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INTRODUCTION

Staurolite is a common mineral in metapelitic rocks and oc-
curs rarely in some metabasites. Its structure was determined by
Náray-Szabó (1929) in the Ccmm space group and later re-inves-
tigated by Náray-Szabó and Sasvári (1958), who showed that stau-
rolite has only pseudo-orthorhombic symmetry and that its correct
symmetry is monoclinic, C2/m space group, with b @ 90∞.

Structural investigation of a large group of natural stauro-
lite samples by Hawthorne et al. (1993a, 1993b, 1993c) showed
the complex crystal chemistry of this phase. Fe-rich staurolite
may be represented by the formula Fe2

3
+
–4

[T2]Fe2
0

+
–0.5

[M4](Al2■2)[M3]

Al16
[M1,M2]Si8

[T1]O48H2–4 in which the various crystallographic sites
are indicated in brackets. Fe2+ may be substituted by Mg, Zn,
Mn, and some Al. In Mg-staurolite from Dora Maira, Italy;
Hawthorne et al. (1993a) and Koch-Müller et al. (1999) as-
signed Mg to M4 and reduced the occupancy of T2, in agree-
ment with the general observation that cation coordination tends
to increase in high-P phases.

Neutron diffraction studies (Stähl et al. 1988) and polar-
ized infrared absorption spectra (Koch-Müller et al. 1995, 1998)
have definitely clarified the position of H in the structure. From
the pleochroic behavior of the OH vibration, Koch-Müller et
al. (1995) concluded that the two hydroxyl groups, OH1 and
OH2, are in the (010) plane and have the larger component
along c and a. Caucia et al. (1994) showed that the H content
in staurolite changes with the variable occupancy of M3.
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ABSTRACT

The response of staurolite to pressure was studied by single crystal X-ray diffraction (XRD) in a
diamond-anvil cell, using crystals with composition: (Fe3.365Zn0.025Li0.114Co0.009 Mn0.034)[T2, M4]
(Al2Mg0.307)[M3] (Al15.491Fe3

0
+
.104Mg0.394Cr0.004Ti0.07)[M1, M2] (Si7.534 Al0.466)[T1] O48H3.

Lattice parameters, measured at various pressure up to 7.264(6) GPa, were fitted using a third-
order Birch-Murnaghan equation of state (EoS). The resulting EoS parameters are: V0 = 740.85(7)
Å3, K0 = 180(2) GPa and K ' = 4.7(6), a0 = 7.8723 (2) Å, K0 = 189(2) GPa, and K 'a = 4.1 (6), b0 =
16.62453(1) Å, K0 = 179(2) GPa, K 'b = 6.1(6) and c0 = 5.6604 (4) Å, K0 = 179(5) GPa, K 'c = 2(1);
whereas the angle b remained almost constant with increasing pressure. These data suggest an almost
isotropic compressibility.

Structural evolution was studied by comparison of structural refinements carried out with data
collected at 0.0001, 2.48, 4.15, 5.43, 6.84, and 8.74 GPa. All refinements were made in the Ccmm
space group. Polyhedral evolution with P is a function of occupancy: whereas the T1 tetrahedron and
the M1 and M2 octahedra, occupied by Si and Al, are practically incompressible, the T2 tetrahedron,
and the M4 and M3 octahedra, only partially occupied principally by Fe (the first two) and by Al (the
last), show larger changes as a function of pressure. As a consequence, the two kyanite and Fe-Al
hydroxide layers, which can be used to describe the staurolite structure, have different compressibilities.

The general structure of staurolite may be described as a
close-packed oxygen arrangement, but many authors prefer to
describe it as an overlap of (010) layers consisting of kyanite
[Al2SiO5] and Fe-Al-oxide-hydroxide [[VI]Al0.7

[IV]Fe2O2(OH)2]
alternating in the (001) plane along the b axis (Fig. 1). In kya-
nite slabs, the octahedral sites are completely occupied by Al +
(Fe + Mg) and the tetrahedral sites by Si + Al. The Fe-Al-ox-
ide-hydroxide is based on edge-sharing octahedra, forming a
chain of M3 and M4 extending along [001], flanked by FeO4

FIGURE 1. The staurolite structure projected along the a axis. The
alternating of kyanite and Fe-Al hydroxide layers is indicated.


