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Trace elements and isotopic signatures are continuously 
recorded in growing shells and are empirically applied to 
monitor or reconstruct past environmental and climatic 
conditions. However, the precondition to correctly apply 
these proxy records is our understanding how trace elements 
are incorporated into growing biominerals. Although this 
understanding is still limited, we know today that bivalve 
shells form via non-classical crystallization pathways 
involving amorphous calcium carbonate (ACC) nanoparticles 
that transform to stable polymorphs aragonite or calcite [1]. 
This concept is not yet fully incorporated into proxy 
applications and our general understanding of the nano-scale 
properties of nacre is still limited.  

Here, we aim to better understand trace element 
incorporation and mechanics of bivalve shell nacre at the 
nano-scale.  

We investigate bivalve nacre with NanoSIMS, scanning 
electron microscopy, and Atom Probe Tomography (APT). 
At the micron scale, we observe rather homogeneously Sr-
labelled nacre tablets and a step-like enrichment pattern 
within one nacre tablet generation, which contrasts to the 
appearence of Sr-labelled non-nacreous shells [2]. However, 
at atomic length scales, we find distinct zones of high Sr 
enrichment at the mineral-organic interface in the Sr-labelled 
areas. Similarly, APT shows organic-rich areas embedded in 
the biomineralized matrix from organic inclusions and the 
interlamelar membrane [3]. These organic-mineral interfaces 
play a critical role for the mechanical properties of nacre [4] 
and are essential for its excellent mechanical resilience. 
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