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High-pressure structural evolution and equation of state of analbite
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Abstract
The volume and unit-cell parameters of analbite (i.e., NaAlSi3O8 with complete Al,Si disorder)
have been determined by single-crystal X-ray diffraction to a maximum pressure of ~8.71 GPa. The
volume variation with pressure is described by a fourth-order Birch-Murnaghan equation of state
with K0T = 50.3(5) GPa, K0′ = 8.9(5), and K0″ = –2.4(3) GPa–1. The value of the room-pressure bulk
modulus is ~4% lower than that of low albite, and the onset of volume softening in analbite is at ~6.7
GPa, some 1.7 GPa higher than the onset in albite. The anisotropy of compression of analbite is less
than that in albite.
Single-crystal structure determinations of analbite to ~9.4 GPa show that there is no significant
detectable compression of the T-O bonds within the structure, and the compression of the framework
of tetrahedra is therefore accommodated by changes in the T-O-T angles, which result in significant
compression of the “crankshaft chains” within the framework. No significant shear of the tetrahedral
rings of analbite was detected, in contrast to the structural compression of albite. Overall, the structural
changes that occur in analbite from 0.0001 to 9.4 GPa resemble those seen in ordered albite over the
pressure range 0.0001–4 GPa. Therefore analbite shows a significantly greater structural rigidity than
low albite up to pressures of 9.4 GPa.
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Introduction
The quantity of high-quality structural data on the compression of feldspars remains extremely limited and so “understanding the interplay of compositional change and Al,Si order in
determining the elastic and high-pressure response of alkali
feldspars requires further detailed study of several compositions, including structural determinations of the disordered endmembers at high-pressures” (Nestola et al. 2008). To that end,
only the structure of low albite has previously been determined
at high pressures (Downs et al. 1994; Benusa et al. 2005), and
there has been no data on the structural evolution with pressure of
completely disordered albite (analbite); the recent study of Tenner
et al. (2007) was limited to the determination between 0.0001 and
7.6 GPa of the unit-cell parameters. For a more complete review
of the effects of pressure on the feldspar group of minerals the
reader is referred to Angel (1994), Downs et al. (1994), Ross
(2000), Benna et al. (2007), and Nestola et al. (2008).
For ordered low albite, Downs et al. (1994) observed that
in the pressure range 0.0001–4 GPa the Si-O-Si angles either
increase or remain constant while only the Al-O-Si angles
decrease. The authors concluded that the compression is accomplished through the bending of the Al-O-Si angles that squeeze
together the chains of four-membered rings that run parallel to
[001], and so compress the “crankshaft chains” of tetrahedra
within the structure. At higher pressures, between 3.8 and 6.5
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GPa, Benusa et al. (2005) observed the beginning of a significant softening of the structure and attributed it to a tilting of
the T1 tetrahedra around the [001] direction and shear of the
four-membered rings. The initiation of these structural changes
appeared to be correlated with the beginning of the decrease in
bulk modulus observed at 5 GPa. Above 5 GPa the bulk modulus
progressively decreases and, above 8.4 GPa, low albite is softer
than at room pressure.
We have now carried out an investigation of the high-pressure
behavior of analbite, that is albite with a disordered distribution
of Al and Si, to determine the effects of disordering on the bulk
modulus and the mechanisms of compression of albite.

Experimental methods
The crystals of albite studied in the present work are from Champorcher,
Aosta Valley, Italy. The chemical analyses of several crystals were performed with
a Cambridge S-360 SEM with Oxford Link EDS instrument. The composition
was close to pure albite (Na0.99Al1.01Si2.99O8) (K and Ca, if present, were below
the detection limit of the instrument). Both the T-O bond lengths obtained from
structural refinement and the unit-cell parameters indicated complete Al,Si ordering (Table 1) in the natural sample (space group C1). The crystals of low albite
were then annealed in an electric furnace at T = 1000 °C in air for 31.5 days. After
this thermal treatment, structure refinement indicated only partial Al,Si disorder,
so the same crystals were further annealed at T = 1060 °C for 28 days. After this
second thermal treatment the crystals of albite showed complete Al,Si disorder
(Table 1), and are thus correctly termed “analbite” (Smith and Brown 1988). All
of these room-pressure intensity data collections and the HP data collections on
analbite were performed by single-crystal X-ray diffraction with a Gemini R Ultra
diffractometer (Oxford Diffraction) equipped with CCD detector, using monochromatic MoKα radiation and the tube operating at 50 kV and 40 mA (CrisDi
Centre, University of Turin).
For determination of the evolution of the unit-cell parameters under pressure,

