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High-energy resolution X-ray absorption spectroscopy study of the state of Pt in pyrite
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ABSTRACT

Pyrite (FeS2) is a common host mineral of Pt in many types of deposits of late magmatic and hydro-
thermal origin, including the Aguablanca Ni-Cu ore deposit in southwestern Spain. Yet the exact state
of Pt in the pyrite from Aguablanca, including its oxidation state and local atomic geometry, still lacks
spectroscopic evidence. Here, we investigated the state of∼30 ppm of Pt in a natural pyrite sample from
Aguablanca using the high-energy resolution fluorescence detection X-ray absorption near edge struc-
ture (HERFD-XANES) technique. Our analysis of the Pt L3-edge HERFD-XANES experimental spec-
tra and theoretical spectra simulations performed via the ab initio FDMNES code revealed that Pt is
incorporated in the cationic subshell of the natural pyrite sample. The presence of Pt-bearing micro-
or nano-sized inclusions disseminated in the pyrite matrix was ruled out. The Pt-S interatomic distance
(RPt-S) of 2.34 ± 0.01 Å in the Aguablanca sample is almost identical to that in the Pt-doped synthetic
pyrite sample (RPt-S = 2.35 ± 0.01 Å). The Pt-S interatomic distance is∼3.5% larger than the Fe-S inter-
atomic distance in the pure pyrite structure, primarily due to a 3% difference between the covalent radii
of Pt and Fe, rather than differences in their ionic radii or electronegativities. The Pt “formal” oxidation
state of�3.5 and partial atomic charge of�0.4 e in the natural sample substantially exceed those of Fe
in the pure pyrite structure (�2 and�0.2 e, respectively). By employing available literature data on the
solubility of Pt in synthetic pyrite samples, we demonstrated that the Pt enrichment of the natural pyrite
specimen took place at a temperature above 360 °C.

Keywords: Isomorphous platinum, solid solution, natural pyrite, HERFD-XAS, X-ray absorption
spectroscopy, solubility, Ni-Cu-PGE Aguablanca ore deposit, Spectroscopy in Geology: A Decade of
Breakthroughs

INTRODUCTION

Pyrite (FeS2) is a typical carrier of the refractory, or so-called
“invisible,” form of Platinum Group Elements (PGEs) and Au.
Pyrite can be enriched by as much as several hundred ppm of Pt
in the deposits of orthomagmatic (e.g., Graham et al. 2017;
Smith et al. 2014; Cabri et al. 2008; Oberthür et al. 1997), mag-
matic, and post-magmatic hydrothermal (e.g., Boucher et al.
2023; Robb et al. 2023; Piña et al. 2016, 2015, 2013; Duran et al.
2015; Djon, Barnes 2012; Gervilla and Kojonen 2002; Distler
et al. 1999) origin. A review and analysis of the literature on
the solubility of Pt in the pyrite samples are provided by Filimo-
nova et al. (2019, 2022). Our previous study on the state of Pt in

the samples of pyrite synthesized in the system saturated with
respect to Pt was performed by X-ray absorption spectroscopy
(XAS) (Filimonova et al. 2019) and demonstrated that both Pt
solid solution and PtS2 nano-sized inclusions (at high-Pt
content) can enrich synthetic crystals of pyrite. Under the
experimental conditions of that study, the content of Pt in solid
solution reached ∼0.25 wt% at 580 °C. The solubility of Pt in
pyrite and pyrrhotite in the saturated systems was calculated
based on the study of the synthetic Pt-doped crystals by Filimo-
nova et al. (2022), based on their results and literature data
(Majzlan et al. 2002; Makovicky et al. 1988).

For over two decades, several authors have described the pres-
ence of significant amounts of Pt in pyrites fromNi-Cu-PGEmag-
matic sulfide deposits (Junge et al. 2019; Piña et al. 2016; Duran
et al. 2015; Smith et al. 2014; Dare et al. 2011; Oberthür et al.
1997). Pyrite is often a minor ore phase among sulfides forming
these ore deposits (namely, pyrrhotite, pentlandite, and chalcopy-
rite). Nevertheless, pyrite is the only sulfide hosting detectable
amounts of Pt. The ore assemblage of the examined natural
pyrite sample from the Aguablanca Ni-Cu ore deposit, SWSpain,
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