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anorthite component on enthalpies of K-Na mixing in feldspars
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ABSTRACT

Enthalpies of solution have been measured at 50°C in 20.1 wt% hydrofluoric acid under
isoperibolic conditions for a nine-member K-Na ion-exchange series based on a disordered
oligoclase specimen containing 23.1 mol% anorthite (An) component. The series displays
positive enthalpies of K-Na mixing, but magnitudes are substantially reduced relative to
An-free analogs. Volumes of K-Na mixing for the series are similarly reduced; the asym-
metry of these with respect to composition is the opposite of that for alkali feldspars.
Lower magnitudes of the mixing properties are probably related to the shortened compo-
sitional range of this series, relative to normal alkali-feldspar series, and to a 23% An
structural background against which the energetic effects of K-for-Na substitution are
dampened.

INTRODUCTION

Most minerals are not simple binary solutions, yet
knowledge of the thermodynamic mixing properties of
minerals is confined primarily to binary systems. If ther-
modynamic data are to be used to predict phase equilibria
in natural systems, it is essential to know the effects of
third and fourth components on thermodynamic mixing
behavior. For enthalpy, third-component effects on binary
mixing properties have been systematically investigated
on few systems (Hovis and Roux 1993).

The binary mixing properties of alkali feldspars have
been studied extensively. Currently there are reliable data
for enthalpies of K-Na mixing (Hovis 1988), volumes of
K-Na mixing (Waldbaum and Thompson 1968; Wald-
baum and Robie 1971; Hovis 1986; Kroll et al. 1986;
Hovis and Navrotsky 1995), and entropies of K-Na mix-
ing (Hovis et al. 1991). From these same studies we also
know the effects of Al-Si distribution on enthalpies and
volumes. Additionally, we have been able to estimate the
effects of short-range order (Hovis et al. 1991; Haselton
et al. 1983; Hovis and Navrotsky 1995) on the thermo-
dynamic behavior of these minerals. Lastly, we have stud-
ied the effects of temperature on both enthalpies (Hovis
and Navrotsky 1995) and volumes of mixing (Hovis and
Graeme-Barber, 1997). Because of this solid foundation
of data, feldspars are excellent for the study of the ther-
modynamic effects of additional chemical components.

Most naturally occurring feldspars are at least ternary
solutions, so it is a natural extension of work on alkali
(K, Na) feldspars to quantify the effects of anorthite com-
ponent on thermodynamic mixing properties. As an initial
step in investigating the KAlSi30s (Or)-NaAlSiPs (Ab)-
CaAlzSizOs (An) ternary system, therefore, we synthe-
sized a K-Na series of feldspars having moderate An con-
tent and studied their volumes and enthalpies of mixing.
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STARTING MATERIAL

The starting material for the present investigation was
oligoclase 80165, a colorless translucent specimen from
the Hawk Mica Mine, Bakersville, North Carolina. The
specimen was obtained from the United States National
Museum (Smithsonian Institution). Data provided by the
USNM gave a composition of Ab7uOr35An231 on the ba-
sis of spectrochemical analyses made by Dr. Tren Has-
elton at the United States Geological Survey. The same
specimen was also analyzed by Kracek and Neuvonen
(1952; technique not described), who gave a composition
of Ab7310r37An232' We too measured the composition on
the basis of two partial atomic absorption spectrometric
analyses for CaO, Na;,O, and KzO performed at the Penn-
sylvania State University. The average of these nearly
identical analyses matched the Haselton result, so we
adopted that as the oligoclase composition.

From this oligoclase specimen we synthesized a dis-
ordered nine-member K-Na ion-exchange series. The pri-
mary purpose of this paper, then, is to report on the vol-
umes and enthalpies of K-Na mixing determined for this
series and to compare these results with similar data for
An-poor alkali feldspars (Hovis 1986, 1988).

SAMPLE PREPARATION

Because the state of Al-Si order is known to affect
thermodynamic mixing properties (Hovis 1986, 1988), re-
liable comparison of the mixing properties of an oligo-
clase-based series with those of an An-free feldspar series
requires that the two series have similar Al-Si distribu-
tions. In the present case this was complicated because
the parent materials had different values of Al:Si and
could not possibly attain the same Al-Si distribution, and
because the parent materials had formed under different
geologic conditions and represented different degrees of
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