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INTRODUCTION

Grandidierite, (Mg,Fe2+)Al3BSiO9, (Lacroix 1902; McKie 
1965; Stephenson and Moore 1968) and its Fe2+-dominant analog 
ominelite, (Fe2+,Mg)Al3BSiO9 (Hiroi et al. 2002), form a continu-
ous series in which Fe2+ substitutes for Mg exclusively at a single 
Þ vefold-coordinated site. This relatively simple solid-solution 
series offers an unusual opportunity to study the changes in bond 
lengths and angles in a structure in which Fe2+ = Mg substitution 
is restricted to a single site and other compositional variations are 
much subordinate. Few other minerals (e.g., farringtonite, graf-
tonite, joaquinite, vesuvianite, werdingite, yoderite) are known to 
contain VMg or VFe2+, but in some of these what substitution has 
been found is complicated by the presence of other constituents. 
We undertook this study to characterize the geometric effects of 
VFe2+ for VMg substitution on the crystal structure of the gran-
didierite-ominelite series, and to investigate the reasons for the 
apparent rarity of VMg and VFe2+ in minerals.

BACKGROUND

Grandidierite and ominelite are relatively high-temperature, 
low-pressure minerals (mostly 500�800 °C, 0.3�7 kbar). These 

P-T estimates are consistent with preliminary experimental data 
on the stability range for end-member grandidierite: Werding 
and Schreyer (1996) reported that its upper pressure stability 
limit is roughly coincident with that of sillimanite under nearly 
anhydrous conditions, but that this limit is shifted to lower 
pressures under excess-H2O conditions. Grandidierite is found 
in granulite-facies pegmatites, migmatites, and regionally and 
contact metamorphosed pelitic and calcareous rocks at approxi-
mately 40 localities worldwide (e.g., Grew 1996; Grew et al. 
1998a). The type locality for ominelite is a porphyritic granite in 
Japan, but compositions with Fe2+ ≥ Mg have also been reported 
from a pegmatite at Almgjotheii, Norway [X = Fe/(Fe + Mg) = 
0.50�0.81, Huijsmans et al. 1982; Grew et al. 1998a], hornfels at 
Morton Pass, Wyoming (X = 0.58, Grant and Frost 1990) and at 
Bellerberg, Eifel, Germany (X ≈ 0.5, Blass and Graf 1994), and 
in a regional aureole at Mt. Stafford, Australia (X = 0.50�0.55, 
calculated from GreenÞ eld et al. 1998).

Grandidierite and ominelite belong to the family of B-Al-Si 
phases that includes boralsilite, synthetic Al8[(Al,B)12B4]O33, 
and werdingite, all of which have structures based on chains of 
edge-sharing Al octahedra parallel to a lattice translation of ca. 
5.6 Å (c in grandidierite and ominelite). According to Peacor et 
al. (1999), the phases in this family differ from one another in * E-mail: lgroat@eos.ubc.ca
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ABSTRACT

The electron microprobe compositions and crystal structure of seven members of the grandidi-
erite-ominelite (MgAl3BSiO9�Fe2+Al3BSiO9) series with X = (Fe2+ + Mn + Zn)/(Fe2+ + Mn + Zn + 
Mg) ranging from 0.00 to 0.52 were studied to determine the geometric effects of Fe substitution for 
Mg on the crystal structures. Calculating Fe3+ from the electron microprobe analyses gave 0.04�0.06 
Fe3+ apfu, but such small amounts at the Al sites could not be detected in the reÞ nements. Regression 
equations derived from single-crystal X-ray diffraction data show that b increases by 0.18 Å from X = 
0�1. The crystal structure reÞ nements show that the most signiÞ cant changes involve the (Mg,Fe2+)O5 
polyhedron, which increases in volume by 0.36 Å3 (5.0%), largely as a result of expansion of the MgFe-
O5, -O2, and -O6 (×2) bond distances, which increase by 0.09 (4.4%), 0.06, and 0.04 Å, respectively. 
Other signiÞ cant changes include increasing O1-MgFe-O2 (3.44°) and -Al3-O5a angles (1.9°) and 
a decreasing O6-MgFe-O6b (�2.20°) angle. SigniÞ cant increases are also seen in the lengths of the 
O1-O2 (0.13 Å) and O6-O5a (×2) (0.09 Å) edges. The SiO4 tetrahedra appear to respond to changes 
in the surrounding polyhedra by changing O-Si-O angles such that the tetrahedral angle variance and 
mean tetrahedral quadratic elongation increase with X. The BO3 triangles appear to behave as relatively 
invariant units in the crystal structure.

Regression equations obtained from the MgFe-O bond distances were used to determine a radius for 
VFe2+ of 0.70 Å. Although our samples show little Mn, the presence of Mn2+ at the MgFe site would be 
expected to cause more distortion than an equivalent amount of Fe2+. Substitution of Zn likely would 
have little effect. The presence of Cr3+ at any of the Al sites would be expected to increase the size of 
the coordination sphere, but the substitution of P5+ for Si at the Si sites would most likely decrease 
the Si-O bond distances.
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