


Skip to main content


    
        
            [image: Durham Research Online (DRO)]
        
        
        
            
            
            
        
    

    
        
        
            
                Home
            

                            
                    Research Outputs
                
            
                            
                    People
                
            
                            
                    Faculties and Departments
                
            
            
                                                                                                            
                            
                                Research Centres/Groups
                            
                            
                                                                    
                                        Advanced Materials and Electronic Devices
                                    
                                                                    
                                        Advanced Research Computing (ARC)
                                    
                                                                    
                                        Aesthetics, Ethics and Politics
                                    
                                                                    
                                        Algorithms and Complexity in Durham (ACiD)
                                    
                                                                    
                                        Animal Cells and Systems
                                    
                                                                    
                                        Applied and Computational Mathematics
                                    
                                                                    
                                        Artificial Intelligence and Human Systems (AIHS)
                                    
                                                                    
                                        Behaviour, Ecology and Evolution Research Centre (BEER)
                                    
                                                                    
                                        Bioarchaeology
                                    
                                                                    
                                        Bioengineering
                                    
                                                                    
                                        Biomolecular Interactions
                                    
                                                                    
                                        Biophysical Sciences Institute (BSI)
                                    
                                                                    
                                        Catchments and Rivers
                                    
                                                                    
                                        Centre for Advanced Instrumentation
                                    
                                                                    
                                        Centre for Banking Institutions and Development
                                    
                                                                    
                                        Centre for Catholic Studies
                                    
                                                                    
                                        Centre for Chinese Law and Policy
                                    
                                                                    
                                        Centre for Classical Reception
                                    
                                                                    
                                        Centre for Consumers and Sustainable Consumption
                                    
                                                                    
                                        Centre for Contemporary Chinese Studies
                                    
                                                                    
                                        Centre for Criminal Law and Criminal Justice
                                    
                                                                    
                                        Centre for Culture and Ecology
                                    
                                                                    
                                        Centre for Death and Life Studies
                                    
                                                                    
                                        Centre for Environmental and Energy Economics
                                    
                                                                    
                                        Centre for Ethics and Law in the Life Sciences
                                    
                                                                    
                                        Centre for Experimental Methods and Behavioural Research
                                    
                                                                    
                                        Centre for Extragalactic Astronomy
                                    
                                                                    
                                        Centre for Global Infectious Disease
                                    
                                                                    
                                        Centre for Humanities Engaging Science and Society
                                    
                                                                    
                                        Centre for Institutions and Political Behaviour
                                    
                                                                    
                                        Centre for Intercultural Mediation
                                    
                                                                    
                                        Centre for Law and Global Justice
                                    
                                                                    
                                        Centre for Leadership and Followership
                                    
                                                                    
                                        Centre for Macroeconomic Policy
                                    
                                                                    
                                        Centre for Materials Physics
                                    
                                                                    
                                        Centre for Molecular and Nanoscale Electronics
                                    
                                                                    
                                        Centre for Neurodiversity & Development
                                    
                                                                    
                                        Centre for Nineteenth-Century Studies
                                    
                                                                    
                                        Centre for Organisations and Society
                                    
                                                                    
                                        Centre for Particle Theory
                                    
                                                                    
                                        Centre for Political Thought
                                    
                                                                    
                                        Centre for Quantitative Research in Financial Economics
                                    
                                                                    
                                        Centre for Research into Violence and Abuse
                                    
                                                                    
                                        Centre for Social Justice and Community Action
                                    
                                                                    
                                        Centre for Strategy, Technological Innovation and Operations
                                    
                                                                    
                                        Centre for Sustainable Development Law and Policy
                                    
                                                                    
                                        Centre for Vision and Visual Cognition
                                    
                                                                    
                                        Centre for Visual Arts and Cultures
                                    
                                                                    
                                        Centre for the History of Medicine and Disease
                                    
                                                                    
                                        Centre for the Study of Jewish Culture, Society and Politics
                                    
                                                                    
                                        Centre for the Study of the Ancient Mediterranean and Near East
                                    
                                                                    
                                        Climate, Environment and Resources
                                    
                                                                    
                                        Cognitive Neuroscience
                                    
                                                                    
                                        Communications and THz
                                    
                                                                    
                                        Computational Mechanics
                                    
                                                                    
                                        Condensed Matter Physics
                                    
                                                                    
                                        Criminal Justice, Social Harms and Inequalities
                                    
                                                                    
                                        Decolonising MLAC
                                    
                                                                    
                                        Development and Alumni Office  (DARO)
                                    
                                                                    
                                        Developmental Science
                                    
                                                                    
                                        Durham Centre for Crop Improvement Technology
                                    
                                                                    
                                        Durham Centre for Law and Philosophy
                                    
                                                                    
                                        Durham Centre for Soft Matter
                                    
                                                                    
                                        Durham Cultural Evolution Research Centre
                                    
                                                                    
                                        Durham Energy Institute (DEI)
                                    
                                                                    
                                        Durham Enterprise Centre
                                    
                                                                    
                                        Durham European Law Institute
                                    
                                                                    
                                        Durham Geochemistry Centre
                                    
                                                                    
                                        Durham Infancy and Sleep Centre
                                    
                                                                    
                                        Durham International Dispute Resolution Institute
                                    
                                                                    
                                        Durham Research Methods Centre (DRMC)
                                    
                                                                    
                                        Durham Research in Economic Analysis and Mechanisms
                                    
                                                                    
                                        Durham University Evidence Centre for Education
                                    
                                                                    
                                        Durham X-Ray Centre
                                    
                                                                    
                                        Ecology, Evolution and Environment
                                    
                                                                    
                                        Economic and Social History
                                    
                                                                    
                                        Economy & Culture
                                    
                                                                    
                                        El Shaarani Centre for Ethical Finance, Accountability and Governance
                                    
                                                                    
                                        Electrical Power
                                    
                                                                    
                                        Environmental
                                    
                                                                    
                                        Evolutionary Anthropology
                                    
                                                                    
                                        Fluid Mechanics
                                    
                                                                    
                                        Gender and Law at Durham
                                    
                                                                    
                                        Geochemistry
                                    
                                                                    
                                        Geographies of Life
                                    
                                                                    
                                        Geophysics & Geodynamics
                                    
                                                                    
                                        Global Policy Institute
                                    
                                                                    
                                        Hazards and Surface Change
                                    
                                                                    
                                        Health and Social Theory
                                    
                                                                    
                                        Heritage Partnerships
                                    
                                                                    
                                        History of Science, Technology and Medicine
                                    
                                                                    
                                        Human Rights and Public Law Centre
                                    
                                                                    
                                        Institute for Commercial and Corporate Law
                                    
                                                                    
                                        Institute for Computational Cosmology (ICC)
                                    
                                                                    
                                        Institute for Data Science (IDAS)
                                    
                                                                    
                                        Institute for Local Governance
                                    
                                                                    
                                        Institute for Medical Humanities (IMH)
                                    
                                                                    
                                        Institute for Particle Physics Phenomenology (IPPP)
                                    
                                                                    
                                        Institute of Advanced Study (IAS)
                                    
                                                                    
                                        Institute of Hazard, Risk and Resilience (IHRR)
                                    
                                                                    
                                        Institute of Medieval and Early Modern Studies (IMEMS)
                                    
                                                                    
                                        International Politics
                                    
                                                                    
                                        Landscape and Environment
                                    
                                                                    
                                        Landscapes of Complex Society
                                    
                                                                    
                                        Learning and Memory Processes Centre (LAMP)
                                    
                                                                    
                                        Marketing and International Business (MIB)
                                    
                                                                    
                                        Material and Visual Culture
                                    
                                                                    
                                        Mathematical and Theoretical Particle Physics
                                    
                                                                    
                                        Molecular Plant Sciences
                                    
                                                                    
                                        Music & Science
                                    
                                                                    
                                        Network Engineering, Science and Theory in Durham (NESTiD)
                                    
                                                                    
                                        Northern Communities
                                    
                                                                    
                                        Paleoclimate
                                    
                                                                    
                                        Paleoecosystems
                                    
                                                                    
                                        Pedagogy and Curriculum
                                    
                                                                    
                                        Pedagogy in Computer Science (PICS)
                                    
                                                                    
                                        Political Economy
                                    
                                                                    
                                        Politics-State-Space
                                    
                                                                    
                                        Probability
                                    
                                                                    
                                        Quantitative Social Psychology
                                    
                                                                    
                                        Quantum Light and Matter
                                    
                                                                    
                                        Scientific Computing (SciComp)
                                    
                                                                    
                                        Sea Level, Ice and Climate
                                    
                                                                    
                                        Sedimentology
                                    
                                                                    
                                        Social Anthropology
                                    
                                                                    
                                        Statistics
                                    
                                                                    
                                        The Centre for Communications Systems
                                    
                                                                    
                                        The International Centre of Public Accountability
                                    
                                                                    
                                        Thermal Energy Systems
                                    
                                                                    
                                        Thinking East Asia
                                    
                                                                    
                                        Transnational Cinema
                                    
                                                                    
                                        Transnational History
                                    
                                                                    
                                        Urban Worlds
                                    
                                                                    
                                        Violence and Abuse
                                    
                                                                    
                                        Vision, Imaging and Visualisation in Durham (VIViD)
                                    
                                                                    
                                        Wolfson Research Institute (WRI)
                                    
                                                                    
                                        Zurbarán Centre for Spanish and Latin American Art
                                    
                                                            

                        

                                                
            
                
                    Browse
                
                
                    
                        By Year
                    
                    
                        By Author
                    
                    
                        By Type
                    
                

            


                    

        
        
            About

            
                OAI
            
        

    






    
        

            

                                    
                        
                            [image: Durham Logo]
                        
                    

                
                

                                            
                            Research Repository

                        

                    
                    

                        
                        
                            
                            
                                All
Output
Person
Project


                            
                            

                            
                                
                            

                            
                                
                                    
                                
                            

                        

                        
                            
                                 Advanced Search
                            
                        
                    

                

            


        

    





    

    

        
            
                Late Pliocene upwelling in the Southern Benguela region
            


                            
                    Petrick, B.; McClymont, E.L.; Felder, S.; Rueda, G.; Leng, M.J.; Rosell-Melé, A.
                

                    

    





    

        
            	
                    Home
                
	
                    Outputs
                


        

        
            
                                    
                        [image: Late Pliocene upwelling in the Southern Benguela region Thumbnail]
                    

                    


                
                
                    Authors


                    
                                                                                    
                                    
                                        
                                            
                                                B. Petrick
                                            

                                        

                                    

                                
                                                                                                                
                                                                            
                                            
                                                [image: Profile Image]
                                            

                                        
                                                                        
                                        
                                            
                                                Professor Erin Mcclymont erin.mcclymont@durham.ac.uk
                                                

                                                Professor
                                            

                                        

                                    

                                    
                                        
                                            
                                        
                                    

                                
                                                                                                                
                                    
                                        
                                            
                                                S. Felder
                                            

                                        

                                    

                                
                                                                                                                
                                    
                                        
                                            
                                                G. Rueda
                                            

                                        

                                    

                                
                                                                                                                
                                    
                                        
                                            
                                                M.J. Leng
                                            

                                        

                                    

                                
                                                                                                                
                                    
                                        
                                            
                                                A. Rosell-Melé
                                            

                                        

                                    

                                
                                                                        


                    



                
                
            


            

                                    
                        Abstract

                        The Late Pliocene has been proposed as a possible analogue for understanding future climate change and for testing climate models. Previous work has shown that during the Pliocene the major upwelling systems were relatively warm, and that this meant they were either inactive, contracted, or were upwelling warmer waters than present. Here, we examine evidence from a site located on the margins of the modern Benguela Upwelling system to test whether the upwelling cells had migrated or contracted relative to present during the Pliocene. We applied several organic geochemistry proxies and foraminiferal analyses to reconstruct the Pliocene history of ODP Site 1087 (31°28′S, 15°19′E, 1374 m water depth), including the UK37′ and TEX86 indices (for reconstructing sea surface temperatures), phytoplankton biomarker concentrations and stable isotope ratios (for estimating export primary productivity, and for oxygen isotope statigraphy), and planktonic foraminifera assemblage abundances (for inferring water mass changes). These proxies show that, between 3.5 and 3.0 Ma, the southern Benguela region was cooler than the northern Benguela region by 5 °C, the latter being where the main upwelling cells are found today. From the multiproxy data obtained, we also infer that more extensive upwelling was present in the southern Benguela region during the Pliocene than at present, and that the Benguela Upwelling cells shifted northwards after the Pliocene epoch as a result of changes in the local wind field. We also find evidence that the Benguela Upwelling was sensitive to the pronounced cooling during the M2 and KM2 glacial stages, potentially associated with the expansion of sea ice and cooling in Antarctica in the Late Pliocene.
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