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            Abstract
The origin of the isotopic signature of Indian mid-ocean ridge basalts has remained enigmatic, because the geochemical composition of these basalts is consistent either with pollution from recycled, ancient altered oceanic crust and sediments, or with ancient continental crust or lithosphere. The radiogenic isotopic signature may therefore be the result of contamination of the upper mantle by plumes containing recycled altered ancient oceanic crust and sediments1, detachment and dispersal of continental material into the shallow mantle during rifting and breakup of Gondwana2, or contamination of the upper mantle by ancient subduction processes3,4. The identification of a process operating on a scale large enough to affect major portions of the Indian mid-ocean ridge basalt source region has been a long-standing problem. Here we present hafnium and lead isotope data from across the Indianâ€“Pacific mantle boundary at the Australianâ€“Antarctic discordance region of the Southeast Indian Ridge, which demonstrate that the Pacific and Indian upper mantle basalt source domains were each affected by different mechanisms. We infer that the Indian upper-mantle isotope signature in this region is affected mainly by lower continental crust entrained during Gondwana rifting, whereas the isotope signature of the Pacific upper mantle is influenced predominantly by ocean floor subduction-related processes.
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                    Figure 1: Regional setting of the AAD along the SEIR between Australia and Antarctica, schematic tectonic summary, and sample dredge locations.[image: ]


Figure 2: The É›Hf, É›Nd and 206Pb/204Pb variations of MORB from the AAD region of the SEIR.[image: ]


Figure 3: Contrasting Î”208Pb and É›Hf isotopic variations for MORB from the AAD (this work) and the Indian Ocean basin21 in general, versus the Pacific Ocean basin21.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Mantle Hg isotopic heterogeneity and evidence of oceanic Hg recycling into the mantle
                                        
                                    

                                    
                                        Article
                                         Open access
                                         17 February 2022
                                    

                                

                                Runsheng Yin, Di Chen, â€¦ Bernd Lehmann

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Earthâ€™s evolving geodynamic regime recorded by titanium isotopes
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 July 2023
                                    

                                

                                Zhengbin Deng, Martin Schiller, â€¦ Martin Bizzarro

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Zinc isotopic evidence for recycled carbonate in the deep mantle
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 October 2022
                                    

                                

                                Xiao-Yu Zhang, Li-Hui Chen, â€¦ Wei-Qiang Li

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Storey, M. et al. Contamination of the Indian Ocean asthenosphere by the Kerguelen-Heard mantle plume. Nature 338, 574â€“576 (1989)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Arndt, N. T. & Goldstein, S. L. An open boundary between lower continental crust and mantle: its role in crust formation and crustal recycling. Tectonophysics 161, 210â€“212 (1989)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Kempton, P. D., Pierce, J. A., Barry, T. L., Langmuir, C. & Christie, D. M. Sr-Nd-Pb-Hf isotope results from ODP Leg 187: Evidence for mantle dynamics of the Australian-Antarctic discordance and origin of the Indian MORB source. Geochem. Geophys. Geosyst. 3, doi:10.1029/2002GC000320 (2002)

	RehkÃ¤mper, M. & Hofmann, A. W. Recycled ocean crust and sediment in Indian Ocean MORB. Earth Planet. Sci. Lett. 147, 93â€“106 (1997)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Hofmann, A. W. Mantle geochemistry: the message from oceanic volcanism. Nature 385, 219â€“229 (1997)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Zindler, A. & Hart, S. R. Chemical geodynamics. Annu. Rev. Earth Planet. Sci. 14, 493â€“571 (1986)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	AllÃ¨gre, C. J., Hamelin, B., Provost, A. & DuprÃ©, B. Topology in isotopic mutlispace and the origin of mantle chemical heterogeneities. Earth Planet. Sci. Lett. 81, 319â€“337 (1986/87)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Hanan, B. B. & Graham, D. W. Lead and helium isotope evidence from oceanic basalts for a common deep source of mantle plumes. Science 272, 991â€“995 (1996)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hart, S. R. A large-scale isotope anomaly in the Southern Hemisphere mantle. Nature 309, 753â€“757 (1984)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hamelin, B. & AllÃ¨gre, C.-J. Large-scale regional units in the depleted upper mantle revealed by an isotope study of the South-West Indian Ridge. Nature 315, 196â€“199 (1985)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Mahoney, J. J., Nicollet, C. & Dupuy, C. Madagascar basalts: tracking oceanic and continental sources. Earth Planet. Sci. Lett. 104, 350â€“363 (1991)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Mahoney, J. J., White, W. M., Upton, B. G. J., Neal, C. R. & Scrutton, R. A. Beyond EM-1: lavas from Afanasy-Nikitin rise and the Crozet archipelago, Indian Ocean. Geology 24, 615â€“618 (1996)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pearson, D. G. et al. Archaean Re-Os age for Siberian eclogites and constraints on Archaean tectonics. Nature 374, 711â€“713 (1995)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pyle, D. G., Christie, D. M. & Mahoney, J. J. Resolving an isotope boundary within the Australian-Antarctic discordance. Earth Planet. Sci. Lett. 112, 161â€“178 (1992)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pyle, D. G., Christie, D. M., Mahoney, J. J. & Duncan, R. A. Geochemistry and geochronology of ancient southeast Indian and southwest Pacific seafloor. J. Geophys. Res. 100, 22261â€“22282 (1995)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Christie, D. M., West, B. P., Pyle, D. G. & Hanan, B. B. Chaotic topography, mantle flow and mantle migration in the Australian-Antarctic discordance. Nature 394, 637â€“644 (1998)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hanan, B. B., Blichert-Toft, J., Christie, D. M. & AlbarÃ©de, F. Ultra-depleted hafnium isotopes from Australian-Antarctic discordance MORB. J. Conf. Abstr. 5(2), 478â€“479 (2000)

                    Google ScholarÂ 
                

	Hart, S. R., Hauri, E. H., Oschmann, L. A. & Whitehead, J. A. Mantle plumes and entrainment: isotopic evidence. Science 256, 517â€“520 (1992)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Weaver, B. L. The origin of ocean island basalt end-member compositions: trace element and isotopic constraints. Earth Planet. Sci. Lett. 104, 381â€“397 (1991)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wendt, J. I., Regelous, M., Niu, Y., Hekinian, R. & Collerson, K. D. Geochemistry of lavas from the Garrett transform fault; insights into mantle heterogeneity beneath the eastern Pacific. Earth Planet. Sci. Lett. 173, 271â€“284 (1999)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chauvel, C. & Blichert-Toft, J. A hafnium isotope and trace element perspective on melting of the depleted mantle. Earth Planet. Sci. Lett. 190, 137â€“151 (2001)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Salters, V. J. M. et al. Hf isotope constraints on mantle evolution Geochemical Earth Reference Model (GERM). Chem. Geol. 145, 447â€“460 (1998)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Salters, V. J. M. & Dick, H. J. B. Mineralogy of the mid-ocean-ridge basalt source from neodymium isotopic composition of abyssal peridotites. Nature 418, 68â€“72 (2002)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hart, S. R., Gerlach, D. C. & White, W. M. A possible new Sr-Nd-Pb mantle array and consequences for mantle mixing. Geochim. Cosmochim. Acta 50, 1551â€“1557 (1986)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Rudnick, R. L. & Goldstein, S. L. The Pb isotopic compositions of lower crustal xenoliths and evolution of lower crustal Pb. Earth Planet. Sci. Lett. 98, 192â€“207 (1990)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Vervoort, J. D. et al. Hf-Nd isotopic evolution of the lower crust. Earth Planet. Sci. Lett. 181, 115â€“129 (2000)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ben Othman, D., White, W. M. & Patchett, P. J. The geochemistry of marine sediments, island arc magma genesis, and crust-mantle recycling. Earth Planet. Sci. Lett. 94, 1â€“21 (1989)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Vervoort, J. D., Patchett, P. J., Blichert-Toft, J. & Albarede, F. Relationships between Lu-Hf and Sm-Nd isotopic systems in the global sedimentary system. Earth Planet. Sci. Lett. 168, 79â€“99 (1999)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Scherer, E. E. et al. Lu-Hf geocheonology applied to dating Cenozoic events affecting lower crustal xenoliths from Kilbourne Hole, New Mexico. Chem. Geol. 142, 63â€“78 (1997)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Gurnis, M., Mueller, R. D. & Moresi, L. Cretaceous vertical motion of Australia and the Australian-Antarctic discordance. Science 279, 1499â€“1504 (1998)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kamenetsky, V. S. et al. Remnants of Gondwanan continental lithosphere in oceanic upper mantle; evidence from the South Atlantic Ridge. Geology 29, 243â€“246 (2001)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Soffer, G., Goldstein, S. L., Graham, D. W., Langmuir, C. H. & Michael, P. J. An arctic mantle domain boundary: Evidence from the Gakkel Ridge. Geochem. Cosmochim. Acta 68, A692 (2004)

                    Google ScholarÂ 
                


Download references




Acknowledgements
We are grateful for comments from D. Graham. We thank P. TÃ©louk for help with the Plasma 54. This work was supported by the National Science Foundation and the Institut National des Sciences de l'Univers.


Author information
Authors and Affiliations
	Department of Geological Sciences, San Diego State University, 5500 Campanile Drive, California, 92182-1020, San Diego, USA
Barry B. Hanan

	Ecole Normale Superieure de Lyon, Laboratoire des Sciences de la Terre, CNRS UMR 5570, 46 Allee d'Italie, 69364, Lyon Cedex, 7, France
Janne Blichert-Toft

	School of Ocean and Earth Science Technology, University of Hawaii, 1680 East-West Road, POST 612A, Honolulu, Hawaii, 96822, USA
Douglas G. Pyle

	College of Oceanic and Atmospheric Sciences, Oregon State University, 104 COAS Admin Bldg, Corvallis, Oregon, 97331-5503, USA
David M. Christie


Authors	Barry B. HananView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Janne Blichert-ToftView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Douglas G. PyleView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	David M. ChristieView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Barry B. Hanan.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Supplementary information

Supplementary Table 1
Hf, Nd, and Pb isotopic compositions and latitude and longitude of MORB from the Australianâ€“Antarctic discordance, Southeast Indian Ridge. Includes legend. (DOC 145 kb)


Supplementary Figure 1
Longitude versus ÎµHf and Î”208Pb for MORB from the Australianâ€“Antarctic discordance, Southeast Indian Ridge. Includes legend. (PDF 33 kb)


Supplementary Data 1
Supplementary references for the Hf, Nd, and Pb isotopic compositions and latitude and longitude of MORB from the Supplementary Table legend. (DOC 20 kb)


Supplementary Data 2
Supplementary references for schematic tectonics shown in Figure 1a. (DOC 19 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Hanan, B., Blichert-Toft, J., Pyle, D. et al. Contrasting origins of the upper mantle revealed by hafnium and lead isotopes from the Southeast Indian Ridge.
                    Nature 432, 91â€“94 (2004). https://doi.org/10.1038/nature03026
Download citation
	Received: 08 March 2004

	Accepted: 17 September 2004

	Issue Date: 04 November 2004

	DOI: https://doi.org/10.1038/nature03026


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Peridotites, chromitites and diamonds in ophiolites
                                    
                                

                            
                                
                                    	Jingsui Yang
	Weiwei Wu
	Huichao Rui


                                
                                Nature Reviews Earth & Environment (2021)

                            
	
                            
                                
                                    
                                        An isotopically distinct Zealandiaâ€“Antarctic mantle domain in the Southern Ocean
                                    
                                

                            
                                
                                    	Sung-Hyun Park
	Charles H. Langmuir
	Peter J. Michael


                                
                                Nature Geoscience (2019)

                            
	
                            
                                
                                    
                                        Whole-mantle convection with tectonic plates preserves long-term global patterns of upper mantle geochemistry
                                    
                                

                            
                                
                                    	T. L. Barry
	J. H. Davies
	M. Price


                                
                                Scientific Reports (2017)

                            
	
                            
                                
                                    
                                        Source components and magmatic processes in the genesis of Miocene to Quaternary lavas in western Turkey: constraints from HSE distribution and Hfâ€“Pbâ€“Os isotopes
                                    
                                

                            
                                
                                    	Ercan Aldanmaz
	Megan Pickard
	Tanya Furman


                                
                                Contributions to Mineralogy and Petrology (2015)

                            
	
                            
                                
                                    
                                        A highly unradiogenic lead isotopic signature revealed by volcanic rocks from the East Pacific Rise
                                    
                                

                            
                                
                                    	Berengere Mougel
	Arnaud Agranier
	Pascal Gente


                                
                                Nature Communications (2014)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            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 â€” 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: ]
