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Does lowered pH always hamper 
calcification? 

Hikami et al., 2011 





Zachos et al., 2001 



Van Dijk et al., 2017 



1. Foraminifera are important nowadays for the Carbon 
cycle (produce ~50% of the open ocean CaCO3). 

2. They are essential tools to reconstruct past climates 
(paleoceanography). 

 

But we have a very incomplete idea of their biomineralization 
strategy. 

 -response to marine carbonate chemistry? 

 -element incorporation/ isotope fractionation? 

 



Na (1500 ppm)

Mg (250)

Sr (1000)S (1000)

Other (Ba, B, etc)

Mg (100000 ppm)

Sr (2500)

S (1500)

K (500)

Na (1500)

Cl (19000 ppm)

S (900)
Na (11000)

Mg (1300)

Ca (420)

K (390)

Other

K (550)

Inorganic 
Precipitation

Seawater

Foraminiferal 
Biomineralization

Other

Foraminiferal calcite Inorganically 
precipitated calcite

De Nooijer et al., 2014 



Erez, 2003 

óInternalô calcification 

Different chemical 

composition than 

surrounding seawater 

Calcification models 



External pH 

Account for: 
 
H+  + HCO3

- -> H2O + CO2 

Toyofuku et al., 2017 



Low pH outside foraminifer (~6.0 - 6.5) 

High pH óinsideô foraminifer (~9.0 - 9.5) 

 

 

 

 

 

 

 

 

 

Ÿ Gradient between out- and inside i) promotes influx of carbon and ii) 
requires barrier between these two regions. 

 

De Nooijer et al., 2009 

Calcification results in a strong pH gradient 
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Nehrke et al., 2013 

Timing of Ca2+ uptake 



Toyofuku et al., 2017 



�Q = 

[Ca2+] * [CO3
2-]  

Ksp 

�Q < 1: Dissolution 
�Q > 1: Precipitation 


