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            Abstract
Although it is not known when or where life on Earth began, some of the earliest habitable environments may have been submarine-hydrothermal vents. Here we describe putative fossilized microorganisms that are at least 3,770 million and possibly 4,280 million years old in ferruginous sedimentary rocks, interpreted as seafloor-hydrothermal vent-related precipitates, from the Nuvvuagittuq belt in Quebec, Canada. These structures occur as micrometre-scale haematite tubes and filaments with morphologies and mineral assemblages similar to those of filamentous microorganisms from modern hydrothermal vent precipitates and analogous microfossils in younger rocks. The Nuvvuagittuq rocks contain isotopically light carbon in carbonate and carbonaceous material, which occurs as graphitic inclusions in diagenetic carbonate rosettes, apatite blades intergrown among carbonate rosettes and magnetite–haematite granules, and is associated with carbonate in direct contact with the putative microfossils. Collectively, these observations are consistent with an oxidized biomass and provide evidence for biological activity in submarine-hydrothermal environments more than 3,770 million years ago.
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                    Figure 1: Transmitted light images of haematite filaments from the NSB and Løkken jaspers.[image: ]


Figure 2: Transmitted light images of haematite tubes in the NSB and Løkken jaspers.[image: ]


Figure 3: Carbonate rosettes from the NSB.[image: ]


Figure 4: Granules from the Biwabik and NSB jaspers.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Field photographs of the NSB iron formation outcrops.
a, Bands of magnetite and chert. b, Jasper (top red layer) in contact with Fe-rich carbonate (bottom grey layer). c, Layered jaspers with meta-volcanic layers. d, Layered jasper; predominantly bands of grey haematite and haematitic chert. e, Field location, local geology and sample locations (red spots).


Extended Data Figure 2 Rare earth element (REE) post-Archean Australian shale (PAAS) normalized plots.
a, LA-ICP-MS REE measurements in apatite from PC0844. b, Jasper bulk rock REE measurements from PC0824 (dark grey) and PC0844 (light grey). NSB (red15 and green16) and Isua51 (blue) iron formation bulk rock REE.

                          Source data
                        


Extended Data Figure 3 Thin sections of samples in this study (see Supplementary Information for localities).
Inset in a shows reflected light image of small, sub-spherical chalcopyrites with haematite. Red outlines mark haematite tubes and tube-like structures. Red arrows show the orientation of tubes. Blue circles highlight concretion structure in thin section and slab. Numbering of targets corresponds to Figures. Inset in e shows transmitted light image of carbonaceous material inside apatite lath. All sections are 2.5 cm wide, except rock slab (f) measuring 7 × 2 cm; Løkken-Høydal dimensions (k–o) are 2 × 6 cm, except JAH samples in n, which measure 2 × 8 cm.


Extended Data Figure 4 Photomicrographs taken in plane-polarized light with reflected light of haematite tubes and filaments.
Images in left column are taken at the surface of the thin section. Images in right column show a series of stacked images using the Z-project function in ImageJ. Stacked images are formed of 8–9 sequential images taken at 2-μm intervals through the thin section. a, Branching haematite filament. b, Stacked image of a. Arrows point to loose coils. c, d, Hollow tube truncated partially at the surface showing both the top (c, red arrow) and bottom surface (d, black arrow) of the tube. e, Twisted haematite filaments emanating from haematite knob at varying angles and depths through the thin section. Inset shows aligned haematite crystals in filament indicative of twisting; arrow points to three tightly aligned plates. f, Stacked image of e with insets of candidate twisted stalks formed of aligned haematite plates; arrows show twist points. Dashed red boxes correspond to areas of insets. g, Filament diameter measurements from NSB (blue) and Løkken-Høydal (orange) jaspers. Filament diameters for NSB: n = 23, s.d. = 2.8 μm, avg = 8.3 μm; for Løkken-Høydal: n = 28, s.d. = 1.9 μm, avg = 9.1 μm. h, Tube diameters n = 40, s.d. = 6.3 μm, avg = 24.9 μm for NSB; n = 40, s.d. = 3.1 μm, avg = 19.5 μm for Løkken-Høydal.


Extended Data Figure 5 Carbonate–apatite and carbonaceous material in the NSB and Løkken jaspers in association with haematite filaments.
a, b, Transmitted light and Raman images of carbonate associated with carbonaceous material inside a filament mat. c, d, Transmitted light and Raman images of carbonate associated with graphite in the NSB jasper associated with a filament. e, Contextual image of the carbonate grain (red box) with haematite filaments. f, Raman spectra of minerals mapped in this figure. g, Contextual image of carbonate grain (red box) with haematite filaments. h, i, Transmitted light and Raman images of haematite filament in Løkken jasper, associated with apatite and carbonate grains. j, k, Transmitted light and Raman images of haematite filament in NSB jasper associated with carbonate grains (green circles). l, Contextual image of apatite associated with carbonaceous material and carbonate within millimetres of filaments in the Løkken jasper. m, n, Transmitted light and Raman images of apatite grain. o, Contextual image of graphite in carbonate spatially occurring within millimetres of haematite filaments and apatite in the NSB. p, q, Transmitted light and Raman images of graphite particle in carbonate. r, Raman spectra of carbonaceous material in Løkken jaspers from b and n. s, Raman spectra of carbonaceous material in NSB jaspers from d and q.


Extended Data Figure 6 Carbonate rosettes.
a, Transmitted light image of calcite rosettes from the NSB. b, c, Transmitted light and Raman images of target area (dashed outline from a). d, Graphite Raman filter map (filter: 1,580 cm−1, width 40 cm−1). Circled pixels are graphite grains. e, Raman spectra of selected graphite particles. f, Average Raman spectra for Raman map in c with inset of haematite Raman filter map (filter: 1,320 cm−1, width 30 cm−1). Circled pixels are haematite grains. g, Stilpnomelane laths overgrowing apatite in the NSB. h, Ankerite rhombohedra envelop a layer of carbonaceous material in the Dales Gorge Member of the Brockman iron formation. i, Ankerite rosettes with quartz inclusions in a carbonaceous material layer. j, Ankerite rosette with quartz core from the Løkken jasper. k, Ankerite rosettes overgrowing haematite filaments (top) and corresponding Raman map (bottom). l, Selected carbon spectra showing diversity of carbon preservation. Non-graphitized carbon is the most abundant variety in the rosettes. m, Average Raman spectra from map.


Extended Data Figure 7 Transmitted light and reflected light images of haematite rosettes.
a–d, From NSB; e, from Løkken jaspers. a, Large (60 μm) haematite rosettes (arrows) with cores. b, Haematite rosettes in dense haematite. c, Deformed, thicker-walled (25 μm) haematite rosettes (arrows). d, Concentric haematite rosette. e, Haematite rosettes from Løkken jaspers, same scale bar for all.


Extended Data Figure 8 Variety of graphitic carbons from the NSB.
a, Carbonaceous material Raman spectra, showing the transition between haematite and carbonaceous material. The 1,320 cm−1 haematite peak produces a disordered carbonaceous material spectrum. However, the G-peak position shows that such carbonaceous material is not disordered carbonaceous material like immature kerogen, which peaks around 1,610 cm−1.The Raman spectra are taken from a section (green line) across a carbon particle in the Raman map inset, which has a 330-nm spatial resolution. Note the inclusions of haematite (pink) in the carbonaceous material (red). All other colours and mineral spectra for the Raman map are in Extended Data Fig. 9g. b, Transmitted light image of graphitic carbon particles from PC0822. c, Secondary electron image, looking down a focused ion beam trench through graphitic carbon particles. d, Raman spectral map of boxed area from b. e, Raman spectra for phases in spectral map. f, 1. Disordered graphitic carbon in apatite lath, transmitted light. 2. Disordered graphitic carbon in a granule, transmitted light. 3. Poorly crystalline graphitic carbon vein, transmitted light. 4. Crystalline graphitic carbon in a carbonate rosette, transmitted light.


Extended Data Figure 9 Granules from the NSB and from the Løkken jaspers.
a, Transmitted light image of a granule in the NSB. b, Raman map of the granule in a. c, Carbonaceous material Raman filter map (filter: 1,580 cm−1, width 80 cm−1). d, Calcite Raman filter map (filter: 1,089 cm−1, width 20 cm−1). e, Apatite Raman filter map (filter: 965 cm−1, width 30 cm−1). f, One micrometre spatial resolution Raman scan of part of the granule in a. g, Raman scan (360 nm resolution) of boxed area in f (yellow and white colours are colour combination artefacts). H, Raman scan (500 nm resolution) of a portion of the interior of the Mary Ellen granule in Fig. 4b, showing carbonaceous material coating a carbonate grain, like carbonaceous material coating a carbonate grain in the NSB granule in a. i, Transmitted light image of granule from the Løkken jasper. j, Granule in i, viewed in cross-polarized light. Note the characteristic internal quartz recrystallization, relative to the matrix. k, Raman map of the granule in i. Note that magnetite forms a rim around the granule as in the NSB and Biwabik granules (Fig. 4). l, Microfossil within a granule preserved in haematite. The morphology shows the characteristic terminal knob of iron like the larger tubes preserved in the NSB. m, Carbonaceous material Raman filter map (filter: 1,566 cm−1, width 60 cm−1). n, Average Raman spectra for all Raman maps in this figure. o, Representative carbonaceous material spectra from granules in this figure. p, q, Cross-polarized images of iron-bearing granules from the Mary Ellen, Biwabik (p) and NSB (q) iron formations showing relative quartz recrystallization and magnetite rims.





Supplementary information
Supplementary Information
This file contains Supplementary Text and Data, Supplementary Tables 1-11 and Supplementary References. (PDF 762 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Source data
Source data to Extended Data Fig. 1




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Dodd, M., Papineau, D., Grenne, T. et al. Evidence for early life in Earth’s oldest hydrothermal vent precipitates.
                    Nature 543, 60–64 (2017). https://doi.org/10.1038/nature21377
Download citation
	Received: 12 November 2016

	Accepted: 09 January 2017

	Published: 02 March 2017

	Issue Date: 02 March 2017

	DOI: https://doi.org/10.1038/nature21377


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

                
                    	
                            
                                
                                    
                                        Modern analogs for ammonia flux from terrestrial hydrothermal features to the Archean atmosphere
                                    
                                

                            
                                
                                    	J. David Felix


                                
                                Scientific Reports (2024)

                            
	
                            
                                
                                    
                                        Evolving quantum circuits
                                    
                                

                            
                                
                                    	Daniel Tandeitnik
	Thiago Guerreiro


                                
                                Quantum Information Processing (2024)

                            
	
                            
                                
                                    
                                        Sea of opportunities: marine genomics in an era of global environmental change
                                    
                                

                            
                                
                                    	Artem Nedoluzhko


                                
                                BMC Genomics (2023)

                            
	
                            
                                
                                    
                                        Renaissance for magnetotactic bacteria in astrobiology
                                    
                                

                            
                                
                                    	Jianxun Shen
	Greig A Paterson
	Wei Lin


                                
                                The ISME Journal (2023)

                            
	
                            
                                
                                    
                                        Biogeochemistry of Earth before exoenzymes
                                    
                                

                            
                                
                                    	Nagissa Mahmoudi
	Andrew D. Steen
	Kurt O. Konhauser


                                
                                Nature Geoscience (2023)

                            


                

            

        
    

            
                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
            
        

        
    



            

        
    


    
        Editorial Summary
Early life in hydrothermal vents (Dodd 21377, Biology Article, Henry Gee)
Hydrothermal vents on the sea floor have been thought to be some of the earliest habitable environments on the planet. Now Matthew Dodd et al. suggest that possible signatures of life in and around hydrothermal vents at least 3,770 million years ago could represent the earliest evidence for life on Earth. Jasper and carbonate rocks from northern Quebec, Canada preserve features thought to indicate the presence of filamentous microorganisms. These features include haematite tubes that preserve morphologies that are indicative of microbial activity in much younger rocks.

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: ]
