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INTRODUCTION

Chromium-bearing clinopyroxenes are relatively wide-
spread in meteorites and terrestrial rocks. Most of them belong
to the kosmochlor-aegirine-jadeite-augite system and some to
the kosmochlor-diopside binary join. Great interest in
kosmochlor-bearing pyroxene solid solutions has been aroused
by the possibility of using Cr3+ contents in natural pyroxenes
to estimate the P-T conditions of formation of meteorites, lu-
nar, and mantle rocks. Natalyite (NaVSi2O6), was found in the
Sludyanka Crystalline Complex, Russia (Reznitskii et al. 1985),
and the complete NaVSi2O6-NaCrSi2O6-CaMgSi2O6 ternary
solid solution was later described in the same rocks (Reznitskii
et al. 1998, 1999). The present study was undertaken to give
further data and crystal chemical details on natural V and Cr-
rich clinopyroxenes, because no data exist in the literature,
except for the synthetic end-members natalyite (Ohashi et al.
1994), kosmochlor (Clark et al. 1969), and the solid solution
diopside-kosmochlor (Ohashi and Fujita 1979). The aim of this
work is to describe the crystal chemistry of a natural series of
clinopyroxene characterized by variable extents of the Na Æ
Ca and (V3+,Cr3+) Æ Mg substitutions, and to analyze the M1,
M2, and T site geometry variations as a function of the mean
ionic radius (I.R.) of the octahedral cations.

GEOLOGICAL SETTING AND OCCURRENCE OF Cr-V-
BEARING PYROXENES

The metamorphic rocks of the southwestern shore of Lake
Baikal are known as the Sludyanka Complex which, being situ-
ated near the boundary of the Siberian craton, is considered to be
part of the Central Asian foldbelt. Sludyanka metamorphism
corresponds to granulite facies of moderate pressure (maximum
P-T conditions: T = 800–830 ∞C, P = 6–8 kbar).

The Cr-V mineral assemblage is related to a certain

lithological type of metasediment, generally considered as
quartz-diopside. The latter has a simple chemical and mineral-
ogical composition, and consists of pure white diopside, quartz,
calcite, and sometimes rock-forming apatite.

Thin layers and lenses of Cr-V-bearing varieties [(Cr2O3 +
V2O3) 0.1–0.7 wt%, rarely up to 1–2 wt%] sometimes occur
irregularly within bands of the quartz-diopside rock type. The
Cr/V ratio in these layers and lenses varies from 15:1 to 1:6.
These rocks contain a wide range of Cr-V silicates and opaque
minerals, always including Cr-V-bearing pyroxenes (Reznitskii
and Sklyarov 1996).

Three morphological types of clinopyroxene are distin-
guished: (1) rock-forming Cr-V-bearing diopside; (2) Cr-V-bear-
ing pyroxene forming rims around escolaite-karelianite
inclusions in diopside (Reznitskii et al. 1998); (3) Cr-V-py-
roxenes, occurring as inclusions in lenses and veins of quartz
(Reznitskii et al. 1985). The pyroxenes of this work belong to
the third type.

There are good correlations between Na and (Cr3+ + V3+),
corresponding to Na (Cr3+,V3+) Æ Ca Mg exchange. Diopside,
kosmochlor and natalyite are the main components (90–99 mol%)
of the pyroxenes and a nearly complete solid solution
CaMgSi2O6-NaCrSi2O6-NaVSi2O6 was found (Fig. 1).

EXPERIMENTAL METHODS

X-ray single crystal diffraction

Eleven clinopyroxene crystals, optically homogeneous, in-
clusion-free, and with sharp diffraction profiles, were hand-
picked for single-crystal X-ray diffraction.

Intensity data were collected up to 2q = 70∞ (MoKa radiation
monochromatized by a flat graphite crystal) using a SIEMENS AEDII
four-circle automated diffractometer. The intensities of the hkl and
–
hkl reflections and of their monoclinic equivalents h–

kl and –h–
kl,

were measured using w-2q scan mode and were corrected for ab-
sorption following the Y scan method of North et al. (1968).* E-mail: luciano@dmp.unipd.it
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ABSTRACT

Eleven clinopyroxenes from the Sludyanka Crystalline Complex in Russia belonging to the ternary
join NaVSi2O6-NaCrSi2O6-CaMgSi2O6 (natalyite-kosmochlor-diopside) were studied by means of
X-ray single crystal diffractometry and electron probe microanalysis.

The crystal chemical data show that the T site is almost completely occupied by Si, so that the Na
(V3+,Cr3+) Æ Ca Mg substitution mechanism ensures charge balance. Changes in M1 site geometry
are explained by the aggregate ionic radius, and are influenced by Mg occupancy and V3+/(V3+ +
Cr3+) ratio. The M2 site geometry depends both on Na content and on the (V3+,Cr3+) Æ Mg substitu-
tion in M1 site. Changes in M2-O3c1 bond length are mainly related to Na content, whereas the
longest M2-O3c2 bond lengths are significantly affected by the V3+/(V3+ + Cr3+) ratio of the M1 site.
The T site geometry is affected by chemical and geometrical variations at the M1 and M2 sites,
principally the M1 site occupancy.




