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INTRODUCTION

The physical properties of a planetary core are governed by
its mineralogy. It has long been recognized that iron and sulfur
are possible elements in the cores of the terrestrial planets such
as Earth and Mars (e.g., Mason 1966; Rama Murthy and Hall
1970; Dreibus and Wänke 1985). Therefore, melting relations
and subsolidus mineralogy in the system Fe-FeS at high pres-
sure are fundamentally important for understanding the ther-
mal and physical state of a sulfur-bearing iron core. Previous
studies (e.g., Fei et al. 1997; Usselman 1975) showed that me-
tallic iron (Fe) and iron-sulfide (FeS) form a simple binary
eutectic system at pressures up to 14 GPa. An intermediate iron-
sulfide compound (Fe3S2) forms at pressures between 14 and
18 GPa, and changes the melting relations from a simple bi-
nary eutectic system to a binary system, with Fe3S2 as an inter-
mediate compound that melts incongruently (Fei et al. 1997).
This study reports two more new iron-sulfide compounds (Fe2S
and Fe3S) formed at pressures greater than 21 GPa, and pro-
vides the crystal structure and bulk modulus of Fe3S.

EXPERIMENTAL PROCEDURE

Phase equilibrium experiments in the system Fe-FeS were
performed using an 8/3 cell assembly (8 mm octahedron edge
length and 3 mm truncated edge length of tungsten carbide) in
a multi-anvil apparatus, identical to that described by Bertka
and Fei (1997). Starting materials were mixtures of metallic
iron (Fe) and troilite (FeS). Compositions of the starting mate-
rials are 11.3, 15.7, 16.1, 22.3, 27.6, and 32.1 wt% S. The start-
ing materials were loaded into a MgO capsule and the sample
was heated with a rhenium heater. Sample temperatures were
measured with a W5%Re-W26%Re thermocouple. The length

of sample was less than 500 µm to minimize the temperature
gradient along the axial direction. The estimated temperature
gradient over the length of the sample is less than 20 °C. Ex-
periments near the eutectic temperature were conducted in
50 °C temperature intervals at 21 GPa. Reactions in the Fe-
FeS system are relatively fast. A typical run time in this study
is 30–60 minutes. The run time increases to 180 minutes at
temperatures below 1000 °C.

Melting relations were determined on the basis of quenched
textures and electron microprobe analyses of solid phases and
melts. In addition to using back-scattered electron images, we
used Fe and S X-ray maps of the recovered samples to exam-
ine the quenched textures as described by Fei et al. (1997).
Dendritic texture is indicative of melting quench texture,
whereas an intergrowth of iron and iron-sulfide grains indi-
cates that the sample is reacted, but unmelted.

A new iron-sulfide compound (Fe3S) was found in
subsolidus experiments at 21 GPa. To determine the crystal
structure of the Fe3S compound, we synthesized the Fe3S phase
at 21 GPa and 1000 °C, using its stoichoimetric composition.
The synthesized sample is about 0.7 mm in diameter and 0.5
mm in length. Electron microprobe analyses indicated that the
experimental charge contained the Fe3S phase with trace
amounts of metallic iron (<2%). Powder X-ray diffraction data
for this sample were collected using a Rigaku X-ray
microdiffractometer system with an X-ray beam spot of 50 µm
and a wavelength of 2.28962 Å (Cr as target material).

Compression data of Fe3S were obtained by in situ mea-
surements of the specific volume of Fe3S at high pressures in a
diamond-anvil cell, using energy-dispersive X-ray diffraction
techniques at ×17c beamline, the National Synchrotron Light
Source, Brookhaven National Laboratory. The experimental
methods used in this study are similar to those described by
Fei (1996). Powdered Fe3S sample, sandwiched between NaCl* E-mail: fei@gl.ciw.edu
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ABSTRACT

We performed a series of experiments in the system Fe-FeS at a pressure of 21 GPa and tempera-
tures between 950 and 1400 °C, and we found two new iron-excess iron-sulfur compounds, Fe3S and
Fe2S, formed at subsolidus temperatures. Powder X-ray diffraction data revealed that Fe3S has a
tetragonal cell, isostructural with Fe3P (space group I4

–
). The tetragonal unit-cell dimensions for Fe3S

are a = 9.144(2) Å and c = 4.509(2) Å, with a zero-pressure density of 7.033 g/cm3. Static compres-
sion experiments on Fe3S were carried out in a diamond-anvil cell, using synchrotron X-ray diffrac-
tion technique. A least-squares fit to the experimental data at room temperature yielded bulk modulus
K0 = 170 ± 8 GPa with a corresponding pressure derivative K0' = 2.6 ± 0.5 or K0 = 150 ± 2 GPa with
fixed K0'  = 4.


