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INTRODUCTION

The volumetric properties of silicate liquids inß uence a wide 
range of processes that result in igneous differentiation in nature. 
Need for the quantiÞ cation of such processes has spurred research 
into the density of silicate melts that has, as a result, been the 
subject of repeated experimental investigations in the second half 
of the last century (Bockris et al. 1956; Lange and Carmichael 
1987; Dingwell and Brearley 1988; Dingwell et al. 1988; Knoche 
et al. 1992a, 1992b, 1994; Toplis et al. 1994; Lange 1996, 1997; 
Toplis and Richet 2000). The general approach to the volumetric 
description of silicate melts has involved the construction of 
multicomponent models whose compositional dependence of 
melt volume is cast as a set of partial molar volumes of individual 
oxide components, together with, where necessary, excess vol-
umes of mixing (Bottinga and Weill 1970; Lange and Carmichael 
1987; Knoche et al. 1995). These models have generally been 
restricted to the major and minor oxide components present in 
naturally occurring igneous rocks.

Trace elements in igneous petrology have, in comparison 
with major elements, a relevance in the petrogenetic modelling 
of magmatic differentiation that far outweighs their relative 
abundance. Optimal use of the information contained in trace-
element variations within igneous phases requires an accurate 
description of their partitioning behavior as a function of phase 
composition and structure, as well as temperature and pressure. 
In this manner, the partial molar thermodynamic properties of 
trace elements in silicate melts may contribute to the petrogenetic 
modelling of such systems. With this in mind, a series of inves-

tigations into the partial molar properties of trace elements in 
silicate melts have been carried out in recent years (Courtial et al. 
1999a; Holzapfel et al. 2001; Courtial and Dingwell 2005). Here 
we extend that work to the analysis of the volumetric properties 
of ZnO in silicate melts.

BACKGROUND

Zinc-containing glasses have been studied intensively using 
X-ray absorption spectroscopic methods in the last three decades. 
EXAFS, XANES, and WAXS data exist for alkali silicate, alkali 
borate and borosilicate melts (e.g., Hurt and Phillips 1971; Du-
mas and Petiau 1986; Rosenthal and Garofalini 1987; Calas et 
al. 2002;  Galoisy et al. 2001). In Zn-poor alkali silicate glasses 
(<5 wt% ZnO), Zn improves mechanical properties, as well as 
chemical durability (Della Mea et al. 1986). In addition, Zn has 
a nucleating role in alkaline-earth silicate and aluminosilicate 
glasses (Dumas and Petiau 1986). In alkali silicate glasses, 
zinc has been proposed to occur in tetrahedral and octahedral 
coordination (referred to as IVZn and VIZn, respectively), with a 
marked preference for tetrahedral coordination. The IVZn/VIZn 
ratio derived from molecular dynamics computer simulations 
increases as the Zn/Na or alkali ratio decreases, the Na ions or 
alkalis compensating the charge deÞ cit of the ZnO4 tetrahedra 
(Hurt and Phillips 1971; Rosenthal and Garofalini 1987). The 
EXAFS data of Le Grand et al. (2000), obtained for alumino-
borosilicate glasses, yield average Zn-O distances of ~1.96 Å 
and Zn coordination numbers of 3.8 to 4.7, consistent with a 
fourfold coordination of Zn. These data illustrate that a Zn-Si 
distance of 3.20 ± 0.03 Å is consistent with corner-sharing 
ZnO4 and SiO4 tetrahedra. The same samples, later investigated 
by Calas et al. (2002), revealed two distinct local structures of * E-mail: potuzak@min.uni-muenchen.de
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ABSTRACT

The densities of 8 Zn-bearing silicate melts have been determined, in equilibrium with air, in 
the temperature range of 1363 to 1850 K. The compositional joins investigated [sodium disilicate 
(NS2)�ZnO; anorthite�diopside 1 bar eutectic (AnDi)�ZnO; and diopside�petedunnite] were chosen 
based on the pre-existing experimental density data set, on their petrological relevance, and in order 
to provide a test for signiÞ cant compositionally induced variations in the structural role of ZnO. The 
ZnO concentrations investigated range up to 25 mol% for sodium disilicate, 20 mol% for the anorthite-
diopside 1 atm eutectic, and 25 mol% for petedunnite.

Molar volumes and expansivities have been derived for all melts. The molar volumes of the present 
liquids decrease with increasing ZnO content. The partial molar volume of ZnO derived here from 
the volumetric measurements for each binary system is the same within error. A multicomponent Þ t 
to the volumetric data for all compositions yields a value of 13.59(0.55) cm3/mol at 1500 K. We Þ nd, 
herewith, no volumetric evidence for compositionally induced coordination number variations for ZnO 
in alkali-bearing vs. alkali-free silicate melts nor for Al-free vs. Al-bearing silicate melts.
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