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ABSTRACT

Iron is an important constituent of kornerupine, (M,Mg,Fe)(Al,Mg,Fe)9(Si,Al,B)5O21(OH,F).
We obtained Mössbauer spectra at 300 K on twelve samples with SFe 5 0.30–1.30 atoms
per formula unit (apfu) and Fe31/SFe 5 0–0.31; several samples were also run at 77 and
430 K. Models allowing unequivocal refinement of the spectra and determination of site
occupancies were developed only when single-crystal refinement (SREF) of six of the
samples constrained the number of possibilities. The spectra could then be fitted to three
Fe21 doublets and one Fe31 doublet. The Fe21doublets have nearly identical isomer shifts:
d 5 1.14–1.19 mm/s for the octahedral M1 and M2 sites and 1.12–1.20 mm/s for the
irregular, eightfold-coordinated X site (relative to a-Fe at 300 K). However, they differ to
a variable extent in quadrupole splitting, DEQ ø 1.06–1.80, 1.83–2.27, and 2.14–3.41 mm/
s, respectively, to the M1, M2, and X sites. The Fe31 doublet corresponds to the M4 site.
The Mössbauer and SREF occupancies are in excellent agreement for the six samples.

The M1 doublet is split in B-bearing kornerupine and the proportion of Fe corresponding
to each doublet, as well as quadrupole splitting, varies with B content. Similarly, the X
doublet is split in F-bearing kornerupine, and quadrupole splitting of the X site increases
with increasing F content. In contrast to most silicates, resolution of the spectra improves
with increasing temperature. Quadrupole splitting of the X, M1, and M2 sites decreases
with temperature, the X site at a lesser rate consistent with its being the most distorted
site.

To a first approximation, the Fe31/SFe ratio in kornerupine determined by SREF and
Mössbauer spectroscopy increases with increasing Fe2O3 and Fe31/SFe ratio of the asso-
ciated sillimanite, sapphirine, and ilmenite-hematite, i.e., the measured Fe31/SFe ratios are
related to the oxygen fugacity at which the kornerupine crystallized.

INTRODUCTION

Kornerupine sensu lato, approximately (M,Mg,Fe)(Al,
Mg,Fe)9(Si,Al,B)5O21(OH,F), is a mineral group occurring
in Mg-Al-rich rocks, magnesian metapelites and, very
rarely, pegmatites in upper amphibolite- and granulite-
facies terrains; it includes kornerupine sensu stricto (0 #
B , 0.5 apfu) and prismatine (1 . B . 0.5 apfu) (Grew
et al. 1996). Its complex chemical composition was aptly
termed ‘‘formidable’’ by Moore and Bennett (1968). Con-
tributing to this complexity is the variation in Fe31/SFe
ratio, which ranges from 0 to 1, one of the most extensive
among ferromagnesian silicates. However, this ratio can-
not be measured by electron and ion microprobe analyses;
it requires another technique, such as 57Fe Mössbauer
spectroscopy.

This paper reports the results of the Mössbauer spec-
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troscopic study of twelve specimens and their petrologic
implications. Unequivocally identifying the sites occu-
pied by Fe is impossible using Mössbauer spectroscopy
alone, even with several single-crystal structure refine-
ments (SREF) of kornerupine to use as guides (Moore
and Bennett 1968; Moore and Araki 1979; Finger and
Hazen 1981; Moore et al. 1989; Klaska and Grew 1991).
The spectra were too complex and the possible site as-
signments too numerous. Therefore, by combining our
spectroscopic results with crystallographic data on six
specimens (Cooper 1997), we developed models for re-
fining the Mössbauer spectra, identifying the doublet due
to Fe at the distorted eightfold-coordinated X site, and
deducing site occupancies that agree remarkably well
with the crystallographic data. The Fe in these 12 kor-
nerupines is predominantly ferrous. Spectra were also ob-
tained from a specimen (no. 128415, Bjordam, Bamble,
Norway, and van der Wel 1973) that contains more Fe31


