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Khmaralite, a new beryllium-bearing mineral related to sapphirine: A superstructure
resulting from partial ordering of Be, Al, and Si on tetrahedral sites

JACQUES BARBIER ,'* EDWARD S. GREW,? PAULUS B. MOORE,® AND SHU-CHUN Su*

Department of Chemistry, McMaster University, Hamilton, Ontario, L8S 4M1 Canada
2Department of Geological Sciences, University of Maine 5790 Bryand Center
Orono, Maine 04469, U.S.A.
3P.0. Box 703, Warwick, New York,10990, U.S.A.
“Hercules Research Center, 500 Hercules Road, Wilmington, Delaware 19808, U.S.A.

ABSTRACT

Khmaralite, CaoMgs €517 €1 Al 1428861 4B0.0:51,.88040, IS @ New mineral closely related to
sapphirine from Khmara Bay, Enderby Land, Antarctica. It occurs in a pegmatite metamorphosed at
T=820°C,P=10 kbar. The minerals surinamite, musgravite, and sillimanite associated with khmaralite
at Casey Bay saturate it in BeO, and thus its BeO content could be close to the maximum possible.
Optically, khmaralite is biaxial (—); at=589 nmga = 1.725(2)3 = 1.740(2)y = 1.741(2), ¥ neas=
34.4 (1.8}, v >rstrong, an@ [Ib. The weak superstructure reported using electron diffraction has
been confirmed by single-crystal X-ray diffraction. The superstructure corresponds to a doubling of
the a axis in monoclinic sapphirineM (P2,/c setting) with the following unit-cell parametees=
19.800(1)p = 14.371(1)¢ = 11.254(1) AB = 125.53(19, Z = 4,D.. = 3.61 g/cri Using a simpli-
fied chemical formula of MgyeAl 14,86 00SissB€1.46040, the fully anisotropic structure refinement of
all site occupancies, including Al vs. Mg and Al vs. Si on the 16 octahedral (M) and 12 tetrahedral
(T) sites respectively, establishes that tlka uperstructure results primarily from ordering in the
doubled (T1- T6, T7 - T12) tetrahedral chain, which is parallel to #exis. The strongest contri-
bution comes from Al-Si-Be ordering on the T2 (33-16-51%) vs. T8 (0-95-5%) and T3 (4-78-18%)
vs. T9 (30-0-70%) sites. Thus, the sequence Al-Si-Al in sapphirine is replaced by the sequence Si-
Be-Si in khmaralite; i.e., Be replaces Si on two sites and Si replaces Al on on four adjacent sites,
resulting in an indirect replacement of Al by Be by the coupled substitution Be + Si = 2Al. The Be
distribution in khmaralite and the strong preference for Be/Al mixing over Be/Si mixing appear to
satisfy the bonding requirements of the bridging O atoms by minimizing the number of Be-O-Be and
Be-O-Al linkages.



