
American Mineralogist, Volume 91, pages 762�771, 2006

0003-004X/06/0506�762$05.00/DOI: 10.2138/am.2006.1977      762

INTRODUCTION

Silicate melts play an important role in geophysics and geo-
chemistry. The structure of volcanic eruptions, and the temporal 
and areal extent of lava ß ows depend on the physical proper-
ties of the erupting melts, such as viscosity and density. These 
parameters depend in turn on the chemical composition of the 
melts. The well-known increase of viscosity with increasing 
SiO2 contents reß ects the tendency of the melt structure to form 
a continuous network of (SiO4)4� tetrahedra. Other components 
also inß uence the properties of silicate melts, depending on their 
structural position in the melt. Some elements, such as Al, support 
the formation of a continuous network of tetrahedra by replac-
ing Si; other elements, such as Mg and Na, occupy octahedral 
positions modifying the continuous framework of (SiO4)4� and 
(AlO4)5� tetrahedra. There is, at present, no single theory that 
provides a quantitative prediction of the physical properties of 
silicate melts (e.g., melting point and rheology) as function of 
chemical composition, although attempts to connect the structure, 
composition, and properties of silicate melts are numerous (e.g., 
Stebbins et al. 1995).

The sequence of solidiÞ cation and crystallization of molten 
silicates, and the composition of the crystallizing minerals, 

depend on the composition of the melt, more speciÞ cally on 
the thermodynamic activities of the various melt species. There 
have been considerable efforts to study activities of melt species 
as function of melt composition (e.g., Ryerson 1985). Holzheid 
et al. (1997) found that the activities of NiO, CoO, and FeO in 
silicate melts are largely independent of the chemical composi-
tion of the melt. On the other hand, the activity of MoO2 and 
MoO3 in silicate melts is strongly dependent on melt composi-
tion (O�Neill and Eggins 2002). Other elements show a more 
complex behavior (Hess 1995). Our knowledge is, however, 
restricted to a few elements and the understanding of even these 
data is still rudimentary.

During the last 10 years, it has become clear that noble metals 
are, like less noble metals, largely dissolved as oxides in silicate 
melts (e.g., Borisov and Palme 2000). Nobel metals, such as 
Pd, follow the same trends as the non-noble metals Ni and Fe. 
Borisov et al. (2004), for example, found that solubilities of Pd, 
Ni, and Fe in silicate melts of An-Di-TiO2 compositions increase 
with TiO2 contents at Þ xed temperature and oxygen fugacity, 
demonstrating the general similarity in the behavior of noble 
metals and iron-group metals.

Of some interest is the role of Na in silicate melts, as the Na 
content of terrestrial magmas is quite variable and its structural 
role in melts is not well understood. There is, for example, a 
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ABSTRACT

We have studied experimentally the effects of variable Na2O concentrations on the solubility of 
four metals (Fe, Co, Ni, and Pd) in silicate melts of anorthite-diopside eutectic composition. Experi-
ments were done at Þ xed temperatures of 1300 °C for Pd and 1400 °C for Ni, Co, and Fe. In the Fe 
solubility experiments, Na losses were severe. Therefore, a new experimental device (crucible-sup-
ported loop technique or CSLT) was designed to prevent Na losses of experimental charges primarily 
for experiments at low oxygen fugacities. The CSLT was tested extensively, and it was demonstrated 
that high Na partial pressures could be kept in a semi-closed crucible for at least 20 h. In experiments 
on Co solubilities, the CSLT was tested with reversed experiments.

The Fe and Co solubilities clearly decrease with increasing Na2O contents. The Ni solubility is 
independent of Na2O contents up to 4.5 wt%. At oxidizing conditions, a small decrease in Ni solubil-
ity with increasing Na content was found. Palladium shows a mixed behavior, decreasing solubility 
with increasing Na2O, up to about 4 wt%. At higher Na contents, Pd solubility is independent of Na 
content.

The increase of FeO activity coefÞ cients with increasing Na content found in this study may pro-
vide an explanation for decreasing FeO with decreasing degrees of partial melting in experimentally 
produced mantle melts (Hirschmann et al. 1998), as melts at low melting degrees are Na-rich.
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