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abStraCt

We investigated the influence of linear polarization of the synchrotron X-ray beam on the determi-
nation of iron oxidation state in phyllosilicates. Fe K-edge XANES spectra and pre-edge peaks have 
been recorded for various orientations of single crystals of biotite (Bt), clinochlore (chlorite group; 
Cli), talc (Tc), and antigorite (serpentine group; Ant). Ab initio XANES calculations, performed for 
6 orientations of the biotite structure, support the experimental results. Depending on crystal orienta-
tion, the experimental results show, (1) important changes both for XANES and pre-edge peaks, (2) 
characteristic changes of spectral signatures regardless of the mineral species, (3) uncorrelated changes 
between XANES and pre-edge peaks, and (4) important changes of the energy position of pre-edge 
peaks, but with no significant change for their integrated areas. Regarding the crystal orientation, the 
pre-edge peak centroid varies in energy by ∼0.4 eV in the case of Bt and Tc, and by ∼0.2 eV for Cli and 
Ant. Such variations correspond to XFe3+ (i.e., Fe3+/Fetotal) of 0.22 and 0.15, respectively. Comparison 
with the analysis of powdered samples show that Fe-redox can be generally framed as follows: –(2/3)
XFe3+ < XFe3+

(powder) < +(1/3)XFe3+. In good agreement with the so-called “magic angle” theorem for 
powdered samples, we propose an ideal orientation of the single crystals that provide similar pre-edge 
peaks as for powdered samples. With the wavevector (i.e., beam direction) perpendicular to (100) 
or (010), measurements should be done with an angle of 35° between the electric-field vector and 
the [001] crystal direction. Moreover, measurements performed with the wavevector perpendicular 
to (001) systematically result in an overestimation of XFe3+ up to 0.07. Finally, we show that the ap-
propriate positioning of single crystals reduces the XFe3+ uncertainty to the intrinsic error of pre-peak 
measurements. This approach opens possibilities for in situ analyses of Fe-bearing phyllosilicates 
in thin sections that are potentially relevant for scientific fields such as hydrothermal/metallogenic, 
metamorphic, meteoritic or environmental mineralogy.
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introduCtion

Iron is the most abundant transition metal on Earth, and 
presents various oxidation states according to the redox condi-
tions of geological settings: elemental, ferrous, and ferric iron, 
even Fe(IV) as in amethyst (Di Benedetto et al. 2010). The 
oxidation state of iron in minerals is a valuable indicator for 
the understanding of numerous mineralogical and petrological 
processes, such as: (1) metamorphic conditions prevailing in 
the continental crust (e.g., Diener, and Powell 2010; Dyar et al. 
2002b; Schmid et al. 2003; Vidal et al. 2006, 2005); (2) ultra-
high P-T conditions prevailing in the Earth’s mantle or at the 
core-mantle boundary (e.g., Andrault et al. 2010; Canil et al. 
1994; Frost and Langenhorst 2002; McCammon et al. 2004); 
(3) high-temperature conditions of magmatic processes (e.g., 
Berry et al. 2008; Kelley and Cottrell 2009); and (4) medium-

temperature and low-pressure conditions typical of mid-ocean 
ridges (e.g., Andréani et al. 2008; Marcaillou et al. 2011), or 
environmental and biomineralogical processes (e.g., Benzerara 
et al. 2005; Brown et al. 2008; Miot et al. 2009).

Among the several analytical techniques that can be used 
to determine the oxidation state of iron in minerals, XANES 
spectroscopy presents a large flexibility with beam size (from 
millimetric down to a dozen nanometers by scanning transmis-
sion X-ray microscopy, STXM), or detection limits (down to a 
few tens of parts per million), depending on the beamline and/or 
synchrotron source used. The pre-edge peaks of XANES have 
been shown to be extremely sensitive to the oxidation state of 
iron (e.g., Bajt et al. 1994; Berry et al. 2003; Farges 2001; Ga-
loisy et al. 2001; Petit et al. 2001; Shulman et al. 1976; Wilke 
et al. 2001, 2005). XANES spectroscopy requires the use of a 
monochromatic synchrotron X-ray beam, which is generated 
with a horizontal linear polarization due to the synchrotron ring 
geometry. This property of the X-ray beam does not affect the * E-mail: manuel.munoz@ujf-grenoble.fr


