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Introduction: Alloys of refractory metals (RM: Re, W, Mo, 

Pt, Os, Ir, Ru and Rh) in Ca,Al-rich inclusions of primitive mete-
orites are among the earliest condensates in a cooling nebular 
gas. Oxidation, sulfurization, and exsolution have altered the 
RM-metal alloys to complex opaque assemblages [1,2,3]. Pri-
mary single phase micrometer sized alloys with a volatility con-
trolled RM-pattern suggest condensation in a common alloy [4]. 
Alternatively, [5] proposed RM condensation in three separate 
alloys: bcc (Fe, Ni, Pt, Rh), fcc (Fe, Ni, Ir) and hcp (Ru, Os). We 
report here on a population of sub-micron sized refractory metal 
nuggets (RMNs) in an acid-resistant residue of the Murchison 
meteorite prepared for analysis of pre-solar SiC grains. These 
RM grains provide evidence for condensation in solid alloys con-
trolled by the crystal structure of the condensing metals.  

Results and Discussion: About 500 RMNs were identified 
by SEM and 107 were selected for quantitative analysis by en-
ergy dispersive X-ray spectroscopy (EDS). The size distribution 
was found to be lognormal around a mean size of ~300 nm, 
indicative of cumulative growth processes expected from 
mechanisms like gas-solid condensation [6]. Individual grains 
show large variations in chemistry, with Mo, Os, Ru and Ir ac-
counting for more than 87 % by mass. The rest is contributed by 
W, Pt, Rh and some Fe and Ni. Ru is anticorrelated with Os and 
Ir. The grains can be understood as mixtures of an OsRuIr-
component with a MoW-alloy and a PtRhFeNi component which 
is poorly defined, because of low abundance. The average com-
position of the 107 chemically analyzed grains is: (in mass %): 
W (4.6), Os (25.3), Ir (24.4), Mo (20.6), Ru (16.9), Pt (1.6), Rh 
(0.2), Fe (6.0) and Ni (0.4), indicating a smooth volatility con-
trolled CI-normalized pattern of RM with strong depletions of the 
two most volatile RM, Pt and Rh. The presence of some Fe and 
Ni is predicted by condensation calculations. No correlation was 
found between the size of the grains and their composition. Ef-
fects of the chemical treatment employed in the extraction proc-
ess are unlikely because of the abundant presence of W and Mo, 
the elements most susceptible to oxidation. 

Conclusions: Size distribution and chemistry suggest forma-
tion of the RMNs by condensation in a nebular gas. The anti-
correlation of Os and Ru in individual grains requires a closed 
system, with continuously changing Os/Ru ratios during conden-
sation.  
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