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INTRODUCTION

Cryolite, Na3AlF6 (Abildgaard 1799), is the most abundant 
aluminoß uoride mineral in nature (Bailey 1980). Cryolite occurs 
as two polymorphs: low-temperature monoclinic α-cryolite and 
high-temperature orthorhombic (pseudocubic) β-cryolite (Strunz 
and Nickel 2001; Yang et al. 1993), which are separated by a Þ rst-
order displacive phase transition at ∼563 °C and 1 atm (Spearing 
et al. 1994; Chase 1998). Na3AlF6 is a neso-aluminoß uoride 
(Brosset 1937; Pabst 1950; Hawthorne 1984) containing cor-
ner-sharing octahedra [AlF6] and [NaF6] with additional sodium 
atoms in cubic and 12-fold coordination: α-Na2

[8]Na[6][AlF6] and 
β-Na2

[12]Na[6][AlF6] (Hawthorne and Ferguson 1975; Strunz and 
Nickel 2001). Cryolite forms two solid solutions: Na3AlF6-AlF3 
with the AlNa-3 substitution (Dewing 1978, 1997) and Na3AlF6-
NaCaAlF6 with the CaNa�2 exchange (Craig and Brown 1980; 
Lin et al. 1982). The melting point of β-cryolite is 1012 °C at 
1 atm (Chase 1998) and cryolite melt is a highly conductive, 
ionic liquid (Landon and Ubbelohde 1956) with about 30�40% 
self-dissociation of octahedral AlF6

3� ions into free F�, tetrahedral 
AlF4

�, and pentahedral AlF5
2� ions (Feng and Kvande 1986; Xu 

et al. 2001). 
Cryolite occurs in peralkaline granites and pegmatites (Good-

enough et al. 2000) and Na4Al1.333F8 is a component for quasicrys-

talline models of F-bearing melts (Burnham 1997). Interactions 
between cryolite and fully polymerized silicate melts reß ect 
incorporation mechanisms of ß uorine in the silicate framework 
and local avoidance principles (Dolej� and Baker 2004b) and 
lead to the occurrence of the ß uoride-silicate liquid immiscibil-
ity (Kogarko 1967; Kogarko and Krigman 1975; Rutlin 1998). 
The liquid-liquid immiscibility propagates into the quartz-al-
bite-cryolite-topaz quaternary system (Dolej� and Baker 2001, 
2002), and must be evaluated as a petrogenetic phenomenon in 
the differentiation of F-bearing felsic magmas. 

Due to its signiÞ cance in electrolytic metallurgy (Grjotheim 
et al. 1977), the thermodynamics of Na3AlF6 is well known at 
ambient pressure (Chase 1998; Chartrand and Pelton 2002). 
However, the temperatures of the α-β transition and melting at 
high pressures as well as the associated volumetric changes are 
not available. In this study, we use differential thermal analysis in 
the TZM pressure vessel to determine temperatures of the cryolite 
phase transition and melting to 100 MPa. We report temperature 
measurements and derive volumetric changes of the α-β phase 
transition, melting, and partial dissociation of Na3AlF6 to 100 
MPa. These data provide basis for phase-equilibria studies and 
thermodynamic models of cryolite-bearing granitic melts.

EXPERIMENTAL TECHNIQUE

Temperatures of the Na3AlF6 transition and melting were measured by dif-
ferential thermal analysis in the TZM pressure vessel. The starting material was 
hand-picked crystalline cryolite (99.5%, Alfa Aesar). Microprobe analysis revealed 
32.34 ± 0.15 wt% Na, 12.96 ± 0.35 wt% Al, 54.68 ± 0.49 wt% F, and <0.10 wt% 
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ABSTRACT

Cryolite, Na3AlF6, is the most abundant aluminoß uoride mineral in highly evolved felsic suites 
and their pegmatites, but its phase transitions and thermodynamic properties at elevated pressures are 
unknown. We used a simple modiÞ cation of the TZM pressure vessel to perform differential thermal 
analysis of cryolite at high pressures. Temperatures of the α-β transition are as follows: 559.30 ± 0.23 
°C (1 atm), 562.10 ± 0.28 °C (47 MPa), and 567.33 ± 0.23 °C (101 MPa). Cryolite melting temperatures 
increase as follows: 1011.4 ± 0.2 °C (1 atm), 1019.2 ± 0.4 °C (50 MPa), and 1028.7 ± 0.4 °C (100 
MPa). Both pressure-temperature relationships are linear: (dT/dp)α-β = 78.4 ± 8.4 °C/GPa and (dT/
dp)m = 174 ± 12 °C/GPa. Application of the Clapeyron relationship leads to the following volumetric 
changes: ΔVα−β = 0.089 ± 0.019 J/(mol·bar) and ΔVm = 1.49 ± 0.12 J/(mol·bar). Despite the signiÞ cant 
self-dissociation in the cryolite liquid, melting sensu stricto (without dissociation) dominates the heat 
and volumetric changes during melting in comparable amounts: 83.3 ± 6.7 % ΔHm and 68 ± 15 % ΔVm 
and suggests that the degree of dissociation has no signiÞ cant effect on the (dT/dp)m. Evaluation of 
previous and current volumetric data for cryolite polymorphs leads to Vβ,1284 = 8.49 ± 0.17 J/(mol·bar); 
coefÞ cients for the volumetric thermal expansion in the form of the third-order polynomial equation 
are: V298 = 7.080 ± 0.012 J/(mol·bar), a1 = (1.39 ± 0.20)·10�4 K�1, a2 = (�2.15 ± 0.51)·10�7 K�2, and a3 
= (2.68 ± 0.34)·10�10 K�3. The total (dT/dp)m of cryolite is very similar to that of villiaumite (NaF), 
whereas ΔVm/Vβ,1284 of cryolite is smaller than for other alkali halides (NaF, NaCl). 
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