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K in clinopyroxene at high pressure and temperature: An experimental study
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ABSTRACT

Clinopyroxene (Cpx) is a principal upper-mantle phase for concentrating large cations but
has not been viewed as a major crystal-chemical reservoir for K because K1 is considered
too large to enter the largest site, M2, in the pyroxene structure. Accumulating data from
high-pressure conditions indicate this inference is incorrect, so multianvil experiments have
been performed to evaluate maximal K solubility in Cpx at high pressure. End members and
mixtures of diopside, jadeite, and kosmochlor have been mixed with K2CO3, KHCO3 or both
in welded platinum capsules and heated typically for 24 h in the range of 5 to 14 GPa and
1200 to 1700 8C. These experiments produced K-rich Cpx in solid solutions by means of a
fictive Kcpx component (KCrSi2O6 or KAlSi2O6). The maximum K2O content obtained is
4.7 wt% in a Cpx (Di38Ko39Kcpx22En1) formed from a 50:50 Di 1 Ko mixture at 10 GPa,
1400 8C. K uptake and partitioning is dependent positively on P, complexly on Cpx com-
position but not demonstrably on T. Cpx/liq is in the range of 0.03–0.1 and Cpx/liq variesD DK O Na O2 2

from 0.5 to 5, although the variations for each with Cpx composition are different. In di-
opside, Kcpx increases are always accompanied by increases in Nacpx, and cooperative
Nacpx solution is necessary for Kcpx solution in the compositional systems examined. K
appears to be accommodated in the M2 site of the Cpx structure by two types of spatial
averaging: a large average M2 site, as in the case of Di, ameliorates the fit, but local
accommodation by size averaging with a smaller M2 occupant, presumably Na, appears
necessary, suggesting that the polyhedral compressibility of Na and K are large in compar-
ison with Ca. In application to Cpx inclusions in diamond, the data here imply that a chro-
mium diopside with ;1 wt% K2O forms in the presence of a C-rich melt with 15–28 wt%
K2O.

INTRODUCTION

Cpx, an important mineral of the upper mantle and
crust, was not considered a major reservoir for K because
the preponderance of compositional data for pyroxenes of
all kinds show only trace K content. The crystal-chemical
reasoning is that K1 [R([8]K1 ) 5 1.51 Å; Shannon 1976]
is too large to enter the largest site, M2, in the pyroxene
structure. Harlow and Veblen (1991) have shown that K1

at levels of at least 0.07 cations per 6 O atoms (1.5 wt%
K2O) can reside in the crystal structure of Cpx included
in diamond and, thus, have confirmed the accuracy of
some analyses of mantle Cpx with substantial K2O (Prinz
et al. 1975, McCandless and Gurney 1989, Rickard et al.
1989, Sobolev et al. 1991a) and more recently in Cpx
inclusions from ultradeep [or ultra-high pressure (UHP)]
metamorphic rocks (Sobolev et al. 1991b, 1994). Harlow
and Veblen (1991) reasoned that high pressure and a
K-rich environment were required to yield the K-rich py-
roxenes found in diamonds. Because diopside, with a cell
volume (Vc) of ;439 Å3, has larger average M2 (and M1)
coordination polyhedra than omphacite (Vc 5 ;425 Å3)
or paticularly jadeite (Vc 5 ;401 Å3), they reasoned di-
opside should be a better host for K. However, for re-

placement of Ca by K a coupled exchange to balance
charge such as

K 1 [6]M31 ↔ Ca 1 (Mg,Fe) (1)

is required and observed in all natural samples. Because
the cell volume and size of the M2 coordination poly-
hedron also increases with increasing M1 site occupant
(Oberti and Caporuscio 1991; Cameron and Papike
1980), Harlow and Veblen (1991) proposed that K uptake
should be favored in solid solutions incorporating a rel-
atively large trivalent M1 cation, such as Cr31. These pre-
dictions have needed experimental testing.

Recently, long after the pioneering work of Shimizu
(1971), a few experimental studies have produced K-rich
Cpx at high pressure, e.g., Doroshev et al. (1992), Harlow
(1992), Luth (1992), Edgar and Vukadinovic (1993). Here
are reported experiments designed to yield maximum
K2O content in Cpx otherwise in the diopside-jadeite-kos-
mochlor (-enstatite) field. The goals also include testing
the above mentioned hypotheses and examining the par-
tition coefficients, pyroxene crystal-chemistry, and phase
assemblages in a Cpx-potassium carbonate system.


