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ABSTRACT

Diamonds are crucial in understanding the deep Earth’s carbon cycle, offering essential insights into
the composition and processes of the deep mantle. To effectively explore diamond-rich regions, it is
essential to understand their unique seismic signatures. In this study, we employed ab initio PBEsol
methods to calculate thermodynamic and elastic properties of diamonds under Earth’s mantle condi-
tions. Our findings showed good agreement with experimental data at lower pressures and tempera-
tures. Then we extended the analysis up to 140 GPa and 4000 K, allowing for a comprehensive
examination of the entire mantle. The elastic moduli of diamonds exhibit notable nonlinear responses
to pressure and temperature variations. Additionally, the elastic anisotropy of Apo

S of diamonds is sig-
nificantly pronounced. We calculated density and wave velocity profiles for diamonds along mantle
geotherms, revealing that diamond has higher bulk and shear moduli and lower density compared
to the reference state (PREM) of the lower mantle. We also calculated the density and seismic wave
velocities (VP, VS) of a peridotitic mantle mixture as a function of the diamond content. The results
indicate that even minimal amounts of diamond integrated with the background mantle can substan-
tially reduce density and enhance seismic velocities in the lower mantle. Consequently, we predict that
diamond may accumulate in the upper mantle over time. The diamond-rich regions will exhibit excep-
tionally high and anisotropic seismic velocities under Earth’s extreme pressure and temperature con-
ditions, as well as within other planetary bodies. These findings provide new approaches for probing
diamond-rich zones and investigating the role of carbon in Earth’s geological history.
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INTRODUCTION

Natural diamonds mainly occur in shallow intrusive/volcanic
rocks (e.g., kimberlite) (Gurney et al. 2010; Shirey et al. 2013;
Stachel and Luth 2015) and ultrahigh-pressure metamorphic rocks
(Dobrzhinetskaya et al. 2001; Ogasawara 2005; Yang et al. 2003),
though diamonds have also been reported in meteorites and mete-
orite impact craters (Huss and Lewis 1995; Lewis et al. 1987).
Recently, diamonds have been reported in chromite fromophiolites
andmantle peridotites in different regionsof theEarth (Howell et al.
2015; Lian et al. 2017; Xu et al. 2009; Yang et al. 2007; Yazhou
et al. 2015) and inmantle peridotites (Xu et al. 2015). These studies
largely sample the upper Earth, however, and the fate of carbon in
the deeper Earth is much more difficult to surmise.

According to preliminary estimates of the Earth’s carbon con-
tent, the carbon content in the core accounts for more than 90% of
the entire Earth’s carbon cycle (Javoy et al. 1982), but this still
leaves significant carbon in the Earth’s mantle. Experimental
petrology studies have shown that carbon’s solubility in the man-
tle’s main minerals is very low (Keppler et al. 2003; Panero
and Kabbes 2008; Shcheka et al. 2006), which indicates that

large-scale carbon storage inside the Earth mainly exists in the
form of elemental carbon (diamond or graphite), carbonateminer-
als, iron carbon alloys, and hydrocarbons in various rocks of the
crust, mantle, and core (Hazen and Schiffries 2013). Since sam-
pling of the deep Earth is very difficult, the preferred form of car-
bon in the deep Earth and its effects on the properties of the deep
Earth are still uncertain. Numerous studies have proposed that dia-
monds can form in the deep Earth (Dasgupta et al. 2013; Ko et al.
2022; Li et al. 2019). To probe whether this hypothesis is true and
what effects such a formation will have on the Earth, it is essential
to know the properties of diamonds under high pressures and tem-
peratures. The elastic properties of diamonds have been studied
experimentally (Dewaele et al. 2008; McSkimin et al. 1972)
and theoretically (Jia et al. 2024; Mounet and Marzari 2005;
Núñez Valdez et al. 2012), where they show unique properties
such as high elastic moduli and large Debye temperatures. The
experimental studies are generally limited to ∼40 GPa, and the
theoretical studies to 100 GPa and 2000 K, a long way from
the conditions at the CMB, where diamonds are most likely to
form if they form in the deep Earth.

The thermodynamic and elastic properties of diamonds are
crucial for solid Earth studies because they provide valuable
insights into the composition, structure, and dynamics of the
Earth’s interior. In this study, we obtained the elastic and ther-
modynamic properties of diamond at mantle P-T conditions
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