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Abstract

Polarized spectra of natural brownish-yellow Fe-rich staurolite from Pizzo Forno (Switzerland) 
evidence that its color is very likely due to an intervalence charge-transfer transition between Fe2+ and 
Ti4+ that causes a broad absorption band at ca. 25 400 cm–1 superimposed on an intense high-energy 
edge. The polarization properties of the band and, also, the visible pleochroism γ  >  α  >>  β of the 
sample studied, which is found to be different to previously published data viz. γ  >  β  >>  α, does not 
unambiguously give evidence of the structural positions of Ti4+ ions involved in the IVCT process. 
In the NIR-range, we observe a broad structured absorption envelope caused by an electronic spin-
allowed band of IVFe2+ containing three broad components at around 5445, 4625, and 3800 cm–1 and 
strong narrow β- and γ-polarized lines of OH-vibrations in the range 3600 to 3400 cm–1. Curve-fitting 
analysis suggests that the three crystal field bands are due to lowering of the local symmetry of the 
tetrahedral Fe2+ from Td to ca. C2v, so they are assigned to the split electronic 5E → 5T2 transition of 
IVFe2+. Noticeable differences in the temperature- and pressure-induced effects on the spin-allowed 
bands of IVFe2+ in staurolite compared to spinel—another IVFe2+-bearing mineral—are observed. This 
implies a suppression of the Jahn-Teller effect in staurolite that is normally intrinsic to ions with 
doublefold degenerate electronic ground state such as IVFe2+. 
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Introduction

Effects of temperature and pressure on spin-allowed dd-bands 
originating from 5E → 5T2 transition of tetrahedral Fe2+ in natural 
spinels were found to be rather unusual when compared with 
those of octahedral Fe2+ in other minerals (Taran and Langer 
2001; Taran et al. 2005). This was attributed to a dynamic 
Jahn-Teller effect intrinsic to electronic centers with a twofold 
degenerate ground state E, specifically IVFe2+ in that case. Stau-
rolite is another IVFe2+-bearing mineral. However, in contrast to 
spinel, where Fe2+ is in regular coordination by four O atoms 
(e.g., Yamanaka and Takéuchi 1983), the Fe2+ tetrahedron in 
staurolite is distorted and coordinated by two O atoms and two 
hydroxyl groups (Tagai and Joswig 1950). Although the distor-
tion of the tetrahedral site in the staurolite structure is relatively 
small, the presence of two types of differently charged ligands 
causes a strong splitting of the electronic levels of IVFe2+ (Ross-
man and Taran 2001). Therefore, distortion of the crystal field 
of IVFe2+ is expected to lift the ground level degeneration and, 
thus, diminish the Jahn-Teller effect in staurolite spectra. In this 
respect, it is interesting to study temperature and pressure effects 
on the electronic spectra of IVFe2+ in staurolite and compare them 
with those in spinel. In addition, the influence of titanium on the 
color of staurolite, which was pointed out by Ward (1984), is 
here spectroscopically confirmed. 

Experimental methods

Samples and chemical composition
A pleochroic brownish-yellow-colorless, E||c > E||b > E||a, (in accordance 

with e.g., Tröger 1971 or Deer et al. 1997, α||b, β||a, γ||c) crystal of natural 
Fe-rich staurolite from Pizzo Forno with the composition (Fe2.9Mg0.9Zn0.1Mn0.1)
Al17.5Ti0.1(Si7.7Al0.3)O48H3 (Koch-Müller et al. 1995) was used for this study. Polar-
ized optical absorption spectra were measured on transparent plates of a-c and a-b 
orientation [(010) and (001), respectively, e.g., Tröger 1971], polished on both sides 
to a thickness of around 0.06 mm. It is essential to note that the visually described 
pleochroism scheme of our sample, E||c > E||b > E||a and the polarization behavior 
of the observed spectroscopic features responsible for the color (see below) defi-
nitely differ from previous assignments, namely E||c > E||a > E||b , or γ > β > α [γ  
= golden-yellow, β = pale yellow, α = colorless (Deer et al. 1997)]  for Fe-bearing 
staurolite even from the same locality Pizzo Forno (cf. e.g., Bancroft and Burns 
1967; Burns and Fyfe 1967; Ward 1984; Burns 1993). The orientation of our two 
plates (010) and (001) was accomplished in accordance with a well-developed crys-
tal morphology (e.g., Tröger 1971) and then controlled by conoscopic observations 
with a polarizing microscope. Another feature in the spectra that proves the correct 
orientation of our two plates is the intensities of the OH-bands, which appear in E||a 
and E||c polarization and are zero at E||b (Aikawa and Shinoda 1994), or, as found 
by Koch-Müller et al. (1995), are most intense in spectra with E||a, intermediate 
with E||c, and nearly zero with E||b (cf. Fig. 1). In both samples, the deviation of 
the orientation from the intended one was less than ca. 3°. 

The ac-plate was used for spectroscopic measurements at different temperatures 
in E||a and E||c polarization. High-pressure spectroscopic measurements were car-
ried out using unpolarized light on a small fragment broken from this same plate. 
All conditions of the spectroscopic measurements were described elsewhere, e.g., 
Taran et al. (2005).

Spectra were fit with Gaussian components using the Jandel Scientific soft-
ware Peakfit 4.0. The absorption edge was fit by using a sum of Gaussian and 
Lorentzian curves.* E-mail: m_taran@hotmail.com 


