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Water in upper mantle pyroxene megacrysts and xenocrysts: A survey study
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abStRact

Water content, mineral chemistry, and oxidation state of clino- and orthopyroxene xenocrysts and 
megacrysts were investigated by Fourier transform infrared (FTIR) spectroscopy—including focal plane 
array (FPA) detector mapping, Mössbauer spectroscopy, and electron microprobe. Various tectonic 
settings, ages, and modes of emplacement are represented by 23 samples from 6 areas (Massif Central, 
France; Letseng, Lesotho; Colorado, U.S.A.; Kakanui, New Zealand; Oahu, Hawaii; and New South 
Wales, Australia). The xenocrysts are from both garnet and spinel peridotites—including lherzolite 
and harzburgite varieties—and one sample of clinopyroxenite. Water contents vary between ~10 and 
600 wt ppm. Samples from Massif Central, Colorado, Kakanui, and Hawaii have high water contents: 
180–600 wt ppm. The samples from Lesotho and New South Wales have considerably lower amounts: 
~10–300 wt ppm. Water contents of xenocrysts and megacrysts from New South Wales vary within a 
narrow range (clinopyroxene: ~50 wt ppm, orthopyroxene: 15–20 wt ppm), whereas the water content 
of the Lesothian samples scatter considerably. No significant correlations are observed between water 
content, mineral chemistry, or oxidation state of the samples. FPA mapping reveals homogenous dis-
tribution of water in the pyroxene lattice. The results are compared to available literature and research 
on water diffusion in natural mantle pyroxene. Altogether, the data suggest that water in pyroxene 
found in fresh peridotite xenoliths partly reflects the water content of the mantle source region. On the 
other hand, variable mineral chemistry and water contents of megacryst pyroxenes indicate processes 
such as magmatic equilibration, magma mixing, and contamination.
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intRoduction

Hydrogen is a common incompatible trace element in 
nominally anhydrous minerals (NAMs) of the Earth’s crust and 
mantle. In NAMs, hydrogen usually occurs as point defects at 
the edges of coordination polyhedra, bonding with oxygen an-
ions. Hydrogen bound in this way (hydroxyl ions) is generally 
viewed as chemically equivalent to water. Therefore, the concept 
of “water” will be used in a wider sense in this article, not to be 
interpreted as water molecules.

Of the main NAMs of the upper mantle (e.g., olivine, 
orthopyroxene, clinopyroxene, and garnet) the pyroxenes are 
of particular interest, since they are capable of incorporating 
relatively large amounts of water.

Water storage, solubility, and diffusion in orthopyroxene 
has been extensively studied, albeit mostly in synthetic samples 
(Stalder and Skogby 2002, 2003, 2007; Stalder et al. 2005, 2007; 
Stalder and Behrens 2006; Mierdel et al. 2007). The study of 
Mierdel et al. (2007) on synthetic Fe-free enstatite shows that 
the H2O-solubility of Al-saturated orthopyroxene is more than a 
hundred times higher than for its Al-free counterpart under the 
same temperature and pressure conditions. Water contents close 
to 1 wt% is reached at a maximum around 15 kbar and 800 °C 
(Mierdel et al. 2007), after which water solubility drops quickly 

as temperature and pressure increases. Mierdel et al. (2007) 
also suggest that this sharp decrease in water solubility leads to 
a partial melt and therefore is fundamental for the formation of 
the Earth’s astenosphere. Other recent findings by Mosenfelder 
et al. (2008) on natural orthopyroxene with variable Fe contents 
show water concentrations far lower, with a maximum around 
650 ppm water.

Clinopyroxene has lower modal abundance in the upper 
mantle compared to orthopyroxene but may still be an important 
host of water within the Earth. Omphacites from mantle xenoliths 
contain high amounts of water, up to 1000 wt ppm or more, and 
omphacite is believed to be an important transport medium of 
water in the subducting slab (Katayama and Nakashima 2003; 
Koch-Müller et al. 2004; Katayama et al. 2006). As a major 
constituent of most peridotitic upper mantle, diopside is more 
abundant than omphacite. Diopside also has capacity to store 
large amounts of water, and investigation of diopsidic clino-
pyroxene from peridotite xenoliths may therefore give better 
information about water distribution in Earth’s upper mantle.

Studies on water incorporation, solubility, and diffusion 
have been performed on pure synthetic diopside (Sundvall et 
al. 2009b), synthetic diopside doped with various trace elements 
(Stalder and Ludwig 2007; Sundvall et al. 2009a; Purwin et al. 
2009) as well as natural diopside (Ingrin et al. 1995; Hercule and 
Ingrin 1999; Woods et al. 2000; Bromiley et al. 2004; Andrut 
et al. 2007).* E-mail: rickard.sundvall@nrm.se


