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In-situ infrared spectra of OH in olivine to 1100 °C
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abstract

The infrared spectra of hydrated San Carlos olivine were measured from room temperature to 1100 
°C at 1 bar using a heating stage. The spectra show that even at the highest temperatures studied, there 
are still two well-separated groups of OH bands centered between 3200 and 3300 cm–1 and between 
3500 and 3600 cm–1, respectively. The distinction between “group I” (ν > 3450 cm–1) and “group II” 
bands (ν < 3450 cm–1) is therefore still meaningful at upper mantle temperatures. However, a prominent 
band at 3612 cm–1 already loses intensity by 100 °C and nearly disappears by 300 °C, suggesting that 
it corresponds to a particular H environment that only formed during cooling of the sample and that it 
is not stable at high temperature. A similar band is prominent in many olivines from mantle xenoliths 
and previously it has sometimes been assigned to OH groups surrounding Si vacancies. We show that 
structural models of water dissolution in olivine derived from infrared spectra at ambient conditions 
may not be fully applicable for the upper mantle.
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introduction

Many nominally anhydrous upper-mantle minerals contain 
some “water” in the form of OH-bearing point defects. The dis-
solution of water in olivine and other minerals greatly reduces 
the viscosity of the mantle, and it is very likely that this effect is 
essential for the occurrence of plate tectonics on Earth (Mackwell 
et al. 1985). Models for the dissolution of water in olivine have 
been derived mostly from infrared spectra. The hydroxyl bands 
of mantle olivines exhibit great complexity, and more than 50 
bands have been identified (Matsyuk and Langer 2004; Miller 
et al. 1987). Bai and Kohlstedt (1993) distinguished “group I” 
bands at high frequency (3650–3450 cm–1) from “group II” bands 
at lower frequencies. Later, Matveev et al. (2001) and Lemaire 
et al. (2004) demonstrated that the group I bands are enhanced 
at low silica activity, while the group II bands are enhanced at 
low MgO activity, and accordingly group I bands were assigned 
to protons associated with Si4+ vacancies, while group II bands 
may correspond to protons associated with Mg2+ vacancies. In 
both cases, the protons are attached to O atoms surrounding the 
cation vacancies. The distinction between group I and group II 
bands was used to infer silica activity in the mantle from observed 
infrared spectra of olivines (Matveev et al. 2001, 2005) and as 
a tool in diamond exploration (Matveev and Stachel 2007). 
However, the assignment of the group I bands to OH groups 
surrounding Si4+ vacancies has been challenged by structure 
refinements, which suggest that Mg2+ vacancies are the most 
important site for H incorporation in olivine, even if their infra-

red spectra show prominent group I bands (Hushur et al. 2009; 
Smyth et al. 2006).

Later experimental work has shown that some OH bands in 
olivine can only be observed in samples containing certain trace 
elements and therefore, they are unlikely to be related to simple 
Mg2+ or Si4+ vacancies (Berry et al. 2005, 2007a, 2007b). Bands 
between 3300 and 3400 cm–1 appear to be caused by protons 
coupled to trivalent ions. Probably, a trivalent ion and a vacancy 
occupy two adjacent Mg2+ sites charge balanced by protonation 
of an O atom next to the Mg2+ vacancy. Two bands at 3572 and 
3525 cm–1 are likely related to H in a Ti-clinohumite-like point 
defect. This defect consists of a Ti4+ ion occupying a Mg2+ site 
charge balanced by two protons next to a vacant Si4+ site. Other 
bands in the “group I” and “group II” frequency region do not 
appear to be related to chemical impurities; in particular the 
bands at 3612, 3580, 3567, and 3480 cm–1 may correspond to 
OH groups surrounding a vacant Si4+ site, while bands between 
3300 and 3100 cm–1 may be caused by OH groups around a Mg2+ 
vacancy. Despite all the complexities revealed by recent studies, 
the distinction between “group I” and “group II” bands is still 
widely used. This may be justified that group I bands may always 
involve some vacancy on the Si4+ site, while group II bands may 
involve a vacancy on the Mg2+ site.

However, models on water dissolution in olivine so far have 
been derived from spectroscopic studies of olivine under ambient 
conditions. Considering the very high mobility of the proton, it 
is conceivable that the location of protons in the olivine structure 
changes even during very fast quenching. Therefore, we have 
measured the infrared spectra of hydrated San Carlos olivine at 
1 bar up to 1100 °C to constrain H speciation in olivine at upper 
mantle temperatures.* E-mail: xiaozhi.yang@uni-bayreuth.de


