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ABSTRACT

Norilsk sulfide ores are one of the largest known sources of Pd on Earth. Palladium in these ores is
presented in platinum-group minerals (PGM) and base metal sulfides (BMS), especially in pentlandite
[(Fe,Ni)ySg]. Although several studies demonstrated high concentrations along with heterogeneous
distribution of Pd in pentlandites from Norilsk, the form of Pd in pentlandite has not been established.
Here, we provide the first evidence for Pd incorporation in the structure of pentlandite from Norilsk ores
using X-ray absorption near edge structure (XANES) spectroscopy, synchrotron-based micro-X-ray
fluorescence (LXRF), and electron backscatter diffraction (EBSD). We present the first ever measured
XANES spectra of Pd in pentlandite and atokite [(Pd,Pt);Sn] as well as in other common Pd minerals.
Divalent Pd in pentlandite was detected by XANES. The Pd spectra in pentlandite show no similarities
with Pd spectra in PGM, metallic Pd, PdS, PdCl,, and PdSO, which signifies that Pd incorporates into
the lattice of pentlandite. Substitution of Ni by Pd in the lattice of pentlandite is supported by negative
correlations shown by pXRF and electron probe microanalysis (EPMA) and complies with the previous
studies. The additional EBSD study demonstrates a resemblance in cell parameters of the Pd-rich and
Pd-poor parts of the pentlandite grains and reflects that Pd incorporation into the pentlandite structure
does not imply any notable structure distortion. The combination of analytical techniques used in the
present study demonstrates the great potential of these methods for understanding the mechanisms of
noble metal incorporation into ore minerals.
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