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The effect of the hedenbergitic substitution on the compressibility of jadeite
F. Nestola,1,2,* T. Boffa Ballaran,1 C. Liebske,3,† R. Thompson,4 and R.T. Downs4
Bayerisches Geoinstitut, Universität Bayreuth, Universitätstrasse 30, D-95447 Bayreuth, Germany
2
Dipartimento di Geoscienze, Università di Padova, Via Giotto 1, I-35137 Padova, Italy
3
Institute for Mineralogy and Petrology, ETH Zurich, Clausiusstrasse 25, CH-8092, Zurich, Switzerland
4
Department of Geosciences, University of Arizona, Tuscon, Arizona, 85721-0077, U.S.A.
1

Abstract
Four synthetic crystals belonging to the jadeite (Jd, NaAlSi2O6)-hedenbergite (Hd, CaFeSi2O6) solid
solution were investigated by X-ray diffraction in situ at high pressure using a diamond anvil cell to
Pmax = 10.6 GPa. The samples exhibited space group symmetry C2/c throughout the investigated pressure range and did not show any phase transformations. V0, KT0, and K' were simultaneously refined
by fitting a third-order Birch-Murnaghan equation of state to pressure-volume data for all samples.
The following relationship between bulk modulus and molar fraction of jadeite is observed:
KT0 = 108.7(2) (GPa) + 0.191(9) × [% molar Jd] + 0.0006(1) × [% molar Jd]2
The bulk modulus of hedenbergite is 19% lower than jadeite with a strong axial anisotropy that
increases with increasing the Hd content. In particular, the compressibility along the b axis (the most
compressible in pyroxenes) increases by about 35% going from Jd to Hd while along the c axis the
increase in compressibility is about 24%. The a axis does not show any variation in the deformation
rate along the join. The analysis of the crystal structure behavior with pressure for all samples clearly
indicates that the main cause of the strong anisotropy on the b-c plane is related to the narrowing of
the M1 octahedral chain and to anion-anion interactions increasing the packing efficiency of the anion
skeletons of the crystals going from Jd to Hd.
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Introduction
Due to their significant abundance in the Earth’s lower crust
and upper mantle, clinopyroxenes have been the subject of several investigations at high pressure (e.g., Hugh-Jones and Angel
1994; Hugh-Jones et al. 1997; Tribaudino et al. 2001; Thompson
and Downs 2004, 2007; Nestola et al. 2004, 2005; Thompson et
al. 2005; Downs and Singh 2006; McCarthy et al. 2007).
In particular, studies at high pressure have demonstrated
that Mg-pyroxenes and Na-pyroxenes can be stable over a
wide range of pressures and temperatures. In particular, jadeite
(Jd, NaAlSi2O6) is a significant component in pyroxenes in
metamorphosed crust (see, e.g., Holland 1983). Therefore,
studying Na-clinopyroxenes provides fundamental information on the geological environment in this region of the Earth.
Some investigations have been performed on jadeite-diopside
(Di, CaMgSi2O6) and jadeite-aegirine (Ae, NaFeSi2O6) solid
solutions (Pavese et al. 2001; Nestola et al. 2006; McCarthy
et al. 2007) to determine the high-pressure behavior and compressibility (β) of Na-clinopyroxenes characterized by the most
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common substitutions occurring in natural samples. In Pavese
et al. (2001) and Nestola et al. (2006), the compressibility β of
jadeite was determined as a function of diopside and aegirine
component and in both studies the decrease of Jd component is
correlated with a significant increase in compressibility. Jadeite
also forms a third important solid solution with hedenbergite
(Hd, CaFeSi2O6). However, there are no data at high pressure
for the jadeite-hedenbergite solid solution and only one study of
end-member hedenbergite at pressure (Zhang et al. 1997).
The aim of this work is to determine how the bulk modulus
KT0 = –1/β changes as a function of composition along the
jadeite-hedenbergite join, in order to complete the catalog of
compressibilities of Na-clinopyroxenes for common natural compositions and to further our understanding of pyroxene crystal
structure behavior under pressure. This study has been carried
out on four single-crystals belonging to the Jd-Hd solid solution
synthesized at high-pressure and high-temperature conditions
in a multi-anvil press. The samples have been investigated by
in-situ single-crystal X-ray diffraction at high pressure using a
diamond anvil cell.

Experimental methods
The crystal of jadeite studied here is the same sample used by Nestola et al.
(2006) in an investigation performed at high pressure along the jadeite-aegirine
solid solution, in which the authors determined the unit-cell parameters with pres-
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