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INTRODUCTION

This study examines the compressibilities of C2/c and P21/c 
clinopyroxenes, taken from the literature, in terms of chem-
istry, symmetry and M2 bonding topology. In addition, new 
high-pressure X-ray diffraction data are reported for jadeite. 
Clinopyroxenes have been the subject of many recent high-
pressure single-crystal X-ray diffraction studies (Hugh-Jones 
and Angel 1994; Hugh-Jones et al. 1997; Zhang et al. 1997; Arlt 
et al. 1998; Yang et al. 1999; Arlt and Angel 2000; Hattori et al. 
2000; Tribaudino et al. 2000; Origlieri et al. 2003; Gatta et al. 
2005; Bindi et al. 2006; Downs and Singh 2006; Nestola et al. 
2006a). Many of the clinopyroxenes have been found to undergo 
phase transitions with pressure, changing symmetry between 
C2/c and P21/c. For example, spodumene (LiAlSi2O6), LiScSi2O6 
(Arlt and Angel 2000), and LiFeSi2O6 (Pommier et al. 2005) 
transform from C2/c to P21/c with increasing pressure. ZnSiO3 
exhibits two transitions, from C2/c to P21/c and to C2/c with 
increasing pressure (Arlt and Angel 2000). Previous attempts 
to examine systematics of clinopyroxene compressibilities have 
been thwarted by these phase transitions, which cause Birch-
Murnaghan fits to cell parameter data across phase transitions to 

give spurious results, especially the K0' values. Recognition of the 
clinopyroxene phase transitions has allowed better calculation 
of compressibilities for these structures. The K0' values—the ac-
curacy of which reflect the quality of the cell parameter data and 
indicate the goodness of the Birch-Murnaghan fit to the data—
now average ~3.5 for the clinopyroxenes considered in this study 
(Table 1). Still, a large dispersion exists in the compressibilities 
of clinopyroxenes, which cannot be explained by unrecognized 
phase transitions or poor data quality. 

Pyroxenes are a major component of the Earth’s upper mantle. 
It appears that much of the upper mantle is composed of clinopy-
roxene, since orthopyroxene transforms to monoclinic symmetry 
at pressure equivalent to a depth of ~225 km (Hugh-Jones et al. 
1996; Woodland 1998). The mantle contains non-trivial amounts 
of Na that may be incorporated into Na-clinopyroxenes. Mc-
Donough and Sun (1995) estimated a Na2O content of the bulk 
silicate Earth (BSE) of 0.36%, equivalent to 2670 ppm Na. The 
major concentration mechanism for incompatible elements such 
as Na occurs at mid-ocean ridges, where mantle partial melting 
serves to partition Na into the basaltic oceanic crust. Average 
mid-ocean ridge basalt (MORB) contains ~2.5% Na (McKenzie 
and Bickle 1988), an enrichment of one order of magnitude over 
BSE. Most MORB is returned to the mantle via subduction, and 
may be carried as deep as the lower mantle as part of the subduct-* E-mail: mccarthy@geo.arizona.edu
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ABSTRACT

The crystal structure of a natural jadeite, NaAlSi2O6, was studied at room temperature over the 
pressure range 0–9.17 GPa using single-crystal X-ray diffraction. Unit-cell data were determined at 16 
pressures, and intensity data were collected at nine of these pressures. A third-order Birch-Murnaghan 
equation of state fit to the P-V data yielded V0 = 402.03(2) Å3, K0 = 136.5(14) GPa, and K0' = 3.4(4). 
Jadeite exhibits strongly anisotropic compression with unit strain axial ratios of 1.00:1.63:2.10. Sili-
cate chains become more O-rotated with pressure, reducing O3-O3-O3 from 174.7(1)° at ambient 
pressure to 169.2(6)° at 9.17 GPa and bringing the anions of jadeite closer to a cubic closest-packed 
arrangement. No evidence of a phase transition was observed over the studied pressure range. 

In an effort to understand pyroxene compressibilities, selected clinopyroxene bulk moduli were 
plotted against ambient unit-cell volumes. Two trends were identified and are explained in terms of 
differences in M2-O3 bonding topologies and the geometric relationship of the bonds with tetrahedral 
rotation in the silicate chains. Bonds positioned to favor the tetrahedral rotation upon compression 
are termed “sympathetic,” whereas bonds positioned to resist the rotation are termed “antipathetic.” 
Examination of the different pyroxene structures indicates that structures containing antipathetic M2-
O3 bonds are less compressible than those with only sympathetic M2-O3 bonds. This behavior has 
not been previously recognized.
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