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absTracT

Powder X-ray diffraction patterns between 90 and 935 K have been collected for nine plagioclase 
samples, with different compositions and degree of Al-Si order. The refined volumes have been mod-
eled using the Wallace and Suzuki formulations based on the Mie-Grüneisen EOS. No significant 
difference has been found between the Suzuki and Wallace formulations, and between the Einstein and 
Debye approximations of lattice energy. A Wallace model with the first derivative of the bulk modulus 
constrained to the experimentally determined values leads to refined Grüneisen parameters between 
0.49 and 0.41, without any definite trend between albite and anorthite; the Einstein temperature in 
intermediate plagioclase is θE ∼ 650 K, but it is lower in albite [θE = 453(5) K].

A good fit with experimental heat capacity data for the An60Ab40 composition has been found us-
ing two Einstein-like oscillators with θE1 = 230(3) K and θE2 = 952(7) K, XθE1 = 0.391(5). The change 
with temperature in An60Ab40 of the Grüneisen parameter is small at T > 150 K, with a slight decrease 
with temperature. Similar results could be obtained by independent refinement of an Einstein model 
with two oscillators to the volume data for the same composition [θE1 = 205(30) K, θE2 = 873(52) K, 
and X = 0.36(4)].

The components of the thermal strain tensor with temperature have been calculated and confirm 
that the greatest deformation is along the a* axis, i.e., along the extension direction of the crankshaft 
chains of the feldspar structure. Anomalous behavior of the strain tensor components in the a-c plane 
has been observed in albite and An27Ab73, and is related to an increase in the c unit-cell parameter 
with decreasing temperature.
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inTroducTion

Thermal expansion is one of the fundamental thermody-
namic properties of minerals; it is required to determine the 
molar volume at the formation conditions of minerals, and the 
mechanical properties of minerals and mineral-like materials at 
high temperature are constrained by thermal expansion.

In earlier times, thermal expansion was experimentally de-
termined by dilatometric methods (e.g., Saucier and Saplevitch 
1962), whereas in recent years it has generally been determined 
by X-ray or neutron diffraction. Cell-parameter variations with 
temperature, generally from room temperature to higher tem-
perature, are measured to determine the high-temperature molar 
volume by extrapolation from the more easily measured room-
temperature volume. As minerals form at temperatures higher 
than room temperature and can generally be heated without dam-
age, the variations occurring below room temperature are often 
neglected. An exception is in the study of phase transitions, which 
can be found or better constrained below room temperature (e.g., 

Meyer et al. 2000; Cámara et al. 2009); in phase transitions the 
variations in axial and volume thermal expansion can reveal the 
contribution of the spontaneous strain to the thermal expansion.

To characterize the volume thermal expansion, the coefficient 
αV, defined as αV = 1/V (∂V/∂T)P, is used. This coefficient varies 
with temperature; the variation is much higher at low tempera-
tures, with a non-linear decrease with temperature down to αV 
= 0 at 0 K. Above room temperature, the rate of increase of the 
volume thermal expansion coefficient with increasing tempera-
ture decreases and αV attains an almost constant value at high 
temperatures. This behavior is well known and described by 
solid-state physics, and arises from quantum saturation at low 
temperature (Barron et al. 1982).

The relatively small variations of the thermal expansion 
with temperature above room temperature allows the volume 
thermal expansion coefficient with temperature to be described 
by empirical models (e.g., Hovis et al. 2010; Tribaudino et al. 
2010), in contrast to volume variations with pressure, which are 
modeled with physically consistent models (e.g., Angel 2000). 
However, the thermal expansion can be related to the underlying * E-mail: mario.tribaudino@unipr.it


