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ABSTRACT
The crystal structures of stuffed derivatives of quartz within the Li1–xAl1–xSi1+xO4 system have
been refined by Rietveld analysis of powder synchrotron X-ray diffraction (XRD) data. Our results
reveal an Al-Si order-disorder transition at x = ~0.3 and a β-α displacive transformation at x = ~0.65.
Structural variations across the series result from an interplay of three mechanisms: tetrahedral tilting associated with Al-Si order-disorder; Li positional disorder along structural channels parallel to
c; and tetrahedral rotation related to the β-α transition. At both microscopic (local bonding) and
macroscopic (spontaneous strain) scales, the substitution of Li+ and Al3+ for Si4+ closely mimics
temperature in its effect on the quartz framework.

INTRODUCTION
The substitution of impurity cations into normally vacant
cavities or tunnels in crystal structures can induce systematic
changes in framework geometry, and these topological modifications as well as electrostatic interactions may alter the transition behavior of the mineral. Typically (but not always), such
interstitial cations prop open network cages and stabilize highertemperature polymorphs. In quartz, this effect was documented
by Keith and Tuttle (1952), who found that substitution of 5200
ppm M+ + Al3+ for Si4+ (M+ = Li+, Na+, K+, and H+) lowered the
β-to-α inversion by 36 K. Subsequent studies by Ghiorso et al.
(1979) and by Smith and Steele (1984) confirmed these trends
and demonstrated a roughly linear relationship between Al concentration and the critical temperature. Because the natural
samples examined in these investigations contained a variety
of impurities, however, correlations of Tc with dopant contents
exhibited a large degree of scatter.
Salje et al. (1991) used Landau analysis to develop a quantitative model to gauge the effects of impurity substitutions on
phase transitions, and they observed that when impurity concentrations N are high (>>1023/cm3), the renormalized critical
temperature, T*c, should vary linearly with Tc, i.e., Tc* = Tc – ξN,
where ξ is a constant. One implication of this model is that
impurities may act as a proxy for temperature, such that variations in dopant concentration at constant temperature may induce a structural transition sequence that is nearly identical to
that produced by heating or cooling of the pure end-member.
Quantifying this interplay between impurities and critical
temperatures is especially important in mineral systems, where
crystals are rarely compositionally pure. Nevertheless, surpris-
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ingly few studies of silicate systems (e.g., McGuinn and Redfern
1994) have included high-resolution comparisons of the structural effects of doping with transitional modifications induced
by temperature. In this work, we examined seven compositions
along the β-eucryptite (LiAlSiO4)α-quartz (SiO2) join to
characterize the framework expansion induced by the substitution Li++Al3+ → Si4+ within quartz at room temperature. Our
Rietveld analyses of powder synchrotron XRD data revealed
evidence for two structural transformations across the series. A
Landau-style analysis of the impurity-driven transition between
α and β quartz-type modifications is consistent with the model
for the α-β transformation induced by temperature in pure
quartz (Carpenter et al. 1998a).

BACKGROUND
The structure of β-quartz consists of parallel threefold and
sixfold helices of silica tetrahedra that produce open channels
parallel to c. Upon cooling, this structure transforms
displacively to the denser α-quartz configuration at 846 K, involving a space group change from P6222 or P6422 to P3221 or
P3121 (reviewed in Heaney 1994). While pure β-quartz is not
quenchable, the incorporation of small cations (such as Li+ and
Zn2+) into the structural channels can prop open the framework
and stabilize the β-quartz structure at room temperature (Palmer
1994; Beall 1994; Müller 1995 and references therein). Charge
balance can be achieved by replacing a fraction of the Si4+ with
cations having lower valences, such as Al3+ and B3+. The resulting phases are classified as “stuffed derivatives of β-quartz”
(Buerger 1954).
The stabilization of the β-quartz structure at room temperature, however, can only be achieved when the concentration of
the substitutional cations exceeds a critical threshold. When
dopant concentrations fall below this threshold, the silica framework will adopt the denser α-quartz modification because the
impurity cation content is too low to sustain the more expanded
β-quartz framework (Petzoldt 1967; Beall 1994).

