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            Abstract
Many andesitic volcanoes exhibit effusive eruption activity1, with magma volumes as large as 107â€“109â€‰m3 erupted at rates of 1â€“10â€‰m3â€‰s-1 over periods of years or decades. During such eruptions, many complex cycles in eruption rates have been observed, with periods ranging from hours to years2,3,4,5,6,7. Longer-term trends have also been observed, and are thought to be associated with the continuing recharge of magma from deep in the crust and with waning of overpressure in the magma reservoir. Here we present a model which incorporates effects due to compressibility of gas in magma. We show that the eruption duration and volume of erupted magma may increase by up to two orders of magnitude if the stored internal energy associated with dissolved volatiles can be released into the magma chamber. This mechanism would be favoured in shallow chambers or volatile-rich magmas and the cooling of magma by country rock may enhance this release of energy, leading to substantial increases in eruption rate and duration.
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                    Figure 1: Schematic of magma reservoir.[image: ]


Figure 2: Magma compressibility as a function of pressure.[image: ]


Figure 3: Eruption volume and volume eruption rate.[image: ]


Figure 4: Variation of eruption rate for a silicic magma at a depth of 5â€‰km with 3.5, 3.4 and 3.3â€‰wt% volatiles, accounting for the cooling of the magma at a rate of 10-6â€‰Kâ€‰s-1 according to equation (4).[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Role of volatiles in highly explosive basaltic eruptions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         06 July 2022
                                    

                                

                                Giuseppe La Spina, Fabio Arzilli, â€¦ Amanda B. Clarke

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Optimal depth of subvolcanic magma chamber growth controlled by volatiles and crust rheology
                                        
                                    

                                    
                                        Article
                                        
                                         19 August 2019
                                    

                                

                                Christian Huber, Meredith Townsend, â€¦ Olivier Bachmann

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Magma chamber evolution during the 1650 AD Kolumbo eruption provides clues about past and future volcanic activity
                                        
                                    

                                    
                                        Article
                                         Open access
                                         22 September 2020
                                    

                                

                                K. I. Konstantinou

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Sigurdsson, H. (ed.) Encylopedia of Volcanoes (Academic, San Diego, 2000)

	Rose, W. I. Pattern and mechanism of volcanic activity at the Saniaguito volcanic dome, Guatemala. Bull. Volcanol. 36, 73â€“94 (1972)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Rose, W. I. Volcanic activity at the Santiaguito volcano, 1976-1984. Geol. Soc. Am. 212, 17â€“27 (1987)

                    Google ScholarÂ 
                

	Swanson, D. A. & Holcomb, R. T. Lava Flows and Domes; Emplacement and Hazard Implications (ed. Fink, J. H.) 3â€“24 (Springer, Berlin, 1990)
BookÂ 
    
                    Google ScholarÂ 
                

	Nakada, S., Shimizu, H. & Ohta, K. Overview of the 1990-1995 eruption at Unzen Volcano. J. Volcanol. Geotherm. Res. 89, 1â€“22 (1999)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Belousov, A., Belusova, B. & Voight, B. Multiple edifice failures, debris avalanches and associated eruptions in the Holocene history of Shiveluch volcanoe, Kamchatka, Russia. Bull. Volcanol. 61, 324â€“342 (1999)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Sparks, R. S. J. & Young, S. R. The Eruption of SoufriÃ¨re Hills Volcano, Montserrat, from 1995 to 1999 (eds Druitt, T. H. & Kokelaar, B. P.) 45â€“69 (Memoir, Geological Society, London, 2002)

                    Google ScholarÂ 
                

	Blake, S. Volcanism and the dynamics of open magma chambers. Nature 289, 783â€“785 (1981)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Blake, S. Volatile oversaturation during the evolution of silicic magma chambers as an eruption trigger. J. Geophys. Res. 89, 8237â€“8244 (1984)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Tait, S., Jaupart, C. & Vergnioille, S. Pressure, gas content and eruption periodicity of a shallow, crystallising magma chamber. Earth Planet. Sci. Lett. 92, 107â€“123 (1989)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Touloukian, Y. S., Judd, W. R. & Roy, R. F. Physical Properties of Rocks and Minerals Vol. 1 (McGraw Hill, New York, 1981)

	Huppert, H. E., Turner, J. S. & Sparks, R. S. J. The effects of volatiles on mixing in calcalkaline magma systems. Nature 297, 554â€“557 (1982)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Sparks, R. S. J. The dynamics of bubble formation and growth in magmas: A review and analysis. J. Volcanol. Geotherm. Res. 3, 1â€“37 (1978)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hurwitz, S. & Navon, O. Bubble nuclation in rhyolitic melts: Experiments at high pressure, temperature and water content. Earth Planet Sci. Lett. 122, 267â€“280 (1994)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Burnham, C. W. & Jahns, R. H. A method for determining the solubility of water in silicate melts. Am. J. Sci. 260, 721â€“745 (1962)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Melnik, O. E. & Sparks, R. S. J. Non-linear dynamics of lava dome extrusion. Nature 402, 37â€“41 (1999)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Barmin, A., Melnik, O. & Sparks, R. S. J. Periodic behaviour in lava dome eruptions. Earth Planet. Sci. Lett. 199, 173â€“184 (2002)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Couch, S., Sparks, R. S. J. & Carroll, M. R. Mineral disequilibrium in lavas explained by convective self-mixing in open magma chambers. Nature 411, 1037â€“1039 (2001)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Stasiuk, M., Jaupart, C. & Sparks, R. S. J. On the variations of flow rate in non-explosive lava eruptions. Earth Planet. Sci. Lett. 114, 505â€“516 (1993)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Floch, A. & Marti, J. The generation of overpressure in felsic magma chambers by replenishment. Earth Planet. Sci. Lett. 163, 301â€“314 (1997)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Miller, T. P. & Chouet, B. A. The 1989-1990 eruptions of Redoubt volcanoâ€”an introduction. J. Volcanol. Geotherm. Res. 62, 1â€“10 (1994)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Jaupart, C. Gas loss from magmas through conduit walls during eruption. Geol. Soc. 289, 783â€“785 (1998)

                    Google ScholarÂ 
                

	Massol, H. & Jaupart, C. The generation of gas overpressure in volcanic eruptions. Earth Planet. Sci. Lett. 166, 57â€“70 (1999)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank S. Sparks for comments and suggestions, and S. Blake and C. Jaupart for critiques on a first draft of this paper.


Author information
Authors and Affiliations
	Institute of Theoretical Geophysics, Department of Applied Mathematics and Theoretical Physics, Silver Street, CB3 9EW, Cambridge, UK
Herbert E. HuppertÂ &Â Andrew W. Woods

	the BP Institute of Multiphase Flow, Madingley Rise, Madingley Road, Cambridge, UK
Herbert E. HuppertÂ &Â Andrew W. Woods


Authors	Herbert E. HuppertView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Andrew W. WoodsView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Herbert E. Huppert.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Huppert, H., Woods, A. The role of volatiles in magma chamber dynamics.
                    Nature 420, 493â€“495 (2002). https://doi.org/10.1038/nature01211
Download citation
	Received: 13 August 2002

	Accepted: 14 October 2002

	Issue Date: 05 December 2002

	DOI: https://doi.org/10.1038/nature01211


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

                
                    	
                            
                                
                                    
                                        Constraints on magma storage conditions based on geodetic volume change and erupted magma volume and application to the 2011 and 2018 eruptions at Kirishima Shinmoe-dake volcano, Japan
                                    
                                

                            
                                
                                    	Tomofumi Kozono
	Takehiro Koyaguchi
	Tadashi Yamasaki


                                
                                Earth, Planets and Space (2023)

                            
	
                            
                                
                                    
                                        Low-volume magmatism linked to flank deformation on Isla Santa Cruz, GalÃ¡pagos Archipelago, using cosmogenic 3He exposure and 40Ar/39Ar dating of fault scarps and lavas
                                    
                                

                            
                                
                                    	D. M. Schwartz
	K. Harpp
	R. Van Kirk


                                
                                Bulletin of Volcanology (2022)

                            
	
                            
                                
                                    
                                        High CO2 content in magmas of the explosive andesitic Enco eruption of Mocho-Choshuenco volcano (Chile)
                                    
                                

                            
                                
                                    	Jean-Guillaume Feignon
	Nicolas Cluzel
	Marion Auxerre


                                
                                Bulletin of Volcanology (2022)

                            
	
                            
                                
                                    
                                        Lithium and boron diffusivity and isotopic fractionation in hydrated rhyolitic melts
                                    
                                

                            
                                
                                    	Roberta Spallanzani
	Kenneth T. Koga
	Max Wilke


                                
                                Contributions to Mineralogy and Petrology (2022)

                            
	
                            
                                
                                    
                                        Spatio-temporal evolution of the magma plumbing system at Masaya Caldera, Nicaragua
                                    
                                

                            
                                
                                    	Kirsten J. Stephens
	Christelle Wauthier


                                
                                Bulletin of Volcanology (2022)

                            


                

            

        
    

            
                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: ]
