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INTRODUCTION: El Goresy et al.'s [ I ]  discovery of Nb, Ta, and Zr in refractory platinum metal nuggets 
(RPMNs) from Ca-, Al-rich inclusions (CAI's) in the Allende meteorite raises many questions about nugget 
formation. El Goresy et al. originally proposed that these lithophile refractory transition elements (LRTEs) 
alloyed in the metallic state with the noble metals, suggesting formation conditions much more reducing 
than the solar nebula. Taken at face value, this scenario is unlikely due to the vastly greater 
thermodynamic stability of Zr in the oxide phase as pointed out by Grossman [2]. However, neither 
argument considers the non-ideal behavior of some LRTEs in noble metal solutions or intermetallic 
compounds. 

This non-ideal behavior was observed by Jones and Burnett [3] who demonstrated experimentally that 
U strongly alloys with Pt in a very non-ideal manner and also noted that Zr, due to it's very low activity 
coefficient in Pt, should behave similarly. In addition, Fegley and Kornacki [4] calculated that at solar 
nebula conditions, many of the LRTE's form intermetallic compounds with the platinum group metals. The 
Engel theory of metals [5,6] predicts this high thermodynamic stability for certain intermetallic alloys that 
combine refractory transition metals having less than 5 d electrons with a noble metal that has internally 
paired d electrons which are unavailable for bonding in the pure metal. Interestingly, ZrPG, Nblr,, and Zrlr, 
are predicted to be among the most stable based on Engel theory. 

Finally, Palme and Schmitt [7], and Treiman et al. [8] ran experiments to quantify the partitioning 
behavior of certain lithophile elements between platinum and silicate liquid. However, the experimental 
partition coefficients of Treiman et al. [8] may be too low because of a higher than expected f,, caused by 
oxygen diffusion through the silica tube (see below). This research is a continuation of that project . 

EXPERIMENTAL: The silicate portions of the Treiman et al. [8] experiments were highly crystalline. Thus, 
a new glass composition was prepared using the minimum melting composition given by Stolper [9] for 
Allende CAI's. Four wt.% FeO was added to Stolper's composition. Mixed oxides were used as starting 
materials which were later spiked with varying amounts of Zr, Ti, or Nb oxide. An aliquot of fine (2u) 
platinum powder was added to the spiked oxide mix to yield an atomic platinum-to-iron ratio of 5:1. The 
experimental charge was then loaded into an alumina crucible and sealed in a evacuated silica glass tube 
with an additional crucible containing 150mg of Cr metal. The oxygen fugacity of the Cr-Cr,O, buffer at 
1550K is approximately 5 ~ 1 0 - ' ~  bar, or about one log unit above solar. The sealed silica tubes were run in a 
controlled atmosphere Deltech furnace at 1548K for 48 hours. A flowing CO/CO, mixture provided a log f,, 
of -9.63 on the outside of the silica tube which minimized oxygen diffusion through the silica . 

LRTE oxides were spiked at 1.0, 5.0, and 10.0 wt.% of the glass. Additional Zr experiments were 
performed at 0.5,2.5, and 8.0 wt.% ZrO, and the 10 wt.% ZrO, experiment was dropped. It was hoped that 
high LRTE concentrations would be sufficient to stabilize LTRE oxides in the glass so that activity 
coefficients of the LTREs in the Pt could be attained. Chemical compositions were determined by WDS 
electronbeam analysis on the NASA/JSC CAMECA electronprobe. 

RESULTS: The 1.0 wt.% experimental charges contained a single metal bead consisting of a Pt-Si-Fe 
liquid dispersed among crystalline Pt-Fe-LRTE nuggets. This bead sits atop the quenched silicate glass. 
The higher concentration experiments did not form a Pt-Si-Fe liquid phase and the Pt-Fe-LRTE nuggets 
were smaller and formed a skeletal mass with interstitial silicate and voids. The 8.0 wt.% ZrO, experiment 
precipitated the oxide phase. No other LRTE oxides were stabilized. 

Partitioning results are summarized in Fig. 1. All the LRTEs strongly partition into platinum metal 
independent of concentration. Based upon the chemical analyses, the intermetallic compounds (Zr,Fe)Pt,, 
Ui,Fe)P&-, and (Nb,Fe)Pt, appear to be the predominant platinum phases in the low concentration Zr, Ti, 
and Nb partitioning experiments, respectively. These phases are consistent with the reported phase 
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diagrams for these systems [lo]. Chemical analyses of the Pt-phases in the higher concentration Ti and 
Nb experiments are difficult to interpret. The complexity of the binary phase diagrams for these systems 
and the non-stoichiometry of some of the intermetallic compounds make it difficult to determine if the 
analyzed phases are true intermetallic compounds or alloys. 

DISCUSSION: Our experiments confirm the predictions of Fegley and Kornacki 141 in that Zr, Ti, and Nb all 
appear to form intermetallic compounds with platinum metal. Our partition coefficients are greater than 
those reported by Treiman et al. [8] and most probably reflect our improved experimental technique. In 
addition, our partition coefficient for Zr (2.09) at the 0.5 wt.% concentration is within the upper limit of 2.3 
for Zr in Pt reported by Palme and Schmitt [7] . 

In conclusion, our resutts suggest that Zr, Ti, and Nb should be common in RPMNs from CAls. We 
propose two reasons why they are not: 1) our current experiments were performed on relatively pure Pt 
metals, a complex 0s-Pt-lr-Ru alloy may not behave in the same manner, and 2) although noble metal- 
LRTEs compounds may form initially, later exposure to more oxidizing conditions may obliterate all but the 
most stable compounds such as ZrPt, or Nblr, based on Engel-Brewer theory. In addition, our results 
reinforce the observation of Fegley and Kornacki [4] who questioned why Ti, which strongly partitions into 
platinum at solar nebula conditions and is abundant in CAls, has not been found in RPMNs from CAls. As 
just suggested, this may be due to kinetics and not equilibrium partitioning. Additional experiments are 
being planned to explore these possibilities. 

FIG. 1 Values for D(solid Pt-FeISilicate Liquid) 

Pt/IXI"I' Partitioning Data 
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