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Abstract
The transition zone is dominated by polymorphs of olivine, wadsleyite, and ringwoodite, which 

are to date considered the main water carriers in the Earth’s mantle. Despite considerable studies on 
water solubility and its impact on physical properties of the two minerals, knowledge of their hy-
drogen defects and framework behavior at high temperature and high pressure is still lacking. Here, 
we systematically assess this issue, by in situ high-temperature (20–800 °C) infrared spectroscopic 
studies, in situ high-temperature (20–800 °C) and high temperature-pressure (14.27 and 18.84 GPa, 
20–400 °C) Raman spectroscopic studies on the iron-bearing wadsleyite and ringwoodite. The results 
show that dehydrogenation in wadsleyite happens at a higher temperature than in ringwoodite. The 
infrared absorption patterns of hydrogen defects in wadsleyite and ringwoodite are temperature sensi-
tive, resulting from hydrogen defects transfer and site-specific stabilities. As for the framework, it is 
more sensitive to temperature and pressure for ringwoodite than wadsleyite. These results provide new 
knowledge about hydrogen defects and framework of wadsleyite and ringwoodite at high temperature 
and high pressure, which is indispensable for understanding water solubility and its impacts on physi-
cal properties of these two minerals.
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Introduction
Many geochemical and mineralogical studies have contrib-

uted to the revelation of mechanisms of water distribution in the 
mantle transition zone. However, there still exist uncertainties. 
Based on the crystallographic considerations and experimental 
estimation of hydrogen solubility (Smyth 1994; Kohlstedt et 
al. 1996), the mantle transition zone can be a large water res-
ervoir, with up to 2.7 wt% H2O in the structures of wadsleyite 
and ringwoodite. But this is inconsistent with the geophysical 
observation, which suggests less water in the mantle transition 
zone (Houser 2016). However, a single natural ringwoodite, 
found in a diamond, contains about 1.4 wt% H2O (Pearson et al. 
2014), and thus clearly demonstrates at least locally a water-rich 
mantle transition zone. Moreover, hydrogen effects on physical 
properties of wadsleyite and ringwoodite have been extensively 
studied. However, large discrepancies exist about the magnitude 
of hydrogen effects among different studies (e.g., Huang et al. 
2005; Yoshino et al. 2008a, 2008b; Yoshino and Katsura 2012; 
Dai and Karato 2014). Hydrogen impacts on some physical prop-
erties are even different between wadsleyite and ringwoodite. For 
example, hydrogen has a larger effect on electrical conductivity 
and elastic property of ringwoodite than on the same properties 
of wadsleyite, while hydrogen has a smaller effect on thermal 
expansion and Fe-Mg interdiffusion in ringwoodite than in 
wadsleyite (Zhang and Xia 2021 and references therein). But 

the physical mechanisms are unclear.
To understand the water storage and its impacts on physical 

properties of the mantle transition zone, it is necessary to reveal 
behavior of hydrogen defects and framework of the two miner-
als at high temperature and high pressure. The temperature of 
dehydrogenation has been previously inferred from the thermal 
expansion experiments, to be 450–362 °C for wadsleyite (Ye 
et al. 2009; Inoue et al. 2004, 2011), and 400–313 °C for ring-
woodite (Ye et al. 2011; Inoue et al. 2004). Although hydrogen 
diffusivity in wadsleyite has been fitted through the annealing 
experiments at high temperatures and high pressures (Hae et al. 
2006), it is not dehydrogenation by ionic diffusion. Only one 
study performed molecular dynamics simulations and determined 
hydrogen diffusivities in wadsleyite and ringwoodite (Caracas 
and Panero 2017), and experimental evidence about hydrogen 
mobilities in the two minerals is lacking. Infrared spectroscopy 
is an efficient method for clarify hydrogen defects in minerals. 
However, current knowledge about hydrogen defects in wads-
leyite and ringwoodite has been based mainly on infrared spectra 
at room or low temperature at high pressure (Chamorro Pérez 
et al. 2006; Deon et al. 2010; Koch-Müller et al. 2011; Panero 
et al. 2013). To date, only two studies have reported infrared 
spectra of hydrogen defects at high temperatures. Mrosko et al. 
(2013) reported infrared spectra of an Fe-bearing ringwoodite 
at high temperatures up to 600 °C. Yang et al. (2014) reported 
infrared spectra of wadsleyite and ringwoodite at simultaneously 
high temperature and high pressure, but the samples used are Fe 
free. In the same case, there have been few reports on framework 
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