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Abstract

Following the recent thermal expansion work of Hovis et al. (2008) on AlSi3 feldspars, we have 
investigated the thermal expansion of plagioclase, Ba-K, and Ca-K feldspar crystalline solutions. 
X-ray powder diffraction data were collected between room temperature and 925 °C on six natural 
plagioclase specimens ranging in composition from anorthite to oligoclase (and as well on their K-
exchanged equivalents) and five synthetic Ba-K feldspars with compositions from 25 to 99 mol% 
BaAl2Si2O8. The resulting thermal expansion coefficients for volume (αV) have been combined with 
earlier results for end-member Na- and K-feldspars. Unlike AlSi3 feldspars, Al2Si2 feldspars, includ-
ing anorthite and celsian from the present study, and Sr- and Pb-feldspar from other workers, show 
essentially constant, and relatively limited, thermal expansion. In the context of structures where the 
Lowenstein rule requires Al and Si to alternate among tetrahedra, the proximity of bridging Al-O-Si O 
atoms to divalent neighbors (ranging from 0 to 2) results in Ca-O (or Ba-O) bonds that are especially 
short. It is suggested that short bonds such as these have a partly covalent character resulting from 
the requirement for local charge balance. This, in turn, stiffens the structure. For feldspar series with 
coupled substitution, the change away from a purely divalent M-site occupant gives the substituting 
(less strongly bonded) monovalent cations increasingly greater influence on thermal expansion. Overall, 
thermal expansion in the feldspar system is well represented on a plot of αV against room-temperature 
volume (VRT), where one sees a quadrilateral bounded by data for: (1) AlSi3 feldspars whose expansion 
behavior is governed largely by the size of the monovalent alkali-site occupant; (2) Al2Si2 feldspars 
whose expansion is uniformly limited by divalent cations having stronger, partially covalent, bonds to 
bridging Al-O-Si O atoms; and (3,4) plagioclase and Ba-K feldspars where expansion behavior across 
the series transitions from one control to the other. Overall, the coefficient of thermal expansion in 
any binary feldspar series is a linear function of VRT between the pertinent end-members. This makes 
it possible to predict the thermal expansion behavior of any feldspar simply from knowledge of its 
chemical system and room-temperature volume. 
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Introduction

Minerals that occur below the Earth’s surface exist under 
elevated temperatures (T) and pressures (P). The dependence of 
unit-cell edges and volumes on these intensive variables define 
the equations of state of such phases. It is important, therefore, to 
consider the extent to which minerals expand or contract under 
various T-P conditions, whether there are generalities that one 
can observe about such behavior, and whether explanations can 
be developed for systematic behavior (Hovis et al. 2008). As 
minerals that make up over 50% of the Earth’s crust, the feldspar 
system is a prime candidate for the investigation of expansion 
characteristics. Moreover, given the wide variety of feldspars in 
the earth, it would be especially useful to know how expansion 
relates to chemical variability in the system. 

One focus of our research in recent years has been the rela-
tionship of thermal expansion to chemical composition along 
solid-solution series (Hovis et al. 1997, 1999, 2003, 2006, 2007, 
2008). This is especially interesting in the case of framework sili-
cates, where constraints imposed by the Al-Si tetrahedral network 

could affect expansion behavior, but also where the variable sizes 
and charges of alkali and alkaline earth ions that occupy the larger 
cation site(s) could affect expansion characteristics (Hovis et al. 
2008). Systematic thermal expansion relationships have been 
discussed in our previous studies of K-Na feldspars [sanidine-
analbite, Hovis et al. (1999); microcline–low albite, Hovis and 
Graeme-Barber (1997)], as well as analogues outside the K-Na 
system, namely Li-, Rb-, and NH4-feldspar (buddingtonite) 
end-members (Hovis et al. 2008). Collectively, data for AlSi3 
feldspars show a surprisingly simple linear relationship between 
the coefficient of thermal expansion (αV) and room-temperature 
unit-cell volume (VRT). For all such feldspars, chemical expansion 
in the alkali site limits thermal expansion (ibid). This discovery 
invited work on the thermal expansion of additional feldspars, 
in particular those beyond AlSi3 members.

Thermal expansion investigations of individual feldspars have 
been performed by several other workers. The reader is referred 
to a summary and discussion of earlier work on alkali feldspars 
and plagioclases, as well as other compositions, by Smith 
(1974, pp. 289–339) and Smith and Brown (1988, pp. 156–162, 
170–171, 174–176). In the present paper, in addition to our own * E-mail: hovisguy@lafayette.edu


