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Abstract
The seismic discontinuity around 520 km is believed to be caused by the phase transition from wad-

sleyite to ringwoodite, the dominant minerals in the mantle transition zone (MTZ). Both wadsleyite and 
ringwoodite can contain more than 1.0 wt% water at MTZ’s conditions, but it is not well known how 
water affects the wadsleyite-ringwoodite transition. Here we investigated water partitioning between 
wadsleyite and ringwoodite and the water effect on this phase boundary using first-principles calcula-
tions. Our results show that the presence of water will shift the phase boundary to higher pressures, 
and the width of the two-phase coexistence domain in the Mg2SiO4-H2O system is insignificant at mid-
MTZ conditions. For the (Mg0.9Fe0.1)2SiO4 system, the incorporation of 1.0 wt% water can narrow the 
effective width of two-phase coexistence by two-thirds. Together with elastic data, we find that velocity 
and impedance contrasts are only mildly changed by the water partitioning. We suggest that compared 
to the anhydrous condition, the presence of 1.0 wt% water will increase velocity gradients across the 
wadsleyite-ringwoodite transition by threefold, enhancing the detectability of the 520 km discontinuity.

Keywords: Water partitioning, wadsleyite, ringwoodite, 520 km discontinuity, two-phase coexis-
tence, mantle transition zone

Introduction
Seismological studies have provided some of the most direct 

observations on the Earth’s mantle (Dziewonski and Anderson 
1981; Kennett et al. 1995; Shearer and Flanagan 1999) and un-
derstanding its physical and chemical properties requires detailed 
knowledge from mineral physics. Olivine is the most abundant 
mineral in the Earth’s upper mantle, and its volume percentage 
is ~60% in the widely accepted pyrolitic mantle composition 
(Ringwood 1962; Zou et al. 2018; Duan et al. 2019). The 410 and 
660 km discontinuities, which separate the upper mantle from the 
lower mantle, are caused by the olivine-wadsleyite and post-spinel 
phase transitions (Bina and Helffrich 1994; Helffrich and Wood 
2001; Higo et al. 2001; Hirose 2002; Fei et al. 2004; Katsura et 
al. 2004), respectively. In the mid mantle transition zone (MTZ), 
wadsleyite is expected to undergo a phase transition to ringwoodite 
(Akaogi et al. 1989; Katsura and Ito 1989; Inoue et al. 2006; Yu 
et al. 2008; Tsujino et al. 2019), and some seismic studies have 
observed a seismic discontinuity around 520 km depth in some 
regions such as Northeastern China and central Asia (Shearer 1990; 
Gossler and Kind 1996; Deuss and Woodhouse 2001; Tian et al. 
2016). However, unlike the 410 and 660 km discontinuities, the 
520 km discontinuity is not ubiquitously observed and absent in 
other regions such as the northeastern Pacific Ocean (Gossler and 
Kind 1996; Deuss and Woodhouse 2001). In particular, seismic 

studies have found two discontinuities at ~500 and 560 km depths 
in some local regions (Deuss and Woodhouse 2001), rather than a 
single 520 km discontinuity. Therefore, understanding the nature of 
the wadsleyite-ringwoodite phase transition is of great importance 
for the interpretation of the 520 km discontinuity.

Many experimental studies have investigated the phase bound-
ary between wadsleyite and ringwoodite and found that for the 
(Mg0.9Fe0.1)2SiO4 system under dry condition, this phase transition 
occurs at ~520 km along the mantle adiabat, with a Clapeyron 
slope of ~+4.2 MPa/K (Akaogi et al. 1989; Katsura and Ito 1989; 
Inoue et al. 2006; Tsujino et al. 2019). The effective width of 
the two-phase coexistence is 20–22 km, which is much thicker 
than that of the olivine-wadsleyite binary loop (Inoue et al. 2006; 
Tsujino et al. 2019). The velocity and density contrasts (ΔvP, ΔvS, 
and Δρ) between ringwoodite and wadsleyite are ~3.6, 4.3, and 
1.9% (Núñez Valdez et al. 2012), respectively, smaller than those 
across the olivine-wadsleyite transition (Núñez-Valdez et al. 2013; 
Wang et al. 2019). In a pyrolitic composition consisting of ~60% 
wadsleyite, this phase transition can only result in a ΔvP of ~2.1%, 
ΔvS of 2.6%, and Δρ of 1.1% in a width of 20–22 km, probably 
making it difficult to be detected as a seismic discontinuity. How-
ever, it is not well known why the 520 km discontinuity could be 
observed in some local regions.

One of the most novel features of wadsleyite and ringwoodite 
is that they can store up to 1.0 wt% water at MTZ’s conditions 
(Demouchy 2005; Jacobsen et al. 2005; Ohtani 2015; Fei and 
Katsura 2020), making the MTZ a potential water reservoir in the 
Earth’s interior. Although the actual amount of water constrained 
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