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Abstract
Hard Mode IR powder absorption spectroscopy has been used to characterize local strain relaxation 

associated with Al/Si ordering in a suite of synthetic anorthite samples with structural states that vary 
from a high degree of Al/Si order through a metastable incommensurate structure at intermediate states 
of order to long-range order with I1 symmetry. The dominant feature accompanying the changing struc-
tural states is line broadening, which has been quantified by autocorrelation analysis and is attributed 
to local heterogeneous strain variations on a length scale of at least 1–5 unit cells. The autocorrelation 
results are consistent with contributions to the line broadening as being due to order parameters for 
both the C1 → I1 and I1 → P1 transitions, which couple biquadratically, λQ2

odQ2
displ. Close correlation 

with enthalpy variations from previously published calorimetric data indicates that the driving force for 
ordering can be understood in terms of elimination of strain fields arising from accommodating more or 
less rigid AlO4 and SiO4 tetrahedra in the feldspar framework. The metastable incommensurate structure 
of anorthite is closely analogous to the stable incommensurate structure that develops at intermediate 
compositions in the plagioclase solid solution, confirming that the same strain relaxation mechanism 
dominates the properties and behavior of all structural states across the solid solution. Elimination of 
strain heterogeneity by ordering on the basis of I1 symmetry determines the form of non-ideal mixing 
shown by the solid solution at high temperatures, and changes in elastic properties may contribute to 
a break in the slope of partitioning of trace elements between crystals and melt.
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Introduction
Several different strategies have been adopted to describe the 

thermodynamic properties of plagioclase feldspars in the context 
of efforts to produce quantitative descriptions of the stability 
fields of mineral assemblages under the full range of possible 
geological conditions. Dubacq (2022) summarized contrasting 
treatments of mixing properties for the C1 and I1 structures at 
high temperatures as those which smooth out the effects of the 
discrete C1 ↔ I1 transition (Ghiorso 1984; Benisek et al. 2004, 
2010; Namur et al. 2012; Holland et al. 2022), those which treat 
states with different symmetries as separate solid solutions (Hol-
land and Powell 1992) and those which treat the mixing proper-
ties in terms of an Al/Si order/disorder process at anorthite-rich 
compositions (Carpenter and Ferry 1984; Carpenter 1992, 1994). 
The differences revolve, in effect, around the need (or otherwise) 
to include a physically correct description of the phase transition 
approximately halfway across the solid solution. This debate 
continues because mean field models of Al/Si ordering to give 
the symmetry change explicitly, such as from Landau theory, do 
not readily yield equations that can conveniently be incorporated 
into mixing models with a limited number of variable parameters. 

As a consequence, activity-composition descriptions based on 
conventional asymmetric mixing models are used for applica-
tions in petrology, while models based on atomic interactions are 
used to understand Al/Si ordering at a more fundamental level 
for albite, anorthite, and the more complex incommensurate 
structures that develop at intermediate compositions during slow 
cooling in nature.

A significant recent advance in the context of understanding 
the stability of plagioclase feldspars from an atomic perspective 
has been provided by a Monte Carlo simulation by Dubacq (2022), 
which focused on interactions between the nearest neighbor and 
next nearest neighbor tetrahedral cations. This author concluded 
that the superposition of I1 ordering on a C1 solid solution, with 
large ordering energies for anorthite, can provide reliable results in 
terms of energy and ordering across the solid solution. However, 
he also drew attention to the fact that pairwise interaction models, 
such as used for the Monte Carlo simulation, do not include the 
contribution of strain fields explicitly. If local strain fields are less 
than the size of the supercell used in the model, they are included 
implicitly, but if they are on a longer length scale they are not. This 
is a conundrum in all energetic modeling of crystal structures, and 
the present paper is intended to shed light on the influence of local 
strain effects from an experimental point of view by analyzing line 
broadening in IR absorption spectra.
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