (right); data points' colors and bars are same as in Figure 3.5. Error bars are smaller than the data points for the first Nd measurement. The recommended ratios for NBS 987 (0.71024, by convention ) and AMES Rennes Nd (Chauvel et al., 2011) are indicated by the black line, the vertical bars on both ends represent the uncertainty (2σm)
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 37 Figure 3.7 Corrected isotope ratios of the analyzed AGV-2 rock standard (orange and green data points, corresponding to two different dissolutions). The error bars correspond to the inrun errors (2σm). The recommended AGV-2 values (dark blue shade) and their uncertainty (light blue shade) are from[START_REF] Weis | High-precision isotopic characterization of USGS reference materials by TIMS and MC-ICP-MS[END_REF] 

  et al. (1982) seem to have placed the Valanginian-Hauterivian boundary at the top of the Aghroud Oudar Fm.

Figure 4 . 1

 41 Figure 4.1 Location of the study area. A. Location of the Essaouira-Agadir Basin. B. Geological sketch of the EAB, and location of the studied sections

Figure 4 . 2

 42 Figure 4.2 The Berriasian-early Hauterivian sedimentation in the Southern part of the Essaouira-Agadir Basin. Simplified from Ferry et al. (2007). Note the Eastward retrogradation of facies during the Berriasian-late Valanginian interval, and the Westward progradation in early Hauterivian times

  sampling was mainly done from Valanginian limestone beds. The uppermost part of the Berriasian and the basal part of the Hauterivian were also sampled in some sections. Only specimens well-preserved enough to allow an identification were transferred to the laboratory (Lyon, France), where extraction was completed using a vibratory device, and determination effectuated using the palaeontological worksheet. The specimens doubtfully identified are indicated by a question mark. Dissolution of shells is usual and ammonites are generally preserved as internal calcareous moulds. Lower Valanginian ammonites are relatively well preserved and may reach a large size. Upper Valanginian specimens are more often fragmented and crushed. A few dozens of pyriteous specimens were found on marls of the upper

Figure 4 . 3

 43 Figure 4.3 The Zalidou section. Stratigraphic distribution of macrofauna (mainly ammonites; a question mark is added when identification is doubtful) and ammonite zonation (standard and local units); sampling layers are indicated at the right of the succession. Also indicated, nannofossil zonation (NK and CC) and main bioevents (FO and LO), sedimentary discontinuities (D), C-isotopic curve, and layers of sampling at the left of the succession.

Figure 4 . 4

 44 Figure 4.4 The Aït Hamouch section (two outcrops). Stratigraphic distribution of macrofauna (mainly ammonites; a question mark is added when identification is doubtful) and ammonite zonation (standard and local units); sampling layers are indicated at the right of the succession. Also indicated, nannofossil zonation (NK and CC) and main bioevents (FO and LO), sedimentary discontinuities (D), C-isotopic curve, and layers of sampling at the left of the succession.

Figure 4 . 5

 45 Figure 4.5 The Zaouia Sidi Abderahmane section (two outcrops). Stratigraphic distribution of macrofauna (mainly ammonites; a question mark is added when identification is doubtful) and ammonite zonation (standard and local units); layers of sampling are indicated at the right of the succession. Also indicated, sedimentary discontinuities (D), C-isotopic curve, and layers of sampling at the left of the succession.

Figure 4 . 6

 46 Figure 4.6 The Igouzoulen section. Stratigraphic distribution of macrofauna (mainly ammonites; a question mark is added when identification is doubtful) and ammonite zonation (standard and local units); layers of sampling are indicated at the right of the succession. Also indicated, sedimentary discontinuities (D), C-isotopic curve, and layers of sampling at the left of the succession.
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 47 Figure 4.7 The Ida w Iddar section. Stratigraphic distribution of macrofauna (mainly ammonites; a question mark is added when identification is doubtful) and ammonite zonation (standard and local units); layers of sampling are indicated at the right of the succession. Also indicated, sedimentary discontinuities (D), C-isotopic curve, and layers of sampling at the left of the succession.

Figure 4 . 8

 48 Figure 4.8 The Obbay section. Stratigraphic distribution of macrofauna (mainly ammonites; a question mark is added when identification is doubtful) and ammonite zonation (standard and local units); layers of sampling are indicated at the right of the succession. Also indicated, sedimentary discontinuities (D), C-isotopic curve, and layers of sampling at the left of the succession.

  chronostratigraphic subdivisions (Berriasian-Valanginan, early-late Valanginian, and Valanginian-Hauterivian boundaries) are characterized in terms of ammonite markers. In the rest of manuscript: standard zone = StZ; standard subzone = StSz; local subzone = LSz.

  and this work), could be also explained by a different conception of this species. Few specimens of Thurmanniceras were found in the T. alpillensis StZ of the Zaouia Sidi Abderahmane and Ida w Iddar sections(Figures 4.5, 4.7); they could correspond to true "T." thurmanni, as this species is recorded in the uppermost part of the Berriasian by[START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]. These comments on the stratigraphic distribution of Thurmanniceras around the Berriasian-Valanginian boundary interval shows that a revision of this genus is needed. Regarding Kilianella, this genus is only observed in the upper part of the zone in the Ida w Iddar and Aït Hamouch sections (Figures

  is very rare and only found in the upper part of the zone (see Aït Hamouch, Igouzoulen, and Ida w Iddar sections, Figures 4.4, 4.6-4.7). Consequently, the base of the zone is identified in the six studied Moroccan sections by the FO of N. subtenuis (Figures 4.3-4.8, AH72, ZA25, ZS43, IGZ23, IW15b and OB18), as its appearance is contemporaneous with that of N.

(

  mainly in the B. hirsutus Subzone ofCompany and Tavera, 2015, fig. 7). In the Ida w Iddar section (Figure4.7), K. roubaudiana is recorded in the N. subtenuis LSz. In the Zaouia Sidi Abderahmane and Igouzoulen sections, the upper part of this subzone is characterized by the occurrence of L. superba. Some specimens identified with doubt to Luppovella were observed in the lower part of the N. subtenuis LSz in the Aït Hamouch section (Figure4.4); this agrees withEttachfini's data (2004), who observed the appearance of this genus at the base of this subzone. However, contrary to the observation made in SE Spain byCompany and Tavera (2015, fig. 7), L. superba has never been recorded in the upper part of the "T." pertransiens StZ of the Moroccan series

Figure 4

 4 Figure 4.3). However, at Aït Hamouch, the NK3B Subzone is considerably reduced, and

  striatus in the latest Valanginian along a N-S transect (BGS hole 81/43 -southern North Sea, DSDP 638 -NW Spain, and DSDP 535 -western Atlantic). Aguado et al. (2018) already suggested that the distribution of E. striatus could be controlled by the paleogeographic distribution of land masses and by the paleoceanographic currents. The LO of R. wisei is recorded in the late Valanginian (N. peregrinus StZ). In the Subbetic Basin (SE Spain; Aguado et al., 2018), its LO is recorded in the late Valanginian, but slightly earlier (S. verrucosum StZ; Figure 4.9) than in the EAB. In the Vocontian Basin, its LO

  Valanginian (N. peregrinus StZ, O.nicklesi StSz). This bioevent is reliable since it is also observed in a similar stratigraphic interval (O. nicklesi StSz; Figure4.9) both in the Vocontian Basin[START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF]) and in the Subbetic Basin[START_REF] Aguado | A new record of the Weissert episode from the Valanginian succession of Cehegín (Subbetic, SE Spain): Bio-and carbon isotope stratigraphy[END_REF].The FO of L. bollii is recorded in the earliest Hauterivian (A. radiatus StZ). Thisevent is observed later (C. loryi StZ) in the Vocontian Basin[START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF][START_REF] Mutterlose | The Global Boundary Stratotype Section and Point (GSSP) for the base of the Hauterivian Stage (Lower Cretaceous)[END_REF] Figure 4.9) than in the EAB. The top of massive limestone beds frequently presents cm-to dm-scale cavities infilled by marly sediment, distinct from the surrounding limestone, that may contain lithoclasts. When the section is visible, cavities usually decrease in size downward and show a random shape. Fossils of the beds may be dissolved and replaced by iron-rich calcite or dolomite. These features are interpreted as resulting from emergence periods, which caused dissolution and karstification by meteoric water. Moreover, karstified surfaces are locally bored; boring probably results from the activity of lithophagous molluscs of intertidal to very shallow environment, during the subsequent marine transgression.
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 49 Figure 4.9 Calcareous nannofossil zonation defined for the EAB and its comparison with existing Tethyan biozonation schemes where both ammonite and nannofossil records were calibrated. See the text for more explanation

(

  T. alpillensis StZ), and it does not crop out in Ida w Iddar(Figure 4.11). Identification of the sedimentary discontinuities allows to recognize two depositional sequences in the upper part of the Tithonian-Berriasian succession. Although poorly dated, they are tentatively correlated across the studied sections.In the southern sections (Aït Hamouch, Sidi Abderhamane, and Zalidou), the base of the succession (Be 0) is made of relatively massive limestone beds with thin marlstone interbeds (Timsilline Fm. ?). There, the presence of thick marlstone beds, of an open marine fauna (plicatulids, terebratulids, and large bivalves), would indicate an outer shelf environment.However, the abundance of oysters and of shallow water sedimentary features (laminations, HCS, and epikarsts) rather suggests a shallow open marine depositional environment. In the northern sections (Igouzoulen and Obbay), this succession seems to correlate with massive limestone beds made of pelloid-rich Wackestone to Packstone, rich in oysters, pinnids, and locally oolites. The occurrence of several karstified surfaces, tidal laminations, and local desiccation breccias indicates a very shallow inner shelf environment.The first sequence (Be 1) is represented by a marly interval in the southern sections.Its base is marked by an abrupt lithological change, and by accumulations of phosphate and intraclasts. It shows a thinning-, then thickening-upward evolution. Marlstone beds contain brachiopods, pectinids, bivalves, echinoids, serpulids, locally Aucellina sp., bryozoans, Trichites sp., and belemnites. Whereas, the bioturbated limestone beds present oysters, pinnids, and locally trigonids. Microfacies analysis of limestone beds reveals a Wackestone texture rich in echinoids and small benthic foraminifers, associated with bivalves, brachiopods, oysters, ostracods, and few agglutinated foraminifers. This sequence is interpreted as a transgressive, then prograding succession, in an open marine outer to inner shelf environment, witnessing a sea level rise with respect to the underlying deposits. The abundance of Aucellina sp. in the lower part of the sequence of the southernmost section (Aït Hamouch) suggests a dysaerobic environment in the external part of the shelf. In the Igouzoulen section, this sequence overlies a karstified surface and is dominated by massive limestone beds with thinner marlstone interbeds. In the lower part, pinnids, echinoids, terebratulids, and serpulids dominate; while in the upper part, thick shelled oysters are dominant, associated with echinoids, pectinids, terebratulids, plicatulids, few ammonites, trigonids, and wood fragments. In thin sections, Wackestone to Packstone textures are predominant and contain a rich fauna of benthic foraminifers, among with agglutinated forms. The uppermost limestone bed is deeply karstified.

  Figure 4.10) is a limestone bearing oysters, ammonites, and plicatulids. The overlying

δ

  13 Ccarb values that starts in the uppermost part of the N. peregrinus StZ (Aït Hamouch and Zaouia Sidi Abderrahmane), more precisely at the top part of the O. nicklesi StSz (Zalidou), and continues in the C. furcillata StZ (these three previous sections and Ida w Iddar). Thus, except for the interval corresponding to the S. verrucosum StZ, the main trends of the Valanginian carbon isotopic curve are observed in the EAB. 8 Sea level changes and sequence origin Following the two Tithonian-Berriasian sequences, which express a transgressive trend with respect to the base of the sections, the Valanginian succession is clearly divided into three main transgressive-regressive cycles divided by the main discontinuities D4 and D7. The first one includes Va1 to Va3, the second one comprises Va4 to Va6, and the third one is made of the Va7 sequence. The maximum flooding of the first cycle occurred during the N. subtenuis LSz; the maximum depositional depth of the second cycle seems to be reached in the O. nicklesi StSz, and a third maximum flooding is reached during the S. furcillata StSz.. As a whole, the second and third cycle present deeper depositional environments than the first one, expressing a rise in sea levelz likely responsible for the drowning of the early Valanginian carbonate shelf

  Plate 4. A, Karakaschiceras pronecostatum, UJF-ID 17389, OB24, S. verrucosum Standard Zone, K. pronecostatum Standard Subzone. B, Karakaschiceras companyi, UJF-ID 17398, AH96, C. furcillata Standard (Sub-)Zone. C, Neohoploceras submartini, UJF-ID 17435, IGZ29b, S. verrucosum Standard Zone. D, Criosarasinella furcillata, UJF-ID 17616, AH96, C. furcillata Standard (Sub-)Zone. Scale bar = 1 cm. Black circle = end of phragmocone. Collection Reboulet, UJF-ID (OSUG-COLLECTIONS), University of Grenoble, France. See appendix 4.A for taxonomy. Karakaschiceras pronecostatum Karakaschiceras companyi Neohoploceras submartini Criosarasinella furcillata Plate 5. A, Tescheniceras subflucticulum, UJF-ID 17576, ZSb61b, C. furcillata Standard (Sub-)Zone. B, Tescheniceras callidiscum, UJF-ID 17551, AtH15, C. furcillata Standard Zone, T. callidiscum Standard Subzone. C, Acanthodiscus vaceki, UJF-ID 17598, ZSb69, A. radiatus Standard Zone. D, Breistrofferella castellanensis, UJF-ID 17597, ZSb69, A. radiatus Standard Zone. Scale bar = 1 cm. Black circle = end of phragmocone. Collection Reboulet, UJF-ID (OSUG-COLLECTIONS), University of Grenoble, France. See appendix 4.A for taxonomy. Tescheniceras subflucticulum Tescheniceras callidiscum C -Acanthodiscus vaceki Breistrofferella castellanensis Plate 8. Photomicrographs of selected nannofossil species from the Essaouira-Agadir Basin. Photomicrographs of the selected nannofossil species (XPL: Cross-polarized light; PPL: Planepolarized light). 1, Calcicalathina oblongata, side view, XPL, sample Za43c; 2, Calcicalathina oblongata, top view, XPL, sample Za49b; 3, Speetonia colligata, XPL, sample Za32b; 4, Haqius peltatus, XPL, sample Za47b; 5, Haqius circumradiatus, XPL, sample ATH2d; 6, Eiffellithus windii, XPL, sample 416A 10R2w 144-145; 7, Eiffellithus striatus, XPL, sample Za53a; 8, Rucinolithus wisei, XPL, sample Za27a; 9, Rucinolithus wisei, XPL, sample Za27a, same specimen rotated ~90o; 10, Tubodiscus verenae, XPL, sample 416A 21R2w 103-104; 11, Lithraphidites bollii, XPL, sample AH112a; 12, Rhagodiscus dekaenelii, XPL, sample AH106bc 9 Conclusions

  circumradiatus) which coincides near to the base of the CI positive shift; this bioevent seems to be restricted to the EAB. Afterwards, the bioevents (FO of E. striatus and LO of R. wisei) occur during the lower part of the CI positive shift. Lastly, the bioevent (LO of T. verenae) occurs just after the CI positive shift(Weissert Event), when the δ 13 Ccarb start to smoothly decrease.

  Paleoceanographic reconstruction around the Weissert Event in the southern Tethys • Quantitative analysis of calcareous nannofossils coupled with sedimentology results • Major impact of sea-level and river clastic input on the nannoplankton community • High surface-water fertility and nannoplankton production during the Weissert Event • Sea level fall caused the nannoconids decline before the Weissert Event • Nannoconids recovery is associated with high surface-water fertility ABSTRACT: Paleoceanographic conditions across the Valanginian Weissert oceanic anoxic event were reconstructed for the first time in the Essaouira-Agadir Basin (Morocco), from a quantitative-based calcareous nannofossils study. During the Valanginian, the basin was located on the southern Tethys margin, and corresponded to a temperate platform with mixed carbonate/siliciclastic deposits. Two onshore geological successions located in this basin and one offshore from the DSDP Site 416A were studied and provide a proximal-distal transect on the central Moroccan margin. The paleoceanographic reconstruction was realized in an accurate chronostratigraphic framework based on ammonites (for the onshore sections), calcareous nannofossils, and carbon-isotope. The reconstruction of the sedimentary evolution of the Essaouira-Agadir Basin showed that sea-level variations controlled the paleogeographic context, clastic-input and nutrients availability. A large photic zone and mesotrophic conditions favored the development of a diverse nannoplankton community before the Weissert Event interval in the early Valanginian. A collapse of the nannoplankton community was recorded in all studied successions during the onset of the Weissert Event interval at the early/late Valanginian transition, and was caused by a major sea-level fall. The nannoplankton community gradually recovered during the Weissert Event interval in the late Valanginian, reaching highest nannoplankton production associated with high surface-water trophic levels. This eutrophication is coeval with the high and stable δ 13 Ccarb values of the carbon-isotope positive shift. After the Weissert Event interval, in the rest of the late Valanginian, surfacewater fertility and nannoplankton production decreased but were higher than during the early Valanginian. Additionally, the nannoconids decline started from the early Valanginian, prior to the carbon-isotope positive shift and was linked to low sea-level. Their recovery in the early late Valanginian occurred during conditions of high sea-level and high surface water fertility. Their occurrence in the early Valanginian and their later recovery in the late Valanginian occurred during conditions of high sea-level and high surface-water fertility. Lastly, the proposed paleoceanographic reconstruction was compared with other basins from the Tethys, Atlantic, Pacific and Boreal Realms.

  1) Enhanced continental runoff increases nutrient fluxes to proximal part of the ocean (gradual fertilization)during low sea level. 2) An increase in nutrients within the outer shelf realm may be linked to upwelling (sharp fertilization) during high sea level. A global sea-level rise is documented in the late Valanginian after an all-time minimum of the Early Cretaceous occurring in the mid-Valanginian[START_REF] Haq | Cretaceous eustasy revisited[END_REF]. The different hypotheses proposed for the fertilization of the ocean need to be tested for the Weissert positive CIE.

  Essaouira-Agadir Basin (EAB) is located in southwest Morocco and corresponds to the westernmost part of the High Atlas fold belt, bounded by longitudes 9 o 55' to 9 o 20' W, and latitudes 30 o 30' to 31 o 05' N. The basin is bordered to the north by the Jebilet massif and Doukkala Plateau (Paleozoic basements), to the south by the plain of Souss (Neogene basin), and to the East by the High Atlas (Figure 5.1). The EAB presently constitutes part of the Atlantic passive margin. It extends offshore until the western limit of the continental margin (Frizon de Lamotte et al., 2008) and is considered one of the oldest existing passive margins[START_REF] Stets | Atlas and Atlantic -structural relations[END_REF][START_REF] Sahabi | Un nouveau point de départ pour l'histoire de l'Atlantique central[END_REF]. During the Cretaceous, the central Moroccan margin which includes the EAB occupied a paleogeographic location on the southern Tethyan margin, between paleo-latitudes ~ 15°N and ~ 22°N (Figure5.2). Until the opening of South Atlantic (Valanginian) and its connection with Central Atlantic (early Albian), the Tethys Ocean includes what is presently the Central Atlantic. Therefore, the geological evolution of the Atlantic-Tethyan passive margin controlled the development of the EAB[START_REF] Ellouz | From rifting to Alpine inversion: Mesooic and Cenozoic subsidence history of some Moroccan basins[END_REF].
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 51 Figure 5.1 Location of the study area in SW Morocco, modified from Ouajhain et al. (2009). (A) Location of the central Moroccan margin including the Essaouira-Agadir Basin and DSDP Site 416A (not to scale). (B) Geological sketch including the location of the studied sections (square shape).
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 52 Figure 5.2 Paleogeographic map of the Valanginian (136 Ma) showing the location of the Essaouira-Agadir Basin, Morocco (star shape). The "white circles" correspond to the location of basins/successions where the calcareous nannofossils were investigated during the Weissert Event: Tethyan realm, (1) Vocontian Basin (France) (Duchamp-Alphonseet al., 2007, 2014;[START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Barbarin | Evidence for a complex Valanginian nannoconid decline in the Vocontian basin (South East France)[END_REF][START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF], (2) Lombardy Basin (Italy)[START_REF] Bersezio | Berriasian-Aptian black shales of the Maiolica formation (Lombardian Basin, Southern Alps, Northern Italy): Local to global events[END_REF][START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF], and (3) Moesian Platform (south and east Carpathians-Romania)[START_REF] Melinte | A Valanginian (Early Cretaceous) "boreal nannoplankton excursion" in sections from Romania[END_REF]); western and central Atlantic, (4) DSDP 534A (Blake Bahama basin, NE Florida) and (5) DSDP 603B (east Florida)[START_REF] Bornemann | Calcareous Nannofossil and δ 13 C Records from the Early Cretaceous of the Western Atlantic Ocean: Evidence for Enhanced Fertilization across the Berriasian-Valanginian Transition[END_REF] and (6) DSDP 535 (SE Gulf of Mexico)[START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF]; boreal realm, (7) ODP 638 (NW Iberian Peninsula)[START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF], (8) BGS 81/43 (southern North Sea Basin, east England)[START_REF] Williams | Nannofossil assemblages, fine fraction stable isotopes, and the paleoceanography of the Valanginian-Barremian (Early Cretaceous) North Sea Basin[END_REF][START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF], and (9) east Greenland Basin (NE Greenland)[START_REF] Patchett | Hafnium/rare earth element fractionation in the sedimentary system and crustal recycling into the Earth's mantle[END_REF]; western Pacific, (10) ODP 1149B (Nadezhda Basin)[START_REF] Lozar | Calcareous nannofossil biostratigraphy of Cretaceous sediments recovered at ODP Site 1149 (Leg 185, Nadezhda Basin, western Pacific)[END_REF]. Construction from http://www.odsn.de (made from the datafiles of[START_REF] Hay | Alternative global Cretaceous paleogeography[END_REF] 

  ammonite zones are interval zones defined by the interval between the first appearance datum (FAD) of two successive ammonite-indices. The chronostratigraphic subdivisions(Berriasian-Valanginan, lower-upper Valanginian, and Valanginian-Hauterivian boundaries) are characterized in terms of ammonite markers. A discussion on the choice of the primary marker to define the base of the Valanginian stage is given by[START_REF] Kenjo | The Berriasian-Valanginian boundary in the Mediterranean Province of the Tethyan Realm: Ammonite and calcareous nannofossil biostratigraphy of the Vergol section (Montbrun-les-Bains, SE France), candidate for the Valanginian GSSP[END_REF] who prioritized the FAD of "Thurmanniceras" pertransiens rather than the FAD of Calpionellites darderi. The base of the Hauterivian stage is defined by the FAD of the genus Acanthodiscus[START_REF] Mutterlose | The Global Boundary Stratotype Section and Point (GSSP) for the base of the Hauterivian Stage (Lower Cretaceous)[END_REF]. Hereafter will be used the following abbreviations: standard zone = StZ, standard subzone = StSz, and local subzone = LSz.The Tirnovella alpillensis StZ is the last zone of the Berriasian. The index species was only found in the Zalidou section (Za18b). Its first occurrence (FO) cannot be used here to place the base of the zone as the sampling was not crucial in the lowermost part of the onshore sections. Thus, only Negreliceras and Ptychophylloceras (Semisulcatoceras) semisulcatum were found at Aït Hamouch in the interval dated from this zone. The base of the "T."

  emphasized the difficulty to identify the base of the Saynoceras verrucosum StZ, and thus the early-late Valanginian boundary, due to the scarcity of the index-species in the Moroccan successions. In Aït Hamouch and Zalidou sections, S. verrucosum was not found; other ammonite markers of the basal part of the zone, as Valanginites ventrotuberculatus and Saynoceras contestatum, were also not recorded. For[START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF], the base of the zone is characterized by the FO of O. guebhardi morphe querolensis, that is well represented in the lower part of his S. verrucosum horizon. Thus, the second acme of O. guebhardi observed at Zalidou could be used to approximate the early-late

1. 1 .

 1 In the Late Berriasian, a carbonate shelf developed. The fauna is dominated by ostreids, associated with plicatulids, echinoids and terebratulids, and subordinated Pinna sp., Trichites sp., trigonids, wood fragments and fish remains (Figure5.3). Ammonites appear in the upper part, expressing a transgressive trend. Microfacies are dominated by Wackestone to Packstone textures, containing small benthic foraminifers, agglutinated foraminifers, echinoids and bivalves. In the upper part, Mudstone/Wackestone textures, brachiopods, calpionellids and planktic foraminifers become more abundant, supporting a transgressive trend. The top of the Berriasian carbonate shelf is marked by a karstified surface in the northern sections. 1.2. The early Valanginian succession (8-15 m) is dominated by marls and thin limestone beds (Figure 5.3). It shows a thinning-upward, then thickening-upward trend. In the thinning-upward lower part, ammonites, belemnites, plicatulids and brachiopods are dominant, associated with ostreids, Trichites sp., pectinids, and with sea-urchins at the base (Figure 5.3). Microfacies show Mudstone to Wackestone textures, containing mainly echinoids, bivalves and agglutinated foraminifers. The fauna indicates an outer shelf depositional environment that represent the maximum depositional depth for the Late Berriasian-early Valanginian interval (N. premolicus StSz to N. subtenuis LSz).In the upper part, limestone beds are more abundant, and sandstone beds appear to the South (Aït Hamouch). The macrofauna is composed of ammonites, belemnites, brachiopods, oysters and plicatulids, with subordinate sea-urchins (regular and irregular), crinoids, serpulids, and locally corals and bone fragments (Figure5.3). With respect to the lower part, this assemblage indicates a shallower depositional depth. Microfacies analysis reveals Wackestone textures containing agglutinated foraminifers, brachiopods, echinoids and benthic foraminifers. Several discontinuities (erosion, karsted surfaces) indicate the existence of three or four depositional sequences, and support a marked shallowing-upward trend that culminated in the B. campylotoxus LSz and K. inostransewi StZ. The Obbay section exhibits a very reduced lower Valanginian succession (3 m), mainly made of limestone beds interbedded with thin marlstone beds (Figure 5.3). Limestones show a Wackestone texture containing abundant phosphate-rich glauconitic oolites and are frequently capped by iron-rich hardgrounds. The causes of condensation of this series are discussed below. 1.3. The lower part of the upper Valanginian series (5-15 m) is mainly composed of marl, thin limestone beds, sandy marl and sandy limestone, the latter being more abundant to the North and East (Figure 5.3). The succession shows a thinning-upward trend, locally overlain by a thickening-upward series, interrupted by a major erosion period (D7) that removed one depositional sequence in many sections (Figure 5.3). It contains an outer shelf to hemipelagic macrofauna (ammonites, belemnites, brachiopods, plicatulids), although Aucellina sp. and wood fragments are locally found. The upper Valanginian succession is interpreted as a transgressive-regressive sequence, the top of which is frequently eroded. The maximum depositional depth reached a rather deep outer shelf environment during the (O. (O.) nicklesi StSz). 1.4. The uppermost Valanginian series (8-22 m) is mainly composed of marl, thin limestone beds, sandy limestone to the South, and of sandy marland calcareous sandstones to the North. The succession exhibits an overall thinning-, then thickening-upward trend. The macrofauna is dominated by ammonites, belemnites, brachiopods, plicatulids and serpulids, locally associated with gastropods and wood fragments. To the North and East of the basin, the latest Valanginian deposits are made of sandstone (Zalidou), locally showing current ripples, Hummocky Cross Stratification and low angle lamination (Ida w Iddar) (Figure 5.3), interpreted as foreshore deposits. The uppermost Valanginian succession is thus interpreted as a transgressive-regressive sequence, reaching an outer shelf environment to the South.The thick overlying Hauterivian marls (A. radiatus zone) represent a new, major sea level rise[START_REF] Ferry | Le Crétacé de la marge atlantique marocaine (région d'Agadir). Excursion du Groupe Français du Crétacé[END_REF].
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 53 Figure 5.3 Main sedimentary features, faunal assemblages and discontinuities (D1 to D8) of some Valanginian sections in the Essaouira-Agadir Basin. Location of sections in Figure 5.1

  part of the EAB presented a North-South polarity. At that time, the northern sections were marked by open marine, shallow carbonate shelf facies exhibiting several karstified surfaces, whereas the southern ones presented distal facies marked by thick marl intervals and the lack of emergence evidences (Figure5.4). The same organisation is observed in the early Valanginian, during which oysters were more common to the North, while cephalopods were more abundant to the South. Moreover, during the late Valanginian, the northern sections recorded the progradation of a clastic sedimentary system (Zalidou, Ida w Iddar, probably Obbay), which indicates that the clastic supply proceeded from the Central High Atlas (see[START_REF] Ferry | Le Crétacé de la marge atlantique marocaine (région d'Agadir). Excursion du Groupe Français du Crétacé[END_REF], interrupted by a significant erosion period (D7, Figure5.3 and Figure5.4), likely related to an emergence period. Furthermore, the uppermost Valanginian deposits ended up with foreshore deposits and are capped by an emergence surface to the Northeast (Ida w Iddar), whereas the coeval sediments bear cephalopods and plicatulids in Zalidou, and end up with a submarine erosional surface to the Southwest (Sidi Abderhamane, Aït Hamouch). The southward sloping topography is supported by the fact that the early late Valanginian sequence onlaps to the North or NE (Figure5.4), suggesting a slope toward the South or SW. However, since the southern sections are closer to the present-day coast, this apparent North-South polarity might also reflect an East-West trend. As a matter of fact, this part of the EAB exhibits a triangular shape (Figure5.1B), the most proximal zone being located around Imi n'Tanout[START_REF] Rey | Le Crétacé inférieur de la région d'Essaouira : données biostratigraphiques et évolutions sédimentaires[END_REF][START_REF] Ferry | Le Crétacé de la marge atlantique marocaine (région d'Agadir). Excursion du Groupe Français du Crétacé[END_REF] Figure 5.1B), and the most distal along the present-day coast.
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 54 Figure 5.4 Interpreted paleogeography of the Valanginian deposits of the Essouira-Agadir Basin. Note the East-proceeding clastic supply in the late Valanginian. Va1 to Ha1 correspond to the depositional sequences (see section 2.2). Location of sections in Figure 5.1B

  . Nannofossil absolute abundances are controlled by the nannoplankton biomass, preservation and sedimentation rate. Nannofossil Accumulation Rates (NAR) were calculated to cancel the sedimentation rate effect. The duration of the different phases of the positive carbon isotope excursion (CIE) from Martinez et al. (2015) were used to determine the sedimentation rates in the studied sections. These authors provided an improved age model for the Valanginian-Hauterivian boundary using astrochronology, and acquired absolute age durations for the different phases of the positive carbon-isotope excursion. The δ 13 Ccarb values and the ammonite zonation of the onshore sections (Zalidou and Aït Hamouch) were correlated with those of Martinez et al. (2015), allowing to identify possible points of correlation.For each taxon (or group of combined taxa), absolute and relative abundances along with accumulation rates (for Zalidou and Aït Hamouch sections) were calculated. To consider the inherent counting uncertainty, binomial proportion confidence intervals for relative abundances were computed based on the 'exact' Clopper-Pearson method using the PAST software[START_REF] Hammer | PAST: Paleontological Statistics Software Package for Education and Data Analysis[END_REF] Suchéras-Marx et al., 2019a). Additionally, diversity indices were calculated. Nannoconus spp., because of their uncertain biological affinity[START_REF] Aubry | Trends in size changes in the coccolithophorids, calcareous nannoplankton, during the Mesozoic: A pilot study[END_REF], were excluded from the calculations of sample diversity indices and the absolute/relative abundances and accumulation rates of other taxa. The counting are given in

  notation as the per mil (‰) relative to the Vienna Pee Dee belemnite standard (VPDB), where δ = (Rsample -Rstandard)/Rstandard and R = 13 C/ 12 C. The standardization of the d 13 Ccarb values were standardized relative to the international VPDB scale by calibration of the reference gases and working standards with international reference materials NBS 18 (carbonatite, δ 13 C = -5.01 ‰) and NBS 19 (limestone, δ 13 C = +1.95 ‰). Analytical uncertainty (1 sigma), monitored by replicate analyses of the international calcite standard NBS 19 and the laboratory standard Carrara Marble (δ 13 C = +2.05 ‰) was not greater than ±0.05‰ for δ 13 C.

  Figure 5.6); and thus, can not be used to identify the early/late Valanginian boundary at Site
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 5557 Figure 5.5 Calcareous nannofossil and geochemical results in the Zalidou section. The recognized stages are plotted with, the ammonite biostratigraphy (zones/subzones) following the ammonite standard zonation of the Mediterranean Province from Reboulet et al. (2018), calcareous nannofossil biostratigraphy (zones/subzones) following the (a) NC and NK zonation of[START_REF] Bralower | Calcareous nannofossil zonation of the Jurassic-Cretaceous boundary interval and correlation with the geomagnetic polarity timescale[END_REF][START_REF] Bralower | An Integrated Cretaceous Microfossil Biostratigraphy[END_REF] and (b) CC zonation of[START_REF] Sissingh | Biostratigraphy of Cretaceous Calcareous Nannoplankton[END_REF] modified by[START_REF] Applegate | Cretaceous calcareous nannofossil biostratigraphy of sediments recovered from the Galicia margin, ODP Leg 103[END_REF], sedimentary discontinuities (D0 to D8), and lithology. Calcareous nannofossil first and last occurrences are included; taxa indicated in "bold" font are used in the biostratigraphic schemes (a) and (b), and those in "normal" font correspond to the secondary bioevents. Binomial proportion confidence intervals are included for the nannofossil relative abundances using the 'exact' Clopper-Pearson method. The proportion of narrow-and wide-canal nannoconids within the nannoconid population are also shown, other
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 58 Figure 5.8 Photomicrographs of the selected nannofossil species (XPL: Cross-polarized light; PPL: Plane-polarized light). 1, Calcicalathina oblongata, side view, XPL, sample Za43c; 2, Calcicalathina oblongata, top view, XPL, sample Za49b; 3, Rucinolithus wisei, XPL, sample Za27a; 4, Rucinolithus wisei, XPL, sample Za27a, same specimen rotated ~90º; 5, Tubodiscus verenae, XPL, sample 416A 21R2w 103-104; 6, Lithraphidites bollii, XPL, sample AH112a; 7, Eiffellithus windii, XPL, sample 416A 10R2w 144-145; 8, Eiffellithus striatus, XPL, sample Za53a; 9, Polycostella parvistellatus, XPL, sample 416A 49R1w 124-125; 10, Haqius circumradiatus, XPL, sample ATH2d; 11, Watznaueria barnesiae, XPL, sample Za28a; 12, Watznaueria fossacincta, XPL, sample Za39a; 13, Diazomatolithus lehmanii, XPL, sample Za32b; 14, Zeugrhabdotus erectus, XPL, sample 416A 9R3w 135-136; 15, Biscutum constans, XPL, sample Za32a; 16, Watznaueria biporta, XPL, sample Za32a; 17, Watznaueria

  FigureSupp. 5.3), with very similar trends, which implies that the sedimentation rate does not

  barnesiae/fossacincta follows the same trend as that of the NTAA; on the contrary, it does not decrease in the upper NK3A and mid-CC3b subzones. The AA of D. lehmanii/subbeticus follows the same trend as that of the NTAA (Figure 5.7). The AA of the other major nannofossil taxa (small Zeugrhabdotus spp., B. ellipticum, and nannoconids) generally follows the same trend as that of the NTAA, except for an earlier decrease recorded in the upper NK3A and lower CC3b subzones. In summary, the AR of nannofossil taxa in the onshore sections generally decreases during the B. campylotoxus LSz and K. inostranzewi StZ (NK3A and lower CC3b subzones); and their AA in Site 416A decrease during the same calcareous nannofossil subzones. A decrease in the NTAR in the onshore sections is observed later in the K. inostranzewi to S. verrucosum StZ (upper NK3A and upper CC3b subzones); and NTAA in Site 416A decreases during the upper NK3A and mid-CC3b subzones. Notably, the reductions in the NTAR and the AR of taxa are observed earlier in Aït Hamouch (B. campylotoxus LSz) with respect to Zalidou (K. inostranzewi StZ). For all sections, A. infracretacea are frequent only in the early Valanginian (Figure 5.5, Figure 5.6, and Figure 5.7).
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 51 Main ecological affinity of the calcareous nannofossils taxa used for paleoceanographic reconstruction, following the specified literature. 1. Bersezio et al. (2002); 2. Bornemann et al. (2003); 3. Coccioni et al. (1992); 4. Crux (1989); 5. Erba (1992); 6. Erba et al. (1992); 7. Erba (1994); 8. Eleson and Bralower (2005); 9. Giraud et al. (2003); 10. Herrle (2002); 11. Herrle et al. (2003); 12. Lees (2002); 13. Lees et al. (2005); 14. Mattioli et al. (2014); 15. Mutterlose (1991); 16. Mutterlose (1992a); 17. Mutterlose (1992b); 18. Mutterlose and Kessels (2000); 19. Mutterlose et al. (2003); 20. Mutterlose et al. (2005); 21. Noël et al. (1987); 22. Pauly et al. (2012); 23. Pittet and Mattioli (2002); 24. Premoli Silvá et al. (1989); 25. Roth(1981); 26.[START_REF] Roth | OCEAN CIRCULATION AND CALCAREOUS NANNOPLANKTON EVOLUTION DURING THE JURASSIC AND CRETACEOUS[END_REF]; 27.[START_REF] Roth | Middle Cretaceous calcareous nannoplankton biogeography and oceanography of the Atlantic Ocean[END_REF]; 28.[START_REF] Roth | Middle Cretaceous calcareous nannofossil biogeography and preservation in the Atlantic and Indian oceans: Implications for paleoceanography[END_REF]; 29.[START_REF] Street | Palaeobiogeography of Early Cretaceous (Berriasian-Barremian) calcareous nannoplankton[END_REF]; 30.[START_REF] Thierstein | Selective Dissolution of Late Cretaceous and Earliest Tertiary Calcareous Nannofossils : Experimental Evidence[END_REF] 31. Tremolada and Erba (2002); 32. Tremolada et al. (2006); 33.[START_REF] Watkins | Nannoplankton productivity fluctuations and rhythmically-bedded pelagic carbonates of the greenhorn limestone (upper cretaceous)[END_REF]; 34.[START_REF] Williams | Nannofossil assemblages, fine fraction stable isotopes, and the paleoceanography of the Valanginian-Barremian (Early Cretaceous) North Sea Basin[END_REF].

  During the early Valanginian (N. premolicus StSz to upper B. campylotoxus LSz, NK3A and upper CC3a to lower CC3b calcareous nannofossil subzones), except for small fluctuations, the nannoplankton production does not show any trend and is relatively high (Figure 5.5). A decoupling between NTAR, diversity indices, AR and RA of the selected taxa is recorded. During the N. premolicus StSz and N. subtenuis LSz (lower NK3A and CC3a to lower CC3b subzones), favorable surface-water conditions allow the development of the nannoplankton community as suggested by the highest diversity indices. Additionally, local mesotrophic conditions are suggested by abundant high-fertility taxa. Afterwards, in the B. campylotoxus LSz (within the NK3A and CC3b subzones), surface-water conditions become less favorable, leading to a decrease in the AR of all nannofossil taxa, associated with a decrease in the diversity. Only the eurytopic W. barnesiae/fossacincta, increased during this time interval and the nannoplankton production is maintained (Figure 5.5). In the latest early Valanginian (K. inostranzewi -lower S. verrucosum StZ, upper NK3A and upper CC3b subzones), the nannoplankton production collapses as supported by both, minimal NTAR and minimal AR of all nannofossil taxa (Figure 5.5). Excluding poor preservation, this collapse could be explained by major paleoenvironmental changes. Afterwards, in the late Valanginian (S. verrucosum to upper O. nicklesi StSz, upper NK3A to NK3B and uppermost CC3b to lower CC4a subzones), the nannoplankton production gradually increases, supported by the re-increasing NTAR and AR of all nannofossil taxa (Figure 5.5). The end of this recovery phase is marked by a high calcareous nannoplankton production and meso-eutrophic conditions. The latter are supported by an important increase in the small Zeugrhabdotus spp. that occurs during the late Valanginian (upper N. peregrinus and upper O. nicklesi StSz, NK3B and CC4a subzones). This time interval is also characterized by the recovery of nannoconids (Figure 5.5).

  During the early Valanginian (N. premolicus StSz to N. subtenuis LSz, lower NK3A and CC3a to lowermost CC3b calcareous nannofossil subzones), the nannoplankton production is high, with values higher compared to the Zalidou section(Figure 5.5 and Figure 5.6). A decoupling between NTAR, diversity indices, AR and RA of selected nannofossil taxa is also observed(Figure 5.6). During the N. premolicus StSz (lower NK3A and CC3a subzones), mesotrophic conditions in surface waters and a large photic zone, allowed a diverse calcareous nannoplankton community to flourish and the development of benthic carbonate producers, such as agglutinated foraminifers, ostreids, and plicatulids (see also section 2.2). Afterwards, during N. subtenuis LSz, the surface-water conditions become less favorable for both highfertility taxa and nannoconids. As at Zalidou, the eurytopic W. barnesiae/fossacincta increases during this time interval and nannoplankton production is maintained (Figure5.6). During the late early Valanginian (B. campylotoxus LSz -K. inostranzewi StZ, NK3A and CC3b subzones), the nannoplankton production gradually declines and collapses (Figure 5.6). The diversity indices are lowest during this time-interval. Excluding poor preservation, the trigger of the collapse is also explained by major paleoenvironmental changes. Decline in the nannoplankton production is mostly supported by the drastic decrease in both accumulation rate and abundance of the dominant taxa, W. barnesiae/fossacincta. Nannoplankton production remains low during the early late Valanginian (lower N. peregrinus StZ, upper NK3A Subzone and CC3a-CC3b subzones transition) (Figure 5.6). Decreasing percentages of W. barnesiae/fossacincta within the nannofossils assemblage, explain that all other taxa show increasing percentages (in particular nannoconids) despite decreasing AR. Afterwards, in the late Valanginian (upper N. peregrinus to C. furcillata StZ, upper NK3A to NC4A and CC4a subzones) the nannoplankton production first recovers before reaching higher values than that of the early Valanginian (Figure 5.6). This is attested by increasing both NTAR and AR of all taxa. In parallel, enhanced surface-waters trophic levels are demonstrated by increasing abundances of both D. lehmanii/subbeticus and small Zeugrhabdotus spp. The nannoconid AR is maximal, and it is associated with decreasing proportion of narrow-canal forms (Figure 5.6). Lastly, in the latest Valanginian (T. callidiscum StSz, uppermost NC4A and CC4a subzones), the nannoplankton production and trophic levels decrease to values slightly lower than that of the early Valanginian.

  been challenged by[START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF], which showed that N. steinmannii could have affinity for destratified surface waters. The Site 416A is characterized by turbiditic sequences and low calcium carbonate contents within the Valanginian sediments. The repeated input of silicoclastic material would prevent both light-penetration and stratification of the water column.Upsection, in the upper NK3A-NK3B and CC3b-CC4a subzones, NTAA and AA of all taxa decrease (Figure5.7). Reduced surface-water fertility during this time interval are shown by decreasing relative abundances of high-fertility taxa. Increasing relative abundances of the eurytopic W. barnesiae/fossacincta, whereas its AA is stable, only reflects the decreasing proportion of the other taxa within the nannofossils assemblage. Nannoconids decline slightly after the fertility decrease in the uppermost NK3A and upper CC3b subzones. These unfavorable conditions are similar to those observed in the onshore Essaouira-Agadir Basin.

  Zalidou, we identified the Weissert Event from the base of the Carbon-Isotope (CI) positive shift (16.25 m), until the climax (32.8 m) (Figure 5.10), following the formal definition of Erba et al. (2004). The CI positive shift is observed from the lower part of the K. inostranzewi StZ to the upper part of the O. nicklesi StSz (upper NK3A to upper NK3B and upper CC3b to upper CC4a calcareous nannofossil subzones). The top of the Weissert Event is recorded just below the LO of the nannofossil biomarker T. verenae, marking the base of the nannofossil Zone NC4. At Aït Hamouch, the S. verrucosum StZ and the O. nicklesi StSz were not recognized (see section 2.1). Additionally, the N. peregrinus StZ is reduced (~7 m) compared with Zalidou (~14 m). This can be also observed from the reduced NK3B calcareous nannofossil Subzone in Aït Hamouch (1.5 m) compared with Zalidou (12.5 m) (Figure 5.10). Moreover, the plateau phase of the CI positive shift is suspected to be missing from Aït Hamouch. This phase is observed during the O. nicklesi StSz in Zalidou (Figure5.10). Thereby, considering both the biostratigraphy of ammonites and calcareous nannofossils along with the chemostratigraphy from carbon-isotope analysis, it is highly possible that part of the late Valanginian could be missing from Aït Hamouch. Furthermore, the paleoceanographic reconstruction from calcareous nannofossils at Zalidou shows a collapse in nannoplankton production just after the onset of the identified Weissert Event interval (K. inostranzewi StZ) (Figure5.10). The collapse was followed by an increase in both nannoplankton production and surface-water fertility, and then by slightly decreasing nannoplankton production and fertility during the rest of the Weissert Event interval, which terminates prior to the LO of T. verenae. Using all the abovementioned information, the Weissert Event interval at Aït Hamouch is cautiously identified from 32.2 to 39.2 m (Figure5.10). This identified Weissert Event interval starts just before the nannoplankton production collapse; and terminates when both nannoplankton production and surface-water fertility recover and prior to the LO of T. verenae. The LO of T. verenae

  [START_REF] Immenhauser | Interpreting the carbon-isotope record of ancient shallow epeiric seas: Lessons from the recent[END_REF] demonstrated a carbon-isotope gradient along a Cretaceous oceanic-to-neritic basin transect, with lower values in the shallowest portion of the transect. Lower δ 13 Ccarb values may result from several conditions characteristic to each depositional setting such as the type of organic matter, depths of the oxic and sulfate reduction zones, enhanced flux of dissolved inorganic carbon with low δ 13 C and more restricted carbon exchanges in shallow settings. The low δ 13 Ccarb recorded in carbonate samples of Morocco are thus indicative of a shallow marine setting. This further supports that most of the offshore sediments deposited in the Site 416A originate from the slope.The Zalidou section is the most appropriate section to study the Weissert Event in the EAB. The δ 13 Ccarb clearly shows a carbon-isotope positive shift similar to that observed elsewhere. Although sedimentological discontinuities are present, it is the most complete section, well dated by ammonites and nannofossils biostratigraphy (Figure5.10).
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 5 Figure 5.10 Synthesis of the paleoceanographic conditions on the central Moroccan margin. Grey shading refers to the Weissert Event interval, for more details see section 5.3. Striped-correlation refers to a possible missing interval in Aït Hamouch, for more details see section 5.3 and Reboulet et al. (in prep.). Simplified schemes of nannoplankton production, fertility and nannoconids abundance are comparable between Zalidou and Aït Hamouch; they were based on the accumulation rate results. Whereas, those of Site 416A are based on the absolute abundance results
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  levels decrease prior to the Weissert Event interval in the late early Valanginian in all successions; nonetheless, a high nannoplankton production is maintained by the eurytopic W. barnesiae/fossacincta. The fertility decrease is probably related to a major sea level fall recorded in the west Moroccan margin, and culminating with the expression of the D4 and D5 sedimentary discontinuities(Reboulet et al., in prep.; see Figure 5.3 and Figure 5.4). The sea level fall first impacted the nannoplankton community of the distal Aït Hamouch section, with the ocean-ward migration of the upwelling system away from this site, which should have consequently reduced nutrients input. At the same time, storm deposits and coarse clastic input are recorded at Aït Hamouch (section 2.3). Moreover, more turbid surface-water due to riverineclastic input must have favored the proliferation of the eurytopic W. barnesiae/fossacincta. Afterwards, the entire nannofossil community collapses at the onset of the Weissert Event and in its lower part, around the early/late Valanginian transition (Figure5.10). Offshore, in Site 416A, the onset of the surface-water fertility decline (upper NK3A and CC3b subzones) and the later collapse of the nannofossil community (NK3B and CC3b-CC4a subzones) seem to occur slightly later than in the EAB (Figure5.10). We similarly relate these changes to the maximum drop of sea level expressed by the D4 and D5 discontinuities in the EAB. The collapse is observed later in the distal Site 416A possibly due to the hiatuses related to emergences observed on the platform (section 2.2), which are not recorded in a deep setting.The nannoplankton production gradually recovers during the Weissert Event, in the early late Valanginian, and is associated with a rising sea-level (Figure5.10 and section 2.2). Higher riverine clastic input is recorded in the north (Zalidou) with respect to the south (Aït Hamouch) (Figure5.4). High input of clastics and associated nutrients could explain the early recovery in the nannoplankton production and in the abundance of high fertiliy taxa, such as the small Zeugrhabdotus spp., at Zalidou. At Aït Hamouch, the recovery occurs later, which we explain by the nutrient input that started arriving from the upwelling system. Maximal nannoplankton production, along with eutrophic surface-waters, are recorded at Zalidou, but not at Aït Hamouch, during the upper part of the Weissert Event interval in the late Valanginian (upper N. peregrinus to upper O. nicklesi ammnoite StSz, NK3B and lower CC4a subzones) (Figure5.10); and are generally supported by increasing abundances of the small Zeugrhabdotus spp.(Figure 5.5). This occurred under conditions of maximal flooding and continuous continental influx (section 2.3). Lastly, a decrease in both the nannoplankton production and surface-water fertility is recorded after the Weissert Event interval in the rest of the late Valanginian, although trophic levels were higher compared with the early Valanginian (Figure5.10). Nonetheless, an abrupt increase in the nannoplankton production and surface water fertility is observed only at Aït Hamouch during the late Valanginian (C. furcillata StZ, NC4A and upper CC4a subzones), after the Weissert Event. At this time, the depositional environment in Aït Hamouch

(

  N. premolicus StSz to lowermost N. subtenuis StSz in Aït Hamouch and N. subtenuis LSz in Zalidou section, lower NK3A and CC3a subzones), and in the lower part of the Valanginian interval offshore. Then, a nannoconid decline is recorded onshore in the early Valanginian (N. neocomiensiformis to lower N. peregrinus StZ, NK3A to lower NK3B subzones, CC3b to lower CC4a subzones), first in the southernmost section Aït Hamouch (Figure 5.10). Offshore, in Site 416A, the decline occurs slightly later in the uppermost NK3A to lower NK3B and upper CC3b to lower CC4a subzones. In the central Moroccan margin, this decline can be explained by the drop of sea-level that negatively impacts the whole nannoplankton community. A fall of sealevel reduces the size of the photic zone, and can thus explain the observed decrease within the nannoconid population. The Site 416A was impacted later due to its distal setting and larger photic zone. Afterwards, in the late Valanginian (upper N. peregrinus StZ, NK3A-NK3B and lower CC4a subzones), nannoconids recover during the Weissert Event interval. The nannoconids "thriving" in the early Valanginian and their later recovery during the Weissert Event in the late Valanginian occurred during periods of relatively high surface-water fertility in all studied successions (Figure 5.10). These time-intervals were characterized by a high sealevel, which allow the development of a larger photic-zone and consequently various habitats to be occupied. Moreover, during the late early and late Valanginian, occurrence of storms of low intensity and agitation of the surficial surface-waters (section 2.3), could suggest the absence of stratification in the water-column.
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 51 Figure Supp. 5.1 Geographic location of DSDP Leg 50 Site 416A (red star). The onshore Essaouira-Agadir Basin (EAB) is identified in the red rectangle. Modified from[START_REF] Čepek | Mesozoic Calcareous Nannofossils, Deep Sea Drilling Project sites 415 and 416[END_REF] 

Prologue 6. 1 and

 1 Figure Prologue 6.2). These characteristics allow to identify the origin of geological material from the isotopic compositions.

Figure Prologue 6. 1

 1 Figure Prologue 6.1 Model representing the Sm-Nd and Rb-Sr chemical differentiation, and the consequent isotope ratio evolution over time (see also Figure Prologue 6.2); modified from Chauvel (2021). The brown lines correspond to the continental crust and the blue lines to the residual mantle. The sketch evolution of the U-Th-Pb system would be similar to that of Rb-Sr

  anoxic events. The Weissert Event corresponds to the first such event in the Cretaceous during the Valanginian stage. It is associated with biotic and abiotic perturbations such as a greenhouse climate, eutrophication of marine settings, and enhanced marine primary productivity. These paleoenvironmental perturbations are hypothesized to be triggered by extensive volcanic activity from large igneous provinces, and the source of nutrients is not well-constrained. On the southern Tethys margin, the Valanginian Weissert Event is recorded in a proximal site (Zalidou) and in a distal site (DSDP Leg 50 Site 416A); both sites belong to the central Moroccan margin where upwellings are known during the Cretaceous. Here, we present radiogenic isotopes of Pb, Sr, and Nd together with the concentrations of major and trace elements for sediments coming from these two sites and covering the Weissert Event time period. Comparing data obtained on a proximal-distal transect, we quantify the relative roles of continental weathering and oceanic upwellings in the source of nutrients. Using trace elements and radiogenic isotopes we demonstrate that the nutrients input was dominated by continental weathering. We also demonstrate that the source of sedimentary material remained stable during the entire Valanginian interval and it originated in an old source, probably the African Sahara region. The radiogenic isotope signatures of sediments from both sites do not demonstrate a significant contribution of volcanic products from any Valanginian large igneous province to the geochemical budget of sediments deposited in the central Moroccan margin.
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 61 Figure 6.1 Location of the study area in SW Morocco, modified from Ouajhain et al. (2009). (A) Location of the central Moroccan margin including the Essaouira-Agadir Basin and DSDP Site 416A (not to scale). (B) Geological sketch including the location of the Zalidou section (square shape)

  .1). The rocks of Valanginian age are particularly well exposed and the lithostratigraphy and biostratigraphy (ammonites and calcareous nannofossils) are covered by Shmeit et al. (submitted) (Figure Supp. 6.2). Briefly, the section is dated from the late Berriasian (older than 137.7 Ma, Geologic Time Scale 2020) to earliest Hauterivian (younger than 132.6 Ma, Geologic Time Scale 2020) and consists of an alternation of limestone and marlstone during the Valanginian stage (Figure Supp. 6.2). The early Valanginian is dominated by marlstone and thin limestone beds, whereas in the late Valanginian sandy deposits (sandy marlstones, sandy limestones, and calcareous sandstones) become more common. Finally, traces of pyrite are observed suggesting that reducing conditions occurred during the period; however, no organic-rich facies were detected. The Weissert Event interval is identified from the lower part of the K. inostranzewi to the upper part of the N. peregrinus ammonite zones (upper NK3A to upper NK3B and upper CC3b to upper CC4a calcareous nannofossil subzones) (see Figure Supp. 6.2) (Shmeit et al., submitted).

  Briefly, the lithological unit VII (-1624 to -1430 mbsf) is characterized by alternation of terrigenous and carbonate-rich turbidite cycles (Figure Supp. 6.2). The terrigenous cycles consist of finegrained sandstone, siltstone, and mudstone and the carbonate-rich cycles consist of quartz-rich calcarenite, micritic limestone, siltstone, and marlstone. The overlying lithological unit VI (-1430 to -880 mbsf) is characterized by distal terrigenous turbidites and differs from Unit VII by the absence of micritic limestones. The cycles in lithological unit VI consist of fine sandstone, siltstone, silty-mudstone along with calcareous mudstone and marlstone. The Weissert Event interval is identified from the upper NK3A to NK3B and CC3b to CC4a calcareous nannofossil subzones (from -1303 to -1122 mbsf) (see Figure Supp. 6.2) (Shmeit et al., submitted). Also, part of the Weissert Event is probably missing from this site (Shmeit et al., submitted).
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 62 Figure 6.2 Paleogeographic map of the Valanginian (~ 135 Ma) showing the approximate location of the central Moroccan margin (star shape). The "red masses" correspond to the approximate locations of the Valanginian LIPs (Large Igneous Provinces). Construction from Scotese (2016) PaleoAtlas

  Pb, Sr, and Nd) Chemical separations and isotopic measurements were done at the IPGP (Institut de Physique du Globe de Paris) Paris, France. Methods generally follow those described in Chauvel et al. (2011) after dissolution of approximately 50 mg of rock powder in Savillex Teflon beakers at 125 o C for ten days. Procedural blanks (n= 12) were low (Pb <54 pg, Sr <100

  4). The Al2O3 content increases from 11 ±2 wt.% before the Weissert Event interval (NK3A and upper CC3a to lower CC3b subzones) to 16 ±7 wt.% during it (upper NK3A to NK3B and upper CC3b to CC4a subzones). The CaO content is low (7 ±8 wt.%) within the Weissert Event interval between -1280.71 and -1187.94 mbsf (upper NK3A to NK3B and upper CC3b to CC4a subzones), compared with the rest of the succession (19 ±15 wt.%) (Figure 6.4). Lastly, the CIA does not significantly vary.
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 6 Figure 6.3 a) SiO2 and b) CaO vs. Al2O3 contents in Zalidou and Site 416A, plotted before, during and after the Weissert Event. Also, data points are shown from Plank et al. (2007) for Site 1149, Plank and Ludden (1992) for Site 765, and Carpentier et al. (2009) for Sites 144 and 543

(

  upper NK3A to NK3B and upper CC3b to CC4a subzones). The concentration of Nd is steady during the studied interval, although it is variable during the Weissert Event interval (Figure6.6). The concentrations of Sr and Zr are steady on average during the studied interval.
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 65 Figure 6.5 Comparison of trace elements between Zalidou and Site 416A. Data points are shown from Plank et al. (2007) for Site 1149, Plank and Ludden (1992) for Site 765, and Carpentier et al. (2009) for Sites 144 and 543

  7). In Zalidou, Pb isotopic ratios are stable during the entire Valanginian stage (137.7-132.6 Ma) except for the 207 Pb/ 204 Pb(i), which potentially increases slightly from 15.678 before the Weissert Event interval to 15.683 during the interval, and to 15.685 after it. The Sr and Nd isotope ratios are also stable during the studied interval. However, the 143 Nd/ 144 Nd(m) are less variable (0.51201 ±0.00002, 2σ) before the Weissert Event interval and in its lower part, than in the rest of the succession (0.51200 ±0.00006, 2σ) (Figure 6.7). Two "outliers" have different initial isotope ratios in the Zalidou section (ZA51b: 28.95 m and ZA56a: 40.6 m; Figure 6.7). Sample ZA51b has a low 206 Pb/ 204 Pb(i) and a high 208 Pb/ 204 Pb(i) due to its high U/Pb and low Th/Pb ratios (Table
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 67 Figure 6.7 Stratigraphic variations in Pb, Sr, and Nd isotopic ratios (measured and initial) in Zalidou and Site 416A. The colors correspond to the pre-Weissert Event interval (blue), Weissert Event interval (green), and post-Weissert Event interval (orange), following Shmeit et al. (submitted). See also caption of Figure Supp. 6.2

  ). Finally, the Pb, Sr, and Nd isotopic ratios do not show any significant change throughout the Valanginian stage (137.7-132.6 Ma; Figure 6.7), even if inter-sample variations in Sr and Nd are observed, most probably related to the increase in clay-mineral deposition during the Weissert Event interval. In summary, there is no significant change in the sediment major and trace element concentrations in the Essaouira-Agadir Basin during the Weissert Event time interval. The few stratigraphic variations in major and trace element concentrations are most probably caused by variations in sediment lithology, with higher clay input and lower detrital quartz input during the upper part of the Weissert Event interval in Zalidou and within the identified Weissert Event interval in Site 416A. Similarly, the radiogenic isotopes Pb, Sr, and Nd do not show any significant trend during the Valanginian stage, suggesting no major change in the source material during the event.

compares

  Figure 6.9d. The volcanics have 143 Nd/ 144 Nd(m) greater than 0.5121, but all sediments have

  are shown in Figure Supp. 6.3. The studied successions show trace elements patterns similar to the UCC for the majority of elements. This similarity suggests that the entire sediment trace-element budget is controlled by material with a continental origin. The few element enrichments/depletions relative to the UCC are caused by the chemical fractionation of elements occurring during sediment transport (see caption Figure Supp. 6.3). As a consequence, the trace element patterns of Site 416A bulk sediments exclude the possibility of a significant role of nutrient input from upwellings to the composition of the deposits. The Site 416A sediments have a chemical signature primarily controlled by terrigenous input. Indeed, the sedimentation rate in Site 416A is high (65 m/Myr),
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 6 Figure 6.10 Comparing measured isotope ratios of the central Moroccan margin with surrounding possible source areas having only Sr and Nd isotopes. Green-scale: Moroccan massifs; Yellow-scale: African and Saharan dust sources; and purple-scale: West African Craton. Data references: Central Jebilet 240-330 Ma[START_REF] Essaifi | Geochemical and Sr-Nd isotopic constraints on the petrogenesis and geodynamic significance of the Jebilet magmatism (Variscan Belt, Morocco)[END_REF][START_REF] Bouloton | Petrogenesis of the Early-Triassic quartz-monzodiorite dykes from Central Jebilet (Moroccan Meseta): Trace element and Nd-Sr isotope constraints on magma sources, and inferences on their geodynamic context[END_REF], Anti-Atlas 543-560 Ma[START_REF] Toummite | Field, geochemistry and Sr-Nd isotopes of the Pan-African granitoids from the Tifnoute Valley (Sirwa, Anti-Atlas, Morocco): A post-collisional event in a metacratonic setting[END_REF][START_REF] Belkacim | The Ediacaran volcanic rocks and associated mafic dykes of the Ouarzazate Group (Anti-Atlas, Morocco): Clinopyroxene composition, whole-rock geochemistry and Sr-Nd isotopes constraints from the Ouzellarh-Siroua salient (Tifnoute valley)[END_REF], Central High Atlas 165-125 Ma[START_REF] Essaifi | Petrogenesis and origin of the Upper Jurassic-Lower Cretaceous magmatism in Central High Atlas (Morocco): Major, trace element and isotopic (Sr-Nd) constraints[END_REF], Western High Atlas 290 Ma[START_REF] Gasquet | Petrogenesis of the Hercynian Tichka plutonic complex (Western High Atlas, Morocco): Trace element and RbSr and SmNd isotopic constraints[END_REF], NE Meseta 344 Ma[START_REF] Ajaji | Coeval potassic and sodic calc-alkaline series in the post-collisional Hercynian Tanncherfi intrusive complex, northeastern Morocco: Geochemical, isotopic and geochronological evidence[END_REF], and east Moroco complex including the El Jadida complex[START_REF] Chalot-Prat | Genesis of rhyolitic ignimbrites and lavas from distinct sources at a deep crustal level: field, petrographie, chemical and isotopic (Sr, Nd) constraints in the Tazekka volcanic complex (Eastern Morocco)[END_REF][START_REF] Gasquet | Contribution to a geodynamic reconstruction of the Anti-Atlas (Morocco) during Pan-African times with the emphasis on inversion tectonics and metallogenic activity at the Precambrian-Cambrian transition[END_REF][START_REF] El Haibi | Geochronology and isotopic geochemistry of Ediacaran high-K calc-alkaline felsic volcanism: An example of a Moroccan perigondwanan (Avalonian?) remnant in the El Jadida horst (Mazagonia)[END_REF]; Peri-Saharan dust[START_REF] Grousset | The Lower Cretaceous of Caravaca (Spain): Berriasian Calcareous Nannoplankton of the Miravetes Section (Subbetic Zone, Prov. of Murcia)[END_REF], African and Saharan dust[START_REF] Grousset | Tracing dust sources and transport patterns using Sr, Nd and Pb isotopes[END_REF][START_REF] Skonieczny | A three-year time series of mineral dust deposits on the West African margin: Sedimentological and geochemical signatures and implications for interpretation of marine paleo-dust records[END_REF][START_REF] Gross | Elemental and isotopic composition of surface soils from key Saharan dust sources[END_REF], Mali/Cape Verde desert dusts[START_REF] Kumar | A radiogenic isotope tracer study of transatlantic dust transport from Africa to the Caribbean[END_REF], and subtropical Saharan/Atlantic sediments[START_REF] Grousset | Saharan wind regimes traced by the Sr-Nd isotopic composition of subtropical Atlantic sediments: Last Glacial Maximum vs today[END_REF][START_REF] Meyer | Grain size control on Sr-Nd isotope provenance studies and impact on paleoclimate reconstructions: An example from deep-sea sediments offshore NW Africa[END_REF]; and WAC (West African Craton) 2.1 Ga[START_REF] Blanc | U-Pb dating and isotopic signature of the alkaline ring complexes of Bou Naga (Mauritania): its bearing on late proterozoic plate tectonics around the West African craton[END_REF][START_REF] Pawlig | Geochemical and Sr-Nd isotopic data on the Birimian of the Kedougou-Kenieba Inlier (Eastern Senegal): Implications on the Palaeoproterozoic evolution of the West African Craton[END_REF][START_REF] Tapsoba | Chemical and Sr-Nd isotopic compositions and zircon U-Pb ages of the Birimian granitoids from NE Burkina Faso, West African Craton: Implications on the geodynamic setting and crustal evolution[END_REF], and 2.9 Ga WAC and Reguibat rise[START_REF] Blanc | U-Pb dating and isotopic signature of the alkaline ring complexes of Bou Naga (Mauritania): its bearing on late proterozoic plate tectonics around the West African craton[END_REF][START_REF] Peucat | Major and trace element geochemistry and isotope (Sr, Nd, Pb, O) systematics of an Archaean basement involved in a 2.0 Ga very high-temperature (1000 °C) metamorphic event: In Ouzzal Massif, Hoggar, Algeria[END_REF]Bea et al., 2013;[START_REF] Montero | Timing of Archean crust formation and cratonization in the Awsard-Tichla zone of the NW Reguibat Rise, West African Craton: A SHRIMP, Nd-Sr isotopes, and geochemical reconnaissance study[END_REF] 

  10, the central Moroccan margin sediments overlap with the African dust sources (Sahara region; Figure Supp. 6.5), both having 143 Nd/ 144 Nd(m) ratios clustering between 0.5117 -0.5121. The Sr isotopic composition of the African dust sources is highly variable and generally more radiogenic than that of the central Moroccan margin sediments (Figure 6.10), but it is probably due to the fine size of dust particles naturally more concentrated in Rb-rich clays and consequently have more radiogenic Sr ratios. Moreover, the studied sediments lie in between two additional end-members: (1) the West African Craton (2.1 Ga) (Figure Supp. 6.5); and (2) surrounding Moroccan massifs as the NE Meseta (344 Ma), Anti-Atlas (560-543 Ma), and the central Jebilet (240 Ma) (Figure 6.10 and Figure Supp. 6.5).
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 6 Figure 6.1A and Figure Supp. 6.5), whereas the Moroccan Meseta is closer to the Site 416A

  margin was primarily fed by nutrients from continental runoff and weathering before, during, and after the Weissert Event. The source of sediments also did not change throughout the studied Valanginian interval and was most probably the African Sahara regions. No volcanic contribution from the Paraná-Etendeka or the Comei-Bunbury large igneous provinces could be detected in the sediments during the entire Valanginian stage. If any such material reached the central Moroccan margin, the quantities must have been smallenough to not modify the dominantly continental signature of the sediments. It can not be excluded that volcanic material might have affected seawater without changing the composition of deposited sediments during the Weissert Event but it demonstrates that the quantities of any volcanic material reaching the central Moroccan basin were minute. It is therefore difficult to imagine that the LIPs triggered the Weissert Event recorded in the studied area. Our study finally shows the potential of combining several radiogenic isotopes to provide a clue about a possible volcanic contribution in sediments during the Weissert Event, and ideally to identify the specific LIP that was involved.

Figure 2 Figure

 2 Figure Supp. 6.2 Location of selected samples (arrows) in Zalidou and Site 416A; colors correspond to the pre-Weissert Event interval (blue), Weissert Event interval (green), and post-Weissert Event interval (orange), following Shmeit et al. (submitted).In Zalidou, the recognized stages are plotted with, the ammonite biostratigraphy (zones/subzones), calcareous nannofossil biostratigraphy (zones/subzones), sedimentary discontinuities (D0 to D8), and lithology. In Site 416A, the recognized stages are plotted with, the calcareous nannofossil biostratigraphy (zones/subzones) same as for Zalidou, the lithological units, magnetic anomalies, and lithology. For more information seeShmeit et al. (submitted). Also in Site 416A, the Berriasian/Valanginian boundary is fixed following[START_REF] Čepek | Mesozoic Calcareous Nannofossils, Deep Sea Drilling Project sites 415 and 416[END_REF], and the top of the Valanginian stage is fixed following Shmeit et al. (submitted). Abbreviations: Berr., Berriasian; Haut., Hauterivian; T. pertra., T. pertransiens; N. prem., N. premolicus; N. neocomiensi., N. neocomiensiformis; B. camp., B. campylotoxus; K. i., K. inostranzewi; S. ver., S. verrucosum; K. pro.; K. pronecostatum and magnetic anom., magnetic anomalies

The δ 18

 18 Obrachiopod from Aït Hamouch section increase from ~ -2.5 ‰ to -1.3 ‰ during the early Valanginian (N. premolicus to lower B. campylotoxus ammonite subzones, lower NK3A and CC3a to lower CC3b calcareous nannofossil subzones) (Figure 7.1), followed by a subtle decrease to ~ -1.7 ‰ until the last available sample (lower C. furcillata Zone, lower NC4A and CC4a subzones). The seawater oxygen-isotopic composition is known to be also affected by the extent of ice-cover, pH of seawater, and salinity. The ~ 1.2 ‰ positive δ 18 Obrachiopod excursion in the early Valanginian could result from different environmental

Figure 7 . 1

 71 Figure 7.1 Carbon and oxygen stable isotope records in the Aït Hamouch section, measured from bulk rock and/or brachiopods. The recognized stages are plotted with ammonite and calcareous nannofossil zones and subzones, sedimentary discontinuities, and lithology same as in Chapter 5, Figure 5.6. The Weissert Event interval follows Chapter 5, section 5.3. Abbreviations: T. pertra., T. pertransiens; N. prem., N. premolicus; N. neocomiensi., N. neocomiensiformis; B. camp., B. campylotoxus; and K. i., K. inostranzewi

Figure 7 . 2

 72 Figure 7.2 Mineralogy results from the Aït Hamouch section obtained by X-ray diffraction. Same caption and lithology legend as in Figure 7.1. Results from "AH" and "ATH" sections are separated. Panel (a) shows the δ 13 C measured from bulk rock, (b) shows the percentage of autochthonous and allochthonous major minerals, and panels (c) and (d) show the percentages of minerals within the autochthonous and allochthonous group, respectively

  section, the proportions of kaolinite increase from ~5 % during the earliest Valanginian (lower T. pertransiens Zone, lower NK3A and lower CC3a subzones) to ~7 % during the early and early late Valanginian (lower T. pertransiens to lower C. furcillata zones, lower NK3A to lower NC4A and lower CC3a to lower CC4a subzones) (Figure7.3); the latter time-period includes the Weissert Event interval. Then, the highest proportions of kaolinite (~ 10 %) are recorded during the uppermost Valanginian-early Hauterivian p.p.. In the Zalidou section, the proportion of kaolinite increases from 11 % before the Weissert Event interval to 15 % during and after the Weissert Event interval (Figure7.3). This can be interpreted as a gradual transition to a more humid and warmer climate throughout the Valanginian in the Essaouira-Agadir Basin.

Figure 7 . 3

 73 Figure 7.3 Clay composition from the Aït Hamouch and Zalidou sections. Results are plotted against the recognized stages, ammonite, and calcareous nannofossil zones and subzones, sedimentary discontinuities, and lithology; see caption of Figure 5.5 and Figure 5.6. Grey shading refers to the Weissert Event interval, and striped-correlation refers to a possible missing interval in Aït Hamouch, for more details see Chapter 5, section 5.3

  Lastly, Suchéras-Marx et al. (2014) considered that the early Bajocian and the Valanginian positive carbon-isotope excursions are similar events, since both are coincident with the diversification of radiolarians and an increase in nannofossil absolute abundances and fluxes. Nonetheless, a close inspection on the available nannofossil absolute abundances and fluxes during the Valanginian Weissert Event (above discussion) shows that this correlation is not well-established. Nannofossil absolute abundances and fluxes during the Valanginian stage do not always increase concomitantly with the CIE, and even they are observed to decrease in some of the studied basins. This further complicates comparing the Valanginian Weissert Event with the mid-Cenomanian event I and the Cenomanian/Turonian Oceanic Anoxic Event 2, which are characterized by a positive CIE and a decrease in the nannofossil abundances (Linnert

Figure 7 .

 7 Figure 7.4 shows a comparison of the εNd(i) between the central Moroccan margin and

Figure 7 .

 7 Figure 7.5 shows a comparison of the initial Pb and Sr isotopic ratios between marine

Figure 7 . 4 1 Conclusions

 741 Figure 7.4 Comparison of the εNd(i) between the available studies from different localities. The highlighted areas between the dashed lines correspond to the seawater isotope composition of the Tethys, Pacific, and Boreal realms (i.e., data from fish, phosphate, and glauconite samples). The highlighted areas do not consider data from marine sediments. The horizontal bars on the results of this study (VB: Vocontian Basin and CMM: Central Moroccan Margin) correspond to their age span. Stage boundaries follow the Geological Time Scale 2020. Data from the Tethys are from Stille et al. (1996) (VB and BC), Pucéat et al. (2005) (Switzerland and France), Soudry et al. (2006) (Helvetic), Grandjean et al. (1987) (N. France), and Stille and Fischer (1990) (MB, Switzerland); data from the Pacific are from Chavagnac et al. (2008) (ODP 1149B, western Pacific) and Murphy and Thomas (2012) (ODP 1213B, western Pacific); and data from

central

  Moroccan margin.(1) During the earliest Valanginian, mesotrophic surface-waters and a large photic zone were favorable for the calcareous nannoplankton community and the benthic carbonate producers.[START_REF] Aoutem | UJF-ID 17067[END_REF] During the rest of the early Valanginian a sea-level decline caused lower surface-water fertility. (3) The sea-level fall culminated at the onset of the Weissert Event, causing the nannoplankton production to collapse in response to a reduced photic zone.The offshore Site 416A is impacted slightly later due to its distal and deeper setting. (4) During the early late Valanginian, rising sea-level allowed the gradual recovery of the nannoplankton community.[START_REF] Thiede | Paraná flood basalts: Rapid extrusion hypothesis confirmed by new 40Ar/39Ar results[END_REF] This was followed by the highest surface-water fertility and nannoplankton production during the upper part of the Weissert Event interval in the Zalidou section, caused by continuous fine-grained continental influx and a large photic zone. Similar conditions are observed later in the Aït Hamouch section, after the Weissert Event and during the late Valanginian-early Hauterivian. This eutrophication is concomitant with a more hydrolising climate, causing an increase in continental runoff and associated nutrients influx into the basin.Finally, (6) during the rest of the late Valanginian, surface-water fertility and nannoplankton production decreased but remained higher than during the early Valanginian; possibly due to warmer and more humid conditions in the rest of the late Valanginian. Moreover, the "nannoconids decline" was observed prior to the carbon-isotope positive shift and terminated during the highest carbon-isotope values. The decline was caused by the major sea-level fall in the basin, and the recovery occurred during conditions of high sea-level and high surface-water fertility.The results from major and trace elements concentrations in the onshore Zalidou section and the offshore Site 416A demonstrated geochemical signatures characteristic to the depositional setting of each succession (proximal versus distal). These are related to the chemical fractionation occurring during the transport of sediments. Nonetheless, there is no significant change in the sediment major and trace element concentrations in the Essaouira-Agadir Basin during the Weissert Event time interval. Also, both proximal and distal settings received sediments from a common "old" and continental source which did not change throughout the studied Valanginian interval. This favors continental runoff over upwellings as the source of nutrients in the central Moroccan margin. The radiogenic isotopes (Pb, Sr, and Nd) demonstrated that the source of sediments was most probably the African Sahara regions.Particles were transported and deposited by wind, together with coarser material originating from the surrounding Moroccan massifs and transported by rivers.Lastly, we did not observe a volcanic contribution from the Paraná-Etendeka or the Comei-Bunbury large igneous provinces in the sdeiments during the entire Valanginian stage.If any such material reached the central Moroccan margin, the quantities were small and did not modify the dominantly continental signature of the source material. It is therefore not probable that these LIPs triggered the Weissert Event recorded in the central Moroccan margin.If any such material reached the central Moroccan margin, the quantities must have been small enough to not modify the dominantly continental signature of the sediments. It is therefore difficult to imagine that the LIPs triggered the Weissert Event recorded in the studied area.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Table 3 .

 3 

1 Major elements contents (wt.%) in the sample "Za 45d" and its complete powder duplicate LOI: Loss On Ignition 2 Trace elements

Table 3 .

 3 2 Trace elements concentrations of the reference materials in this study compared against their published values. Concentrations for BHVO-2 are from[START_REF] Jochum | Reference Values Following ISO Guidelines for Frequently Requested Rock Reference Materials[END_REF] and for BR-24 from[START_REF] Chauvel | Comprehensive Chemical and Isotopic Analyses of Basalt and Sediment Reference Materials[END_REF] 

				BHVO-2					BR-24		
	Element (ppm)	Diss. 1	% diff.	Diss. 2	% diff.	Reference value	Diss. 1	% diff.	Diss. 2	% diff.	Reference value
	Li	4.43	-1.6	4.51	0.2	4.5	6.47	-9.6	7.04	-0.7	7.092
	Sc	-	-	30.4	-4.7	31.83	-	-	25.6	-0.9	25.83
	V	324	1.8	314	-1.3	318.2	267	-2.0	266	-2.4	272.33
	Cr	291	1.3	282	-1.8	287.2	437	0.9	431	-0.5	433.00
	Co	45.2	0.7	42.3	-6.1	44.89	51.8	-0.7	50	-4.3	52.14
	Ni	127	5.7	119	-0.7	119.8	247	3.9	239	0.7	237.33
	Cu	126	-2.6	127	-1.8	129.3	36.5	-2.7	37	-1.4	37.50
	Zn	95.6	-8.7	99.2	-4.7	103.9	113	-1.5	105	-9.2	114.67
	Rb	8.96	-3.4	9.23	-0.3	9.261	71.7	-13.7	79.4	-2.6	81.49
	Sr	379	-4.0	389	-1.3	394.1	545	-12.9	597	-3.1	615.50
	Y	24	-8.0	26.1	0.7	25.91	24.7	-20.7	28.2	-5.7	29.81
	Zr	157	-9.0	171	-0.1	171.2	253	-18.9	287	-4.8	300.83
	Nb	18.2	0.5	18.1	0.0	18.1	36.6	-8.1	37.8	-4.6	39.55
	Mo	4	-1.8	3.53	-15.3	4.07	4.37		4.21		
	Cs	0.102	2.4	0.0915	-8.9	0.0996	0.607	-8.4	0.594	-10.8	0.66
	Ba	130	-0.7	130	-0.7	130.9	369	-5.5	384	-1.4	389.38
	La	15.2	0.0	15.2	0.0	15.2	31.8	-6.2	33.3	-1.4	33.77
	Ce	36.9	-1.7	37	-1.4	37.53	68.4	-7.7	72.4	-1.8	73.70
	Pr	5.33	-0.2	5.31	-0.5	5.339	9.1	-5.8	9.46	-1.7	9.62
	Nd	26.2	7.4	24.2	-0.3	24.27	41	2.7	39.3	-1.5	39.90
	Sm	6.29	4.2	6	-0.4	6.023	8.55	2.3	8.22	-1.6	8.35
	Eu	2.05	0.3	1.96	-4.2	2.043	2.44	-4.0	2.58	1.6	2.54
	Gd	5.79	-7.2	6.25	0.7	6.207	6.86	-8.5	7.55	1.4	7.44
	Tb	0.888	-5.8	0.956	1.8	0.9392	0.978	-8.3	1.07	1.0	1.06
	Dy	5.58	5.4	5.35	1.3	5.28	5.75	-0.1	5.78	0.4	5.76
	Ho	1	1.1	0.947	-4.4	0.9887	0.991	-6.5	1.05	-0.5	1.06
	Er	2.47	-1.7	2.51	0.0	2.511	2.49	-9.1	2.67	-1.8	2.72
	Tm	0.335	0.0	0.331	-1.2	0.3349	0.322	-8.4	0.356	2.0	0.35
	Yb	2.05	2.7	1.93	-3.3	1.994	2	-5.9	2.09	-1.3	2.12

  Table 3.5. The concentrations were calculated by external calibration with element standards of different concentrations and converting the intensities (cps, counts per second) to concentrations (ppm). The majority of blanks are low and negligible relative to the amount of

the element present in the samples (generally <0.2 ‰ of the least concentrated sample). Two blanks had relatively high concentrations (see Table

3

.5), but remain negligible relative to the amount of the element present in all the samples. Their concentrations correspond to 0.016 % and 1.05 % of the mass isolated from the least concentrated samples of Sr and Nd, respectively.

Table 3 .

 3 

5 Mass (picogram) of Pb, Sr, and Nd in chemistry blanks

Table 3 .

 3 6 Measured isotope ratios of international isotope standards in this work. Reproducibility (2σm) of our results is based on n measurements and is additionally reported in ppm. Recommended values are from[START_REF] Jochum | GSD-1G and MPI-DING Reference Glasses for In Situ and Bulk Isotopic Determination[END_REF] for the NBS981,[START_REF] Chauvel | Comprehensive Chemical and Isotopic Analyses of Basalt and Sediment Reference Materials[END_REF] for the AMES Rennes Nd, and a value of 0.71024 is by convention for NBS987

204 Pb 2σm 207 Pb/ 204 Pb 2σm 208 Pb/ 204 Pb 2σm

  Table 3.7).

	NBS 981 206 Pb/ Recommended value 16.9435	0.0015	15.5011 0.0014 36.7309	0.0034
	Measured n=31	16.9327	0.0028	15.4864 0.0030 36.6801	0.0074
	Reproducibility (ppm)		166	194	201
	NBS 987	87 Sr/ 86 Sr	2σm		
	Recommended value	0.71024	0.00002		
	Measured n=34	0.710295 0.000015		
	Reproducibility (ppm)		21		
	AMES	143 Nd/			

144 Nd 2σm Recommended value 0.511961 0.000013

  

	Measured n=20 (session 1)	0.511971 0.000023
	Reproducibility (ppm)	45
	Measured n=9 (session 2)	0.511910 0.000010
	Reproducibility (ppm)	

Table 3 .

 3 7 Reproducibility on Pb, Sr, and Nd isotopic compositions from complete duplicate analyses. 2σm corresponds to the standard deviation between duplicates. Rep.:

reproducibility Sample 206 Pb/ 204 Pb 207 Pb/ 204 Pb 208 Pb/ 204 Pb 87 Sr/ 86 Sr 143 Nd/ 144 Nd

  

	Za 38c	2σm Rep. (ppm)	0.0235 1242	0.0014 91	0.0001 2	0.00005 66	0.00003 60
	13R2w 33-34	2σm Rep. (ppm)	0.0010 54	0.0008 54	0.0040 103	0.000083 117	0.00001 13

Chapter 4 Integrated stratigraphy of South-Tethyan Valanginian successions in the Essaouira-Agadir Basin (Morocco)

  

	Preface: This chapter presents the integrated stratigraphy framework of the Essaouira-
	Agadir Basin for the late Berriasian-earliest Hauterivian interval. The framework is based on
	biostratigraphy (ammonite and calcareous nannofossil biozonations), chemo-stratigraphy
	(carbon-isotope), and sedimentary discontinuities. The calcareous nannofossils investigation
	and redaction have been completed by the PhD candidate of this manuscript. Whereas, all other
	investigations, interpretations, and redaction were completed by coauthors who are identified
	in the authorship list in the following page.

  Plate 1D) to characterize the base of the stage in the Moroccan successions. The latter taxon is abundant in the six studied sections and its identification is easy. The genus Neocomites is also

	well represented by Neocomites subtenuis (Plate 2A), which can reach a large diameter. Some
	transitional forms between N. premolicus and N. subtenuis are recorded in the Zalidou,
	Igouzoulen, and Ida w Iddar sections (Figures 4.3, 4.6, 4.7); Ettachfini (2004) also emphasized
	the occurrence of transitional forms in the Zalidou section, as well as in the Addar and Sidi
	Bouskri sections. Neocomites neocomiensiformis, index-species of the second standard zone of
	the Valanginian (Reboulet et al., 2014), was only found in few examplars in the Aït Hamouch
	and Igouzoulen sections (Figures 4.4, 4.6). The systematic interpretation of this species was
	well discussed by Company and Tavera (2015). Around the early-late Valanginian boundary,
	Neocomites is represented by Neocomites neocomiensis, Neocomites teschenensis, and
	numerous Neocomites platycostatus (Plate 2B). According to

  Bochianitidae, orthoconic heteromorphs, are very rare and poorly preserved: few Bochianites neocomiensis were sampled in the late Valanginian.

	(Figure 4.4). According to Wippich (2001) and Ettachfini (2004), this species occurs in the (Figures 4.6, 4.4).
	interval around the Berriasian-Valanginian boundary. Among Olcostephaninae, there are many
	species of Olcostephanus. O. guebhardi (Plate 6BC) is dominant. In some sections, a first
	interval with numerous specimens is observed in the mid-part of the early Valanginian. A
	second acme of this species is recorded in the basal part of the late Valanginian, or just around
	the early-late Valanginian boundary, depending on the different interpretations on the position
	of this boundary (see Zalidou section, Figure 4.3). In the late Valanginian and the basal part of
	the Hauterivian, Olcostephanus are less abundant but more diversified as three species have
	been recognized: O. balestrai, O. nicklesi, and O. densicostatus. Saynoceras is represented by
	one species, S. constetatum (Plate 6D), with few specimens sampled in the basal part of the late
	Valanginian in the Obbay section (Figure 4.8). In this interval, Valanginites ventrotuberculatus
	(Plate 6 Eab) was also recorded in this section, and at Zaouia Sidi Abderahmane and Igouzoulen
	(Figures 4.5-4.6, 4.8). Few specimens of Valanginites dolioliformis and Valanginites nucleus
	were recognized in the Aït Hamouch section (Figure 4.4).
	Oosterellidae are rare. Oosterella gaudryi morphe fascigera and Oosterella cultrata
	(Plate 7A) were sampled in the late Valanginian (Obbay section) and basal part of the early
	Hauterivian (Aït Hamouch section), respectively (Figures 4.8, 4.4). Haploceratidea, with
	Neolissoceras grasianum, are only represented by few specimens. Lytoceratidae are also rare.
	This family is represented by Lytoceras honnoratianum that occurs in the Berriasian of the
	Igouzoulen section, Lytoceras juilleti in the lower Valanginian of the Aït Hamouch section, and
	3) Lytoceras subfimbriatum (Plate 7B) in the late Valanginian of the Zaouia Sidi Abderahmane
	by Spiticeratinae with three taxa: Spiticeras bulliforme, Spiticeras ducale, and Negreliceras sp. section (Figures 4.4-4.5). Phylloceratidae are very rare. Two species were recognized in the
	ind.. The latter genus was also recorded in the Berriasian of the Aït Hamouch and Igouzoulen Berriasian: Holcophylloceras silesiacum and Ptychophylloceras (Semisulcatoceras)
	sections (Figures 4.4, 4.6). Kilianiceras gratianopolitense (Plate 6A) was sampled in the semisulcatum (Plate 7C) were found in the Igouzoulen and Aït Hamouch sections, respectively
	Berriasian of the Ida w Iddar section and in the basal part of the Valanginian at Aït Hamouch

The "Thurmanniceras" pertransiens Standard Zone and the Neocomites premolicus Standard Subzone -Base of the Valanginian stage

  

	(FO) of T. alpillensis can not be used here to place the base of the zone. The T. alpillensis StZ
	is also more or less well recognized in the studied sections by the occurrence of some quite
	characteristic taxa of the upper Berriasian like F. boissieri, F. latecostata, F. rarefurcata, B.
	calisto, M. rouvillei, P. breveti, S. bulliforme, S. ducale, Negreliceras, P. (S.) semisulcatum, H.
	silesiacum, and L. honnorotianum.
	Few specimens of "T." pertransiens were found in the Igouzoulen, Obbay, Ida w Iddar,
	and Aït Hamouch sections

verrucosum and Karakaschiceras pronecostatum Standard Subzones -Base of the late Valanginian substage

  

neocomiensis, N. teschenensis, and N. platycostatus are recorded in the Igouzoulen, Obbay, and Zalidou sections (Figures 4.3, 4.6, 4.8). Few Neohoploceras (FO of N. provinciale; Aït Hamouch and Ida w Iddar sections, Figures 4.4, 4.7) are also represented. Specimens of O. guebhardi (beginning of the second acme) were found in all sections (Figures 4.3-4.8). The Saynoceras verrucosum Standard Zone; the S.

  which identifies the top of the CC3a Subzone, was observed in the middle part of the early Valanginian (lower and uppermost N. subtenuis LSz at Zalidou and Aït Hamouch, respectively). The FO of E. striatus, identifying the top of the CC3b Subzone, was observed near to the base of the late Valanginian (S. verrucosum StZ at Zalidou and lower N. peregrinus StZ at Aït Hamouch). Secondary nannofossil bioevents were also observed. The FO of Speetonia colligata was observed in the latest Berriasian p.p. (T. alpillensis p.p. StZ, lowermost NK3A and lowermost CC3a subzones) at Zalidou. It was present from the first studied sample at Aït Hamouch. The FO of Rhagodiscus dekaenelii was observed in the earliest Valanginian (lower

alpillensis p.p. StZ, Zalidou section). The last occurrence (LO) of Rucinolithus wisei, marking the top of the NK3A Subzone, was observed in the lower part of the late Valanginian in both sections (lower and upper N. peregrinus StZ at Zalidou and Aït Hamouch, respectively). The LO of Tubodiscus verenae, defining the top of the NK3B Subzone, was observed in the upper part of the late Valanginian (uppermost O. nicklesi StSz) at Zalidou and in the lower part of the late Valanginian (uppermost N. peregrinus StZ) at Aït Hamouch. The FO of Lithraphidites bollii, terminating the NC4A Subzone, was observed only at Aït Hamouch in the earliest Hauterivian p.p. (lowermost A. radiatus p.p. StZ). The FO of Eiffellithus windii, N. premolicus StSz, lowermost NK3A and lower CC3a subzones) at Zalidou. Its FO was observed slightly later in Aït Hamouch, in the early Valanginian (upper N. subtenuis LSz, lower NK3A Subzone and CC3a/CC3b subzones boundary). The FO of Haqius peltatus was observed in the early Valanginian in both studied sections; in the upper N. premolicus StSz (lower NK3A and upper CC3a subzones) at Zalidou, and in the lower N. premolicus StSz (lower NK3A and lower CC3a subzones) at Aït Hamouch. At Zalidou, the LO of R. wisei is observed during the early late Valanginian (N. peregrinus StZ, N. peregrinus StSz, lower CC4a calcareous nannofossil Subzone), and the LO of T. verenae is recorded in the latest Valanginian (N. peregrinus StZ, O. nicklesi StSz, upper CC4a Subzone). Accordingly, the NK3B Subzone extends from 22 to 34.8 m (12.8 m thickness;

FO of E. striatus is recorded around the early/late Valanginian boundary.

  The age of this event varies according to the geographic location of the studied sections. It is considered late Valanginian (former H. trinodosum Zone) in the Vocontian Basin(Bergen, 1994;[START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF] or in the Neuquen Basin (N. peregrinus StZ;[START_REF] Bown | Lower Cretaceous calcareous nannoplankton from the Neuquén Basin, Argentina[END_REF], whereas it is of latest Valanginian age in the boreal realm (Greenland-

Norwegian Seaway;

Möller et al., 2015)

. Moreover,

[START_REF] Kessels | Early Cretaceous (Valanginian -Hauterivian) calcareous nannofossils and isotopes of the northern hemisphere: Proxies for the understanding of Cretaceous climate[END_REF] 

recorded the FO of E.

  At Zalidou, the δ 13 Ccarb values are negative and stable (~ -1.8 ‰) from the late Berriasian p.p. to the early Valanginian (upper B. campylotoxus LSz, upper NK3A, and upper CC3b calcareous nannofossil subzones). It abruptly increases upwards from -2.7 ‰ to +0.7 ‰, between the latest early Valanginian (K. inostranzewi StZ, upper NK3A, and upper CC3b subzones) and the early late Valanginian (lower O. nicklesi StSz, lower NK3B, and lower CC4a subzones). Upwards, the δ 13 Ccarb record shows a short-lived plateau (~ +0.2 ‰) in the mid-late Valanginian (O. nicklesi StSz, NK3B, and mid-CC4a subzones), followed by another increase to a maximum of +1 ‰ in the late Valanginian (upper O. nicklesi StSz, upper NK3B, and upper CC4a subzones). Accordingly, the carbon-isotope positive shift is of a magnitude of 3.7 ‰. StZ to lower C. furcillata StZ). Thereafter, the δ 13 Ccarb decreases until the end of the Valanginian (upper C. furcillata StZ) to reach ~ -2 ‰. At Igouzoulen, the δ 13 Ccarb presents a long-term decreasing trend (avg. ~ -2.2 ‰) from the late Berriasian to the early Valanginian (upper N. premolicus StSz). Then, it increases (avg. ~ 2 ‰) up to the lower part of N. subtenuis StSz. Thereafter, the δ 13 Ccarb smoothly decreases between the mid early Valanginian (lower N. subtenuis StSz) and the early late Valanginian (K. pronecostatum StSZ). The δ 13 Ccarb values slightly increase (avg. ~ 1.5 ‰) within the K. pronecostatum StSZ, followed by a sharp decrease StSz). Above its climax, the isotopic curve is characterized by a slow decrease in values (latest O. nicklesi StSz and C. furcillata StZ). The top of the Weissert Event is recorded just below the LO of the nannofossil biomarker T.verenae, marking the base of the nannofossil Zone NC4. At Aït Hamouch, the CI positive shift is cautiously identified from 32.8 (upper part of the K. inostranzewi StZ) to ~36 m (middle part of N. peregrinus StZ; Figure 4.4). In this section, S. verrucosum StZ was not recognized. Additionally, the N. peregrinus StZ is reduced (9 m)compared with Zalidou (13 m), and the O. nicklesi StSz was not recognized. This can be also Weissert Event recorded in the EAB is here compared with carbon isotopic data available in SE France[START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF] and SE Spain[START_REF] Aguado | A new record of the Weissert episode from the Valanginian succession of Cehegín (Subbetic, SE Spain): Bio-and carbon isotope stratigraphy[END_REF], for which ammonite and nannofossil are also provided. As recorded in both these areas, the beginning of the carbon-isotope excursion (CIE) starts in the K. inostranzewi StZ (Zalidou, Aït Hamouch, Zaouia Sidi Abderahmane, and Ida W Iddar sections). However, the climax of δ 13 Ccarb values is not observed in the same stratigraphic interval. In[START_REF] Martinez | Astrochronology of the Valanginian-Hauterivian stages (Early Cretaceous): Chronological relationships between the Paraná-Etendeka large igneous province and the Weissert and the Faraoni events[END_REF], the maximal positive

		The
	7	Stable carbon isotope
		The measured δ 13 Ccarb ranges between -2.8 and +1 (avg. -0.8 ‰) at Zalidou, -3.3 and
	+0.4 (avg. -1.5 ‰) at Aït Hamouch, -3.2 and -0.1 (avg. -1.3 ‰) at Zaouia Sidi Abderahmane, subtenuis StSz). The rest of the early Valanginian is characterized by two successive increases,
	-4 and -0.8 (avg. -1.8 ‰) at Igouzoulen, and -4.7 and -0.2 (avg. -1.8 ‰) at Ida w Iddar but always negative values, followed by a decrease to reach a value of -2.7 ‰ just below the
	(Figures 4.3-4.7).

Finally, the δ 13 Ccarb values smoothly deacrease (~ +0.1 ‰) in the rest of the late Valanginian (uppermost part of O. nicklesi StSz and C. furcillata StZ). At Aït Hamouch, the δ 13 Ccarb is negative and stable (~ -2.5 ‰) in the early Valanginian (N. premolicus StSz to B. campylotoxus LSz, lower NK3A, and CC3a to upper CC3b subzones). It increases to ~ -0.4 ‰, between the latest early Valanginian (K. inostranzewi StZ, upper NK3A, and upper CC3b subzones) and the early late Valanginian (lower N. peregrinus StZ, upper NK3A, and lower CC4a subzones); marking a carbon-isotope positive shift of magnitude 2.3 ‰. Thereafter, the δ 13 Ccarb smoothly decreases until the end of the late Valanginian (to reach values around -1 ‰). Lastly, it slightly increases to the highest values (+0.4 ‰) during the early Hauterivian p.p. (A. radiatus p.p. StZ, NC4B, and CC4b subzones), and then returns to pre-increase values (~ -1.1 ‰) within the same biozone. At Zaouia Sidi Abderahmane, the δ 13 Ccarb fluctuates between -2 and -1 ‰ in the earliest Valanginian ("T". pertransiens StZ) before an abrupt shift to the lowest value (N. early/late Valanginian boundary. A carbon-isotope positive shift of a magnitude of 2.7 ‰ characterizes the late Valanginian (K. pronecostatum StSZ to middle N. peregrinus StZ). It is followed by a slight decrease, before a short-lived plateau with values around -0.5 ‰ (upper N. peregrinus to a minimum value of -4 ‰ within the N. peregrinus StZ. Finally, the δ 13 Ccarb sharply increases to reach the highest value (-0.8 ‰) still in the N. peregrinus StZ. At Ida w Iddar, following an abrupt negative peak at the base of the succession, the δ 13 Ccarb records stable values generally fluctuating between -1.5 ‰ and -1 ‰ in the early Valanginian (N. neocomiensiformis and K. inostranzewi StZ). The δ 13 Ccarb slightly increase to reach the highest value in the early late Valanginian, followed by large fluctuations (N. peregrinus StSz). Thereafter, the δ 13 Ccarb is characterized by a smoothly decreasing trend composed of a long-lived plateau with values around -2 ‰ occurring in the C. furcillata StZ, followed at its top by a shift to a minimum value of -4.7 ‰. Among the studied sections in the EAB, Zalidou (Figure 4.3) that presents the highest sampling resolution, is considered as the reference section for the δ 13 Ccarb. The Weissert Event is identified from the base of the Carbon-Isotope (CI) positive shift to its climax, following the formal definition of Erba et al. (2004). According to this definition, the CI positive shift is observed at Zalidou from the basal part of K. inostranzewi StZ (16.25 m) to the upper part of O. nicklesi StSz (32.8 m). Following the calcareous nannofossil biostratigraphy, the event occurs from the upper NK3A to upper NK3B, and upper CC3b to upper CC4a subzones. Below the maximal value, there is a short-lived plateau of values comprised between 0 and 1 ‰ (dated from the O. nicklesi observed from the reduced NK3B calcareous nannofossil Subzone in Aït Hamouch (1.5 m) compared with Zalidou (12.5 m). Moreover, the plateau phase of the CI positive shift is suspected to be missing from Aït Hamouch. However, the slow decrease of δ 13 Ccarb values in the C. furcillata StZ is recorded. At Zaouia Sidi Abderahmane, the CI positive shift starts in the upper part of the K. inostranzewi StZ (~30 m) and the climax value is recorded in the N. peregrinus StZ (~34.5 m, Figure 4.5). After this peak, the decrease of values is mainly observed in the C. furcillata StZ. Again, the plateau phase of positive δ 13 Ccarb values is not recognized. At Igouzoulen, it is difficult to recognize the CI positive shift; it could be placed between 36 to 40 meters (K. inostranzewi and S. verrucosum StZ, Figure 4.6). At Ida w Iddar, the CI positive shift could be placed between 12 and 16 meters (K. inostranzewi and N. peregrinus StZ, Figure 4.7). It should be noted that the C. furcillata StZ is also characterized by a smooth decrease of δ 13 Ccarb values. Positive δ 13 Ccarb values are not recorded. To summarize, the plateau phase of positive δ 13 Ccarb values is only recognized in the Zalidou section and is dated to the O. nicklesi StSz. This interval could be missing in the other sections, due to a strong erosion expressed by the sedimentary discontinuity D6 (Figures 4.10, 4.11). values occur in the S. verrucosum StZ (double peaks in the S. verrucosum StSz; see also Duchamp-Alphonse et al., 2007). Even if the climax is recorded the N. peregrinus StZ (lower part of O. nicklesi StZz) in SE Spain, Aguado et al. (2018) put the end of the CIE in the upper part of the S. verrucosum StZ (K. pronecostatum StSz). This trend in the isotopic curve is not recorded in the EAB. It can be partly explained by the condensed series around the lower-upper Valanginian boundary and/or by the stratigraphic gap; the S. verrucosum StZ was partly (Zalidou and Zaouia Sidi Abderahamane) or not (Aït Hamouch) recognized. In the Moroccan sections, the maximal values are observed in the N. peregrinus StZ (Zalidou, Aït Hamouch, and Zaouia Sidi Abderahamane). This could correspond to the plateau of high values recorded in the N. peregrinus StZ in France

  now replaced by the roughly equivalent N. peregrinus StZ). This age, together with the major erosion observed both in the Morocan EAB and in southeastern France, allows to correlate the "late Valanginian
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discontinuity" of France with discontinuity D7 of the EAB, since the latter is situated between the N. peregrinus StZ (O. nicklesi StSz) and the C. furcillata StZ (C. furcillata StSz). Plate 1. A, Tirnovella alpillensis, UJF-ID 17527, ZSb29, T. alpillensis Standard Zone. B, "Thurmanniceras" gratianopolitense, UJF-ID 17469, AH60, "T." pertransiens Standard Zone, N. premolicus Standard Subzone. C, "Thurmanniceras" pertransiens, UJF-ID 17509, OB13, "T." pertransiens Standard Zone, N. premolicus Standard Subzone. D, Neocomites premolicus, UJF-ID 17004, AH68, "T." pertransiens Standard Zone, N. premolicus Standard Subzone. Scale bar = 1 cm. Black circle = end of phragmocone. Collection Reboulet, UJF-ID (OSUG-COLLECTIONS), University of Grenoble, France. See appendix 4.A for taxonomy. Plate 3. A, Kilianella roubaudiana, UJF-ID 17321, ZA29, N. neocomiensiformis Standard Zone, B. campylotoxus Local Subzone. B, Luppovella superba, UJF-ID 17255, AH80, N. neocomiensiformis Standard Zone, B. campylotoxus Local Subzone. C, Busnardoites campylotoxus, UJF-ID 17219, IW21, N. neocomiensiformis Standard Zone, B. campylotoxus Local Subzone. D, Karakaschiceras inostranzewi, UJF-ID 17375, AH87, K. inostranzewi Standard Zone. Scale bar = 1 cm. Black circle = end of phragmocone. Collection Reboulet, UJF-ID (OSUG-COLLECTIONS), University of Grenoble, France. See appendix 4.A for taxonomy.

The Valanginian Weissert Event in the southern Tethys margin: a dynamic paleoceanographic evolution based on the study of calcareous nannofossils Preface:

  After establishing a well-constrained integrated stratigraphy framework of the Essaouira-Agadir Basin (EAB) in Chapter 4, we proceed to investigate the variations in paleoceanographic conditions during the Valanginian stage. For this purpose, we apply a quantitative-based study on the calcareous nannofossils assemblage. The objectives are to
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reconstruct changes in surface-water primary productivity and fertility around the Weissert Event, and to compare the identified signal with available studies from other geographic localities. Also, the paleoceanographic reconstruction in the EAB is developed in association with paleogeographic context which was developed from the sedimentological analyses of facies.

Three geological sections were studied within the central Moroccan margin. These include two onshore sections (Zalidou and Aït Hamouch) belonging to the EAB, and one offshore (DSDP Leg 50 Site 416A). The Zalidou and Aït Hamouch sections display the Weissert Event interval, as identified from the carbon-isotope positive excursion in Chapter 4.

The Zalidou section has the most complete C-isotope record in the basin. The Aït Hamouch is also chosen since it is relatively complete and is located southward of Zalidou, providing a N-S basin coverage. The Site 416A is located offshore, and will provide a proximal-distal transect on the central Moroccan margin. 5. University of Lausanne, Institute of Earth Surface Dynamics (IDYST), CH-1015 Lausanne, Switzerland Keywords: Carbon isotope excursion; Essaouira-Agadir Basin; DSDP Site 416A; Morocco; Biostratigraphy; Sedimentary dynamics

  Table Supp. 1 and Table Supp. 2). For the Site 416A, forty-four samples were investigated (Table Supp. 3). 1999) (see caption Table Supp. 2). A comparison between both techniques for abundances quantification, has not been done yet. Studies comparing other slide preparation techniques, have shown that nannofossil proportions can be reliably determined regardless of the technique

	Smear slides were prepared using a random settling technique developed by Beaufort et
	al. (2014) and modified by Menini et al. (2019), which allows calculating nannofossil absolute

abundances. Seventeen samples from the Aït Hamouch "AH section" analyzed in a preliminary study by Despierres (2013) were prepared using the random settling technique of

Geisen et al. (

  Table Supp. 1, Table Supp. 2, and Table Supp. 3, and the different calculation formulae in Table Supp. 4. The calcium carbonate content was measured on 117 and 56 bulk rock samples from Zalidou and Aït Hamouch sections, respectively (Table Supp. 1 and Table Supp. 2). For AïtHamouch, analyses were done on samples from the "AH" section. Additionally, 88 samples from the DSDP site 416A were measured (TableSupp. 3). The CaCO3 content was determined using the carbonate bomb technique[START_REF] Müller | The "Karbonat-Bombe", a simple device for the determination of carbonate content in sediment, soils, and other materials[END_REF], which measures the CO2 pressure during a hydrochloric acid attack. For the calculation of the calcium carbonate percentage, see Appendix A inPeybernes et al. (2013).Stable carbon isotope analysis was performed on the same samples as for the calcium carbonate content, at the stable isotope laboratories of the Institute of Earth Surface Dynamics of the University of Lausanne, using a Thermo Fisher Scientific Gas Bench II carbonate preparation device connected to a Delta Plus XL isotope ratio mass spectrometer. The CO2 extraction was done at 70°C. The stable carbon isotope ratios were reported in the delta (δ)

	3.2	Calcimetry and carbon isotope

  XPL, sample Za39c; 18, Discorhabdus ignotus, XPL, sample Za39d; 19, Assipetra infracretacea, XPL, sample Za32a; 20, Rotelapillus crenulatus, PPL, sample 416A 47R1w 76-77; 21, N. steinmannii steinmannii, XPL, sample ATH2h; 22, N. steinmannii steinmannii, PPL, sample ATH2h, same specimen; 23, N. kamptneri minor, XPL, sample ATH2f; 24, N. kamptneri minor, PPL, sample ATH2f, same specimen; 25, N. globulus globulus, XPL, sample ATH2f; 26, N. globulus globulus, PPL, sample ATH2f, same specimen.

1, Calcicalathina oblongata, side view, XPL, sample Za43c; 2, Calcicalathina oblongata, top view, XPL, sample Za49b; 3, Rucinolithus wisei, XPL, sample Za27a; 4, Rucinolithus wisei, XPL, sample Za27a, same specimen rotated ~90º; 5, Tubodiscus verenae, XPL, sample 416A 21R2w 103-104; 6, Lithraphidites bollii, XPL, sample AH112a; 7, Eiffellithus windii, XPL, sample 416A 10R2w 144-145; 8, Eiffellithus striatus, XPL, sample Za53a; 9, Polycostella parvistellatus, XPL, sample 416A 49R1w 124-125; 10, Haqius circumradiatus, XPL, sample ATH2d; 11, Watznaueria barnesiae, XPL, sample Za28a; 12, Watznaueria fossacincta, XPL, sample Za39a; 13, Diazomatolithus lehmanii, XPL, sample Za32b; 14, Zeugrhabdotus erectus, XPL, sample 416A 9R3w 135-136; 15, Biscutum constans, XPL, sample Za32a; 16, Watznaueria biporta, XPL, sample Za32a; 17, Watznaueria britannica,

  Aït Hamouch, the AR of W. barnesiae/fossacincta follows the same trend as that of the NTAR. The AR of the other nannofossil taxa (D. lehmanii/subbeticus, small Zeugrhabdotus spp., B. ellipticum, and nannoconids) generally follows the same trend as that of the NTAR, except for an earlier decrease recorded by these taxa in the early Valanginian (N. subtenuis LSz,

	At lower NK3A and upper CC3a subzones) (Figure 5.6).
	At Site 416A, the average AA is 2.6E+08 for W. barnesiae/fossacincta, 1.0E+08 for
	small Zeugrhabdotus spp., 5.8E+07 for B. ellipticum, 5.3E+07 for D. lehmanii/subbeticus,
	3.4E+07 for nannoconids and 1.6E+07 for A. infracretacea. The AA of W.
	LSz, mid-NK3A and CC3b subzones), during which it shows an increase to maximal values
	before a significant decrease (Figure 5.5). The AR of the other nannofossil taxa (D.

5.3, respectively. The average Accumulation Rate (AR) of each considered nannofossil taxa is generally higher at Zalidou (Za) compared to Aït Hamouch (AH) with the following values: 3.4E+09 (Za) and 3.1E+09 (AH) for W. barnesiae/fossacincta, 1.6E+09 (Za) and 8.3E+08 (AH) for small Zeugrhabdotus spp., 1.1E+09 (Za) and 9.3E+08 (AH) for D. lehmanii/subbeticus, 2.8E+08 (Za) and 1.8E+08 (AH) for B. ellipticum, 9.6E+07 (Za) and 8.8E+07 (AH) for A. infracretacea. For nannoconids, the average AR is higher at Aït Hamouch (3.3E+08) than at Zalidou (2.6E+08).

At Zalidou, the AR of W. barnesiae/fossacincta follows the same trend as that of the NTAR, except during the late early Valanginian (upper N. subtenuis to upper B. campylotoxus lehmanii/subbeticus, small Zeugrhabdotus spp., B. ellipticum, and nannoconids) generally follows the same trend as that of the NTAR, except for an earlier decrease recorded by these taxa in the early Valanginian (B. campylotoxus LSz, mid-NK3A and lower CC3b subzones).

  .5), the taxa richness only shows a long-trend decrease from the early to late Valanginian. The equitability is highest in the early Valanginian and briefly decreases in the late early Valanginian. Upwards, it increases in the latest early Valanginian and remains relatively stable during the rest of the Valanginian. At Aït Hamouch (Figure 5.6), Thereafter, the RA re-increases (~60 %) during the rest of the late Valanginian, before another decrease to ~35 % in the early Hauterivian p.p.. The RA of D. lehmanii/subbeticus is high (~19 %) in the early Valanginian (N. premolicus StSz to lower N.

	At Zalidou (Figure 5.5), the RA of W. barnesiae/fossacincta abruptly increases from campylotoxus LSz, lower NK3A, and CC3a to lower CC3b subzones); followed by a decrease
	~41 to ~65 % in the late early Valanginian. Then, it decreases (~30 %) during the late to very low values (~ 0.4 %) during the rest of the succession.
	Valanginian (O. nicklesi StSz, upper NK3B and CC4a subzones), followed by another increase At Site 416A (Figure 5.7), the RA of W. barnesiae/fossacincta is stable (~30 %) during
	(~ 40 %) in the rest of the Valanginian. The RA of D. lehmanii/subbeticus is stable (~12 %) subtenuis LSz, lower NK3A and CC3a subzones), followed by a decrease (~9 %) in the late the NK3A and CC3a to lower CC3b subzones. Upwards, it increases and remains high (~40 %)
	throughout the succession; it slightly increases (~16 %) in the late Valanginian (O. nicklesi early Valanginian (upper N. subtenuis LSz to upper B. campylotoxus StSz, NK3A and upper during the rest of the Valanginian. The RA of D. lehmanii/subbeticus does not show any large
	StSz, upper NK3B and mid-CC4a subzones), followed by a return to ~13 % in the latest CC3a to lower CC3b subzones). Upwards, the RA increases (~17 %) from the latest early variations (~7 % average) throughout the Valanginian. The RA of small Zeugrhabdotus spp. is
	Valanginian. The RA of small Zeugrhabdotus spp. is stable (~10 %) from the late Berriasian Valanginian to the early late Valanginian. Thereafter, it shows another decrease (~7 %) during stable (~11 %) in the lower NK3A and CC3a subzones. Upwards, it increases (~14 %) in the
	p.p. until the early/late Valanginian transition. Upwards, it gradually increases to maximal the latest Valanginian-earliest Hauterivian interval. Lastly, its RA increase again (~13 %) in the rest of the Valanginian. The RA of B. ellipticum is stable (~12 %) in the NK3A and CC3a to
	lower CC3b subzones; followed by a decrease (~6 %) in the rest of the Valanginian interval.
	The RA of nannoconids is high (~6 %) in the NK3A and CC3a to lower CC3b subzones, and
	decreases (~2 %) in the upper NK3A to NK3B and upper CC3b to CC4a subzones. The
	both taxa richness and equitability increase during the lower NK3A and CC3a to lower CC3b
	subzones. Upwards, the equitability remains high in the rest of the Valanginian, whereas the
	richness decreases around the NK3A-NK3B transition and CC4b subzones, and then re-
	increases upwards.
	The average Relative Abundance (RA) of W. barnesiae/fossacincta is higher at Aït to lower C. furcillata StZ, upper NK3A to lower NC4A, and upper CC3b to lower CC4a
	Hamouch (43 %) compared to Zalidou (41 %) and Site 416A (37 %). The average RA of small subzones). Lastly, its RA decreases but remains relatively high (~7 %) from the latest
	Zeugrhabdotus spp. is higher at Zalidou (17 %) than at Site 416A (14 %) and Aït Hamouch (13 Valanginian to the early Hauterivian. The proportion of narrow-canal nannoconids within
	%). The average RA of D. lehmanii/subbeticus is lower (7 %) offshore than onshore, with infracretacea increases to highest values (~6 %) in the early Valanginian (N. premolicus StSz, nannoconid population is high (avg. 59 %) from the early Valanginian to early late Valanginian
	values of 13 and 14 % in Zalidou and Aït Hamouch, respectively, whereas it is the opposite for lower NK3A and mid-CC3a subzones). Then, it decreases and remains low (~1 %) during the (N. premolicus StSz to N. peregrinus StZ, NK3A to NK3B, and CC3a to lower CC4a subzones).
	B. ellipticum, with RA of 8 % at Site 416A, and of 2 and 3 % at Zalidou and Aït Hamouch, rest of the Valanginian. Their proportion decreases (avg. 41 %) in the rest of the late Valanginian. The RA of A.

taxa richness and equitability are generally stable throughout the succession. Notably, the taxa richness decreases (<25) in two intervals; in the late early Valanginian and early late Valanginian. The lowest equitability values are recorded in the late early Valanginian (N. subtenuis to B. campylotoxus LSz, upper CC3a to CC3b subzones). At Site 416A (Figure 5.7), respectively. The average RA of nannoconids is higher (7 %) at Aït Hamouch compared to Site 416A (4 %) and Zalidou (3 %). The average RA of A. infracretacea ranges between 1-2 % in the different successions. values (~28 %) in the early late Valanginian (S. verrucosum to lower O. nicklesi StSz, uppermost NK3A to upper NK3B, and uppermost CC3b to lower CC4a subzones). Lastly, its RA decreases but remains high (~21 %) in the rest of the Valanginian. The RA of B. ellipticum is highest (~5 %) from the latest Berriasian p.p. to early Valanginian (upper N. subtenuis LSz, lower NK3A, and lower CC3b subzones). Upwards, its RA decreases and remains low (~2 %) during the rest of the Valanginian. The RA of nannoconids is stable (~4 %) from the latest Berriasian p.p. to the early Valanginian (N. subtenuis LSz, lower NK3A, and CC3a to lower CC3b subzones). Upwards, it declines to minimal values (~2 %) during the late early Valanginian-early late Valanginian interval. Lastly, its RA increases (~4 %) in the late Valanginian (O. nicklesi StSz to lower C. furcillata StZ, NK3B to lower NC4A and CC4a subzones); followed by another decline (~2 %) in the latest Valanginian. No change in proportion between the narrow-or wide-canal nannoconids is observed. The RA of A. At Aït Hamouch (Figure 5.6), the RA of W. barnesiae/fossacincta increases from ~35 to ~67 % during the early Valanginian. It gradually decreases to lower values (~30 %) in the earliest late Valanginian. early Hauterivian. The RA of small Zeugrhabdotus spp. is stable (~10 %) during the entire early Valanginian. Upwards, it slightly increases to ~14 % during the late Valanginian, followed by maximal values (~19 %) in the early Hauterivian. The RA of B. ellipticum is ~3 % in the early Valanginian (N. premolicus StSz to lower B. campylotoxus LSz, lower NK3A, and CC3a to lower CC3b subzones), then decreases to minimal values (~1 %) during the late early Valanginian-early late Valanginian (B. campylotoxus LSz to lower C. furcillata StSz, NK3A to lower NC4A, and CC3b to lower CC4a subzones). Lastly, it increases (~3 %) in the latest Valanginian-early Hauterivian. The RA of nannoconids is low (~2 %) in the early Valanginian. Upwards, it increases to maximal values (~11 %) in the early late Valanginian (K. inostranzewi infracretacea is maximal (~2 %) in the early Valanginian (N. premolicus StSz to lower B.

proportion of narrow-canal nannoconids within the nannoconids population is generally lower (avg. 45 %) in the lower NK3A and CC3a subzones compared with the rest of the succession (avg. 66 %). The RA of A. infracretacea is low (~1 %) in the lower NK3A and mid-CC3a

  . 1, Table Supp. 2, and Lastly, the calcium carbonate content gradually increases (~42 %) in the late Valanginian (upper N. peregrnius to C. furcillata StZ, lower NK3B to NC4A, and lower NK3B to upper Accordingly, the carbon-isotope positive shift is of magnitude 3.7 ‰. Finally, the δ 13 Ccarb values smoothly decrease (~ +0.1 ‰) in the rest of the late Valanginian.

	CC4a subzones). At Aït Hamouch (Figure 5.6), the CaCO3 content is ~49 % in the early At Aït Hamouch (Figure 5.6), the δ 13 Ccarb is negative and stable (~ -2.5 ‰) in the early
	Valanginian (N. premolicus StSz, lower NK3A and lower CC3a subzones), and then decreases Valanginian (N. premolicus StSz to B. campylotoxus LSz, lower NK3A and CC3a to upper
	to minimal values (~22 %) in the mid-early Valanginian (N. subtenuis to lower B. campylotoxus CC3b subzones). It increases to values ~ -0.4 ‰, between the latest early Valanginian (K.
	LSz, lower NK3A and upper CC3a to lower CC3b subzones). The CaCO3 content increases inostranzewi StZ, upper NK3A, and upper CC3b subzones) and the early late Valanginian
	(~69 %) in the late early Valanginian (B. campylotoxus LSz to S. verrucosum StZ, mid-NK3A (lower N. peregrinus StZ, upper NK3A, and lower CC4a subzones); marking a carbon-isotope
	and CC3b subzones). Lastly, it decreases and remains low (~39 %) from the late Valanginian positive shift of magnitude 2.3 ‰. Thereafter, the δ 13 Ccarb smoothly decreases (avg. ~ -1.1 ‰)
	to the early Hauterivian p.p. (N. peregrinus to A. radiatus p.p. StZ, upper NK3A to NC4B and
	uppermost CC3b to CC4b subzones). Thus, in both onshore sections, the highest CaCO3 content
	is recorded in the early Valanginian. At Site 416A (Figure 5.7), the CaCO3 content highly
	fluctuates (4 -92 %, avg. ~27 %) in the NK3A and CC3a to lower CC3b subzones. Upwards,
	it decreases and exhibits fewer fluctuations (4 -35 %, avg. ~17 %) from the uppermost NK3A
	to NK3B and upper CC3b to CC4a subzones.
	The δ 13 Ccarb values range between -2.8 and +1 (avg. -0.8 ‰) at Zalidou, -3.3 and +0.4
	(avg. -1.5 ‰) at Aït Hamouch and between -4.9 and +1.9 (avg. -1.0 ‰) at Site 416A (Table
	Supp. 1, Table Supp. 2, and Table Supp. 3).
	At Zalidou (Figure 5.5), the δ 13 Ccarb values are negative and stable (~ -1.8 ‰) from the
	Table Supp. 3). late Berriasian p.p. to the early Valanginian (upper B. campylotoxus LSz, upper NK3A, and
	At Zalidou (Figure 5.5), the CaCO3 content is high (~87 %) in the late Berriasian p.p. upper CC3b calcareous nannofossil subzones). It increases upwards after an abrupt shift, from
	and decreases (~55 %) in the early Valanginian. This decrease is concomitant with a lithological -2.4 ‰ to +0.7 ‰, between the latest early Valanginian (K. inostranzewi StZ, upper NK3A,
	change from thick limestone beds to marlstone-limestone alternating beds. Upwards, the CaCO3 and upper CC3b subzones) and the early late Valanginian (lower O. nicklesi StSz, lower NK3B,
	further decreases to minimal contents (~21 %) in the earliest late Valanginian (K. and lower CC4a subzones). Upwards, the δ 13 Ccarb record shows a short-lived plateau in the mid-

pronecostatum to lower N. peregrinus StSz, uppermost NK3A, and lower CC4a subzones). This decrease is also concomitant with a lithological change to more clastic-rich marlstone-limestone beds. late Valanginian (O. nicklesi StSz, NK3B, and mid-CC4a subzones), followed by another increase to a maximum of +1 ‰ in the latest Valanginian (upper O. nicklesi StSz, upper NK3B, and upper CC4a subzones). until the end of the late Valanginian. Lastly, it slightly increases to the highest values (+0.4 ‰) during the early Hauterivian p.p. (A. radiatus p.p. StZ, NC4B and CC4b subzones), and returned to pre-increase values (~ -1.1 ‰) within the same biozones. At Site 416A (Figure 5.7), the δ 13 Ccarb does not show any positive shift. It decreases from ~ +1 to -1 ‰ in the lower NK3A

  37, puncorr.= 0.0005, n= 85 in Zalidou; r= -0.45, puncorr= 0.0006 , n= 54 in Aït

Hamouch; and r= -0.41, puncorr= 0.005, n= 44 in Site 416A), the preservation classes show that samples with strong dissolution and recrystallization do not necessarily correspond to high proportions of W. barnesiae/fossacinta; they are homogenously distributed for any given proportion of W. barnesiae/fossacinta. Moreover, some samples with good and moderate preservation present a high percentage (> 40 %) of W. barnesiae/fossacincta, which implies that the high proportions of W. barnesiae/fossacincta can also be part of the original calcareous nannofossil assemblage during the Valanginian.
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  Pb, Sr, and Nd isotopic compositions of the central Moroccan margin sediments are dominated by continental material. Therefore, it is worth trying to understand how they compare to what is known for the exposed crustal areas during the Valanginian in the area. Lead and Nd isotopes are particularly useful in this respect because model ages can be calculated for both isotopic systems. Such model ages do not provide a precise measure of the age of the eroded material. Still, they estimate the average age of formation of the material eroded from the continental crust. The slope defined by the central Moroccan margin sediments in 206 Pb/ 204 Pb(m) versus 207 Pb/ 204 Pb(m) isotopic space (Figure Supp. 6.4 and its caption) provides an average model age of about 1.1 Ga for the source of the sediments. In comparison, Nd isotopes

  Weissert Event interval implies that quartz grains are deposited close to the shoreline, and only micas arrive at Aït Hamouch; high energy in the upper part can carry quartz grains up to Aït Hamouch, micas being deposited farther oceanward. Thereby, there is not enough evidence from the mineral phases in Aït Hamouch to demonstrate enhanced continental hydrolysis during the onset of the Weissert Event interval, but there is high detrital input. It is noteworthy that during the Weissert Event interval at Aït

  our comparison, we use additional preliminary data (Nd and Pb) from the Vocontian

	Basin (SE France) (unpublished data obtained by a Master student). This basin occupied a
	paleogeographic location on the NW Tethyan margin during the Early Cretaceous. Neodymium
	and Pb isotopes have been analyzed in fourteen samples (marl-and lime-stone) from the La
	Charce and Col du Rousset sections (late Valanginian-late Hauterivian). The isotope ratios were
	measured at the Ecole Normale Supérieure (ENS) of Lyon using a MC-ICP-MS (VG Plasma
	54). Chemical procedures, measurement conditions, fractionation correction, and data
	validation were very similar to those used in our study. Briefly, the calculated εNd(i=135 Ma) vary
	between -9.6 and -8.2 and do not show any variation with time. The 206 Pb/ 204 Pb(i), 207 Pb/ 204 Pb(i),
	and 208 Pb/ 204 Pb(i) range between 18.

Table Supp .

 Supp 1 Calcium carbonate content, carbon-isotope, and calcareous nannofossils data of Zalidou samples (continued, 2/3)

Table Supp .

 Supp 

2 Calcium carbonate content, carbon-isotope, and calcareous nannofossils data of Aït Hamouch samples

(1/3) 

OSUG Collections number Sample Height (m) CaCO3 (%) δ 13 Ccarb (‰) Weight deposited (g) Preservation FOV Total Assipetra infracretacea Assipetra terebrodentarius Axopodorhabdaceae Axopodorhabdus cylindratus Axopodorhabdus dietzmannii Biscutum constans Bukrylithus ambiguus Braarudosphaera bigelowii Calcicalathina oblongata Calculites anfractus Conusphaera mexicana subsp. Mexicana Conusphaera mexicana subsp. Minor Conusphaera rothii Corollithion ellipticum Cretarhabdaceae Cretarhabdus conicus Cretarhabdus madingleyensis Cretarhabdus striatus Crucibiscutum bosunensis Crucibiscutum salebrosum Cruciellipsis cuvillieri subsp. Cuvillieri Cruciellipsis cuvillieri subsp. Grandis Cyclagelosphaera deflandrei Cyclagelosphaera lacuna Cyclagelosphaera margerelii Cyclagelosphaera rotaclypeata Diadorhombus rectus Diazomatolithus lehmanii Diazomatolithus subbeticus Diloma californica Discorhabdus ignotus Eiffellithus Eiffellithus primus Eiffellithus striatus Eiffellithus windii Ethmorhabdus hauterivianus Grantarhabdus meddii Haqius circumradiatus Haqius ellipticus Haqius peltatus Helenea Helenea conus Helenea chiastia Helenea quadrata Hemipodorhabdus gorkae Kokia borealis Lithraphidites bollii Lithraphidites carniolensis Manivitella pemmatoidea Markalius vetulus Micrantholithus hoschulzii Micrantholithus obtusus Miravetesina favula

  

	UJF-ID.18390	AH 60ibc	17.9	27	-2.3	0.00078	E2O2 150 515 11

Table Supp .

 Supp 2 Calcium carbonate content, carbon-isotope, and calcareous nannofossils data of Aït Hamouch samples (continued, 2/3)

	OSUG Collections number	Sample	Height (m)	Nannoconus	Nannoconus bermudezii	Nannoconus bonetii	Nannoconus bronnimannii	Nannoconus bucheri	Nannoconus circularis	Nannoconus compressus	Nannoconus cornuta	Nannoconus dolomiticus	Nannoconus globulus	Nannoconus globulus subsp. Globulus	Nannoconus globulus subsp. Minor	Nannoconus inornatus	Nannoconus oviformis	Nannoconus kamptneri	Nannoconus kamptneri subsp. Kamptneri	Nannoconus kamptneri subsp. Minor	Nannoconus quadratus	Nannoconus steinmannii	Nannoconus steinmannii subsp. Steinmannii	Nannoconus steinmannii subsp. Minor	Nannoconus wassallii	Nannoconus wintereri	Percivalia fenestrata	Percivalia nebulosa	Perissocyclus fenestratus	Perissocyclus plethotretus	Pickelhaube furtiva	Pickelhaube umbellatum	Polycostella senaria	Retecapsa	Retecapsa angustiforata	Retecapsa crenulata	Retecapsa octofenestrata	Retecapsa surirella	Rhabdophidites parallelus	Rhagodiscus	Rhagodiscus asper	Rhagodiscus dekaenelii	Rhagodiscus gallagheri	Rhagodiscus pseudoangustus	Rotelapillus crenulatus	Rucinolithus pinnatus	Rucinolithus wisei	Sollasites	Sollasites horticus	Sollasites lowei	Speetonia colligata	Staurolithites	Staurolithites angustus	Staurolithites crux	Staurolithites laffittei	Staurolithites mitcheneri	Staurolithites mutterlosei	Staurolithites siesseri	Staurolithites stradneri	Stradnerlithus silvaradius	Tegumentum octiformis	Tranolithus gabalus
	UJF-ID.18390	AH 60ibc	17.																																																											

Table Supp .

 Supp 2 Calcium carbonate content, carbon-isotope, and calcareous nannofossils data of Aït Hamouch samples(continued, 3/3) 

	UJF-ID.18405	AH 84 ibc	27.6	0 0 4 0 0 0 20	306 27	0	20	0	0	0	0	1	P	0	P	1	0	0	0 0 0 1	1	P	38	18
	UJF-ID.18406	AH 85 ibc	28.9	0 0 0 0 0 0 35	127	7	0	25	0	0	0	0	2	0	0	0	1	0	0	0 0 0 0	0	0	36	26
	UJF-ID.18407	AH 87 ibc	31.5	0 0 1 P 0 0 68	244 34	5	39	0	0	0	0	2	1	0	0	0	1	P	0 0 1 P	0	0	30	9
		AH 87	32.2																														
		AH 88a	32.5																														
		AH 88b	32.9																														
		AH 89	33.2																														
		AH 90a	34.5																														
		AH 90b	36																														
		AH 91	37.2																														
		AH 93	38.3																														
		AH 94	39.2																														
		AH 95	39.8																														
		AH 96	40.1																														
		AH 97	40.7																														
		AH 98a	41.5																														
		AH 98b	42.2																														
	UJF-ID.18408	AH 99	44.7	0 0 0 0 0 0 19	216	0	0	29	5	5	0	0	5	1	0	3	0	0	1	0 0 0 1	1	0	83	12
	UJF-ID.18409	AH 100a	45.4	0 0 2 0 0 0 15	160	8	0	34	11	4	0	0	3	P	2	1	1	P	1	0 0 0 0	0	0	98	12
	UJF-ID.18410	AH 100b	45.8	0 0 P 0 0 0 17	241	6	11	39	11 17 0	0	6	1	2	2	2	P	1	0 0 0 P	2	P	72	14
	UJF-ID.18411	AH 101a	47.1	0 0 1 0 0 0 20	211 10 10	30	20 20 0	0	4	0	0	7	0	1	0	0 0 0 0	0	1	51	20
		AH 101b	47.8																														
	UJF-ID.18412	AH 102a	48.6	0 P P 0 0 0	9	141	0	0	47	47	0	0	0	4	6	0	0	1	3	P	0 0 3 P	1	P	98	19
	UJF-ID.18413	AH 102b	48.																														
	OSUG Collections number	Sample	Height (m)	Tubodiscus	Tubodiscus burnettiae	Tubodiscus frankiae	Tubodiscus jurapelagicus	Tubodiscus verenae	Umbria granulosa	Watznaueria	Watznaueria barnesiae	Watznaueria fossacincta	Watznaueria biporta	Watznaueria britannica	Watznaueria communis	Watznaueria aff. manivitiae	Watznaueria manivitiae <13 microns	Watznaueria ovata	Zeugrhabdotus	Zeugrhabdotus burwellensis	Zeugrhabdotus burwellensis (<4 Microns)	Zeugrhabdotus diplogrammus	Zeugrhabdotus elegans	Zeugrhabdotus embergeri	Zeugrhabdotus erectus	Zeugrhabdotus fissus	Zeugrhabdotus noeliae	Zeugrhabdotus pseudoangustus	Zeugrhabdotus scutula	Zeugrhabdotus trivectis	Zeugrhabdotus xenotus	Zeugrhabdotus <5 microns	Unidentified
	UJF-ID.18390	AH 60ibc	17.9	0 0 1 0 0 0 18	130 27	9	27	13	0	0	4	9	4	P	5	1	0	1	1 0 0 1	0	0	47	32
	UJF-ID.18391	AH 61ibc	18.2																														
	UJF-ID.18392	AH 62ibc	18.6	0 0 0 0 0 0 48	165 43	5	21	11	0	0	0	4	1	1	P	2	1	4	0 0 0 0	0	0	31	23
	UJF-ID.18393	AH 64ibc	19	0 0 2 1 0 0 20	106 53	4	16	33	0	0	0	5	1	0	P	3	1	1	0 0 0 0	0	0	55	24
		AH 65ibc	19.4																														
	UJF-ID.18394	AH 66ibc	19.6	0 P 4 0 0 0 26	83	38 11	30	19	0	0	0	7	6	0	2	0	1	2	0 0 0 0	P	0	70	18
		AH 67ibc	20																														
	UJF-ID.18395	AH 68ibc	20.6	0 0 1 P 0 0 55	130 40 10	10	15	0	0	5	2	2	0	2	1	0	2	0 0 0 0	0	0	50	26
		AH 69ibc	20.8																														
	UJF-ID.18396	AH 71a ibc	21.5	0 0 1 P 1 0 35	158 53	4	13	4	0	0	0	5	P	0	0	0	2	4	0 0 0 0	0	0	53	24
	UJF-ID.18397	AH 72 ibc+bc	22.4	0 P 2 0 0 0 23	85	21	3	9	23	0	0	0	11	3	0	0	0	0	2	0 0 2 0	P	0 103 32
	UJF-ID.18398	AH 73ibc	22.8	0 0 1 0 0 0	0	255 28 11	45	0	0	0	0	3	1	0	0	0	1	0	0 0 0 0	0	0	27	22
	UJF-ID.18399	AH 74b ibc+bc	23.7	0 0 1 0 0 0	0	179 69	0	33	0	0	0	0	4	0	0	4	0	0	P	0 0 0 0	0	1	51	26
		AH 75a ibc	23.9																														
	UJF-ID.18400	AH 75b	24.8	0 0 1 0 1 0	0	321	6	0	12	12	0	0	0	4	P	0	0	0	P	0	0 0 0 0	0	0	29	19
	UJF-ID.18401	AH 77	25.3	0 0 2 2 1 0	0	217	5	5	55	0	0	0	0	6	2	0	0	0	1	1	0 0 1 1	0	0	57	12
		AH 78 ibc+bc	25.5																														
	UJF-ID.18402	AH 79 ibc+bc	25.9	0 0 0 2 0 0	0	316 11	5	5	0	0	0	0	4	4	0	1	0	0	1	0 0 0 2	0	0	31	11
	UJF-ID.18403	AH 80	26.2	0 0 3 1 P 0	0	156	0	4	120	0	4	0	0	5	5	0	0	0	P	1	0 0 1 0	0	0	84	18
		AH 8` ibc+bc	26.6																														
	UJF-ID.18404	AH 82 ibc+bc	26.8	0 0 3 1 0 0 28	202 42	0	33	0	0	0	0	3	1	0	0	0	0	P	0 0 0 P	0	0	36	7
		AH 83 ibc	27.1																														

Table Supp

 Supp . 3 Calcium carbonate content, carbon-isotope, and calcareous nannofossils data of DSDP Leg 50 Site 416A samples(1/3) 

	OSUG Collections number	Sample	Depth (mbsf)	CaCO3 (%)	δ 13 Ccarb (‰)	Weight deposited (g)	Preservation	FOV	Total	Assipetra infracretacea	Assipetra terebrodentarius	Axopodorhabdaceae	Axopodorhabdus cylindratus	Axopodorhabdus dietzmannii	Biscutum constans	Bukrylithus ambiguus	Braarudosphaera bigelowii	Calcicalathina oblongata	Calculites anfractus	Conusphaera mexicana subsp. Mexicana	Conusphaera mexicana subsp. Minor	Conusphaera rothii	Corollithion ellipticum	Cretarhabdaceae	Cretarhabdus conicus	Cretarhabdus madingleyensis	Cretarhabdus striatus	Crucibiscutum bosunensis	Crucibiscutum salebrosum	Cruciellipsis cuvillieri subsp. Cuvillieri	Cruciellipsis cuvillieri subsp. Grandis	Cyclagelosphaera deflandrei	Cyclagelosphaera lacuna	Cyclagelosphaera margerelii	Cyclagelosphaera rotaclypeata	Diadorhombus rectus	Diazomatolithus lehmanii	Diazomatolithus subbeticus	Diloma californica	Discorhabdus ignotus	Eiffellithus	Eiffellithus primus	Eiffellithus striatus	Eiffellithus windii	Ethmorhabdus hauterivianus	Grantarhabdus meddii	Haqius circumradiatus	Haqius ellipticus	Haqius peltatus	Helenea	Helenea conus	Helenea chiastia	Helenea quadrata	Hemipodorhabdus gorkae	Kokia borealis	Lithraphidites bollii	Lithraphidites carniolensis	Manivitella pemmatoidea	Markalius vetulus	Micrantholithus hoschulzii	Micrantholithus obtusus	Miravetesina favula
	UJF-ID.18445	8R6w 139-140	-1101.89	10.3	0.5	0.0019	E2O1	17	534	4																																																				

  Table Supp. 4 Different calculation formulae for the calcareous nannofossils quantification Absolute Abundance (AA) following the technique of Beaufort et al. (2014) modified by Menini et al. (2019) !! "#$%&'$("/*+,' ./ +.%0 = 2 × l × h 6 , × 7

	UJF-ID.18472	24R1w 4-5	-1318.64			P																	
	UJF-ID.18473	24R3w 102-103	-1322.62	0 0 1 0 0 0 25	97	24	6	13	0	1 0	7	8	11	0	2	0	3	1	0 0 5 1	0	0	76	14
	UJF-ID.18474 UJF-ID.18475	25R2w 53-54 25R4w 85-86	-1329.73 -1333.05	0 0 P 1 P 0 18 0 0 5 2 0 0 19 Indices	106 30 101 24	6 5	21 6	0 0	0 0 0 0	4 6	6 8	13 12	2 3	1 3	0 1	3 2	P 3	0 0 2 P 0 0 4 1 Equation	P 1	0 0	67 90	21 16	Variables
	UJF-ID.18476	26R1w 76-77	-1337.96	0 0 P 0 0 0 54	86	15	6	2	0	1 0	3	2	3	0	5	26	3	0	2 0 0 0	0	0	67	48
		26R2w 141-142	-1340.1																				
	UJF-ID.18477	26R3w 95-96	-1341.15	0 0 3 P 0 0 14	89	15 10	9	0	0 0	5	6	17 10	2	0	2	P	0 0 6 0	0	0	91	14
	UJF-ID.18478	26R6w 8-9	-1344.78	0 0 6 P P 0 13	112 35	8	11	0	0 0	8	12 14	3	1	1	6	P	0 0 1 1	P	0	65	14
	UJF-ID.18479	27R4w 37-38	-1351.57	0 P 3 1 P 0 21	89	41	4	6	0	0 0	6	10	9	1	2	1	2	1	0 0 5 0	0	0	95	16
	UJF-ID.18480	27Rccw 11-12	-1354.56	0 0 2 0 0 0 16	117 39	6	14	0	0 0 13	7	11	1	2	0	5	3	0 0 0 0	0	0	70	7
	UJF-ID.18481	28R4w 10-11	-1360.8	0 0 2 0 0 P	6	106 13	7	13	0	1 0	9	7	8	2	1	1	3	3	0 0 5 P	1	0 106 13
		28Rccw 7-8	-1364.77																				
		29R3w 66-67	-1369.36																				
	UJF-ID.18482	29R6w 129-130	-1374.49																				
	UJF-ID.18483	30R5w 12-13	-1381.32	0 0 1 0 0 0 43	83	15	8	4	0	4 0	0	0	2	0	0	13	2	1	0 0 0 0	0	0	72	49
	UJF-ID.18484	31R3w 7-8	-1387.67	0 0 2 0 0 0 62	79	22 10 16	0	4 2	4	1	4	0	2	7	5	1	0 0 0 0	0	0	40	63
	UJF-ID.18485	31R5w 16-17	-1390.76	P														P					
	UJF-ID.18486	32R1w 60-62	-1394.7	0 0 P P 0 0 12	101 47	4	13	0	0 0 11	7	10	0	1	0	1	1	0 0 5 3	1	1	85	17
		32R5w 3-4	-1400.13																				
		34R1w 35-36	-1407.15																				
	UJF-ID.18487	34R2w 124-125	-1409.54	0 0 0 0 0 0 58	102 27 20	8	0	3 0	2	0	2	0	0	11	1	P	0 0 0 0	0	1	41	46
		34Rccw 5-7	-1412.53																				
	UJF-ID.18488	35R2w 32-33	-1418.22	0 0 0 0 0 1 61	48	22 12	8	0	7 0	2	2	10	0	1	9	2	5	0 1 0 0	0	0	57	50
		35R3w 85-86	-1420.25																				
		36R1w 11-12	-1425.51																				
	UJF-ID.18489	36R2w 144-145	-1428.34													P	P						
		36Rccw 3-4	-1428.78																				
		37R1w 17-19	-1435.17																				
		37R2w 58-59	-1437.08																				
	UJF-ID.18490	37R4w 57-58	-1440.07	0 0 0 0 0 0 84	79	16 20	5	0	7 0	0	1	21	0	P	4	5	1	0 0 0 0	0	0	44	39
		38R2w 11-12	-1446.61																				
	UJF-ID.18491	39Rccw 17-19	-1454.21	0 0 P 0 0 1 10	132 32 13 12	0	1 0	4	6	13	0	1	0	6	2	0 0 0 0	0	0	93	18
		40R3w 75-76	-1458.25																				
		40R5w 13-14	-1460.63																				
	UJF-ID.18492	41R4w 75-76	-1469.15	0 0 0 0 0 P 12	125 24 10 10	0	P 0	6	9	10	0	P	3	1	3	0 0 9 0	0	0	94	9
	UJF-ID.18493	42R1w 97-98	-1474.27																				
		43R1w 15-17	-1482.55																				
	UJF-ID.18494	44R2w 103-104	-1494.43		P	P																	
		44Rccw 13-14	-1494.73																				
	UJF-ID.18495	45R1w 82-83	-1501.82																				
		45R3w 78-80	-1504.78																				
	UJF-ID.18496	46R1w 128-130	-1511.88																			P	P
		46R2w 127-128	-1513.37																				
	UJF-ID.18497	46R3w -43-44	-1514.03																				
		47R1w 76-77	-1520.76																				
		47R2w 107-108	-1522.57																				
		48Rccw 14-15	-1534.39																				
	UJF-ID.18498	49R1w 124-125	-1540.34																			P	
		49R3w 30-31	-1542.4																				
	UJF-ID.18499	49Rccw 10-11	-1542.5																			P	
		7-8	-1364.77	8.9	-1.8																		
		29R3w 66-67	-1369.36	27.6 -0.8																		

  Shannon and equitability diversity index of[START_REF] Shannon | The Mathematical Theory of Communication[END_REF]) C = -E(F & × GHI J [F & ])Shannon's diversity index; S: total number of species (richness); i is a given species; and Pi is the proportion of individuals of species i relative to the total number of individuals. Table Supp. 5 Trace element and isotopic results on reference material

	Gd	5,79	-7,2	6,25	0,7	6,86	-8,5	7,55	1,4		
	Tb	0,888	-5,8	0,956	1,8	0,978	-8,3	1,07	1,0		
	Dy	5,58	5,4	5,35	1,3	5,75	-0,1	5,78	0,4		
	Ho	1	1,1	0,947	-4,4	0,991	-6,5	1,05	-0,5		
	Er	2,47	-1,7	2,51	0,0	2,49	-9,1	2,67	-1,8		
	Tm	0,335	0,0	0,331	-1,2	0,322	-8,4	0,356	2,0		
	Yb	2,05	2,7	1,93	-3,3	2	-5,9	2,09	-1,3		
	Lu	0,278	0,9	0,274	-0,5	0,291	-3,1	0,306	2,0		
	Hf	4,68	4,5	4,28	-4,4	6,9	2,5	6,9	2,5		
	Ta	1,37	15,8	1,14	-1,2	2,6	7,7	2,37	-1,2		
	W	0,345	27,2	0,194	-29,4	0,428		0,349			
	Tl	0,0167	-34,1	0,0189	-18,5	0,0617	-43,3	0,0753	-17,4		
	Pb	1,47	-12,4	1,64	-0,8	3,47	-6,1	3,67	-0,3		
	Bi	0,0116	-27,6	0,00972	-52,3	0,0229		0,0113			
	Th	1,22	-0,3	1,17	-4,6	4,35	-10,1	4,68	-2,4		
	U	0,413	0,2	0,398	-3,5	1,18	-1,7	1,22	1,6		
	Isotopic ratios (measured)										
	206 Pb/ 204 Pb(m) 2σm					O = C P GHI J (6)				18,8743 0,0007	18,8727 0,0006
	207 Pb/ 204 Pb(m)									15,6215	15,6245
	2σm									0,0007	0,0006
	208 Pb/ 204 Pb(m)									38,553	38,5523
	2σm									0,0021	0,0019
	Li 87 Sr/ 86 Sr(m)	4,43	-1,6	4,51	0,2	6,47	-9,6	7,04	-0,7	0,703995	0,703983
	Sc 2σm	-	-	30,4	-4,7	-	-	25,6	-0,9	0,000012	0,000009
	V 143 Nd/ 144 Nd(m)	324	1,8	314	-1,3	267	-2,0	266	-2,4	0,512769	0,512793
	Cr 2σm	291	1,3	282	-1,8	437	0,9	431	-0,5	0,000004	0,000014
	Co	45,2	0,7	42,3	-6,1	51,8	-0,7	50	-4,3		
	Ni	127	5,7	119	-0,7	247	3,9	239	0,7		
	Cu	126	-2,6	127	-1,8	36,5	-2,7	37	-1,4		
	Zn	95,6	-8,7	99,2	-4,7	113	-1,5	105	-9,2		
	Rb	8,96	-3,4	9,23	-0,3	71,7	-13,7	79,4	-2,6		
	Sr	379	-4,0	389	-1,3	545	-12,9	597	-3,1		
	Y	24	-8,0	26,1	0,7	24,7	-20,7	28,2	-5,7		
	Zr	157	-9,0	171	-0,1	253	-18,9	287	-4,8		
	Nb	18,2	0,5	18,1	0,0	36,6	-8,1	37,8	-4,6		
	Mo	4	-1,8	3,53	-15,3	4,37		4,21			
	Cs	0,102	2,4	0,0915	-8,9	0,607	-8,4	0,594	-10,8		
	Ba	130	-0,7	130	-0,7	369	-5,5	384	-1,4		
	La	15,2	0,0	15,2	0,0	31,8	-6,2	33,3	-1,4		
	Ce	36,9	-1,7	37	-1,4	68,4	-7,7	72,4	-1,8		
	Pr	5,33	-0,2	5,31	-0,5	9,1	-5,8	9,46	-1,7		
	Nd	26,2	7,4	24,2	-0,3	41	2,7	39,3	-1,5		
	Sm	6,29	4,2	6	-0,4	8,55	2,3	8,22	-1,6		
	Eu	2,05	0,3	1,96	-4,2	2,44	-4,0	2,58	1,6		

" &MN H: Reference material BHVO-2 (dissolution 1) % difference BHVO-2 (dissolution 2) % difference BR-24 (dissolution 1) % difference BR-24 (dissolution 2) % difference AGV-2 (dissolution 1) AGV-2 (dissolution 2)

Trace elements (ppm)

Table Supp .

 Supp 6 Geochemical analyses of Zalidou samples

	Na2O Bi Pr	0.6 0.097 6.9	0.5 0.138 9.56	0.39 0.0953 8.47	0.69 0.141 9.67	-0.146 14	0.54 0.146 -	0.56 0.121 10.2	0.55 0.0506 9.96	--12.1	0.5 0.108 13.1	0.33 -3.59	0.52 0.142 7.67	0.64 0.0474 7.27	0.52 0.101 10.1	0.52 -9.42	0.33 0.128 9.88	0.34 0.22 8.22	0.37 0.163 7.86	0.39 0.145 8	0.5 0.0765 5.83	0.51 0.116 7.97	0.5 0.0884 -	0.38 0.166 -
	K2O Th Nd	2.01 8.19 26	2.29 9.08 36	2.03 6.8 30.8	2.63 8.55 34.9	-8.46 52.1	2.2 8.64 -	1.6 7.62 37.6	1.38 6.47 37.4	--44.2	2.23 7.6 48.2	1.24 -13.3	2.32 8.42 28.9	1.09 9.52 27.1	1.98 6.92 37.4	1.98 -33.7	2.41 7.19 37.8	3.54 0.391 31.3	3.1 9.36 30.3	2.46 7.98 30.4	1.54 6.25 21.9	2.09 8.34 30.3	-	1.38 6.76	2.78 24.8 -
	TiO2 U Sm	0.88 3.04 5.08	0.79 3.28 7	0.59 2.62 5.75	0.74 2.82 6.68	-2.92 9.77	0.85 3.22 -	0.75 2.61 7.25	0.71 2.47 7.16	--8.24	0.73 2.57 8.85	0.46 -2.53	0.75 3.17 5.39	0.63 2.45 5.4	0.65 2.95 7.03	0.66 -6.09	0.57 3.17 7.33	0.77 2.63 6.37	0.73 2.53 6.25	0.61 2.48 5.57	0.66 2.5 4.22	0.81 3.3 6.22	-	0.63 3.23	0.75 3.08 -
	P2O5 Isotopic ratios (measured) Eu	<D.L. 1.12	<D.L. 1.52	<D.L. 1.13	0.14 1.39	-	2	0.15 -	0.13 1.47	0.11 1.5	-1.66	0.17 1.79	0.23 0.531	0.14 1.17	<D.L. 1.2	<D.L. 1.48	<D.L. 1.28	<D.L. 1.64	0.11 1.39	0.16 1.36	0.11 1.2	<D.L. 0.962	0.11 1.35	-	0.1	0.11 -
	206 Pb/ 204 Pb(m) Gd	18.8263 4.86	18.7775 6.06	18.7347 4.54	18.7927 5.23	-7.8	18.7895 -	19.0306 6.02	18.8952 6.06	18.8786 6.39	18.8602 7.28	18.8011 2	18.8176 4.74	18.9343 4.89	18.8023 5.62	-5.11	18.7345 6.37	18.8502 5.96	18.7717 5.81	18.8463 4.65	18.9767 3.89	18.906 5.71	18.8545 -	18.8682 -
	LOI	14.52	16.33	24.04	18.92	-		14.05	15.38	15.36	-	17.91	27.2	12.95	16.22	20.00	19.11	22.28	16.34	17.62	21.15	19.55	15.27	18.08	17.89
	Total 2σm Tb	100.11 0.0007 0.717	99.89 0.0009 0.905	99.93 0.0007 0.678	100.48 0.0009 0.776	--1.14	99.96 0.0007 -	99.86 0.0009 0.891	99.76 0.0007 0.915	-0.0008 0.971	99.65 0.0007 1.07	99.23 0.0007 0.299	99.41 0.0009 0.757	98.95 0.0009 0.714	99.61 0.0007 0.847	98.55 -0.757	98.96 0.0008 0.947	99.89 0.0008 0.876	99.82 0.0009 0.869	99.9 0.0008 0.697	99.01 0.0008 0.619	99.67 0.0007 0.825	99.25 0.0008 -	99.7 0.0008 -
	CIA 207 Pb/ 204 Pb(m) Dy	67.3 15.689 4.34	70.3 15.6845 5.34	70.8 15.6835 3.89	68.7 15.6882 4.52	--6.39	69.3 15.6882 -	66.2 15.7068 5.23	64.3 15.6964 5.29	-15.6954 5.51	69.9 15.6933 6.36	68.2 15.6863 1.69	70.5 15.6933 4.57	60.2 15.7006 4.04	68.4 15.6893 4.9	68.8 -4.27	74.3 15.6871 5.47	76.2 15.7008 5.08	74.0 15.6891 4.99	71.5 15.6925 4.06	66.8 15.703 3.52	70.0 15.6977 4.89	65 15.6938 -	73.7 15.6943 -
	Trace elements (ppm) 2σm Ho	0.0007 0.843	0.0008 1	0.0007 0.765	0.0008 0.881	-1.28	0.0007 -	0.0008 1.01	0.0007 1.01	0.0007 1.09	0.0008 1.27	0.0007 0.33	0.0008 0.903	0.0008 0.799	0.0007 0.916	-0.855	0.0008 1.05	0.0008 0.965	0.0009 0.977	0.0008 0.794	0.0008 0.714	0.0007 0.902	0.0008 -	0.0007 -
	Li Er	37 2.45	48.5 2.85	40.3 2.24	51.3 2.55	53.3 3.73	42.1 -	29.5 2.85	26.3 2.84	-3.15	43 3.74	-0.935	45.7 2.61	22.3 2.28	38.2 2.71	-2.58	55.4 3.03	68.5 2.66	62.7 2.64	49.5 2.25	32.1 1.98	43.7 2.44	-	28.7	-	104
	Sc Tm V Major elements (wt %) Yb Cr SiO2 Lu	-0.339 77 2.33 88.1 38.4 0.339	-0.421 93.9 2.73 91.5 39.95 0.428	-0.335 74.6 2.26 76.9 47.62 0.358	-0.398 96.7 2.6 86.2 48.49 0.373	-0.536 101 3.58 88.3 46.77 0.541	-83.1 --87 --	-0.404 60.1 2.75 70.4 44.02 0.406	-0.407 48.5 2.84 57.4 -0.423	-0.475 -3.18 -46.5 0.473	-0.581 80.1 3.9 80.8 48.03 0.616	-0.143 -0.866 -40.58 0.133	-0.384 80.3 2.48 72.9 51.83 0.375	-0.316 35.5 2.06 47.7 38.8 0.314	-0.386 62.3 2.56 71 -0.391	-0.384 -2.5 -49.57 0.36	-0.432 88.2 2.76 78 41 0.434	-0.388 143 2.53 82.8 41.4 0.375	-0.375 99.2 2.42 91.6 -0.361	-0.334 79.5 2.19 75.5 40.14 0.336	-0.276 54.8 1.8 62 26.64 0.246	-0.347 74.9 2.16 77.7 27.57 0.328	----	-51.6 61.7	----	-109 124
	Co Al2O3 Hf	6 9.68 4.61	13.8 12.5 4.02	8.11 18.05 3.85	10.6 19.65 3.82	11.2 19.99 3.59	9.08 --	6.18 17.16 3.86	5.08 -3.79	-18.96 3.57	8.64 18.79 3.88	-16.47 3.26	5.96 14.73 5.46	3.58 15.41 3.47	7.52 -3.88	-20.36 3.86	7.9 14.03 3.32	9.62 14.16 3.86	10.1 -3.79	9.17 15.67 3.41	5.45 9.28 2.57	4.42 10.27 2.31	--	5.08	7.16 --
	Ni Fe2O3 Ta	36.8 4.04 0.741	51.3 4.96 0.836	38.5 6.33 1.07	39 6.18 1.15	40.4 6.32 1.06	39.7 --	22 7.24 1.07	25.1 -1.07	-7.28 1.08	39.8 6.76 1.07	-5.28 0.94	33.2 5.23 1.14	19.8 5.44 0.918	39.5 -1.07	-6.48 1.13	43.7 5.75 0.859	46.5 5.54 0.901	44 -0.862	39.1 5.94 0.935	27.8 4.06 0.596	27.6 4.26 0.631	--	27.8	42.9 --
	Cu MnO W	15 0.069 0.926	30 0.058 1.03	14.6 0.05 1.34	17.6 0.032 1.45	18.5 0.034 1.41	20.2 --	12.5 0.067 1.34	13.9 -1.31	-0.036 1.36	20 0.052 1.34	-0.052 1.21	14.3 0.047 1.39	10.7 0.051 1.19	16.9 -1.32	-0.028 1.4	14.9 0.041 1.09	24.9 0.049 1.14	21.4 -1.07	23.5 0.047 1.17	15.2 0.083 0.762	14.6 0.067 0.809	--	10.3	25.2 --
	Zn MgO Tl	95.9 1.83 0.498	190 2.16 0.658	119 2.4 0.834	50.6 2.75 0.983	51.3 2.59 1.13	52.2 --	44.2 2.85 1	125 -1.05	-2.65 1.27	87.7 2.71 0.947	-2.36 0.879	55.4 2.41 0.81	19.5 2.39 0.965	28.2 -1.01	-2.79 0.971	41.3 2.26 1.26	64.4 2.36 0.775	98.1 -0.784	61.5 2.48 0.946	35.7 1.94 0.555	45.6 1.92 0.528	--	27.5	--	292
	Rb CaO Pb	58.9 19.28 11.2	75.8 14.98 12.9	64.3 4.99 19.3	78.1 3.25 19.3	72.7 4.24 19.5	67.1 --	48.2 7.06 18.2	37.7 -19.1	-3.94 20.7	66.1 3.91 19.6	-11.28 13.9	68.7 7.38 13.9	33.1 12.47 14.6	60.6 -15.9	-2.19 18.6	75.2 12.69 19.4	42.9 12.35 17.9	88.8 -17.9	77.4 11.59 13.5	47.1 26.53 12.6	63.9 24.64 11.5	--	42.3	--	187
	Sr Na2O Bi	251 0.88 0.152	330 0.97 0.166	390 1.06 0.274	279 1.17 0.418	269 1.03 0.329	284 --	208 0.91 0.259	176 -0.224	-1.16 0.363	282 1.17 0.311	-0.92 0.279	241 0.98 0.236	197 0.93 0.203	337 -0.293	-1.03 0.322	483 1.09 0.238	160 1.11 0.255	321 -0.229	444 0.91 0.218	265 0.66 0.146	253 0.72 0.17	--	256	--	578
	Y K2O Th	22 2.09 7.64	25 2.67 9.25	17.6 3.39 10.9	20.9 3.91 13.3	19.9 3.76 18.4	24.7 --	26 3.31 12	20.7 -12.1	-3.71 16	21.5 3.64 19.7	-3.18 3.94	21 2.71 10.1	34.2 3.05 7.25	20.3 -12.5	-3.89 11.9	17 2.87 9.92	0.937 2.91 8.41	23.1 -7.78	18.8 3 8.96	21.5 1.91 6.22	25.1 2.09 6.93	--	23	57.6 --
	Zr TiO2 U	375 0.58 2.34	329 0.65 2.19	182 0.82 2.08	222 0.83 2.06	228 0.83 2.04	384 --	405 0.87 2.61	378 -2.68	-0.81 2.12	267 0.83 2.07	-0.72 2.44	376 0.94 2.21	532 0.71 2.46	245 -2.2	-0.93 1.8	156 0.65 2.17	130 0.67 2.61	168 -2.56	193 0.74 2.41	288 0.45 1.85	325 0.47 1.95	--	361	--	422
	Nb Isotopic ratios (measured) Mo P2O5 206 Pb/ 204 Pb(m) Cs LOI 2σm Ba CIA Total 207 Pb/ 204 Pb(m)	14.6 1.88 <D.L. 18.9846 3.41 22.73 0.0006 155 65.2 99.57 15.7017	14.4 2.08 0.1 18.912 4.9 21.06 0.0006 184 67.3 100.04 15.6962	10.6 1.53 0.11 18.8814 4.33 15 0.0007 150 71.6 99.82 15.6964	12.9 1.92 0.11 18.8891 5.16 13.16 0.0006 191 70.9 99.51 15.7116	13.5 2.02 0.1 18.804 4.54 14.3 0.0006 193 72.8 99.97 15.699	14.7 1.77 -18.8044 4.01 -0.0006 212 --15.6987	13.6 0.521 0.11 18.9043 2.66 16.44 0.0006 183 72.3 100.04 15.6952	11.6 1.57 --2.01 --129 ---	--<D.L. 18.8734 -14.35 0.0008 -70.8 99.37 15.7036	12.9 1.28 0.1 18.8554 3.94 13.32 0.0006 193 70.6 99.31 15.7012	--0.11 18.7924 -18.34 0.0006 -71.8 99.28 15.6922	12.7 0.904 0.11 18.863 4.31 13.93 0.0007 200 70.5 100.29 15.696	11.1 1.65 0.12 18.8421 1.98 19.77 0.0008 122 70.8 99.13 15.6999	12.1 1.19 -18.7521 3.81 -0.0006 149 --15.6908	--0.12 18.7297 -12.76 0.0007 -72.8 100.15 15.6858	11.1 1.31 0.1 18.8741 5.25 19.06 0.0006 169 67.7 99.53 15.7003	15.5 0.338 0.12 18.9135 2.61 18.54 0.0007 98 67.6 99.19 15.7012	13 0.459 --5.93 --196 ---	11.8 0.97 <D.L. 18.7858 4.97 19.19 0.0007 167 71.5 99.7 15.6858	12.4 0.775 0.13 18.9214 2.9 27.88 0.0008 128 68.6 99.57 15.6948	14.4 1.08 0.1 18.8635 3.97 27.24 0.0007 165 68.9 99.34 15.6951	11.7 2.01 18.7956 -2.38 -0.001 172 --15.6911	14.8 -19.0035 1.01 -0.0007 14.9 -236 -15.6936
	La Trace elements (ppm) 2σm	24.5 0.0006	30 0.0005	22.8 0.0006	29.8 0.0006	29.6 0.0007	26.1 0.0006	21.6 0.0005	18.6 -	-0.0007	25.9 0.0006	-0.0006	26.7 0.0006	18.3 0.0006	22.6 0.0006	-0.0006	28.2 0.0006	6.18 0.0006	33.7 -	26.5 0.0007	19.9 0.0008	27 0.0006	20.4 0.0009	73.7 0.0007
	Ce Li 208 Pb/ 204 Pb(m)	46.7 52.2 38.9861	58.2 82.4 38.9961	42.6 105 38.9694	57.9 102 39.1141	58.3 112 39.0457	51.8 -39.0443	41.8 97.5 38.9875	36.2 101 -	-103 39.0756	49.7 97.4 39.0406	-91.9 39.0088	53.7 86 38.9971	35.2 101 39.0401	42.9 112 39.0015	-103 38.9296	53.2 88.9 39.0126	25.3 74.9 39.0177	59.5 86.1 -	50.4 108 38.9732	37.9 48.8 38.95	51.8 57.4 39.0334	39.3 38.9884 -	98.7 -38.8886
	Pr Sc 2σm	5.8 11.5 0.0019	7.22 17.3 0.0017	5.51 15.8 0.0019	7.11 18.3 0.0016	7.18 23.2 0.0019	6.38 -0.0018	5.23 17 0.0018	4.55 17.1 -	-20.5 0.0021	6.2 24.1 0.0018	-9.22 0.0016	6.3 14.3 0.002	4.58 16.5 0.0017	5.32 18.8 0.0017	-15.4 0.0019	6.6 19.7 0.0016	1.56 15.5 0.0018	7.84 16 -	6.23 16.6 0.0019	4.74 9.36 0.0023	6.28 11 0.0019	4.86 0.003 -	16.3 -0.002
	Nd V 87 Sr/ 86 Sr(m)	24.1 75.7 0.70964 0.710533 0.713292 0.714576 0.714095 0.714036 0.712358 29.2 22.1 28.7 29.3 25.4 22.4 96 134 146 150 -150	19.3 153 -	-142 0.714679 0.714772 0.711396 0.713084 0.711771 0.713876 0.715408 0.711687 0.71213 24.9 -24.9 20.3 21.9 -26.2 5.88 137 136 136 134 158 148 109 112	32.8 111 -	24.9 130 0.711713 0.709172 0.709513 19.7 24.9 76 83.9	--	20.1	63.5 --
	Sm Cr 2σm	4.55 63.7 0.00001	5.58 90.1 0.00001	4.4 95.2 0.00001 0.000007 0.000009 0.000009 0.000008 5.08 4.99 4.82 4.7 108 107 -110	4.01 110 -	-103 0.00001 0.000008 0.000011 0.000007 0.00001 4.7 -4.6 4.56 104 74.7 96.1 89.9	4.34 114 0.00001 0.000008 0.000009 0.000009 -4.91 0.756 102 90.3 79	6 79.2 -	4.57 93.7 0.000008 0.000009 0.00001 3.9 4.46 56.8 63	--	4.04	11.4 --
	Eu Co	0.893 9.86	1.11 12	0.857 13.5	1 15.7	0.953 17.6	0.98 -	0.927 18.2	0.783 18.6	-17.2	0.983 17	-13	0.866 13.6	1.01 15.1	0.877 12.6	-12.8	0.909 16.3	0.109 15.2	1.16 15.2	0.951 13.6	0.8 10.7	0.915 9.63	0.844 -	2.33 -
	Sample Gd Tb Ni Cu Dy Zn	Za 25a 3.87 0.636 33.6 30.3 4.21 63	Za 27a 4.46 0.738 40.3 37.5 5.01 83.5	Za 29a 3.32 0.55 47.5 27.9 3.48 84.7	Za 32b 3.82 0.617 48.1 39.1 4.14 90.4	Za 32b 3.86 (dup) 0.612 52.4 33.4 4.03 89.2	Za 34a 4.13 0.695 --4.86 -	Za 36a 4.39 0.729 65 33.4 5.13 87.6	Za 38c 3.44 0.582 66.7 34.1 3.91 86.8	Za 38c --58.1 (dup) 33.7 -327	Za 39b 3.85 0.669 52.3 34.3 4.1 85.9	Za 39e --42.7 35.8 -63.4	Za 41d 3.54 0.598 46.5 26.4 4.07 79.4	Za 43d 4.58 0.848 49.5 42.9 5.65 70.4	Za 45d 3.45 0.603 46.8 31.2 3.94 85.4	(dup) 45.3 --28.5 Za 45d -82.8	Za 48b 3.4 0.524 53.4 39.6 3.31 202	Za 51b 0.393 0.0547 40.3 42.2 0.379 83.1	Za 51h 4.78 0.747 40.7 41.9 4.63 94.9	Za 51o 3.68 0.594 47.7 30.9 3.83 93.5	Za 52c 3.64 0.597 32 31.2 3.93 60.2	Za 54a 3.9 0.702 29 33.3 4.74 62.1	Za 54d 3.65 0.645 --4.27 -	Za 56a 9.12 1.49 --9.72 -
	Height (m) Ho Rb	9.4 0.845 82.3	11.2 0.985 108	13.4 0.664 121	15.55 0.792 152	0.757 140	16.25 0.971 -	17 1.02 115	17.95 0.783 120	-140	18.5 0.811 143	19.2 -116	21.25 0.812 91.1	23.4 1.13 125	25.05 0.783 141	-126	26.8 0.671 118	28.95 0.0599 123	30.75 0.898 124	32.8 0.718 110	34.7 0.818 79.3	36.75 0.947 86.1	38.6 0.839 -	40.6 2.03 -
	CaCO3 (%) Er Sr	35.7 2.58 541	34.7 2.8 513	58.8 1.96 339	40.7 2.27 302	2.27 361	31.1 2.84 -	39.8 2.81 384	29 2.27 397	-310	40.1 2.37 326	63 -404	21.1 2.34 300	42.9 3.27 406	37.5 2.19 346	-234	40.8 1.89 429	32.6 0.186 370	36.4 2.49 372	46.2 2.14 437	46.2 2.28 648	50.5 2.78 582	-	44.4 2.52	36 6.06 -
	Major elements (wt %) Tm Y	0.394 24.8	0.436 29.2	0.291 20.9	0.349 23.8	0.333 34	0.417 -	0.429 28.1	0.353 27.5	-29.2	0.353 35.4	-9.28	0.353 25.5	0.49 22.2	0.334 25.7	-23.7	0.278 30.3	0.0243 27.4	0.372 27.2	0.301 22.6	0.34 22.2	0.423 27	0.357 -	0.959 -
	SiO2 Yb Zr	54.53 2.7 179	48.34 2.97 151	34.04 1.93 143	43.85 2.4 140	-2.28 128	54.9 2.82 -	55.05 2.78 143	55.29 2.4 143	--127	46 2.42 139	30.39 -119	57.36 2.44 201	54.59 3.53 125	45.30 2.24 133	45.22 -136	35.39 1.89 122	44.56 0.154 141	43.79 2.58 138	40.11 2.13 124	46.52 2.44 94.6	53.4 2.94 88.4	-	50.3 2.56	44.92 6.7 -
	Al2O3 Lu Nb	8.54 0.412 11	9.77 0.454 12.3	8.42 0.278 15.5	11.24 0.362 16.6	-0.319 15.6	9.39 0.445 -	7 0.457 16.1	5.96 0.383 15.9	--15.5	9.43 0.387 15.8	5.2 -13.8	10.08 0.396 16.8	4.98 0.551 13.8	8.34 0.332 16	8.34 -16.6	10.7 0.284 12.5	15.78 0.0154 13.3	12.99 0.388 12.9	9.88 0.332 13.8	6.66 0.352 8.66	9.19 0.434 9.06	5.82 0.386 -	11.95 1.03 -
	Fe2O3 Hf Mo Ta Cs	3.26 10.8 0.273 1.08 4.59	5.16 9.85 0.262 1.1 6.39	2.97 5.39 0.451 0.801 7.89	4.21 6.57 0.394 0.969 8.94	-6.65 0.614 1.03 8.76	4.15 11.1 -1.13 -	2.65 11.8 0.572 1.02 7.87	3.21 11 0.579 0.878 7.74	--1.28 -8.65	4.16 7.89 0.414 0.978 8.24	2.47 -0.446 -7.46	3.79 11.1 0.506 0.991 6.23	1.92 16.3 0.462 0.858 7.52	2.94 7.21 0.54 0.96 8.88	2.92 -0.801 -7.92	3.45 4.42 1.94 0.874 6.34	4.35 3.24 0.439 1.2 6.71	4.4 5.19 0.421 0.976 6.6	3.57 5.72 0.41 0.911 7.09	2.48 8.32 0.283 0.919 4.34	3.14 9.56 0.254 1.11 4.85	2.71 10.6 0.893 --	14.6 -4.24 1.22 -
	MnO W Ba	0.016 0.999 235	0.022 1.07 289	0.019 0.903 305	0.022 1.08 398	-0.996 392	0.016 1.2 -	0.022 0.993 290	0.026 0.86 308	--375	0.022 1 405	0.02 -218	0.016 1.14 246	0.017 0.861 274	0.017 0.894 343	0.017 -291	0.018 0.96 331	0.017 1.27 315	0.022 1.06 314	0.023 1.08 258	0.019 0.884 193	0.02 1.34 204	0.028 0.835 -	0.02 1.37 -
	MgO Tl La	1.28 0.433 28.4	1.85 0.622 39.8	1.51 0.457 36.9	2.74 0.52 40.5	-0.564 58.1	1.74 0.527 -	1.71 0.335 42.9	2.21 0.239 42.2	--50.8	2.47 0.49 55.6	1.07 -15.8	1.89 0.478 33.2	1.17 0.221 30.7	1.31 0.531 43.3	1.30 -39.7	1.57 0.628 40.5	2.09 0.698 32.2	2.01 0.576 31.8	1.78 0.477 34.6	1.45 0.305 25.1	2.71 0.368 31.1	2.73 0.288 -	2.85 0.742 -
	CaO Pb Ce	14.48 21.1 57.3	14.83 24.5 67.6	25.92 22 72.1	15.3 20.3 76.4	-21.1 87.9	11.98 25.9 -	15.02 12.4 81.6	14.96 14.8 81.5	--81.8	16.04 15 78.8	30.63 -53.8	9.6 21.1 63	17.7 14.4 69.9	18.55 19.6 84.6	18.47 -72.1	22.23 22.8 74.8	11.99 7.06 71.6	14.64 16.8 70.3	19.84 13.5 70.5	19.62 11.5 49.4	12.43 17.1 67.5	16.98 17.9 -	13.81 16.9 -

Table Supp.1 Calcium carbonate content, carbon-isotope, and calcareous nannofossils data of Zalidou samples (continued, 3/3)

Pb/ 204 Pb(m) 38.8512

Nd/

Nd(m) 
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Appendix 4.A -Taxonomic list of ammonites

The systematic arrangement proposed by [START_REF] Klein | Lower Cretaceous Ammonites I, Perisphinctaceae 1: Himalayitidae, Olcostephanidae, Holcodiscidae, Neocomitidae, Oosterellidae[END_REF] and [START_REF] Klein | Lower Cretaceous Ammonites III. Bochianitoidea, Protancyloceratoidea, Ancyloceratoidea, Ptychoceratoidea[END_REF][START_REF] Klein | Lower Cretaceous Ammonites IV. Boreophylloceratoidea, Phylloceratoidea, Lytoceratoidea, Tetragonitoidea, Haploceratoidea including the Upper Cretaceous representatives[END_REF] was broadly followed here; exceptions are indicated with some short comments.

Perisphinctoidea STEINMANN Neocomitidae SALFELD Consequently, the base of the S. verrucosum StZ is placed at the FO of Karakaschiceras pronecostatum (Za40), that is the index-species of the second subzone of the S. verrucosum StZ. This zone is not clearly recognized at Aït Hamouch. The assemblage of Valanginites nucleus, K. pronecostatum, Rodighieroites lamberti, Rodighieroites belimelensis, and Neohoploceras karakaschi could allow to date the bed AH89 as S. verrucosum StZ, possibly to the K. pronecostatum StSz. However, in this bed, Neocomites peregrinus is also recorded; it is the index species of the N. peregrinus StZ. This could be interpreted as a result of a condensed lithology or a misidentification of specimens of N. peregrinus sampled in this layer. At Zalidou, the base of the N. peregrinus StZ is placed at layer Za41, where the index-species occurs. In this section, the Olcostephanus nicklesi StSz is identified by the occurrence of the genus Himantoceras (Za46). Indeed, these heteromorphs are known in the basal part of this subzone [START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF][START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonite zonation of south-eastern France[END_REF][START_REF] Wippich | Die tiefe Unter-Kreide (Berrias bis Unter-Hauterive) im südwestmarokkanischen Becken: Ammonitenfauna, Bio-und Sequenzstrati-graphie[END_REF][START_REF] Wippich | Valanginian (Early Cretaceous) ammonite faunas from the western High Atlas, Morocco, and the recognition of western Mediterranean "standard" zones[END_REF][START_REF] Ettachfini | Les ammonites néocomiennes dans l'Atlas Atlantique (Maroc) : Biostratigraphie, Paléontologie, Paléobiogéographie et Paléoécologie[END_REF]. The O. nicklesi StSz was not recognized at Aït Hamouch. The base of the Criosarasinella furcillata StZ is defined by the FAD of the index species, but it can be identified by the FO of Criosarasinella [START_REF] Reboulet | L'évolution des ammonites du Valanginien-Hauterivien inférieur du bassin vocontien et de la plate-forme provençale (S-E de la France): relations avec la stratigraphie séquentielle et implications biostratigraphiques[END_REF][START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonite zonation of south-eastern France[END_REF], as observed at Aït Hamouch (AH96) and Zalidou (Za52d). This stratigraphic interval is also well characterized by the occurrence of Tescheniceras. The Tescheniceras callidiscum StSz was only identified at Aït Hamouch (AH102 and ATH15). The base of the Acanthodiscus radiatus StZ, and thus the base of the Hauterivian, is placed at the FO of Acanthodiscus radiatus and that of Breistrofferella castellanensis at Aït Hamouch (AH103) and Zalidou (Za56), respectively. In both sections, the occurrences of Tescheniceras flucticulum and/or Tescheniceras pachydicranum allow to characterize the zone.

Summary of the upper Berriasian-lower Hauterivian sedimentary evolution of the EAB

Geological sections indicated in "bold" font hereafter, correspond to sections that have been investigated for calcarous nannofossils in the present study. Detailed analysis allowed the 2008). In the Vocontian Basin (SE France), a more complicated decline was observed, such that a first decline was recorded from the NK3A to lower NK3B calcareous nannofossil subzones, followed by a brief recovery, then by another decline from the upper NK3B Subzone to NC4

Zone [START_REF] Barbarin | Evidence for a complex Valanginian nannoconid decline in the Vocontian basin (South East France)[END_REF]). In the central Moroccan margin, the nannoconid decline similarly starts prior to the CI positive-shift; and is generally recorded from the NK3A to lower NK3B subzones (CC3b to lower CC4a subzones). Several authors interpreted the decline to be due to enhanced continental-clastic influx and increased nannoplankton primary productivity, and possibly under higher oceanic pCO2 levels [START_REF] Erba | Nannofossil carbonate fluxes during the Early Cretaceous: Phytoplankton response to nutrification episodes, atmospheric CO 2 , and anoxia[END_REF][START_REF] Barbarin | Evidence for a complex Valanginian nannoconid decline in the Vocontian basin (South East France)[END_REF][START_REF] Duchamp-Alphonse | Calcareous nannofossil response to the Weissert episode (Early Cretaceous): Implications for palaeoecological and palaeoceanographic reconstructions[END_REF]. Increasing surface-water fertility induces the breakdown of the water-column stratification, and then the decrease in the nannoconid population. Various authors proposed that the distribution of narrow-canal versus intermediate and wide-canal

Nannoconus is controlled by fluctuations in nutricline dynamics. In particular, a nutricline rise from the lower to the upper photic zone would lead to the decrease in the narrow-canal forms, interpreted as deep-dweller under stratified waters [START_REF] Erba | Nannofossils and superplumes: The Early Aptian "nannoconid crisis[END_REF][START_REF] Erba | Calcareous nannofossils and Mesozoic oceanic anoxic events[END_REF][START_REF] Duchamp-Alphonse | Calcareous nannofossil response to the Weissert episode (Early Cretaceous): Implications for palaeoecological and palaeoceanographic reconstructions[END_REF]. Since different habitats within the photic zone seems plausible for the big calcifiers nannoconids, a deep-dwelling behaviour for N. steinmannii can be challenged in this study (see above), confirming the hypothesis of [START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by calcareous nannoplankton in the Vocontian Basin[END_REF]. Furthermore, in the Vocontian Basin, high proportions of narrow-canal forms (mainly represented by N. steinmannii) are correlated with high coccolith abundances (NK3B to lower NC4A calcareous nannofossil subzones; Angles section; [START_REF] Duchamp-Alphonse | Fertilization of the northwestern Tethys (Vocontian basin, SE France) during the Valanginian carbon isotope perturbation: Evidence from calcareous nannofossils and trace element data[END_REF], 2014), and the highest proportion of narrow-canal nannoconids are recorded within the Weissert Event in the composite section of Vergol/La Charce, when the values of nannofossil fluxes are the highest [START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Barbarin | Evidence for a complex Valanginian nannoconid decline in the Vocontian basin (South East France)[END_REF]). In the central Moroccan margin, the nannoconid decline was probably caused by a sea-level fall that gave rise to higher turbidity in the surface-waters, which probably attenuated light penetration reducing the photic zone and the development of the total Supplementary: 

Chapter 8 Conclusions and perspectives

Chapter 8

discriminate any volcanic isotopic signature from the natural isotopic signature of the Valanginian oceans and marine sediments. 476 18 0 1 0 0 76 1 0 0 0 0 0 P 0 5 0 0 1 0 0 0 0 0 0 10 1 0 24 6 0 13 0 0 0 0 0 0 0 0 0 2 0 4 4 0 0 0 0 0 P 2 0 UJF-ID.18484 31R3w 7-8 -1387.67 44.1 -0.5 0.0006 E2O3 18 539 11 0 2 2 0 66 0 0 0 0 0 0 0 0 14 0 0 0 0 0 3 0 0 0 20 1 0 23 14 0 12 0 1 0 0 0 0 0 0 0 0 0 4 3 0 0 0 0 0 0 P 0 55 0 0 0 8 0 0 1 0 12 0 0 0 0 P 7 0 0 0 13 0 0 21 17 0 16 0 1 0 0 1 1 0 0 P 1 0 0 P 1 0 0 0 0 0 0 0 32R5w 3-4 -1400.13 8 -4.9 34R1w 35-36 -1407.15 11.2 -1.6 UJF-ID.18487 34R2w 124-125 -1409.54 41.9 0.5 0.0005 E2O1 56 478 7 0 1 0 0 80 0 0 0 0 P 0 0 0 7 0 0 0 0 0 P 0 1 0 18 0 0 4 4 0 12 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 0 0 11 0 34Rccw 5- 0 0 66 0 0 0 0 0 0 0 0 11 0 0 0 0 0 5 0 0 0 20 0 0 19 5 0 26 1 0 0 0 0 0 0 0 0 0 0 6 1 3 0 0 0 0 0 10 2 35R3w 85- [START_REF] Müller | The "Karbonat-Bombe", a simple device for the determination of carbonate content in sediment, soils, and other materials[END_REF]. CIA: Chemical Index of Alteration, defined as the molar ratio of [Al2O3/(Al2O3+CaO*+Na2O+K2O)]×100, with CaO* representing CaO in silicate minerals only. Measured strontium and neodymium isotope ratios were normalized to 86 Sr/ 88 Sr = 0.1194 and 146 Nd/ 144 Nd = 0.7219 [START_REF] O'nions | Geochemical and cosmochemical applications of Nd isotope analysis[END_REF]. For lead measurements, the samples were spiked with thallium (5 ppb) and normalized to 205 Tl/ 203 Tl: 2.38714 [START_REF] White | High-precision analysis of Pb isotope ratios by multi-collector ICP-MS[END_REF]. Initial isotope ratios for Pb and Sr were calculated at 135 Ma, using the decay constants and the half-life of parent/daughter decay systems from [START_REF] Villa | IUPAC-IUGS recommendation on the half life of 87Rb[END_REF] for Rb-Sr, and [START_REF] Jaffey | Precision measurement of half-lives and specific activities of U235 and U238[END_REF] and Le [START_REF] Roux | Half-life of 232Th[END_REF] for U-Th-Pb. εNd was calculated using the CHUR value 0.51263 by [START_REF] Bouvier | The Lu-Hf and Sm-Nd isotopic composition of CHUR: Constraints from unequilibrated chondrites and implications for the bulk composition of terrestrial planets[END_REF].
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Complete duplicate analyses of samples reproduce within 5 % for most of trace elements. The measured isotopic ratios on complete duplicate samples show excellent reproducibility. For results validation using reference material see Table Supp Major elements (wt %) Major elements (wt %)