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INTRODUCTION

Iron is the only major element in natural silicate melts with 
more than one oxidation state. To model magmatic processes, 
thermodynamic descriptions of silicate melts must include pre-
cise information on both the Fe2O3 and FeO components. The 
structural role of Fe2O3 and FeO in magmatic liquids strongly 
inß uences how the Fe-redox ratio varies as a function of com-
position, temperature, pressure, and oxygen fugacity. Although 
it has long been known that Fe3+ may occur in both four- and 
sixfold coordination in silicate glasses, only recently has a Þ ve-
coordinated geometry around Fe3+ been conÞ rmed in silicate 
glasses at one bar utilizing X-ray absorption Þ ne structure 
(XAFS) spectroscopy and molecular dynamics (MD) simula-
tions (Farges et al. 2004).

Because the density of a magmatic liquid is largely deter-
mined by the geometrical packing of its network-forming cations 
(e.g., Si4+, Al3+, Ti4+, and Fe3+), the capacity of Fe3+ to undergo 
composition-induced coordination changes affects the partial 
molar volume of the Fe2O3 component, which must be known to 
calculate how the Fe3+/Fe2+ values in magmatic liquids changes 
with pressure. The ferric/ferrous ratio in turn allows variations 
in the oxygen fugacity of magmatic liquids to be calculated as a 
function of depth in the mantle (Kress and Carmichael 1991). In 
addition, it is well established that Fe3+/Fe2+ equilibrium behaves 
differently in calcic vs. sodic vs. potassic vs. natural liquids (e.g., 
Thornber et al. 1980; Sack et al. 1980; Kress and Carmichael 

1988, 1989; Lange and Carmichael 1989; Tangeman et al. 2001). 
Some of these differences may be caused by changes in the 
coordination environment of Fe3+ in these various liquids (e.g., 
Nishida et al. 1981; Mysen 1987). 

The capacity of Fe3+ to occur in variable coordination envi-
ronments (4, 5, and 6) in silicate liquids at one bar is a feature it 
shares with Ti4+ (e.g., Farges et al. 1996a, 1996b, 1996c; Farges 
1997). Moreover, both Fe2O3- and TiO2-bearing alkali silicate 
liquids display anomalous conÞ gurational contributions to their 
heat capacity immediately above the glass transition (Richet and 
Bottinga 1985; Lange and Navrotsky 1993; Tangeman and Lange 
1998; Bouhifd et al. 1999). Therefore, one of the goals of the 
present study was to explore further both the similarities and 
differences between the volumetric properties of Fe2O3- and 
TiO2-bearing alkali silicate liquids. Liu and Lange (2001) found 
that there is a remarkably linear and systematic variation in V�TiO2 

and ∂V
�

TiO2
/∂T with Na2O and K2O content, which they related to 

a systematic shift in average Ti4+ coordination. In this study, we 
test whether a similar trend is observed in Fe2O3-bearing alkali 
silicate liquids.

Previous work on the density of Fe3+-bearing alkali silicate 
liquids has been restricted to sodic liquids. Mo et al. (1982) and 
Lange and Carmichael (1987) each measured the density of ac-
mite (or aegirine, NaFeSi2O6) liquid, which has an Fe3+/Fe2+ value 
that varies with temperature. Dingwell et al. (1988) measured 
11 sodium iron silicate liquids, one of which is also NaFeSi2O6. 
In this study, we measured the density of 10 additional sodic 
liquids (including NaFeSi2O6) as well as 5 potassic liquids. Our 
attempts to measure the density of KFeSi2O6 liquid (Fe-leucite * E-mail: qiongl@umich.edu
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ABSTRACT

High-temperature (867�1534 ºC) density measurements were performed in air on 10 liquids in the 
Na2O-Fe2O3-FeO-SiO2 (NFS) system and 5 liquids in the K2O-Fe2O3-FeO-SiO2 (KFS) system using 
Pt double-bob Archimedean method. Replicate measurements indicate an average reproducibility of 
0.22%. Compositions (in mol%) range from 4 to 18 Fe2O3, 0 to 3 FeO, 18 to 39 Na2O, 25 to 37 K2O, 
and 43 to 67 SiO2. Errors in the gram formula weight are ~0.4%. The molar volumes were Þ tted to a 
linear compositional model, which gives a compositionally independent partial molar volume (±2σ) 
for the Fe2O3 component (V�Fe2O3

) of 41.52 ± 0.34 cm3/mol and zero thermal expansivity. The average 
residual to the Þ t is ±0.36% for our 57 measurements on 15 liquids at various temperatures. The value 
for V�Fe2O3

 in silicate liquids when Fe3+ is in fourfold vs. sixfold coordination is estimated to be ~45.5 ± 
1 vs. ~34 ± 1 cm3/mol, respectively. Thus, the Þ tted value of 41.5 cm3/mol appears to reß ect an aver-
age Fe3+ coordination number between 4.5 and 5.0, which is consistent with recently published X-ray 
absorption Þ ne structure (XAFS) spectroscopy and molecular dynamics (MD) simulations on Fe3+-
bearing silicate glasses. In the literature, VFe3+ is inferred to be present in trigonal bipyramidal sites, 
in contrast to the square pyramidal sites for VTi4+. The lack of a strong compositional or temperature 
dependence for V�Fe2O3

 in these alkaline silicate liquids, in contrast to what is observed in the literature 
for V�TiO2

 in similar melts, may reß ect the different geometries for VFe3+ and VTi4+.


