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coil-free characteristic of 57Fe means
that x-rays absorbed and re-emitted will
continue on in their original direction to
be detected on the opposite side of the
sample where the Mössbauer signal is
determined by the scattering strength
and 57Fe density of the sample. 

Figure 1 shows the team's experi-
mental setup, with the left-to-right hori-
zontal arrow indicating the direction of
the x-rays; the detector is to the right of
the diamond anvils. The Mössbauer
signal that scatters from the sample
prior to melting is sensitive to the move-
ment of the iron nuclei. As the sample
transitions from solid to liquid, the iron

A team of scientists, from the Cali-
fornia Institute of Technology, Argonne,
the Carnegie Institution of Washington,
and the University of Illinois at Urbana-
Champaign, utilized synchrotron Möss-
bauer spectroscopy at XSD beamline
3-ID-B to determine the melting points
of iron at pressures representative of
the core's environment. Mössbauer
spectroscopy leverages the Mössbauer
effect: that for some isotopes, including
57Fe, resonant absorption, and re-emis-
sion of a gamma ray can occur without
the nuclei recoiling when the isotope is
bound in a solid. This effect vanishes if
the isotope is bound in a liquid. This re-

nuclei move more; this enhanced free-
dom of motion results in fewer recoil-
free scattering events, and the
Mössbauer signal drops markedly. 

The team heated compressed
samples of 57Fe with an infrared laser
system, measured the integrated syn-
chrotron Mössbauer signal intensity as
each sample transitioned from solid to
liquid, then determined the scattering
strength from the integrated intensity.
The marked drop in scattering strength
indicated when the solid iron melted.
They determined the temperatures at
the first measurement of the molten
state and the final measurement of the

DEFINING THE LINE: MELTING CURVE FOR IRON
HELPS CHARACTERIZE THE EARTH'S CORE

T he
Earth’s core is
16% of the planet by

volume. It is composed primarily of iron, but includes
a quantity of lighter elements whose presence, but not

identity, is inferred from geophysical measurements. The core
consists of a solid inner section surrounded by a convecting, liq-

uid outer layer. It creates Earth's magnetic field, protecting the planet
from space weather events such as solar flares, and provides the heat

for plate tectonics as the liquid core freezes. The core begins approxi-
mately 2900 km below the Earth's surface, making it difficult to deter-
mine its exact composition and temperature profile, so scientists rely on
laboratory experiments and an evolving model to infer core character-
istics. For example, they use experiments to populate data points on
the melting curve of iron, a key descriptor of the core because the liq-

uid outer core and solid inner core coexist at a temperature below
the melting point of pure iron. Now, utilizing the APS in a new

application of the Mössbauer effect, scientists are refining
the temperature range of the Earth's inner core/outer

core border to increase our understanding of
geophysical processes and the

Earth's formation.
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solid state, defining the melting point to
be the mean of the two. 

The resulting temperatures agreed
well with the existing literature at low
pressures, but above 60 GPa this new
technique yielded higher melting tem-
peratures than other published results.
This difference might be explained by
disparities in the determination of ex-
actly when the material melted, meth-
ods of accounting for thermal pressure,
or temperature determination. The
strength of the synchrotron Mössbauer
spectroscopic technique is that it moni-
tors the solid-to-liquid transition using
the dynamics of the atoms themselves,
unlike other melt-monitoring techniques,
so it is possible the disparity is due to
this alternative diagnostic of melting.
The researchers have begun incorpo-
rating in situ x-ray diffraction measure-
ments of hot 57Fe to refine the thermal
pressure estimates used in this study
and remove it as a possible discrep-
ancy.

This application of synchrotron
Mössbauer spectroscopy to the melting
curve of iron allows for greater scientific
scrutiny of the temperatures in the envi-
ronment of Earth's core, yielding new
data which characterizes the inner
core/outer core border, and broadens
the palette of tools available to probe

the workings of Earth's inaccessible
core.   — Mary Alexandra Agner
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INGE LEHMANN: 
DISCOVERER OF THE EARTH'S INNER CORE

Seismic
waves — shock
waves gener-
ated by earth-
quakes and
explosions that
travel through
Earth and across
its surface — re-
veal the struc-
ture of the
interior of the
Earth. The
waves important
for understanding the Earth’s interior are P-
waves, (primary, or compressional waves)
and S-waves (secondary, or shear waves),
which travel through solid and liquid material
in different ways. The seismograph, which
detects and records the movement of seis-
mic waves, was invented in 1880. At the
time, geophysicists believed Earth to be
made up of a liquid core surrounded by a
solid mantle, itself surrounded by a crust, all
separated by abrupt density changes in the
Earth called “discontinuities.” 

In 1929 a large earthquake occurred
near New Zealand. Danish seismologist Inge
Lehmann, “the only Danish seismologist,” as
she once referred to herself, studied the
shock waves and was puzzled by what she
saw. A few P-waves, which should have
been deflected by the core, were recorded at
seismic stations. Lehmann theorized that
these waves had traveled some distance into
the core and then bounced off some kind of
boundary. Her interpretation of this data was
the foundation of a 1936 paper in which she
theorized that Earth’s center consisted of two
parts: a solid inner core surrounded by a liq-
uid outer core, separated by what has come
to be called the Lehmann Discontinuity.
Lehmann’s hypothesis was confirmed in
1970 when more sensitive seismographs de-
tected waves deflecting off this solid core. 

Born in Denmark in 1888, Lehmann
was a pioneer among women and scientists.
Her early education was at a progressive
school where boys and girls were treated ex-
actly alike. This was a sharp contrast to the
mathematical and scientific community she
later encountered. 

A critical and independent thinker,
Lehmann subsequently established herself
as an authority on the structure of the upper
mantle. When Lehmann received the William
Bowie medal in 1971, the highest honor of
the American Geophysical Union, she was
described as “the master of a black art for
which no amount of computerizing is likely to
be a complete substitute.” Lehmann lived to
be 105. 

Excerpted from EARTH: INSIDE AND
OUT, edited by Edmond A. Mathez, a publi-
cation of the New Press. © 2000 American
Museum of Natural History,
http://www.amnh.org/education/resources/rfl/
web/essaybooks/earth/p_lehmann.html

Fig. 1. Diagram of the experimental setup for the synchro-
tron Mössbauer spectroscopy experiments. This approach is
unique because the dynamics of only the iron atoms are
monitored. Image: Jennifer M. Jackson (Caltech).


