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ABSTRACT

Single-crystal structure-refinement and electron-microprobe analysis of synthetic am-
phiboles with nominal fluoro-eckermannite composition and different trivalent cations (Al,
Sc, Ti31, V31, Cr31, Ga,) show significant deviations from nominal stoichiometry. Synthetic
Sc- and Cr-bearing fluoro-eckermannite are close to nominal stoichiometry, whereas the
corresponding nominal Al-, V31-, Ga-, and Ti-bearing species contain very few trivalent
cations and approximate Na(NaMg)Mg5Si8O22F2, a composition that has not been found in
natural systems. The presence of a significant cummingtonite component strongly affects
unit-cell parameters, coordination geometry around the B-, C-, and T-group sites, and
cation ordering at the A-group sites. The high-charge cations are completely ordered at
the M2 site, and there is a well-developed linear relationship between ,M2-O. and the
constituent-cation radius at the M2 site. The synthetic fluoro-eckermannite structure is
stabilized by large spherically symmetric trivalent cations at the M2 site; for small spher-
ically symmetric trivalent cations, it is not stable (at least at the synthesis conditions used
here). Synthetic chromium-fluoro-eckermannite is stabilized by the non-spherically sym-
metric 3d3 electronic arrangement, whereas Ga and V31 (3d2) do not stabilize the fluoro-
eckermannite structure.

INTRODUCTION

Due to the complexity of the amphibole structure (the
coordination of the cation sites ranges from four-fold to
12-fold and that of the anion sites from two-fold to four-
fold), these minerals can host all 25 most abundant chem-
ical elements (except C and S) in the Earth’s crust. They
also host trace elements that are widely used in the de-
termination of solid/liquid and solid/solid partition coef-
ficients commonly used in petrological and geochemical
studies of the host rock. Our understanding of site pref-
erences for individual (major and minor) chemical con-
stituents and the changes in their site partitioning as a
function of P, T, and X conditions is thus of considerable
relevance to petrology, and has been the subject of many
studies (e.g., Hawthorne 1983; Hawthorne et al. 1996;
Oberti et al. 1992, 1995a, 1995b). However, the chemical
complexity of most amphiboles can prevent quantitative
determination of site partitioning by means of crystal-
structure refinement (long-range order) in the case of mi-
nor and trace constituents.

Determination of short-range order (SRO) is also very
important for our understanding of amphibole crystal-
chemistry. However, information on SRO is difficult to
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obtain; it is usually determined by spectroscopic (IR, Ra-
man, and XAS) methods. For these methods, correct in-
terpretation of the experimental spectra is difficult for
complex compositions. Moreover, the evaluation of bond
strengths, the assignment of bands and the calculation of
XAS spectra must be based on a reliable crystal-chemical
model of the coordination geometry and the site popu-
lations, which can be obtained only by diffraction
techniques.

Considerable efforts were devoted recently to the syn-
thesis and characterization of amphiboles with simple
compositions. Yet, the run products often show significant
deviations from the expected compositions. Even if the
composition of the amphibole is known, the site parti-
tioning may be unusual because of the synthesis condi-
tions (equilibration times and quenching procedure), and
may produce unusual (long- and short-range) ordering
patterns. These problems are often exacerbated by crys-
tals too small to allow single-crystal structure refinement
(SREF) to be done with conventional sealed-tube X-ray
generators. Rietveld refinement of synthetic amphiboles
gives very good results as far as ordering of cations with
atomic numbers significantly different from that of Mg,
as site populations can be obtained from site-scattering
results. However, the presence of pseudo-glide planes
parallel to (010) at y 5 6 ¼ in the amphibole structure
produces imprecise atomic positions, and therefore bond


