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INTRODUCTION

The mineral sapphirine is a branched chain silicate with sto-
ichiometry M8[T6O18]O2, in which the octahedral cations (M)
are dominantly Al, Mg, and Fe2+ and the tetrahedral cations (T)
are Al, Si, and Fe3+. Less-common substituents include Ca and
B (e.g., Grew et al. 1990, 1992), Ti (Harley and Christy 1995),
and Be (e.g., Wilson and Hudson 1967; Grew 1981). The Be
content ranges from near zero to 0.78 cations per 20 oxygen
atoms; crystals with Be ≥ 0.5 cations per formula unit (pfu)
show additional reflections in electron diffraction characteris-
tic of the recently defined mineral species khmaralite (Barbier
et al. 1999; Grew et al. 2000). Although originally found in
silica-undersaturated metabasites of the granulite and amphibo-
lite facies (cf., Deer et al. 1978 and references cited therein),
sapphirine is now known from diverse high-grade metamor-
phic rocks, e.g., calc-silicate skarns (Jansen 1977; Grew et al.
1992) and quartzites (e.g., Ellis 1980; Grew 1980). There is
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ABSTRACT

Beryllian sapphirine Mg4–xAl4+x[Al4+x–2yBeySi2–x+yO18]O2 has been synthesized from starting com-
positions with y £ 1 at x = 0 and y £ 0.5 at x = 0.5, P = 0.1–1.3 GPa, T = 700–1350 ∞C. Electron
diffraction shows the sapphirines are dominantly the 1A polytype but lamellae of a 2M phase are
consistently present. This is the first 2M sapphirine synthesized in the laboratory, and the first known
to be devoid of Fe2+. No superstructure reflections corresponding to the doubled tetrahedral chain
repeat of khmaralite were observed, probably due to insufficient annealing time. Cell parameters of
the synthetic sapphirine decreased strongly and linearly with Be content (2.7 vol% decrease from y =
0 to y = 1). In agreement with crystal-chemical considerations, experiments with starting composi-
tions of y > 1.0 resulted in additional crystalline phases either coexisting with the limiting sapphirine
(y = 1) or without it. At 900 ∞C, 1.3–2.0 GPa, the saturating assemblage is surinamite + chrysoberyl
+ forsterite, which is chemically equivalent to sapphirine with y = 1.5. The current lack of natural
khmaralite with Be > 0.78 cations per formula unit (pfu) is likely due to the bulk composition of the
host rocks being too rich in SiO2 and Al2O3 for forsterite to be stable. Addition of BeO to the MgO-
Al2O3-SiO2 system evidently enlarges the stability field of sapphirine + forsterite relative to its re-
stricted range in the BeO-free system.

also evidence that sapphirine may crystallize as a magmatic
phase at high pressure (Liu and Presnall 1990, 2000; Harley
and Christy 1995; Grew et al. 2000), and it may be widespread
as a subsolidus reaction product in metabasites emplaced in
the lower crust (Christy 1989a).

The major cations Mg, Al, and Si (with Fe2+ substituting for
Mg, and Fe3+ for Al) show Tschermak’s substitution (AlAl)
(MgSi)–1 within the approximate range Mg4Al4 [Al4Si2O18]O2

(2MgO·2Al2O3·SiO2 = the “2:2:1” composition) to Mg3Al5

[Al5SiO18]O2 (“3:5:1”) (Fig. 1). The actual limits of the solu-
tion vary considerably as a function of pressure and tempera-
ture. Maximally silicic and magnesian sapphirines associated
with enstatite can be very close to 2 Si per formula unit or near
the “7:9:3” composition at the center of the range (Christy
1989b). Likewise, maximally aluminous sapphirines associated
with spinel or aluminosilicates and corundum may be near the
7:9:3 composition (Sutherland and Coenraads 1996) or very
close to 3:5:1 (minimum Si = 1.14 cations pfu; Godard and
Mabit 1998).

The large, low-symmetry unit cell of sapphirine allows com-
plex patterns of short- and long-range cation ordering. Despite
some progress in characterization of the ordering through dif-
fraction for aluminosilicate sapphirine (Moore 1969; Higgins
and Ribbe 1979; Merlino 1980) and its gallogermanate analog


