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INTRODUCTION

Compositional variation (X) is an important parameter in the 
equations of state (EOS) of crystalline solutions. No particular 
form of the dependence of an EOS on X has yet gained univer-
sally favorable recognition. This lack of consensus is partially 
because the interest in EOS work has been largely directed to-
ward understanding the behavior of compositional end-members. 
The installation of large volume presses at synchrotron X-ray 
diffraction (XRD) facilities encouraged the determination of 
thermal, high-pressure equations of state. XRD from solids that 
are simultaneously and independently heated and pressurized 
gives P-V-T data for determination of thermal expansion (α) 
and compressibility (β) or other derivatives of the unit-cell vol-
ume. Most investigations have been for important end-member 
minerals in petrology, physical chemistry, and materials science. 
If adequate rules for the interpolation of end-member proper-
ties to those of compositional intermediates are known, explicit 
determination of the intermediate solid-solution members is not 
necessary. Before general compositional interpolation rules can 
be established, particular cases need to be examined to test which 

rules may be appropriate. This examination is an important task 
because most minerals of interest are crystalline solutions of 
variable composition rather than pure end-members.

The FCC chlorides in the NaCl-KCl system provide a very 
useful and interesting series for study of solid-solution behavior 
with composition (XNaCl). At high temperature, the solution be-
tween halite and sylvite is complete, but at 1 bar, phase separation 
into two compositionally distinct crystalline chlorides occurs 
below 500 °C. At P < 20 kbar, all these chlorides exist in the FCC 
B1 structure, so the series is without structural complications of 
symmetry-change. Furthermore, the high compressibility of the 
chlorides compared to silicates makes observable changes in 
properties achievable at modest pressures. At the very modest 
P-T of chloride consolution phenomena, reaction kinetics are 
rapid enough to allow phase compositional changes to occur and 
be observed in real time on-line after changes in P or T during 
experiments. This desirable property further recommends the 
chlorides for a pilot study of solution behavior across a compo-
sitional series with pressure and temperature.

Thompson and Waldbaum (1969) analyzed the then-extant 
1 bar data on two-phase assemblages in the NaCl-KCl series 
and showed that a simple asymmetric binary Margules formu-
lation (Margules 1895) gave a very adequate description of the * E-mail: dwalker@ldeo.columbia.edu
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ABSTRACT

An asymmetric binary Margules formulation for excess Gibbs energy, enthalpy, and entropy is 
adequate to describe the 1 bar halite-sylvite solvus in NaCl-KCl (Thompson and Waldbaum 1969). 
However, a binary Margules formulation is not adequate to describe excess volumes of single-phase 
chlorides in P-V-T-X from ambient P-T to ~20 kbar and 700 °C. Excess volumes across NaCl-KCl 
increase with temperature, decrease with pressure, and show systematic deÞ cits in the consolute region. 
These patterns can be explained by the importance of a third component�vacancy defects that relieve 
the lattice stresses of K-Na size mismatch. New, two-phase observations in P-V-T-X allow delineation 
of the excess Gibbs energies to high pressures where the excess enthalpies and entropies do not depend 
on T at each P, but show signiÞ cant variation between 1 bar and ~20 kbar. The volume, entropy, and 
enthalpy of K-Na mixing become more ideal at high pressure. But the solvus expands with pressure 
because entropy approaches ideality faster than enthalpy and, therefore, Gibbs energy of K-Na mix-
ing becomes less ideal with pressure. The consolute temperature rises about 80 °C in 17 kbar, with 
little change in consolute composition. The binary Margules equation of state provides a prediction 
of the rise of the solvus that is impressively convergent with the new observations. This convergence 
is especially impressive given the clear inadequacies of the binary excess volume formulation on 
which the prediction is based.


