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Single-crystal in situ high-temperature structural investigation on strontium feldspar
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ABSTRACT
A single crystal of ordered strontium feldspar (SrAl2Si2O8) was used for in situ X-ray intensity
data collection at T = 20, 160, 330, 510, and 670 °C. The crystal was synthesized from the melt and
thermally treated at T = 1450 °C for 146 h (a = 8.379, b = 12.963, c = 14.245 Å, β = 115.46 °, V =
1397.0 Å3; Qod = 0.82). At room temperature 1517 reflections of a-type and 988 reflections of b-type
with Fo ≥ 2σ (Fo) were observed with R = 4.0% for refinement in space group I2/c. The dimensions of
the tetrahedra do not change significantly with increasing temperature implying that the Al-Si configuration remains unchanged throughout the experimentally investigated temperature range. The
Sr-coordination polyhedron expands regularly with temperature. The linear coefficient of volume
expansion (αv = 1.69 × 10–5 /°C) is close to that observed for the other feldspars. The thermal expansion ellipsoid shows a remarkable anisotropy and the main expansion occurs close to a*, as observed
in the other monoclinic K-, Ba-, and Pb-feldspars. The variation along a* is related to the flexing of
the double-crankshaft chains in response to the expansion of the Sr-polyhedron. As in Pb-feldspar, a
progressive displacement of the non-tetrahedral cation towards the c-glide plane with increasing
temperature is observed. However, in Sr-feldspar, the temperature increase does not cause the atoms
of the M polyhedron to approach C2/m symmetry. These results suggest that the atoms of the Srpolyhedron retain I2/c symmetry at elevated temperatures and the Sr-polyhedron does not assume a
configuration that may significantly favor Al-Si disorder.

INTRODUCTION
Few works concerning high-temperature in-situ structural
investigations on feldspars have been reported, except for high
and low albite (Prewitt et al. 1976; Winter et al. 1977), anorthite (Czank 1973; Foit and Peacor 1973; Ghose et al. 1993) and
sanidine (Ohashi and Finger 1974, 1975; Kimata et al. 1996).
Recently, a high-temperature single-crystal investigation on Pbfeldspar (PbAl2Si2O8) was performed by Benna et al. (1999).
In the present work, Sr-feldspar (SrAl2Si2O8) was investigated in order to contribute to the study of the thermal behaviour
of monoclinic feldspars. In particular, the structural evolution
with temperature in Sr-feldspar is compared with the modifications recently observed in Pb-feldspar by Benna et al. (1999).
The structure of partially ordered Sr-feldspar (space group
I2/c) was determined by Chiari et al. (1975). It was experimentally demonstrated (Benna et al. 1995) that the ordered AlSi configuration (Q od = 0.86) is the equilibrium state for
Sr-feldspar, at least up to T = 1450 °C. The metastable disordered configuration was observed in Sr-feldspar crystallized
from the melt in very short times (Qod = 0) and refined in space
group C2/m by Benna et al. (1995). Isothermal annealing of
the disordered feldspar at T = 1350 and 1450 °C caused evolution towards greater Al-Si order. The change in space group
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from C2/m to I2/c with progressive Al-Si ordering can be followed during thermal treatments of metastable disordered
samples. This change in space group corresponds to a zone
boundary phase transition inducing the appearance of b-type
(h + k = odd, l = odd) superstructure reflections, that increase
in intensity with increasing order (Carpenter et al. 1990).
Benna et al. (1996) synthesized Pb-feldspar in both ordered
and disordered configurations. Disordered Pb-feldspar (space
group C2/m) has a “split Pb-site configuration,” while ordered
Pb-feldspar retains space group I2/c, similar to that of Sr-feldspar. A significant distortion of the Pb-coordination polyhedron, in comparison with the Sr-polyhedron in Sr-feldspar, is
observed, but the general features of Sr- and Pb-feldspars are
similar, in both the ordered and the disordered forms. For Pbfeldspar, isothermal treatments of disordered crystals have
shown a similar evolution towards higher degrees of ordering
(Tribaudino et al. 1998). Treatment temperatures required to
achieve ordering were significantly lower than those needed
for Sr-feldspar. Tribaudino et al. (1998) showed that the transition from the ordered to the disordered configuration in Pbfeldspar can be experimentally bracketed in the subsolidus,
suggesting a Tc between 1150 and 1200 °C for the I2/c-C2/m
phase transition induced by the Al-Si order-disorder process.
The disordered Al-Si configuration is therefore an equilibrium
configuration in the subsolidus for Pb-feldspar, while for Srfeldspar the I2/c-C2/m phase transition, and consequently the

