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SYNOPSIS SESSION –I “CHEMICAL INFORMATION UNDER HIGH 

SPATIAL RESOLUTION” 

 

High spatial resolution in this research field is a prerequisite for a better understanding of governing 

processes, as individual clay particles are very small in dimension (clay size fraction typically defined 

as < 2µm). The phenomena that have been looked at under this resolution are narrow alteration zones 

either due to relatively short term laboratory experiments compared to the repository evolution time 

scale and/or due to the low reaction rates observed for clay minerals at ambient temperature. Another 

challenge in the field of chemical information to be extracted from compacted clay systems is that 

mostly the research is focused on the potential contaminants released from the repository near-field, 

which will be in the trace element concentration and analytical systems have to be tuned to increase 

the sensitivity under this high spatial resolution. Therefore, chemical information in form of element 

maps or correlation maps were shown on the initial clay material composition and its heterogeneities 

(e.g. phase assemblages), the water composition, sorption and migration effects of trace elements, 

reaction products of geochemical perturbation/alteration and the surface speciation/binding environ-

ment of the radionuclides or their chemical homologues.     

Overall, six invited presentation were given in this session plus additional poster presentations. Beside 

this, a number of presentations in the other sessions showed a great overlap presenting also chemical 

data under high spatial resolution. All these oral contributions have shown the progress in this field 

focusing on the current resolution limits set by the physics and instrumentation available (C. Jacobsen, 

APS), the micro-focusing instrumentation available at the Karlsruhe Institute of Technology (KIT) 

synchrotron light source ANKA (J. Göttlicher, KIT-ISS), the application of nanoSIMS to retrieve ele-

mental/isotope maps on complex organo-mineral structures (C. Höschen, TU München), the applica-

tion of a multi-method approach to obtain nano- to microscopic 3D information on compacted clays 

(M.A. Denecke, KIT-INE) and the formation of secondary clay phases during glass corrosion and the 

speciation of trace elements as cerium (E. Curti, PSI-LES). In addition, C. Jacobsen (APS) gave a talk 

on post-processing methods as principle component analysis (PCA) combined with cluster analysis 

nowadays available to resolve spectral difference in heterogeneous samples discussing the strength 

and limitations of this approach. 

In general, the presentations could be grouped by the applied methods in destructive techniques as 

nanoSIMS or laser ablation (LA-ICP-MS) and non-destructive methods (µXRF, µXANES, µEXAFS, 

µFTIR, (S)TEM-EDS and NMR). The progress made over the last couple of years compared to previ-

ous published work can be summarized as follows: (a) the progress in increasing the spatial resolution 

and sensitivity of methods/instrumentation gives possibilities to make surface analysis at atomic scale, 

(b) these developments can be used for a better description and understanding of phenomena/processes 

as neo-formed mineral phases and their effect on element mobility/retention and 

(c) the developments in post processing methods and computer power available combining different 

chemical information in form of e.g. cross correlations opens new ways of data interpretation and/or 

modeling. 

In conclusion, the workshop has shown that chemical data is one of the “pieces in the puzzle” that is 

and has to be linked to physical data to understand processes as transport, clogging, self-sealing or 

deformation. Furthermore, in most of the applications shown having in mind the limitations of each 

analytical method the use of complementary analytical techniques has be proven to be most successful. 

The interest in the chemical evolution over time might however constrains the application of tech-

niques to non-destructive methods. However, the combination of destructive and non-destructive 

methods is sometimes needed to obtain full quantitative information. It has also to be stated clearly, 

that the resolution reached so far is sometimes not sufficient enough to clearly discriminate phenom-

ena such as sorption and co-precipitation. 
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There are also some critical points that have to be addressed in the near future, these are inter alia:  

1) The very critical steps of sample selection (representativity), sample preparation and preservation 

prior to chemical analysis are not always properly documented and seem to be sometimes the secret of 

the researcher. This has to be optimized to avoid artefacts and finally miss- or over-interpretation of 

data.  

2) Is there a way to follow or could be proposed as a kind of guideline for data segmentation, noise 

filtering and post-processing in form of correlation/distribution together with a criteria catalog to rank 

the techniques available for clay systems to optimize the scientific output? 

3) Foster the communication between the experimentalists and the modelers to clarify what kind of 

data is needed and available at different scales (element distribution, chemical formula, binding envi-

ronment).  

There are no extended abstracts submitted for the presentations of C. Jacobsen (APS, Northwestern 

University) entitled: 

“Application of PCA and cluster analysis to heterogeneous samples: strength and weaknesses” and  

“Current resolution limits and future directions: Achievements & challenges”.  

However, the presentations as well as the analysis software can be downloaded from the following 

link: 

http://xrm.phys.northwestern.edu/~jacobsen/clay_club/ 

 


