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Abstract
Pyrite is a ubiquitous mineral in many ore deposits and sediments, and its trace element composi-

tion is mainly controlled by temperature, oxygen fugacity, pH, compositions of fluids, and host rock 
composition. A discriminant analysis (DA), based on multi-element compositions of pyrite, distin-
guishes iron oxide-apatite (IOA), iron oxide copper-gold (IOCG), skarn Cu-(Fe), porphyry Cu-Mo, 
orogenic Au, volcanic-hosted massive sulfide (VMS), sedimentary exhalative (SEDEX) deposits, and 
barren sedimentary pyrite. Testing of the DA classifier yields an accuracy of 98% for IOA, 96% for 
IOCG, 91% for skarn Cu-(Fe), 94% for porphyry Cu-Mo, 87% for orogenic Au, 84% for VMS, 96% 
for SEDEX, and 85% for barren sedimentary pyrite. Furthermore, neural network, support vector 
machine, and random forest, were performed for selecting the optimum classifier more accurately. 
In these three techniques, the support vector machine yielded the highest overall accuracy (98% for 
IOA, IOCG, skarn Cu-Fe, and porphyry Cu-Mo, and 97% for orogenic Au, VMS, SEDEX, and barren 
sedimentary pyrite) and thus is an appropriate technique in predicting pyrite types.
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Introduction
Metallogenetic models for different ore deposit types exert a 

major influence on ore exploration, especially when the surface 
geology or geochemistry fails to reveal details about the deposit 
at depth. For example, minor disseminated pyrite from a sericite 
alteration zone in a drill hole could be related to a porphyry Cu-
Mo deposit, a VMS system, an epithermal Au zone, or barren 
pyrite unrelated to any ore system (Revan et al. 2014; Gregory et 
al. 2019; Chugaev et al. 2022 and references therein). Each of the 
mineralization types demands a different approach to exploration. 
Thus, a reliable method of distinguishing the type of ore deposit en-
hances the efficiency of mineral exploration. For newly discovered 
deposits with unclear deposit geology, the prediction of ore deposit 
type is helpful in understanding the process of mineralization.

Global tectonics controls the formation of various ore deposits 
and is the basis for their classification (e.g., Groves et al. 2005; 
Lydon 2007; Santosh and Groves 2022). Most of the deposit 
types considered in this study formed at destructive plate mar-
gins and are related to magmatic and/or associated hydrothermal 
systems. These deposits include porphyry Cu-Mo, skarn Fe-(Cu), 
orogenic Au, and IOA systems. Mineral deposits that form in 
constructive plate margins include some styles of IOCG systems. 
After classification based on the tectonic environment, the major 
mineral deposit types are further characterized by ore mineral-
ogy, alteration, and host-rock associations (e.g., Hedenquist et 
al. 2000; Goodfellow 2007).

The IOCG comprise a diverse group of deposits viewed 
as iron oxide-associated deposits (Groves et al. 2010). IOA is 
sometimes classified as the Cu-poor end-member of the IOCG 
system, although their genetic association remains controversial 
(Knipping et al. 2015a, 2015b). IOCG deposits have abundant 
low-Ti iron oxides and have a close temporal relationship with 
the related intrusions (Groves et al. 2010). IOCG deposits have 
Cu ± Au as economic metals, which are formed by magmatic-
hydrothermal processes. In contrast to IOCG system, IOA 
deposits typically lack economic Cu ± Au and are associated 
with calc-alkaline magmatism (Knipping et al. 2015a, 2015b; 
Mao et al. 2016).

Skarn Cu-(Fe) deposits are characterized by pervasive 
calc-silicate alteration (typically garnet and pyroxene) through 
magmatic-hydrothermal fluids at the margins of felsic intrusions 
(e.g., Einaudi et al. 1981; Meinert et al. 2005). Skarn deposits 
are commonly polymetallic with a wide range of grades and 
tonnages. Among the seven major skarn ore types (Fe, Au, Cu, 
Pb-Zn, W, Mo, and Sn), many types are parts of larger porphyry 
systems (Meinert et al. 2005; Ray 2013). Porphyry Cu-Mo 
deposits are large magmatic-hydrothermal deposits associated 
with intermediate to felsic porphyritic intrusions (Seedorff et al. 
2005; Sillitoe 2010). The deposits typically contain hundreds of 
millions of tons of ore with low grades (generally <1% Cu and 
<0.1% Mo). Porphyry Cu-Mo is derived from I-type granites 
(Dilles et al. 2014) that possess variable degrees of alkalinity 
(e.g., Barr et al. 1976) and states of oxidation (Cao et al. 2014).

Orogenic Au deposits encompass all epigenetic, structurally 
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