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Crystal structure of a new (21)-clinopyribole synthesized at high temperature and pressure
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ABSTRACT
A (21)-clinopyribole with the composition K1.10Na2.32Ca1.52Mg5.85Al1.23Si12.04O34(OH)2 has been synthesized at 10 GPa and 1250 °C in a multi-anvil apparatus. The unit-cell parameters are a = 9.8390(9),
b = 26.6471(6), c = 5.2665(5) Å, β = 106.25(5)°, and V = 1325.6(4) Å3. The structure (space group
A2/m) consists of an alternating arrangement of single- and double-chain silicate slabs along the b
axis, with a + + + + configuration. This phase possesses all the features predicted by Veblen and
Burnham (1978b) for a mixed-chain silicate intermediate between pyroxenes and amphiboles. The
single-chain portion of the structure corresponds to a clinopyroxene with the omphacite composition
Di55Jd45, whereas the double chain portion is essentially a potassic richterite. The MS2 cation in the
single-chain portion occupies a coordination environment that is similar to the M4 site in richterite,
whereas the MD4 cation coordination in the double-chain portion is comparable to the M2 site in C2/
c omphacite. The observed unit-cell volume is 1.5% smaller than the equivalent mixture of Di55Jd45 +
richterite, accounting, in part, for its high-pressure stability relative to its pyroxene and amphibole
components.

INTRODUCTION
Because of their structural similarities, micas, amphiboles,
and pyroxenes can be collectively grouped into a polysomatic
series called biopyriboles (Johannsen 1911; Thompson 1970,
1978). All members of the biopyribole family can be considered as mixtures of pyroxene (P) (CaMgSi2O6 or Mg2Si2O6) and
mica/talc (M) [Mg3Si4O10(OH)2] sub-units stacked along the
crystallographic b axis. All known biopyriboles that show longrange ordered stacking sequences fall into two series: M(n–1)P
and MnPM(n–1)P with talc or trioctahedral mica formed as n→∞
for both series. Members of the first series include single-chain
pyroxenes (P) with n = 1, double-chain amphiboles (MP) with
n = 2, and triple-chain silicates with n = 3 (MMP), such as (3)jimthompsonite [the number in the parenthesis represents the
chain sequence of the basic repeating unit (Konishi and Akai
1991; Grobéty 1996)] and (3)-clinojimthompsonite (Thompson 1970; Veblen and Burnham 1978a, 1978b; Droop 1994).
Alkali-bearing MMP-type triple-chain silicates were synthesized by Drits et al. (1974) and Tateyama et al. (1978) under
low P-T conditions. Members of the MnPM(n–1)P stacking series contain mixed n-fold and (n + 1)-fold tetrahedral chains.
Natural examples of these series are (32)-chesterite and a monoclinic analogue of (32)-chesterite with an (MMPMP) stacking
sequence and n = 2 (Veblen and Burnham 1978a, 1978b; Droop
1994).
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Aside from long-range ordered biopyriboles that form macroscopic crystals, short- range ordered biopyriboles may occur
as domains of up to a few thousand angstrom-width within
amphiboles and/or pyroxenes. These domains can show a wide
variety of stacking sequences, including quadruple and higher
order tetrahedral chains (Veblen and Buseck 1979; Yau et al.
1986; Schumacher and Czank 1987; Grobéty 1996). Natural
wide-chain silicates have been found in low-pressure (~0.6 GPa)
and low-to-medium temperature (300 ~ < 600–700 °C) ultramafic assemblages, low-temperature hydrothermal veins, and
the alternation halo of a skarn ore deposit (e.g., Veblen and
Burnham 1978a; Akai 1980; Yau et al. 1986; Schumacher and
Czank 1987; Droop 1994; Grobéty 1996; Akai et al. 1997).
They have been also found as a low-temperature weathering
product of enstatite (Eggleton and Boland 1982). However,
mixed chain biopyribole structures are not necessarily restricted
to low-pressure and low-to-medium temperature conditions.
Here we report results of the single crystal structure analysis
of a mixed chain (21)-clinopyribole synthesized at 10 GPa and
1250 °C.

EXPERIMENTAL PROCEDURES
The (21)-clinopyribole crystal used in this study was synthesized at 10 GPa and 1250 °C (experiment no. JKW58) for
12 hours from a mixture of high purity oxides and carbonates
using a multi-anvil apparatus. The starting material had a composition (wt%) SiO2 57.4, Al2O3 5.2, MgO 18.5, CaO 7.6, Na2O
5.3, K2O 4.3, H2O 1.4 with water added as brucite. In this bulk
composition, idiomorphic (21)-clinopyribole crystals up to 180
× 80 µm coexist with potassic amphibole and small amounts of
diopside. The average chemical composition of the largest (21)-
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