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INTRODUCTION

Potassium-rich clinopyroxenes (KCpx) occur as inclusions 
in diamonds, in eclogitic and peridotitic xenoliths from kim-
berlites and lamproites (Bishop et al. 1978; Harlow and Veblen 
1991; Reid et al. 1976; Jaques et al. 1990), as rare megacrysts 
in some K-rich volcanics (Ghorbani and Middlemost 2000), 
and as inclusions in garnets of garnet-clinopyroxene rocks from 
the Kokchetav Ultra High Pressure (UHP) Complex, Northern 
Kazakhstan (e.g., Sobolev and Shatsky 1990). The concentration 
of K2O in natural clinopyroxenes (for example, inclusions in 
diamonds) does not usually exceed 1.7 wt% (Harlow and Veblen 
1991). Nevertheless, Bindi et al. (2003) recently reported a con-
centration of K2O, 3.61 wt%, for a clinopyroxene crystal included 
in garnet from a garnet-clinopyroxene rock of the Kumdy-Kol 
microdiamond mine, Kokchetav UHP Complex. Experiments in 
model and natural systems at P > 5 GPa (see review in Perchuk et 
al. 2002) indicate that 3.61 wt% is not a limit for the K2O content 
in clinopyroxene. Chudinovskikh et al. (2001), Safonov et al. 
(2002, 2003), and Bindi et al. (2002), reported 5.50�5.75 wt% 
of K2O in clinopyroxene in the run products in both carbonate-
silicate and alumino-silicate systems at 7 GPa. All the above data 
demonstrate that clinopyroxene is a leading host for potassium 
at UHP and mantle conditions. Therefore, how clinopyroxene 

can incorporate potassium at high-pressures is important to the 
understanding of the behavior of K in the deep Earth.

ModiÞ cations due to high-potassium content in C2/c clino-
pyroxene structure at ambient pressure were studied in detail on 
synthetic (Bindi et al. 2002) and natural crystals (Harlow 1996; 
Bindi et al. 2003). These authors point out that the substitution 
of K for Ca is accompanied by signiÞ cant, but expected, modi-
Þ cations to the average structure, mainly a lengthening of the 
M2-O3C1 bond distance and a shortening of the T-O3A1 bond 
distance. Bindi et al. (2002, 2003) did not Þ nd evidence for a 
small cation, such as Mg, coexisting with Ca in the M2 site that 
might act as a structural stabilizer for the accommodation of K 
in the clinopyroxene structure, Harlow (1996) has proposed that 
the average size of a small cation plus the large K atom would 
approximate the size of Ca and thus reduce lattice strain.

Harlow (1997) suggested that the polyhedral compressibility 
of K+ is signiÞ cant and at pressures above 5 GPa the potassium 
ion might easily substitute for Ca2+. To preserve charge balance 
in the structure, introduction of K+ into the M2 site should be 
accompanied by the simultaneous replacement of (Mg, Fe)2+ in 
the M1 site by a trivalent cation (e.g., Al, Cr) according to the 
scheme CaM2(Mg, Fe)M1 ↔ KM2(Al, Cr)M1. This scheme, which 
is supported by a direct correlation of K content with trivalent 
cations in both natural and synthetic clinopyroxenes (e.g., Ed-
gar and Vukadinovic 1993; Perchuk et al. 1996; Safonov et al. 
2002, 2003, 2005), reß ects the presence of the Þ ctive K-jadeite * E-mail: lbindi@geo.uniÞ .it
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ABSTRACT

The crystal structure of a synthetic potassium-rich clinopyroxene, (Ca0.88K0.12)(Mg0.83Al0.17)(Si1.98 

Al0.02)O6, was studied using high-pressure single-crystal X-ray diffraction methods. A four-pin dia-
mond anvil cell with 4:1 methanol:ethanol pressure medium was used to achieve pressures to 9.72 
GPa. Unit-cell data were measured at 17 pressures, and intensity data were collected at 6 pressures. 
Fitting the P-V data to the third-order Birch-Murnaghan equation of state yields V0 = 435.49(3) Å3, 
K0 = 129(1) GPa, K' = 2.7(3). Anisotropic compression was observed with unit strain axial ratios of 
1:1.94:1.90. Unit-cell parameters decrease gradually as a function of pressure with axial compress-
ibilities βb > βc ~ βa. They match those found for kosmochlor but are stiffer than those observed for 
synthetic diopside and hedenbergite. Compressibilities of the bond distances within the M2, M1, and 
T polyhedra show signiÞ cant anisotropy. The incorporation of K into the clinopyroxene structure has 
little effect on its compressibility, although the concomitant substitution of Al in M1 from the K-Jd 
component reduces its compressibility. The K atom is softer than the M2 polyhedron and thus shrinks 
enough at high pressure to Þ t into the pyroxene structure.

Keywords: High-pressure studies, clinopyroxene, crystal structure, XRD data, chemical mineral 
analysis


