
FORMATION OF REFRACTORY METAL 
ALLOYS: THE FIRST CONDENSATES OF THE 
SOLAR SYSTEM?  
D. Schwander1,2, T. Berg2, H. Palme3, U. Ott1, and G. 
Schönhense2. 1Max-Planck-Institut für Chemie, Joh.-
Joachim-Becher-Weg 27, D-55128 Mainz, Germany. E-
mail: d.schwander@mpic.de. 2Institut für Physik, Johannes 
Gutenberg-Universität, Staudingerweg 7, D-55128 Mainz, 
Germany. 3Forschungsinstitut und Naturmuseum 
Senckenberg, Senckenberganlage 25, D-60325 Frankfurt 
am Main, Germany. 

 
Sub-micrometer sized refractory metal nuggets (RMN) 

separated from acid resistant residues of the Murchison 
meteorite have concentrations of the refractory metals Os, 
W, Ru, Mo, Ir that match calculated high temperature con-
densates having equilibrated with a solar composition gas 
at 1400 to 1600 K at 10-4 bar. The presence of the proper 
amounts of the easily oxidizable elements Mo and W in 
the alloy makes alteration in the meteoritic environment or 
during chemical processing very unlikely and thus sup-
ports a condensation origin [1]. A TEM study of a subset 
of these grains indicates a hexagonal close-packed crystal 
structure in all cases, supporting single phase condensation 
[2].   

The most important objective in further studies is the in 
situ identification of the RMN: In polished sections of Al-
lende and Murchison we have begun a systematic search 
for submicron refractory metal particles in order to see if 
the morphology and chemistry of these particles 
is identical to the particles recovered from acid resistant 
residues.  

First results indicate that the RMN are very rare and 
are probably restricted to certain areas of the meteorites. It 
is presently unclear if the RMN are associated with CAI or 
occur as isolated grains in matrix, or both.  

At the same time we have produced additional acid 
residues from Murchison. In one of these residues another 
population of RMN was identified. By the time of the con-
ference we will present the compositions of these RMN. It 
is of interest to see if this new population of RMN covers 
exactly the same range in condensation temperatures as the 
particles of the population described by [1].  Furthermore 
we have started to produce acid residues from Allende to 
see if there are particles which could be similar or identical 
to those from Murchison. 
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