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The majority of the natural diamonds are formed in the Earth’s lithospheric upper 

mantle (< 200 km depth). During the growth of the diamond, fluids and minerals / 

mineral assemblages can be trapped inside it. These inclusions are then shielded from 

the environment during the transport of the diamond towards the Earth surface 

preserving their original capture composition. Only a few sources, e.g. Juina (Brazil) 

and Kankan (Guinea), provide so called “ultra-deep” rare diamonds which are 

formed in the deep upper mantle, the transition zone (410-660 km) and the lower 

mantle regions of the deep Earth. These unique diamonds and their inclusions form 

the only direct source of information available on the physical and chemical 

conditions in the deep Earth down to at least the upper part of the lower mantle. In 

order to preserve the enclosed nature of the inclusions a non-destructive in-situ 

analysis method is desired.  

 

Confocal µ-XRF is a well established analytical technique which allows to visualize 

the distribution of elements in 3D within low absorbing matrices. The confocal 

detection is achieved by mounting a polycapillary half-lens in front of the energy 

dispersive detector in order to strongly reduce the acceptance path ‘seen’ by the 

detector. In this way, the detected volume is determined by the coinciding foci of the 

incoming µ-beam and the detector polycapillary. The confocal µ-XRF detection 

mode can be further extended towards 3D resolved µ-XANES in fluorescence mode. 

For an axial symmetric focused beam an ellipsoidal shaped confocal detection 

volume results.  

 

In these studies, confocal µ-XANES was demonstrated for the 3D spatially resolved 

analysis of mineral inclusions in rare natural diamonds at the Fe K-edge, allowing in-

situ identification of the mineral inclusion phases.  
 


