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Abstract
The three main serpentine minerals, chrysotile, lizardite, and antigorite, form in various geological 

settings and have different chemical compositions and rheological properties. The accurate identification 
of serpentine minerals is thus of fundamental importance to understanding global geochemical cycles 
and the tectonic evolution of serpentine-bearing rocks. However, it is challenging to distinguish specific 
serpentine species solely based on geochemical data obtained by traditional analytical techniques. 
Here, we apply machine learning approaches to classify serpentine minerals based on their chemical 
compositions alone. Using the Extreme Gradient Boosting (XGBoost) algorithm, we trained a clas-
sifier model (overall accuracy of 87.2%) that is capable of distinguishing between low-temperature 
(chrysotile and lizardite) and high-temperature (antigorite) serpentines mainly based on their SiO2, NiO, 
and Al2O3 contents. We also utilized a k-means model to demonstrate that the tectonic environment in 
which serpentine minerals form correlates with their chemical compositions. Our results obtained by 
combining these classification and clustering models imply the increase of Al2O3 and SiO2 contents 
and the decrease of NiO content during the transformation from low- to high-temperature serpentine 
(i.e., lizardite and chrysotile to antigorite) under greenschist–blueschist conditions. These correlations 
can be used to constrain mass transfer and the surrounding environments during the subduction of 
hydrated oceanic crust.
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Introduction
The hydration of upper mantle rocks and metamorphism are 

the two predominate processes producing serpentine minerals 
(John et al. 2011; Plümper et al. 2017; Tamblyn et al. 2019; Zhang 
et al. 2019; Ulrich et al. 2020), resulting in the wide occurrence 
of serpentines in various geological settings (Rüpke et al. 2004; 
Reynard 2013; Canales et al. 2017). Lizardite and chrysotile are 
produced during near-surface metasomatism or alteration, cor-
responding to greenschist facies or lower-grade metamorphism 
(Auzende et al. 2006; Koutsovitis 2017; Boskabadi et al. 2020), 
whereas antigorite dominates in blueschist- and eclogite-facies 
ultramafic rocks, which usually represent subduction contexts 
at depths exceeding 75 km (Hattori and Guillot 2007; Zhang et 
al. 2009, 2019; Tamblyn et al. 2019). Antigorite is less hydrous 

and contains minor fluid-mobile elements than lizardite and 
chrysotile (Deschamps et al. 2010; Debret et al. 2019). Antigorite 
can also endure greater shear strain than lizardite or chrysotile, 
indicating the different rheological properties of the serpentine 
minerals (Hirauchi and Katayama 2013; Plissart et al. 2019). 
Therefore, distinguishing serpentine minerals from one another is 
of fundamental importance for constraining geothermal gradients 
and mass transfers, as well as for understanding the mechanism 
of strain localization, which may induce exhumation, deforma-
tion, and seismicity in subduction zones (Boudier et al. 2010; 
Deschamps et al. 2010; Reynard 2013; Schwartz et al. 2013; 
Rouméjon et al. 2019; Wheat et al. 2020).

Serpentine minerals are hydrous, Mg-rich, 1:1 (i.e., one tetra-
hedral silicate sheet, mainly Si4+ occupying the tetrahedral sites, 
and one octahedral sheet, mainly Mg2+ occupying the octahedral 
sites, stack alternately) trioctahedral clay minerals with the ideal 
composition Mg3Si2O5(OH)4. Because of their chemical composi-
tional differences, the tetrahedral sheets are slightly smaller than 
the octahedral sheets (Whittaker and Wicks 1970), and different 
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