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Abstract
The Raman spectra of five [4]B-bearing tourmalines of different composition synthesized at 

700 °C/4.0 GPa (including first-time synthesis of Na-Li-[4]B-tourmaline, Ca-Li-[4]B-tourmaline, and 
Ca-bearing o-[4]B-tourmaline) reveal a strong correlation between the tetrahedral boron content and 
the summed relative intensity of all OH-stretching bands between 3300–3430 cm–1. The band shift to 
low wavenumbers is explained by strong O3-H···O5 hydrogen bridge bonding. Applying the regression 
equation to natural [4]B-bearing tourmaline from the Koralpe (Austria) reproduces the EMPA-derived 
value perfectly [EMPA: 0.67(12) [4]B pfu vs. Raman: 0.66(13) [4]B pfu]. This demonstrates that Raman 
spectroscopy provides a fast and easy-to-use tool for the quantification of tetrahedral boron in tourma-
line. The knowledge of the amount of tetrahedral boron in tourmaline has important implications for 
the better understanding and modeling of B-isotope fractionation between tourmaline and fluid/melt, 
widely used as a tracer of mass transfer processes.
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Introduction
Tourmaline is considered an ideal indicator of the tempera-

ture, pressure, and element- and isotope chemistry of its host 
environment. This is owed to its stability over a wide P-T-X 
range and the fact that it maintains its composition due to very 
low volume diffusion (Henry and Dutrow 1996). Tourmaline 
is the most important and widespread borosilicate in Earth’s 
crust, and hence its boron isotope composition is frequently 
used to reconstruct the temperature and fluid evolution of the 
hydrothermal system in which it crystallizes.

In recent publications, the boron isotope record of tourmaline 
has been successfully applied as a thermometer in magmatic-
hydrothermal W-Sn deposits (Codeço et al. 2019), as a tracer of 
fluid sources and pathways during alpine metamorphism of a 
sedimentary suite (Berryman et al. 2017), or to reveal the prov-
enance of fluids associated with high-pressure metamorphism in 
subduction zones (Guo et al. 2019). Other examples include the 
work of Nakano and Nakamura (2001), Trumbull et al. (2009), 
or Bast et al. (2014).

In all these studies, knowledge of the partitioning of the two 
stable boron isotopes 11B and 10B between tourmaline and fluid 
is crucial, and it has been shown that it is mainly dependent on 
temperature and boron speciation in tourmaline (Meyer et al. 
2008; Kutzschbach et al. 2017a). The boron speciation in the 
fluid has a minor effect because tourmaline is only stable in 
near-neutral to acidic crustal fluids, and under these pH condi-
tions trigonal B(OH)3 is considered the only relevant B-species 

(Schmidt et al. 2005). 
It is now generally accepted that beyond the regular amount 

of three B atoms per formula unit (pfu) in trigonal coordination 
([3]B), tourmaline can incorporate significant amounts of excess 
boron at the tetrahedral site ([4]B) by substituting for Si. Natural 
tourmaline with total B-contents ([3]B + [4]B) up to 4.23 B pfu has 
been described from numerous locations, mostly from high-P 
environments and for Al-rich stoichiometries (e.g., Ertl et al. 
1997, 2018). In accordance with the natural findings, [4]B-bearing 
tourmalines have been synthesized with olenitic (Schreyer et al. 
2000; Kutzschbach et al. 2016) and rossmanitic1 (Kutzschbach 
et al. 2017b) compositions up to a maximum of 5.53 B pfu.

Experiments have shown that the boron isotope fractionation 
between tourmaline and fluid is affected by the tetrahedral 
boron content, such that it increases tourmaline’s affinity for 
the light 10B (Kutzschbach et al. 2017a). This is due to the 
longer [4]B-O bond compared to the [3]B-O and had already 
been predicted by ab initio calculations (Kowalski et al. 2013). 
Consequently, in B-isotope studies involving tourmaline, the 
tetrahedral boron content in tourmaline must be considered to 
apply the correct fractionation factor. Unfortunately, the quan-
tification of tetrahedral boron is not an easy task and many of 
the available methods, such as electron-microprobe analysis 
(EMPA), single-crystal X-ray structure refinement (SREF), 
nuclear magnetic resonance spectroscopy (NMR), and sec-
ondary ion mass spectroscopy (SIMS) are very demanding in 
terms of sample preparation, data processing and often require 
the availability of suitable reference materials. By evaluating 
the Raman spectra of synthetic [4]B-bearing olenite [olenite: 
NaAl3Al6Si6O18(BO3)3O3(OH)] and rossmanitic tourmaline 
[rossmanite: o(LiAl2)Al6Si6O18(BO3)3O3(OH)], Raman bands 
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