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Introduction:  Much of our current knowledge of 

the phases that control the distribution of the platinum 
group elements (PGEs) during igneous differentiation 
is empirical, and although it is well established that 
sulphide or alloy phases concentrate the PGEs, the 
affect of primary liquidus minerals on their behaviour 
remains poorly characterised.  Our recent experimental 
work [1] has shown that some PGEs are compatible in 
olivine (mineral/melt or D of >1; Ru and Rh), whereas 
others are rejected (D<1; Pt and Pd).  This is consistent 
with the behaviour of these elements in sulfide-
undersaturated mafic and ultramafic rocks [2,3], and 
suggests olivine may play a significant role in PGE 
fractionation during crust-mantle differentiation.  
Previous attempts to measure the olivine-melt 
partitioning behaviour of the most refractory PGEs, Ir 
and Os, have been thwarted, however, owing to 
difficulties in achieving a homogeneous distribution of 
these elements in mineral and melt phases.  Thus, the 
signature of olivine control on PGE fractionation is 
incomplete.  Here we present results of experiments in 
which a homogeneous distribution of iridium is 
achieved by adding molten gold to the experiment.   

Experimental Technique: Experiments were 
performed at 1 atm using a vertical tube furnace with 
control of fO2 by gas mixing and measured with a Y-
doped zirconia oxygen probe.  We did experiments 
using N2-CO-CO2 mixtures corresponding to FMQ 
+3.7, +4.4 and +5.5.  Samples consisted of a synthetic 
basalt oxide mixture plus a premelted iridium + gold 
bead.  Iridium and gold are immiscible, and gold is 
molten at the conditions of our experiments, so the 
bead consisted of small iridium crystals surrounded by 
molten gold.  This textured persisted throughout the 
experiment.  Experiments were also doped with a suite 
of trivalent elements (Sc, Tb and Yb), so as to assess 
iridium partitioning in the context of the 
Blundy/Wood/Beattie elastic strain model.  The melt-
metal mixture was held in crucibles fabricated from 
San Carlos olivine (SCO), and suspended by a 
palladium wire attached to a fused quartz rod.  The 
time-temperature history employed in experiments was 
designed to promote the growth of large olivine 
crystals from a melt whose iridium content was 
homogeneous.  To facilitate melt homogeneity, 
samples were first subject to an isothermal “soak”at 
1400oC, for durations of 48-128 hours.  After this step, 
olivine growth was promoted by cooling to 1350oC at 

60o/hr, holding for one hour, then cooling at 1o/hr to 
1335oC.  Experiments were terminated by removing 
the bottom furnace seal and plunging the sample into 
an ice/water mixture. 

Analytical methods: The major element 
composition of run-product phases was determined by 
electron microprobe.  Trace elements were determined 
using the laser ablation ICP-MS facility in the 
Department of Geology at the University of Maryland.  
This system employs a frequency quintupled Nd:YAG 
laser operating at 213 nm (deep UV), coupled to a 
Finnigan Element 2 magnetic sector ICP-MS, with He 
flushing the ablation cell to enhance sensitivity.  Laser 
spot sizes ranged from ~80 to ~160 microns, with a 
laser repetition rate of 10 Hz.  Standards employed 
were NIST 610 and a PGE-bearing NiS bead.   

Results and Discussion: Examples of time-
resolved ICP-MS spectra for run-product glasses are 
provided in Figure 1.  In general, both glasses and 
olivines show a homogeneous distribution of all trace 
elements analysed, including iridium, as judged by the 
uniform count rates for these elements with ablation 
time (= depth into sample).   
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Figure 1.  Time-resolved spectra for Ir-193 in run-
product glasses.  Spectra are marked according to the 
fO2 with respect to FMQ. 
 

The iridium content of run products uniformly 
decreased with fO2, and glass concentrations are nearly 
identical to those reported by Borisov and Palme [4] 
over the same fO2 range.  As a test for olivine-melt 
equilibrium, we also did some experiments in which 
the melt initially contained a high iridium content.  
This was accomplished by first soaking at 1400oC and 
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FMQ+5.5 for 48 hours, then the fO2 was lowered to 
FMQ+4.4 and the experiment was run with the same 
time-temperature history as other forward experiments.  
Partition coefficients measured using either protocols 
were found to be the same.  

The distribution of iridium in experiments 
containing molten gold is in contrast to results from 
our experiments done at similar fO2 and duration in 
which pure iridium was added alone.  In the latter case, 
the iridium concentration is generally lower, and  less 
homogeneous between analysis spots.  Molten gold 
may accelerate the oxidation reaction by which iridium 
dissolves in the silicate melt, and it also seems to 
suppress the formation of iridium microinclusions 
within the glass.   

Representative olivine/melt partition coefficients 
are provided in Table 1.  As expected, partition 
coefficients for Sc, Tb and Yb are independent of fO2, 
whereas the value for iridium is increased markedly at 
the lowest fO2 investigated, such that iridium changes 
from moderately incompatible, to moderately 
compatible in olivine.  In all cases, the partition 
coefficient for Ir plots above the Blundy/Wood/Beattie 
partitioning parabola defined by the trivalent elements, 
suggesting a lower than 3+ oxidation state. 

 
Table 1.  Olivine-melt  partitioning data (values 

in parentheses are 1-sigma errors from multiple 
spots) 
fO2 +3.7 +4.4 +5.5 
Sc 0.10 

(0.01) 
0.12 

(0.01) 
0.13 

(0.01) 
Tb 0.0030 

(0.0003) 
0.0024 

(0.0002) 
0.0040 

(0.0003) 
Yb 0.013 

(0.001) 
0.017 

(0.001) 
0.016 

(0.001) 
Ir 2.7(0.7) 0.49(0.13) 0.51(0.08) 
 
The observed change in partition coefficient with fO2 
is similar to behaviour we have documented previously 
for Ru and Rh [1], which we interpret to be the result 
of a change (reduction) in oxidation state of these 
elements with decreasing fO2.  At the lowest fO2 
investigated, the partition coefficient for Ir is nearly 
the same as for Mg (~3), which is not surprising, given 
that our estimated ionic radius for Ir2+ in VI-fold 
coordination (0.074) is only slightly larger than Mg2+ 
(0.072).  Thus, the increase in partition coefficient 
with decreasing fO2 suggests a decrease in oxidation 
state to predominantly 2+.  It is also noteworthy that 
Borisov and Palme [4] observed a change in iridium 
solubility between FMQ+4.4 and FMQ+3.7 consistent 
with a shift in oxidation state to predominantly 2+.   
The compatible behaviour for Ir observed in our 

lowest fO2 experiment is also consistent with the 
results of Brugmann et al [2] and Puchtel and 
Humayen [3], who estimated olivine/melt partition 
coefficients of 0.8 and 1.8, respectively, based on 
iridium behaviour in komatiites.   
 
Conclusions: Combining these results with our 
previous work [1], it is clear that at lower fO2, olivine 
has a strong preference for Ir, Ru and Rh relative to Pt 
and Pd, results which are consistent with the behaviour 
of these elements in natural samples.  The 
Blundy/Wood/Beattie elastic strain model accounts for 
most of this behaviour, as the most compatible 
elements in olivine have charge and ionic radii similar 
to Mg2+.  Pt is an exception to this, as it is more 
incompatible than predicted.  Primitive mafic and 
ultramafic magmas from different tectonic settings are 
characterised by subchondritic abundances of Ir and 
Ru relative to Pt and Pd [5].  That the upper mantle has 
near-chondritic relative abundances of these elements 
[6], implies that Ir and Ru are more compatible than Pt 
and Pd during partial melting.  The partitioning 
behaviour documented here and in our previous work 
[1] is consistent with the sense of fractionation of Re 
and the PGEs in mantle-derived magmas, and suggests 
that olivine-melt partitioning exhibits a strong control 
on siderophile element fractionation in natural 
magmatic systems.  The database for Re and PGE 
partitioning involving minerals other than olivine is 
sparse, however, and a fully quantitative model for the 
behaviour of these elements during the melting and 
solidification of mafic magmas awaits this additional 
information. 
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