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Abstract
Hydrogen concentrations in minerals of peridotite xenoliths in alkali basaltic rocks from Quater-

nary volcanoes in northwest Spitsbergen were measured using polarized Fourier transform infrared 
spectroscopy (FTIR) to trace the effects of geologic processes on hydrogen distribution in the con-
tinental lithospheric mantle. The mineral grains show hydrogen profiles with lower concentrations 
at rims suggesting diffusive hydrogen loss during the entrapment and transport of the xenoliths in 
magma. However, hydrogen concentrations in the centers of the grains are uniform and appear to 
represent hydrogen abundances in the Spitsbergen upper mantle. The olivine, orthopyroxene, and 
clinopyroxene contain 1–10, 130–290, and 350–560 ppm H2O, respectively. Hydrogen abundances 
away from metasomatic melt conduits recorded by Type 1 xenoliths are correlated with the concen-
trations of incompatible trace elements, indicating that hydrogen distribution is related to mantle 
metasomatism. By contrast, hydrogen near the melt conduits, recorded by Type 2 xenoliths, shows 
no regular correlations with incompatible trace elements (except Nb in clinopyroxene) and may be 
affected by fractional crystallization of amphibole in the conduits. Hydrogen contents decrease away 
from the melt conduits and are controlled by the interaction between the depleted host mantle and 
percolating metasomatic melts. Therefore, the metasomatic melt could have variably hydrated the 
Spitsbergen upper mantle via different processes. The H2O/Ce ratios of the melt in equilibrium with 
clinopyroxene near the metasomatic melt conduits range from 93 to 218, i.e., within the oceanic 
island basalt (OIB) range. This is consistent with that the metasomatic melt could have been derived 
from OIB-type sources evidenced by the Sr-Nd isotope compositions of the xenoliths.

Keywords: Spitsbergen, lithospheric mantle, nominally anhydrous minerals, hydrogen content, 
metasomatism; Water in Nominally Hydrous and Anhydrous Minerals

Introduction
Ultramafic xenoliths in volcanic rocks can directly sample 

the continental lithospheric mantle (CLM). By far the most 
common mantle xenoliths in alkali basalts are spinel peridotites 
that consist mainly of olivine, orthopyroxene, clinopyroxene, 
and accessory spinel, which are considered nominally anhy-
drous minerals (NAMs). However, trace amounts of hydrogen 
can be incorporated in the crystal lattice defects of the silicate 
NAMs to form hydroxyl by bonding to structural oxygen, and 
commonly called “water” in the literature. Although present in 
only small amounts (a few to hundreds of parts per million by 
weight of H2O), hydrogen may significantly influence physi-
cal and chemical properties of the CLM (e.g., Mackwell et al. 
1985; Bell and Rossman 1992; Hirth and Kohlstedt 1996; Hier-
Majumder et al. 2005; Wang et al. 2006; Yoshino et al. 2006) 

and therefore, affect mantle processes. Conversely, partial 
melting and metasomatism in the mantle may affect hydrogen 
distribution. Variations in hydrogen content have been attrib-
uted to partial melting in the CLM of the South China Block 
(Hao et al. 2014; Zhang et al. 2018) and Kilbourne Hole in the 
Southwestern U.S.A. (Schaffer et al. 2019), but alternatively to 
metasomatism in the CLM of the Kaapvaal craton (Peslier et 
al. 2012), the Siberian craton (Doucet et al. 2014), the Ontong 
Java plateau (Demouchy et al. 2015), and in the western Pacific 
mantle wedge (Soustelle et al. 2010; Satsukawa et al. 2017).

Partial melting decreases hydrogen concentration in melt-
ing residues because it is highly incompatible in NAMs. By 
contrast, metasomatism may add hydrogen to initially “dry” 
residual mantle. The effects of partial melting and metasoma-
tism can be disentangled using the distribution of incompatible 
trace elements, especially rare earth elements (REE). Both 
carbonatite and silicate metasomatism typically lead to enrich-
ment of light REE (LREE) in pyroxenes (e.g., Pearson et al. 
2003), whereas residual mantle is depleted in LREE relative to 
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