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The geothermobarometric potential of tourmaline, based on experimental and natural data
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Abstract

The geothermobarometric potential of tourmaline has been assessed by investigating element 
exchange among tourmaline and coexisting minerals in metamorphosed pelites and graywackes, 
and in experimental exchange between tourmaline and biotite. In the natural samples, a temperature 
dependence of tourmaline Mg-Fe exchange with biotite, staurolite, garnet, chlorite, and muscovite, 
and Ca-Na exchange with plagioclase is observed. Equilibrium calculations for the complete mineral 
assemblage show that tourmaline is in compositional equilibrium with all coexisting phases, which 
would allow for an internally consistent set of thermometers among all these phases to be defined. 
However, a prohibitively large spread is present in the KD vs. T relations. This is not caused by analytical 
effects, compositional zoning, or disequilibrium among the minerals. The experimental results show 
that it is the result of inter-site partitioning of elements over the Y and Z octahedral sites of tourmaline. 
Variations in the element distribution over these sites, their relative participation in the exchange and 
differences in the temperature dependence of exchange with each site, strongly affects the KD vs. T 
relation observed, with the slope actually changing sign depending on the elements residing at each 
site. Non-ideal interactions among the elements at each site will also affect this, and furthermore link 
every exchange to the bulk tourmaline composition, and hence the element mobility in the rock. The 
promising potential of tourmaline geothermobarometry can therefore not be fulfilled until effects of 
inter-site partitioning and non-ideal interactions are known. 
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Introduction

Tourmaline as a petrogenetic indicator 
Tourmaline is the most widespread and abundant borosilicate 

in the Earth’s crust. It is found in settings ranging from subduc-
tion to magmatism to ore formation, bulk-rock compositions 
from altered MORB to granites, pelites, and impure limestones, 
and conditions that span from early diagenesis up to 950 °C 
and 70 kbar (Henry and Dutrow 1996; Werding and Schreyer 
1996). Tourmaline owes this widespread occurrence to its crys-
tallography, which contains four distinctly different cation sites 
that can accommodate elements of widely varying ionic radius 
and charge. This allows tourmaline to vary its composition 
extensively, and thereby (re)adjust to suit the P-T-X conditions 
prevailing in its host environment. Vice versa, this implies that 
tourmaline composition will reflect the P-T-X conditions in its 
environment, which opens up the possibility to use its compo-
sition to reconstruct these conditions. Aside from tourmaline’s 
potential to record the P-T-X conditions of its environment, 
tourmaline’s singularly low diffusion rates (e.g., Voll 1969; von 
Goerne et al. 1999) imply that it will preserve these conditions, 

with little, if any, re-equilibration. Coupled with its ubiquitous 
compositional growth zoning, this allows tourmaline to store 
and preserve not just a single event, but the evolving conditions 
in its host [e.g., to track fractional crystallization of an evolved 
melt (Jolliff et al. 1986; Selway et al. 1999), and the evolution 
of hydrothermal fluids (Williamson et al. 2000)].

Tourmaline records both gradual changes in its environment 
such as increasing pressure and temperature during prograde 
metamorphism, and transient events such as the breakdown or 
appearance of a phase, or a passing fluid. The former is evident 
in compositional profiles as a smooth change in composition, 
whereas the latter leads to spikes and jumps in concentration 
(e.g., the behavior of XMg and Ca in van Hinsberg et al. 2006). 
Because of this compositional P-T-X sensitivity, widespread 
occurrence, extensive stability range, and refractory nature, 
tourmaline has been proposed to be an ideal petrogenetic indica-
tor mineral (Henry and Guidotti 1985; Henry and Dutrow 1992, 
1996; Henry 2003). However, its use at present has been mainly 
qualitative, as few calibrations of its P-T-X sensitivity have been 
determined. Mg-Fe partitioning between tourmaline and biotite 
has been proposed as a thermometer, but so far with varying 
success in calibration and application (Colopietro and Friberg 
1987; Blamart et al. 1992; Henry and Dutrow 1996; Bröcker 
and Franz 2000). The challenges encountered in quantifying 
the P-T-X sensitivity of tourmaline composition ironically relate 
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