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Synthesis and crystal structure of V-rich tourmaline
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ABSTRACT

Tourmaline is the most abundant natural borosilicate, an important indicator of its host rock chemistry
and formation conditions, as well as a valuable material for various industrial applications. In this work,
V-rich tourmaline crystals were grown (T = 650 °C, P = 100 MPa) for the first time in two systems: (V1)
V2O3–Al2O3–SiO2–B2O3–H2O and (V2) Na2O–MgO–V2O3–Al2O3–SiO2–B2O3–H2O. Newly formed
overgrowth layers of tourmaline on an elbaite seed are dark green, up to 0.7 mm in thickness, and contain
up to ∼12 wt% V2O3 [∼1.6 atoms per formula unit (apfu)] and ∼41 wt% V2O3 (∼6 apfu) for the system
V1 and V2, respectively. Synthetic tourmalines V1 [a = 7.0988(1), b = 9.4274(2), c = 9.4279(2) Å,
α = 113.920(2)°, β = 104.551(2)°, γ = 104.515(2)°] and V2 [a = 7.3390(1), b = 9.6075(2), c = 9.6077(2)
Å, α = 113.742(2)°, β = 104.721(2)°, γ = 104.786(2)°] are triclinic (P1) due to cation ordering and could
be considered as dimorphs of the V-dominant analog of alumino-oxy-rossmanite (V1) and oxy-vanadium-
dravite (V2). Formation of V-rich tourmalines does not require high temperatures or pressures and is
constrained by the simultaneous abundance of boron and vanadium in the mineral-forming medium.
The stability of the crystal structure of V-rich tourmaline is increased by the incorporation of Mg cations,
thereby reducing the disproportion of the octahedra in V,Al-rich species.
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INTRODUCTION

Tourmaline supergroup minerals include 42 species, which
are themajor boron carriers in the Earth’s crust and have the gen-
eral formula XY3Z6T6O18(BO3)3V3W (Henry et al. 2011), where
X = Na�, K�, Ca2�, vacancy; Y = Al3�, Cr3�, V3�, Fe2�/Fe3�,
Mg2�, Mn2�, Li�, Ti4�, etc.; Z = Al3�, Cr3�, V3�, Fe2�/Fe3�,
Mg2�, etc.; T = Si4�, Al3�, B3�; V = (OH)−, O2−; W = (OH)−,
F−, O2−. Tourmalines occur in various geological settings and
are stable up to high-pressure, high-temperature (HPHT) condi-
tions (O’Bannon et al. 2018; Ertl et al. 2019; Korsakov et al.
2020), whereas the significant variations in chemical composi-
tion make tourmaline supergroup minerals sensitive petroge-
netic tools (Henry and Guidotti 1985; Dutrow and Henry
2011; Van Hinsberg et al. 2011). Tourmalines containing tran-
sition metals (Me = Cu, Ni, Fe, Mn, Cr, V, etc.) are of interest for
both geological and industrial applications (Hawkins et al. 1995;
Sun et al. 2021; Volkova et al. 2025). The crystal chemistry of
Me-rich tourmalines has been extensively studied (e.g., Ertl et al.
2013; Vereshchagin et al. 2013, 2018; Mauro et al. 2022). In
addition, a series of experimental studies have been carried out
on the crystal growth of Me-rich tourmalines (Voskresenskaya
and Sternberg 1973; London 2011; Rozhdestvenskaya et al.
2012; Vereshchagin et al. 2015; Setkova et al. 2019, 2023). How-
ever, no data are available to date on synthetic V-rich tourmalines.

Vanadium-bearing tourmalines have been found in various
types of occurrences: in graphite deposits at Weinberg Mountain,

Austria (up to 0.84 wt%V2O3) (Ertl et al. 2008); the Commander
gem-pocket mine in Nadonjukin, Tanzania (up to 1.28 wt%
vanadium) (Schwarzinger et al. 2019); Paleozoic metacherts,
Strážovské vrchy Mountains, Slovakia (up to 3.30 wt% V2O3)
(Bačík et al. 2011); graphite quartzite Třebíč, Czech Republic
(up to 6.96 wt% V2O3) (Cempírek et al. 2013); quartz graphite
schist at Silver Knob, U.S.A. (up to 8.52 wt% V2O3) (Foit and
Rosenberg 1979); and the Tzarevskoye uranium-vanadium
deposit, Karelia Republic, Russia (up to 9.87 wt% V2O3) (Bosi
et al. 2020). Tourmaline containing even higher vanadium
(up to ∼40 wt% V2O3) associated with karelianite (V2O3) was
found in metamorphic rocks of the Sludyanka complex, Russia
(Reznitsky et al. 2001). In the establishment of the tourmaline
nomenclature (Henry et al. 2011), these tourmalines were speci-
fied as the species oxy-vanadium-dravite, NaV3(V4Mg2)(Si6O18)
(BO3)3(OH)3O, vanadio-oxy-dravite, NaV3(Al4Mg2)(Si6O18)
(BO3)3(OH)3O, and vanadio-oxy-chromium-dravite,NaV3(Cr4Mg2)
(Si6O18)(BO3)3(OH)3O (Bosi et al. 2013, 2014b, 2014a, 2017).

Natural tourmaline samples have a composition consisting of a
large number of elements, making it difficult to define their dis-
tribution over different sites in the tourmaline structure. Synthetic
tourmaline samples with a specified set of elements simplify the
determination of incorporation mechanisms and the distribution
of vanadium over the Y and Z sites in the crystal structure of tour-
maline. In this study, we demonstrate the first successful synthesis
of V-rich tourmaline and its crystal structure refinement.

EXPERIMENTAL METHODS

Synthesis
Vanadium-rich tourmalines were synthesized under hydrothermal conditions

at a 600/650 °C temperature gradient and a pressure of 100 MPa in 3 mL gold
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