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Introduction: Differentiation occurred on planetary bodies throughout the early Solar System. Most differentiated 

meteorites evolved from reducing geochemical environments [e.g., 1], wherein the majority of Fe is held in FeNi 
metals. At the onset of differentiation, the first melts produced were dominated by the Fe-Ni system with a minor light 
element component that ultimately segregated from silicates to form metallic cores. The trace element abundances of 
these metallic melts and their residues have been used to interpret myriad processes involved in parent body petro-
genesis [2]. However, processes of differentiation in more oxidized environments are not well-understood. Unusual 
highly siderophile element (HSE) distributions in sulfides of both brachinites and R chondrites may provide some 
insight into oxidized differentiation. Depletions in Ir and Pt relative to Os and Ru may be related to the presence of 
discrete platinum-group element (PGE) phases in R chondrites that fractionate from residual sulfides during partial 
melting [3], which may also apply to brachinite precursors. PGEs likely persist as discrete phases due to the lack of 
FeNi metal in primitive oxidized materials, but their evolution and behaviors during metamorphism prior to partial 
melting are not understood. To interpret the potential differentiation pathways of oxidized bodies and to model their 
formation, a basic understanding of HSE behavior at the onset of differentiation is required. We will present our 
preliminary findings on the evolution of PGE phases during thermal metamorphism of the R chondrite parent body. 

Methods: PGE phases were identified via SEM/EDS. EDS element maps were constructed to determine modal 
mineralogy and mineral heterogeneity. Major element abundances of silicates, sulfides, and oxides were collected 
through EMPA for calculation of mineral closure temperatures. The petrologic grades of clasts in R chondrites were 
determined following methods in [4]. Trace element contents of R chondrite sulfides were measured via LA-ICP-MS.  

Results: R chondrites in this study include a range of petrologic types. Northwest Africa (NWA) 11304 is a 
polymict breccia that includes petrologic types 3-4 (and possibly 5/6) based on heterogeneity of olivine and pyroxene 
FeO content. Higher petrologic grade clasts typically contain large (>100 µm) grains of pentlandite and pyrrhotite, 
while sulfides in unequilibrated clasts are typically smaller and more abundant in the matrix. NWA 753 is classified 
as R3.9 [5], consistent with our petrographic observations of chondrule textures and silicate heterogeneity. 

In NWA 11304, PGE metals (i.e., Os metal, Pt-Fe) populate type 3 clasts while discrete PGE phases in higher 
petrologic grades typically take the form of irarsite (IrAsS), platarsite (PtAsS), and semi-metal alloys such as niggliite 
(PtSn), which are usually adjacent to sulfides. PGE metals have been observed as inclusions within both silicates and 
sulfides, as well as within chondrules and matrix assemblages. A similar distribution of Pt metals and sulfarsenides 
was observed in NWA 753, but no Ir-bearing phases have been identified. 

Discussion: The ubiquity of PGE phases throughout R chondrites is consistent with the conclusion that discrete 
PGE metals may have been the primary hosts of PGEs during high-T condensation from the nebula [6]. In reduced 
parent bodies, these elements presumably then diffused or reacted with FeNi metal in chondritic proportions during 
further nebular cooling. In oxidized R chondrites the majority of PGEs are held in sulfides. During formation of 
pentlandite and pyrrhotite, Pt likely experienced selective complexing with As and S, as observed in experimental 
work with As-bearing sulfide systems [7]. This likely accounts for ubiquitous Pt depletions in both pentlandite and 
pyrrhotite. Ir appears to have also formed similar complexes, but at higher temperatures, which is consistent with 
experimental results [7], and may account for irarsite observed within clasts of higher petrologic grade. This suggests 
that formation of discrete Ir-rich phases occurs during higher grade metamorphism than Pt-rich phases. Consequently, 
Ir and Pt depletions in brachinites may be explained by formation of sulfarsenides during metamorphism of precursors 
followed by removal of these phases with pentlandite from the residue during subsequent partial melting. 

Future Work: We have collected major element data for olivine, pyroxene, oxides, and sulfides, and will deter-
mine mineral closure temperatures. These will be compared between clast types to assess the evolution of PGE phases 
in R chondrites through progressive metamorphism. Additional trace element data will also be collected for NWA 753 
to assess the HSE content of pentlandite and pyrrhotite. 
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