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Foraminifera are the most abundant organisms in marine environments and are one of the main 

carbon producers in the oceans1,2. Foraminifera are unicellular organisms that protect their soft 

tissue with a carbonate shell. The calcite of the shells of some benthic species shows {001} 

twinning3.  

We investigated the twinning characteristics of shell calcite and aragonite and patterns of 

biocarbonate crystal assemblies of benthic and planktonic species of rotaliid foraminifera with 

electron backscattered diffraction (EBSD) and sub-micrometer to nanometer scale imaging of 

the microstructure with FE-SEM and STEM of chemically etched and fixed shell surfaces (Fig. 1). 

We describe in this contribution (i) the very extensive {001} twinning of shell calcite/aragonite, 

(ii) demonstrate for the twinned crystals a new biocarbonate microstructure and (iii) address 

twin development from crystal nucleation within an organic template to outermost shell 

surfaces4. We demonstrate that (iv) all rotaliid foraminifera specimens, investigated with EBSD 

so far, are twinned, however, (v) to different degrees and (vi) show that shell morphology, in 

particular shell/chamber sphericity, is linked to the strength of calcite twinning. Species that 

developed perfect/near-perfect spherical shell/chamber morphologies have their shell calcite 

almost fully twinned, while the calcite of shells with elongated chamber morphologies is little or 

even not twinned5.  

 

Fig. 1. Pattern of crystal orientation measured with EBSD on a cross-section through the shell of the 

foraminifera species Pulleniatina obliquiloculata (A). The strongly twinned calcite that forms the crystal 

units/biocrystals of the shell (B), is given with 60° misorientation grain boundaries, the misorientation-

distance profile A to B and the huge peak at 60° in the misorientation angle distribution diagram. 

Neighboring crystal units are not connected through a twin relationship, misorientation profile C to D in 

(B), but are misoriented to each other by various degrees (B)3,4.  
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