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ABSTRACT

Equilibrium oxygen isotope fractionations have been extensively studied between H2O and miner-
als, such as brucite-type hydroxides, in isotope geochemistry. In this study, pure 18O-enriched hydro-
xides were synthesized through reactions between M3N2 (M =Mg and Ca) powders and H2

18O water.
In situ high-temperature (T) and high-pressure (P) Raman and Fourier transform infrared (FTIR) spectra
were systematically collected for these phases. The observed 18O-16O effect on the frequency shifts
aligns with the theoretical model and has little impact on the anharmonic O-H potential well. The cal-
culated intrinsic anharmonic parameters (ai) for both lattice and OH-stretching modes are essentially
identical betweenM(16OH)2 andM(18OH)2, satisfying the classical limit for the Helmholtz free energy
at extremely high temperature. Based on the measured vibrational data, the equilibrium oxygen isotope
fractionation β(T,P) factors were modeled for both hydroxides. Both the intrinsic and external anhar-
monic contributions are smaller than the experimental uncertainties, and this model is also validated by
ab initio calculation. Next, the 103·ln α�T� profiles were computed between brucite/portlandite and
H2O, which are consistent with the reported oxygen isotope exchange measurements above 200 °C.
Additionally, the discrepancy between this equilibrium model and the precipitation experiment below
120 °C provides useful information for investigating the mechanism of kinetic isotope fractionation.
The predicted 103·ln αbrucite-portlandite�T� curve also agrees well with points inferred from the 18O-16O
exchangemeasurements, while the pressure effect can be ignored for 18O-16O fractionations. Therefore,
vibrational spectroscopic measurements, including Raman and infrared spectroscopy have valuable
applications in studying equilibrium non-metallic isotope fractionations in minerals.
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INTRODUCTION

Brucite [Mg(OH)2], a well-known hydrousmineral, is typically
associated with low-to-moderate-grade metamorphism of ultra-
mafic and carbonate rocks, such as serpentinite, chloritic, dolomitic
schists, and marbles (Satake and Matsuo 1984; Saccocia et al.
1998, 2015). It is also adopted to monitor low-temperature
hydrothermal alterations in nature as a secondary product for
reactions between Mg-silicates and aqueous alkali (Xu and Zheng
1999; Colla and Casey 2019). Consequently, brucite is a geochem-
ically and geologically important indicator of aqueous solution
compositions in various natural environments. Additionally, the
elastic properties of brucite-type hydroxides M(OH)2, such as
P-V-T equations of state (EOSs) (Meade and Jeanloz 1990; Pavese
et al. 1997; Nagai et al. 2000; Fukui et al. 2003a, 2003b), have been
extensively studied in mineral physics, providing fundamental
insight into the hydration effects on the thermodynamic behaviors
of the Earth’s interior, such as subduction slabs.

Given their mineralogical and geochemical importance, the
equilibrium D-H and 18O-16O isotope fractionations between
brucite-type minerals and H2O have been investigated experi-
mentally (Satake and Matsuo 1984; Saccocia et al. 1998, 2015;
Xu and Zheng 1999; Horita et al. 2010, 2018) and theoretically
(Zheng 1998; Horita et al. 2002; Reynard and Caracas 2009;
Méheut et al. 2010; Colla and Casey 2019; Gao et al. 2023).
The oxygen isotope is a valuable geochemical tool for under-
standing mass movements on the Earth’s surface and in its inte-
rior, as oxygen is the most abundant element in rock-forming
minerals.

The vibrational frequencies from Raman and infrared spectra
are useful for modeling equilibrium isotope fractionation factors
in minerals (e.g., Horita et al. 2002; Chacko and Deines 2008;
Zhu et al. 2019, 2023). Nevertheless, harmonic approximations
usually deflect away from realities, since potential wells are sim-
plified as a quadratic function of atomic displacement from the
balance position, while vibrational frequencies are also assumed
to be independent of temperaturewhen the bond lengths are fixed.
Therefore, anharmonic corrections become necessary for accurate
modeling of the thermodynamic properties, such as heat capaci-
ties and equilibrium isotope fractionations in solids.
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