
Numerous  lines  of  evidence  indicate  substantial 
perturbations  to  the  global  biogeochemical  cycling  of 
several important elements (C, S, N) during and after the 
end-Permian mass extinction, ca. 252 Ma.  One of the 
best-documented changes is a large negative shift in the 
δ13C of carbonate rocks and organic matter.  The negative 
shift in δ13C is commonly interpreted to reflect the rapid 
addition  of  13C-depleted  carbon  into  the  oceans  and 
atmosphere, but the isotope composition and quantity of 
carbon released cannot be uniquely constrained by the 
carbon isotope data alone.  Because the geological cycles 
of carbon and calcium are strongly coupled by shared 
sources and sinks (carbonate rocks), isotopic constraints 
on the geological cycling of calcium can further constrain 
interpretations of global carbon cycle dynamics beyond 
what can be gleaned from the carbon isotope record alone. 
Here we use δ44/40Ca data from carbonate rocks from south 
China and Turkey, as well as δ44/40Ca data from conodont 
microfossils from the global stratotype section and point 
(GSSP) for the Permian-Triassic boundary at Meishan, 

China to constrain the amount and isotopic composition of 
carbon released at  the time of the  end-Permian mass 
extinction. δ44/40Ca constraints on carbon cycle dynamics 
suggest as much as 50,000 GT of carbon were released 
over an interval radiometrically constrained to span less 
than 200 ky.  They further imply that the average isotope 
composition  of  this  carbon  was  heavier  than  -25‰, 
suggesting biogenic methane could not have been the sole 
source of this carbon.  Regardless of the precise source, 
the implied rate and magnitude of carbon release would 
have caused an episode of ocean acidification.  These 
findings, coupled with petrographic and paleobiological 
data, suggest an important role for acidification as an end-
Permian kill mechanism. 

 
Key words: Permian, Triassic, mass extinction, carbon 

cycle, calcium, volcanism, acidification 

Jonathan L. PAYNE, Juan Carlos SILVA TAMAYO, Katharine MAHER, Jessica L. HINOJOSA, Adam B. JOST, Alexandra V. 
TURCHYN, Shaun T. BROWN, CHEN Jun, Adina PAYTAN, SHEN Shuzhong, Donald J. DEPAOLO, Anton EISENHAUER, Daniel J. 
LEHRMANN, Demir ALTINER and YU Meiyi1, 2013. Calcium Isotope Constraints on Global Carbon Cycle Dynamics during the End-
Permian Mass Extinction. Acta Geologica Sinica (English Edition), 87(supp.): 902. 
 
 
Calcium Isotope Constraints on Global Carbon Cycle Dynamics during the End-

Permian Mass Extinction 
 

 

Jonathan L. PAYNE1, Juan Carlos SILVA TAMAYO1, Katharine MAHER1, Jessica L. HINOJOSA1, Adam B. 
JOST1, Alexandra V. TURCHYN2, Shaun T. BROWN3, CHEN Jun4, Adina PAYTAN5, SHEN Shu-zhong6, 

Donald J. DEPAOLO3, Anton EISENHAUER7, Daniel J. LEHRMANN8, Demir ALTINER9 and YU Meiyi10 
 

1 Department of Geological & Environmental Sciences, Stanford University, Stanford, CA 94305, USA 
2 Department of Earth Sciences, Univeresity of Cambridge, Cambridge, Cambridgeshire, CB2 3EQ, United Kingdom 
3 Center for Isotope Geochemistry, Earth Science Division, E.O. Lawrence Berkeley National Laboratory, Berkeley, 
California 94720, USA 
4 State Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry, Guangzhou 510640, China 
5 Institute of Marine Sciences, University of California, Santa Cruz, California 95064, USA  
6 State Key Laboratory of Palaeontology and Stratigraphy, Nanjing Institute of Geology and Palaeontology, Nanjing 
210008, China 
7 GEOMAR Helmholtz-Zentrum für Ozeanforschung Kiel, 24148 Kiel, Germany 
8 Department of Geosciences, Trinity University, San Antonio, TX 78212, USA 
9 Department of Geological Engineering, Middle East Technical University, 06531 Ankara, Turkey 
10  College  of  Resource  and  Environment  Engineering,  Guizhou  University,  Caijiaguan,  Guiyang  550003,  Guizhou 
Province, China 

 Vol. 87   Supp.                                                                                                                                                                                  

* Corresponding author. E-mail:   jlpayne@stanford.edu 

 

902 

ACTA GEOLOGICA SINICA (English Edition)  
http://www.geojournals.cn/dzxben/ch/index.aspx     http://mc.manuscriptcentral.com/ags June 2013 


