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INTRODUCTION

Magnesium-bearing silicate pyroxene is a common rock-
forming mineral in the Earth�s crust and upper mantle, as well 
as meteorites, and a major component of steatite ceramics. It 
may occur in one of the following four structural symmetries: 
Pbcn protopyroxene, Pbca orthopyroxene, P21/c clinopyroxene, 
and C2/c clinopyroxene (see review by Cameron and Papike 
1981). The relative stabilities, structural relationships, and phase 
transformation mechanisms among these polymorphs, therefore, 
have been the central subject of numerous investigations in 
terms of temperature, pressure, and chemical composition. Ito 
and Steele (1976) conducted the Þ rst phase-equilibrium study in 
the MgSiO3-LiScSi2O6 join and found four pyroxene polymorphs 
at 1250 °C. The solid solution of clinopyroxene extends from 
LiScSi2O6 (C2/c) to Li0.6Mg0.8Sc0.6Si2O6 (P21/c). The ortho-
pyroxene solid solution exists at around Li0.5Mg1.0Sc0.5Si2O6, 
whereas the protopyroxene solid solution may range from 
Li0.35Mg1.3Sc0.35Si2O6 to MgSiO3 (enstatite), but it is non-quench-
able if the MgSiO3 content is greater than 90 mol%. A more 
detailed phase diagram of the MgSiO3-LiScSi2O6 system was 
presented by Takéuchi et al. (1984a, 1984b, 1984c), which also 
includes a new series of clinopyroxene-based superstructures 
between 1385 and 1550 °C.

The crystal structure of C2/c LiScSi2O6 clinopyroxene was 
examined by Hawthorne and Grundy (1977), which was found to 
transform to the P21/c symmetry between 0.3 and 0.6 GPa (Arlt 
and Angel 2000). Smyth and Ito (1977) determined the structure 
of Li0.30Mg1.4Sc0.30Si2O6 protopyroxene and conÞ rmed its space 
group of Pbcn, rather than P21cn, Pb2n, or Pbc21. The structural 
behavior of (Li0.2Mg1.4Sc0.2Co0.2)Si2O6 protopyroxene at high tem-
peratures was investigated by Murakami et al. (1985) and that of 
Li0.23Mg1.54Sc0.23Si2O6 protopyroxene at high pressures by Yang et 
al. (1999). However, no structure study has yet been performed 
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on Li-Sc-Mg orthopyroxene, though an orthoestatitie doped with 
Li and Fe, M2(Mg0.59Fe2+

0.21Li0.20)M1(Mg0.74Fe3+
0.20Fe2+

0.06)Si2O6, was 
synthesized and studied by Cámara et al. (2006). 

The crystal structure of Pbca orthopyroxene consists of two 
symmetrically nonequivalent tetrahedral silicate chains, A and B, 
and two crystallographically distinct metal sites, denoted M1 and 
M2 (M = Mg, Fe, Mn, Co, Zn, etc.) (Fig. 1). The octahedrally co-
ordinated M1 site is more regular and, generally, smaller than M2, 
which has a coordination number varying from 4 to 6, depending 
on the chemistry (Downs 2003). The cation ordering in orthopy-
roxene is very pronounced, with smaller and higher valence cations 
preferring M1 over M2. Both A and B chains running parallel to 
the c axis are kinked, with the kinking angles ϕ (= ∠O3-O3-O3) 
deviating from 180°, the characteristic value for a fully extended 
chain. In general, the B chain is about 20° more kinked than the 
A chain at ambient conditions and appears to have a maximum 
ϕ angle less than 150°. In this study, we report the synthesis and 
structure reÞ nement of Li0.52Mg0.96Sc0.52Si2O6 orthopyroxene, 
which contains more than 50% trivalent and monovalent cations in 
the M1 and M2 sites, respectively, and exhibits the most extended 
kinking angle of the silicate B chain of all orthopyroxene structures 
determined thus far at ambient conditions. 

EXPERIMENTAL PROCEDURES

The crystal used in this study was synthesized by the ß ux method based on 
the phase diagram given by Ito (1975). The starting material was a mixture of high 
purity (99.95%) MgO, SiO2, Li2CO3, and Sc2O3 of stoichiometry Li0.5MgSc0.5Si2O6, 
which was ground manually under methanol in an agate mortar. The mixture was 
then placed in a Pt crucible and heated in air in a vertical tube furnace slowly to 
600 °C for decarbonation. Following another grinding with K2WO4 added as ß ux 
(the weight ratio of Li0.5MgSc0.5Si2O6:K2WO4 was 1:10), the powder was heated 
to 1250 °C for 6 h and cooled to 800 °C in ~24 h. After being held at 800 °C for 5 
days, the sample was quenched to room temperature. After the dissolution of ß ux 
in hot water, most of the Þ nal product was found to be small (<0.1 mm) and color-
less prismatic crystals. The chemical composition was analyzed with an electron 
microprobe on three crystals; within the experimental uncertainties, no W or K was 
detected and all crystals were found to have nearly the starting chemical composi-
tion. However, due to the impossibility in accurately analyzing the amount of Li 


