







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 21 June 2007



                    The early Miocene onset of a ventilated circulation regime in the Arctic Ocean

                    	Martin Jakobsson1, 
	Jan Backman1, 
	Bert Rudels3, 
	Jonas Nycander2, 
	Martin Frank4, 
	Larry Mayer5, 
	Wilfried Jokat6, 
	Francesca Sangiorgi7, 
	Matthew O’Regan8, 
	Henk Brinkhuis7, 
	John King8 & 
	…
	Kathryn Moran8 

Show authors

                    

                    
                        
    Nature

                        volume 447, pages 986–990 (2007)Cite this article
                    

                    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Deep-water formation in the northern North Atlantic Ocean and the Arctic Ocean is a key driver of the global thermohaline circulation and hence also of global climate1. Deciphering the history of the circulation regime in the Arctic Ocean has long been prevented by the lack of data from cores of Cenozoic sediments from the Arctic’s deep-sea floor. Similarly, the timing of the opening of a connection between the northern North Atlantic and the Arctic Ocean, permitting deep-water exchange, has been poorly constrained. This situation changed when the first drill cores were recovered from the central Arctic Ocean2. Here we use these cores to show that the transition from poorly oxygenated to fully oxygenated (‘ventilated’) conditions in the Arctic Ocean occurred during the later part of early Miocene times. We attribute this pronounced change in ventilation regime to the opening of the Fram Strait. A palaeo-geographic and palaeo-bathymetric reconstruction of the Arctic Ocean, together with a physical oceanographic analysis of the evolving strait and sill conditions in the Fram Strait, suggests that the Arctic Ocean went from an oxygen-poor ‘lake stage’, to a transitional ‘estuarine sea’ phase with variable ventilation, and finally to the fully ventilated ‘ocean’ phase 17.5 Myr ago. The timing of this palaeo-oceanographic change coincides with the onset of the middle Miocene climatic optimum3, although it remains unclear if there is a causal relationship between these two events.
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                    Figure 1: 
                        Schematic map of the present ocean circulation in the Arctic Ocean.
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Figure 2: 
                        Correlation between a synthetic seismogram representing the stratigraphy of the ACEX sites and seismic reflection profile AWI-91090, and the ACEX age model.
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Figure 3: 
                        Palaeo-geographic/palaeo-bathymetric reconstruction for the late early Miocene.
                      [image: ]


Figure 4: 
                        A schematic illustration of the Fram Strait opening and hypothetical water exchange development between the Arctic Ocean and North Atlantic.
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Deep-water formation in the northern North Atlantic and the Arctic Ocean is a key driver of global thermohaline circulation and hence of global climate. The lack of sediments from the Arctic's deep-sea floor has hampered research into this area, but this changed when drill cores were recovered from the central Arctic Ocean in 2004, during the ACEX experiment. This unique 428-metre-thick Cenozoic sediment sequence preserves a critical piece of palaeo-environmental history: the advent of the Arctic Ocean in its current form. The gradual opening of the Fram Strait resulted in a change from a land-enclosed lake-like water body to an estuarine 'Black Sea type' phase with variable ventilation, and finally to the fully ventilated 'ocean' phase, some 17.5 million years ago.
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