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Static compression of Fe4N to 77 GPa and its implications for nitrogen storage in the deep Earth
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Abstract
Compression and decompression experiments on face-centered cubic (fcc) γʹ-Fe4N to 77 GPa at room
temperature were conducted in a diamond-anvil cell with in situ X‑ray diffraction (XRD) to examine
its stability under high pressure. In the investigated pressure range, γʹ-Fe4N did not show any structural
transitions. However, a peak broadening was observed in the XRD patterns above 60 GPa. The obtained
pressure-volume data to 60 GPa were fitted to the third-order Birch-Murnaghan equation of state (EoS),
which yielded the following elastic parameters: K0 = 169 (6) GPa, K′ = 4.1 (4), with a fixed V0 = 54.95 Å
at 1 bar. A quantitative Schreinemakers’ web was obtained at 15–60 GPa and 300–1600 K by combining
the EoS for γʹ-Fe4N with reported phase stability data at low pressures. The web indicates the existence of
an invariant point at 41 GPa and 1000 K where γʹ-Fe4N, hexagonal closed-packed (hcp) ε-Fe7N3, double
hexagonal closed-packed β-Fe7N3, and hcp Fe phases are stable. From the invariant point, a reaction γʹFe4N = β-Fe7N3 + hcp Fe originates toward the high-pressure side, which determines the high-pressure
stability of γʹ-Fe4N at 56 GPa and 300 K. Therefore, the γʹ-Fe4N phase observed in the experiments beyond
this pressure must be metastable. The obtained results support the existing idea that β-Fe7N3 would be
the most nitrogen-rich iron compound under core conditions. An iron carbonitride Fe7(C,N)3 found as a
mantle-derived diamond inclusion implies that β-Fe7N3 and Fe7C3 may form a continuous solid solution
in the mantle deeper than 1000 km depth. Diamond formation may be related to the presence of fluids in
the mantle, and dehydration reactions of high-pressure hydrous phase D might have supplied free fluids
in the mantle at depths greater than 1000 km. As such, the existence of Fe7(C,N)3 in diamond can be an
indicator of water transportation to the deep mantle.
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Introduction
Knowledge of the distribution of volatile elements within the
solid Earth is key to understanding the origin and evolution of
the Earth as well as those of terrestrial atmosphere. One of the
potential volatile storage sites in the deep Earth is considered to
be the core, which is linked to one of the major issues with the
core, namely, light element in the core. The comparison of geophysical observations and laboratory experiments shows that the
Earth’s core is likely less dense than pure iron (or an iron-nickel
alloy) (Birch 1952). The value for the so-called core density
deficit (cdd) has been revised based on high-pressure experimental measurement of iron density, and recent estimates range
from 3.6 to 4.6% for the solid inner core at 6000 K (Dewaele
et al. 2006; Fei et al. 2016). The cdd has often been associated
with the presence of light element(s) including O, S, H, C, and
Si (Poirier 1994). The identification of the kind and amount of
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the light elements in the core places constraints on the origin,
formation, and evolution of the Earth because redistribution of
the light elements into an iron-rich core should depend on several
thermodynamic conditions during core formation.
As a major volatile element in the atmosphere, the presence
of water/hydrogen in the core and its consequences have been
discussed (e.g., Okuchi 1997; Nomura et al. 2014) as well as its
circulation in the mantle (e.g., Komabayashi 2006). On the other
hand, nitrogen, which is another major component of the atmosphere, has received less attention and its circulation and storage
in the deep Earth were less studied (Minobe et al. 2015; Litasov
et al. 2017; Mikhail et al. 2017; Bajgain et al. 2018) despite of its
abundance in meteorite from thousand parts per million (chondrites) to 1 wt% (iron meteorites) (see Litasov et al. 2017 and
reference therein). To discuss the storage of nitrogen in the core,
phase relations in the system Fe-N should first be elucidated.
Another potential storage site for nitrogen is the mantle.
Mantle-derived diamonds are contaminated by nitrogen up to
1500 ppm (Cartigny 2005). Various mineral inclusions were
found in those diamonds and their parageneses may indicate high1781

