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Demonstrating the geochemical aspects of the long term 

safety of a nuclear waste repository can significantly be 
improved by a molecular level understanding of the actinides 
behavior in the geosphere. In particular the interaction of 
radionuclides with minerals (adsorption, structural 
incorporation) strongly affects their mobility and retardation. 
In this presentation we will focus on the interaction of 
trivalent actinides and lanthanides with calcite, with special 
focus on the structural incorporation. 

Calcite (CaCO3) is an omnipresent mineral in many rocks 
which are discussed as potential host for a nuclear waste 
repository. Furthermore, many waste repository designs 
include cement based components. Calcite is one of the major 
secondary alteration products formed during the degradation 
of cement over geological timescales. Actinide and lanthanide 
partition data derived from co-precipitation experiments 
indicate a high sorption affinity of these elements to calcite 
but a comprehensive understanding of actinide and REE 
uptake by calcite is not yet available. From a geochmical 
perspective the molecular level substitution mechanism is of 
key interest. Trivalent actinides and lanthanides have a similar 
ionic radius compared to Ca, the charge compensation 
mechanism upon substitution is unclear despite various recent 
studies. We have studied synthetically doped calcite crystals 
with Time Resolved Laser Fluorescence Spectroscopy and 
Extended X-Ray Absorption Fine Structure Spectroscopy. The 
focus has primarily been on Eu(III), due to its fluorescence 
properties. The structural parameters of Am(III) doped calcites 
obtained by EXAFS confirm the substitution of Ca2+ within 
the calcite structure. Site-selective TRLFS measurements at 
temperatures < 20 K show the presence of various 
incorporated molecular species. The incorporation into calcite 
involves several structurally distinguishable “sites”. These 
sites may be due to local lattice distortions/relaxations around 
the metal ion in the calcite structure. These investigations give 
a mechanistic understanding of the incorporation process and 
show that the incorporation of trivalent metal ions is not a 
simple coupled substitution mechanism but involves complex 
substitution mechanisms. 
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The reactivity of a solid surface is strongly affected by the 
imposition of non-hydrostatic stress: the resulting strain rate is 
a driving force for mass transfer during pressure solution.  
Previous work [1,2] has shown that bacteria (e.g., Shewanella 
oneidensis MR-1) recognize and modify crystal surfaces 
through apparent recognition of surface energy, and are thus 
potentially sensitive to the distribution of surface stress as 
well.  Here we present the results of a novel integration of 
vertical scanning interferometry (VSI) with the means to 
control and measure stress distribution on a solid surface, 
through controlled deflection of a cantilever beam.  These 
deflection data, measured with VSI at (sub-)nanometer 
vertical and sub-micron lateral resolution, yield a high 
resolution map of surface deformation.  These data can be 
compared with Euler-Bernoulli beam bending theory and 
elastic constants to yield a quantitative prediction of material 
response. This controlled system can be immersed in a fluid 
cell innoculated with MR-1 (or other microorganisms) and 
thus permits the study of bacterial interaction with a stressed 
surface.  

This new technique can be used for abiotic systems as well 
and has a large potential for applications in earth, 
environmental, and material sciences.   
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