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INTRODUCTION

The group of noble metals (NM) comprises the platinum
group elements (PGE: Pd, Pt, Ir, Os, Ru, and Rh) and, in addi-
tion, Au and Ag. All NM, probably with the exception of Ag,
have very high metal/silicate partition coefficients and are,
therefore, commonly termed highly siderophile elements (HSE).
The element Re also is considered an HSE. Thus all three terms
(NM, PGE, and HSE) include almost the same group of ele-
ments and are often used as synonyms. The PGE may be fur-
ther subdivided into light PGE (Ru, Rh, and Pd) and heavy
PGE (Os, Ir, and Pt), or according to Barnes et al. (1985), into
the Ir group (IPGE: Ru, Os, and Ir) and the Pd group (PPGE:
Rh, Pt, and Pd). In this paper we will concentrate on the behav-
ior of five of these elements: Pd, Au, Ir, Pt, and Ru.

In recent work (Borisov et al. 1994; Borisov and Palme
1995a, 1996, 1997; Borisov and Nachtweyh 1998) solubilities
of HSE in silicate melts have been determined at 1 atm total
pressure and at a wide range of oxygen fugacities (fO2

). Calcu-
lated metal/silicate partition coefficients, extrapolated to the
low values of fO2

 (IW-2) relevant for terrestrial core formation,
were found to be extremely high (106–1015 at 1350 °C), which
suggests that the chondritic HSE signature of the upper mantle
cannot be the result of metal/silicate equilibrium, at least at
low pressures (Borisov and Palme 1995b).

The data on noble metal solubilities are also important for
understanding the NM pattern in the Earth’s mantle and the
behavior of NM during magmatic processes in the Earth and
other planets. How do HSE behave during mantle melting?
What is the role of sulfides? How would alloy formation influ-
ence the NM pattern? Experiments for NM solubilities have
been carried out at fO2 values near QFM; because fO2 values in
the upper mantle are assumed to be in that range (Carmichael
and Ghiorso 1986; Canil et al. 1994), the results of the solubil-
ity experiments can be directly applied to such problems, and
there is no need to extrapolate the data beyond the fO2

 range
used in experiments.

However, there is one important difference between sili-
cate liquids used in experiments and melts in natural systems.
All our experiments were made in Fe-free systems (the terms
“Fe-free” and “Fe-containing” are used to indicate the pres-
ence or absence of FeO in the silicate melt). Experiments with
FeO-containing melts are difficult because of the formation of
NM-Fe alloys, which would result in differences in solubilities
in melts having different FeO contents, even for the same fO2

.
In this paper we will discuss the solubilities of NM in FeO-

containing melts, resulting from binary alloy formation (NM-
Fe), using known data on activity coefficients in binary NM-Fe
systems. The full understanding of the geochemical behavior
of PGE in magmatic processes requires, in addition, consider-
ation of complex NM-alloys as well as data on the compatibil-
ity of HSE with solid mineral phases (oxides, silicates, and
sulfides). In a first step, only the effects of binary NM-Fe al-
loys are considered, as thermodynamic data on more complex
NM and NM-Fe alloys are only poorly known or not known at
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ABSTRACT

The solubilities of noble metals (NM: Ir, Pd, Au, Pt, and Ru) in FeO-free silicate melts are known
from recent experimental work. In this paper, calculations are presented that relate solubilities of
NM in FeO-free melts to those in FeO-containing melts. The main difference between these two
systems is the formation of Fe-NM alloys in FeO-containing melts. At fO2

 conditions of the QFM
buffer and 1200 °C, binary alloys of Fe with Au, Ru, Ir, Pd, or Pt containing 1, 2, 10, 17, and 25 at%
Fe, respectively, are in thermodynamic equilibrium with a silicate melt with 10 mol% FeO. Thus
alloy formation leads to a significant reduction in the solubility of Pt and to a lesser reduction in the
solubility of Pd. The effects for Ir and Ru are small, and for Au almost negligible. The reduction in
solubilities depends on temperature, oxygen fugacity, and FeO content of the silicate melt. Forma-
tion of FePt-alloys would lead to a preferred depletion of Pt in partial melts from the Earth’s mantle,
which, however, is not observed. One explanation is that mantle melting occurs under very oxidiz-
ing conditions (QFM+2). The calculations presented here should be considered a first step toward
gaining a better understanding of the behavior of NM during igneous processes.


