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abstraCt

Calcite (CaCO3) is widely considered an important carbon carrier in the Earth’s interior. Laboratory 
measurements of the velocities and elastic properties of calcite are important for understanding the deep 
carbon cycle. The sound velocities of calcite were determined up to 10.3 GPa at ambient temperature 
by Brillouin scattering spectroscopy. Dramatic decreases in the velocity of compressional wave (Vp) 
and shear wave (Vs) and abrupt increases in the Vp anisotropy (Ap) and maximum Vs anisotropy (Asmax) 
were detected across the phase transition from CaCO3-I to CaCO3-II. Dramatic increases in the Vp and 
Vs and an abrupt decrease in Ap were observed across the phase transition from CaCO3-II to CaCO3-III. 
The phase transition from CaCO3-I to CaCO3-II may potentially explain the Gutenberg discontinuity 
at 51 km in the Izu-Bonin region. The Vp and Vs values of calcite were low. Our new results combined 
with literature data suggest that the low velocities of CaCO3 could potentially explain the low-velocity 
zone occurring in northeastern (NE) Japan.
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introduCtion

Carbonates play an important role in the transport and stor-
age of carbon in the Earth’s crust and mantle (Dasgupta and 
Hirschmann 2010; Sanchez-Valle et al. 2011). Calcite is widely 
considered one of the most important carbonates in the Earth’s 
interior. Recent experimental and theoretical studies have shown 
that its high-pressure phase remains stable under lower mantle 
pressure and temperature conditions (Oganov et al. 2006, 2008; 
Ono et al. 2007; Liu et al. 2016; Dorfman et al. 2018; Li et al. 
2018). The existence of calcite in the mantle is also proven by 
the occurrence of its inclusion in diamonds at corresponding 
depths (Brenker et al. 2007; Kaminsky et al. 2009; Tschauner 
et al. 2018). Additionally, sound velocities and elastic proper-
ties are important for understanding the structure of the Earth’s 
interior and the causes of some abnormal behaviors (e.g., seis-
mic wave discontinuities and low-velocity zones) (Duffy et al. 
1995; Mao et al. 2010; Marcondes et al. 2016; Bayarjargal et 
al. 2018). Laboratory measurements of the velocities and elastic 
properties of calcite are thus important for determining the deep 
carbon cycle and identifying potential carbonate-rich regions in 
the Earth’s interior.

Calcite crystallizes in the trigonal crystal system with space 
group R3c (referred to as CaCO3-I) under ambient conditions. It 
undergoes a series of structural phase transitions into CaCO3-II, 
CaCO3-III, and CaCO3-VI at ~1.5, ~2.1, and ~15.0 GPa, respec-
tively (Catalli 2005; Merlini et al. 2012; Liu et al. 2016). There 
are numerous experimental and theoretical reports on the veloc-
ity and elasticity of calcite. However, these studies are mainly 
concentrated on low-pressure measurements with ultrasonic 

interferometry or high-pressure conditions modeled through 
theoretical calculation (Peselnick and Robie 1963; Wang 1966; 
Grady et al. 1978; Thanh and Lacam 1984; Zhao et al. 2009; 
Almqvist et al. 2010; Juneja and Endait 2017; Stekiel et al. 2017; 
Huang et al. 2017; Bayarjargal et al. 2018). Furthermore, some 
data on properties at ambient pressure and/or high-temperatures 
based on Brillouin scattering spectroscopy have been reported 
(Chen et al. 2001; Lin 2013). Therefore, we investigated the high-
pressure velocities of natural calcite up to 10.3 GPa at ambient 
temperature by Brillouin scattering spectroscopy.

Methods
Natural single-crystal calcite (Iceland spar) samples were obtained from Guizhou, 

China. The composition was measured by electron microprobe analyses (JXA-8230, 
15 kV and 10 nA, Northwest University, China), which indicated a homogeneous 
chemical composition of CaCO3 with less than 0.4 mol% Mg. For simplification, 
we refer to it as CaCO3. Single-crystal samples with optical clarity, surface smooth-
ness, and parallelism of <30′ were chosen for Brillouin scattering measurements.

High pressures were generated by a pair of 400 mm diamond culets. The sample 
chamber was composed of a rhenium gasket with a pre-indented thickness of ~70 mm 
and a drilled hole of ~160 mm. A volume ratio of 4:1 methanol and ethanol mixture 
was applied as the pressure-transmitting medium for all experiments. Ruby powders 
and a single-crystal platelet with a thickness of ~40 mm were loaded into the sample 
chamber. Four independent experiments were conducted in this study. Pressures 
were determined by the quasi-hydrostatic ruby scale (Mao et al. 1986). The pressure 
uncertainties were ±0.1 GPa below 2 GPa and ±0.3 GPa between 3 and 10.3 GPa, 
which were estimated from the pressure measured before and after the collection 
of the Brillouin spectra.

Brillouin scatting spectra were collected by a Sandercock-type six-pass tandem 
Fabry-Perot interferometer (TFP-2, JRS Scientific Instruments) equipped with a 
photomultiplier detector (Count-10B, Laser Components) and a diode-pumped laser 
with a wavelength of 532 nm (Verdi G2, Coherent) as an excitation source. A 60° 
symmetric scattering geometry was adopted in all experiments. The Brillouin scat-
tering system was calibrated before the measurements with BK7 glass and deionized 
water (Yoneda and Song 2005; Sanchez-Valle et al. 2013). The aggregate velocities 
were calculated as follows:
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