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INTRODUCTION

Wollastonite (CaSiO3), one of the representative minerals of 
the pyroxenoid group, is common in metamorphosed limestones 
and dolomites. Compared with the pyroxene structure, the wol-
lastonite structure is capable of taking in larger cations such 
as Ca, and the structural difference among them causes a wide 
compositional gap between the wollastonite and the diopside 
(CaMgSi2O6)-hedenbergite (CaFeSi2O6) series. A compositional 
limit for wollastonite has been discussed by several workers. By 
replacing Ca ions with the smaller Mg and/or Fe2+ ions, wol-
lastonite can dissolve about 10 mol% of FeSiO3 (Rustein 1971; 
Shimazaki and Yamanaka 1973; Matsueda 1974; Brown et al. 
1980) and a few mol% of MgSiO3 (Jung et al. 2005 and references 
therein) at high temperature. In spite of the acceptance of Mg 
and Fe ions in the wollastonite structure, little is known about 
subsolidus phenomena in pyroxene-wollastonite such as exsolu-
tion textures although those in pyroxenes have been well-studied 
as reviewed by Buseck et al. (1980) and Robinson (1980). Re-
cently, Hiroi et al. (2001) reported diopside exsolution lamellae 
in wollastonite from Namaqualand granulite, and suggested that 
the exsolution proceeded during retrograde metamorphism from 
high temperatures. However, they did not examine the detailed 
chemical/crystallographic properties of the lamellae and host. In 
the present study, we investigated its chemistry, the exsolution 
texture, and the crystallographic relationships.

SAMPLE DESCRIPTION

The studied wollastonite is collected at the Garies wollas-
tonite mine (30°28'11''S, 18°3'19''E) in the Bushmanland sub-
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province of the Namaqua Metamorphic Complex (Province), 
South Africa. The Bushmanland subprovince is underlain by 
granulite-facies metamorphic rocks of early to mid-Proterozoic 
supracrustal rock origin as well as syn- to late-kinematic granitic 
intrusives (e.g., Clifford et al. 1995; Robb et al. 1999). Metamor-
phic studies of supracrustal rocks have deÞ ned an E-W symmetry 
of metamorphic zonation (Waters 1986, 1989). The central zone 
where the wollastonite mine is located is characterized by upper 
granulite-facies metamorphism (Waters 1986, 1991; Nowicki 
et al. 1995). P-T estimates for this zone vary between 800 and 
860 °C at ca. 7 kbar (Zelt, 1980); >800 °C at ca. 5 kbar (Waters 
1986); 800�860 °C at 4�6 kbar (Waters 1989), and 870 °C at 
5 kbar at the rare osumilite locality (Nowicki et al. 1995). The 
calc-silicate granulites at the wollastonite mine have commonly 
experienced extensive retrograde metamorphism. Major constitu-
ent minerals of the calc-silicate granulites are wollastonite, clino-
pyroxene, garnet, vesuvianite, and calcite, while quartz, zoisite, 
albite, titanite, prehnite, and apophyllite are retrograde minerals 
replacing wollastonite and probable scapolite. Fluid inclusions 
are abundant especially in clinopyroxene and garnet.

The clinopyroxene lamellae formation in wollastonite (Fig.1) 
is attributed to the high temperature condition at the peak of up-
per granulite facies metamorphism and later extensive retrograde 
recrystallization. 

EXPERIMENTAL METHODS

The chemical analysis of the diopside and wollastonite was carried out using a 
scanning electron microscope equipped with an energy dispersive X-ray spectrom-
eter (SEM-EDX: HITACHI S-3000H + HORIBA EMAX7000). The accelerating 
voltage and beam current were maintained at 20 kV and 0.3 nA, respectively. For 
the quantitative analysis, we used a ZAF matrix correction routine and the follow-
ing chemical standards (Astimex Co.): albite (Na), periclase (Mg), corundum (Al), 
quartz (Si), ß uorite (Ca), rhodonite (Mn), and hematite (Fe).

The electron backscattered diffraction (EBSD) patterns were taken by the same 
SEM system for the purpose of determining the crystallographic orientations of the 
diopside lamellae and host wollastonite. In EBSD, an electron beam strikes a tilted 


