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Synchrony of carbon cycle fluctuations, volcanism and orbital forcing during the Early Cretaceous

Episodes of Environmental Change (EECs) were times of accelerated hydrological cycle that punctuated the Early Cretaceous. Uncertainties in the geologic time scales however preclude full understanding of the onset, unfolding, and termination of EECs. Here, we reanalyze the hemipelagic sedimentary series from France and Spain from the Valanginian to the Barremian to provide a comprehensive and accurate time scale of the Valanginian-Barremian interval based on the stable 405-kyr eccentricity cycle. According to our astrochonologic framework, the Weissert Event started 134.56 ± 0.19 Ma, in perfect synchronicity with the peak of volcanic activity of the Paraná-Etendeka Large Igneous Province. On average, EECs show a pacing of 2.40 Myr from the Valanginian to the Barremian, in phase with detrital supply and carbon isotope variations from marine carbonates. Long eccentricity cycles were hence key parameters in the regulation of climate and carbon cycles in the Early Cretaceous through changes in the detrital and nutrient supply, oceanic fertilization, organic carbon storage and global sea level. A long obliquity forcing, at 1.2 Myr, is also observed through the studied interval in both the detrital and carbon-isotope ratios series, allowing the identification of long isotopic stages in the Early Cretaceous. Our study highlights a positive correlation between continental runoff and sea-level change, suggesting that glacio-eustasy, and not aquifer-eustasy, was the main driver of global-sea level fluctuations during the Early Cretaceous. We also demonstrate that the humid peak related to the Weissert Event is driven by the pacing of the long orbital cycles despite the emplacement of the Paraná-Etendeka province. Nevertheless, in comparison to other EECs of the Valanginian-Barremian, the Weissert Event appears as a singularly long event with stronger impact on climate and marine ecosystems compared to other EECs. We posit that this is a consequence of the concomitant effect of the emplacement of the Paraná-Etendeka province and the long orbital cycles.

Introduction

Dramatic Episodes of Environmental Changes (EECs) punctuated the Early Cretaceous period (Föllmi, 2012). According to Föllmi (2012), these EECs occurred at time of reinforced greenhouse climatic conditions, when an accelerated hydrological cycle led to higher levels of continental weathering, increase of primary productivity, and high amounts of organic carbon storage [START_REF] Weissert | Correlation of Early Cretaceous carbon isotope stratigraphy and platform drowning events: a possible link? Palaeogeography[END_REF][START_REF] Bodin | Early Cretaceous (late Berriasian to early Aptian) palaeoceanographic change along the northwestern Tethyan margin (Vocontian Trough, southeastern France): δ 13 C, δ 18 O and Sr-isotope belemnite and whole-rock records[END_REF]Föllmi, 2012;[START_REF] Stein | J o u r n a l P r e -p r o o f Journal Pre-proof Late Barremian-Early Aptian palaeoenvironmental change: The Cassis-La Bédoule section, southeast France[END_REF][START_REF] Aguado | Late Hauterivian-early Barremian calcareous nannofossil biostratigraphy, palaeoceanography, and stable isotope record in the Subbetic domain (southern Spain)[END_REF][START_REF] Duchamp-Alphonse | Calcareous nannofossil response to the Weissert episode (Early Cretaceous): Implications for palaeoecological and palaeoceanographic reconstructions[END_REF][START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by J o u r n a l P r e -p r o o f Journal Pre-proof calcareous nannoplankton in the Vocontian Basin[END_REF]. From the Valanginian to the Barremian stages (~137 to ~121 Ma; [START_REF] Gale | The Cretaceous Period[END_REF], the documented EECs are the Weissert Event during the mid-Valanginian, the Faraoni Event at the end of the Hauterivian, the Mid-Barremian Event and the Taxy Event at the end of the Barremian (Föllmi, 2012;Fig. 1). Vocontian Basin and Umbria-Marche Basin [START_REF] Fesneau | Enregistrement des changements climatiques dans le Domaine Téthysien au Valanginien[END_REF][START_REF] Duchamp-Alphonse | Climate and sea-level variations along the northwestern Tethyan margin during the Valanginian C-isotope excursion: mineralogical evidence J o u r n a l P r e -p r o o f from the Vocontian Basin (SE France)[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][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 palynological assemblages [START_REF] Kujau | Reconstructing Valanginian (Early Cretaceous) mid-latitude vegetation and climate dynamics based on spore-pollen assemblages[END_REF]. In pelagic settings, the culmination of the δ 13 C values is also marked by an increase in fertilization of the water column, as indicated by the nannofossil assemblages in Tethys and Atlantic realms [START_REF] Erba | Valanginian Weissert oceanic anoxic event[END_REF][START_REF] Bornemann | Calcareous nannofossil and δ13C records from the Early Cretaceous of the Western Atlantic Ocean: evidence for enhanced fertilization across the Berriasian-Valanginian transition[END_REF][START_REF] Duchamp-Alphonse | Calcareous nannofossil response to the Weissert episode (Early Cretaceous): Implications for palaeoecological and palaeoceanographic reconstructions[END_REF][START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by J o u r n a l P r e -p r o o f Journal Pre-proof calcareous nannoplankton in the Vocontian Basin[END_REF].

The Faraoni event is a series of deposits rich in marine organic matter identified first in the Umbria-Marche Basin [START_REF] Cecca | A guide-level of the uppermost Hauterivian (Lower Cretaceous) in the pelagic succession of Umbria-Marche Apennines (Central Italy): the Faraoni Level[END_REF]. These deposits have been correlated through the western Tethys, thanks to ammonites and calcareous nannofossils [START_REF] Baudin | Un équivalent du" Niveau Faraoni" dans le Bassin du Sud-Est de la France, indice possible d'un événement anoxique finihauterivien étendu à la Téthys méditerranéenne[END_REF][START_REF] Baudin | A Late Hauterivian short-lived anoxic event in the Mediterranean Tethys: the 'Faraoni Event[END_REF][START_REF] Baudin | The late Hauterivian Faraoni 'oceanic anoxic event': an update[END_REF]. This event notably occurs at the transition between the Pseudothurmannia ohmi and Pseudothurmania mortilleti Tethyan ammonite subzones (Fig. 1). The last occurrence of calcareous nannofossil Lithraphidites bollii occurred during this event [START_REF] Company | Biotic changes linked to a minor anoxic event (Faraoni Level, latest Hauterivian, Early Cretaceous)[END_REF][START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF]. The kaolinite content, calcareous nannofossil assemblages and organic matter geochemistry point to a maximum of weathering conditions [START_REF] Moiroud | High-resolution clay mineralogy as a proxy for orbital tuning: Example of the Hauterivian-Barremian transition in the Betic Cordillera (SE Spain)[END_REF], accompanied by increased fertilization of the water masses [START_REF] Aguado | Late Hauterivian-early Barremian calcareous nannofossil biostratigraphy, palaeoceanography, and stable isotope record in the Subbetic domain (southern Spain)[END_REF] and increased primary productivity [START_REF] Baudin | Palaeoenvironmental controls of the distribution of organic matter within a Corg-rich marker bed (Faraoni level, uppermost Hauterivian, central Italy)[END_REF], in a context of 2 nd -order maximum flooding [START_REF] Hardenbol | Mesozoic and Cenozoic sequence stratigraphy of European basins[END_REF]. This event is also associated to a drowning event of the Helvetic platform, the Altmann Member (Bodin et al., 2006b), and in Turkey [START_REF] Yilmaz | The first record of the "Mid-Barremian" Oceanic Anoxic Event and the Late Hauterivian platform drowning of the Bilecik platform, Sakarya Zone, western Turkey[END_REF], overlying an emersive surface [START_REF] Godet | Deciphering the message of Early Cretaceous drowning surfaces from the Helvetic Alps: What can be learnt from platform to basin correlations?[END_REF]. The Faraoni Event occurred within a trend toward increasing δ 13 C values of bulk carbonate, starting in the Crioceratites krenkeli Tethyan ammonite subzone and culminating in the Pseudothurmannia catulloi Tethyan ammonite subzone, with an amplitude ranging from +0.3 to +0.5 ‰ PDB [START_REF] Godet | Evolution of the marine stable carbon-isotope record during the early Cretaceous: A focus on the late Hauterivian and Barremian in the Tethyan realm[END_REF][START_REF] Aguado | Late Hauterivian-early Barremian calcareous nannofossil biostratigraphy, palaeoceanography, and stable isotope record in the Subbetic domain (southern Spain)[END_REF].

The Mid-Barremian Event is a 1 ‰ PDB increase of bulk carbonate δ 13 C values, first observed in the Umbria-Marche Basin at the early-late Barremian transition [START_REF] Coccioni | The Mid-Barremian Event (MBE): the prelude to the OAE1a[END_REF]Fig. 1), and then described in the Lower Saxony Basin [START_REF] Malkoč | The early Barremian warm pulse and the late Barremian cooling: a highresolution geochemical record of the Boreal Realm[END_REF][START_REF] Pauly | Palaeoceanography of Lower Cretaceous (Barremian-Lower Aptian) black shales from northwest Germany evidenced by calcareous nannofossils and geochemistry[END_REF], in Turkey [START_REF] Yilmaz | The first record of the "Mid-Barremian" Oceanic Anoxic Event and the Late Hauterivian platform drowning of the Bilecik platform, Sakarya Zone, western Turkey[END_REF], in the Subbetic Domain [START_REF] Aguado | Late Hauterivian-early Barremian calcareous nannofossil biostratigraphy, palaeoceanography, and stable isotope record in the Subbetic domain (southern Spain)[END_REF], and in Denmark [START_REF] Rudra | Organic matter characterization of the Lower Cretaceous tight reservoirs in the Danish North Sea[END_REF]. The Mid-
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Journal Pre-proof Barremian Event lasted 0.4 Myr (Martinez et al., 2020a). Black shale deposits have been found in this interval in the Lower Saxony Basin (Hauptblättertorn Level; [START_REF] Mutterlose | Temperature controlled deposition of early Cretaceous (Barremian-early Aptian) black shales in an epicontinental sea[END_REF], Danish North Sea (Munk Marls; [START_REF] Rudra | Organic matter characterization of the Lower Cretaceous tight reservoirs in the Danish North Sea[END_REF], Italy (Föllmi et al., 2012) and Turkey [START_REF] Yilmaz | The first record of the "Mid-Barremian" Oceanic Anoxic Event and the Late Hauterivian platform drowning of the Bilecik platform, Sakarya Zone, western Turkey[END_REF]. Calcareous nannofossil assemblages indicate increased fertilization of the water masses [START_REF] Aguado | Late Hauterivian-early Barremian calcareous nannofossil biostratigraphy, palaeoceanography, and stable isotope record in the Subbetic domain (southern Spain)[END_REF][START_REF] Wulff | Size variations and abundance patterns of calcareous nannofossils in mid Barremian black shales of the Boreal Realm (Lower Saxony Basin)[END_REF] and increased marine productivity [START_REF] Rudra | Organic matter characterization of the Lower Cretaceous tight reservoirs in the Danish North Sea[END_REF] in a context of increased temperatures [START_REF] Mutterlose | Temperature controlled deposition of early Cretaceous (Barremian-early Aptian) black shales in an epicontinental sea[END_REF][START_REF] Mutterlose | TEX 86 and stable δ 18 O paleothermometry of early Cretaceous sediments: Implications for belemnite ecology and paleotemperature proxy application[END_REF][START_REF] Mutterlose | Reconstruction of vertical temperature gradients in past oceans-proxy data from the Hauterivian-early Barremian (Early Cretaceous) of the Boreal Realm[END_REF]Huck and Heimofer, 2021) and increased input of fresh water suggested in the Subbetic Domain and Lower Saxony Basin [START_REF] Aguado | Late Hauterivian-early Barremian calcareous nannofossil biostratigraphy, palaeoceanography, and stable isotope record in the Subbetic domain (southern Spain)[END_REF]Mutterlose et al., 2014).

The Mid-Barremian Event occurred in a context of 2nd-order maximum flooding interval [START_REF] Hardenbol | Mesozoic and Cenozoic sequence stratigraphy of European basins[END_REF]. In the Helvetic Platform, it corresponds to a second step of the Late Hauterivian-Early Barremian drowning event, marked by (i) a phosphatized hardground characterizing a sequence boundary, and (ii) then a backstepping of the carbonate platform characterizing a rapid sea-level rise [START_REF] Godet | Deciphering the message of Early Cretaceous drowning surfaces from the Helvetic Alps: What can be learnt from platform to basin correlations?[END_REF].

The Taxy Levels were originally defined as black shale layers observed at the end of the Barremian series (Martelites sarasini Tethyan ammonite zone; Fig. 1) and used as a correlation marker in the Provence Basin [START_REF] Moullade | Description lithologique des coupes types du stratotype historique de l'Aptien inférieur dans la région de Cassis-La Bédoule (SE France)[END_REF]. This organic-rich marker bed is preceded by the drowning of the photozoan Urgonian platform and the interruption of its growth, replaced by the heterozoan facies of "Lower Orbitolina Beds" [START_REF] Frau | Revising the timing and causes of the Urgonian rudistid-platform demise in the Mediterranean Tethys[END_REF]. Recent revision of the biostratigraphy in Cassis-la-Bédoule suggests that these environmental perturbations started in the Imerites giraudi Tethyan ammonite Zone and correlate to a 2 nd -order maximum flooding interval [START_REF] Hardenbol | Mesozoic and Cenozoic sequence stratigraphy of European basins[END_REF][START_REF] Frau | Revising the timing and causes of the Urgonian rudistid-platform demise in the Mediterranean Tethys[END_REF]. Increase in the density of organic-rich layers have been documented in the Umbria-Marche Basin (Föllmi et al., 2012), in the Lower Saxony Basin [START_REF] Mutterlose | Temperature controlled deposition of early Cretaceous (Barremian-early Aptian) black shales in an epicontinental sea[END_REF][START_REF] Pauly | Palaeoceanography of Lower Cretaceous (Barremian-Lower Aptian) black shales from northwest Germany evidenced by calcareous nannofossils and geochemistry[END_REF] and in the Atlantic Ocean [START_REF] Bralower | Timing and paleoceanography of oceanic dysoxia/anoxia in the Late Barremian to Early Aptian (Early Cretaceous)[END_REF]. The event started with an increase in bulk δ 13 C in the I. giraudi and lower part of M. sarasini zones with amplitudes of 0.4 ‰ PDB in the Subbetic Domain (Martinez et al., 2020a;[START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF] and 0.3 ‰ PDB in the Vocontian Basin [START_REF] Godet | Evolution of the marine stable carbon-isotope record during the early Cretaceous: A focus on the late Hauterivian and Barremian in the Tethyan realm[END_REF]. In the Umbria-Marche Basin, this trend encompasses the boundary between chrons M1n and M0r [START_REF] Frau | The Aptian GSSP candidate at Gorgo a Cerbara (Central Italy): an alternative interpretation of the J o u r n a l P r e -p r o o f Journal Pre-proof bio-, litho-and chemostratigraphic markers[END_REF] and is recorded with an amplitude of +0.6 ‰ PDB [START_REF] Stein | Progressive palaeoenvironmental change during the late Barremian-early Aptian as prelude to Oceanic Anoxic Event 1a: Evidence from the Gorgo a Cerbara section (Umbria-Marche basin, central Italy)[END_REF][START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF]. The increase in bulk δ 13 C values also J o u r n a l P r e -p r o o f corresponds to a +4 ‰ PDB increase in organic matter δ 13 C in the Provence Basin at Cassis-la-Bédoule [START_REF] Stein | J o u r n a l P r e -p r o o f Journal Pre-proof Late Barremian-Early Aptian palaeoenvironmental change: The Cassis-La Bédoule section, southeast France[END_REF]. This increase in δ 13 C values is immediately followed by a sharp decrease in δ 13 C values recorded in bulk rock with an amplitude of 1.6 ‰ PDB in Cassis-la-Bédoule [START_REF] Kuhnt | Carbon isotope stratigraphy of the lower Aptian historical stratotype at Cassis-La Bédoule (SE France)[END_REF], 0.8 ‰ PDB in the Subbetic Domain (Martinez et al., 2020a[START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF], 0.5 ‰ PDB in the Vocontian Basin [START_REF] Wissler | Chemostratigraphic correlation of Barremian and lower Aptian ammonite zones and magnetic reversals[END_REF][START_REF] Godet | Evolution of the marine stable carbon-isotope record during the early Cretaceous: A focus on the late Hauterivian and Barremian in the Tethyan realm[END_REF] and 0.4 ‰ PDB in the Umbria-Marche Basin [START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF][START_REF] Stein | Progressive palaeoenvironmental change during the late Barremian-early Aptian as prelude to Oceanic Anoxic Event 1a: Evidence from the Gorgo a Cerbara section (Umbria-Marche basin, central Italy)[END_REF]. The end of this negative excursion corresponds to the boundary between M0r and C34n magnetochrons in the Umbria-Marche Basin, while it corresponds to the upper part of the M.

sarasini Tethyan ammonite zone in Cassis-la-Bédoule and the Subbetic Domain [START_REF] Frau | The Aptian GSSP candidate at Gorgo a Cerbara (Central Italy): an alternative interpretation of the J o u r n a l P r e -p r o o f Journal Pre-proof bio-, litho-and chemostratigraphic markers[END_REF][START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF]. In the Cassis-Bedoule section, the negative excursion observed in bulk carbonate δ 13 C values is not observed in organic matter δ 13 C. This dichotomy was interpreted by [START_REF] Stein | J o u r n a l P r e -p r o o f Journal Pre-proof Late Barremian-Early Aptian palaeoenvironmental change: The Cassis-La Bédoule section, southeast France[END_REF] as the result of increased burial of continental organic matter in this section by increased riverine fresh water supply during the Taxy event. This agrees with both kaolinite and TEX86 proxies that indicate warmer climate and increased levels of continental weathering during this event [START_REF] Stein | J o u r n a l P r e -p r o o f Journal Pre-proof Late Barremian-Early Aptian palaeoenvironmental change: The Cassis-La Bédoule section, southeast France[END_REF]Huck and Heimofer, 2021).

Increased fertilization of the water masses is documented around chron M0r in eastern Atlantic and in the Subbetic Domain [START_REF] Tremolada | Late Barremian to early Aptian calcareous nannofossil paleoceanography and paleoecology from the Ocean Drilling Program Hole 641C (Galicia Margin)[END_REF][START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF].

These episodes of environmental changes are thus associated to increased bulk δ 13 C, at least at the beginning of these events, increased temperatures, continental weathering and supply of fresh waters in Boreal and Tethyan basins and increased in trophic conditions, leading to fertilization of the water masses.

They are also accompanied by 2 nd -order sea level increases, after a phase of sea-level decrease. Rapid sealevel and nutrification increases led to drowning of carbonate platforms or, at the end of the Barremian Stage, led to changes from photozoan to heterozoan facies in peri-Tethyan environments [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] Godet | Deciphering the message of Early Cretaceous drowning surfaces from the Helvetic Alps: What can be learnt from platform to basin correlations?[END_REF]. Additional humid peaks and increase in trophic levels were documented from clay mineral, palynological and calcareous nannofossil assemblages in the earliest Valanginian (Morales et al., 2013;[START_REF] Kujau | Reconstructing Valanginian (Early Cretaceous) mid-latitude vegetation and climate dynamics based on spore-pollen assemblages[END_REF][START_REF] Duchamp-Alphonse | Calcareous nannofossil response to the Weissert episode (Early Cretaceous): Implications for palaeoecological and palaeoceanographic reconstructions[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], and in the Valanginian-Hauterivian transition [START_REF] Kujau | Reconstructing Valanginian (Early Cretaceous) mid-latitude vegetation and climate dynamics based on spore-pollen assemblages[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]. A drowning event, the J o u r n a l P r e -p r o o f Lidernen episode, is also documented in the "middle" Hauterivian, from the Lyticoceras nodosoplicatum to the Plesiospitidiscus ligatus Tethyan ammonite zones [START_REF] Föllmi | Phosphogenesis, carbon-isotope stratigraphy, and carbonate-platform evolution along the Lower Cretaceous northern Tethyan margin[END_REF][START_REF] Godet | Drowning unconformities: Palaeoenvironmental significance and involvement of global processes[END_REF]. All these events also share the fact that they correspond to 2 nd -order transgression documented by facies changes [START_REF] Morales | Berriasian and early Valanginian environmental change along a transect from the Jura Platform to the Vocontian Basin[END_REF][START_REF] Godet | Drowning unconformities: Palaeoenvironmental significance and involvement of global processes[END_REF][START_REF] Aguirre-Urreta | Interhemispheric radio-astrochronological calibration of the time scales from the Andean and the Tethyan areas in the Valanginian-Hauterivian (Early Cretaceous). Gondwana J o u r n a l P r e -p r o o f[END_REF], widespread marl formations or drownings on platforms (van de [START_REF] Van De Schootbrugge | Decoupling of P-and J o u r n a l P r e -p r o o f Journal Pre-proof Corg-burial following Early Cretaceous (Valanginian-Hauterivian) platform drowning along the NW Tethyan margin[END_REF][START_REF] Godet | Deciphering the message of Early Cretaceous drowning surfaces from the Helvetic Alps: What can be learnt from platform to basin correlations?[END_REF][START_REF] Morales | Berriasian and early Valanginian environmental change along a transect from the Jura Platform to the Vocontian Basin[END_REF][START_REF] Pictet | New insights on the Early Cretaceous (Hauterivian-Barremian) Urgonian lithostratigraphic units in the Jura Mountains (France and Switzerland): the Gorges de l'Orbe and the Rocher des Hirondelles formations[END_REF] and faunal migration patterns [START_REF] Walter | The bryozoan fauna of the Hauterivian transgression in the Paris Basin[END_REF][START_REF] Mutterlose | Distribution and facies patterns of Lower Cretaceous sediments in northern Germany: a review[END_REF].

If similarities can be observed between these events, the carbon isotope variations in the Weissert event appears of higher amplitude and much longer than in the other episodes of environmental changes. The forcing mechanisms leading to these carbon cycle and climate disturbances are still uncertain because of their heterogenous imprint on the sedimentary record. Of special importance here is that part of this lack of understanding results from a lack of global temporal calibrations of all climatic events at the resolution of Milankovitch cycles. The Milankovitch cycles correspond to the imprint of the quasiperiodic motions of the Earth's orbit and rotational axis on global climate over 10 4 to 10 6 years periods. The climatic precession (average period 130 Ma: 20.4 ± 0.4 kyr), the obliquity (main period 130 Ma: 38.4 ± 0.4 kyr) and the eccentricity cycles (periods: 405 kyr and ca. 100 kyr for the shortest periods) [START_REF] Laskar | La2010: a new orbital solution for the long-term motion of the Earth[END_REF][START_REF] Waltham | Milankovitch period uncertainties and their impact on cyclostratigraphy[END_REF] modify the annual distribution in insolation at a given latitude which triggers pseudoperiodic climatic changes ultimately preserved in strata. The effect of the Earth's orbital eccentricity is not directly observed on the spectra of the insolation series as it modulates the amplitude of the precession cycles (e.g. [START_REF] Hinnov | Cyclostratigraphy and Astrochronology in 2018[END_REF]. Non-linearities in the climate and sedimentary systems nonetheless allow its direct observation in sedimentary series (Martinez, 2018). The identification of these quasi-periodic cycles in the sedimentary record provide accurate durations of geological times, also referred to orbital time scales or astrochronology. In strata of Mesozoic age, the period of the 405-kyr eccentricity cycle is known with the best accuracy and is preferred for astrochronology [START_REF] Laskar | La2010: a new orbital solution for the long-term motion of the Earth[END_REF]. If anchored to radiometric ages, numerical ages of geological times and climatic events can be given with an accuracy of 0.1 Myr in the Mesozoic. This is the case for hemipelagic marl-limestone alternations recorded in Early Cretaceous series J o u r n a l P r e -p r o o f Journal Pre-proof which correspond to humid-arid cycles controlled by Earth orbital configuration [START_REF] Cotillon | Fluctuation des paramètres du milieu marin dans le domaine vocontien (France Sud-Est) au Crétacé inférieur : mise en évidence par l'étude des formations marno-calcaires alternantes[END_REF][START_REF] Reboulet | Ammonoid and nannoplankton abundance in Valanginian (early Cretaceous) limestone-marl successions from the southeast France Basin: carbonate dilution or productivity? Palaeogeography[END_REF][START_REF] Moiroud | High-resolution clay mineralogy as a proxy for orbital tuning: Example of the Hauterivian-Barremian transition in the Betic Cordillera (SE Spain)[END_REF]. Under humid climate, increased detrital and nutrient inputs to basins induced meso-and eutrophic conditions in marine environments, decreased neritic carbonate productivity but increased pelagic carbonate productivity, leading to the deposit of marl beds. Under more arid conditions, neritic carbonate production and their export to basin increased under oligo-to mesotrophic conditions concomitant to decreased siliciclastic supply [START_REF] Reboulet | Ammonoid and nannoplankton abundance in Valanginian (early Cretaceous) limestone-marl successions from the southeast France Basin: carbonate dilution or productivity? Palaeogeography[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], leading to the deposit of carbonate beds. The sedimentary record of all the Milankovitch cycles can thus be identified through spectral analyses of the CaCO 3 content [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF]2020a;[START_REF] Aguirre-Urreta | Interhemispheric radio-astrochronological calibration of the time scales from the Andean and the Tethyan areas in the Valanginian-Hauterivian (Early Cretaceous). Gondwana J o u r n a l P r e -p r o o f[END_REF]. Magnetic Susceptibility (MS) and Gamma-Ray Total Count (GRTC) are useful proxies of CaCO 3 content in marl-limestone alternations as their measurements are precise, quick, non-destructive and inversely correlated to CaCO 3 (Martinez, 2018). The Valanginian and Barremian stages were entirely calibrated with the 405-kyr eccentricity cycle directly observed in MS, GRTC and CaCO 3 signals [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF]2020a;[START_REF] Aguirre-Urreta | Interhemispheric radio-astrochronological calibration of the time scales from the Andean and the Tethyan areas in the Valanginian-Hauterivian (Early Cretaceous). Gondwana J o u r n a l P r e -p r o o f[END_REF]. The record of this cycle is still missing in most of the Hauterivian part, which limits the accuracy of the orbital time scale and prevents from bridging the timing of the climatic events from the Valanginian to the Barremian.

Here, we propose to reassess the astrochronology of the Hauterivian series from the Vocontian Basin (France) and the Subbetic Domain (Spain) by analyzing the amplitude modulation of the precession cycles and extracting the 405-ka eccentricity cycle. The sections studied were accurately dated with thousands of ammonites and constitute reference sections of this time interval [START_REF] Bulot | Le cadre stratigraphique du Valanginien supérieur et de l'Hauterivien du Sud-Est de la France : définition des biochronozones et caractérisation de nouveaux biohorizons[END_REF][START_REF] Hoedemaeker | Biostratigraphy and sequence stratigraphy of the Berriasianlowest Aptian (Lower Cretaceous) of the Rio Argos succession, Caravaca, SE Spain[END_REF][START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonie zonation of south-east France[END_REF][START_REF] Company | Biotic changes linked to a minor anoxic event (Faraoni Level, latest Hauterivian, Early Cretaceous)[END_REF][START_REF] Aguado | Late Hauterivian-early Barremian calcareous nannofossil biostratigraphy, palaeoceanography, and stable isotope record in the Subbetic domain (southern Spain)[END_REF][START_REF] Aguirre-Urreta | Interhemispheric radio-astrochronological calibration of the time scales from the Andean and the Tethyan areas in the Valanginian-Hauterivian (Early Cretaceous). Gondwana J o u r n a l P r e -p r o o f[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 new astrochronology is then anchored to CA-ID-TIMS U-Pb ages measured in the Neuquén Basin (Argentina, Aguirre-Urreta et al., 2017). We also review and reassess the astrochronology of the Valanginian series from multiple sites of the Vocontian Basin. From this revised temporal framework and carbon-isotope data synthetized here, we propose a new correlation scheme between biozones and magnetozones from the Valanginian to the Barremian stages, in line with J o u r n a l P r e -p r o o f radiometric data published elsewhere [START_REF] Zhang | Magnetostratigraphy of U-Pb-dated boreholes in Svalbard, Norway, implies that magnetochron M0r (a proposed Barremian-Aptian boundary marker) begins at 121.2 ± 0.4[END_REF]. We also reappraise the numerical ages of the episodes of environmental changes and related humid peaks and compile detrital and carbon-isotope series to determine the respective roles of the volcanism and the long orbital cycles on the pacing and intensity of climatic events during the Early Cretaceous.

Geological settings

Subbetic Domain

The Subbetic Domain (Fig. 2) is one of the external units of the Betic Cordillera, in southern Spain (Martín-Chivelet et al., 2019). It constitutes a domain of hemipelagic deposits alternating between marl and mudstone to wackestone beds, separated from the neritic domain by a rifting phase starting in the Pliensbachian [START_REF] Ruiz-Ortiz | Tectonic control of facies architecture, sequence stratigraphy and drowning of a Liassic carbonate platform (Betic Cordillera, Southern Spain)[END_REF]. During the Early Cretaceous, the Subbetic Domain was part of the northern Tethys margin and was located at a paleolatitude comprised between 20° and 30°N [START_REF] Barrier | Map 7: Hauterivian[END_REF]. During the period, the basin experienced a transtensional tectonic phase related to the opening of the Gascogne Bay and the anti-clockwise rotation of the Iberian Plate [START_REF] Vera | Geología de España[END_REF]. The Subbetic Domain presents a morphology of swells and troughs reflecting these successive tectonic phases. The data shown here are from three sections located in one of these troughs: Río Argos (38°04'15" N; 1°56'58" E), Arroyo Gilico (38°09′35" N; 1°40′41" W) and Barranco de Cavila (38°03′10"; N 1°53′20" W), all located in the Murcia Province (Fig. 2). The macrofauna in these sections is composed of ammonites, accompanied by scarce belemnites, gastropods, bivalves, brachiopods and irregular echinoids. The microfauna and flora are composed of calcareous nannofossils, radiolarians and foraminifers. The facies and fauna observed in these sections point to a deposit depth of several hundred metres [START_REF] Hoedemaeker | Biostratigraphy and sequence stratigraphy of the Berriasianlowest Aptian (Lower Cretaceous) of the Rio Argos succession, Caravaca, SE Spain[END_REF].

Vocontian Basin

The Vocontian Basin (Fig. 2) belongs to the external units located in western Alps. This is a domain of hemipelagic deposits alternating between carbonate-rich (mudstone and wackestone) and clay-rich deposits, surrounded by the carbonate platforms of Jura-Bas-Dauphiné to the North and Provence to the J o u r n a l P r e -p r o o f Journal Pre-proof South. The basin was surrounded to the west by the Vivarais detrital margin and was open to the east to the Tethys Ocean [START_REF] Cotillon | Fluctuation des paramètres du milieu marin dans le domaine vocontien (France Sud-Est) au Crétacé inférieur : mise en évidence par l'étude des formations marno-calcaires alternantes[END_REF]. The basin opened during the Early Jurassic during rifting phases related to the opening of the Valais Ocean [START_REF] Lemoine | The continental margin of the Mesozoic Tethys in the Western Alps[END_REF]. During the Early Cretaceous, tectonic activity was much reduced and consisted of transtensional movement related to the opening of Gascogne Bay [START_REF] Graciansky | Early Cretaceous extensional tectonics in the southwestern French Alps; a consequence of North-Atlantic rifting during Tethyan spreading[END_REF][START_REF] Homberg | Late Jurassic-Early Cretaceous faulting in the Southeastern French basin: does it reflect a tectonic reorganization?[END_REF]. Most of subsidence during the Valanginian-Hauterivian was caused by the thermal subsidence of the northern Tethyan margin as it cooled [START_REF] Wilpshaar | Early Cretaceous sedimentary and tectonic development of the Dauphinois Basin (SE France)[END_REF]. During this time, the basin was located at a paleolatitude between 30 and 35°N [START_REF] Barrier | Map 7: Hauterivian[END_REF]. 

Climatic and eustatic origins of the marl-limestone alternations

Clay mineral assemblages determined from marl-limestone alternations from the Vocontian Basin and the Subbetic Domain show that marl beds have higher kaolinite and illite contents, while limestone beds have higher smectite contents [START_REF] Cotillon | Fluctuation des paramètres du milieu marin dans le domaine vocontien (France Sud-Est) au Crétacé inférieur : mise en évidence par l'étude des formations marno-calcaires alternantes[END_REF][START_REF] Deconinck | Héritage et diagenèse des minéraux argileux dans les alternances marno-calcaires du Crétacé inférieur du domaine subalpin[END_REF][START_REF] Moiroud | High-resolution clay mineralogy as a proxy for orbital tuning: Example of the Hauterivian-Barremian transition in the Betic Cordillera (SE Spain)[END_REF][START_REF] Giraud | The Mid-J o u r n a l P r e -p r o o f Journal Pre-proof Cenomanian Event in southeastern France: evidence from palaeontological and clay mineralogical data[END_REF][START_REF] Ghirardi | Multi-proxy orbital chronology in the aftermath of the Aptian Oceanic anoxic event 1a: Palaeoceanographic implications (Serre Chaitieu section, Vocontian Basin, SE France)[END_REF]Martinez et al., 2020b;Figs. 3, 4). This feature has also been recognized in the Hauterivian-Barremian transition of the Lower Saxony Basin, in northern Germany [START_REF] Mutterlose | Milankovitch-scale palaeoclimate changes in pale-dark bedding rhythms from the Early Cretaceous (Hauterivian and Barremian) of eastern England and northern Germany[END_REF] and particularly verified in sections having experienced low level of burial diagenesis, showing these are primary fluctuations. Nannofossil abundances are systematically higher in marl beds than in limestone beds [START_REF] Mutterlose | Milankovitch-scale palaeoclimate changes in pale-dark bedding rhythms from the Early Cretaceous (Hauterivian and Barremian) of eastern England and northern Germany[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Giraud | The Mid-J o u r n a l P r e -p r o o f Journal Pre-proof Cenomanian Event in southeastern France: evidence from palaeontological and clay mineralogical data[END_REF].

Marl beds also shows mesotrophic assemblages while limestone beds show oligotrophic assemblages. All these data suggest that marl beds were deposited under more humid conditions than limestone beds.

Increased detrital and nutrient supply during more humid times led to the deposits of marl beds and increased surface-water fertility in marine environments. In marl beds, the bulk carbonate δ 13 C also correlates with the CaCO 3 content (r = 0.78; Fig. 4E), likely reflecting this increase in primary productivity during marl bed deposits. The pelagic producers are not the dominant carbonate component of these limestone beds and their abundance decrease when the CaCO 3 content of the rock increases [START_REF] Reboulet | Ammonoid and nannoplankton abundance in Valanginian (early Cretaceous) limestone-marl successions from the southeast France Basin: carbonate dilution or productivity? Palaeogeography[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF]. These correlations between lithology and climate are not only true at marllimestone alternation scale, but are also verified at 100-kyr, 405-kyr eccentricity scales, and longer time scale (Fig. 5). In the Vocontian Basin, the trend in CaCO 3 contents of the alternations mimics the trend in neritic carbonate production at 10 7 -to-10 4 -year time scales [START_REF] Ferry | Correspondances entre alternances marno-calcaires de bassin et de plate-forme (Crétacé du SE de la France)[END_REF][START_REF] Föllmi | Phosphogenesis, carbon-isotope stratigraphy, and carbonate-platform evolution along the Lower Cretaceous northern Tethyan margin[END_REF][START_REF] Quesne | Detailed relationships between platform and pelagic carbonates (Barremian, SE France)[END_REF][START_REF] Reboulet | Ammonoid and nannoplankton abundance in Valanginian (early Cretaceous) limestone-marl successions from the southeast France Basin: carbonate dilution or productivity? Palaeogeography[END_REF]. Detailed platform-basin correlations show a progressive decrease in thickness and size of carbonate particles toward the basin, which suggest that most of carbonate J o u r n a l P r e -p r o o f Journal Pre-proof mud deposited in the basin was exported from the platforms through nepheloid flows [START_REF] Reboulet | Ammonoid and nannoplankton abundance in Valanginian (early Cretaceous) limestone-marl successions from the southeast France Basin: carbonate dilution or productivity? Palaeogeography[END_REF]. In the Neocomites neocomiensiformis Zone of Vergol, the trend in bulk carbonate δ 13 C in marl beds follows the trend in the kaolinite content (Fig. 3). Comparatively, the trend in bulk carbonate δ 13 C in limestone beds follows he trend in CaCO 3 content. These various trends reflect the change in the isotopic signature of the carbonate mud through the change in carbonate producers, themselves climatically control (Martinez et al., 2020b). [START_REF] Martinez | An orbital floating time scale of the Hauterivian/Barremian GSSP from a magnetic susceptibility signal (Río Argos, Spain)[END_REF][START_REF] Moiroud | High-resolution clay mineralogy as a proxy for orbital tuning: Example of the Hauterivian-Barremian transition in the Betic Cordillera (SE Spain)[END_REF].

J o u r n a l P r e -p r o o f (Martinez et al., 2020b). From F to I: data from Río Argos [START_REF] Martinez | An orbital floating time scale of the Hauterivian/Barremian GSSP from a magnetic susceptibility signal (Río Argos, Spain)[END_REF][START_REF] Moiroud | High-resolution clay mineralogy as a proxy for orbital tuning: Example of the Hauterivian-Barremian transition in the Betic Cordillera (SE Spain)[END_REF]. The blue line indicates the best fit and the red lines the 95 % confidence intervals.

Platform-basin correlations and geometry of the platform carbonate wedges suggest that limestone beds correspond to regressive intervals, while marl deposits formed during transgressive intervals and maximum flooding [START_REF] Quesne | Correlation de detail entre prismes bioclastiques de plate-forme et cycles marne-calcaire pelagiques (Barremien du SE de la France)[END_REF][START_REF] Godet | Deciphering the message of Early Cretaceous drowning surfaces from the Helvetic Alps: What can be learnt from platform to basin correlations?[END_REF]. This relationship can be complicated at precessionscale if the amplitude of sea-level change is fast enough to transiently inhibit the carbonate production [START_REF] Pittet | Les alternances marno-calcaires ou l'enregistrement de la dynamique de production et d'export des plates-formes carbonatées[END_REF], leading to the deposit of a thin limestone and marl bed next to a thicker limestone bed or to clustered thin limestone and marl beds separated by thick marl beds [START_REF] Pittet | Depositional sequences in deep-shelf environments formed through carbonate-mud import from the shallow platform (Late Oxfordian, German Swabian Alb and eastern Swiss Jura)[END_REF][START_REF] Pittet | Les alternances marno-calcaires ou l'enregistrement de la dynamique de production et d'export des plates-formes carbonatées[END_REF]. This link between lithology and sea-level also existed at larger scale since the intervals of local maxima in clay contents in the S. verrucosum Zone (upper Valanginian; Fig. 5) and the Saynoceras sayni Tethyan Ammonite Zone (upper Hauterivian; Fig. 6A). Both correspond in time to drowning of the carbonate platforms, notably marked by stepwise retrograding wedges, condensation and eutrophication in a context of increased humid climate, as well as widespread offshore marl deposits (Marnes à Astieria in the upper Valanginian and Marnes d'Uttins and Marnes de Cornaux, at the lower-upper Hauterivian transition; [START_REF] Godet | Reconciling strontium-isotope and K-Ar ages with biostratigraphy: the case of the Urgonian platform, Early Cretaceous of the Jura Mountains, Western Switzerland[END_REF][START_REF] Morales | Berriasian and early Valanginian environmental change along a transect from the Jura Platform to the Vocontian Basin[END_REF][START_REF] Pictet | New insights on the Early Cretaceous (Hauterivian-Barremian) Urgonian lithostratigraphic units in the Jura Mountains (France and Switzerland): the Gorges de l'Orbe and the Rocher des Hirondelles formations[END_REF]. Similarly, transgressive intervals are also noted by the increase in clay content of the marl-limestone alternations at the base of the Valanginian Stage (Morales et 6E,F). The marlier interval at the end of the Valanginian Stage [START_REF] Ferry | Le détritisme carbonate profond dans le Crétacé inférieur du sud-est français[END_REF]Fig. 6B) corresponds to the widespread deposits of the Marnes d'Hauterive [START_REF] Walter | The bryozoan fauna of the Hauterivian transgression in the Paris Basin[END_REF][START_REF] Gréselle | Sea-level reconstructions from the Peri-Vocontian Zone (South-east France) point to Valanginian glacio-eustasy[END_REF][START_REF] Morales | Berriasian and early Valanginian environmental change along a transect from the Jura Platform to the Vocontian Basin[END_REF]. In the Late Barremian, the marlier interval in the I. giraudi Zone, corresponds in time to the change of neritic carbonate community from photozoan to heterozoan assemblages, in line with increased trophic levels [START_REF] Frau | Revising the timing and causes of the Urgonian rudistid-platform demise in the Mediterranean Tethys[END_REF]. This model of higher sea-level during marl deposits contradicts the model of highstand shedding [START_REF] Schlager | Highstand shedding of carbonate platforms[END_REF], which remains to be explained. In the uppermost Hauterivian to Barremian of the Subbetic Domain, notice that the 2 nd -order Maximum Flooding Surfaces (MFS) are more likey associated with long term decrease in detrital content, in line with decreased sedimentation rates (Martinez et al., 2020a). This correspondence between detrital content and sedimentation rate was there interpreted as basin starvation during sea-level rise.

This last example illustrates that the response of the lithology to sea-level change in marl-limestone alternations also depends on local factors, such as palaeotopography, areas of the sea floor in the photic zone, oceanic circulation or sedimentary fluxes. However, in all cases studied here, marl deposits more likely occurred under humid conditions while limestone deposits occurred under more arid conditions.

J o u r n a l P r e -p r o o f Bentonite O3 in the N. neocomiensiformis Tethyan Ammonite Zone (Lower Valanginian) at the Angles section. Bed number is from [START_REF] Busnardo | Hypostratotype mésogéen de l'étage Valanginien (Sud-Est de la France)[END_REF]. D. Close-up view of bentonite O3. E. View of the Otopeta Bundle at the Vergol section. Bed numbers are from [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]. F. View of the Otopeta Bundle at the Reynier section. Note the interval of less visible limestone beds above the Otopeta Bundle is due to increase of clay content. This outcropping condition is also observed at Vergol.

Biostratigraphic framework

J o u r n a l P r e -p r o o f

Establishing geological time scales requires the calculation of the durations of chronozones rather than biozones. Biozones are based on the paleontological observation from a section, if possible a given basin.

Because of quality of preservation of the paleontological record, migration of fauna, local environmental conditions or density of sampling, bioevents are not necessarily recorded synchronously at global scale, and even within a given basin. In a given basin where multiple sections have been studied, it is possible to assess and minimize the uncertainties linked to the quality of preservation of the paleontological record provided the lithological changes can be correlated. This is the case for the Vocontian Basin and the Subbetic Domain, where remarkable bundles have been correlated through the basin [START_REF] Cotillon | Le Crétacé inférieur de l'arc subalpin de Castellane entre l'Asse et le Var, stratigraphie et sédimentologie[END_REF][START_REF] Company | Ammonite biostratigraphy of the uppermost Hauterivian in the Betic Cordillera (SE Spain)[END_REF][START_REF] Gréselle | Sea-level reconstructions from the Peri-Vocontian Zone (South-east France) point to Valanginian glacio-eustasy[END_REF]Martinez et al., 2020a;[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][START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF]Figs. 6-8).

The Valanginain series studied here are composite Vergol-Morénas, Reynier, Orpierre, Angles and composite La Charce-Pommerol (Fig. 2). The biostratigraphy of Vergol-Morénas, Angles and La Charce-Pommerol are based on ammonites, calcareous nannofossils and calpionellids [START_REF] Bulot | Le cadre stratigraphique du Valanginien supérieur et de l'Hauterivien du Sud-Est de la France : définition des biochronozones et caractérisation de nouveaux biohorizons[END_REF][START_REF] Blanc | Transect plate-forme-bassin dans les séries carbonatées du Berriasien supérieur et du Valanginien inférieur (domaines jurassien et nord-vocontien): chronostratigraphie-transferts des sédiments[END_REF][START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonie zonation of south-east France[END_REF][START_REF] Reboulet | Ammonoid and nannoplankton abundance in Valanginian (early Cretaceous) limestone-marl successions from the southeast France Basin: carbonate dilution or productivity? Palaeogeography[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] Gardin | The nannofossil succession of la Charce across the Valanginian-Hauterivian boundary[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[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 biostratigraphic framework is refined thanks to the correlations of remarkable levels and bundles of limestone beds that can be identified bed-to-bed throughout the Vocontian Basin [START_REF] Cotillon | Le Crétacé inférieur de l'arc subalpin de Castellane entre l'Asse et le Var, stratigraphie et sédimentologie[END_REF][START_REF] Gréselle | Sea-level reconstructions from the Peri-Vocontian Zone (South-east France) point to Valanginian glacio-eustasy[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]. These remarkable levels are from bottom to top: (i) the Otopeta Bundle (Figs. 6E,F), described as a series of 12 closely-spaced limestone beds below the Berriasian-Valanginian boundary, from bed B118 to bed B129 at Vergol [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] and correlated to the interval from bed R1 to R13 in Reynier based on gammaray signal [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF], (ii) the bentonite layer O3 [START_REF] Fesneau | Evidence of aerial volcanic activity during the Valanginian along the northern Tethys margin[END_REF], first identified in marl bed V65-V66 at Vergol and then identified in marl A268-A269 at Angles and marl R111-R112 at Reynier [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF]Figs. 6C, D), (iii) the Tetrade, a bundle of four beds at the boundary between the K. inostranzewi and S. verrucosum zones [START_REF] Cotillon | Le Crétacé inférieur de l'arc subalpin de Castellane entre l'Asse et le Var, stratigraphie et sédimentologie[END_REF], (iv) the Pronecostatum Bundle, at the base of the Karakaschiceras pronecostatum Tethyan Ammonite Subzone [START_REF] Cotillon | Le Crétacé inférieur de l'arc subalpin de Castellane entre l'Asse et le Var, stratigraphie et sédimentologie[END_REF]; Fig. 7), (v) the Peregrinus Bundle, also called "Faisceau Médian", a cluster of 10 limestone beds at the base of the Neocomites J o u r n a l P r e -p r o o f Journal Pre-proof peregrinus Tethyan Ammonite Zone, spectacularly correlated throughout the basin [START_REF] Cotillon | Fluctuation des paramètres du milieu marin dans le domaine vocontien (France Sud-Est) au Crétacé inférieur : mise en évidence par l'étude des formations marno-calcaires alternantes[END_REF]Fig. 7), (vi) the Nicklesi Bundle, a cluster of 4 limestone beds at the transition between the N. peregrinus and Olcostephanus (Olcostephanus) nicklesi Tethyan Ammonite subzones [START_REF] Cotillon | Le Crétacé inférieur de l'arc subalpin de Castellane entre l'Asse et le Var, stratigraphie et sédimentologie[END_REF]; Fig. 7), (vii) the double Trinodosum Bundle, two clusters of limestone beds at the transition between the N. peregrinus and Criosarasinella furcillata Tethyan Ammonite zones, (viii) the base of the Acanthodiscus radiatus Tethyan Ammonite Zone is marked by a rapid increase in %CaCO 3 of the limestone beds and by harder limestone beds in the field above the Vire Marneuse à Callidsicus (Figs. 6B,8). The MS and GRTC signals correlate with the biostratigraphic frameworks and marker beds [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF][START_REF] Boulila | Climatic precession is the main driver of Early Cretaceous sedimentation in the Vocontian Basin (France): Evidence from the Valanginian Orpierre succession[END_REF]. Charce section. Ammonite zonation is from [START_REF] Bulot | Le cadre stratigraphique du Valanginien supérieur et de l'Hauterivien du Sud-Est de la France : définition des biochronozones et caractérisation de nouveaux biohorizons[END_REF] and [START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonie zonation of south-east France[END_REF]. Calcareous nannofossil biostratigraphy is from [START_REF] Barbarin | Evidence for a complex Valanginian nannoconid decline in the Vocontian basin (South East France)[END_REF]. Bed number and biostratigraphy are from [START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonie zonation of south-east France[END_REF], also available in higher resolution in [START_REF] Mutterlose | The Global Boundary Stratotype Section and Point (GSSP) for the base of the J o u r n a l P r e -p r o o f Journal Pre-proof Hauterivian Stage (Lower Cretaceous), La Charce, southeast France[END_REF].

The biostratigraphic framework of the Orpierre section is provided in [START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF], which locates the Berriasian-Valanginian boundary at the first occurrence of Calpionellites darderi. The biostratigraphic framework of the Berriasian-Valanginian boundary was recently revised at Vergol in [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]. Several remarkable differences between the two biostratigraphic frameworks can be J o u r n a l P r e -p r o o f noted: (i) the LO of calcareous nannofossil R. nebulosus is in the "T." pertransiens Tethyan Ammonite Zone and above the FO of calpionellid C. darderi, and calcareous nannofossils E. windii and C. oblongata at Vergol [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], while it is below all these events at Orpierre [START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF](ii) the FOs of E. windii, C. oblongata and Z. trivectis are above the FO of C. darderi at Vergol [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], unlikely the Orpierre section [START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF]; (iii) FO of Z. trivectis is below the FO of C. oblongata at Vergol [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], unlikely the Orpierre section [START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF].

In addition to these biostratigraphic unconsistencies, the base of the Valanginian Stage defined at Orpierre [START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF] and at Vergol [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] do not correlate using the MS and GRTC signals, while these signals correlate with biostratigraphy higher in the Valanginian series and with lithology [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF][START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF][START_REF] Boulila | Climatic precession is the main driver of Early Cretaceous sedimentation in the Vocontian Basin (France): Evidence from the Valanginian Orpierre succession[END_REF]. The FO of "T." pertransiens occurs ca. 5 m above the Otopeta Bundle and 5 m below a rapid increase in GRTC values (Fig. 9; [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] correlated to the Reynier section [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF]. Correlating the GRTC and MS signals would position the level equivalent to the FO of "T." pertransiens at level 10 m at Orpierre, which would locate the Berriasian-Valanginian boundary 18 m below the FO of C. darderi identified in [START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF]. The work of [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] demonstrate that detailed observations of biostratigraphic markers are necessary at specific intervals to determine the biozone boundary with accuracy. In this case, the use of quantitative lithological markers, such as MS and GRTC, can help in correlating FADs and LADs within a basin or between basins. Similarly, the base of NK3B calcareous nannofossil Zone is located at the LAD of R. wisei identified in the Vocontian Basin, the base of the NC4A at the highest position of the LCO of T. verenae between Angles and Orpierre (which questions the meaning of this LCO, T. verenae having been observed in La Charce in the lower Hauterivian; [START_REF] Gardin | The nannofossil succession of la Charce across the Valanginian-Hauterivian boundary[END_REF]. In addition, the Tethyan ammonite zonation at Reynier and Orpierre is correlated to Vergol-Morénas, Angles and La Charce (Figs. 9, 10).

J o u r n a l P r e -p r o o f In the Hauterivian Stage, the Tethyan and Andean Ammonite zonation are available in [START_REF] Bulot | Le cadre stratigraphique du Valanginien supérieur et de l'Hauterivien du Sud-Est de la France : définition des biochronozones et caractérisation de nouveaux biohorizons[END_REF], [START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonie zonation of south-east France[END_REF], [START_REF] Hoedemaeker | Biostratigraphy and sequence stratigraphy of the Berriasianlowest Aptian (Lower Cretaceous) of the Rio Argos succession, Caravaca, SE Spain[END_REF], [START_REF] Company | Ammonite biostratigraphy of the uppermost Hauterivian in the Betic Cordillera (SE Spain)[END_REF][START_REF] Company | Biotic changes linked to a minor anoxic event (Faraoni Level, latest Hauterivian, Early Cretaceous)[END_REF], [START_REF] Martinez | An orbital floating time scale of the Hauterivian/Barremian GSSP from a magnetic susceptibility signal (Río Argos, Spain)[END_REF], [START_REF] Aguado | Late Hauterivian-early Barremian calcareous nannofossil biostratigraphy, palaeoceanography, and stable isotope record in the Subbetic domain (southern Spain)[END_REF] and [START_REF] Aguirre-Urreta | A high precision U-Pb radioisotopic age for the Agrio Formation, Neuquén Basin, Argentina: Implications for the chronology of the Hauterivian Stage[END_REF][START_REF] Gómez | The Late Jurassic-Early Cretaceous Rifting[END_REF] and calcareous nannofossil data are from [START_REF] Thierstein | Lower Cretaceous calcareous nannoplankton biostratigraphy[END_REF], [START_REF] Gardin | The nannofossil succession of la Charce across the Valanginian-Hauterivian boundary[END_REF], [START_REF] Hoedemaeker | Biostratigraphy and sequence stratigraphy of the Berriasianlowest Aptian (Lower Cretaceous) of the Rio Argos succession, Caravaca, SE Spain[END_REF], [START_REF] Company | Ammonite biostratigraphy of the uppermost Hauterivian in the Betic Cordillera (SE Spain)[END_REF] and [START_REF] Aguado | Late Hauterivian-early Barremian calcareous nannofossil biostratigraphy, palaeoceanography, and stable isotope record in the Subbetic domain (southern Spain)[END_REF]. Correlation between the Andean and Tethyan Ammonite zones is necessary to anchor the astrochronology of the Tethyan areas (where the stage boundaries are defined) to the Andean radioastrochronology (where U-Pb ages are available; [START_REF] Aguirre-Urreta | A high precision U-Pb radioisotopic age for the Agrio Formation, Neuquén Basin, Argentina: Implications for the chronology of the Hauterivian Stage[END_REF]. The widespread, short-lived J o u r n a l P r e -p r o o f distribution of the Olcostephanus (Jeannoticeras) subgenus is regarded as a major ammonite event in the Hauterivian Stage to establish firm correlations at global scale [START_REF] Lehmann | Paleobiogeography of Early Cretaceous ammonoids[END_REF]. The occurrence of the O. (Jeannoticeras) subgenus is recorded within the Olcostephanus (Olcostephanus) laticosta Andean Ammonite Subzone and in the Olcostephanus (Jeannoticeras) jeannoti Tethyan Ammonite Subzone [START_REF] Aguirre-Urreta | A high precision U-Pb radioisotopic age for the Agrio Formation, Neuquén Basin, Argentina: Implications for the chronology of the Hauterivian Stage[END_REF][START_REF] Gómez | The Late Jurassic-Early Cretaceous Rifting[END_REF]. The correlation between the base of the Holcotpychites neuquensis Andean Ammonite Zone to the base of the Acanthodiscus radiatus Tethyan Ammonite Zone is another important correlation line to quantify the variaibility of the duration estimates, and thus, the uncertainty in the correlation lines. In the upper Hauterivian, the La Charce and Río Argos sections are correlated with (i) the base of Saynoceras sayni Tethyan Ammonite Zone, (ii) the last occurrence of the Cruciellipsis cuvillieri calcareous nannofossil, and (iii) the local maximum in the GRTC values in the P. ligatus Tethyan Ammonite Zone.

The boundary between the S. sayni and the P. ligatus Tethyan Ammonite zones was notably located at Río Argos from these correlations, as there is a gap in the ammonite record from 40 to 75 m [START_REF] Hoedemaeker | Biostratigraphy and sequence stratigraphy of the Berriasianlowest Aptian (Lower Cretaceous) of the Rio Argos succession, Caravaca, SE Spain[END_REF]Martinez et al., 2015;Fig. 11).

The ammonite and calcareous nannofossil biostratigraphy of the Barremian Stage was defined at Río Argos, Arroyo Gilico and Barranco de Cavila in [START_REF] Company | Ammonite biostratigraphy of the uppermost Hauterivian in the Betic Cordillera (SE Spain)[END_REF] and [START_REF] Aguado | Late Hauterivian-early Barremian calcareous nannofossil biostratigraphy, palaeoceanography, and stable isotope record in the Subbetic domain (southern Spain)[END_REF][START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF].

Río Argos and Arroyo Gilico are easily correlated with ammonites, bundles of limestone beds and the record of the 100-kyr eccentricity cycles (Martinez et al., 2020a). Arroyo Gilico and Barranco de Cavila are correlated with the first occurrence of Lithraphidites pugio [START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF], occurring both near the top of 405-kyr eccentricity cycle B5 (Martinez et al., 2020a;Fig. 12). Finally, Deshayesites oglanlensis was not found in Barranco Cavila, so that there is an uncertainty zone on the location of the Barremian-Aptian boundary, that we underlined in a grey area (Fig. 12). The location of the stage boundary was located using the δ 13 C signal (Martinez et al., 2020a;[START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF]. The impact on the uncertainty of the stage ages is discussed below. 

J o u r n a l P r e -p r o o f

Previous astrochronologic frameworks

Valanginian Stage

The duration estimates of the Valanginian Stage was assessed at 7.0-7.6 Myr in [START_REF] Rio | Périodicités dans les séries pélagiquies alternantes et variations de l'orbitre terrestre. Exemple du Crétacé inférieiur dans le Sud-Est de la France[END_REF], 5.9 Myr in [START_REF] Huang | A quantitative study of Lower Cretaceous cyclic sequences from the Atlantic Ocean and the Vocontian Basin (SE France)[END_REF], 7.0 Myr in [START_REF] Giraud | Periodicities of carbonate cycles in the Valanginian of the Vocontian Trough: a strong obliquity control[END_REF] and 4.7 Myr in [START_REF] Gréselle | Sea-level reconstructions from the Peri-Vocontian Zone (South-east France) point to Valanginian glacio-eustasy[END_REF]. Since [START_REF] Bulot | The Valanginian Stage[END_REF], the definition of the base of the Valanginian Stage moved from the FO of the "T." otopeta Tethyan ammonite to the FO of C. darderi calpionellid, equivalent in time to the FO of "T." pertransiens [START_REF] Blanc | Transect plate-forme-bassin dans les séries carbonatées du Berriasien supérieur et du Valanginien inférieur (domaines jurassien et nord-vocontien): chronostratigraphie-transferts des sédiments[END_REF]. As the duration of the "T." otopeta Subzone is assessed at 0.43 Myr, the duration of the Valanginian Stage without the "T." otopeta Subzone is 6.4-7.2 Myr in [START_REF] Rio | Périodicités dans les séries pélagiquies alternantes et variations de l'orbitre terrestre. Exemple du Crétacé inférieiur dans le Sud-Est de la France[END_REF]), 5.5 Myr in Huang et al. (1993) and 6.4 Myr in [START_REF] Giraud | Periodicities of carbonate cycles in the Valanginian of the Vocontian Trough: a strong obliquity control[END_REF]. These three durations estimates were calculated from the J o u r n a l P r e -p r o o f Angles section and are based on cycle counting [START_REF] Rio | Périodicités dans les séries pélagiquies alternantes et variations de l'orbitre terrestre. Exemple du Crétacé inférieiur dans le Sud-Est de la France[END_REF][START_REF] Gréselle | Sea-level reconstructions from the Peri-Vocontian Zone (South-east France) point to Valanginian glacio-eustasy[END_REF] or on spectral analyses on encoded lithology [START_REF] Huang | A quantitative study of Lower Cretaceous cyclic sequences from the Atlantic Ocean and the Vocontian Basin (SE France)[END_REF][START_REF] Giraud | Periodicities of carbonate cycles in the Valanginian of the Vocontian Trough: a strong obliquity control[END_REF]. In all these cases, the durations depend on the visual identification of the lithology, which is much harder in the upper Valanginain. In the S. verrucosum Tethyan Ammonite Zone, the limestone beds vanish so that precession cycles can not be discriminated. In the remainder of the upper Valanginian, a precession cycle can be subdivided into a bundle of thin limestone beds, which could be related to rapid sea-level change that could transiently inhibited the carbonate production and export within a precession cycle [START_REF] Pittet | Depositional sequences in deep-shelf environments formed through carbonate-mud import from the shallow platform (Late Oxfordian, German Swabian Alb and eastern Swiss Jura)[END_REF][START_REF] Pittet | Depositional sequences in deep-shelf environments: a response to sea-level changes and shallow-platform carbonate productivity (Oxfordian, Germany and Spain)[END_REF]. In the upper Valanginian, [START_REF] Boulila | Climatic precession is the main driver of Early Cretaceous sedimentation in the Vocontian Basin (France): Evidence from the Valanginian Orpierre succession[END_REF] noted that approximately half of precession cycles are missing in the upper part of the N. peregrinus Tethyan Ammonite Zone, thereby compromising reliable duration estimates with precesion cycle counting only. Thus, cycle counting from a section leads to highly variable durations and it is preferable to recognize longer cycles from a quantitative proxy for a more reproducible procedure and to limit the risk of entirely missing cycles. With such an approach, Sproveri et al. ( 2006), [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF] and [START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF] respectively estimated the duration of the Valanginian Stage at 6.9 Myr, 5.08 Myr and 4.8 Myr, respectively. The high variability of the duration assessments is here linked to the appropriate definition of the base of the Valanginian Stage, the sample resolution adapted to the characterization of the precession cycle, necessary to recognize the eccentricity cycles, and the presence of sedimentary discontinuities. It is noteworthy that in the lower Valanginian, the interval covering 405-kyr cycles V1 and V2 defined in [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF] encompasses 64 marl-limestone alternations, attributed to the precession cycle [START_REF] Blard | Are marllimestone alternations mainly driven by CaCO 3 variations at the astronomical timescale? New insights from extraterrestrial 3 He[END_REF], which should correspond to 3 repetitions of the 405-kyr eccentricity cycle. So, the age model of this interval needs a reappraisal.

Hauterivian Stage

The duration estimates of the Hauterivian Stage were assessed at 4.8-5.2 Myr in [START_REF] Rio | Périodicités dans les séries pélagiquies alternantes et variations de l'orbitre terrestre. Exemple du Crétacé inférieiur dans le Sud-Est de la France[END_REF]), 5.3 Myr in Huang et al. (1993), 5.3 ± 0.4 Myr in Fiet et al. (2006) Both the Angles and Vergons sections contain a series of slumps, which can be associated to missing sequences. For instance, the two slumps in the lower Hauterivian of La Charce correspond to a total of 30 marl-limestone alternations preserved in Pommerol (Martinez et al., 2015). [START_REF] Fiet | Lower Cretaceous stage durations combining radiometric data and orbital chronology: towards a more stable relative time scale?[END_REF] did not specify from which section they counted the marl-limestone couplets, which prevents from assessing the quality of the sections they studied. The duration of the Hauterivian Stage calculated from astrochronology varies from 5.93 ± 0.41 Myr (Martinez et al, 2015) to 5.21 ± 0.08 Myr [START_REF] Aguirre-Urreta | Interhemispheric radio-astrochronological calibration of the time scales from the Andean and the Tethyan areas in the Valanginian-Hauterivian (Early Cretaceous). Gondwana J o u r n a l P r e -p r o o f[END_REF]. In all cases, the sections are composite and devoid of slumps. In Martinez et al. (2015), the uncertainty in the duration came from the identification of the 405-kyr eccentricity cycles in the Early Hauterivian. A total of 6 repetitions of the 405-kyr cycle was interpreted from the filter of the gamma-ray series in La Charce-Pommerol. The Early Hauterivian in the composite La Charce-Pommerol contains 108 marl-limestone couplets attributed to precession which suggests a shorter duration. The shorter duration finally appeared more consistent with the radio-astrochronology of the Pilmatué Member in the Neuquén Basin (Aguirre-Urreta et al., 2019; Fig. 2). The calibration of the upper Hauterivian at Río Argos is mainly based on the record of the 100-kyr eccentricity cycle [START_REF] Aguirre-Urreta | Interhemispheric radio-astrochronological calibration of the time scales from the Andean and the Tethyan areas in the Valanginian-Hauterivian (Early Cretaceous). Gondwana J o u r n a l P r e -p r o o f[END_REF]. Spectral analyses from the Hauterivian-Barremian boundary demonstrates that the 405-kyr cycle can be extracted from the spectrum of clay mineral assemblages or from amplitude modulation of the 100-kyr eccentricity from magnetic susceptibility (Martinez et al., 2015). As in the Early Valanginian, the extraction of the 405-kyr eccentricity cycle needs a reappraisal, notably through testing the amplitude modulation of the precession cycles.

Barremian Stage

The duration of the Barremian Stage was assessed at Gorgo a Cerbara (Umbria-Marche Basin, Central Italy) at 5.13 ± 0.34 Myr in [START_REF] Fiet | Lithological expression of Milankovitch cyclicity in carbonate-dominated, pelagic, Barremian deposits in central Italy[END_REF], 4.93 Myr in Bodin et al. (2006a), 4.4 Myr in Sprovieri et al. (2006). The duration of the Barremian Stage in these cases was calculated upon the visual identification of the lithological record of the 100-kyr eccentricity cycles from the first occurrence of the Tethyan J o u r n a l P r e -p r o o f ammonite Taveraidiscus hugii to the base of magnetochron M0r. In this interval, [START_REF] Fiet | Lithological expression of Milankovitch cyclicity in carbonate-dominated, pelagic, Barremian deposits in central Italy[END_REF] identified 47 bundles, Bodin et al. (2006a) identified 49.3 bundles and[START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF] identified 44 bundles. [START_REF] Fiet | Lithological expression of Milankovitch cyclicity in carbonate-dominated, pelagic, Barremian deposits in central Italy[END_REF] applied a mean duration of 109 kyr of the short eccentricity cycle, while a mean duration of 100 kyr was applied in Bodin et al. (2006a) and [START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF]. The duration of 109 kyr corresponds to the average between the two main periods of the short eccentricity of 124 kyr and 95 kyr (see [START_REF] Laskar | A long-term numerical solution for the insolation quantities of the Earth[END_REF][START_REF] Laskar | La2010: a new orbital solution for the long-term motion of the Earth[END_REF]. In the astronomical solution of [START_REF] Laskar | La2010: a new orbital solution for the long-term motion of the Earth[END_REF] taken in the last 50 Myr, the average duration of 47 consecutive 100-kyr eccentricity cycles is 4.47 ± 0.11 Myr (2σ), leading to an average duration of the 100-kyr cycle of 95.2 ± 2.2 kyr. Thus, the durations proposed in [START_REF] Fiet | Lithological expression of Milankovitch cyclicity in carbonate-dominated, pelagic, Barremian deposits in central Italy[END_REF], Bodin et al. (2006a) and [START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF] should be 4.5 ± 0.1, 4.7 ± 0.1 and 4.2 ± 0.1 Myr, respectively. This difference, from the same section and three different studies, illustrates the uncertainty of the cycle-derived durations based on the visual identification of the lithological cycles only.

In the Angles section (Vocontian Basin, SE France), cycle counting attributed to the precession cycle led to a duration estimate of the Barremian Stage of 4.5 Myr (Bodin et al., 2006a). However, in the Vocontian Basin, the Barremian Stage is defined from the first occurrence of the ammonite T. hugii to the first occurrence of the ammonite Deshayesites oglanlensis [START_REF] Delanoy | Biostratigraphie des faunes d'ammonites à la limite Barrémien-Aptien dans la région d'Angles-Barrême-Castellane. Etude particulière de la famille des Heteroceratidae Spath, 1922 (Ancyloceratina, Ammonoidea)[END_REF][START_REF] Reboulet | Report on the 6th International Meeting of the IUGS Lower Cretaceous Ammonite Working Group, the Kilian Group[END_REF]. Recent reattribution of ammonite specimen together with refined calcareous nannofossils biostratigraphy (Frau et al., 2018;[START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF] suggest that magnetochron M0r correlates within the interval of I. giraudi-M. sarasini Tethyan ammonite zone. Carbon-isotope stratigraphy suggests that the positive carbon-isotope excursion linked to the Taxy Episode occurred within chron M0r, while the related negative carbon-isotope excursion correlates to the top of chron M0r. The Barremian Stage, as defined from Tethyan ammonites, ends within chron C34n [START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF]. Following the correlations proposed in [START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF] and the lithology of Gorgo a Cerbara, the interval equivalent to the Barremian Stage defined by ammonites contains 51 repetitions of 100-kyr cycle in the sequencing of [START_REF] Fiet | Lithological expression of Milankovitch cyclicity in carbonate-dominated, pelagic, Barremian deposits in central Italy[END_REF], corresponding to a duration of 4.9 Myr, and 47 repetitions of the 100-kyr cycle in the sequencing of [START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF] 

Datasets

Carbon isotopes

A total of 656 new carbon-isotope data from the Subbetic Domain were acquired for the purpose of this study. Powdered bulk rock samples from Arroyo de Gilico and Cavila sections were collected at a constant interval of ~0.21 m. These samples were analysed for C-isotope ratios using a ThermoScientific MAT253

Isotope Ratio Mass Spectrometer connected to a Kiel IV Carbonate Device at the Stable Isotope Laboratory of the Instituto de Geociencias, Universidad Complutense de Madrid. Isotopic values were calibrated against carbonate standards (NBS-19, NBS-18, and in-house standards). The isotope data are reported with the δ (‰) notation referred to the Vienna-Pee Dee Belemnite (VPDB) standard and an averaged analytical error (1σ) ± 0.01‰.

The bulk carbon-isotope data from the Vocontian Basin and the belemnite data were compiled from the literature [START_REF] Emmanuel | Carbonate geochemistry (Mn, δ 13 C, δ 18 O) of the late Tithonian-Berriasian pelagic limestones of the Vocontian trough (SE France)[END_REF][START_REF] Hennig | C-isotope stratigraphy, a calibration tool between ammonite-and magnetostratigraphy: the Valanginian-Hauterivian transition[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] 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] Mcarthur | Palaeotemperatures, polar ice-volume, and isotope stratigraphy (Mg/Ca, δ18O, δ13C, 87Sr/86Sr): The Early Cretaceous (Berriasian, Valanginian, Hauterivian)[END_REF][START_REF] Godet | Evolution of the marine stable carbon-isotope record during the early Cretaceous: A focus on the late Hauterivian and Barremian in the Tethyan realm[END_REF][START_REF] Bodin | Early Cretaceous (late Berriasian to early Aptian) palaeoceanographic change along the northwestern Tethyan margin (Vocontian Trough, southeastern France): δ 13 C, δ 18 O and Sr-isotope belemnite and whole-rock records[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[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][START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF][START_REF] Bodin | Large igneous provinces and organic carbon burial: Controls on global temperature and continental weathering during the Early Cretaceous[END_REF][START_REF] Price | A High-Resolution Belemnite Geochemical Analysis of Early Cretaceous (Valanginian-Hauterivian) Environmental and Climatic Perturbations[END_REF]Martinez et al., 2020b).

The data were reported to the bed they were measured and correlated to the different sections, so that they were positioned on the same spliced section and calibrated to time to the same age model. The bulk carbonisotope data from the Umbria-Marche Basin are from [START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF].

Total Gamma-ray Total Count

The Gamma-Ray Total Count (GRTC) have been acquired in [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF]Martinez et al. ( , 2015) ) This spectrum was interpreted electronically to yield concentrations of the principal gamma-ray sources involved, namely potassium (K), thorium (Th) and uranium (U). K and Th are usually concentrated in clay minerals, while U is associated to organic matter [START_REF] Myers | Understanding Jurassic organic-rich mudrocksnew concepts using gamma-ray spectrometry and palaeoecology: examples from the Kimmeridge Clay of Dorset and the Jet Rock of Yorkshire[END_REF]. 

Magnetic susceptibility

Mass

Calcium carbonate content (CaCO 3 )

CaCO 3 wt % data were acquired every 0.07 m in Arroyo Gilico and Barraco de Cavila in Martinez et al.

(2020a) using an automatic calcimeter Dream Electronique, with a range of masses 90-150 mg and J o u r n a l P r e -p r o o f measurement time of 20 s at a temperature of 20 ± 2 °C. The maximum error in the determination of the carbonate content is ±4%. CaCO 3 wt % were acquired every 0.50 m in the Angles section in [START_REF] Giraud | Recherche des périodicités astronomiques et des fluctuations du niveau marin à partir de l'étude du signal carbonaté des séries pélagiques alternantes. Application au Crétacé inférieur du Sud-Est de la France (Bassin Vocontien), de l'Atlantique Central (Site 534 DSDP) et du Golfe du Mexique (Site 535 DSDP[END_REF] and every 0.20 m in Río Argos X.Ag-1 section in [START_REF] Moiroud | High-resolution clay mineralogy as a proxy for orbital tuning: Example of the Hauterivian-Barremian transition in the Betic Cordillera (SE Spain)[END_REF], using a Bernard calcimeter. The maximum error of the Bernard calcimeter in the determination of the carbonate content is ±5%.

Spectral analyses

The long-term trend in the average was calculated using best-fit linear regression or LOcally Weighted Scatterplot Smoothing (LOWESS; [START_REF] Cleveland | Robust Locally Weighted Regression and Smoothing Scatterplots[END_REF]. This long-term trend was subtracted from the series studied prior to the spectral analyses. In case of persistence of a trend in the variance in the residual, the instantaneous amplitude was calculated using a Hilbert Transform, a LOWESS was applied on this instantaneous amplitude and the residual series was divided by the LOWESS of the instantaneous amplitude. The method and parameters of detrend were chosen to remove the variance at frequencies near 0

while not creating spurious spectral peaks or impacting already existing spectral peaks at low frequencies [START_REF] Vaughan | Cyclostratigraphy: data filtering as a source of spurious spectral peaks[END_REF].

Spectral analyses of the considered intervals were performed using 2π Multi-Taper Method (2π-MTM; [START_REF] Thomson | Spectrum estimation and harmonic analysis[END_REF][START_REF] Thomson | Quadratic-inverse spectrum estimates: applications to palaeoclimatology[END_REF]. The confidence levels in the spectrum were obtained by calculating the moving median over 20% of the spectrum, calculating the best-fit red-noise model of this moving median and extrapolating the confidence levels assuming a χ 2 model. The spectral peaks exceeding the 95% confidence level in a first incrementation were excluded from the calculation of the moving median to not bias the confidence levels toward high values [START_REF] Mann | Robust estimation of background noise and signal detection in climatic time series[END_REF]. Evolutive spectral analyses were performed on long compilations of climatic series in order to determine the pervasivity of the ong cycles observed in the 2π-MTM spectra applying Time-Frequency Weighted fast Fourier Transforms (TF-WFFT; Martinez et al., 2015). The length of the windows selected is generally 6 Myr, except for the δ 13 C bulk of the Subbetic Domain, studied with 4-Myr long windows.

Filters were done applying Taner lowpass and bandpass filters [START_REF] Hinnov | Interhemispheric space-time attributes of the Dansgaard-Oeschger oscillations between 100 and 0 ka[END_REF]. Amplitude 

Calibration of the Valanginian Stage

Extraction of the 405-kyr eccentricity in the lower Valanginian

The calibration of the Early Valanginian Subtage is based on the record of the 405-kyr eccentricity cycle directly filtered from the standardized series or filtered from the instantaneous amplitude of the precession band from the Vergol-Morénas, Orpierre, Reynier and Angles sections.

Spectral analyses of the Reynier series

The trend of the GRTC series of the Reynier section was calculated using the LOWESS method with a coefficient of 0.2. The residual series was then standardized (average = 0; standard deviation = 1). At

Reynier, the marl-limestone alternations show a progressive increase in detrital fraction and thickness (Fig. 13). Evolutive spectral analyses support the increase in the thickness of marl-limestone alternations from 0 to 55 m before this thickness stabilizes [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF]. Noteworthy, the filter of the 405-kyr eccentricity at Reynier generally shows a ratio of 1:20 with the precession cycles, except at two noticeable intervals: cycles V1-V2 in [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF], which contain 64 marl-limestone alternations, and cycle V5 of [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF] which contain 12 cycles. This latter feature is also observed in Vergol-Morénas and Angles. It occurs in the upper part in the K. inostranzewi Tethyan Ammonite Zone, which is marked by a thick slumped and turbidite-rich interval at La Charce, and a slumped interval at Orpierre.

This interval is generally interpreted as an important 3 rd -order lowstand [START_REF] Hardenbol | Mesozoic and Cenozoic sequence stratigraphy of European basins[END_REF][START_REF] Mutterlose | Distribution and facies patterns of Lower Cretaceous sediments in northern Germany: a review[END_REF][START_REF] Reboulet | Ammonoid and nannoplankton abundance in Valanginian (early Cretaceous) limestone-marl successions from the southeast France Basin: carbonate dilution or productivity? Palaeogeography[END_REF][START_REF] Gréselle | Sea-level reconstructions from the Peri-Vocontian Zone (South-east France) point to Valanginian glacio-eustasy[END_REF][START_REF] Reboulet | Biostratigraphy, carbon isotope and sequence stratigraphy of South Tethyan Valanginian successions in the Essaouira-Agadir Basin (Morocco)[END_REF], possibly J o u r n a l P r e -p r o o f glacio-eustatically forced [START_REF] Gréselle | Sea-level reconstructions from the Peri-Vocontian Zone (South-east France) point to Valanginian glacio-eustasy[END_REF][START_REF] Reboulet | Biostratigraphy, carbon isotope and sequence stratigraphy of South Tethyan Valanginian successions in the Essaouira-Agadir Basin (Morocco)[END_REF]. High-amplitude variations in sea-level and climate may have here truncated approximately half of the 405-kyr cycle in the K.

inostranzewi Tethyan Ammonite Zone, although the exact mechanism remains to be clarified.

The non-correspondance between the number of marl-limestone alternations within cycle V2 in Martinez et al. (2013) suggested a hemi-precession control on these alternations. However, recent 3 He ET analyses suggest the precession cycle remain the dominant forcing factor of the marl-limestone alternations in the lower Valanginian [START_REF] Blard | Are marllimestone alternations mainly driven by CaCO 3 variations at the astronomical timescale? New insights from extraterrestrial 3 He[END_REF], implying that in this part of the Valanginian, the direct filter does not appropriately account for the number of 405-kyr eccentricity cycles. We thus divide here the Reynier series into a first interval from 0 to 55 m and a second from 45 m to the top of the series. The precession band was filtered from the GRTC signal applying a bandpass filter with lower and higher frequency cuts at 1.1091 cycles.m -1 and 2.4182 cycles.m -1 . The 100-kyr eccentricity band was filtered from the GRTC signal applying a bandpass filter with lower and higher frequency cuts at 0.1818 cycles.m -1 and 0.50921 cycles.m -1 . The 405-kyr eccentricity band was filtered from the instantaneous amplitude of the precession band applying a bandpass filter with lower and higher frequency cuts at 0.04545 cycles.m -1 and 0.1364 cycles.m -1 .

From 45 m to the top of the series, the 2π-MTM spectrum shows significant cycles above the 99 % confidence level at 17 m, 7. 14D

). The precession band was filtered from the GRTC signal applying a bandpass filter with lower and higher frequency cuts at 0.5591 cyclesm -1 and 1.4451 cycles.m -1 . The 405-kyr eccentricity cycle extracted from the instantaneous amplitude of the precession band was filtered applying a bandpass filter with lower and higher frequency cuts at 0.0455 cycles.m -1 and 0.1364 cycles.m -1 .

J o u r n a l P r e -p r o o f Finally, the 405-kyr eccentricity band directly extracted from the GRTC signal of the whole section was filtered applying a bandpass filter with lower and higher frequency cuts at 0.08584 cycles.m -1 . From 0 to 55 m, the filter of the 405-kyr eccentricity cycle in the instantaneous amplitude of the precession cycle at J o u r n a l P r e -p r o o f

Reynier shows four cycles, namely here B/V to V3, which is one more cycle than the direct filter of the 405-kyr band directly extracted from the GRTC signal (Fig. 13). Interestingly, these four cycles encompass 86 marl-limestone alternations, either an average of 21.5 cycles per 405-kyr cycle and an average period of 18.8 kyr per alternation. These four 405-kyr eccentricity cycles also contain seventeen 100-kyr eccentricity cycles, which corresponds to an average period of 95.3 kyr, in excellent agreement with the mean period of the 100-kyr cycle in the astronomical solution (95.2 kyr). Thus, the sequencing of the 405-kyr eccentricity using the instantaneous amplitude of the precession cycle in interval B/V to V3 agrees with the number of marl-limestone alternations and 100-kyr eccentricity cycles and is preferred for astrochronology to the direct filter of the GRTC signal. The filter of 405-kyr eccentricity cycle is in phase with the direct filter of the GRTC series in cycle B/V. Its amplitude decreases in the upper half of cycle V3 and is no longer useful upward in the Valanginian series. A 405-kyr eccentricity cycle is added here, so that the numbering of 405kyr cycles differs compared to [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF] from cycle V3 upward.

In the interval from 45 m to the top of the series, the 405-kyr band extracted from the GRTC signal shows five complete cycles, which encompass ca. 90 marl-limestone alternations. On details cycles V4, V5, V7, V8 contain ca. 20 alternations, while cycle V6 contains ca. 10 alternations. This feature was observed elsewhere in the basin [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF]Fig. 13). Conversely, the filter of the 405-kyr eccentricity cycle in the instantaneous amplitude of the precession shows weak amplitudes, in phase with the direct filter in cycle V5, and then inverse phase from the top of V6 in the K. inostranzewi Tethyan Ammonite Zone (Fig. 13). This change of phase corresponds to the decrease in carbonate content in the sedimentary series in line with the crisis in carbonate production associated with the Weissert Event. The 405-kyr band filtered from the signal has higher amplitudes than the 405-kyr band filtered from the AM of precession, is in phase with clay mineral assemblages (Martinez et al., 2020b) and is consistent between all the sections considered. Consequently, the 405-kyr band filtered from the signal is much more reliable to establish the sequencing of the 405-kyr cycle in this interval.

J o u r n a l P r e -p r o o f 

Spectral analyses of the Angles serieslower Valanginian

The trend of the GRTC series of the Angles section was calculated using the LOWESS method with a coefficient of 0.2 (Fig. 15). The residual series was then standardized. The 2π-MTM spectrum shows spectral peaks above the 99 % confidence level at 21 m, attributed to the 405-kyr eccentricity band, at 7.4 m, at 1.8 m, from 1.5 to 1.1 m, attributed to the precession, and at 0.9 m (Fig. 14E). The 2π-MTM of the instantaneous amplitude of the precession band shows spectral peaks at 24 m, attributed to the 405-kyr eccentricity, and at 6.3 m, attributed to the 100-kyr eccentricity (Fig. 14F). Another peak is observed at 12 m, the 100-kyr eccentricity band from 7.8 to 5.0 m and other spectral peaks at 12 and 3.9 m (Fig. 14H). The 405-kyr eccentricity band was filtered from the instantaneous amplitude of the precession band applying a lowpass filter with the upper frequency cut of 0.0613 cycles.m -1 . The filter of the 405-kyr band from the instantaneous amplitude of the precession band is in phase with the filter of the 405-kyr band from the GRTC signal up to the upper boundary of cycle V5 and in inverse phase from the base of cycle V7 to the top of cycle V9 (Fig. 13).

Spectral analyses of the Vergol-Morénas series

The trend of the GRTC series of the Vergol section below the slump (0-38 m) was calculated applying a best-fit linear regression. The residual series was then standardized. The 2π-MTM spectrum shows significant cycles above the 99 % confidence level at 0.79 m and 0.63 m attributed to the precession, and a significant peak above the 95 % confidence level at 3.2 m, attributed to the 100-kyr eccentricity cycle (Fig. 14I). A peak at 14 m is also observed and attributed to the 405-kyr eccentricity cycle. The 2π-MTM spectrum of the instantaneous amplitude of the precession band shows a peak at 3.3 m attributed to the 100kyr eccentricity cycle, a peak at 11 m attributed to the 405-kyr eccentricity cycle and peaks at 8.0 and 6.6 m (Fig. 14J). The precession band was filtered from the GRTC signal applying a bandpass filter with lower and higher frequency cuts at 1.0635 cycles.m -1 and 1.7265 cycles.m -1 . The 100-kyr eccentricity band was filtered from the GRTC signal applying a bandpass filter with lower and higher frequency cuts at 0.2072 J o u r n a l P r e -p r o o f cycles.m -1 and 0.4144 cycles.m -1 . The 405-kyr eccentricity band was filtered from the GRTC signal applying a lowpass filter with a higher frequency cut at 0.1243 cycles.m -1 and was filtered from the instantaneous amplitude of the precession band applying a lowpass filter with a higher frequency cut at 0.1105 cycles.m -1 .

The filter of peak at 11 m from the instantaneous amplitude of the precession band correlates with the filter of this band at Reynier (Fig. 13). Cycles B/V to V2 encompass twelve 100-kyr eccentricity cycles and 34 marl-limestone alternations, corresponding to an average of 17 marl-limestone alternations per 405-kyr eccentricity cycle. As in Reynier, the 405-kyr band directly filtered from the GRTC signal and filtered from the instantaneous amplitude of the precession band are in phase in cycle B/V. In the interval 0-38 m of the Vergol-Morénas section, the filter of the 405-kyr band from the instantaneous amplitude of precession is thus preferred to the direct filter of the GRTC signal.

Above the slump (46 m to the top), the trend of the GRTC series was calculated using the LOWESS method with a coefficient of 0.5 (Fig. 13). The residual series was then standardized. The 2π-MTM spectrum shows spectral peaks above the 99 % confidence level at 30 m and from 1.5 to 0.8 m (Fig. 14K).

Spectral peaks above the 95 % confidence levels are observed at 14 m, 8.8 m, 3.6 m and 1.8 m. The peaks from 14 to 30 m are attributed to the 405-kyr eccentricity cycles, the peaks at 8.8 and 3.6 m to the 100-kyr eccentricity cycles and the peaks from 1.8 to 0.8 m to the precession cycles. The range of periods covered by each band reflects the progressive increase in sedimentation rate due to the increase in detrital supply from the lower to the upper Valanginian (Martinez, 2018). The 2π-MTM spectrum of the instantaneous amplitude of the precession band in the upper part of the Vergol-Morénas series shows spectral peaks from 25 to 14 m, in the 405-kyr eccentricity band, a peak at 9.0 m and at 4.0 m, in the 100-kyr eccentricity band (Fig. 14L). The precession band was filtered from the GRTC signal applying a bandpass filter with lower and higher frequency cuts at 0.5189 cycles.m -1 and 1.4003 cycles.m -1 . The 405-kyr eccentricity band was filtered from the GRTC signal applying a lowpass filter with higher frequency cuts at 0.0700 cycles.m -1 and was filtered from the instantaneous amplitude of the precession band applying a bandpass filter with lower and higher frequency cuts at 0.0329 cycles.m -1 and 0.0659 cycles.m -1 .

J o u r n a l P r e -p r o o f

The filter of the 405-kyr eccentricity band from the instantaneous amplitude of the precession shows much lower amplitudes than in the Berriasian-Valanginian boundary interval and shall not be used for astrochronology (Fig. 13). The filter of the 405-kyr eccentricity cycle from the GRTC signal shows high amplitudes and correlates with Reynier from the base of cycle V7 to the base of cycle V9. The boundaries of 405-kyr cycles from the base of cycle V4 to the base of cycle V6 are correlated to Reynier and Angles.

Spectral analyses of the Orpierre serieslower Valanginian

The MS signal at Orpierre shows a progressive increase in thickness from 10 to 35 m, in line with a rapid increase in amplitude, reflecting the progressive enrichment in detrital component observed at Reynier and Vergol (Fig. 13). The spectral analyses in the lower Valanginian of Orpierre was subdivided into two intervals to account this change in sedimentation rate and the two observation hiatuses above level 32 m and below level 44 m (Fig. 13).

The trend of the Orpierre series from 8.3 to 32 m was calculated using the LOWESS method with a coefficient of 0.5 (Fig. 13). The residual series was then standardized. The 2π-MTM spectrum shows spectral peaks above the 99 % confidence level from 0.52 to 0.40 m (Fig. 14M). Additional peaks are observed at 10 m, 2.3 m, 1.0 m, 0.70 m and 0.58 m below the 95 % confidence level. The peak at 10 m is attributed to the 405-kyr eccentricity cycle, the peak at 2.3 m to the 100-kyr eccentricity cycle and the peak at 1.0 m to the obliquity. The peaks at 0.70 and 0.58 m are within the precession band and correspond to the increase in the thickness of the marl-limestone alternations. The 2π-MTM spectrum of the instantaneous amplitude of the precession band from 8.3 to 32 m shows periods at 10 m related to the 405kyr eccentricity, and at 2.9 m related to the 100-kyr eccentricity (Fig. 14N). The precession band was filtered from the GRTC signal applying a bandpass filter with lower and higher frequency cuts at 1.3468 cycles.m -1 and 2.8199 cycles.m -1 . The 100-kyr eccentricity band was filtered from the GRTC signal applying a bandpass filter with lower and higher frequency cuts at 0.2946 cycles.m -1 and 0.5051 cycles.m -1 .

The 405-kyr eccentricity band was filtered from the GRTC signal applying a lowpass filter with a higher frequency cut at 0.2104 cycles.m -1 and from the instantaneous amplitude of the precession band with a J o u r n a l P r e -p r o o f lowpass filter applying a higher frequency cut of 0.1473 cycles.m -1 . The 405-kyr band filtered from the GRTC signal correlates with Reynier and Vergol-Morénas. In particular, the lower and higher boundaries of cycles B/V are identified. The filter of the 405-kyr band from the instantaneous amplitude of the precession band shows maxima at the lower boundaries of B/V and V2. It however does not show the maximum in the lower boundary of V1 because of the trend in rapid increase in amplitudes of the precession cycle observed in the MS signal of Orpierre. Here, the lower boundary of V1 is located on the maximum of the filter of 405-kyr band from the GRTC signal, which correlates with Reynier and Vergol-Morénas.

The trend of the Orpierre series from 44 to 92 m was calculated using the LOWESS method with a coefficient of 0.5 (Fig. 13). The residual series was then standardized. The 2π-MTM spectrum shows spectral peaks above the 99 % confidence level from 1.2 to 0.64 m, linked to the marl-limestone alternations and attributed to the precession cycle (Fig. 14O), and a peak above the 95 % confidence level at 19 m, attributed to the 405-kyr eccentricity cycle. The 2π-MTM spectrum of the instantaneous amplitude of the precession band in this interval shows a peak at 17 m, attributed to the 405-kyr eccentricity cycle, peaks from 5.0 m to 3.0 m, attributed to the 100-kyr eccentricity, and peaks at 13 m and 10 m (Fig. 14P).

The precession band was filtered from the GRTC signal applying a bandpass filter with lower and higher frequency cuts at 0.7582 cycles.m -1 and 1.4223 cycles.m -1 . The 405-kyr eccentricity band was filtered from the GRTC signal applying a lowpass filter with a higher frequency cut at 0.0627 cycles.m -1 and from the instantaneous amplitude of the precession band applying a lowpass filter with a higher frequency cut at 0.06798 cycles.m -1 . The boundaries of the filter of the 405-kyr eccentricity band from the MS signal correlate with Reynier and Angles and with the filter of the 405-kyr band in the instantaneous amplitude of the precession band of Orpierre (Figs. [START_REF] Moullade | Description lithologique des coupes types du stratotype historique de l'Aptien inférieur dans la région de Cassis-La Bédoule (SE France)[END_REF]15).

Extraction of the 405-kyr eccentricity in the upper Valanginian

Spectral analyses of the Orpierre seriesupper Valanginian

The calibration of the Late Valanginian Subtage is based on the filter of the 405-kyr eccentricity cycle from J o u r n a l P r e -p r o o f the Angles, La Charce-Pommerol and Orpierre sections [START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF][START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF].

The trend of the MS series of the Orpierre section was calculated from 95 to 200 m using the LOWESS method with a coefficient of 0.2 (Fig. 13). The residual series was then standardized. The 2π-MTM spectrum shows spectral peaks above the 99 % confidence level at 18 m, attributed to the 405-kyr eccentricity cycle, and from 1.5 to 0.8 m, attributed to the precession cycle (Fig. 16A). The spectrum of the instantaneous amplitude of the precession band shows spectral peaks at 16 m, attributed to the 405-kyr eccentricity cycle, and from 6.1 to 3.9 m, attributed to the 100-kyr eccentricity cycle (Fig. 16B). Another peak is observed at 3.1 m. The precession band was filtered from the MS signal applying a bandpass filter with a lower and upper frequency cuts at 0.6446 and 1.2134 cycles.m -1 . The 405-kyr eccentricity band was filtered from the MS signal applying a lowpass filter with the upper frequency cut of 0.1138 cycles.m -1 and from the instantaneous amplitude of the precession cycle applying a bandpass filter with lower and higher frequency cuts of 0.0284 cycles.m -1 and 0.1043 cycles.m -1 . The interval V7 to V11 is bounded from the filter of the 405-kyr eccentricity cycle from the MS signal (Figs. [START_REF] Moullade | Description lithologique des coupes types du stratotype historique de l'Aptien inférieur dans la région de Cassis-La Bédoule (SE France)[END_REF]15). It contains 93 precession cycles, which corresponds to 18.6 precession cycles per 405-kyr cycle on average, either an average period of the precession cycle of 21.8 kyr. The 405-kyr band filtered from the instantaneous amplitude of the precession cycle shows a broad reverse correlation with the 405-kyr band filtered from the MS band, in line with the correlation observed in Reynier and Vergol in cycles V7 and V8 (Fig. 13).

J o u r n a l P r e -p r o o f 

Spectral analyses of the Angles seriesupper Valanginian

The 2π-MTM spectrum of the Angles section from 150 m to the top of the series shows spectral peaks above the 99 % confidence level at 1.8, 1.5 and 1.2 m attributed to the precession cycle (Fig. 14C), a peak above the 95 % confidence level at 31 m, and a peak above the 90 % confidence level at 7.1 m. The 2π-MTM spectrum of the instantaneous amplitude of the precession cycle shows cycles at 17 m, attributed to the 405-kyr eccentricity band and from 8.5 to 4.4 m, attributed to the 100-kyr eccentricity band (Fig. 14D).

The precession band was filtered from the GRTC signal applying a bandpass filter with lower and upper frequency cuts at 0.4744 cycles.m -1 and 0.8365 cycles.m -1 . The 405-kyr band was filtered from the instantaneous amplitude of the precession band applying a bandpass filter with lower and upper frequency cuts at 0.0897 cycles.m -1 and 0.2564 cycles.m -1 . As in Orpierre, the base of cycle V12 corresponds to a minimum in the 405-kyr band filtered from the instantaneous amplitude of the precession band (Fig. 15).

Then, the base of cycles V13 and V/H correspond to a maximum in the 405-kyr band filtered from the The trend of the La Charce series from 0 to 110 m was calculated using a best-fit linear regression (Fig. 15). The residual series was then standardized. The 2π-MTM shows spectral peaks at 24 m and 13 m, attributed to the 405-kyr eccentricity cycle, at 6.4 m, and from 1.4 to 0.9 m, attributed to the precession (Fig. 14E). The 2π-MTM of the instantaneous amplitude of the precession band shows spectral peaks from 31 to 12 m attributed to the 405-kyr band, at 8.0 m, and from 4.5 to 3.7 m, attributed the 100-kyr eccentricity (Fig. 14F). The precession band was filtered applying a bandpass filter with a lower and upper frequency cuts of 0.7727 and 1.1455 cycles.m -1 . The 405-kyr eccentricity band was filtered from the GRTC signal applying a lowpass filter with the upper frequency cut of 0.1227 cycles.m -1 and from the instantaneous amplitude of the precession band applying a bandpass filter with lower and higher frequency cuts at 0.02727 cycles.m -1 and 0.0977 cycles.m -1 . The 405-kyr band filtered from the GRTC signal correlates with Angles and Orpierre. The 405-kyr band filtered from the instantaneous amplitude of the precession band generally shows minimum amplitudes at maxima of the 405-kyr band from the GRTC signal, in line with the correlation observed at Orpierre, but not in line with the correlation observed at Angles in cycles V13 and V/H.

Summary of the calibration of the Valanginian Stage

In the interval B/V-V2, the 405-kyr band filtered from the instantaneous amplitude of the precession cycles are much consistent with the number of marl-limestone alternations and 100-kyr eccentricity cycles than the 405-kyr band filtered from the GRTC signal (Fig. 13). Conversely, the interval from cycle V3 to H1 is consistent with the number of marl-limestone alternations, the bundles of limestone beds used as correlation markers throughout the basin (Fig. 7; see also [START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF] and to the number of Compared to [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF], this duration is 0.72 Myr longer. It is due to the reinterpretation of the 405-kyr sequencing in the Early Valanginian, in line with the number of precession and 100-kyr eccentricity cycles in the B/V-V2 interval (Fig. 13) and to the revised biostratigraphy of Vergol [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], which locates the base of the "T." pertransiens Tethyan Ammonite Zone three 100-kyr eccentricity cycles lower than [START_REF] Blanc | Transect plate-forme-bassin dans les séries carbonatées du Berriasien supérieur et du Valanginien inférieur (domaines jurassien et nord-vocontien): chronostratigraphie-transferts des sédiments[END_REF]. The 405-kyr eccentricity cycle is best recorded throught the amplitude modulation of the precession cycles at the Berriasian-Valanginian transition, where the carbonate fraction is the highest. Comparatively, the 405-kyr eccentricity cycle is best expressed in the remaining part of the Valanginian, where the detrital fraction is higher (Fig. 15).

In a given stratigraphic interval and geographic setting, detrital proxies tend to record longer cycles compared to carbonate-related proxies (Martinez, 2018). In the astronomical series, the energy of the eccentricity is contained within the amplitude of the precession cycles. The direct expression of the amplitude of the 405-kyr eccentricity in the GRTC series reflects non-linear processes affecting detrital sediment supply and acting as natural lowpass filters. They thus attenuate the amplitude of the precession cycles and enhance the expression of the 405-kyr eccentricity cycles (Martinez, 2018). The duration of pedogenesis (up to 10 5 years; [START_REF] Lin | Three principles of soil change and pedogenesis in time and space[END_REF] or duration of transport of detrital particles [START_REF] Jerolmack | Shredding of environmental signals by sediment transport[END_REF] are examples of such processes. Comparatively, carbonate systems are much more dynamic and able to respond within Milankovtich timescales [START_REF] Pittet | Depositional sequences in deep-shelf environments: a response to sea-level changes and shallow-platform carbonate productivity (Oxfordian, Germany and Spain)[END_REF][START_REF] Strasser | Cyclostratigraphy of shallow-marine carbonates-limitations and opportunities[END_REF]. These different dynamics could explain the better preservation of the 405-kyr eccentricity cycle in the amplitude modulation of the precession cycles in carbonated intervals, while this cycle is better preserved independently of the precession cycles in detrital-dominated intervals. The trend of the GRTC series of the Río Argos section was calculated using the LOWESS method with a coefficient of 0.2 (Fig. 17). The residual GRTC series was then standardized. The spectrum of the GRTC series from 0 to 80 m shows the precession cycle with periods ranging from 1.3 to 1.0 m, obliquity cycle at 1.8 m and the 100-kyr eccentricity cycle from 7.6 to 5.2 m (Fig. 18A). The 100-kyr eccentricity band was filtered applying lower and higher frequency cuts at 0.1188 and 0.2500 cycles.m -1 . The precession band was filtered applying lower and higher frequency cuts at 0.7250 and 1.050 cycles.m -1 (Fig. 18A). The spectrum of the instantaneous amplitude of the precession band shows spectral peaks at 25 m and 15 m, related to the 405-kyr cycle, and at 6.0 and 4.5 m, related to the 100-kyr cycle (Fig. 18B). The 405-kyr band was filtered from the instantaneous amplitude of the precession band using a Taner lowpass filter applying a higher frequency cut at 0.0750 cycles.m -1 (Fig. 18B).

J o u r n a l P r e -p r o o f Count data (GRTC) are from [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF]Martinez et al. ( , 2015)).

J o u r n a l P r e -p r o o f The spectrum of the GRTC series from 65 to 125 m shows the 405-kyr cycle at 15 m, the 100-kyr cycle from 3.9 to 2.9 m, the obliquity cycle at 1.7 m and the precession cycle from 1.0 to 0.8 m (Fig. 18C). The 100-kyr eccentricity band was filtered applying lower and higher frequency cuts at 0.2133 and 0.4200 cycles.m -1 . The precession band was filtered applying lower and higher frequency cuts at 0.8883 and 1.3467 cycles.m -1 . The spectrum of the instantaneous amplitude of the precession band shows spectral peaks at 15 m, related to the 405-kyr cycle, and from 4.8 to 3.4 m, related to the 100-kyr eccentricity (Fig. 18D). The 405-kyr band was filtered from the instantaneous amplitude of the precession band using a Taner lowpass filter applying a higher frequency cut at 0.1200 cycles.m -1 .

The spectrum of the GRTC series from 120 to 161 m shows the 100-kyr cycle at 3.3 m, the obliquity from 1.4 to 0.99 m and the precession from 0.75 to 0.64 m (Fig. 18E). The 100-kyr eccentricity band was filtered applying lower and higher frequency cuts at 0.2005 and 0.3744 cycles.m -1 . The precession band was filtered applying lower and higher frequency cuts at 1.1377 and 1.6304 cycles.m -1 . The spectrum of the J o u r n a l P r e -p r o o f instantaneous amplitude of the precession band shows spectral peaks at 14 m, related to the 405-kyr cycle and at 4 m, related to the 100-kyr cycle (Fig. 18F). The 405-kyr band was filtered from the instantaneous amplitude of the precession band using a Taner lowpass filter applying a higher frequency cut at 0.1207 cycles.m -1 .

The filter of the 405-kyr band in the instantaneous amplitude of precession in the Río Argos series shows 9 complete 405-kyr eccentricity cycles, labeled H6 to H/B, and 36 repetitions of the 100-kyr eccentricity cycle, labeled "e100-H24"to "e100-B4" (Fig. 17).

Spectral analyses of the La Charce-Pommerol series

The trend of the GRTC series of the La Charce-Pommerol section was calculated using three best-fit linear regressions (Fig. 17). The detrended GRTC series was then standardized. The 2π-MTM spectrum of the GRTC series from 75 to 240 m shows high-power spectral peaks from 36 to 18 m and from 1.0 to 0.78 m (Fig. 18G). Additional peaks are observed with lower amplitudes at 3.6 m and from 0.72 to 0.63 m. The Charce-Pommerol series using lower and higher frequency cuts of 0.0396 and 0.0761 cycles.m -1 (Fig. 18H). The filter of the 405-kyr band in the instantaneous amplitude of precession shows 8 complete repetitions of the 405-kyr cycles in the Hauterivian part of the La Charce-Pommerol section, labeled as H1 to H8 (Fig. 17).
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Summary of the calibration of the Hauterivian Stage

From the base of cycle H1 to the top of cycle H8 at La Charce-Pommerol, a total of 34 repetitions of 100kyr cycles and 162.5 marl-limestone alternations are observed. It leads to average periods of 95.3 and 19.9

kyr for the 100-kyr eccentricity and the precession, respectively. In the El Portón section (Neuquén Basin), ca. 22 repetitions of the 100-kyr cycles have been identified in the lower Hauterivian (Aguirre-Urreta et al., 2019), compared to 23 at La Charce-Pommerol (Fig. 17). In the upper Hauterivian, the GRTC of the La Charce-Pommerol and Río Argos sections can be correlated using ammonite zonation and a rapid increase in the GRTC values in the P. ligatus Tethyan ammonite Zone (Fig. 17). This interval encompasses ca. J o u r n a l P r e -p r o o f

Calibration of the Barremian Stage

Extraction of the 405-kyr eccentricity in the Arroyo Gilico section

The trend of the MS series of the Arroyo Gilico section was calculated using a LOWESS regression with a coefficient of 0.25 (Fig. 19). The 2π-MTM spectrum of the Arroyo Gilico series shows spectral peaks above the 95 % confidence level at 11 m and 6.5 m, attributed to the 405-kyr eccentricity cycle, from 3.6 to 1.6 m, attributed to the 100-kyr eccentricity cycle, and from 0.80 to 0.37 m, attributed to the precession cycle (Fig. 20A). The large variability of each band is due to variations in the sedimentation rate, as depicted in Martinez et al. (2020a). The 2π-MTM spectrum of the instantaneous amplitude of the precession band shows a main spectral peak at 10 m, attributed to the 405-kyr band (Fig. 20B). The precession band was filtered from the MS signal applying a bandpass filter with lower and higher frequency cuts of 1.0433 and 3.0230 cycles.m -1 . The 100-kyr eccentricity band was filtered from the MS signal applying a bandpass filter with lower and higher frequency cuts of 0.1873 and 0.6889 cycles.m -1 .

The 405-kyr eccentricity band was filtered from the MS signal applying a lowpass filter with a higher frequency cut of 0.1873 cycles.m -1 and from the instantaneous amplitude of the precession band applying a bandpass filter with lower and higher frequency cut of 0.05350 and 0.1940 cycles.m -1 . Maxima of 405-kyr filtered from the MS signal generally correspond to maxima of the 405-kyr filtered from the instantaneous amplitude of the precession cycle. Only one exception is observed at boundary between H/B and B1 (Fig. 19).
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Extraction of the 405-kyr eccentricity in the Barranco de Cavila section

The trend of the MS series of the Barranco de Cavila section was calculated first using a LOWESS regression with a coefficient of 0.5. Then, a LOWESS regression was performed on the instantaneous J o u r n a l P r e -p r o o f amplitude of the residual series with a coefficient of 0.2. The variance of the residual series was detrended by dividing the residual series to the LOWESS regression of the instantaneous amplitude of the residual series (Fig. 19). The 2π-MTM spectrum of the Barranco de Cavila series shows spectral peaks above the 99 % confidence level at 14 m, 4.5 m, 1.5 m, 0.53 m and 0.45 m (Fig. 20C), and spectral peaks above the 95 % confidence level at 7.5 m, 1.1 m and 0.74 m. The 405-kyr eccentricity band ranges from 14 to 7.5 m, and locally to 4.5 m around level 15 m (Martinez et al., 2020a). The 100-kyr eccentricity band ranges from 4.5 to 1.5 m, and the precession band from 0.74 to 0.45 m. The 2π-MTM spectrum of the instantaneous amplitude of the precession band shows spectral peaks from 15 to 7.5 m, attributed to the 405-kyr eccentricity band and from 4.4 to 1.8 m, attributed to the 100-kyr eccentricity band (Fig. 20D). The precession band was filtered from the MS signal applying a bandpass filter with higher and lower frequency cuts of 1.1399 and 2.3686 cycles.m -1 . The 100-kyr eccentricity band was filtered from the MS signal applying a bandpass filter with higher and lower frequency cuts of 0.1628 and 0.7476 cycles.m -1 .

The 405-kyr eccentricity band was filtered from the MS signal applying a lowpass filter with a higher frequency cut of 0.1628 cycles.m -1 , and from the instantaneous amplitude of the precession band applying a bandpass filter with lower and higher frequency cuts of 0.0555 and 0.1628 cycles.m -1 . Maxima of 405-kyr filtered from the MS signal generally correspond to maxima of the 405-kyr filtered from the instantaneous amplitude of the precession cycle. Two exceptions are observed at boundary between B5-B6 and B10-B/A (Fig. 19).

Summary of the calibration of the Barremian Stage

The boundary. In addition, to the ages of the stages, we provide here the ages of Tethyan ammonite zones and subzones and the calcareous nannofossil zones and subzones (Tables 123).

A recent U-Pb ID-TIMS age of 123.1 ± 0.3 Ma was calculated on zircons from a bentonite layer calibrated to the uppermost part of magnetochron M1r in Svalbard Islands [START_REF] Midtkandal | The Aptian (Early Cretaceous) oceanic anoxic event (OAE1a) in Svalbard, Barents Sea, and the absolute age of the Barremian-Aptian boundary[END_REF][START_REF] Zhang | Magnetostratigraphy of U-Pb-dated boreholes in Svalbard, Norway, implies that magnetochron M0r (a proposed Barremian-Aptian boundary marker) begins at 121.2 ± 0.4[END_REF]. This interval stratigraphically corresponds to the transition between the Toxancyloceras vandenheckii and the Gerhardtia sartousiana Tethyan Ammonite zones, dated in our age model at 122.96 ± Cretaceous [START_REF] Fiet | Lithological expression of Milankovitch cyclicity in carbonate-dominated, pelagic, Barremian deposits in central Italy[END_REF][START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF]Martinez et al., , 2015) ) and smoothing spline [START_REF] Agterberg | Geomathematical and Statistical Procedures[END_REF], anchored to the age of the Albian-Cenomanian boundary. Thus, the differences between the age model here and the GTS 2020 arise from the new sequencing of the 405-kyr eccentricity cycle, much consistent with the number of precession cycles recorded and with radiometric data, the use of a more precise correlation to anchor the durations a radiometric age (Aguirre-Urreta et al., 2019), and the consistent use of 405-kyr eccentricity cycles identified from measured data.

Construction of long climatic series

Spectral analyses were performed on marl-limestone alternations using CaCO 3 content, gamma-ray total count and magnetic susceptibility. GRTC and MS data are inversely correlated to CaCO 3 content so it is possible to approach the CaCO 3 content from these signals and perform spectral analyses on long series covering the Berriasian to the Barremian. The GRTC data were converted into CaCO 3 by correlating the GRTC and CaCO 3 data from Angles and Río Argos (Fig. 21; [START_REF] Giraud | Recherche des périodicités astronomiques et des fluctuations du niveau marin à partir de l'étude du signal carbonaté des séries pélagiques alternantes. Application au Crétacé inférieur du Sud-Est de la France (Bassin Vocontien), de l'Atlantique Central (Site 534 DSDP) et du Golfe du Mexique (Site 535 DSDP[END_REF][START_REF] Martinez | An orbital floating time scale of the Hauterivian/Barremian GSSP from a magnetic susceptibility signal (Río Argos, Spain)[END_REF][START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF]Martinez et al., , 2015)). As CaCO 3 and GRTC data were sampled during different campaigns, they are not exactly at the same level and a sample collected for CaCO 3 can be located stratigraphically in between two GRTC measurements. The equivalent GRTC values at levels sampled for CaCO 3 were obtained (i) from linear interpolation of the two surrounding GRTC measurements if they were taken in the same bed, (ii) from the closest GRTC value taken at the same bed as the sample taken for CaCO 3 measurement (Tables S1-S2).

The MS data from Orpierre were converted into CaCO 3 content using the correlation between MS and The imprint of the long eccentricity cycle on the carbon cycle from the Late Berriasian to the earliest Aptian was tested on compilations of (i) 784 δ 13 C bulk data from the Vocontian Basin [START_REF] Emmanuel | Carbonate geochemistry (Mn, δ 13 C, δ 18 O) of the late Tithonian-Berriasian pelagic limestones of the Vocontian trough (SE France)[END_REF][START_REF] Hennig | C-isotope stratigraphy, a calibration tool between ammonite-and magnetostratigraphy: the Valanginian-Hauterivian transition[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] Godet | Evolution of the marine stable carbon-isotope record during the early Cretaceous: A focus on the late Hauterivian and Barremian in the Tethyan realm[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] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[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][START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF]Martinez et al., 2020b;Fig. 23; see Supplements), (ii) 338 δ 13 C bel data measured on well-dated belemnite rostra from the Vocontian and the Subbetic basins (van de [START_REF] Van De Schootbrugge | Paleoceanographic changes during the early Cretaceous (Valanginian-Hauterivian): evidence from oxygen and carbon stable isotopes[END_REF][START_REF] Mcarthur | Palaeotemperatures, polar ice-volume, and isotope stratigraphy (Mg/Ca, δ18O, δ13C, 87Sr/86Sr): The Early Cretaceous (Berriasian, Valanginian, Hauterivian)[END_REF][START_REF] Bodin | Early Cretaceous (late Berriasian to early Aptian) palaeoceanographic change along the northwestern Tethyan margin (Vocontian Trough, southeastern France): δ 13 C, δ 18 O and Sr-isotope belemnite and whole-rock records[END_REF][START_REF] Bodin | Large igneous provinces and organic carbon burial: Controls on global temperature and continental weathering during the Early Cretaceous[END_REF][START_REF] Price | A High-Resolution Belemnite Geochemical Analysis of Early Cretaceous (Valanginian-Hauterivian) Environmental and Climatic Perturbations[END_REF]Fig. 24; see Supplements) and positioned bed by bed in the sections selected for the spliced CaCO 3 series. Only data that could be positioned bed by bed were selected (see correlations available as supplements at: https://zenodo.org/record/5517740). The age of the samples compiled from the latest Berriasian to the earliest Aptian was determined from the astrochronology provided here (Tables 1,2). The age of the belemnites collected from the Malbosiceras paramimounum to the Tirnovela alpillensis subzones was calculated proportionally to their position within the ammonite subzone. The durations of the M. paramimounum to the T. alpillensis subzones is the same as in the Geologic Time Scale 2020 [START_REF] Gale | The Cretaceous Period[END_REF]. The ages of these subzones were anchored to the age of the base of the Valanginian Stage provided here (Table 4). The compilation of stable isotope data on bulk rock together with their age and stratigraphic location is given in supplement. The bulk-rock data from the Subbetic Domain provided here (Fig. 25; see Supplements) were analysed to test the imprint of long orbital cycles in the Barremian Stage of the Subbetic Domain.
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Correlation with magnetochrons

The age model provided here is from sections well dated by biostratigraphy and chemostratigraphy.

However, no magnetostratigraphy is available on these sections, likely because of post-deposition remagnetization [START_REF] Hoedemaeker | The Neogene remagnetization and petromagnetic study of the Early Cretaceous limestone beds from the Río Argos (Caravaca, Province of Murcia, SE Spain)[END_REF][START_REF] Katz | Associations between burial diagenesis of smectite, chemical remagnetization, and magnetite authigenesis in the Vocontian trough, SE France[END_REF]. The magnetostratigraphic framework from the Valanginian to the Barremian is available from the Umbria-Marche Basin (Central Italy; [START_REF] Channell | Correlations of Hauterivian and Barremian (Early Cretaceous) stage boundaries to polarity chrons[END_REF][START_REF] Channell | Early Cretaceous magnetic stratigraphy in the APTICORE drill core and adjacent outcrop at Cismon (Southern Alps, Italy), and correlation to the proposed Barremian-Aptian boundary stratotype[END_REF], anchored to calcareous nannofossil and ammonite biostratigraphy and carbon-isotope stratigraphy [START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF]. A correlation scheme is proposed here between the carbon-isotope curve from the Vocontian Basin and from the Umbria-Marche Basin (Fig. 23; Table 5). This is based on (i) 7). This is consistent with the age of 121.2 ± 0.5 Ma proposed with Ar-Ar ages by [START_REF] He | Toward age determination of the M0r (Barremian-Aptian boundary) of the Early Cretaceous[END_REF]. Chron M0r occurred within the interval I. giraudi-M.

sarasini Tethyan ammonite zones [START_REF] Frau | The Aptian GSSP candidate at Gorgo a Cerbara (Central Italy): an alternative interpretation of the J o u r n a l P r e -p r o o f Journal Pre-proof bio-, litho-and chemostratigraphic markers[END_REF][START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF], so the age of the start of chron M0r should be in between 122.01 and 121.15 Ma. So, the maximum uncertainty of the age of chron M0r calculated here is 0.6 Myr. In summary, our age model is consistent with the numerical ages produced for magnetochrons.

Impact of the long orbital cycles on climate and sedimentary series

Spectral analyes of long climatic series

The spectrum of the composite CaCO 3 series indicates prominent cycles at periods of 2.5 Myr related to the eccentricity (g4-g3) cycle [START_REF] Laskar | La2010: a new orbital solution for the long-term motion of the Earth[END_REF], at 1.2 Myr related to the long obliquity (s4-s3) cycle [START_REF] Laskar | La2010: a new orbital solution for the long-term motion of the Earth[END_REF], and at 0.88 My, 0.68 Myr, 0.49 Myr, 0.41 Myr, 0.36 Myr (Fig. 23A). The three last peaks correspond to the 405-kyr eccentricity (g2-g5) periods and their modulator linked to the 2.4-Myr cycle [START_REF] Laskar | La2010: a new orbital solution for the long-term motion of the Earth[END_REF]. On the amplitude spectrogram, the 2.5-Myr cycle is expressed through the entire interval studied (Fig. 22F). The 1.2-Myr cycle is observed through the entire interval, except from 127 to 125 Ma. The 0.68-Myr cycle is only observed from 132 to 128 Ma, and is probably too local to bear any astronomical information, despite close affinity to the g2-g1 period in the astronomical solutions J o u r n a l P r e -p r o o f [START_REF] Laskar | La2010: a new orbital solution for the long-term motion of the Earth[END_REF]. The period of ~0.8 Myr is observed through the entire series. This period could be related to an amplitude modulation of the obliquity cycle related to s4-s3+g4-g3 [START_REF] Hinnov | New perspectives on Orbitally Forced Stratigraphy[END_REF] or to the 0.97-Myr eccentricity cycle g1-g5 [START_REF] Laskar | La2010: a new orbital solution for the long-term motion of the Earth[END_REF].

The spectrum of the δ 13 C bulk compiled from the Vocontian Basin shows outstanding periods at 2.5 Myr, 1.2 Myr and 0.82 Myr (Fig. 23B). As in the CaCO 3 series, the 2.5-Myr period is related to the (g4-g3) eccentricity period, and the 1.2-Myr period to the (s4-s3) obliquity period. A period of 0.82 Myr is also observed. On the amplitude spectrogram, the 2.5-Myr cycle is expressed through the studied interval, with a gap in the Early Hauterivian, likely because of the occurrence of the two slumps at La Charce. In the interval equivalent at Pommerol, no bulk carbon-isotope value is available (Fig. 24C).

The spectrum of the δ 13 C bel series shows a prominent cycle with a period of 2.5 Myr (Fig. 23C). Another period at 1.4 Myr is also observed. On the amplitude spectrogram (Fig. 25B), the 2.5-Myr period is observed throughout the whole interval with periods ranging from 1.9 to 2. The spectrum of the δ 13 C bulk series from the Late Hauterivian-Barremian of the Subbetic Domain shows prominent cycles at 2.5 Myr related to (g4-g3) eccentricity, 1.1 Myr on average related to (s4-s3) obliquity and 0.43 Myr related to (g2-g5) eccentricity (Fig. 23D). The amplitude spectrogram shows a period at 2.4

Myr related to the eccentricity cycle (g4-g3) expressed in the Early and lower part of the Late Barremian (Fig. 26B). This period increases to 3.4 Myr in the last part of the Late Barremian, in response of the highamplitude negative excursions related to the Taxy Event. Another period is observed at 1.1 Myr throughout the Late Hauterivian and Barremian, related to the obliquity (s4-s3). Finally, a period at 0.4 Myr is observed throughout the Late Hauterivian and Barremian, related to the eccentricity (g4-g3).

The spectrum of the δ 13 C bulk series from the Maiolica Formation of the Umbria-Marche Basin shows a prominent cycle at 2.2 Myr related to (g4-g3) eccentricity, peaks at 1.5 to 0.99 Myr that we attribute to (s4-s3) obliquity and peaks around 0.41 Myr related to (g2-g5) eccentricity (Fig. 23E). The amplitude J o u r n a l P r e -p r o o f

Journal Pre-proof spectrogram shows the period of 2.5 Myr throughout the series with periods ranging from 2.0 to 2.6 Myr (Fig. 27B). The group of periods attributed to (s4-s3) obliquity is expressed throughout the series as well with periods ranging from 1.0 to 1.4 Myr. Finally, the group of periods attributed to the (g2-g5) eccentricity cycle is only expressed from the base of the interval studied to the top of the Valanginian. Periods are labeled in Myr.

Impact of the long orbital cycles on lithology and carbon isotope ratios

The presence of persistent cycles with 2.5-Myr and 1.2-Myr periods in the composite CaCO 3 and δ 13 C series demonstrates the role and the outstanding pacing of these long orbital cycles on the lithology and carbon-isotope ratios, at least in the Western Tethys, from the Berriasian to the Barremian stages. From the latest Berriasian to the middle part of the Hauterivian, the filter of 2.4 and 1.2-Myr cycles in the composite J o u r n a l P r e -p r o o f CaCO 3 are in opposite phase with their counterpart in the carbon-isotope ratios (Fig. 1). This implies that increased detrital fraction in the sediment in the Vocontian Basin corresponded to periods of increased values of δ 13 C both in bulk rock and belemnites. This is consistent with observations in the field (Fig. 5).

Analyses of clay mineralogy [START_REF] Duchamp-Alphonse | Climate and sea-level variations along the northwestern Tethyan margin during the Valanginian C-isotope excursion: mineralogical evidence J o u r n a l P r e -p r o o f from the Vocontian Basin (SE France)[END_REF][START_REF] Morales | Berriasian and early Valanginian environmental change along a transect from the Jura Platform to the Vocontian Basin[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]Martinez et al., 2020b), calcareous nannofossil assemblages [START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[END_REF][START_REF] Duchamp-Alphonse | Calcareous nannofossil response to the Weissert episode (Early Cretaceous): Implications for palaeoecological and palaeoceanographic reconstructions[END_REF][START_REF] Mattioli | The mid-Valanginian Weissert Event as recorded by J o u r n a l P r e -p r o o f Journal Pre-proof calcareous nannoplankton in the Vocontian Basin[END_REF] and platform-basin correlations [START_REF] Gréselle | Sea-level reconstructions from the Peri-Vocontian Zone (South-east France) point to Valanginian glacio-eustasy[END_REF][START_REF] Morales | Berriasian and early Valanginian environmental change along a transect from the Jura Platform to the Vocontian Basin[END_REF] point that these periods correspond to increased weathering of continent, increased fertilization of the water masses due to increased nutrient supply and increased sea level. In other words, the δ 13 C reaches maximum values when the detrital supply is also maximal, while the neritic carbonate production was minimal. This demonstrates that the long orbital cycles triggered repetitive phases of humid peaks, leading to increase in weathering, detrital supply, fertilization of marine environments, decline in neritic carbonate productivity and increased burial of organic carbon in marine and/or continental environments throughout the Berriasian-Aptian times. The scenario is also consistent with earlier suggestions [START_REF] Föllmi | 160 m.y. record of marine sedimentary phosphorus burial: Coupling of climate and continental weathering under greenhouse and icehouse conditions[END_REF]Bodin et al. 2006b) of a positive link in between global oceanic nutrient levels (as deduced from phosphorus accumulation rate) and sea-level fluctuations, given that maximum flooding intervals are characterized by increased clay/carbonate ratio in the Lower Cretaceous of the western Tethyan realm (e.g., [START_REF] Godet | Deciphering the message of Early Cretaceous drowning surfaces from the Helvetic Alps: What can be learnt from platform to basin correlations?[END_REF]. From that perspective, the early Valanginian, latest Valanginian and mid-Hauterivian humid events show the same charateristics as the Episodes of Environmental Changes (EECs) described in Föllmi (2012) and can be regarded as such. The humid peak of the Early Valanginian is bounded in the interval of increase in GRTC values at Vergol in between beds B150 and V28 (levels subzones. This interval shows a maximum in humid conditions determined from kaolinite and palynological assemblages [START_REF] Kujau | Reconstructing Valanginian (Early Cretaceous) mid-latitude vegetation and climate dynamics based on spore-pollen assemblages[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]. The mid-Hauterivian event corresponds to the increase in GRTC values observed at La Charce from bed LCP 273 to 295 (levels 177.50 to 193.65 m;Figs. 11,17) around the Marl Interval of Sayni (Fig. 6A). The age of these events in given in Table 8. It shows that these events are separated by an average duration of 2.46 Myr, in line with the cycle observed in the composite CaCO 3 and δ 13 C series. This demonstrates the outstanding pacing of the 2.4-Myr eccentricity cycle on the recurrence of the EECs in the Early Cretaceous.

From the uppermost Hauterivian to the Barremian, the filters of 2.5 and 1.2-Myr cycles in the composite CaCO 3 content turn in phase with their counterpart in the δ 13 C bulk series (Fig. 1). In this case, the EECs correspond to periods of increased carbonate content in the Subbetic Domain. This feature has already been noticed in Martinez et al. (2020a) and is associated with decreased sedimentation rate at times of higher sea level, which point to starvation of detrital sediment. Clay mineral and calcareous nannofossil assemblages still indicate that these periods of EECs correspond to increased levels of humidity on continents and fertilization of the water masses, in line with the phasing between EECs and environmental conditions observed during the Valanginian and the Hauterivian stages. This change of phasing between lithology and carbon cycle is an example of the local/regional response of sedimentary systems to a global forcing.

The climatic disturbances associated with the Taxy Event started in the I. giraudi Tethyan ammonite zone [START_REF] Frau | Revising the timing and causes of the Urgonian rudistid-platform demise in the Mediterranean Tethys[END_REF]Martinez et al., 2020a). Nonetheless, the fertilization event of water masses occurred during the negative carbon-isotope excursion [START_REF] Aguado | New insights into the Barremian-lower Aptian calcareous nannofossils of the Mediterranean Tethys: Chronostratigraphic and paleobiogeographic implications[END_REF]. This negative excursion is interpreted as an increase in influx of dissolved inorganic carbon through increase in oxidation of marine organic matter and/or increase in supply of oxidized terrestrial organic matter [START_REF] Stein | J o u r n a l P r e -p r o o f Journal Pre-proof Late Barremian-Early Aptian palaeoenvironmental change: The Cassis-La Bédoule section, southeast France[END_REF]. So the phasing between climate and carbon isotope can also change depending on the source of carbon. It should also be noted that the EECs described have been defined in the peri-Tethys, Northern Atlantic and Northern

European areas, all lying in the same climatic belt, from humid subtropical to tropical savannah [START_REF] Charbonnier | A global palaeoclimatic reconstruction for the Valanginian based on clay mineralogical and geochemical data[END_REF][START_REF] Burgener | Cretaceous climates: Mapping paleo-Köppen climatic zones using a Bayesian statistical analysis of lithologic, paleontologic, and geochemical proxies[END_REF]. The humid phases described here may hence vary in time and space depending on the motions of the climatic belts, themselves orbitally-controlled at Milankovitch J o u r n a l P r e -p r o o f time scales [START_REF] Armstrong | Hadley circulation and precipitation changes controlling black shale deposition in the Late Jurassic Boreal Seaway[END_REF].

It is also noteworthy that from the Hauterivian to the Barremian, the filters of the 2.5-Myr in the δ 13 C bel is in opposite phase with their counterparts in the δ 13 C bulk (Fig. 1). The reason for this is unclear. It could relate to a lower density of sampling in Hauterivian and Barremian stages, less studied than the Valanginian Stage, which contains the onset of the Weissert Event. It could be also linked to the high variaibility of the δ 13 C bel values within a specific level caused by the fact belemnites were nektonic dwellers and they could change depth and cross long distances during their life.

Orbital configuration at the inception of the Episodes of Environmental Changes

The analysis of the amplitude modulation of the precession cycles shows minimum amplitudes during the Weissert, the Faraoni, Mid-Barremian and Taxy episodes (Figs. 15,17,19). The precession cycles show high amplitudes during the Early Valanginian and Mid-Hauterivian events, and variable amplitudes depending on the section in the latest Valanginian event (Fig. 15). High amplitudes of precession during the humid peaks of the Early Valanginian and mid-Hauterivian imply that these events occurred at high eccentricity times leading to high variability in the precession cycles. This context triggers alternate periods of minimum seasonality to extremely high seasonality. In this context, high seasonality favour, for instance, the intensity of the monsoon cycle which can lead to increae in rainfall, weathering of continents and surface of humid areas on continents (e.g., [START_REF] Lézine | Orbitally-induced changes of the Atlantic and Indian monsoons over the past 20,000 years: New insights based on the comparison of continental and marine records[END_REF].

Minimum amplitudes could be explained in the Weissert by the disappearance of carbonate beds, so that the lithology shows less variaibility. In this case, this is not sure whether the low amplitudes observed during the humid peak of the Weissert Episode are related to actual decrease in the eccentricity of the Earth orbit or simply a regional response to a climatic forcing. However, minimum in amplitude of the precession and short eccentricity cycles have been well documented during the Faraoni Event (Martinez et al., 2015).

In the Subbetic Domain, increase in clay content generally implies more humid climate [START_REF] Moiroud | High-resolution clay mineralogy as a proxy for orbital tuning: Example of the Hauterivian-Barremian transition in the Betic Cordillera (SE Spain)[END_REF]. This is not the case during the Faraoni which appears singular from the rest of the analysed series from that point of view (Fig. 5), possibly due to starvation of detrital sediment in a context of 2 nd -order J o u r n a l P r e -p r o o f maximum flooding (Martinez et al., 2020a). Such feature occurred in the Mid-Barremian and Taxy events which show some similarities with the Faraoni Event. It is thus intriguing to observe that these three events occurred at time of low amplitude of precession, which implied a long period of moderate seasonality. [START_REF] Martinez | Orbital pacing of carbon fluxes by a ∼9-My eccentricity cycle during the Mesozoic[END_REF] suggest that this context is favourable to the development of annually humid climate leading to increase in nutrient supply and fertilization of the sea-water masses. Recent investigation of charcoal abundance, elemental composition from XRF and clay mineral analyses in the Early Jurassic appear to corroborate this hypothesis [START_REF] Hollaar | Environmental changes during the onset of the Late Pliensbachian Event (Early Jurassic) in the Mochras Borehole[END_REF]. Variable phasing between the onset of EECs and amplitude of precession cycles needs further investigation from a proxy independent from lithology and more directly linked humid-arid cycles (e.g. [START_REF] Hollaar | Environmental changes during the onset of the Late Pliensbachian Event (Early Jurassic) in the Mochras Borehole[END_REF]. Climate simulations performed in the context of the Eocene-Oligocene transition demonstrate that the response of the biota to a given orbital configuration can be heterogeneous in space and time [START_REF] Tardif | Orbital variations as a major driver of climate and biome distribution during the greenhouse to icehouse transition[END_REF]. Thus, it is also possible that no simple linear mechanism exists between the onset of the EECs and the change in the orbital configuration and that this relationship may vary through time.

An orbitally-controlled glacio-eustatism in the Early Cretaceous?

The EECs and related humid peaks are associated with widespread marl deposits and important maximum flooding surfaces in neritic environments [START_REF] Reboulet | Ammonoid and nannoplankton abundance in Valanginian (early Cretaceous) limestone-marl successions from the southeast France Basin: carbonate dilution or productivity? Palaeogeography[END_REF][START_REF] Godet | Deciphering the message of Early Cretaceous drowning surfaces from the Helvetic Alps: What can be learnt from platform to basin correlations?[END_REF][START_REF] Morales | Berriasian and early Valanginian environmental change along a transect from the Jura Platform to the Vocontian Basin[END_REF], as well as faunal exchanges between Tethyan and Boreal realms [START_REF] Walter | The bryozoan fauna of the Hauterivian transgression in the Paris Basin[END_REF][START_REF] Mutterlose | Distribution and facies patterns of Lower Cretaceous sediments in northern Germany: a review[END_REF], reflecting major sea-level rise events [START_REF] Matthews | Maximum flooding surfaces and sequence boundaries: comparisons between observations and orbital forcing in the Cretaceous and Jurassic (65-190 Ma)[END_REF][START_REF] Frau | Revising the timing and causes of the Urgonian rudistid-platform demise in the Mediterranean Tethys[END_REF][START_REF] Morales | Evolution of the northern Tethyan Helvetic Platform during the late Berriasian and early Valanginian[END_REF]. In the Helvetic Platform, three drowning unconformity surfaces (Gemsmättli, Lidernen and Altmann) are associated with the Weissert, Mid-Hauterivian and Faraoni events, respectively (Bodin et al., 2006a;[START_REF] Godet | Drowning unconformities: Palaeoenvironmental significance and involvement of global processes[END_REF][START_REF] Morales | Evolution of the northern Tethyan Helvetic Platform during the late Berriasian and early Valanginian[END_REF]. These unconformities reflect rapid sea-level changes (falls and rises) and eutrophication, following increased detrital and nutrient input to the basin (van de Schootbrugge et al, 2003;Bodin et al., 2006b).

Aquifer-eustasy has been proposed to explain these rapid sea-level variations in a supposed equally warm

Cretaceous. In this model, sea level decreases because of ground-water storage during the humid phases Argos section (down; from [START_REF] Martinez | An orbital floating time scale of the Hauterivian/Barremian GSSP from a magnetic susceptibility signal (Río Argos, Spain)[END_REF][START_REF] Moiroud | High-resolution clay mineralogy as a proxy for orbital tuning: Example of the Hauterivian-Barremian transition in the Betic Cordillera (SE Spain)[END_REF].

Fig. 4.

Cross plots between the MS, CaCO3 content and clay species content. From A to E: data from Vergol-Morénas (Martinez et al., 2020b). From F to I: data from Río Argos [START_REF] Martinez | An orbital floating time scale of the Hauterivian/Barremian GSSP from a magnetic susceptibility signal (Río Argos, Spain)[END_REF][START_REF] Moiroud | High-resolution clay mineralogy as a proxy for orbital tuning: Example of the Hauterivian-Barremian transition in the Betic Cordillera (SE Spain)[END_REF]. The blue line indicates the best fit and the red lines the 95 % confidence intervals. Charce section. Ammonite zonation is from [START_REF] Bulot | Le cadre stratigraphique du Valanginien supérieur et de l'Hauterivien du Sud-Est de la France : définition des biochronozones et caractérisation de nouveaux biohorizons[END_REF] and [START_REF] Reboulet | Comments and proposals about the Valanginian-Lower Hauterivian ammonie zonation of south-east France[END_REF]. Calcareous nannofossil biostratigraphy is from [START_REF] Barbarin | Evidence for a complex Valanginian nannoconid decline in the Vocontian basin (South East France)[END_REF]. Bed number and biostratigraphy are available in [START_REF] Mutterlose | The Global Boundary Stratotype Section and Point (GSSP) for the base of the J o u r n a l P r e -p r o o f Journal Pre-proof Hauterivian Stage (Lower Cretaceous), La Charce, southeast France[END_REF]. Count data (GRTC) are from [START_REF] Martinez | Astrochronology of the Valanginian Stage and palaeoenvironmental implications for the Weissert Event[END_REF]Martinez et al. ( , 2015)). 
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 1 Fig. 1. Time scale calculated here of stages, substages, Tethyan ammonite zones, calcareous nannofossil zones, magnetochrons, orbital cycles, composite CaCO 3 series and various δ 13 C carb series
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 2 Fig. 2. A. Paleogeographic map of the Early Cretaceous with locations of the Late Jurassic and Early
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 3 Fig. 3. Behavior of Magnetic Susceptibility (MS), CaCO 3 content δ 13 C carb and clay mineral assemblage over several marl-limestone alternations of the Vergol section (up; from Martinez et al. (2020b) and the Río

Fig. 4 .

 4 Fig. 4. Cross plots between the MS, CaCO 3 content and clay species content. From A to E: data from Vergol-Morénas(Martinez et al., 2020b). From F to I: data from Río Argos[START_REF] Martinez | An orbital floating time scale of the Hauterivian/Barremian GSSP from a magnetic susceptibility signal (Río Argos, Spain)[END_REF] 
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 56 Fig. 5. δ 13 C, Gamma-Ray Total Count (GRTC), Magnetic Susceptibility (MS) and clay mineral assemblages from the Vergol-Morénas section. The δ 13 C data are from Gréselle et al. (2011), Kujau et al.
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 7 Fig. 7. Correspondance between the Gamma-Ray Total Count (GRTC) signal, the 405-kyr eccentricity
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 8 Fig. 8. Correspondance between the Gamma-Ray Total Count (GRTC) signal, the 405-kyr, 100-kyr
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 9 Fig. 9. Biostratigraphic framework of the Berriasian-Valanginian transition. Ammonite and calcareous

  J o u r n a l P r e -p r o o f
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 10 Fig. 10. Biostratigraphic framework of the analysed sections from the lower Valanginian to the lower
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 11 Fig. 11. Biostratigraphic framework of the analysed sections from the upper Valanginian to the lower
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 12 Fig. 12. Biostratigraphic framework from the upper Hauterivian to the lowermost Aptian. The ammonite

  , 5.93 ± 0.41 Myr in Martinez et al. (2015) and 5.21 ± 0.08 Myr in Aguirre-Urreta et al. (2019). Rio et al. (1989) and Huang et al. (1993) based their J o u r n a l P r e -p r o o f calculations on marl-limestone couplet counting and visual identification on the Angles and nearby Vergons sections. The definition of the base and top of the Hauterivian have not changed since their study.

  , corresponding to a duration of 4.5 Myr. These durations are in good agreement with the duration of 4.58 -0.29 +0.15 Myr proposed in Martinez et al. (2020a) from the 405-kyr cycle identified from spectral analyses J o u r n a l P r e -p r o o f on magnetic susceptibility signals. Different durations of the Barremian Stage were thus proposed because of the difficulty in recognizing the orbital cycles with visual inspection only, different definitions of the Barremian Stage used, and different durations of the ~100-kyr eccentricity cycle used. Here, the spectral analyses will be briefly described as the age model has no change compared to Martinez et al. (2020a).

  every 0.20 m in J o u r n a l P r e -p r o o f the Valanginian and Hauterivian of the sections of Reynier, Vergol-Morénas, Angles, La Charce and RíoArgos. Prior to meaurements, the surfaces have been cleaned from weathered material and smoothed. The GRTC measurements were acquired with a SatisGeo GS-512 device and expressed in equivalent uranium concentration [ppm Ueq] (1 ppm = 1 µg/g), with a constant 1-min duration of acquisition. The reproducibility of the measurement was assessed by measuring 30 times the same spot in marl and limestone beds. The standard deviation of the measurements is 5 % of the mean value. A scintillometer arrangement was used to produce an energy spectrum for the natural gamma-ray emitted from an outcrop.

  -normalized Magnetic Susceptibility (MS) has been acquired every 0.25 m with a Kappabridge KLY-2 in El Portón in Aguirre-Urreta et al. (2019) and every 0.07 m with a Kappabridge KLY-3 in Arroyo Gilico and Barranco de Cavila in Martinez et al. (2020a). The mass-normalized MS data from Vergol were acquired with a Kappabridge KLY-3 in Martinez et al. (2020b). Volumic MS were normalized to the sample mass in Aguirre-Urreta et al. (2019) and to the mass and the volume measured (10 cc) in Martinez et al. (2020a, 2020b). The reproducibility of the volumic MS measurements in these studies is 1 % of the MS value. The mass-normalized MS data from Orpierre were acquired in Charbonnier et al. (2013) with a Kappabridge MFK-1B.

  J o u r n a l P r e -p r o o f modulations were determined by calculating the instantaneous amplitude of the band of interest filtered, usually the precession band, using Hilbert Transform. The 2π-MTM spectra of the instantaneous amplitude of the filtered bands were then calculated to determine on which periods their amplitude evolved. The orbital calibration was performed on the 405-kyr eccentricity cycle either directly filtered from the detrended series, or filtered from the instantaneous amplitude of the precession band. The age model assumes a constant sedimentation rate between each boundary of the 405-kyr cycles.

Fig. 13 .

 13 Fig. 13. Correlation of the astrochronologic frameworks in the lower part of the Valanginian series. The δ 13 C bulk data of Vergol is from Gréselle et al. (2011), Kujau et al. (2012), Martinez et al. (2020b). The δ 13 C bulk data from Orpierre is from Charbonnier et al. (2013).

  3 m, 1.3 m and 1.0 m (Fig.14C), and cycles above the 95 % confidence level at 2.1 m, 1.6 m and 0.73 m. The cycle of 17 m is attributed to the 405-kyr eccentricity cycle, the cycle at 2.1 m to the obliquity and the cycles from 1.6 to 1.0 m to the precession cycle. The 2π-MTM spectrum of the instantaneous amplitude of the precession cycle shows spectral peaks at 17 and 12 m, attributed to the 405kyr eccentricity cycle, from 4.6 to 3.8 m, attributed to the 100-kyr eccentricity cycle, and at 2.8 m (Fig.

Fig. 14 .

 14 Fig. 14. 2π-Multi-Taper (MTM) of the direct signals and amplitude modulation of the precession cycles

Fig. 15 .

 15 Fig. 15. Correlation of the astrochronologic frameworks from the lower Valanginian to the lower Hauterivian. The δ 13 C bulk from La Charce is from Gréselle et al. (2011), Hennig et al. (1999) and van de Schootbrugge et al. (2000). The δ 13 C bulk from Angles is from Duchamp-Alphonse et al. (2007). The δ 13 C bulk from Orpierre is from Charbonnier et al. (2013).

  J o u r n a l P r e -p r o o f m. The precession band was filtered from the GRTC signal applying a bandpass filter with a lower and upper frequency cuts of 0.6161 and 1.0429 cycles.m -1 . The 405-kyr eccentricity band was filtered from the GRTC signal applying a lowpass filter with the upper frequency cut of 0.0920 cycles.m -1 . The filter of the 405-kyr band from the GRTC signal correlates with Reynier (Figs.[START_REF] Moullade | Description lithologique des coupes types du stratotype historique de l'Aptien inférieur dans la région de Cassis-La Bédoule (SE France)[END_REF] 15). As also shown inMartinez et al. (2013), it shows that the thickness of the 405-kyr band varies from 23 m (cycle V9) to 10 m (cycle V10). The 2π-MTM spectrum of the interval covering the base of the series to level 155 m shows the 405kyr eccentricity band at 20 m and the precession band from 1.5 to 1.1 m (Fig.14G). The 2π-MTM spectrum of the instantaneous amplitude of the precession band shows the 405-kyr eccentricity band at 23

Fig. 16 .

 16 Fig. 16. 2π-Multi-Taper (MTM) spectra of the direct signals and amplitude modulation of the precession

  J o u r n a l P r e -p r o o f instantaneous amplitude of the precession band, showing a progressive change of phasing between the 405kyr band filtered from the GRTC signal and the same band filtered from the instantaneous amplitude of the precession cycle. 5.2.3. Spectral analyses of the La Charce seriesupper Valanginian

  eccentricity cycles at the Valanginian-Hauterivian transition (Fig. 8). The sequencing of the 405kyr eccentricity cycle in the Valanginian Stage is thus based on the filter of the instantaneous amplitude of the precession cycle in cycles B/V, V1 and V2 and based on the filter of the 405-kyr band from the GRTC signal from cycle V3 to H1. The duration of the Valanginian Stage revised here from our interpretation of the 405-kyr sequencing is 5.81 Myr.

1 .

 1 Extraction of the 405-kyr eccentricity in the Hauterivian 6.1.1. Spectral analyses of the Río Argos series

Fig. 17 .

 17 Fig. 17. Correlation of the astrochronologic frameworks from the upper Valanginian to the lowermost

Fig. 18 .

 18 Fig. 18. 2π-Multi-Taper (MTM) spectra of GRTC signals and amplitude modulation of the precession

peaks from 1 .

 1 0 to 0.78 m correspond to the thickness of the marl-limestone alternations and are related to the precession cycles. The band from 5.0 to 3.6 m corresponds to the 100-kyr eccentricity cycle. The spectrum of the instantaneous amplitude of the precession band shows spectral peaks at 33 m, 22 m, 17 m, 14 m, 8.5 m, 6.2 m, 5.0 m and 4.2 m (Fig.18H). The cluster of peaks from 22 to 14 m reflect the 405-kyr eccentricity cycle, while the peaks from 5.0 to 4.3 m are related to the 100-kyr eccentricity cycles. The precession band was filtered applying a bandpass filter with the lower frequency cut at 0.9318 cycles.m -1 and the upper frequency cut at 1.3216 cycles.m -1 . The 100-kyr eccentricity band was filtered applying a bandpass filter with lower and upper frenquency cuts at 0.1857 and 0.3076 cycles.m -1 . The 405-kyr band was filtered from the instantaneous amplitude of the precession band in the Hauterivian part of the La

  3.5 repetitions of the 405-kyr cycles (labeled as H5 to H9), and ca. 14 repetitions of the 100-kyr cycles labeled as H23 to H37 in both sections. This new astrochronology of the Hauterivian with the 100-kyr and 405-kyr eccentricity cycles provides a consistent age model between the Neuquén, Vocontian and Subbetic basins.The duration of the Hauterivian Stage revised here from our interpretation of the 405-kyr sequencing is 5.54 Myr.The band-pass filtering and instantaneous amplitude of the precession cycle at La Charce-Pommerol shows a consistent timescale with the astrochronology of the Pilmatué Member and the number of marl-limestone couplets based on the record of the 405-kyr eccentricity cycle (Fig.17). The duration of the Late Hauterivian provided here (3.39 Myr) is in addition longer than the duration proposed in Aguirre-Urreta et al. (2019)[3.02 Myr]. The difference is due to the use of the 405-kyr eccentricity cycle to calibrate the Río Argos section in this study, while it was previously calibrated with the 100-kyr eccentricity cycle.Correlations between Río Argos and other sections in the Subbetic Domain (Arroyo Gilico and Barranco Cavila;Martinez et al., 2020a) demonstrates that not all 100-kyr eccentricity cycles are preserved in a given section of the Subbetic Domain, while all the 405-kyr eccentricity cycles are preserved. Calculating stage durations with the 405-kyr eccentricity here prevents underestimation of the stage duration because of nondeposition of the short cycles.
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 19 Fig. 19. Correlation of the astrochronologic frameworks from the upper Hauterivian to the lowermost

Fig. 20 .

 20 Fig. 20. 2π-Multi-Taper (MTM) spectra of MS signals and amplitude modulation of the precession cycles

  sequencing of the 405-kyr eccentricity cycle in the Barremian Stage is based on the 405-kyr band filtered from the MS signal. The duration of the Barremian Stage remains unchanged compared to Martinez et al. (2020a) at 4.58 -0.29 +0.15 Myr. 8. Construction of the Geological Time Scale 8.1. Ages of stages, ammonite zones and calcareous nannofossil zones J o u r n a l P r e -p r o o f At El Portón, the base of the O. (O.) laticosta Andean ammonite Subzone is dated at 130.21 ± 0.16 Ma, from integrated radio-astrochronology (Aguirre-Urreta et al., 2017, 2019) (Fig. 17). The base of the O. (O.) laticosta Subzone is correlated to the base of the Olcostephanus (Jeannoticeras) jeannoti Tethyan ammonite Subzone at La Charce-Pommerol. Counting the 100-kyr cycle from the base of the Hauterivian, this correlation line corresponds to cycle "e100-H10" at El Portón, and to cycle "e100-H11" at La Charce-Pommerol. An additional uncertainty of 0.1 Myr thus arises from the correlation from the Neuquén to the Vocontian Basin. The uncertainty from the U-Pb age (0.16 Myr) is independent from the uncertainty from the Neuquén-Vocontian basins correlation (0.10 Myr). The combined standard uncertainty of the numerical ages in the Vocontian Basin is √0.16 2 + 0.10 2 = 0.19 Myr. Anchoring the age of the base of the O. (J.) jeannoti Tethyan ammonite Zone at 130.22 ± 0.19 Ma to the 405-kyr sequencing leads to an age of the Valanginian/Hauterivian boundary at 131.25 ± 0.19 Ma, an age of the Berriasian/Valanginian boundary of 137.06 ± 0.19 Ma, an age of the Hauterivian/Barremian boundary at 125.71 ± 0.19 Ma and an age of the Barremian/Aptian boundary at 121.15 ± 0.31 Ma. The uncertainty corresponds to the combined standard uncertainties from the U-Pb age (0.16 Myr), the uncertainty from the Neuquén-Vocontian basins correlation (0.10 Myr) and the biostratigraphic uncertainty on the location of the Barremian-Aptian

J

  o u r n a l P r e -p r o o f The Geologic Time Scale 2020 (GTS 2020) proposes an age of the Berriasian/Valanginian boundary of 137.7 ± 0.5 Ma, an age of the Valanginian/Hauterivian boundary of 132.6 ± 0.6 Ma, an age of the Hauterivian/Barremian boundary of 126.5 ± 0.7 Ma, and an age of the Barremian/Aptian boundary of 121.4 ± 0.6 Ma (Gale et al., 2020). Compared to the GTS 2020, the age model proposed here differs by 0.6 Myr for the Berriasian/Valanginian boundary, 1.3 Myr for the Valanginian/Hauterivian boundary, 0.8 Myr for the Hauterivian/Barremian boundary, and 0.2 Myr for the Barremian/Aptian boundary. The age model of the GTS 2020 is a comprise between cyclostratigraphically-derived durations of stages in the Early

  from Vergol-Morénas(Martinez et al., 2020b; Fig. 4A). Note that the calculated CaCO 3 content reaches values below 0 % in the latest Berriasian and in the earliest Hauterivian, and values above 100 % in the middle Valaginian. This is because the MS values do not only depend on the CaCO 3 but also to the type of iron-bearing mineral species and their proportion in the bulk rock. The values of these intervals are not retained in the spliced curve. The data from Reynier are selected as representative from 137.23 to 134.69 Ma and are retained in the spliced curve because this section is devoid of gravity flow deposit and correspond to a continuous, uninterrupted record of marl-limestone alternations in this interval.The data from Vergol-Morénas are selected as representative from 134.69 to 133.68 Ma as the GRTC values in Vergol-Morénas are similar to Angles and La Charce-Pommerol. The data from Orpierre are selected as representative from 133.68 to 132.26 Ma, as they are less affected by hiatuses than Angles and La Charce[START_REF] Boulila | Climatic precession is the main driver of Early Cretaceous sedimentation in the Vocontian Basin (France): Evidence from the Valanginian Orpierre succession[END_REF]. The data from La Charce-Pommerol are selected from 132.26 to 127.82 Ma, the data from Río Argos from 127.82 to 126.79 Ma, the data from Arroyo Gilico from 126.79 to 123.97 Ma, and the data from Barranco Cavila from 123.97 to 120.86Ma (Figs. 1, 22).
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 2122 Fig. 21. Cross-plots between the CaCO 3 and equivalent GRTC series from (A.) the Angles section and (B.) the Río Argos section. The solid blue line corresponds to the best-fit linear regression and the dashed red
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 2324 Fig. 23. Evolutive spectral analysis of the δ 13 C bulk series from the Vocontian Basin calibrated to time (periods are labeled in Myr) and correlation of this series to the δ 13 C bulk from the Maiolica Formation (Umbria-Marche; Sprovieri et al., 2006).

Fig. 25 .

 25 Fig. 25. Evolutive spectral analysis of the δ 13 C bulk series from the Subbetic Domain calibrated to time. Periods are labeled in Myr.

8

  Myr related to (g4-g3) eccentricity. Periods around 0.4 Myr in the Berriasian, Valanginien and Early Barremian related to (g2-g5) eccentricity. A period at 1.1 Myr is observed in the Late Barremian and a period at 0.83 Myr is observed in the Late Hauterivian.

Fig. 27 .

 27 Fig. 27. Evolutive spectral analysis of the δ 13 C bulk series from the Umbria-Marche calibrated to time.

  11.55 m to 27.35 m), at Reynier in between beds R34 and R69 (levels 10.80 m to 28.10 m) and at Orpierre in between13.97 m and 31.46 m (Figs. 9,[START_REF] Moullade | Description lithologique des coupes types du stratotype historique de l'Aptien inférieur dans la région de Cassis-La Bédoule (SE France)[END_REF]. This interval is in the middle of the "T." pertransiens Tethyan ammonite zone and corresponds to very humid interval in[START_REF] Morales | Berriasian and early Valanginian environmental change along a transect from the Jura Platform to the Vocontian Basin[END_REF] on the basis of clay mineral and palynologic assemblages. The latest Valanginian event is located at La Charce from bed LCP179 to 183 (levels 74.52 m to 79.55 m, Figs. 10, 15) and at Angles from bed A372 to 376 (levels 203.83 to 210.38 m), at the transition between the C. furcillata and T. callidiscus Tethyan ammonite J o u r n a l P r e -p r o o f Journal Pre-proof

J

  o u r n a l P r e -p r o o f Our revised time scale demonstrates that the long orbital cycles paced the occurrence of EECs, through cyclic fluctuations of global precipitation, and likely through glacio-eustatically induced sea levels changes. The concomitant increase in orbitally forced humidity and sea level triggered conditions to increase the burial of organic matter in continental and marine environments. During the late Early Valanginian, the middle Late Valanginian and the end of the Early Hauterivian, high-amplitude sea-level falls, cooling events and subsequent rapid sea-level increases point to glacial maximum conditions separated by ~2.5 Myr on average. Our time scale clearly demonstrates the synchronicity between the onset of the Weissert Event and the peak of activity of the Paraná-Etendeka large igneous province. Nevertheless, the Weissert Event peak in detrital supply and δ 13 C maxima keep following the pacing of the 2.4-Myr eccentricity cycle. The Weissert Event appears thus as a singularly long event with stronger impact on climate and marine ecosystems than other Episodes of Environment Changes defined in Föllmi (2012), which was the consequence of the concomitant effect of the emplacement of the Paraná-Etendeka province and long orbital cycles.
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 56 Fig. 5. δ 13 C, Gamma-Ray Total Count (GRTC), Magnetic Susceptibility (MS) and clay mineral assemblages from the Vergol-Morénas section. The δ 13 C data are from Gréselle et al. (2011), Kujau et al.
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 13 Fig. 13. Correlation of the astrochronologic frameworks in the lower part of the Valanginian series. The δ 13 C bulk data of Vergol is from Gréselle et al. (2011), Kujau et al. (2012), Martinez et al. (2020b). The δ 13 C bulk data from Orpierre is from Charbonnier et al. (2013).
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 1415 Fig. 14. 2π-Multi-Taper (MTM) of the direct signals and amplitude modulation of the precession cycles
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 1617 Fig. 16. 2π-Multi-Taper (MTM) spectra of the direct signals and amplitude modulation of the precession
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 1819 Fig. 18. 2π-Multi-Taper (MTM) spectra of GRTC signals and amplitude modulation of the precession

Fig. 20 .Fig. 21 .

 2021 Fig. 20. 2π-Multi-Taper (MTM) spectra of MS signals and amplitude modulation of the precession cycles
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 22 Fig. 22. Construction of the spliced CaCO 3 series from the Vocontian Basin and the Subbetic Domain. A. GRTC series from Reynier, Vergol-Morénas, Angles, La Charce-Pommerol and Río Argos calibrated into
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 23 Fig. 23.Evolutive spectral analysis of the δ 13 C bulk series from the Vocontian Basin calibrated to time (periods are labeled in Myr) and correlation of this series to the δ 13 C bulk from the Maiolica Formation (Umbria-Marche;[START_REF] Sprovieri | Orbital tuning of a lower Cretaceous composite record (Maiolica Formation, central Italy)[END_REF].
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 24 Fig. 24. Evolutive spectral analysis of the δ 13 C bel series from western Tethys calibrated to time. Periods are labeled in Myr.
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 25 Fig. 25. Evolutive spectral analysis of the δ 13 C bulk series from the Subbetic Domain calibrated to time. Periods are labeled in Myr.
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 26 Fig. 26. 2π-Multi-Taper (MTM) spectra (A.) the composite CaCO 3 series, (B.) the compiled δ 13 C bulk series from the Vocontian Basin, (C.) the compiled δ 13 C bel series, (D.) the δ 13 C bulk series from the Subbetic Domain, (E.) the δ 13 C bulk series from the Umbria-Marche Basin. The periods are labeled in Myr.

  

  

  

  

  0.19 Ma.40 Ar-39 Ar ages indicate an age of chron M0r of 121.2 ± 0.5 Ma[START_REF] He | Toward age determination of the M0r (Barremian-Aptian boundary) of the Early Cretaceous[END_REF]. In addition,[START_REF] Zhang | Magnetostratigraphy of U-Pb-dated boreholes in Svalbard, Norway, implies that magnetochron M0r (a proposed Barremian-Aptian boundary marker) begins at 121.2 ± 0.4[END_REF] extrapolated an age of the base of chron M0r of 121.2 ± 0.4 Ma. Considering that chron M0r occurred within the I. giraudi-M. sarasini Tethyan Ammonite Zone[START_REF] Frau | The Aptian GSSP candidate at Gorgo a Cerbara (Central Italy): an alternative interpretation of the J o u r n a l P r e -p r o o f Journal Pre-proof bio-, litho-and chemostratigraphic markers[END_REF] Aguado et al., 

2022), which base and top are respectively dated at 122.01 ± 0.19 Ma and 121.15 ± 0.31 Ma, our age model fit with the age of chron M0r proposed in

[START_REF] He | Toward age determination of the M0r (Barremian-Aptian boundary) of the Early Cretaceous[END_REF] 

and

[START_REF] Zhang | Magnetostratigraphy of U-Pb-dated boreholes in Svalbard, Norway, implies that magnetochron M0r (a proposed Barremian-Aptian boundary marker) begins at 121.2 ± 0.4[END_REF]

.

  the Weissert carbon-isotope excursion in the Late Valanginian, (ii) the minimum in δ13 C values in the Early Valanginian, (iii) the minimum in the δ13 C values in the Late Hauterivian, (iv) the positive excursions related to the Faraoni, Mid-Barremian and Taxy events. The proposed ages of the magnetochrons is provided in Table6. The difference in the age of the bioevents with the Vocontian and Subbetic domains is J o u r n a l P r e -p r o o f provided in Table 7. The ages can show an excellent correspondence for the ages of the FO of ammonites "T." pertransiens and A. radiatus, the FO of calcareous nannofossil T. verenae, L. bollii and R. irregularis. It can however reach a difference of 0.8 Myr in the LO of calcareous nannofossils R. wisei and R. terebrodentarius. Aguado et al. (2018) demonstrated that the LO of R. wisei is not recorded at the same interval of the Weissert positive carbon-isotope excursion. The difference in age of 0.8 Myr recorded between the Vocontian, Subbetic and Umbria-Marche basins is possibly due to the uncertainty in the stratigraphic location of their first and last occurrences. The top of magnetochron M1r is dated at 123.17 ± 0.19 Ma in our age model from the Umbria-Marche Basin, while Zhang et al. (2021) proposed 123.1 ± 0.3 Ma for the upper part of this chron. Still in our age model from the Umbria-Marche Basin, magnetochron M0r is dated from 121.40 to 121.13 ± 0.19 Ma (Table

Table 4 .

 4 Calculated ages of the ammonite zones in the Berriasian Stage. The durations of the ammonite zones in the Berriasian are the same as in the Geologic Time Scale 2020.

	Base zones in Berriasian	Age.Ma
	"Thurmanniceras" Otopeta Subzone	137.49
	Tirnovella alpillensis Zone	137.95
	Berriasella picteti Subzone	138.54

Fauriella boissieri Zone / Malbosiceras paramimounum Subzone 139.39
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Table 5 .

 5 Age model of the correlations between the carbon-isotope curves between the composite Vocontian and the composite Umbria-Marche basins.

	Level Maiolica (m) Age Vocontian and Subbetic (Ma)
	336.82	121.19
	330.58	121.78
	319.44	122.54
	290.52	124.72
	273.69	125.41
	259.75	126.74
	233.28	128.30
	195.98	131.01
	191.98	131.65
	180.82	132.23
	165.80	132.81
	147.98	133.95
	136.70	134.52
	123.04	135.10
	113.64	135.92
	89.62	137.46
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 (Föllmi, 2012). Here, the opposite is inferred, indicating that aquifer-eustasy cannot explain these Early Cretaceous sea-level variations, as already suggested by [START_REF] Davies | Assessing the impact of aquifer-eustasy on short-term Cretaceous sealevel[END_REF]. Recent TEX 86 analyses performed on Valanginian [START_REF] Cavalheiro | Impact of global cooling on Early Cretaceous high pCO 2 world during the Weissert Event[END_REF] and Barremian rocks [START_REF] Huck | Early Cretaceous sea surface temperature evolution in subtropical shallow seas[END_REF] suggest that the mid-Valanginian, the mid-Barremian and the Taxy events all corresponded to warming phases. Evidence for glacial sedimentation at high-paleolatitude in Southern Hemisphere supports the idea of persistent polar ice caps during the Late Valanginian [START_REF] Alley | Glaciations at high-latitude Southern Australia during the Early Cretaceous[END_REF], in line with evidence for a cooling event in the Late Valanginian [START_REF] Mcarthur | Palaeotemperatures, polar ice-volume, and isotope stratigraphy (Mg/Ca, δ18O, δ13C, 87Sr/86Sr): The Early Cretaceous (Berriasian, Valanginian, Hauterivian)[END_REF][START_REF] Price | Dynamic polar climates in a greenhouse world: Evidence from clumped isotope thermometry of Early Cretaceous belemnites[END_REF][START_REF] Bodin | Large igneous provinces and organic carbon burial: Controls on global temperature and continental weathering during the Early Cretaceous[END_REF][START_REF] Cavalheiro | Impact of global cooling on Early Cretaceous high pCO 2 world during the Weissert Event[END_REF] and frequency of glendonites at high latitudes [START_REF] Price | The evidence and implications of polar ice during the Mesozoic[END_REF].

Interestingly, the end of the Early Valanginian (K. inostranzewi Tethyan ammonite Zone, cycle V6; Fig. 15) corresponds to an important regression event preceding an important transgression during the S. verrucosum Zone. All these events have several dozens of meters of amplitude [START_REF] Davies | Assessing the impact of aquifer-eustasy on short-term Cretaceous sealevel[END_REF]. In the upper Valanginian, the cold interval from the Olcostephanus (Olcostephanus) nicklesi to the Criosarasinella furcillata Tethyan ammonite subzones (cycles V10-V12; Fig. 15) also corresponds to an important regressive event preceding the transgression at the end of the Valanginian [START_REF] Ferry | Le détritisme carbonate profond dans le Crétacé inférieur du sud-est français[END_REF]. These cold and regressive events precede the Weissert and the latest Valanginian Event. Their asymmetric nature [START_REF] Gréselle | Sea-level reconstructions from the Peri-Vocontian Zone (South-east France) point to Valanginian glacio-eustasy[END_REF], amplitude, the fact that they are recognized at large geographic scale and the fact that glacial features have been identified in Australia from the Valanginian to the Albian [START_REF] Alley | Glaciations at high-latitude Southern Australia during the Early Cretaceous[END_REF] point that these time intervals corresponded to transient polar ice cap development phases. In the mid-Hauterivian, from the L. nodosoplicatum to the S. sayni Tethyan ammonite zones, the trend in the GRTC values shows a long-tern decrease followed by two steps of rapid increase separated from each other by 0.5 Myr (Fig. 17). Assuming the formation are increasingly carbonated when the sea level decrease, this trend implies a long-term sea level decrease in the Early Hauterivian followed by rapid increase at the beginning of the Late Hauterivian. In the Helvetic Platform, this time interval is represented by the Liedernen drowning unconformity, marked by an important regression followed by important transgressive events [START_REF] Godet | Drowning unconformities: Palaeoenvironmental significance and involvement of global processes[END_REF]. As in the middle and Late Valanginian, an important regression event occurred before the rapid transgression, pointing again to glacio-eustatism. The second minimum in GRTC value at J o u r n a l P r e -p r o o f Journal Pre-proof the end of the Early Hauterivian coincides in the Neuquén Basin with a shift from basinal environment to aeolian dunes and fluvial systems. This change could be the local expression of a widespread-identified regression event [START_REF] Sahagian | Eustatic curve for the Middle Jurassic-Cretaceous based on Russian Platform and Siberian stratigraphy: Zonal resolution[END_REF][START_REF] Mutterlose | Distribution and facies patterns of Lower Cretaceous sediments in northern Germany: a review[END_REF][START_REF] Pictet | New insights on the Early Cretaceous (Hauterivian-Barremian) Urgonian lithostratigraphic units in the Jura Mountains (France and Switzerland): the Gorges de l'Orbe and the Rocher des Hirondelles formations[END_REF]. In the Barremian Stage, [START_REF] Frau | Revising the timing and causes of the Urgonian rudistid-platform demise in the Mediterranean Tethys[END_REF] noticed high-amplitude sea level falls around the Baremian-Aptian transition and evoked glacio-eustatism as the most likely mechanism of sea level decrease on the basis of paleotemperature reconstructions [START_REF] O'brien | Cretaceous sea-surface temperature evolution: Constraints from TEX86 and planktonic foraminiferal oxygen isotopes[END_REF], and numerical modeling of climate [START_REF] Donnadieu | Modelling the primary control of paleogeography on Cretaceous climate[END_REF][START_REF] Ladant | Palaeogeographic regulation of glacial events during the Cretaceous supergreenhouse[END_REF][START_REF] Pohl | Quantifying the paleogeographic driver of Cretaceous carbonate platform development using paleoecological niche modeling[END_REF].

Synchronism between the Paraná-Etendeka LIP and the Weissert Event

The base of the Weissert Event is defined by a worldwide increase in the bulk-rock and organic δ 13 C values during the late Early Valanginian (Fig. 2). Detailed bulk-rock stable isotope data accurately position the Weissert Event in the Vergol-Morénas and La Charce-Pommerol series [START_REF] Hennig | C-isotope stratigraphy, a calibration tool between ammonite-and magnetostratigraphy: the Valanginian-Hauterivian transition[END_REF][START_REF] Gréselle | The Valanginian isotope event: A complex suite of palaeoenvironmental perturbations[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]Martinez et al., 2020b). From the time scale revised here, the onset of the Weissert carbon isotope excursion is dated at 134.50 ± 0.19 Ma. This new age refines and replaces the previous dating at 135.22 ± 1.00 Ma (Martinez et al., 2015). The end of the rising phase of the carbonisotope excursion is dated at 133.96 ± 0.19 Ma, and the end of the plateau phase is dated at 132.44 ± 0.19 Ma. [START_REF] Thiede | Paraná flood basalts: rapid extrusion hypothesis confirmed by new 40 Ar/ 39 Ar results[END_REF] and [START_REF] Janasi | The onset of flood basalt volcanism, Northern Paraná Basin, Brazil: A precise U-Pb baddeleyite/zircon age for a Chapecó-type dacite[END_REF] proposed ages of Paraná continental flood basalt of 134.7 ± 1 Ma, and 134.3 ± 0.8 Ma, from 40 Ar-39 Ar and U-Pb ID-TIMS analyses, respectively. These ages suggest rapid extrusion of the continental flood basalt, and synchronous to the start of the mid-Valanginian carbon-isotope excursion. However, CA-ID-TIMS U-Pb ages recently provided ages of 133.6 ± 0.12 Ma [START_REF] Rocha | Rapid eruption of silicic magmas from the Paraná magmatic province (Brazil) did not trigger the Valanginian event[END_REF], which lies within the plateau phase of the carbon-isotope excursion. A further compilation and critical review of Ar-Ar and U-Pb ages nonetheless suggests that the activity of main phase of the Paraná-Etendeka Large Igneous Province (LIP) started 135.0 ± 0.6 Ma and ended 133.2 ± 0.2 Ma, with a peak of activity dated at 134.4 ± 0.1 Ma, and eruptions possibly ceasing 132.0 ± 0.2 Ma (Fig. 1) [START_REF] Gomes | Geochronology of the Paraná-Etendeka large igneous province[END_REF]. This compilation agrees with recent 40 Ar-39 Ar ages performed throughout J o u r n a l P r e -p r o o f Journal Pre-proof a vertical stratigrahic profile of the Paraná province and indicating ages from ca. 135.5 to ca. 133.5 Ma [START_REF] Bacha | The mafic volcanic climax of the Paraná-Etendeka Large Igneous Province as the trigger of the Weissert Event[END_REF]. This in line with significant enrichment in mercury measured at the base of the positive carbon-isotope excursion [START_REF] Charbonnier | Mercury enrichment indicates volcanic triggering of Valanginian environmental change[END_REF][START_REF] Vickers | Volcanism and carbon cycle perturbations in the High Arctic during the Late Jurassic-Early Cretaceous[END_REF]. This synchronicity reinforces the hypothesis of a probable link between the onset of the Weissert Event and the peak of activity of the Paraná-Etendeka province.

Paleomagnetic data suggest the activity of the Etendeka province likely covered 16 magnetochrons suggesting long-lived activity of the Etendeka province [START_REF] Dodd | Long duration (> 4 Ma) and steady-state volcanic activity in the early Cretaceous Paraná-Etendeka Large Igneous Province: New palaeomagnetic data from Namibia[END_REF]. Conversely, [START_REF] Mena | Paleosecular variation and absolute geomagnetic paleointensity records retrieved from the Early Cretaceous Posadas Formation (Misiones, Argentina)[END_REF] shown that the Paraná province covered three to five magnetochrons, starting with normal polarity.

Paleomagnetic and carbon-isotope data from the Umbria-Marche Basin show that the Weissert carbonisotope excursion started within magnetochron M12n [START_REF] Weissert | Volcanism, CO 2 and palaeoclimate: a Late Jurassic-Early Cretaceous carbon and oxygen isotope record[END_REF], in line with paleomagnetic data from the Paraná province. If this correlation is correct, this suggest that the majority of the Paraná continental flood basalt were deposited from chrons M12n to M11An.1n, in line with a shortlived activity of the magmatic province (Gomes and Vaconcelos, 2021). If the ages of [START_REF] Rocha | Rapid eruption of silicic magmas from the Paraná magmatic province (Brazil) did not trigger the Valanginian event[END_REF] appeared to be the most likely, the correlations between the Paraná province and the magnetochron would shift to the interval from M11An.1n to M11n, still supporting short-lived activity of the province.

The Comei-Bunbury province is another magmatic province active during the Late Valanginian [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] Harry | Evolution of the southwest Australian rifted continental margin during breakup of East Gondwana: Results from International Ocean Discovery Program Expedition 369[END_REF]. Unfortunately, the Naturaliste magmatic Plateau (SW Australia), belonging to the Comei-Bunbury province, has not been drilled down the base of the magmatic series. The eldest magnetochron recorded is M11r [START_REF] Harry | Evolution of the southwest Australian rifted continental margin during breakup of East Gondwana: Results from International Ocean Discovery Program Expedition 369[END_REF], leaving the possibility of the Naturaliste Plateau to be synchronous of the Weissert carbon-isotope excursion. SHRIMP and LA-ICP-MS U-Pb ages performed on the Comei Basalts indicate the activity of the province occurred 131.5 ± 0.8 Ma, which seems to postdate the carbon-isotope excursion [START_REF] Zhu | The 132 Ma Comei-Bunbury large igneous province: Remnants identified in present-day southeastern Tibet and southwestern Australia[END_REF]. The extension of the volcanic centers of the Comei-Bunbury province reaches ~0.13 x 10 6 km 2 [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] Olierook | Toward a Greater Kerguelen large igneous province: Evolving mantle source contributions in and around the Indian Ocean[END_REF], which is much smaller than the Paraná-Etendeka province (~1 x 10 6 km 2 ; [START_REF] Föllmi | Phosphogenesis, carbon-isotope stratigraphy, and carbonate-platform evolution along the Lower Cretaceous northern Tethyan margin[END_REF]. The estimated total volume of magma extruded from the Paraná-Etendeka province is comprised between 2 and 3 x 10 6 km 3 , with an estimated average effusion rate of 0.9 to 1.7 km 3 /yr, in line with other LIPs associated with global J o u r n a l P r e -p r o o f Journal Pre-proof environmental crises [START_REF] Gomes | Geochronology of the Paraná-Etendeka large igneous province[END_REF].

It is however noteworthy that the humid peak related to the Weissert Event still follows the pacing of the 2.4-Myr eccentricity cycle, which demonstrates that the emplacement of the Paraná-Etendeka volcanic province did not modify the pacing of the EECs caused by the long orbital cycles. However, the carbonisotope excursion which defines the Weissert Event started 0.6 Myr before the humid peak, while the other EECs of the Valanginian-Barremian are all shorter than 0.5 Myr. The long-term trend CaCO 3 curve shows minimum values during the Weissert Event (Fig. 1), in line with the neritic carbonate production crisis inferred at this time [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]Föllmi, 2012). The humid peak related to the Weissert Event also corresponds to a global warming phase, maximum in kaolinite content and eutrophication of the marine environments in the Valanginian series [START_REF] Duchamp-Alphonse | Calcareous nannofossil response to the Weissert episode (Early Cretaceous): Implications for palaeoecological and palaeoceanographic reconstructions[END_REF][START_REF] Charbonnier | A global palaeoclimatic reconstruction for the Valanginian based on clay mineralogical and geochemical data[END_REF]. Finally, the Late Valanginian cold interval [START_REF] Bodin | Large igneous provinces and organic carbon burial: Controls on global temperature and continental weathering during the Early Cretaceous[END_REF][START_REF] Cavalheiro | Impact of global cooling on Early Cretaceous high pCO 2 world during the Weissert Event[END_REF] has likely lasted more than 1 Myr while the other cold intervals suspected in the Valanginian-Hauterivian have not lasted more than 0.5 Myr. The Weissert Event thus appears as a singularly long event compared to other EECs which had profound impact on climate and marine ecosystems. The release of greenhouse gases during the emplacement of the Paraná-Etendeka may therefore have caused increase in temperature, humid conditions, detrital and nutrient supply to basins, favoring eutrophication of marine environments and crisis in the neritic carbonate productivity. Storage of organic carbon on continents and high latitude marine environments [START_REF] Westermann | The Valanginian δ 13 C excursion may not be an expression of a global oceanic anoxic event[END_REF][START_REF] Charbonnier | A global palaeoclimatic reconstruction for the Valanginian based on clay mineralogical and geochemical data[END_REF][START_REF] Cavalheiro | Impact of global cooling on Early Cretaceous high pCO 2 world during the Weissert Event[END_REF][START_REF] Vickers | Volcanism and carbon cycle perturbations in the High Arctic during the Late Jurassic-Early Cretaceous[END_REF] may have favored the onset of a long-lasting cold snap in the Late Valanginian by drawdown of atmospheric CO 2 . It is thus noteworthy that the onset of the Paraná-Etendeka LIP did not modify the pacing of the carbon and detrital cycles caused by the long orbital cycles. However, it amplified and lengthened the climatic changes provoked by the long eccentricity cycles, triggered a long-lasting carbon isotope excursion in bulk carbonate and a long-lasting cooling event leading to developments of ice caps during the Late Valanginian.

Conclusions
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