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Abstract
Tourmaline occurs widely within Dayishan ore field, Nanling Range, and is associated with 

magmatic-hydrothermal rare metal mineralization. Four types of tourmaline are recognized: (1) tour-
maline in coarse-grained monzogranite (Tur-G1); (2) tourmaline in medium–fine-grained monzogranite 
(Tur-G2); (3) tourmaline aggregates associated with muscovite in greisen (Tur-Gr), showing a yellow 
core (Tur-Gry) and blue rim (Tur-Grb); and (4) quartz-vein-hosted tourmaline (Tur-V). In this study, 
we performed systematic investigations of in situ boron isotopic and elemental compositions of tour-
malines in different granite, greisen, and quartz veins by EPMA and LA-MC-ICP-MS. Results show 
that almost all tourmalines exhibit schorl compositional affinity with extremely low Ca contents, high 
Fe/(Fe+Mg), and the calculated X-site occupancies in tourmalines show their affinities to the alkali 
group. Substitution processes of major element variations are dominantly caused by MgFe−1, FeAl−1, 
(Ca,Mg)(–1,Al–2), and R(Na,Mg)–1 exchange vectors. Based on geochemistry and petrology, Tur-G1, 
Tur-G2, and Tur-Gry precipitated from a boron-rich melt, while Tur-Grb and Tur-V crystallized from 
hydrothermal fluid. Many trace element concentrations overlap and most are <10 ppm. The signifi-
cantly higher contents of Sn and Zn and positive Eu anomaly reflect the influence of an external fluid. 
Magmatic tourmalines fall into a narrow range of δ11B values between –15.58 and –14.09‰, indicat-
ing a single boron source of the granitic magma. Hydrothermal tourmalines display slightly lighter B 
isotopic compositions (–16.31 to –14.91‰), which are consistent with precipitation from externally 
derived fluids with lighter boron. Based on the isotopic and chemical compositional evidence, Sn and 
Zn may come from the host rock rather than granite.
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Introduction
Tourmaline has been regarded as a reliable geochemical 

monitor for mineral exploration because it is a passive recorder 
of its depositional environment and is a geologically widespread 
occurrence in different geological environments, including 
magmatic, hydrothermal, detrital, and metamorphic settings 
(Chaussidon and Albarède 1992; Henry and Dutrow 1996, 
2012; Trumbull and Chaussidon 1999; van Hinsberg 2011; van 
Hinsberg et al. 2011; Drivenes et al. 2015; Duan et al. 2020). 
Moreover, tourmalines possess highly variable geochemical 
compositions and are stable over large P-T ranges, which make 
tourmaline an important tool in petrologic and ore genetic stud-
ies for constraining fluid compositions and hydrodynamics of 
geological processes (Jiang et al. 1997, 2002, 2004; van Hinsberg 
et al. 2006, 2011; Slack and Trumbull 2011; Marks et al. 2013; 
Dutrow and Henry 2011, 2018). Fractionations of 11B and 10B 
between fluid and granitic melt can assist in understanding the 
boron sources, hydrothermal fluids evolution and water-rock 

reaction (Marschall et al. 2009; Codeço et al. 2017; Dutrow and 
Henry 2011; Büttner et al. 2016). Tourmaline may be used to 
interpret boron isotope geochemistry because it is the dominant 
boron-bearing phase in most crustal rocks (Palmer et al. 1992; 
Dyar et al. 2001; Dutrow and Henry 2011; Xavier et al. 2008; 
Hazarika et al. 2015; Trumbull and Slack 2018). Furthermore, 
boron may be associated with other rare elements and therefore 
can act as a proxy to trace ore mineralization (Tonarini et al. 
1998, 2003; Jiang et al. 2002; Duchoslav et al. 2017).

The Dayishan ore field, Nanling range (Fig. 1), is character-
ized by large-scale Sn-W polymetallic mineralization related to 
Dayishan pluton (Zhou et al. 2005; He 2011; Zeng et al. 2016; 
Sun et al. 2018). Tourmalines are widespread throughout the 
Dayishan ore field and occur within granite, greisen, and quartz 
veins. The petrogenesis of these tourmalines (e.g., morphology, 
species, elemental, and boron geochemical feature) are poorly 
constrained. In addition, understanding the features of the genetic 
relationships between the tourmalines in the granite, greisen, and 
quartz veins in this region provides insight into the mechanisms 
of granitic evolution and for formulating exploration strategies 
of rare metal deposits.
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