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Os solubility in silicate melts: New efforts and results
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ABSTRACT
New experimental results are reported on the partitioning of Os between Ni94Os6 (at) alloys and
silicate melt at 1400 °C at one atmosphere total pressure and oxygen fugacities ranging from 10–6 to
10–8 atm. Specially designed experiments allowed us to avoid nugget formation, which was responsible for the anomalously high Os solubilities reported by Borisov and Palme (1998). Experimental
glasses were analyzed by instrumental neutron activation analysis and by isotope dilution analysis.
Results reveal a strong dependence of Os solubility on fO2, with Os contents decreasing from about
100 ppb to about 5 ppb as fO2 decreases. The slope of log (Os solubility) vs. log fO2 implies that Os3+
is the dominant Os valence state in silicate melts.
The relative geochemical behavior of Os and Pt is also compared. Results suggest that Pt is more
siderophile, and may also be more chalcophile than Os under the conditions considered.

INTRODUCTION
Osmium, like most noble metals, is assumed to be a highly
siderophile element (HSE). The magnitude of partitioning between metal and silicate under different conditions, however,
is still poorly constrained and highly debated. A knowledge of
Os solubility (as well as solubilities of other HSE) is very important for constraining several important issues in geochemistry and cosmochemistry.
First, from solubility data, relevant metal/silicate partition
coefficients may be calculated (e.g., Borisov and Palme 1995b).
These partition coefficients should help to answer the main
question of whether the achievement of global mantle-core
equilibrium during the formation of the core was responsible
for the present, relatively elevated HSE abundances and generally chondritic HSE ratios in the upper mantle (Murthy 1991;
Righter and Drake 1997), or whether these characteristics were
set primarily via the addition of a chondritic late veneer subsequent to core formation (Kimura et al. 1974; Chou 1978; O’Neill
1991).
Second, constraining the solubilities of HSE in natural melts
is also important for understanding their behavior during partial melting and crystallization processes in sulfide-undersaturated silicate systems. At present, it is not clear whether natural
silicate melts are saturated with noble metals or what platinum-group element (PGE) alloys are stable at various T-fO2
conditions.
Finally, the recent application of the 190Pt-186Os isotopic system (Walker et al. 1997) makes the comparison of the geochemical behavior of these two elements important.
Borisov and Palme (1998) recently reported the first experimental results on the partitioning of Os between metal and
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silicate melt with an anorthite-diopside eutectic composition
at 1400 °C and 1 atm total pressure and fO2 from 10–8 to 10–12
atm. Experiments were done by equilibrating Ni-rich OsNi
metal loops with silicate melt. Metal and glass were analyzed
separately by instrumental neutron activation analysis (INAA).
They reported that DOs ranges from 106 to 107, a finding that
may be inconsistent with core-mantle equilibrium for HSE. For
these experiments, there was practically no fO2 dependence on
Os partitioning, and the scatter of the experimental results was
quite large. The formation of very small, optically undetectable Os-nuggets is the most likely explanation for this scatter.
Here we report results for a new set of experiments that were
specially designed to avoid, or at least to minimize, the nugget
problem.

EXPERIMENTAL PROCEDURES
In most respects, the procedure used here was similar to
that reported by Borisov and Palme (1998). The experiments
were conducted with a loop technique in a one atm vertical
tube furnace with controlled oxygen fugacity (uncertainties of
cited log fO2 values and temperatures do not exceed ±0.1 and
±2 °C, respectively). The loops were prepared from a homemade Ni-Os alloy, close in composition to Ni94Os6 (see Borisov
and Palme 1998, for details). The initial silicate of anorthitediopside eutectic composition was created by mixing reagent
grade oxides.
Silicate powders were mixed with a glue and inserted into
the loops, which were then suspended on a ceramic disk and
transferred into the furnace. To increase the expected Os solubility, we decided to work in a more oxidizing region (from 10–6 to
10–8 atm), in contrast to the experimental conditions of Borisov
and Palme (1998, 10–8 – 10–12 atm). At these fO2 values, the Ni
solubility was expected to reach the percent level, which could
result in the partial destruction of the Ni-Os alloy in the meltloop contact, and lead to probable contamination of the melt
with metallic Os. For this reason, the silicates were first
presaturated with Ni by equilibration in pure Ni loops at 1400

