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ABSTRACT

Identifying mineral assemblages is crucial for developing a better understanding of ore genesis and
improving mineral exploration efficiency. Traditional geological methods have provided significant
insights into the classification of the many different gold deposit types and their genesis, but they typi-
cally occur at the deposit to thin section scale and focus on small, local data sets. This study developed a
data-driven approach, leveraging machine learning and big data to determine the characteristic mineral
assemblages of six globally significant gold deposit types: orogenic, epithermal, porphyry, Carlin, iron
oxide-copper-gold (IOCG), and volcanogenic massive sulfide (VMS). We utilized association rule
mining (ARM)with an improvedApriori algorithm,which constrains rules consequent to deposit types,
on a global database of 454 gold deposits, aiming to unravel the characteristic mineral assemblages of
six of the world’s most economically significant gold deposit types. Visualization of the rule set through
bipartite and unipartite networks revealed distinct mineral-to-gold deposit relationships. This study also
showed that a machine learning approach to big data analytics of a global mineralogical database can
detect both known and as-of-yet-unrecognized mineral associations. As such, our approach, which
links geology and big data, offers new opportunities for mineral exploration targeting and gold deposit
research.

Keywords: Big mineralogical data, machine learning, gold deposit types, mineral assemblages,
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INTRODUCTION

A mineral assemblage refers to the collective suite of miner-
als coexisting within a given geological object, such as a rock or
mineral deposit (Christy et al. 2016; Hazen and Morrison 2022).
A mineral assemblage typically represents a characteristic
grouping of minerals formed under specific natural conditions.
Different types of mineral deposits exhibit unique and complex
formation environments, each marked by its own characteristic
mineral assemblages (Klein and Dutrow 2007; Hazen et al.
2014). Each mineral assemblage holds particular geological sig-
nificance. For instance, a chalcopyrite, galena, and sphalerite
assemblage is indicative of mid- to low-temperature hydrother-
mal mineralization typical of certain copper, lead, and zinc sul-
fide deposits (Fontboté et al. 2017). The combination of calcite,
dolomite, and gypsum commonly occurs in carbonate rocks
(limestone, dolostone) and reflects particular depositional envir-
onments, seawater chemistries, and biological influences
(Regnet et al. 2019). A kaolinite, montmorillonite, and illite
assemblage, on the other hand, can point to weathering pro-
cesses in the oxidized environment or to sedimentary environ-
ments favoring clay mineral formation (Bergaya and Lagaly
2006). As illustrated by these examples, mineral assemblages
serve as important indicators reflecting the formation conditions

of the geological systems that formed them. Based on their char-
acteristics, similarities, and differences, mineral assemblages
can be used to infer the genesis, zoning, erosion depth, prospect-
ing indicators, and economic value of the rocks, strata, or
mineral deposits that contain them (Klein and Dutrow 2007).
Therefore, examining the mineral assemblages of mineral
deposits can generate important new knowledge to inform
mineral exploration practice.

Traditional methods for studying mineral assemblages
primarily include field surveys, petrology, chemical analysis,
X-ray diffraction, and Raman spectroscopy (Blok et al. 2023;
Novák et al. 2023; Yang et al. 2023). These traditional
approaches offer high reliability and are backed by extensive
accumulated expertise, providing comprehensive field observa-
tions and experimental data. However, they also have certain
limitations. For example, field surveys are constrained by
geological conditions and sampling scope, while petrological
observation and chemical analysis can be time-consuming and
resource-intensive. Additionally, X-ray diffraction and Raman
spectroscopy can require complex procedures and specialized
equipment. The growing availability of large mineralogical data
sets, combined with advancements in machine learning, offers
transformative opportunities to overcome these challenges.
Methods such as network analysis, cluster analysis, mineral
ecology methods, and mineral association analysis (Hazen et al.
2015, 2016, 2017, 2019; Hystad et al. 2015; Liu et al. 2017,
2018;Morrison et al. 2017, 2020, 2023; Prabhu et al. 2023), pro-
vide a solid foundation for deep understanding of temporal and
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