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aBSTraCT

The elasticity of single-crystal hydrous pyrope with ~900 ppmw H2O has been derived from sound 
velocity and density measurements using in situ Brillouin light spectroscopy (BLS) and synchrotron 
X-ray diffraction (XRD) in the diamond-anvil cell (DAC) up to 18.6 GPa at room temperature and up 
to 700 K at ambient pressure. These experimental results are used to evaluate the effect of hydration on 
the single-crystal elasticity of pyrope at high pressure and high temperature (P-T) conditions to better 
understand its velocity profiles and anisotropies in the upper mantle. Analysis of the results shows that 
all of the elastic moduli increase almost linearly with increasing pressure at room temperature, and 
decrease linearly with increasing temperature at ambient pressure. At ambient conditions, the aggre-
gate adiabatic bulk and shear moduli (KS0, G0) are 168.6(4) and 92.0(3) GPa, respectively. Compared 
to anhydrous pyrope, the presence of ~900 ppmw H2O in pyrope does not significantly affect its KS0 
and G0 within their uncertainties. Using the third-order Eulerian finite-strain equation to model the 
elasticity data, the pressure derivatives of the bulk [(∂KS/∂P)T] and shear moduli [(∂G/∂P)T] at 300 K 
are derived as 4.6(1) and 1.3(1), respectively. Compared to previous BLS results of anhydrous pyrope, 
an addition of ~900 ppmw H2O in pyrope slightly increases the (∂KS/∂P)T, but has a negligible effect 
on the (∂G/∂P)T within their uncertainties. The temperature derivatives of the bulk and shear moduli 
at ambient pressure are (∂KS/∂T)P = –0.015(1) GPa/K and (∂G/∂T)P = –0.008(1) GPa/K, which are 
similar to those of anhydrous pyrope in previous BLS studies within their uncertainties. Meanwhile, 
our results also indicate that hydrous pyrope remains almost elastically isotropic at relevant high P-T 
conditions, and may have no significant contribution to seismic anisotropy in the upper mantle. In 
addition, we evaluated the seismic velocities (vP and vS) and the vP/vS ratio of hydrous pyrope along 
the upper mantle geotherm and a cold subducted slabs geotherm. It displays that hydrogen also has no 
significant effect on the seismic velocities and the vP/vS ratio of pyrope at the upper mantle conditions.
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inTroDuCTion

Silicate garnet is an important constituent in the Earth’s upper 
mantle and transition zone (e.g., Anderson and Bass 1984; An-
derson 1989; Duffy and Anderson 1989; Ita and Stixrude 1992; 
McDonough and Sun 1995; Frost 2008; Fan et al. 2009, 2011, 
2013, 2015b, 2015c, 2017a; Bina 2013). Mantle compositional 
models such as pyrolite and piclogite contain ~15 and ~22% of 
garnet in the upper mantle, respectively (e.g., Ringwood 1975; 
Bass and Anderson 1984). The percentage can increase to ~40% 
or even more in the transition zone because pyroxenes progres-
sively dissolve into garnet with increasing pressure (Li B.W. 
et al. 2018), forming majorite-garnet solid solutions (Herzberg 
and Gasparik 1991; Ringwood 1991). Garnet is also one of the 

important minerals for eclogite (e.g., Kimura et al. 2013; Liu 
1980; Xu et al. 2019), formed by high-pressure metamorphism 
of basalt or gabbro at subduction zones (Poli and Schmidt 2002; 
Ringwood 1982). Although most natural garnets are complex 
solid solutions, the most significant component of mantle garnets 
is its Mg end-member pyrope (Mg3Al2Si3O12) (Rickwood et al. 
1968; Sinogeikin and Bass 2002). Therefore, pyrope or pyrope-
rich garnet is an important mantle mineral, irrespective of what 
compositional model of Earth’s mantle is assumed (Ringwood 
1975; Ita and Stixrude 1992).

In addition, previous studies have revealed that hydrogen 
could be incorporated into nominally anhydrous minerals 
(NAMs) as structurally bound hydroxyl defects (e.g., Ingrin and 
Skogby 2000; Skogby 2006; Smyth 1987). NAMs in the Earth’s 
mantle thus have significant implications for the Earth’s deep 
water cycle (e.g., Bolfan-Casanova et al. 2000; Hirschmann and 
Kohlstedt 2012; Hirschmann 2006; Smyth and Jacobsen 2006). 
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