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Structural mechanisms of solid solution and cation ordering in augite-jadeite pyroxenes:
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ABSTRACT

Single-crystal and powder X-ray diffraction data were collected to characterize the mac-
roscopic solid-solution and cation-ordering behavior in the system augite-jadeite (low ac-
mite content). We examined 28 natural pyroxenes with compositions on the join augite-
jadeite and with different degrees of order. Annealing experiments were carried out to
obtain crystals with different degrees of order (P2/n) and complete disorder (C2/c) at
compositions between 35 and 60% Jd. Three synthetic C2/c pyroxenes with composition
Di80Jd20, Di60Jd40, and Di50Jd50 were also examined.

The long-range order parameters QM1 and QM2 of the M1 and M2 sites were obtained
by a minimization procedure combining single-crystal X-ray diffraction data and chemical
analyses. For both C2/c and P2/n pyroxenes, the a, b, c lattice parameters and unit-cell
volume, as well as tetrahedral and octahedral mean bond distances depend linearly on
composition. Only the angle b of ordered omphacites slightly deviates from the linear
trend of the C2/c samples. The out-of-plane tilting of the basal face of tetrahedra is sen-
sitive to the different degrees of order.

INTRODUCTION

The coupled substitution Ca21 1 Mg21 (Fe21) ↔ Na1

1 Al31 (Fe31) along the binary join augite (Aug)
[Ca(Mg,Fe21)Si2O6]-jadeite (Jd) (NaAl31 Si2O6) [low ac-
mite (Ac) (NaFe31 Si2O6) content] is known for positive
deviations from ideal mixing (Wood et al. 1980; Holland
1983, 1990; Gasparik 1985; Davidson and Burton 1987;
Burton and Davidson 1988a, 1988b). It appears that a
stability field for the ordered omphacites with P2/n sym-
metry is superimposed on a simple miscibility gap (Car-
penter 1980, 1983). The ordering scheme has Mg (Fe21)
and Al (Fe31) distributed in alternating octahedral sites,
M1 (Mg-rich) and M11 (Al-rich), and Na and Ca in the
eightfold-coordinated sites, M2 (Na-rich) and M21 (Ca-
rich). This scheme may not be followed to its logical limit
in that refinements of X-ray single-crystal diffraction data
for the most ordered omphacites give complete Mg-Al
order, but only partial Ca-Na order, with an average of
¾Ca 1 ¼Na at M21 and ¾Na 1 ¼Ca at M2 sites (Rossi
et al. 1983; Carpenter et al. 1990a, 1990b). Understanding
the factors responsible for the positive deviation from ide-
ality in C2 /c sodic pyroxenes, the apparently contradic-
tory effects of exsolution and ordering, and the mecha-
nisms by which the cations with different size and charge
are accommodated in the pyroxenes structure requires
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knowledge of the microscopic behavior of the solid-so-
lution augite-jadeite. Spectroscopic methods, with their
short characteristic length scale, may resolve these issues
and reveal the true local state of cation order that gives
the incomplete order observed at length scale character-
istic of X-ray diffraction.

Accordingly, X-ray diffraction (part I) and IR spectro-
scopic (part II; Boffa Ballaran et al. 1998) studies have
been carried out on several sodic pyroxenes, with different
compositions and degrees of order, to investigate both
macroscopic and microscopic mixing behavior of the solid-
solution Aug-Jd and to define the short-range order param-
eters in omphacites. For the purpose of these papers we
use the convention that microscopic means the local scale
examined by IR spectroscopy and macroscopic means the
average structure as determined by X-ray diffraction.

EXPERIMENTAL METHODS

Samples
Sodic pyroxenes were chosen to obtain compositions

representative of the binary join Aug-Jd. A list of the
samples investigated and references are given in Table 1.
Three synthetic pyroxenes investigated by Wood et al.
(1980) and Holland (1983) with composition Di80Jd20,
Di60Jd40, and Di50Jd50 (C2 /c structure) were analyzed by
X-ray powder diffraction due to small grain size.

Annealing experiments
Annealing experiments were carried out to obtain dif-

ferent degrees of order in crystals of the same composi-


