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Studying Fe-bearing minerals is the easiest way to gain information on oxidation state of the 
Earth’s mantle. Amphiboles are present in the mantle only in special cases as a product of 
metasomatism, i.e. interaction of fluid/melt and mantle rock [1]. This interaction can result in 
variable and inhomogeneous oxidation conditions in the mantle on a small scale. Micro-XANES is 
a promising method to determine Fe3+/ΣFe ratio in individual amphibole microscopic grains [2]. 
However, the Fe K-edge micro-XANES spectra of amphiboles are orientation dependent because of 
the X-ray pleochroism [3]. 

In order to study this phenomenon, nine differently oriented slices were cut from an amphibole 
single crystal. In total, 18 measurements were carried out on these slices. Each spectrum was 
measured with different angle between the optical axes (X, Y, Z) of the amphibole single crystal 
and the polarization vector of the synchrotron beam. That is, the amphibole single crystal was 
measured from all possible directions with 18 degrees step size (0, 18, 36, 54, 72, 90 degrees). 

The experiments were performed at the micro-fluorescence beamline L (DORIS III,HASYLAB).  
The white beam of the bending magnet was monochromatized by a Si(111) double monochromator.  
A polycapillary half-lens (X-ray Optical Systems) was employed for focusing a beam of 3×1.5 mm2 
down to a spot size of 15 µm.Fe-K XANES spectra were recorded in fluorescent mode. using a 
silicon drift detector with 50 mm2 active area (Radiant Vortex).  The step size was varied between 
0.5 eV (edge region) to 2 eV (more than 50 eV above edge) with an integration time of 5 s per 
energy point.  Background removal and normalization of the micro-XANES spectra was performed 
using the ATHENA software package [4]. 

XANES spectra presented in Fig. 1 clearly show that there are significant differences between 
variously oriented slices. The dominant factor determining the shape of the spectra is the angle 
between the polarization vector and the X optical axis, the angles between the other optical axes 
and polarization vector are less significant. 

A better understanding of this phenomenon is essential in order to use these results to determine 
Fe3+/ΣFe ratio of randomly oriented amphibole grains. This will extend our knowledge on oxidation 
conditions in the metasomatized mantle, and thus, provide a better insight in geodynamic processes. 



 

Figure 1: Fe-K edge micro-XANES spectra of the different slices prepared from the amphibole single 
crystal. 
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