
Water quantification in olivine and wadsleyite by Raman spectroscopy and study of errors 
and uncertainties

Loïs Martinek1,* and Nathalie Bolfan-Casanova1

1Laboratoire Magmas et Volcans, 6 Avenue Blaise Pascal, TSA 60026–CS 60026, 63178 Aubière Cedex, France

Abstract
The study of nominally anhydrous minerals with vibrational spectroscopy, despite its sensitivity, 

tends to produce large uncertainties (in absorbance or intensity) if the observed dispersion of the 
values arising from the anisotropy of interaction with light in non-cubic minerals is not assessed. In 
this study, we focused on Raman spectroscopy, which allows the measurement of crystals down to a 
few micrometers in size in backscattered geometry, and with any water content, down to 200 ppm by 
weight of water. Using synthetic hydrous single-crystals of olivine and wadsleyite, we demonstrate 
that under ideal conditions of measurement and sampling, the data dispersion reaches ±30% of the 
average (at 1s) for olivine and ±32% for wadsleyite, mostly because of their natural anisotropy. As 
this anisotropy is linked to physical properties of the mineral, it should not be completely considered 
as an error without treatment. By simulating a large number of measurements with a 3D model of the 
OH/Si spectral intensity ratio for olivine and wadsleyite as a function of orientation, we observe that 
although dispersion increases when increasing the number of measured points in the sample, analytical 
error decreases, and the contribution of anisotropy to this error decreases. With a sufficient number 
of points (five to ten, depending on the measurement method), the greatest contribution to the error 
on the measured intensities is related to the instrument’s biases and reaches 12 to 15% in ideal cases, 
indicating that laser and power drift corrections have to be carefully performed. We finally applied this 
knowledge on error sources (to translate data dispersion into analytical error) on olivine and wadsleyite 
standards with known water contents to build calibration lines for each mineral to convert the intensity 
ratio of the water bands over the structural bands (OH/Si) to water content. The conversion factors 
from OH/Si to parts per million by weight of water (H2O) are 93 108 ± 24 005 for olivine, 250 868 ± 
53 827 for iron-bearing wadsleyite, and 57 862 ± 12 487 for iron-free wadsleyite, showing the strong 
effect of iron on the spectral intensities.
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Introduction
Even though the major mineral phases of the Earth’s mantle 

are nominally anhydrous, many of them are known to contain 
water as OH point defects in their structures (Bell and Rossman 
1992; Smyth and Keppler 2006; Peslier 2010; Demouchy and 
Bolfan-Casanova 2016). The water storage capacity of the most 
abundant upper mantle mineral, namely olivine, has been the 
subject of many studies; however, most reports concern simple 
systems or single-crystal olivine (e.g., Kohlstedt et al. 1996; 
Withers and Hirschmann 2007, 2008; Bali et al. 2008; Kovács et 
al. 2010; Férot and Bolfan-Casanova 2012; Litasov et al. 2014, 
Yang 2016). Single-phase experiments allow the growth of single 
crystals large enough to be suitable for any analytical method, 
especially absorption infrared spectroscopy using Fourier trans-
form infrared (FTIR), secondary ion mass spectrometry (SIMS), 
or elastic recoil detection analysis (ERDA).

On the other hand, in experiments with natural mantle com-
positions, olivine, orthopyroxene, clinopyroxene, and garnet can 
coexist, strongly limiting crystal growth. These samples often 
display crystal sizes from 20 to 50 mm, limiting the use of the 
conventional methods cited above on the fine-grained samples. 

Investigation of the storage capacity in more complex systems 
such as peridotite has been carried out and the small size of the 
grains required the use of SIMS (few tens of cubic micrometers 
analyzed) or even nano-SIMS (one or two orders of magnitude 
less) (see Ardia et al. 2012; Tenner et al. 2012; Novella et al. 
2014). This technique is complicated to use because of high 
background levels of H, complex preparation to avoid H con-
tamination, and the need for well-characterized standards (Koga 
et al. 2003; Mosenfelder et al. 2011).

FTIR is a frequently used sensitive technique to quantify 
hydroxyl content in nominally anhydrous minerals, which also 
gives structural information about H point defects. Reliable meth-
ods exist to quantify water in anisotropic minerals using FTIR, 
and consequent literature exists on the subject (e.g., Libowitzky 
and Rossman 1996; Asimow et al. 2006; Kovács et al. 2008; 
Withers et al. 2012; Withers 2013; Qiu et al. 2018). However, in 
the case of very water-rich samples as, for example, wadsleyite, 
a high-pressure polymorph of olivine, that can contain up to 3.2 
wt% of water (Inoue et al. 1995), infrared spectroscopy requires 
an important thinning of the samples (which may cause their loss) 
to avoid the entire absorption of the infrared signal.

In this study, we used confocal polarized Raman spectroscopy 
(the laser source being polarized, the incident beam is therefore 
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