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Abstract
Pb-dominant tourmaline was synthesized at 700 °C and 200 MPa in two hydrothermal experiments 

in the system MgO-Al2O3-B2O3-SiO2-PbO-H2O (run OV-4-2) and MgO-Al2O3-B2O3-SiO2-PbO-CaO-
Na2O-H2O (run OV-5-3), respectively. Run OV-4-2 forms needle-like (lengths up to 7 µm), lead-rich 
(up to 13.3 wt% PbO) crystals that are chemically homogeneous. Run OV-5-3 forms columnar (lengths 
up to 400 µm) crystals that are chemically zoned (Pb-rich cores, up to 14.7 wt% PbO, and Pb-poor 
rims, ~2 wt% PbO). Additional phases that form in trace amounts are Pb-feldspar, quartz, diaspore (in 
OV-4-2) and talc, mullite, spinel, quartz (in OV-5-3). Single-crystal structure refinement (SREF) of the 
central zone of Pb-rich tourmaline from the run OV-5-3 proves that Pb2+ cations occupy the X-site in 
the tourmaline structure. The unit-cell parameters of the studied tourmaline are: a = 15.9508(10) Å, 
c = 7.2024(6) Å. The formula derived from SREF results of this Pb-rich tourmaline is X(Pb0.63o0.37) 
Y(Al1.71Mg1.29) Z(Al5.04Mg0.96) T(Si6.00O18) (BO3)3 V(OH)3.00 W(O1.00). Accordingly, the studied crystal is a 
Pb-analog of hypothetical “oxy-uvite,” and thus referred to here as “Pb-oxy-uvite.” Similarities be-
tween (1) the paragenesis of Minh Tien tourmaline, and (2) the final experimental phase assemblages 
observed here, indicate comparable P-T conditions of formation.
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Introduction
Tourmalines are the most common borosilicates (e.g., London 

2011) in rocks of different composition (e.g., Arif et al. 2010; 
Trumbull et al. 2008). Tourmaline has a very accommodating 
crystal structure (e.g., Hawthorne 2002; O’Bannon et al. 2018; 
Vereshchagin et al. 2018) and is stable under a wide range of 
P-T conditions (e.g., Ertl et al. 2010; Bačík et al. 2011; Henry 
and Dutrow 2012; Lussier et al. 2016; Berryman et al. 2019; 
Likhacheva et al. 2019). There are 38 mineral species currently 
included in the tourmaline supergroup (IMA CNMNC). The 
general formula for tourmaline is IXX VIY3 VIZ6 (IVT6O18) (BO3)3 
V3 W (Henry et al. 2011), where IXX = Ca, Na, K,  (vacancy); 
VIY = Li, Mg, Fe2+, Fe3+, Al, Cr3+, V3+; VIZ = Mg, Al, Fe2+, Fe3+, 
Cr3+, V3+; IVT = Si, Al, B; V = (OH)−, O2–; W = (OH)−, F−, O2–. To 
date, for minerals of the tourmaline supergroup and tourmaline 
synthetic analogs, there are about 25 elements that can occur as 
major constituents at different sites in the structure (e.g., London 
et al. 2006; Wunder et al. 2015; Setkova et al. 2019).

Tourmalines containing significant amounts of lead (up to 
17.5 wt% PbO) from the Minh Tien granitic pegmatite, Vietnam, 
were first reported by Sokolov and Martin (2009). Recently, 
their geological settings and paragenesis were reported in detail 
(Kubernátová 2019; Kubernátová and Cempírek 2019). Addition-

ally, Pb-bearing tourmalines also have been found in Momeik, 
Myanmar (up to 1640 ppm Pb; Ertl et al. 2007), Eastern Alps, 
Austria (up to 0.5 wt% PbO2; Ertl et al. 2019), Madagascar (up 
to 0.5 wt% PbO; Lussier et al. 2011) and Alto Ligonha area, 
Mozambique (up to 15.4 wt% PbO; Sokolov and Martin 2009). 
Even though Pb-rich tourmaline has been known for more than 
a dozen years, lead distribution over different sites in tourmaline 
crystal structure has not been studied yet. The aim of this study is 
to synthesize a Pb-rich tourmaline, determine its crystal structure, 
and characterize its crystal-chemical features.

Materials and methods
Synthesis

Pb-bearing tourmaline was synthesized at a temperature of 700  °C and a 
pressure 200 MPa using hydrothermal pressure equipment. Two experiments 
were conducted, having runtimes of 10 days (OV-4-2) and 14 days (OV-5-3). 
A mixture of solid MgO, γ-Al2O3, SiO2, and H3BO3 in the atomic proportions of 
end-member magnesio-foitite [(Mg2Al)Al6(Si6O18)(BO3)3(OH)4] was prepared 
following a procedure modified after Berryman et al. (2016). Lead was added as 
PbO. In the experiment OV-4-2, the PbO/magnesio-foitite ratio was 1/5. In the 
experiment OV-5-3, solid CaO, and Na2O were also added to the oxide mixture to 
study possible Na-Ca-Pb substitution. The CaO/Na2O/PbO/magnesio-foitite ratio 
in this experiment was 1/1/2/20. To produce large tourmaline crystals suitable for 
X-ray single-crystal studies, the two-chamber method of von Goerne et al. (1999) 
was applied to experiment the OV-5-3. Fifty milligrams of the oxide mixture was 
loaded in gold capsules along with deionized water (1 µL of fluid for every 3 mg 
of solid). The capsules were placed in standard, cold-seal hydrothermal pressure 
vessels, with the pressure maintained within 10 MPa of the target pressure. Tem-
perature was measured with a Ni–CrNi thermocouple placed within the wall of 
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