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Comparative in situ X-ray diffraction study of San Carlos olivine: Influence of water on 
the 410 km seismic velocity jump in Earth’s mantle
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abstraCt

A comparative study of the equation of states of hydrous (0.4 wt% H2O) and anhydrous San Carlos 
olivine (<30 ppm H2O) was conducted using synchrotron X-rays up to 11 GPa in a diamond anvil cell 
(DAC) at ambient temperature. Both samples were loaded in the same high-pressure chamber of the 
DAC to eliminate the possible pressure difference in different experiments. The obtained compres-
sion data were fitted to the third-order Birch-Murnaghan equation of state, yielding a bulk modulus 
K0 = 123(3) GPa for hydrous olivine and K0 = 130(4) GPa for anhydrous olivine as K0' is fixed at 4.6. 
Therefore, 0.4 wt% H2O in olivine results in a 5% reduction in bulk modulus. Previous studies re-
ported bulk modulus reduction by water in olivine’s high-pressure polymorph (wadsleyite), to which 
the transformation from olivine gives rise to the seismic discontinuity at 410 km depth. The new data 
results in a reduction in the magnitude of the discontinuity by 50% in vP and 30% in vS (for 1:5 water 
partitioning between olivine and wadsleyite) with respect to anhydrous mantle. Previous knowledge of 
the influence of water on this phase transition has been in opposition to a large amount of water [e.g., 
200 ppm by Wood (1995)] existing at 410 km depth. Calculation of the seismic velocities based on 
newly available elasticity data of the hydrous phases indicates that the presence of water is favorable 
for the mineral composition model (pyrolite) and seismic observations in terms of the magnitude of 
the 410 km discontinuity.
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introduCtion

Subduction provides a large amount of water (∼870 mil-
lion tons per year) to the mantle (Peacock 1990). Estimations 
of magma production rates and water content of arc magmas 
indicate that only a small fraction of the subducted water (∼140 
million tons per year) returns to the Earth’s surface through 
volcanism (Peacock 1990). The fate of the remaining subducted 
water may fall into several possibilities including: release through 
metamorphic reactions and migration along the subduction zone 
to the surface; incorporation into the overlying mantle wedge 
via hydration; or transportation into the deep mantle (>200 km) 
(Bell and Rossman 1992; Peacock 1990). Geochemical studies 
indicate that about 92% of water may be extracted from the 
lithosphere during the subduction process (Dixon et al. 2002). A 
series of hydrous phases (i.e., chlorite, serpentine, the 10 Å phase 
or Mg-sursassite, phase A, phase E, hydrous wadsleyite, hydrous 
ringwoodite, superhydrous phase B and phase D) that are stable 
along the geotherm of the subducted slab can transport volatiles 
all the way down to the lower mantle (Fumagalli et al. 2001; 
Komabayashi et al. 2005; Ohtani 2005; Poli and Schmidt 1995; 

Poli and Schmidt 2002; Ringwood and Major 1967). The highest 
pressure hydrous phase (i.e., phase D) breaks down at about 44 
GPa or approximately 1250 km (Shieh et al. 1998). A majority 
of the subducted water in the slab is eventually released into the 
mantle. The major water reservoir in the mantle is the transition 
zone, where minerals such as wadsleyite and ringwoodite can 
accommodate a large amount of water (up to 2–3 wt%) (Inoue et 
al. 1995; Kohlstedt et al. 1996; Smyth 1987; Smyth et al. 2003).

The presence of water or hydrogen may significantly change 
the physical properties of mantle minerals [e.g., rheology (Chen 
et al. 1998a, 1998b; Mei and Kohlstedt 2000), elasticity (Holl et 
al. 2008; Inoue et al. 1998; Jacobsen 2006; Jacobsen et al. 2004, 
2008; Manghnani et al. 2005; Mao et al. 2008b; Smyth et al. 2004, 
2005; Wang et al. 2003, 2006; Yusa and Inoue 1997; Yusa et al. 
2000) and phase equilibria (Chen et al. 2002; Frost and Dolejs 
2007; Inoue et al. 2010; Kubo et al. 1998; Smyth and Frost 
2002; Wood 1995)]. Previous studies concerning the influence 
of water on the olivine-wadsleyite phase transition (e.g., Wood 
1995; Smyth and Frost 2002) indicate that water is unfavorable 
for matching the observed sharpness of the 410 km seismic 
discontinuity, unless diffusion of water, higher temperatures, 
partial melting or excess (saturated) water are considered at this * E-mail: chenj@fiu.edu


