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Hydrogen isotope fractionation between coexisting hydrous melt and silicate-saturated 
aqueous fluid: An experimental study in situ at high pressure and temperature
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Abstract

Hydrogen isotope fractionation between water-saturated silicate melt and silicate-saturated 
aqueous fluid has been determined experimentally by using vibrational spectroscopy as the ana-
lytical tool. The measurements were conducted in situ with samples at the high temperature and 
pressure of interest in an externally heated diamond cell in the 450–800 °C and 101–1567 MPa 
temperature and pressure range, respectively. The starting materials were glass of Na-silicate with 
Na/Si = 0.5 (NS4), an aluminosilicate composition with 10 mol% Al2O3 and Na/(Al+Si) = 0.5 
(NA10), and a 50:50 (by volume) H2O:D2O fluid mixture. Platinum metal was used to enhance 
equilibration rate. Isotopic equilibrium was ascertained by using variable experimental duration at 
given temperature and pressure.

In the Al-free NS4 system, the enthalpy of the D/H equilibrium of fluid is 3.1 ± 0.7 kJ/mol, whereas 
that of coexisting melt equals 0 within error. For NA10 fluids the ∆H = 5.2 ± 0.9 kJ/mol, whereas 
for coexisting NA10 melt, ∆H is near 0 within error. For the exchange equilibrium between melt and 
coexisting fluid, H2O(melt)+D2O(fluid) = H2O(fluid)+D2O(melt) the ∆H = 4.6 ± 0.7 and 6.5 ± 0.7 kJ/
mol for NS4 and NA10 compositions, respectively.

The D/H fractionation between melt and fluid is affected significantly by the positive tempera-
ture- and pressure-dependence of silicate solubility and silicate structure in silicate-saturated aqueous 
fluids. Water in melts is much less important than silicate in aqueous fluid because even at the lowest 
temperature and pressure conditions studied (450 °C/101 MPa), the water content in the melt is so 
high (>4 wt%) that further increase in total water by increasing temperature and pressure does not 
affect the silicate melt structure significantly. This is because most of the water in this concentration 
range is dissolved in molecular form.
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Introduction

Constraints on formation and evolution of planetary interiors, 
including mantle fluxes and mantle degassing, rely on experimen-
tally determined distribution of volatile abundance in and isotope 
fractionation between minerals, fluid, and melt (e.g., Exley et 
al. 1987; Kasting et al. 1993; Dixon 1997). Hydrogen isotope 
fractionation is often employed for this purpose (e.g., Pineau et 
al. 1998; Tolstikhin and Marty 1998; Hauri 2002).

For D/H fractionation between silicate melt and aqueous 
fluid, experimental data have been reported in which fluid and 
melt were separated after an experiment and before chemical and 
isotopic analysis of these phases individually (e.g., Kuroda et al. 
1982; Richet et al. 1986; Dobson et al. 1989; Pineau et al. 1998). 
These data rely, therefore, on perfect or near-perfect physical 
separation of fluid from melt after an experiment. The separation 
can be very difficult in particular in experiments where pressures 
and temperatures were sufficiently high to result in significant 
silicate solubility in the aqueous fluid [e.g., deep crustal and 
upper mantle temperature and pressure conditions—see, for 

example, Manning (2004)]. During temperature quenching and 
decompression after such high-temperature/-pressure experi-
ments, typically some of the dissolved silicate precipitates from 
the fluid thus changing fluid chemistry before it is analyzed 
(e.g., Kuroda et al. 1982; Schneider and Eggler 1984; Mysen 
and Wheeler 2000). Furthermore, water dissolved in silicate 
melts at high temperature and pressure often partially exsolves 
during quenching of melt to a glass at ambient temperature and 
pressure. This exsolution can cause changes of water content and 
perhaps even D/H ratios of the quenched melt compared with 
its high-temperature/-pressure equilibrium values (Yoder et al. 
1957; Hamilton et al. 1964; Eggler and Burnham 1984; Mysen 
and Wheeler 2000).

Many of the experimental and analytical complications 
attendant to determining isotope fractionation between melts 
and fluid from analysis of materials formed by quenching of 
high-temperature/-pressure experiments can be overcome by 
conducting the analyses while the samples are at the pressure and 
temperature of interest. This can be accomplished by containing 
the sample in an externally heated diamond-anvil cell (Bassett et 
al. 1996) with vibrational spectroscopy as the tool for isotopic 
analysis (Foustoukos and Mysen 2012). For D/H fractionation, * E-mail: bmysen@ciw.edu


