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Climatic ups and downs in a disturbed Jurassic world Guillaume Dera1,2*, Benjamin Brigaud3,2, Fabrice Monna4, Rémi Laffont2, Emmanuelle Pucéat2, Jean-François Deconinck2, Pierre Pellenard2, Michael M. Joachimski5, and Christophe Durlet2 1



LSCE-IPSL (Laboratoire des Sciences du Climat et de l’Environnement–Institut Pierre Simon Laplace), CNRS-UMR 8212, CEA, F-91191 Gif-sur-Yvette, France 2 Biogéosciences, CNRS-UMR 5561, Université de Bourgogne, F-21000 Dijon, France 3 IDES (Interactions et Dynamique des Environnements de Surface), CNRS-UMR 8148, Université Paris Sud, F-91405 Orsay, France 4 ARTeHIS (Archéologie, Terre, Histoire, Sociétés), CNRS-UMR 5594, Université de Bourgogne, F-21000 Dijon, France 5 GeoZentrum Nordbayern, Universität Erlangen-Nürnberg, D-91054 Erlangen, Germany ABSTRACT The tropical, warm, and equable climate of the Jurassic world is regularly challenged by geoscientists, especially since oxygen isotopes (δ18O) of fossil hardparts have been used to reconstruct the paleotemperature history of seawater. By applying the innovative “SiZer” (significant zero crossings of the derivatives) statistical approach to a newly compiled δ18O database for the Jurassic, we demonstrate the occurrence of major and multiscale δ18O changes mainly related to climate disturbances. For the first time, two long-term anomalies in δ18O are identified during the Toarcian and the Late Jurassic, in conjunction with intensive volcanism in large igneous provinces. These results support a strong influence of repeated volcanic pulses on the modulation of pCO2, temperatures, and polar ice cap volumes over protracted periods. At shorter time scales, 13 relatively rapid (0.5–1 m.y.) and significant warming and cooling events are identified, the causes of which include transient fluctuations in greenhouse gas concentrations related to still-debated mechanisms. INTRODUCTION In the context of current global warming, reconstruction of climate history based on sedimentary archives, isotope geochemistry, and numerical modeling is of major interest because it allows comparison with current climate change in terms of rapidity, magnitude, origin, and potential consequences. During the past two decades, oxygen and carbon isotope analyses (δ18O and δ13C) performed on wellpreserved marine fossils have highlighted major changes in seawater temperature, carbon cycle, and polar ice volume during the Phanerozoic (e.g., Zachos et al., 2001). For example, δ18O data measured on biostratigraphically welldated bivalves (Brigaud et al., 2008), belemnites (van de Schootbrugge et al., 2005), brachiopods (Suan et al., 2010), ammonites (Wierzbowski and Joachimski, 2007), and fish teeth (Dera et al., 2009b; Lécuyer et al., 2003) from European domains have challenged former views of an equable and warm Jurassic climate with a low latitudinal gradient (Frakes et al., 1992). However, paleoclimatic changes inferred from isotopic records data may be questioned because, in spite of noisy δ18O time series, the trends were never statistically tested. In addition, oxygen isotope signals measured on various biological hardparts may be discordant owing to nonequilibrium oxygen isotope fractionation of extinct organisms and/or differences in paleoecological behaviors of taxa (McArthur et al., 2007). Studies embracing the entire Jurassic interval (200–145 Ma) are scarce (Jenkyns et al., 2002), *E-mail: [email protected].



although they are required to identify the processes responsible for long-term δ18O variations during this time period characterized by continental break-up and major volcanic events. MATERIAL AND METHODS We present an extensive δ18O database covering the entire Jurassic and we use statistical methods, rarely applied to geochemical time series, both to test the robustness of warming and cooling events suggested in previous studies and to identify possible longer term climate trends. Our data set is based on an exhaustive compilation of 2809 published oxygen and carbon isotope values measured on various pristine fossil shells (see the GSA Data Repository1). All shells derive from the European realm representing shallow epicontinental seas ( 
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