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Abstract
The high-cosmic abundance of sulfur is not reflected in the terrestrial crust, implying it is either
sequestered in the Earth’s interior or was volatilized during accretion. As it has widely been suggested
that sulfur could be one of the contributing light elements leading to the density deficit of Earth’s core,
a robust thermal equation of state of iron sulfide is useful for understanding the evolution and properties
of Earth’s interior. We performed X‑ray diffraction measurements on FeS2 achieving pressures from 15
to 80 GPa and temperatures up to 2400 K using laser-heated diamond-anvil cells. No phase transitions
were observed in the pyrite structure over the pressure and temperature ranges investigated. Combining
our new P-V-T data with previously published room-temperature compression and thermochemical data,
we fit a Debye temperature of 624(14) K and determined a Mie-Grüneisen equation of state for pyrite
having bulk modulus KT = 141.2(18) GPa, pressure derivative K′T = 5.56(24), Grüneisen parameter γ0
= 1.41, anharmonic coefficient A2 = 2.53(27) × 10–3 J/(K2∙mol), and q = 2.06(27). These findings are
compared to previously published equation of state parameters for pyrite from static compression,
shock compression, and ab initio studies. This revised equation of state for pyrite is consistent with an
outer core density deficit satisfied by 11.4(10) wt% sulfur, yet matching the bulk sound speed of PREM
requires an outer core composition of 4.8(19) wt% S. This discrepancy suggests that sulfur alone can‑
not satisfy both seismological constraints simultaneously and cannot be the only light element within
Earth’s core, and so the sulfur content needed to satisfy density constraints using our FeS2 equation
of state should be considered an upper bound for sulfur in the Earth’s core.
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Introduction
The Earth’s outer liquid core is a layer approximately
2300 km thick, and contains 30% of the Earth’s mass. Despite
comprising such a large percentage of the Earth’s bulk mate‑
rial, there remain uncertainties surrounding the composition of
this region of the interior. It is accepted that the Earth’s core is
predominantly iron-nickel alloy, but with one or more lighter
elements needed to compensate for the fact that the outer core
is ~10% less dense (Birch 1952) and with a bulk modulus ~12%
lower (Jeanloz 1979) than pure iron under appropriate pressuretemperature (P-T) conditions. Several potential light elements
have been proposed to account for these differences, notably
silicon, carbon, oxygen, hydrogen, and sulfur because of their
high cosmochemical abundances and affinity for iron metal
(e.g., Poirier 1994; McDonough 2003). While it is likely that
a combination of these light elements is needed to account for
the Earth’s core density deficit, it is important to constrain the
maximum of each element’s contribution by comparing equa‑
tions of state against the density and compressibility of the outer
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core based on seismological models (e.g., Preliminary Reference
Earth Model) (Dziewonski and Anderson 1981).
Understanding the distribution of sulfur within Earth is a
primary concern because of sulfur’s direct impact on the physi‑
cal and chemical properties of solids, magmas, and alloy melts.
Volatiles including sulfur play an important role in defining
the geochemical environment during Earth’s accretion (Walter
et al. 2000), and sulfur has been found to greatly influence the
metal–silicate partitioning behavior of some elements (Wood et
al. 2014). Furthermore, the addition of even small weight percent
quantities of sulfur to Fe-Si, Fe-O, or Fe-C melts can produce
two immiscible phases at low pressures (Raghavan 1998), and
can reduce the surface tension, compressibility, and melting
temperature of these melts (Sanloup et al. 2000; Andrault et al.
2009). These influences are important during the differentiation
of young terrestrial planets.
Sulfur’s volatile yet moderately siderophile nature makes it
likely that during Earth’s differentiation some unknown fraction
of sulfur was volatilized, yet a significant fraction may have been
incorporated into the Earth’s core. In fact, Wood et al. (2014)
found that a complete absence of sulfur in the core would be
irreconcilable with the observed Mo and W abundances in the
mantle, leading to an overabundance of W relative to Mo in the
Earth’s core due to sulfur’s influence on the relative metal–sili‑
cate partitioning of both elements. Recent findings of mid-ocean
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