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abstraCt

A high-pressure single-crystal X-ray diffraction (XRD) study has been carried out on two natural 
zoisite samples Ca2Al3–xFexSi3O12OH, one Fe-free (x = 0) and one Fe-rich (x = 0.12). The unit-cell 
parameters were determined for the Fe-free sample at 18 different pressures up to 7.76 GPa and for 
the Fe-rich sample at 13 different pressures up to 7.63 GPa. The P(V) data for both of the samples 
were fitted by a third-order Birch-Murnaghan equation of state (BM3 EoS). The equation of state 
coefficients are: V0 = 903.39(5) Å3, KT0 = 122.1(7) GPa, and K′0 = 6.8(2) for the Fe-free sample and 
V0 = 906.95(5) Å3, KT0 = 119.1(7) GPa, and K′0 = 7.3(2) for the Fe-rich sample. This shows that the 
addition of Fe in to the crystal structure of zoisite leads to a slight softening of the structure.

Both compositions exhibit axial compressibilities βc > βa >> βb, with the compressibilities of the 
a and b axes of the two samples being indistinguishable. The softening of the bulk modulus of zoisite 
with Fe content follows from softening of the c-axis of the structure. A high-pressure structural study of 
the Fe-free sample showed that the main compression mechanisms in the structure are the compression 
of soft inter-octahedral distance along [001] and soft intra-octahedral distances along [010] directions, 
while along [100] the main compression occurs because of the compression of stiff intra-octahedral 
distances. The substitution of Fe on to the M3 octahedral site of the structure leads to an increase of the 
intra-octahedral distance of the M3 that triggers the rotation of M12 and therefore leads to the soften-
ing of the M12 inter-octahedral distances that accounts for the softening of the c-axis of the structure.
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IntroduCtIon

Several authors (e.g., Forneris and Holloway 2003; Kirby et 
al. 1996) have argued that the correct model for explaining the 
generation of much volcanism and many intermediate earthquakes 
in subduction zones involves the progressive dehydration of the 
subducting slab through a series of reactions that release H2O into 
the mantle wedge. These fluids released from subducting slabs 
could trigger hydration-driven partial melting reactions, induc-
ing partial melting of the mantle wedge above the slab, which in 
turn is considered responsible for the intermediate earthquakes 
(e.g., Peacock 2001; Kirby et al. 1996), as well as for arc volca-
nism (e.g., Forneris and Holloway 2003) in subduction zones. A 
key role in these dehydration reactions is played by the hydrous 
mineral phases that are mainly contained in the subducting slab. 
Therefore a detailed study of the properties of the hydrous phases, 
and especially their thermo-elastic behavior, will be an important 
requirement for understanding properties and processes within 
subduction zones, in particular for constraining their stability and 
the related dehydration reactions in which they are involved as a 
function of pressure and temperature (e.g., Hacker et al. 2003; Mao 

et al. 2007). Minerals of the epidote group, for example, participate 
in numerous relevant phase equilibria, which need to be accurately 
evaluated to understand these geological processes. Zoisite belongs 
to the epidote group and occurs in high- and ultrahigh-pressure 
metamorphic rocks from a wide variety of geological settings, 
including continental collisions and subduction zones (e.g., Hacker 
et al. 2003; Mao et al. 2007; Enami et al. 2004).

Zoisite is the only member of the epidote group that is or-
thorhombic, instead of monoclinic. The structure of zoisite (Fig. 
1) was first determined by Fesenko et al. (1955, 1956), and was 
later refined by Dollase (1968). Monoclinic epidotes, including 
clinozoisite, have two distinct edge-sharing octahedral chains that 
run along [010]. Zoisite has only one type of octahedral chain 
parallel to [010] built up of edge-sharing octahedra designated 
M12 and occupied by Al3+ (Ghose and Tsang 1971). That chain 
of octahedra is decorated by a second octahedral site, M3, which 
can be occupied by both Al3+ and Fe3+ (Ghose and Tsang 1971). 
This site is more distorted and is attached to M12 octahedra by 
edge sharing. The octahedral chains are linked by isolated SiO4 
tetrahedra (T3) in the c direction and by Si2O7 groups (T1 and 
T2) in the a and c directions (see Fig. 1). In this framework of 
interconnected octahedral chains and bridging tetrahedra, there 
are two distinct, irregularly shaped, sevenfold-coordinated cavities 
(Ca1 and Ca2) occupied by Ca. Hydrogen is bonded to oxygen 
O10, which coordinates cations in the octahedral chains (Franz 
and Liebscher 2004). 

Several authors have measured the equation of state of zoisite 
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