Mineralogical characteristic of micro-inclusions in olivine in pallasite
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Pallasite is a type of meteorite that consists of a mixture of olivine and Fe-Ni alloy. Its mineral composition and characteristic texture have attracted the attention of many meteoriticists and mineralogists. So far, various models have been proposed to explain its origin, and among them the most popular models are 1) formation by magmatic differentiation of silicate-metal melt at the CMB condition (Boesenberg et al., 2012), and 2) formation by mechanical mixing of different asteroids through extensive impact(s) (Yang et al., 2010). However, the origin and the formation mechanism of pallasite has still been unclear. Here, we performed detailed micro-texture observation of pallasite using SEM and TEM and found droplet-shaped micro-inclusions composed of such as Fe-Ni alloy, FeS, oxides and silicates in olivine crystals. Since such micro-inclusions might have recorded a thermal history of the pallasite during or after its formation, investigating the formation process would provide useful information on the origin of pallasite.

The sample studied was Seymchan (MG pallasite) discovered from the Yasachinaya river in Russia. The microstructure and the chemical composition of olivine and its inclusions were investigated using a field-emission-type scanning electron microscope (FE-SEM) equipped with an energy dispersive X-ray spectrometer (EDS). We also prepared thin foil sections from some inclusions using a focused ion beam (FIB) system and analyzed the structure and chemical composition of the constituent mineral phases by transmission electron microscopy (TEM).

SEM-EDS analysis showed that the micro-inclusions in olivine are composed mainly of troilite (FeS) and Fe-Ni phases (kamasite and taenite) with small amounts of stanfieldite (Ca₄(Mg, Fe²⁺)(PO₄)₆), chromite ((Mg, Fe²⁺)Cr₂O₃) and tridymite (SiO₂) as minor phases. Those inclusions are most likely melt inclusions which formed through the infilled of the melt along cracks in olivine followed by thermal healing to form the droplet-shapes, since most of them are arranged linearly in the host olivine. The fact that they consist of multiple phases separated by sharp boundaries suggests that they crystallized at a slow cooling rate rather than upon quenching. Chemical quantification analysis revealed that the Fe-Ni phases in the inclusions have larger variation in Ni content than those in the matrix of the pallasite, while minor phases are almost uniform in composition among many inclusions. This means that the micro-inclusions in olivine in Seymchan pallasite were all produced simultaneously from a single source melt, which may have been formed as a result of partial melting of the Fe-Ni alloy in the pallasite matrix, or provided by a completely different event after pallasite formation. In either case, the presence of tridymite implies that the formation of the micro-inclusions likely occurred through a low pressure event after pallasite formation. 
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