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A simple predictive model for the thermal expansion of AlSi3 feldspars

Guy L. Hovis,1,* Joanna R. MoRabito,1 aMy spooneR,2 andRew Mott,3 eRik L. peRson,4      
C. MiCHaeL b. HendeRson,5 JaCques Roux,6 and danieL HaRLov7

1Department of Geology and Environmental Geosciences, Lafayette College, Easton, Pennsylvania 18042, U.S.A.
2O’Brien and Gere Engineers, 435 New Karner Road, Albany, New York 12205, U.S.A.

3Department of Geological and Environmental Sciences, Stanford University, Stanford, California 94305, U.S.A.
4Department of Earth and Environmental Science, University of Pennsylvania, Philadelphia, Pennsylvania 19104, U.S.A.
5School of Earth, Atmospheric, and Environmental Sciences, The University of Manchester, Manchester, M13 9PL, U.K.

6Physique des Minéraux et des Magmas, IPGP, 4 Place Jussieu, 75252 Paris Cedex 05, France
7GeoForschungsZentrum-Potsdam, Telegrafenberg, D-14473 Potsdam, Germany

abstRaCt

We have investigated the thermal expansion of several synthetic feldspars, including Li-feldspar, ru-
bicline (Rb-microcline), Rb-sanidine, and buddingtonite (NH4-feldspar). When analyzed in conjunction 
with earlier data on both ordered and disordered Na- and K-feldspars, it is clear that the coefficient of 
thermal expansion (α) decreases dramatically, and linearly, with increasing room-temperature volume. 
For “AlSi3” feldspars, then, chemical expansion limits thermal expansion. The relationship between 
α and room-temperature volume provides a useful predictive tool based simply on the volume of a 
feldspar at room temperature. This relationship also reveals that volumes of K-Na mixing in naturally 
occurring alkali feldspars decrease with increasing temperature. 
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intRoduCtion

Minerals occurring below the Earth’s surface exist under 
elevated temperatures and pressures, and the dependence of 
unit-cell edges and volumes on these intensive variables define 
the equations of state of these phases. It is important, therefore, 
to consider the extent to which minerals expand or contract 
under such conditions, whether there are generalities that one 
can observe about such behavior, and whether explanations can 
be developed for systematic behavior. 

A particular interest in our research has been aimed at 
characterizing the thermal expansion of minerals and how such 
expansion is related to chemical composition in alkali-rich solid-
solution series, which are important components of crustal rocks. 
This is especially interesting in the case of framework silicates, 
where constraints imposed by the Al-Si tetrahedral network are 
likely to affect expansion behavior, but also where the ions oc-
cupying alkali-crystallographic sites may play a role in control-
ling expansion characteristics. Systematic thermal expansion 
relationships have been discussed in previous studies of K-Na 
feldspars (sanidine-analbite, Hovis et al. 1999 and Henderson 
1979; microcline-low albite, Hovis and Graeme-Barber 1997), 
nepheline-kalsilite series (stoichiometric-Si series, Hovis et al. 
2003, Henderson and Roux 1977, and Henderson and Taylor 
1988; high-Si series, Hovis et al. 2006), alkali sodalites (Hender-
son and Taylor 1978), and leucites (Taylor and Henderson 1968). 
The present investigation is aimed at improving understanding 
of expansion systematics of alkali feldspars with particular at-
tention paid to Na-K feldspar series and additional contributions 

from analogues outside the K-Na system, namely Li-, Rb-, and 
NH4-feldspar (buddingtonite) end-members. 

syntHesis and CHaRaCteRization of MateRiaLs

All materials described in this work are synthetic in one sense 
or another. Ammonium feldspar (NH4AlSi3O8 or buddingtonite) 
was synthesized at the GeoForschungsZentrum-Potsdam using 
the procedure described by Harlov et al. (2001). This same bud-
dingtonite specimen was subjected to ion exchange in molten 
KCl, which produced a KAlSi3O8 feldspar whose unit-cell dimen-
sions reflect an Al-Si disordered (sanidine) specimen (Hovis et 
al. 2004a, 2004b). Given the extremely slow kinetics of Al-Si 
reordering, it is a safe assumption that the original buddingtonite 
also was disordered. 

An Al-Si-ordered, Rb-rich microcline (rubicline, as designat-
ed by Teertstra et al. 1998) was synthesized by Hovis (our speci-
men 0405) via repeated ion-exchange of 71104 K-microcline 
(originally made from the K-exchange of Amelia low albite as 
described in Hovis 1986, 1988) at 850 °C in molten RbCl us-
ing techniques given by McMillan et al. (1980) and Kovalskii 
and Kotelnikov (2002). ICP-MS analysis of 0405 by Matthew 
Gorring at Montclair State University, New Jersey, yielded a 
composition of Rb0.97K0.02Na0.01AlSi3O8. An attempt was made 
to disorder this feldspar, which was unsuccessful, as the feldspar 
began to break down during the disordering experiments. How-
ever, a disordered Rb-sanidine (specimen ScOc) was synthesized 
hydrothermally by Roux (now at IPG-Paris) at CNRS-Orléans 
with the starting material prepared by the gelling technique 
described in Hamilton and Henderson (1968).

Li-feldspar was synthesized using the technique described by 
Müller (1988; also see Deubener et al. 1991; Baur et al. 1996) in * E-mail: hovisguy@lafayette.edu


