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Densities of melts in the CaO-MgO-Al2O3-SiO2 system
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ABSTRACT

Density measurements have been performed on 4 Mg-aluminosilicate melts and 4 melts
in the CaO-MgO-Al2O3-SiO2 system (including stoichiometries corresponding to the min-
eral compositions åkermanite, diopside, enstatite, and cordierite) in the temperature ranges
from their respective melting points up to 1800 8C, using the very precise Ir-based double-
bob Archimedean method. The measured densities of the melts range from 2.67 to 2.42
g/cm3.

Together with our previous density measurements in the CaO-Al2O3-SiO2 system, the
present results were analyzed using a regression equation, including a non-ideal mixing
term between CaO and SiO2, from which the partial molar volume of each oxide liquid
component was obtained by the method of least squares. This procedure yields partial
molar volumes of 12.66, 20.66, 36.67, 27.30 cm3/mol at 1873 K for MgO, CaO, Al2O3,
and SiO2, respectively. A calculation scheme for melts in the CaO-MgO-Al2O3-SiO2 system
is proposed, involving an excess volume term between SiO2 and CaO that is capable of
reproducing the liquid molar volumes to within 1% except for extremely Ca-, Mg-, and
Al-rich compositions. Better constraints on melt volumes in those extreme composition
ranges requires new very high-temperature data.

The volume of fusion of various minerals was calculated and implications for the struc-
ture of their respective melts are also discussed. In addition, the volumes of fusion from
this study are also compared to that obtained using the Clausius-Clapeyron equation.

INTRODUCTION

As the density of silicate melts is an important variable
involved in many geological problems associated with the
petrogenesis of magmatic rocks, the knowledge of such
a physico-chemical property is essential. Densities of sil-
icate melts are also an essential contribution to the de-
scription of the thermodynamics of magmatic systems.
They may even be the key to understanding the geo-
physical and geochemical evolution of the Earth’s interior
as well as those of other terrestrial planets.

During the ten past years, efforts have been made to
extend the database on density of silicate melts to various
multicomponent systems (e.g., Stein et al. 1986; Lange
and Carmichael 1987; Dingwell et al. 1988; Dingwell and
Brearley 1988; Taniguchi 1989; Knoche et al. 1992a,
1992b; Dingwell et al. 1993; Courtial and Dingwell 1995;
Knoche et al. 1995; Courtial et al. 1997). However, sili-
cate melts occur naturally over a very wide range of com-
positions and temperatures, so that a complete
investigation of all magmatic liquids of interest to geo-
scientists is experimentally unrealistic. To cope with this
situation, precise models are required to estimate the var-
iation of the density in response to the temperature and
composition changes occurring in magmas. Bottinga and
Weill (1970) suggested that density of melts in two- or
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three-components systems could be used to refine vari-
ables in a model equation for volumes of naturally oc-
curring melts. Since Bottinga and Weill (1970), the lit-
erature contains several models based on the partial molar
properties, which are applicable to natural melts (e.g.,
Nelson and Carmichael 1979; Bottinga et al. 1982, 1983;
Lange and Carmichael 1987). Lange and Carmichael
(1990) present a summary and review of these models.

In this paper, we present a re-determination of densities
of melts over a large temperature range in the CaO-MgO-
Al2O3-SiO2 system, using the Ir-based double-bob Archi-
medean method. In addition to previous density deter-
minations on liquids covering a very wide compositional
range in the CaO-Al2O3-SiO2 system (Courtial and Ding-
well 1995), this study reports new density measurements
in the MgO-Al2O3-SiO2 and CaO-MgO-Al2O3-SiO2

systems.
During this study, compositions were investigated

along pseudo-binary joins where the ratios of all com-
ponents, except one, are constant, using systematically
the method described by Darken (1950). In this way, the
compositional dependence of the molar volume can be
analyzed directly. The molar volumes were also analyzed
using a regression equation, which is defined based on
the previous step, from which the partial molar volume
of each oxide was obtained. In doing so, we aim to es-
tablish a structurally based model of melt densities in


