American Mineralogist, Volume 100, pages 138–147, 2015

Chlorine-hydroxyl diffusion in pargasitic amphibole
Wen Su1,*, Don R. BakeR2, Luping pu3, Liping Bai2, Xin Liu1 anD CeDRiCk o’ShaughneSSy2
State Key Laboratory of Lithospheric Evolution, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China
2
Earth and Planetary Sciences, GEOTOP-UQAM-McGill Research Centre, McGill University, 3450 rue University,
Montreal, Quebec H3A OE8, Canada
3
Guilin University of Technology, Guilin 541004, China

1

aBStRaCt
Chlorine-hydroxyl diffusion was measured in pargasitic amphibole from Yunnan province, China
at 1.0 GPa, 625 to 800 °C. Experiments were performed by immersing unoriented crystals in waterorder of greater than tens of micrometers in length, and electron microprobe analysis allow us to
for chlorine in amphibole in the water-bearing experiments are 2.6 × 10–16 m2/s at 625 °C, 4.9 × 10–16
m2/s at 650 °C, 7.6 × 10–16 m2/s at 700 °C, 1.8 × 10–15 m2/s at 750 °C, 2.8 × 10–15 m2/s at 800 °C. For
temperatures between 625 and 800 °C, the Arrhenius relation for chlorine-hydroxyl diffusion has an
activation energy of 106.6 ± 7.8 kJ/K mol and a D0 of 4.53 (+7.3, –2.8) × 10–10 m2/s. Our measurements
do not show evidence of anisotropy in the diffusion of Cl-OH into amphibole, but future experiments
need to better investigate this possibility.
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intRoDuCtion
Understanding the exchange of volatiles in geochemical
reservoirs and recycling in Earth’s interior are one of the central
issues of terrestrial geodynamics (e.g., Magenheim et al. 1995;
Philippot et al. 1998; Su et al. 2004; Wallace 2005; Wood and
Normand 2008). The major volatiles in Earth’s crust and upper
mantle are H2O, CO2, S, F, and Cl (e.g., Symonds et al. 1994;
Philippot et al. 1998; Wallace 2001; Berlo et al. 2004; Self et
al. 2008; Koleszar et al. 2007; Aiuppa et al. 2009; Rowe and
Lassiter 2009), but their partitioning between various phases
and their mechanisms of transport in the crust and upper mantle
still remain somewhat enigmatic despite decades of research. In
particular, the behavior of chlorine and fluorine at high-grade
metamorphic conditions is little understood (Xiao et al. 2005;
Liu et al. 2009). Knowledge of F-Cl-OH partitioning between
various minerals as a function of temperature and pressure will
help to constrain the Cl and F budgets of the Earth (e.g., Zhu
and Sverjensky 1991; Siahcheshm et al. 2012; Rasmussen and
Mortensen 2013).
Amphiboles are important reservoirs for volatile components
such as H2O, Cl, and F (e.g., Kullerud 1996; Kullerud and Erambert 1999; Kullerud et al. 2001; McCormick and McDonald
1999) and are stable in a wide range of pressure-temperature
conditions (e.g., Wones and Gilbert 1982; Maresch and Czank
2007; Ruiz Cruz 2010). They can be used as indicators of temperature, pressure, volatile content, and oxidation state of their
host rocks (e.g., Popp et al. 1995; Hawthorne et al. 1998; King
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et al. 1999, 2000; Evans 2007; Oberti et al. 2007). They also
provide information on the petrogenesis and thermo-mechanical
evolution of rocks through their structural phase transitions and
crystal-chemical behavior (Boffa Ballaran et al. 2004; Iezzi et
al. 2006; Oberti et al. 2007; Tiepolo et al. 2007; Welch et al.
2007; Su et al. 2009).
Chlorine concentrations in amphibole can be used to study the
salinity of the fluid with which they were last in equilibrium (e.g.,
Vanko 1986; Stakes et al. 1991; Markl and Bucher 1998; Markl
and Piazolo 1998; Philippot et al. 1998). If brine is involved in
metamorphism this fluid cannot only affect the stability of the
minerals in the rocks, but its presence should be also recorded
in the compositions of minerals (Philippot et al. 1995; Glassley
2001; Svensen et al. 2001; Liu et al. 2009). Therefore, the study
of Cl concentrations in amphiboles is particularly helpful in
interpretation of the chlorinity of the fluid, and the variation of
Cl concentrations in amphibole possibly provides information on
the compositional evolution of fluids during tectonic evolution
(e.g., Thompson and England 1984; Sharp and Barnes 2004;
Rowe and Lassiter 2009; Engvik et al. 2011).
The rate of attainment of equilibrium concentrations of Cl in
amphibole is most probably controlled by Cl diffusion in many
cases. However investigations of Cl diffusion in amphibole
are lacking (Cherniak 2010; Farver 2010), although the diffusion kinetics of the hydrogen, oxygen, F-OH, Sr, and Ar were
measured in amphiboles by Graham et al. (1984), Ingrin and
Blanchard (2000, 2006), Farver and Giletti (1985), Brabander
et al. (1995), Brabander and Giletti (1995), Harrison (1981),
and Baldwin et al. (1990), respectively. To improve knowledge
of Cl diffusion in amphibole, reconnaissance experiments were

