
INTRODUCTION

The borosilicate kornerupine is an interesting mineral for
several reasons. It is one of the few minerals that contains a
wide range of boron and thus can provide insights into the ef-
fect of the B = Si,Al substitution. It is difficult to analyze by
wet chemical methods as well as by electron microprobe analy-
sis; and more than 10 new localities have been discovered in
the last five years. Kornerupine is a mineral that might turn out to
be less exotic and more petrologically relevant once investigators
learn to recognize it and search for it (Grew and Anovitez1996).

Minerals of the kornerupine group (kornerupine senso lato
or simply kornerupine) are ideal samples to test the feasibility
of applying Raman spectroscopy to obtain information on both
the amount of boron present and its coordination symmetry.
These ferromagnesian B-bearing aluminosilicates have been
reported from nearly 70 localities worldwide in upper amphibo-
lite- and granulite-facies metamorphic rocks (Grew 1996). The
simplified formula (❑,Fe,Mg)(Mg,Fe,Al)9(Si,Al,B)5O21(OH,F)
includes the minerals kornerupine sensu stricto (B < 0.5 atoms
per formula unit, apfu) and prismatine (B > 0.5 apfu; Grew et
al. 1996). Boron content in natural and synthetic kornerupine
ranges continuously from 0 to 1.0 B pfu (roughly 0 to 4.7 wt%
B2O3), with 1.0 B pfu being the theoretical maximum (e.g.,
Werding and Schreyer 1978, 1996; Schreyer and Abraham 1976;
Grew et al. 1990; Hawthorne et al. 1995; Grew 1996; Cooper
1997). Boron is not an essential constituent of kornerupine, but
to date only three localities for natural B-free kornerupine (i.e.,
B ≤ 0.02 apfu) have been reported. Determination of the boron
content in kornerupine group minerals is difficult with most
analytical techniques. It can be measured by electron micro-
probe analysis (EMPA) but only with special accessories and if

great care is taken (Hawthorne et al. 1995; McGee and Anovitz
1996). Other techniques for measuring boron content are wet
chemistry, ion microprobe analysis (SIMS), and single-crystal
refinement (SREF) X-ray analysis, which involve either large
samples or equipment and expertise not readily available to most
investigators. Cooper (1997) has developed a procedure for the
quantitative analysis of boron using EMPA and powder X-ray
diffraction (XRD) but the latter requires bulk samples. This
paper presents the first Raman spectra of kornerupine and
prismatine, and shows that Raman microprobe spectroscopy can
be used to distinguish between B-rich, B-poor, and B-free
kornerupine-group minerals at the micrometer scale.

STRUCTURE OF KORNERUPINE

Kornerupine-group minerals are complex, hydrous B-con-
taining Mg-Al-silicates, whose structure contains corner-shar-
ing SiO4, AlO4, and BO4 tetrahedra. A formula unit of either
kornerupine or prismatine has 15 distinct cation sites including
three tetrahedral, five octahedral, and one highly distorted
largely vacant cubic site (e.g., Moore and Bennett 1968; Moore
and Araki 1979; Klaska and Grew 1991; Cooper 1997). The
structure is built of two sheets parallel to b {010}, one of which
contains walls parallel to c [001] of edge- and corner-sharing
octahedra linked by the distorted cubes. The other sheet con-
sists of edge- and corner-sharing octahedral chains parallel to a
[100], tetrahedral (T1; nomenclature of Moore and Araki 1979)
Si2O7 dimers, and tetrahedral (Si,Al)2(Si,B)O10 trimers (T2, T3).
B substitutes for Si in the central (T3) tetrahedron of the trimer,
whereas Al substitutes for Si in the terminal tetrahedra (T2) of
the trimer. Therefore, kornerupine has Al-O and Si-O terminal
bonds, Al-O-Si, Si-O-Si, and B-O-Si, and, possibly, some B-O-
Al linkages between AlO4, SiO4, and BO4 tetrahedra. Cooper
(1997) reported the following compositional ranges for the tet-
rahedral cations on the basis of EPMA and SREF X-ray analy-
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ABSTRACT

This is the first application of Raman spectroscopy to the characterization of the kornerupine
group of borosilicate minerals. Raman microprobe spectra were collected from ~100 to ~4000 cm–1

from 13 samples of kornerupines (from different localities) containing a wide range of boron con-
tent (0.02 to 0.84 boron atoms per formula unit of 21.5 O atoms). The Raman spectra of the
kornerupines are consistent with the structure of the mineral as determined by X-ray diffraction
(XRD) analysis, which locates the boron in a tetrahedron at the center of a trimer of corner-sharing
tetrahedra and with the presence of only hydroxyl ions (OH) but no molecular water (H2O). Two of
the Raman vibrational modes of kornerupines (at ~803 ∆cm–1 and at ~884 ∆cm–1) are sensitive to the
presence of boron, and their relative intensities can be used to discriminate between kornerupine
and prismatine. Based on the intensities of those boron-sensitive bands, the Raman spectroscopic
technique could potentially provide a semi-quantitative measure of the boron content of kornerupine.
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