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Abstract

Small amounts of water (tens to hundreds of parts per million) can have a profound effect on 
the properties of mantle peridotites, including viscosities, conductivities, and melting temperatures. 
Measuring the water content of nominally anhydrous minerals (NAMs) has provided insight into the 
amounts of water contained within mantle rocks. However, converting from NAM water contents to 
the activity of H2O is non-trivial. Equilibria involving amphibole can be used to determine values of 
the activity of H2O (aH2O) at the time of mineral equilibration. This approach yields low values of the 
activity of H2O (<0.3) for four peridotite xenoliths from Southeastern Australia. These four xenoliths 
also record values of oxygen fugacity (fO2) that range from –0.2 to –1.2 log units below the fayalite-
magnetite-quartz buffer. All these values of fO2 are inconsistent with the presence of a CH4-rich fluid 
(too oxidizing), and the lowest value of oxygen fugacity, as recorded by one sample, is inconsistent 
with the presence of a CO2-rich fluid.
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Introduction

The Earth’s mantle is a significant reservoir of carbon and 
hydrogen and, therefore, it likely plays an important role in 
whole-earth cycling of fluid species such as CO2 (Black and Gib-
son 2019; Dasgupta and Hirschmann 2010; Hazen and Schiffries 
2013; Howell et al. 2020; Kelemen and Manning 2015) and H2O 
(Karlsen et al. 2019; Korenaga et al. 2017; Peslier et al. 2017). A 
fluid, as defined herein, is a volatile-rich phase likely dominated 
by C-, O-, and/or H-bearing components. At the pressures (P), 
temperatures (T), and oxygen fugacities typical of the Earth’s 
uppermost mantle, the dominant hydrogen-bearing component 
of a lithostatically pressurized C-O-H fluid phase, if a separate 
fluid phase is present, would be H2O or, for relatively reducing 
conditions, CH4 (Kang et al. 2017; Wood et al. 1990). However, 
H2O reduces the melting temperature of peridotite and, therefore, 
rather than an H2O-dominated fluid, mantle rocks with significant 
hydrogen may melt, depending, of course, on the P-T conditions 
(Asimow and Langmuir 2003; Gaetani and Grove 1998; Green 
2015; Green et al. 2014; Hirschmann 2006). A melt phase may, 
therefore, be an H2O-bearing phase in equilibrium with mantle 
peridotites. Hydrogen, residing in the Earth’s mantle, may be 
bound in the structure of hydrous phases such as amphibole 
(Kovács et al. 2021; Niida and Green 1999; Popp and Bryndzia 
1992; Selway et al. 2015) and in nominally anhydrous minerals 
(NAMs), including olivine, pyroxene, and garnet. NAMs may 
constitute the largest reservoir of H in the Earth’s mantle (Chin 
and Palin 2022; Demouchy and Bolfan-Casanova 2016; Gibson 

et al. 2020; Ingrin and Skogby 2000; Peslier et al. 2017; Peslier et 
al. 2010). The H in mineral phases, both hydrous and nominally 
anhydrous, or in mantle magmas, may be bound to oxygen and is 
typically quantified in terms of the amount of H2O. The presence 
of H, or H2O, in these phases does not require the presence of a 
lithostatically pressurized fluid phase. However, some authors 
have adopted the generic term “water” to describe the H, OH, 
or H2O contents of mantle rocks, even if these hydrogen-bearing 
species are entirely contained within hydrous or nominally anhy-
drous mineral phases. We adopt that terminology here, although 
we may use other terms (e.g., the OH content of amphibole or 
H2O content of nominally anhydrous phases) if a more accurate 
term is deemed useful.

Water, even in trace amounts, has a significant effect on the 
physical properties of mantle rocks including electrical con-
ductivity (Karato 2019; Selway 2019; Tarits et al. 2004; Wang 
et al. 2008), rheology (Masuti et al. 2019; Mei and Kohlstedt 
2000a, 2000b) and the pressure-temperature conditions of 
mantle melting and the compositions of the melts generated 
(Gaetani and Grove 1998; Green 2015; Green et al. 2014). This 
is often the case even if H2O is not present as a component in a 
lithostatically pressurized fluid phase. Experiments on olivine, 
for example, have shown that only small amounts of water are 
needed to produce “water weakening” (Demouchy et al. 2012; 
Faul et al. 2016; Girard et al. 2013; Jung et al. 2006; Karato and 
Jung 1998; Mei and Kohlstedt 2000a, 2000b; Tielke et al. 2017; 
Wallis et al. 2019). Consequently, a complete understanding of 
mantle rheology depends on our ability to estimate the values 
of aH2O in the mantle.

Direct measurement of the H2O contents of nominally anhy-
drous minerals (NAMs) in mantle samples indicate that mantle 
pyroxenes contain approximately 30 to 1100 ppm H2O by weight, 
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