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ABSTRACT
We analyzed the elemental concentrations and the isotopic compositions of helium and argon in Cambrian 

to Jurrassic aged Gastropod, Ammonite and Trilobite fossils in order to examine variation in these gases 

through time. Fossil samples yielded He and Ar isotopic ratios close to the present day atmospheric values, 

but also indicated some addition of a radiogenic component. We compared the results to theoretical values 

calculated from a mathematical model of Earth’s atmosphere assuming mantle degassing. Results from our 

mathmatical models showed that the 40Ar/36Ar ratio of Earth’s atmosphere increased rapidly after the 

formation of the Earth, but has been almost identical to the present day value for the last 1 Ga. For 

atmospheric helium, model results were consistent with present day atmospheric values, assuming 

complete helium degassing from the continental crust into the atmosphere. The model suggests that the 

atmospheric 3He/4He ratio has remained relatively constant for the last 0.1 Ga. Given the similarity 

between present day and ancient He and Ar isotopic ratios, we conclude that the corresponding ratios 

measured in ancient fossil material may partially reflect composition of the ancient atmosphere and are not 

necessarily due to contamination by the present day atmosphere. 

KEYWORDS
Fossils; Argon; Helium; Isotopes; Atmospheric Evolution 

Cite this paper
Y. Arakawa and J. Matsuda, "Helium and Argon Isotopic Studies of Fossil Material and the Theoretical 

Evolution of He and Ar in Earth’s Atmosphere through Time," International Journal of Geosciences, Vol. 3 No. 

5A, 2012, pp. 891-898. doi: 10.4236/ijg.2012.325091.  

References

OPEN   ACCESS  

[1] H. Brown, “Rare Gases and the Formation of the Earth’s Atmosphere,” In: C. P. Kuiper, Ed., The 

Atmospheres of the Earth and Planets, University of Chicago Press, Chicago, 1952, pp. 258-266. 

[2] G. Turner, “The Outgassing History of the Earth’s Atmosphere,” Journal of the Geological Society 

of London, Vol. 146, No. 1, 1987, pp. 147-154.doi:10.1144/gsjgs.146.1.0147 

[3] K, Kamijo, K. Hashizume and J. Matsuda, “Noble Gas Constraints on the Evolution of the 

Atmosphere-Mantle System,” Geochimica et Cosmochimica Acta, Vol. 62, No. 13, 1998, pp. 2311-

2321. doi:10.1016/S0016-7037(98)00163-X 

[4] A. Seta, T. Matsumoto and J. Matsuda, “Concurrent Evolution of 3He/4He Ratio in the Earth’s 

Mantle Reser- voirs for the First 2 Ga,” Earth and Planetary Science Letters, Vol. 188, No. 1-2, 2001, 

pp. 211-219. doi:10.1016/S0012-821X(01)00307-7 

[5] J. Matsuda and B. Marty, “The 40Ar/36Ar Ratio of the Undepleted Mantle; a Reevaluation,” 

Geophysical Re- search Letters, Vol. 22, No. 15, 1995, pp. 1937-1940.doi:10.1029/95GL01893 

[6] M. Ozima, “Noble Gas State in the Mantle,” Review of Geophysics, Vol. 32, No. 4, 1994, pp. 405-

426. doi:10.1029/94RG01875 

● Open Special Issues

● Published Special Issues

● Special Issues Guideline

IJG Subscription

Most popular papers in IJG

About IJG News

Frequently Asked Questions

Recommend to Peers

Recommend to Library

Contact Us

Downloads: 165,256 

Visits: 393,917 

Sponsors, Associates, and 
Links >>



[7] J. Matsuda, T. Maruoka, D. L. Pinti and C. Koeberl, “Noble Gas Study of a Philippinite with an 

Unusually Large Bubble,” Meteoritics and Planetary Science, Vol. 31, No. 2, 1996, pp. 273-277. 

doi:10.1111/j.1945-5100.1996.tb02023.x 

[8] J. Matsuda, M. Namba, T. Maruoka, T. Matsumoto and G. Kurat, “Primordial Noble Gases in a 

Graphite-Metal Inclusion from the Canyon Diablo IAB Meteorite and Their Implications,” Meteoritics 

and Planetary Science, Vol. 45, No. 3, 2005, pp. 361-372. doi:10.1111/j.1945-5100.2010.01026.x 

[9] J. Matsuda, H. Tsukamoto, C. Miyakawa and S. Amari, “Noble Gas Study of the Saratov L4 

Chondrite,” Meteoritics and Planetary Science, Vol. 45, No. 3, 2010, pp. 361-372. 

doi:10.1111/j.1945-5100.2010.01026.x 

[10] J. Matsuda, T. Matsumoto, H, Sumino, K. Nagao, J. Ya- mamoto, Y. Miura, I. Kaneoka, N. Takahata and 

Y. Sano, “The 3He/4He Ratio of the New Internal He Standard of Japan (HESJ),” Geochemical 

Journal, Vol. 36, No. 2, 2002, pp. 191-195. doi:10.2343/geochemj.36.191 

[11] S. R. Taylor, “Solar System Evolution. A New Perspective,” 2nd Edition, Cambridge University Press, 

Cam- bridge, 2001. doi:10.1017/S1360641701342788 

[12] K. P. Jochum, A. W. Hofmann, E. Ito, H. M. Seufert and W. M. White, “K, U and Th in Mid-Ocean Ridge 

Basalt Glasses and Heat Production, K, U and K/Rb in the Mantle,” Nature, Vol. 306, 1983, pp. 431-

436. doi:10.1038/306431a0 

[13] T. Matsumoto, A. Seta, J. Matsuda, M. Takebe, Y. Chen and S. Arai, “Helium in the Archean 

Komatiites Revisited: Significantly High 3He/4He Ratios Revealed by Fractional Crushing Gas 

Extraction,” Earth and Planetary Science Letters, Vol. 196, No. 3-4, 2002, pp. 213-225. 

doi:10.1016/S0012-821X(01)00602-1 

[14] D. Porcelli and G. J. Wasserburg, “Mass Transfer of Xenon through a Steady-State Upper Mantle,” 

Geochimica et Cosmochimica Acta, Vol. 59, No. 10, 1995, pp. 1991- 2007. doi:10.1016/0016-7037

(95)00122-0 

[15] D. Porcelli and G. J. Wasserburg, “Mass transfer of helium, neon, argon, and xenon through a 

steady-state upper mantle,” Geochimica et Cosmochimica Acta, Vol. 59, No. 23, 1995, pp. 4921-

4937. doi:10.1016/0016-7037(95)00336-3 

[16] J. Matsuda and K. Matsubara, “Noble Gases in Silica and Their Implication for the Terrestrial 

‘Missing’ Xe,” Geophysical Research Letters, Vol. 16, No. 1, 1989, pp. 81- 84. 

doi:10.1029/GL016i001p00081 

[17] T. Matsumoto, Y. Chen and J. Matsuda, “Concomitant Occurrence of Primordial and Recycled Noble 

Gases in the Earth’s Mantle,” Earth and Planetary Science Letters, Vol. 185, No. 1-2, 2001, pp. 35-

47. doi:10.1016/S0012-821X(00)00375-7 

[18] D. R. Hilton, K. Hammerschmidt, G. Loock and H. Frie- drichsen, “Helium and Argon Isotope 

Systematics of the Central Lau Basin and Valu Fa Ridge: Evidence of Crust/Mantle Interactions in a 

Back-Arc Basin,” Geochimica et Cosmochimica Acta, Vol. 57, No. 12, 1993, pp. 2819-2841. 

doi:10.1016/0016-7037(93)90392-A 

[19] M. Honda, I. MacDougall, D. B. Patterson, A. Doulgeris and D. S. Clague, “Noble Gases in Submarine 


