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Abstract

The unit-cell dimensions and crystal structure of andalusite Al,SiOs have been refined
from X-ray data on single crystals mounted in a diamond anvil cell at pressures of 12, 25,
and 37 kbar. Structure refinements with anisotropic temperature factors yielded weighted
R factors of 3.4, 4.9, and 5.2% respectively. The bulk modulus of andalusite is 1.35=0.10
mbar and the axial compression ratios of orthorhombic unit-cell axes a:b:c are approxi-
mately 2.1:1.5:1.0. The relatively greater compressibility of the Al(1)-Op bond results in a
being the most compressible axis. Those bonds that compress >30 between 1 bar and 37
kbar at room temperature, are the bonds that also expand significantly between 25 and
1000°C at room pressure. Polyhedral bulk moduli for the Al(1) octahedron, the Al(2)
trigonal bipyramid and the Si tetrahedron are 1.3+0.2, 1.6%0.5, and 4.1=1.5 mbar,
respectively. Thus, the aluminum polyhedra are significantly more compressible than the
silicon tetrahedron. The omega step-scanning technique of X-ray intensity data collection
results in a significant improvement in accuracy and is recommended for structure
Jdetermination with the diamond-anvil high-pressure cell. ’

Introtua..con

High pressure structure determination cortain valuable
data on the equations of state, interatomic forces and
chemical bonding in minerals. The Al,SiOs polymorphs,
andalusite, sillimanite and kyanite, provide an interesting
system where aluminum occurs in three types of coordi-
nations; in addition to the octahedral coordination fourd
in all three minerals, aluminum alsuv occurs in tetrahedal
coordination in sillimanite and in five-fold trigonal bipyra-
midal coordination in andalusite. Knowledge of the re-
sponse to pressure and temperature of these duferent
types of Al-O bonds in the presence of relatively rigid
SiO, tetrahedra is necessary for an understanding of the
stability relations and phase transformation within the
ALSiOs system. The temperature effects on the crystal
structures of andalusite, sillimanite and kyanite have
been determined by Winter and Ghose (1979). The elastic
constants of andalusite and sillimanite have been deter-
mined by Vaughan and Weidner (1978), who used the
Brillouin scattering technique. From infrared and Raman
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spectroscopic data, the phonon spectra of andalusite and
their temperature dependence have been determined and
interpreted on the basis of a rigid-ion model by Iishi et al.
(1979).

Ir this paper are presented data on the high pressure
structural response of andalusite to 37 kbar, as well as
correlat.ons between high-pressure changes and high-
temperature response, elasticity, and phonon spectra. It
has been possible to observe directly the structural ele-
ments of andalusite that are responsible for the compress-
ibility and, hence, the elastic constants. The present data
on andalusite at high-pressure, combined with high-tem-
perature data of Winter and Ghose (1979), may be used to
test the inverse relationship between structural responses
due tc temperature versus pressure (Hazen and Finger,
1982). Andalusite is a light-atom structure with a small
unit-cell and orthorhombic symmetry and thus also con-
stitutes a test case for the improvement in accuracy of X-
ray intensity data collected at high pressure by the omega
step-scanning technique. The resulting iniprovement in
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Calculated and observed structure factors for andalusite

at 12 kbar; continuous scan data.
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