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abstraCt

Pyrite, the most abundant sulfide on Earth and a common component of gold deposits, can be a 
significant host for refractory gold. This is the first documentation of pore-attached, composite Au-
telluride nanoparticles in “arsenic-free” pyrite. Trace elements mapping in pyrite from an intrusion-
hosted Au deposit with orogenic overprint (Dongping, China) shows trails of tellurides overlapping 
Co-Ni-zonation. Intragranular microfracturing, anomalous anisotropy, and high porosity are all features 
consistent with devolatilization attributable to the orogenic event. The pyrite-hosted nanoparticles are 
likely the “frozen,” solid expression of Te-rich, Au-Ag-Pb-bearing vapors discharged at this stage. 
Nanoparticle formation, as presented here, provides the “smallest-scale” tool to fingerprint Au-trapping 
during crustal metamorphism
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introduCtion

The properties of noble metal nanoparticles (NPs; <100 nm) 
and fine particles (100–2500 nm) in ores have important applica-
tions to mineral exploration, ore processing and environmental 
mitigation of coexisting toxic elements. The billion-dollar eco-
nomic implications of “invisible gold” (Cook and Chryssoulis 
1990) in pyrite for Au exploitation have driven substantial re-
search aimed at characterizing, quantifying, and understanding 
how and why invisible gold, either as lattice bound or as NPs, 
occurs (Palenik et al. 2004; Reich et al. 2005; Large et al. 2009; 
Deditius et al. 2011). Arsenic-bearing pyrite illustrates the only 
known scenario for AuNP nucleation, whereby their formation 
is controlled by concentration above the As-saturation with Au/
As molar ratio of ~0.02 (Reich et al. 2005). In As-bearing pyrite, 
Au and As are scavenged from low-temperature fluids typical 
of Carlin- and epithermal-type, from where AuNPs have been 
hitherto reported (Palenik et al. 2004; Deditius et al. 2011). In 
Carlin-type deposits, trapping of lattice-bound Au in As-bearing 
pyrite is dominant (Reich et al. 2005). Here we consider trapping 
of Au within pyrite in the absence of substitutional As by forma-
tion of telluride NPs during interaction with high-volatile fluids.

In many deposits, particularly those with protracted geologi-
cal histories, Au often has a more diverse mineralogy, including 
Au-bearing tellurides (Cook et al. 2009a and references therein). 
There is a marked geochemical correlation between Au and 
chalcophile elements (Bi, Ag, Pb, Cu, etc.) with affinity to Te 
(CEs), forming telluride associations. In vent chimneys from the 
Silurian Yaman-Kasy volcanic-hosted deposit (Maslennikov et 
al. 2009), the presence of micro-inclusions was inferred in zones 
of As-free collomorph pyrite based on trace element correlations, 

suggesting they may have exsolved from pyrite Although not 
commonly reported, incorporation of CEs in pyrite is possible, as 
seen from the stunning oscillatory and sectorial zonation patterns 
for As, Cu, Ag, Te, and Se in pyrite from the high-sulfidation 
epithermal Au–Ag–Cu Pascua deposit (El Indio belt, Chile; 
Chouinard et al. 2005) or in orogenic and Carlin-type arsenian 
pyrite (Large et al. 2009).

baCkground and rationaLe

Dongping, located on the margin of the North China Craton, 
is an example of a Au deposit with a telluride mineral signature. 
The mineralization, hosted by syenite intrusions, is attributed 
to either Paleozoic alkaline magmatism (Nie 1998) or to a Me-
sozoic magmatic-deformational event (Yanshanian orogeny) 
(Mao et al. 2003). The strong correlation between various types 
of textures in pyrite (brecciation, recrystallization, and porosity 
development) and Au concentration is consistent with multiple 
overlapping events (Cook et al. 2009b). Pyrite is a component 
of the Au-veins and host-rock alteration and is characterized by 
the presence of Au-, Au-(Ag)-, and Pb-telluride inclusions with 
spatial distributions that range from scattered to dense. Areas of 
clustered, micrometer-scale telluride inclusions were suggested 
to result from coupled-dissolution-reprecipitation-reactions 
(CDRR) between pre-existing pyrite and superimposed fluid(s) 
and the presence of NPs was postulated in such areas (Cook 
et al. 2009b). Ciobanu et al. (2011) showed micrometer- to 
submicrometer-scale details of such areas further supporting 
this interpretation. Cross-section high-resolution dual focused 
ion beam (FIB)–scanning electron microscopy (SEM) has 
shown that porosity is ubiquitously present within the areas of 
clustered telluride inclusions in pyrite. These inclusions, ranging 
in size from a few micrometers to hundred(s) of nanometers, * E-mail: Cristiana.Ciobanu@adelaide.edu.au


