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ABSTRACT
Experimental brackets on the melting temperature of high albite (NaAlSi3O8) were determined at
2.33 ± 0.03 GPa (1360–1370 °C) and 2.79 ± 0.03 GPa (1370–1389 °C) in a piston-cylinder apparatus.
All run products that quenched to a glass were analyzed by Fourier-transform infrared spectroscopy and
found to contain ≤500 ppm H2O. In addition, new X-ray diffraction experiments on fully disordered
albite are reported to 7.6 GPa; the Þtted results lead to a zero-pressure bulk modulus (K0) of 56.4 ± 0.7
and a pressure derivative (K0′) of 3.9 ± 0.3 in a third-order Birch-Murnaghan equation of state. Revised
values for the enthalpy and entropy of fusion of high albite at one bar and 1100 °C [∆HTf = 64.5 ± 2.1
kJ/mol and ∆STf = 47.0 J/(mol·K)] are recommended on the basis of improved heat capacity equations
for NaAlSi3O8 glass and liquid. On the basis of these new results on the fusion curve and thermodynamic data for high albite, the pressure dependence of the NaAlSi3O8 liquid compressibility (K0′) is
constrained to be 10.8 ± 1.5 in a third-order Birch-Murnaghan equation of state. The uncertainty in K′0
of ±1.5 contributes an error to melt density at 3 GPa (2.543 ± 0.010 g/cm3 at 1500 °C) of ±0.4%.
Keywords: Compressibility measurements, albite, high-pressure studies, high-temperature studies,
phase equilibria, thermodynamics

INTRODUCTION
Obtaining the density of fully polymerized silicate liquids
at high pressure is a challenging task. Currently, most of our
information on the density and compressibility of silicate liquids
is derived from shock-wave (e.g., Rigden et al. 1989) and/or
sink-ßoat (Agee and Walker 1993) experiments, which are not
well suited for viscous liquids such as molten NaAlSi3O8. An
alternative approach is to use fusion curve analysis, which is a
comparison between phase equilibrium experiments on the congruent melting reaction of a mineral at pressure and the calculated
melting reaction from measured thermodynamic properties. It
thus has the potential to constrain the value of a single thermodynamic property (e.g., the liquid density at pressure) for which
direct, independent measurements are not feasible. This was the
approach taken by Lange (2003, 2007) to constrain the pressure
dependence of the melt compressibility, K′0 (= dKT,0/dP, where KT,0
= 1/βT,0) for liquid NaAlSi3O8 and KAlSi3O8, respectively.
Lange (2003) discussed the thermodynamic data used to
calculate the fusion curve of albite and, based on a comparison
with four previous experimental phase equilibrium studies (Birch
and LeComte 1960; Boyd and England 1963; Boettcher et al.
1982; Nekvasil and Carroll 1996) of the albite melting reaction,
estimated that the K0′ of NaAlSi3O8 liquid has a minimum value
of 10. However, each experimental study lacked one or more
key components essential to a robust determination of the fusion
curve: (1) documentation of dissolved H2O in the quenched glass
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run products; (2) a detailed thermal gradient determination and
pressure calibration prior to experiments; and (3) characterization
of crystalline starting material to be sure it was fully disordered,
high albite. To tightly bracket the K0′ value for liquid NaAlSi3O8,
the goal of this study is to locate the fusion curve of albite in
P-T space through a series of piston-cylinder experiments, and
address each component described above. In addition, we reevaluate the thermodynamic data used in the calculation of the
fusion curve and present new experiments on the compressibility
of high albite.

THERMODYNAMIC CALCULATION OF THE FUSION
CURVE

The equation used to calculate the melting curve for albite at
temperature and pressure is:
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where Tf is the one-bar melting temperature of crystalline albite,
∆HTf is the enthalpy of the liquid minus that of the solid at Tf,
∆STf is the entropy of the liquid minus that of the solid at Tf,
∆CP(T) is the heat capacity of the liquid minus that of the solid,
and ∆VT(P) is the volume of the liquid minus that of the solid.
Among the thermodynamic data required, the only unknown is
the liquid K′,0 which is needed to calculate the albite fusion curve
above 1 GPa (Lange 2003).
To determine the K0′ of NaAlSi3O8 liquid, the third-order
Birch-Murnaghan equation of state (Birch 1978) is used, which
models the volume of silicate liquids to high pressure (tens of
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