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ABSTRACT
The incorporation of Fe2+ was investigated in four natural cordierite samples. 57Fe Mössbauer,
single-crystal UV-VIS optical absorption, and X-ray absorption spectroscopies, as well as X-ray
single-crystal diffraction were used. Mössbauer, optical, and XAS spectroscopy show that Fe2+ is
incorporated on two different structural sites in two Mg-rich samples. Mössbauer measurements
give the best quantitative measure of the amounts of Fe2+, but the optical spectra are the most sensitive for determinations at low concentrations and at high-bulk Fe2+ concentrations in cordierite. The
spectroscopic data are most consistent with small amounts of Fe2+ (i.e., 0.02 of Fe2+ per formula unit)
being located on a tetrahedral site rather than in the center (or off center) of the six-membered
tetrahedral rings or in channel cavities. X-ray single-crystal refinements on two Mg-rich cordierites
show a very small excess electron density on T11 and not in the channels. A third refinement on a
slightly more iron-rich sample shows, in contrast, no excess electron density on T11. We interpret
these data as indicating that small amounts of Fe2+ (0.01 to 0.02 atoms per formula unit) replace
tetrahedral Al11 in cordierite, where charge balance is achieved by placing Na in the center of the
six-membered rings. This substitution is consistent with the known chemistry of natural cordierites
and with simple structural energetics. The identification and assignment of small amounts of Fe2+ on
T11 requires spectroscopic determination or careful X-ray single-crystal refinements and cannot be
achieved from composition data and structural formula calculations.

INTRODUCTION
Cordierite has the ideal formula (Mg,Fe)2Al4Si5O18.x(H2O,
CO2). The composition of natural cordierites can be considerably more complicated and a more complete formula has been
proposed as [ Ch (Na,K,Fe 2+ ,Fe 3+ ) 0–1 VI (Mg,Fe 2+ ,Mn 2+ ,Li) 2
IV
(Si,Al,Be,Fe3+)9O18 .x Ch(H2O,CO2,Ar...) ] (Schreyer 1985). One
of the complications concerns the role of Fe2+. It is well known
that most Fe2+ occupies the octahedral M-site (Byström 1942).
However, several spectroscopic studies have shown that some
Fe2+ can occupy an additional structural site. Some investigators argued that this additional Fe2+ is located in channel cavities or in the six-membered rings that are parallel to the c axis
(Duncan and Johnston 1974; Goldman et al. 1977). Other investigators proposed that the Fe2+ replaces Si4+ or Al3+ in one of
the tetrahedral sites (Vance and Price 1984). The experimental
measurements are open to different interpretations and the arguments are difficult to test.
We investigated natural cordierites using several different
spectroscopic methods, some of which have not been used in
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the past, and X-ray single-crystal diffraction. One question is
how Fe2+ is incorporated in the cordierite structure. The question of Fe2+ in cordierite is pertinent, because the distribution
of Fe2+ and Mg between cordierite and coexisting ferromagnesian minerals, such as garnet, is of petrological relevance. In
addition, from a crystal chemical point of view, the presence
of Fe2+ in coordination sites in silicates smaller than sixfold,
especially those occupied predominantly by Si4+ or Al3+, is rather
unusual and thus deserves investigation.

EXPERIMENTAL METHODS
Sample description
About 40 rock and mineral samples from a wide variety of
petrologic environments were initially collected. Cordierite
separates were made from all samples and their room-temperature 57Fe-Mössbauer spectra recorded. X-ray powder diffraction and examination under a binocular were used to ascertain
the purity of the samples, which is better than 99% cordierite.
Four samples were chosen for detailed study here. A description of the four cordierites is given in Table 1. Their compositions determined by electron-microprobe analysis are given in
Table 2.
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