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Abstract

Crystals of protopyroxene solid solution, Li;Sc,Mg,_.Si,06. 0.1 < x < 0.35, were grown. in
solvents of the system Li,0-V,0,-Mo00,, by cooling from 1350 to 650° at 1.5°C per hour. The
crystals are transparent. euhedral, and prismatic, elongate parallel to ¢ and up 10 15 X 4 X 3
mm in size, with well-developed {010}, {110}, and {121} faces. The cell edges used for structure

structure of a magnesium-lithium-scandium protopyroxene

analysis are: @ = 9.251, b =

photographs showed no diffraction maxim

and all of the Li* in M2.

Introduction

Protoenstatite is the stable form of MgSiO, be-
tween approximately 1000° and 1540°C. On cooling
below 1000°C it breaks down rapidly to a disordered
mixture of ortho- and clinoenstatite (Brown and
Smith, 1963: Smyth, 1973).

Due in part to its instability at lower temperature,
single crystals of protopyroxene large enough for an
X-ray structure determination have not been found in
nature or made in the laboratory. Polysynthetically-
twinned clinopyroxenes, which presumably origi-
nated by inversion from protopyroxene during rapid
cooling, have been described in several meteorites
(Binns. 1970: Dodd, 1974; Dodd et al., 1975) and
from a terrestrial porphyritic volcanic rock fom
Cape Vogel, Papua (Dallwitz er al., 1966).

Atlas (1952) postulated that the space group is
Pben, and the structure was determined by Smith
(1959, 1969) from powder data. Sadanaga et al.
(1969) reported a structure determination from 47 X-
ray intensities measured from a sirigle crystal at
1000°C. Smyth (1971) reported a structure refine-
ment from 187 observed intensities measured from
precession films tuken at 1100°C, and noted numer-

8.773, and ¢ = 5.377A. Long-exposure X-ray precession
a inconsistent with space group Phcn and no
evidence of stack disorder. The crystal structure was refined from 1507 measured X-ray
intensities. of which 826 were greater than 3¢ of the background intensity. Refinements of the
structurc in space groups P2,cn, Pb2n, Pbc2,. and P2/c yieldid structures which did not differ

significantly from that in space group Pbcn. The structure is ordered with all of the S in M1
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ous violations of the b-glide diffraction symmetry. He
reported the space group as P2,cn: however, the ma-
terial studied showed significant stacking disorder, §
and he suggested that the violation of b-glide symme- [
try may have arisen from the stack disorder. Because
of the difficulty of obtaining a well-crystallized speci-
men, the structure has never been refined from single-
crystal intensity data obtained at room temperature,
and the standard errors in all protopyroxene struc
tures reported in the literature are relatively large. B
Further, as Thompson (1970) suggested that the ideal [
space group for the proto structure should be P2.cen,
there remains the question of the true space group of |
the protopyroxene structures.

Crystal synthesis

During experiments of doping orthoenstatite with f&
transition elements using a high-temperature solvent
(Ito, 1975), it was found that Sc®*, when coupled with
Li*, stabilizes protoenstatite structure at room tem-
perature. Subsequent phase-equilibrium studies of
the join MgSiO,-LiScSi,05 showed that, using pure
oxides as starting materials, a substantial field of
stability for quenchable protopyroxene exists at sub-
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