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ABSTRACT

Basalts are ubiquitous mafic rocks found within diverse tectonic settings on Earth. Despite con-
certed efforts to distinguish tectonic settings through the chemical compositions of basalt, some features
of these rocks related to tectonic processes can be obscured by weathering and erosion over geological
time, making the discrimination results ambiguous. In this study, we utilized major and trace element
data of clinopyroxene in basalts from five distinct tectonic settings: continental within-plate basalts
(WPB), island arc basalts (IAB), ocean island basalts (OIB), oceanic floor basalts (OFB), and conti-
nental flood basalts (CFB). Employing three machine learning techniques—multi-layer perceptron
(MLP), support vector machine (SVM), and random forest (RF)—we aim to discriminate tectonic set-
tings and magma affinities. Sparse multinomial regression (SMR) approach is used to quantitatively
discern geochemical signatures that are distinctive of each tectonic setting. The outcomes reveal the
efficacy of SVM, which attains an accuracy of 92.1% (major-element-based) and 95.2% (major-
and trace-element-based) for tectonic discrimination. Furthermore, SVM achieves an accuracy of
92.9% (major-element-based) and 95.7% (major- and trace-element-based) for magma affinity discrim-
ination. Our study shows that the integration of electron microprobe data from clinopyroxene with
machine learning techniques provides an effective approach to distinguishing various tectonic settings
and magma affinities. The classifier models have been applied to investigate the Neoproterozoic geo-
dynamics of the Jiangnan Orogen. The models show the two pulses of mantle plume events (∼830 and
∼785 Ma) triggering the break-up of the Rodinia supercontinent.

Keywords: Machine learning, large database, tectonic setting, magma affinity, major and trace
elements, clinopyroxene,Mineral Informatics: RevolutionizingMineralogy, Petrology, andGeochemistry

INTRODUCTION

The tectonic framework of the formation of different rock
suites is fundamental to understanding geological processes
and the distribution of mineral resources on Earth. Basaltic rocks
that commonly occur in diverse tectonic settings are pivotal in
gaining information onmantle composition and evolution, crustal
recycling, and the intricate interactions among various layers of
the Earth. In general, basalt is the direct product of partial mantle
melting, making it a prime candidate for exploring mantle pro-
cesses and interpreting geochemical and geodynamic processes
within the deep Earth (Keller and Schoene 2012; Doucet et al.
2022; Takaew et al. 2024). Hence, precise tectonic discrimination
of basalts is important to gain insights into the geological settings
inwhich these rockswere formed, thereby contributing to tectonic
plate reconstruction and enhancing our comprehensive under-
standing of Earth’s history (Takaew et al. 2024).

In recent decades, the field of geochemical data analysis has
witnessed significant advances, resulting in an exponential surge

in the availability of geochemical data. The rapid evolution and
breakthroughs in machine learning (ML) technology have
enhanced the opportunity for comprehensive and in-depth data
analyses, uncovering inherent connections and patterns among
scattered data points in multidimensional space. Within the disci-
pline of the solid Earth, established ML techniques in petrology
data mining are primarily employed in clustering, dimensionality
reduction, regression, and classification tasks (Petrelli 2024).
Classification tasks, in particular, find numerous applicationswith
petrological data sets. Notable examples include tephra correla-
tion (Petrelli et al. 2017; Bolton et al. 2020; Lukács et al. 2021),
characterization of porphyry Cu deposits (Zou et al. 2022a), vol-
canic rock classification (Lang et al. 2023), investigation of man-
tle metasomatism worldwide (Qin et al. 2022), and petrotectonic
classification (Petrelli and Perugini 2016; Takaew et al. 2024).

In the realm of petrotectonic classification, several studies
have utilized intrusive rocks and mantle xenoliths to distinguish
among different tectonic settings (Han et al. 2019; Ge et al. 2021).
However, numerous ML methods have been applied to discern
distinct tectonic settings for basalt (Takaew et al. 2024). Zhong
et al. (2021) introduced a tectonic discrimination model based
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