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INTRODUCTION

Knowledge of the viscosity of liquid iron alloys at high pres-
sure is important for understanding the chemical, thermal, and
geomagnetic evolution of the Earth’s outer core. The ill con-
strained geophysical measurements of outer core viscosity,
spanning several orders of magnitude (Poirier 1988; Secco
1995), necessitate its estimation by other means. Experimental
measurements of liquid iron alloys are extremely technically
demanding and it is only in the last decade that such measure-
ments have been attempted with some surprising results.
Brazhkin’s (1998) semi-empirical estimation of Fe viscosity,
for example, based on quench crystallite size, yields extrapo-
lations to outer core pressures of 1011 Pa-s suggesting that the
inner core would be in the glassy state. The Fe-FeS system has
received considerable experimental attention for two reasons:
(1) the low eutectic temperature renders it easily accessible to
large volume high pressure devices and (2) because sulfur has
been widely suggested as the light element in the cores of the
Earth and other planetary bodies. LeBlanc and Secco (1996)
used a rising sphere Stokes viscometry method to measure vis-
cosity of Fe-FeS eutectic compositions at 2 to 5 GPa. They
found Fe-Seut to have a surprisingly high viscosity of 101 to 102

Pa-s and a large activation energy, up to 3.5 cm3/mol. Secco et
al. (1998) extrapolated slightly revised values to Earth’s core
pressures, to obtain a viscosity of 10–4 to 104 Pa-s. Dingwell
(1998) recently reviewed high-pressure melt transport properties.

In contrast, theoretical considerations (Poirier 1988) and ab
initio simulations (Voc̆adlo et al. 2000; Alfé and Gillan 1998) sug-
gest the viscosities of liquid Fe-S alloys are essentially indepen-
dent of pressure along the melting path, with near-metallic
viscosities around 10–2 Pa-s at the solidus (Tm). This view is sup-
ported by recent self-diffusion measurements in eutectic Fe-S at 2
and 5 GPa (Dobson 2000) which are similar to simulations results
at outer core pressures (Alfé and Gillan 1998). To resolve these
discrepancies, we present results of viscosity measurements of liq-
uid FeS and a near-eutectic composition, Fe0.61S0.39, using the syn-
chrotron-based Stokes-falling sphere method.

EXPERIMENTAL METHODS

Samples consisted of synthetic 99.9% pure FeS or Fe-FeS
powder mixtures, pre-pressed into dense pellets of 1.6 mm di-
ameter and 1 to 1.5 mm long. Ir and W spheres were produced
by passing an electric arc between two wires under nitrogen.
Spheres between 40 and 120 µm diameter were placed in the
top third of the sample and the whole was then loaded into a
silica glass capsule and high pressure cell. The silica glass cap-
sules acted as a barrier to water diffusion from within the pres-
sure medium and helped to minimize oxidation and hydride
formation in the sample.

Experiments were performed in the DIA apparatus in the
250 ton hydraulic press installed on bending magnet station
13-BM-D (Wang et al. 2000) at the GeoSoilEnviroCARS sec-
tor of the Advanced Photon Source (Rivers et al. 2000), using
the high pressure cell design shown in Figure 1. The cubic py-
rophyllite pressure medium of 8.0 or 8.5 mm edge length was
compressed on each face by 6 mm edge length tungsten car-
bide anvils. The box-geometry of the graphite furnace and ZrO2

* E-mail: d.dobson@ucl.ac.uk
† Now at European Synchrotron Radiation Facility, 38043
Grenoble, France

In situ measurement of viscosity of liquids in the Fe-FeS system at high pressures and
temperatures

DAVID P. DOBSON,1,* WILSON A. CRICHTON,1,† LIDUNKA VOC̆ADLO,1 ADRIAN P. JONES,1

YANBIN WANG,2 TAKEYUKI UCHIDA,2 MARK RIVERS,2 STEPHEN SUTTON,2 AND JOHN P. BRODHOLT1

1Department of Geological Sciences, University College London, London WC1E 6BT, U.K.
2Consortium for Advanced Radiation Sources, University of Chicago, Chicago, Illinois 60639, U.S.A.

ABSTRACT

The viscosity of liquid FeS and Fe-FeS eutectic was measured at pressures between 0.5 and 5.0
GPa using a synchrotron-based falling sphere technique. We obtain viscosities of 2 × 10–2 to 4 × 10–3

Pa-s in FeS at 1450 to 1700 °C and 2 × 10–2 to 8 × 10–3 Pa-s in Fe-Seut at 1150 to 1380 °C. These
results are consistent with recent viscosity measurements in Fe-Seut at 5 to 7 GPa (Urakawa, in
preparation), measured diffusivities (Dobson 2000) and ab initio simulated viscosity (Voc̆adlo et al.
2000). The results are also similar to the values for pure iron at low pressure (Shimoji and Itami
1986). A systematic increase in viscosity and activation energy is seen with increasing sulfur con-
tent. Interpolation between the data presented yields a viscosity of 1.4 × 10–2 Pa-s for an outer core
composition with ~10 wt% S at the melting temperature. There is good evidence of homologous
behavior for Fe-S liquids which implies that the liquid alloy at the inner core boundary may have a
similar viscosity.


