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Strontium isotope composition of Mesozoic ammonoid shells
[Reply to] comments on “New aragonite 87Sr/86Sr records of Mesozoic 

ammonoids and approach to the problem of N, O, C and Sr isotope cycles in 
the evolution of the Earth” [Sedimentary Geology, 364 (2018): 1–13]
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Abstract. The stimulating reviewer’s remarks on the systematics of the Jurassic ammonoids which were isotopically investigated by us 
have substantially improved our paper, which provided data from the Triassic, Jurassic and Cretaceous.

I am a specialist on Permian–Triassic ammonoids, bio- and chemostratigrapy mainly of the Russian Far East, therefore 
all remarks on Jurassic fossils from the Russian Platform, received from M.A. Rogov (2018), an expert on Jurassic ammo-
noids of this area are very important for me.

Almost all the material for the discussed article, with exception of the ammonoids from Madagascar, was collected solely 
by its authors. The T]riassic aragonite ammonoids from Arctic Siberia were collected by Y.D. Zakharov, the Jurassic brachi-
opod and mollusc fossils from the Russian Platform and Switzerland by A.M. Popov and Y.D. Zakharov, the Cretaceous 
mollusc fossils from England, Argentina, British Columbia, California and the Russian Platform were collected by Y.D. 
Zakharov, Y. Shigeta, I.A. Michailova and E.Y. Baraboshkin, and the recent Nautilus pompilius was caught in the Philip-
pines area by Y. Shigeta.

Only a few fossils from the Russian Platform (A.M. Popov’s Jurassic ammonoids and brachiopods) were collected many 
years ago, during the Khar’kov’s expedition, organized by Prof. Y.I. Kats in 1972. Thanks to the stimulating reviewer’s re-
marks I have learned that the Sr isotope ratio (87Sr/86Sr = 0.707429) obtained from one of the samples (55/1) of A.M. Pop-
ov’s collection should be dated as Upper Tithonian, and not Upper Callovian, as was consider earlier (Zakharov et al., 2018).

I agree also that it would be better to identify the Early Toarcian representatives of the genus Hildaites from the famous 
locality of Mount Teysachaux (Etter et al., 2014) rather in open nomenclature (Hildaites sp.), because their shells are flat-
tened out. However, these aragonite-preserved mollusc shells (up to 92% aragonite) are an available object for isotope inves-
tigation.

M.A. Rogov writes in his review that “the upper Berriasian of Dorset is represented by the non-marine Purbeckian faci-
es”. However, I do not entirely consider so, because I have collected a couple small, but well-preserved brachiopod (= “bi-
valve”) shells from Oyster Bed of the upper Berriasian Durlston Formation (Gale et al., 2009), allowing the calculation of 
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palaeotemperatures of 26.3–28.7°C on the basis of isotope data (δ18O values are –3.81 and –3.30‰, respectively, δ13C = 
0.27–0.46‰; Zakharov et al., 2013, table 1).

The reviewer also considers that the differences within the Sr isotope values of different ammonoids from Madagascar 
could be caused by variations in the geological age of the studied samples (but not the secretion of the investigated shells in 
habitats from shallow to deeper zones of the water column). I do not consider so, because I believe that the investigated am-
monoids were collected from a single layer belonging the Cleoniceras besairiei or Douvilleiceras inaequinodum zones 
(Zakharov et al., 2011, 2016). On the basis of the stable isotope data, obtained from the Cretaceous of Madagascar and the 
Upper Palaeozoic–Mesozoic of other regions two large ethological group can be recognised in mid-aged and adult ammo-
noids: (1) animals requiring cool conditions, apparently preferring mainly mesopelagic conditions (e.g., Zakharov et al., 
2001, 2006a, b, 2011, 2013, 2014, 2016, 2017a, b, 2018; Stevens et al., 2015), and (2) thermophilic dwellers, prefering, on 
the contrary, only epi pe lagic conditions (e.g., Zakharov et al., 2004, 2005, 2006a, b, 2016; Lécuyer, Bucher, 2006; Landman 
et al., 2012; Lukeneder, 2015; Moriya, 2015).
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Fig. 1. Seawater Sr isotope curve  
(variant of McArthur et al. (2012), corrected on the basis of data obtained from aragonite-preserved cephalopod shells)

1. Hedenstroemia hedenstroemi (Keyserling) (Lower Olenekian); 2. Boreomeekoceras keyserlingi (Mojsisovics) (Upper Olenekian); 3. Arctohungarites sp. 
(mid Anisian); 4. Hildaites sp. (Lower Toarcian); 5. Harpoceras falciferum (J. Sowerby) (Lower Toarcian); 6. Kachpurites cheremkhensis Mitta, Mikhailova et 
Sumin (Upper Volgian); 7. Deshayesites volgensis sasonova, sample 45–96 (lower aptian); 8. Deshayesites volgensis sasonova, sample 50–96 (lower 
Aptian); 9. Desmoceras sp. (Lower Albian); 10. Cleoniceras sp. (Lower Albian); 11. Douvilleiceras sp. (Lower Albian); 12. Eotetragonites umbilicostatus 
Collignon (Lower Albian); 13. Pseudoschloenbachia umbulazi (Baily) (Upper Santonian); 14. Submortoniceras sp. (Lower Campanian); 15–18. Cochran et al. 
(2003) data (Baculites, Eutrephoceras, Jelezkytes, Sphenodiscus; Upper Cretaceous, including Maastrichtian); 19. Recent Nautilus pompilius Linne. 
abbreviations: Perm. – Permian; neo. – neogene



197Strontium isotope composition of Mesozoic ammonoid shells. [Reply to] comments on “New aragonite 87Sr/86Sr records of Mesozoic ammonoids...

LÉCUYER C., BUCHER H., 2006 – Stable isotope compositions of a Late Jurassic ammonite shell: a record of seasonal surface water 
temperatures in the southern hemisphere? Earth, 1: 1–7.

LUKENEDER A., 2015 – Ammonoid habitats and life history. In: Ammonoid paleobiology: From anatomy to ecology (eds. C. Klug et 
al.). Topics in Geobiology, 43: 697–800. Dordrecht: Springer. http://dx.doi.org/10.1007/978-94-017-9630-9_18. chap. 18.

McARTHUR J.M., HOWARD R.J., SHIELDS G.A., 2012 – Strontium isotope stratigraphy. The Geological Time Scale. Online version at: 
DOI: 10.1016/B978-0-444-59425-9.00007-X. 

MORIYA K., 2015 – Isotope signature of ammonoid shells. In: Ammonoid paleobiology: From anatomy to ecology (eds. C. Klug et al.). 
Topics in Geobiology, 43: 801–844). Dordrecht: Springer. http://dx.doi.org/10.1007/978-94-017-9630-9_19. chap. 19.

ROGOV M.A., 2018 – Comments on “New aragonite 87Sr/86Sr records of Mesozoic ammonoids and approach to the problem of N, O, 
C and isotope cycles in the evolution of the Earth” [Sedimentary Geology, 364 (2018): 1–13. Volumina Jurassica, 16: 75–80].

STEVENS K., MUTTERLOSE J., WIEDENROTH K., 2015 – Stable isotope data (δ18O, δ 13C) of the ammonite genus Simbirskites: im-
plications for habitat reconstructions of extinct cephalopods. Palaeogeography, Palaeoclimatology, Palaeoecology, 417: 164–175.

ZAKHAROV Y.D., BORISKINA N.G., POPOV A.M., 2001 – Rekonstruktsiya uslovij morskoj sredy pozdnego paleozoya i mezozoya po 
izotopnym dannym (na primere severa Evrazii) (The reconstruction of Late Palaeozoic and Mesozoic marine environments from iso-
topic data: Evidence from north Eurasia). Izdatel’stvo “Dalnauka”, Vladivostok: 112 pp. (in Russian).

ZAKHAROV Y.D., IGNATIEV A.V., VELIVETSKAYA T.A., SMYSHLYAEVA O.P. et al., 2004 – Early– Late Cretaceous climate of the 
northern high latitudes. Journal of the Geological Society of Thailand, 1: 11–34.

ZAKHAROV Y.D., SMYSHLYAEVA O.P., TANABE K. et al., 2005 – Seasonal temperature fluctuations in the high northern latitudes 
during the Cretaceous Period: isotopic evidence from Albian and Coniacian shallow-water invertebrates of the Talovka River Basin, 
Koryak Upland, Russian Far East. Cretaceous Research, 26: 113–132. 

ZAKHAROV Y.D., SMYSHLYAEVA O.P., POPOV A.M., SHIGETA Y., 2006a – Izotopnyj sostav pozdnemezozojskikh organogennykh 
karbonatov Dalnego Vostoka (Isotopic composition of Late Mesozoic organogenic carbonates of Far East). Izdatel’stvo “Dalnauka”, 
Vladivostok, 204 pp. [in Russian].

ZAKHAROV Y.D., SMYSHLYAEVA O.P., SHIGETA Y., ZONOVA T.D., 2006b – New data on isotopic composition of Jurassic–Early 
Cretaceous cephalopods. Progress in Natural Science, 16 (Special Issue): 50–67.

ZAKHAROV Y.D., SHIGETA Y., NAGENDRA R. et al., 2011 – Cretaceous climate oscillations in the southern palaeolatitudes: new sta-
ble isotope evidence from India and Madagascar. Cretaceous Research, 32: 623–645..

ZAKHAROV Y.D., BARABOSHKIN E.Y., WEISSERT H. et al., 2013 – Late Barremian–early Aptian climate of the northern middle 
latitudes: Stable isotope evidence from bivalve and cephalopod molluscs of the Russian Platform. Cretaceous Research, 44: 183–201.

ZAKHAROV Y.D., TANABE K., SHIGETA Y., SAFRONOV P.P., SMYSHLYAEVA O.P., DRIL S.I., 2016 – Early Albian marine environ-
ments in Madagascar: An integrated approach based on oxygen, carbon and strontium isotopic data. Cretaceous Research, 58: 29–41.

ZAKHAROV Y.D., SELTSER V.B., KAKABADZE M., SMYSHLYAEVA O.P., SAFRONOV P.P., 2017a – Isotope composition of Meso-
zoic molluscs from the Saratov–Samara region and main Early Cretaceous climate trends at the Russian Platform–Caicasus area. In: 
10th International Symposium on the Crtaceous – Abstracts, 21–26 August 2017, Vienna (Ed. B. Sames). Berichte der Geologische 
Bundesanstalt, 120: 310.

.ZAKHAROV Y.D., KAKABADZE M.V., SHARIKADZE M.Z. et al., 2017b – The stable O- and C-isotope record of fossils from the up-
per Barremian–lower Albian of the Caucasus – palaeoenvironmental implications. Cretaceous Research. http:// dx.doi.org/10.1016/j.
cretres.2017.07.023.

ZAKHAROV Y.D., DRIL S.I., SHIGETA Y., POPOV A.M., BARABOSHKIN E.Y., MICHAILOVA I.A., SAFRONOV P.P., 2018 – New 
aragonite 87Sr/86Sr records of Mesozoic ammonoids and approach to the problem of N, O, C and isotope cycles in the evolution of the 
Earth. Sedimentary Geology, 364: 1–13.




