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Water in natural olivine—determined by proton-proton scattering analysis
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Abstract

Here we present water concentration data for olivine from different host rocks, measured with a 
nuclear technique using proton-proton scattering. This method, which is used here for the first time 
on olivine, is very powerful for determining trace amounts of water. The studied olivine specimens 
differ in their H2O contents, ranging from 4 to 51 wt ppm (=10–117 atom ppm H). The lowest con-
centrations are found in olivine from spinel peridotite xenoliths, the highest concentrations in olivine 
from alpine-type peridotite; the contents of an ophiolitic and a hydrothermal olivine are intermedi-
ate. Infrared spectroscopy was applied to ensure that the measured water contents stem solely from 
hydroxyl defects in the mineral structure. The infrared spectra differ from sample to sample. Five of 
six olivine specimens show absorption bands typical of hydroxyl groups associated with Ti defects. 
These olivines differ in their Ti contents by two orders of magnitude. However, a correlation of water 
and Ti content was not observed. 
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Introduction

The storage of hydrogen in the Earth’s mantle is the subject 
of an increasing number of studies (for a compilation see Kep-
pler and Smyth 2006). Hydrogen (informally “water”) enters 
the structure of nominally anhydrous mantle minerals where it 
forms OH defects (e.g., Miller et al. 1987; Smyth et al. 1991; 
Rossman 1996). Such defects have a significant influence on 
the physical properties of the Earth’s mantle. They influence 
electrical conductivity and seismic wave velocity (e.g., Karato 
et al. 1986; Hirth and Kohlstedt 1996; Karato 1990; Wang et al. 
2006; Inoue et al. 1998), as well as melt generation and viscosity 
(e.g., Thompson 1992; Hirose and Kawamoto 1995; Hirth and 
Kohlstedt 1996) and have, therefore, a considerable effect on 
mantle convection and geodynamics. Moreover, if defect water 
in mantle minerals amounts to several hundred wt ppm H2O, the 
Earth’s mantle, because of its volume, may accommodate similar 
amounts of water as the hydrosphere (e.g., Bell and Rossman 
1992; Ingrin and Skogby 2000). 

To unravel the actual water contents stored in nominally 
anhydrous mantle minerals such as olivine and pyroxene, two 
principal approaches are pursued. (1) The simplest way is to 
determine OH defects (subsequently also called “water”) in 
natural minerals from the upper mantle (e.g., Skogby et al. 1990). 
However, storage of water in anhydrous minerals is pressure-
enhanced (e.g., Rauch and Keppler 2002) so that mantle miner-
als may lose water due to decompression on their way to the 
surface. Therefore, the measured concentrations can be lower 
than the initial contents at mantle depths. (2) The alternative is 
to determine the water storage capacity of mantle minerals in 
experiments at elevated pressures and water-saturated conditions 

(Rauch and Keppler 2002). The quenched crystals yield the maxi-
mum water contents possible at a given pressure (or depth). The 
actual mantle values, however, can be distinctly lower, as they 
depend on the availability of water in the mantle. Accordingly, 
the true water concentrations in mantle minerals should range 
between the values detected by the first approach (lower limit) 
and the second (upper limit). Further uncertainty arises from 
the fact that, theoretically, a mineral in a volcanic sample could 
even gain water due to re-equilibration with a melt. However, 
complete resetting of original water contents during ascent is 
unlikely (e.g., Demouchy and Mackwell 2006). 

To learn more about the water content in the mantle, more 
natural samples from a greater variety of occurrences have to 
be investigated. Hitherto, minerals in predominantly peridotitic 
xenoliths have been examined for water. Less information exists 
for minerals in alpine-type peridotite. This is probably because 
xenoliths, after separation from their original mantle position, 
are less affected by secondary alteration, including loss of defect 
water due to decompression. If water is lost during ascent by 
pressure-release, xenolithic samples should retain much more 
water than alpine-type peridotites, simply because the rise of 
mantle xenoliths in lavas is much faster than tectonic exhumation 
of mantle rocks. Thus, more information on mantle water and the 
extent of decompression-related loss is gained by studying peri-
dotite samples that experienced different ascent or exhumation 
histories, respectively. Here we present water concentration data 
for olivine from different peridotite types: xenolith, alpine-type 
peridotite, and ophiolite as well as of hydrothermal olivine. The 
data were determined by a highly sensitive nuclear technique 
based on proton-proton scattering, which is tested here for the 
first time on olivine and the second time on a natural nominally 
anhydrous mineral (see below). Additional infrared spectra as 
well as major and trace element data were obtained to charac-* E-mail: esther@geol.uni-erlangen.de


