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            Abstract
 The sediments that now comprise the Messel shale1 accumulated 47 Â± 2 million years ago in anaerobic waters at the bottom of a lake2. Subsequent depths of burial have not exceeded 300 m, nor has the temperature of the shale exceeded 40 Â°C3. Contents of organic carbon reach 25%, and preservation of molecular structures has been excellent4,5. Sixteen different geoporphyrins, including three derived from bacteriochlorophyHs of the d series and thus indicative of the existence in the lake of an anaerobic photic zone, have been isolated and identified6â€“8. Here, we show that the carbon isotopic compositions of these and other biomarkers allow identification of specific sources for some materials and reconstruction of carbon flows within the lake and its sediments. The 13C content of organic matter synthesized by lacustrine primary producers can be estimated from the observed 13C content of the geoporphyrins derived from their chlorophylls. Total organic material in the shale is depleted in 13C by six parts per thousand relative to that input. This difference cannot be explained by selective loss of components enriched in 13C, nor, as shown by isotopic compositions of other biomarkers, by inputs from land plants surrounding the lake or from methanogenic bacteria. 




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    
                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Ammonium availability in the Late Archaean nitrogen cycle
                                        
                                    

                                    
                                        Article
                                        
                                         20 May 2019
                                    

                                

                                J. Yang, C. K. Junium, â€¦ A. L. Zerkle

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Long-term organic carbon preservation enhanced by iron and manganese
                                        
                                    

                                    
                                        Article
                                         Open access
                                         02 August 2023
                                    

                                

                                Oliver W. Moore, Lisa Curti, â€¦ Caroline L. Peacock

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Coeval primary and diagenetic carbonates in lacustrine sediments challenge palaeoclimate interpretations
                                        
                                    

                                    
                                        Article
                                         Open access
                                         12 April 2021
                                    

                                

                                Jeremy McCormack & Ola Kwiecien

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Matthes, G. MÃ©m. Bur. Rech. geol. MiniÃ¨res 58, 327â€“337 (1968).

                    Google ScholarÂ 
                

	Von Koenigswald, W. Geol. Jb. Hessen 108, 23â€“38 (1980) and references therein.

                    Google ScholarÂ 
                

	Arpino, P., Albrecht, P. & Ourisson, G. in Advances in Organic Geochemistry 1971 (eds von Gaertner, H. R. & Wehner, H.) 173â€“187 (Pergamon, Oxford, 1972).

                    Google ScholarÂ 
                

	Chappe, B., Michaelis, W. & Albrecht, P. in Advances in Organic Geochemistry 1979 (eds Douglas, A. G. & Maxwell, J. R.) 265â€“274 (Pergamon, Oxford, 1981).

                    Google ScholarÂ 
                

	Dastillung, M., Albrecht, P. & Ourisson, G. J. chem. Research (S) 166â€“167; (M) 2325â€“2352 (1980).

	Ocampo, R., Callot, H. J., Albrecht, P. & Kintzinger, J. P. Tetrahedron Lett. 25, 2589â€“2592 (1984).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ocampo, R., Callot, H. J. & Albrecht, P. J. Chem. Soc. Chem. Commun. 198â€“200 (1985).

	Ocampo, R., Callot, H. J. & Albrecht, P. J. Chem. Soc. Chem. Commun. 200â€“201 (1985).

	Chicarelli, M. I. & Maxwell, J. R. Tetrahedron Lett. 25, 4701â€“4704 (1984).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jeffrey, S. W. in Primary Productivity in the Sea (ed. Falkowski, P. G.) 33â€“58 (Plenum, New York, 1980).
BookÂ 
    
                    Google ScholarÂ 
                

	Mattern, G., Albrecht, P. & Ourisson, G. J. chem. Soc. Chem. Commun. 1570â€“1571 (1970).

	Robinson, N., Eglinton, G., Brassel, S. C. & Cranwell, P. A. Nature 308, 439â€“441 (1984).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jackson, A. H. in Chemistry and Biochemistry of Plant Pigments, 2nd edn. Vol. 1 (ed. Goodwin, T. W.) 1â€“44 (Academic, London, 1976).

                    Google ScholarÂ 
                

	Wolff, G. A., Murray, M., Maxwell, J. A., Hunter, B. K. & Sanders, J. K. M. J. chem. Soc. Chem. Commun. 922â€“924 (1983).

	Fookes, C. J. R. J. Chem. Soc. Chem. Commun. 1474â€“1476 (1983).

	Karuso, P. et al. Tetrahedron Lett. 27, 2177â€“2178 (1986).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Park, R. & Dunning, H. N. Geochim. Cosmochim. Acta 22, 99â€“105 (1961).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Albrecht, P. & Ourisson, G. Science 163, 1192â€“1193 (1969).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Spyckerelle, C., Greiner, A. C., Albrecht, P. & Ourisson, G. J. chem. Research (S) 330â€“331; (M) 3746â€“3777 (1977).

	Corbet, B., Albrecht, P. & Ourisson, G. J. Am. chem. Soc. 102, 1171â€“1173 (1980).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Redding, C. E., Schoell, M., Monin, J. C. & Durand, B. in Advances in Organic Geochemistry 1979 (eds Maxwell, J. R. & Douglas, A. G.) 711â€“723 (Pergamon, Oxford, 1980).

                    Google ScholarÂ 
                

	Potter, F. W. Jr Paleontographica 157, 44â€“96 (1976).

                    Google ScholarÂ 
                

	Sanger, J. E. Ecology 52, 1075â€“1089 (1971).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tissot, B. P. & Welte, D. H. Petroleum Formation and Occurrence, 2nd edn 257 (Springer, Berlin, 1984).
BookÂ 
    
                    Google ScholarÂ 
                

	DeNiro, J. & Epstein, S. Geochim. cosmochim. Acta 42, 495â€“506 (1984).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Chappe, B., Albrecht, P. & Michaelis, W. Science 217, 65â€“66 (1982).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Michaelis, W. & Albrecht, P. Naturwissenschaften 66, 420â€“422 (1979).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Irwin, H., Curtis, C. & Coleman, M. Nature 269, 209â€“213 (1977).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fuchs, G., Thauer, R., Ziegler, H. & Stichler, W. Arch. Microbiol. 120, 135â€“139 (1979).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Belyaev, S. S. et al. Appl. Environ. Microbiol. 45, 691â€“697 (1983).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Whiticar, M. J., Faber, E. & Schoelle, M. Geochim. cosmochim. Acta 50, 693â€“709 (1986).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hussler, G. et al. Tetrahedron Lett. 25, 1179â€“1182 (1984).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wedeking, K. W., Hayes, J. M. & Matzigkeit, U. in Earth's Earliest Biosphere: Its Origin and Evolution (ed. Schopf, J. W.) 428â€“441 (Princeton, New Jersey, 1983).

                    Google ScholarÂ 
                

	Craig, H. Geochim. cosmochim. Acta 12, 133â€“149 (1957).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tornabene, T. G. & Langworthy, T. A. Science 203, 51â€“53 (1978).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Panganamala, R. V., Sievert, C. F. & Cornwell, D. G. Chem. Phys. Lipids 7, 336â€“344 (1971).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Author information
Authors and Affiliations
	Biogeochemical Laboratories, Departments of Chemistry and Geology, Geology Building, Indiana University, Bloomington, Indiana, 47405-5101, USA
J. M. HayesÂ &Â Ray Takigiku

	Laboratoire de Chimie Organique des Substances Naturelles, UA 31 associÃ©e au CNRS, DÃ©partement de Chimie, UniversitÃ© Louis Pasteur, 1, rue Blaise Pascal, 67008, Strasbourg, France
Ruben Ocampo,Â Henry J. CallotÂ &Â Pierre Albrecht


Authors	J. M. HayesView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ray TakigikuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ruben OcampoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Henry J. CallotView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Pierre AlbrechtView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Hayes, J., Takigiku, R., Ocampo, R. et al. Isotopic compositions and probable origins of organic molecules in the Eocene Messel shale.
                    Nature 329, 48â€“51 (1987). https://doi.org/10.1038/329048a0
Download citation
	Received: 11 February 1987

	Accepted: 19 June 1987

	Issue Date: 03 September 1987

	DOI: https://doi.org/10.1038/329048a0


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

                
                    	
                            
                                
                                    
                                        The Mahogany Zone, Uinta Basin, USA: insights from the organic matter evolution of oil shale, Green River Formation source, maturity, and deposition
                                    
                                

                            
                                
                                    	Sandro Froehner
	Paola Hungerbuhler
	Anelize Bahniuk


                                
                                Arabian Journal of Geosciences (2022)

                            
	
                            
                                
                                    
                                        Late Cretaceous paleoclimate and paleoenvironment in the Songliao Basin, China
                                    
                                

                            
                                
                                    	Huairen Cao
	Yan Lei
	Xuelian Guo


                                
                                Journal of Paleolimnology (2021)

                            
	
                            
                                
                                    
                                        Molecular and Isotopic Characteristics of Mature Condensates from the East China Sea Shelf Basin Using GCÃ—GC-TOFMS and GC-IRMS
                                    
                                

                            
                                
                                    	Chao Shan
	Jiaren Ye
	Kliti Grice


                                
                                Journal of Earth Science (2019)

                            
	
                            
                                
                                    
                                        Biochemical and physiological bases for the use of carbon and nitrogen isotopes in environmental and ecological studies
                                    
                                

                            
                                
                                    	Naohiko Ohkouchi
	Nanako O Ogawa
	Eitaro Wada


                                
                                Progress in Earth and Planetary Science (2015)

                            
	
                            
                                
                                    
                                        Molecular carbon isotope variations in core samples taken at the Permianâ€“Triassic boundary layers in southern China
                                    
                                

                            
                                
                                    	Ruiliang Wang
	Shuichang Zhang
	Lizeng Bian


                                
                                International Journal of Earth Sciences (2012)

                            


                

            

        
    

            
                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
	protocols.io
	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 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: ]
