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            Abstract
The strong present-day Asian monsoons are thought to have originated between 25 and 22 million years (Myr) ago, driven by Tibetan–Himalayan uplift. However, the existence of older Asian monsoons and their response to enhanced greenhouse conditions such as those in the Eocene period (55–34 Myr ago) are unknown because of the paucity of well-dated records. Here we show late Eocene climate records revealing marked monsoon-like patterns in rainfall and wind south and north of the Tibetan–Himalayan orogen. This is indicated by low oxygen isotope values with strong seasonality in gastropod shells and mammal teeth from Myanmar, and by aeolian dust deposition in northwest China. Our climate simulations support modern-like Eocene monsoonal rainfall and show that a reinforced hydrological cycle responding to enhanced greenhouse conditions counterbalanced the negative effect of lower Tibetan relief on precipitation. These strong monsoons later weakened with the global shift to icehouse conditions 34 Myr ago.
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                    Figure 1: Location map of study sites and late Eocene palaeogeography of the Asian mainland.[image: ]


Figure 2: Low oxygen isotopic values with strong yearly variation in fossils from Myanmar.[image: ]


Figure 3: Sedimentary features of late Eocene clastic deposits in the Xining Basin.[image: ]


Figure 4: Climatic simulations at 40 Myr ago, illustrating Eocene monsoonal circulation on the Asian mainland.[image: ]


Figure 5: Climatic simulations at 34 Myr ago.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Palaeogeographic world maps of climatic simulations.
a, Palaeogeography at 40 Myr ago, built from the compilation of recently published reconstructions6,45,46,47. b, Palaeogeography at 34 Myr ago, extracted from another study49, showing a slightly lower resolution. The main differences in the map for 34 Myr ago are the retreat of the Tarim Sea, the northward motion of India and the eastward extrusion of Indochina. Note also that the reconstruction for 34 Myr ago shows higher altitudes in northern China and shallower marine depths in the Arctic Ocean and in the equatorial seas north to Australia as a result of the lower resolution.


Extended Data Figure 2 Stratigraphic log of the Mahalagou Formation in the Shuiwan section.
The figure shows lithology, magnetostratigraphy with correlation to the geomagnetic timescale7,37,38, and clastic grain-size distributions through time.


Extended Data Figure 3 Quartz grain surface textures from red mudstone samples of the Shuiwan section.
a–f, SEM pictures displaying smooth precipitation surfaces (SMS; a, d), adhering clay particles (ACP; b, e, f), upturned plates (UP; b, f), and dish-shaped depression (DSD; c, d).


Extended Data Figure 4 Summer insolation during the Middle–late Eocene.
Data are averaged over Asia (0–45°N, 45–120°E), calculated from Earth’s orbital parameters of the 45–34 Myr period50, compared with the summer insolation of the warm austral and warm boreal scenarios.


Extended Data Figure 5 Diagenetic screening of Burmese fossil material.
a, Cathodoluminescence image of a shell fragment from the Eocene Pondaung Formation. Blue colour indicates a predominance of pure aragonite in the shell material; note the absence of red spots that are typical of calcite. Growth lines are well defined in the outer and inner layers of the shell. b, c, SEM pictures of a Pondaung shell fragment at low (b) and high (c) magnification. The excellent preservation of the aragonitic crossed laminar structure within the central layer of the shell indicates the absence of recrystallization. d, Comparison of the oxygen isotopic composition of the phosphate (δ18Op) and carbonate (δ18Oc) phases of single samples from the ten fossil individuals from the Pondaung Formation. Results fall in the range of the modern mammals, which is consistent with an absence of diagenetic impact on the isotopic composition of the fossil enamel24.


Extended Data Table 1 δ18O values of Burmese Eocene material compared with Holocene data from the Ganga plain 23,29, with associated surface-water δ18O values, reflecting the depletion in 18O of the local rainwaterFull size table


Extended Data Table 2 Modern annual rainfall in Myanmar and central China compared with modelled annual rainfall in the late Eocene (40 Myr ago)Full size table
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        Editorial Summary
Monsoon conditions in a greenhouse world
Asian monsoons were strongly active 40 million years ago and were enhanced by high atmospheric CO2 content; however, they were significantly weakened when CO2 levels decreased 34 million years ago and then reinitiated several million years later.

show all

    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
