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INTRODUCTION

Lanthanides are of great interest in geosciences. They play 
an important role as trace indicators of magmatic processes that 
control the origin and evolution of igneous rocks. The abundance 
and distribution of lanthanide elements in igneous rocks are fre-
quently used to constrain the mineralogy of the source materials, 
the degree to which magma composition has been modiÞ ed by 
crystal fractionation, and to identify the mineral phases removed 
from the magma during differentiation (Augustithis 1983; Haskin 
1984; Hanson 1989). In addition, some of the lanthanides are 
present in two different oxidation states in igneous systems as 
observed for Eu in natural systems by Goldschmidt (1958) and 
for Ce in some lunar samples and meteorites (Masuda et al. 1972; 
Tanaka and Masuda 1973). The variation of the ratios (Eu3+/Eu2+) 
and (Ce4+/Ce3+) can be used to determine the fO2

 conditions pre-
vailing during mineral formation (Towell et al. 1965; Philpotts 
1970; Drake 1975). Lanthanides are also particularly useful as 
geochemical tracers in cosmochemistry (Evensen et al. 1978; An-
ders and Ebihara 1982). Indeed, lanthanides are highly refractory 
so that no signiÞ cant fractionation due to volatility is presumed 
to have occurred during formation of the planet. Therefore, the 
relative abundances of these elements in most undifferentiated 
materials are generally assumed to be proportional to their rela-
tive abundance in the sun and in chondritic meteorites.

Lanthanides are also important in material sciences. Lantha-
nide compounds have potential applications in optical devices. 

In addition, lanthanides can be used as surrogates for actinides 
in the vitriÞ cation of radioactive wastes, diminishing the cost of 
the development program and limiting the amount of radioactive 
materials being handled (Darab et al. 1998). Furthermore, Gd 
may be added to actinide-containing glasses to minimize the 
likelihood of nuclear criticality during the storage period because 
Gd has a high thermal neutron capture cross-section.

A key to model the magmatic processes that control the ori-
gin and evolution of igneous rocks and to determine the phase 
diagrams of lanthanide host phases is the accurate determination 
of the physico-chemical and thermodynamic properties of lan-
thanide-containing materials, such as the volumetric properties 
of lanthanide-bearing silicate melts. In addition, the high formal 
charge of lanthanide cations is expected to have a strong inß uence 
on melt structure, and the variation of the volumetric properties 
of lanthanide-bearing silicate melts are likely to reß ect this in-
ß uence. An accurate volumetric data set for lanthanide-bearing 
silicate melts might therefore help to constrain their structure. 
Such a reliable volumetric data set may also contribute to a Þ rst-
order prediction of the pressure dependence of the mineral-melt 
partitioning of lanthanides.

Given such a fundamental importance of the volume of lan-
thanide-containing materials, we have undertaken to provide a 
new reliable volumetric data set for lanthanide-bearing silicate 
melts. These data allow the available models in the literature to 
be extended to lanthanide-bearing melts. For this purpose the 
densities of various lanthanide-bearing Na-silicate melts dis-
tributed along various binary joins, where the end-members are 
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ABSTRACT 
This work presents the Þ rst systematic determination of the partial molar volumes of lanthanide 

sesquioxides in silicate melts. For this purpose, the densities of various lanthanide-bearing Na-silicate 
melts distributed along various binary joins, where the end-members are Na-disilicate and one of the 
lanthanide sesquioxides (i.e., Ce2O3, Pr2O3, Nd2O3, Sm2O3, Eu2O3, Gd2O3, Tb2O3, Dy2O3, Ho2O3, Er2O3, 
Tm2O3, and Yb2O3), have been measured using the double-bob Archimedean method. The present 
results show that the addition of any lanthanide to Na-disilicate leads to an increase in the melt density 
and that the melt density increases with increasing atomic number of the lanthanide. From the present 
density data set, the molar volumes of these melts have been calculated and the partial molar volumes 
of each lanthanide sesquioxide in these melts have been determined using a linear regression through 
each binary join (i.e., Na-disilicate-lanthanide sesquioxide). This study indicates an ideal behavior 
with respect to the molar volume (i.e., a linear variation of the molar volume along each binary join) 
for Na-silicate melts containing up to 6 mol% of lanthanide oxide. Comparison between the partial 
molar volumes of lanthanide sesquioxides obtained in this study and the molar volumes of molten 
lanthanide sesquioxides given in the literature raises the possibility, however, that this ideality is not 
maintained along the entire Na-disilicate-lanthanide sesquioxide binary joins. Excess volumes of 
mixing appear to be required to describe the combined volumetric data set.


