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THE ADVANCED PHOTON SOURCE FACILITY AT ARGONNE NATIONAL LABORATORY

The Advanced Photon Source (APS) occupies an 80-acre site on the Argonne National Laboratory campus,
about 25 miles from downtown Chicago, lllinois. It shares the site with the Center for Nanoscale Materials and the
Advanced Protein Characterization Facility.

For directions to Argonne, see http://www.anl.gov/directions-and-visitor-information.

The APS, a national synchrotron radiation research facility operated by Argonne for the U.S. Department of Energy (DOE)
Office of Science, provides this nation’s brightest high-energy x-ray beams for science. Research by APS users extends from the
center of the Earth to outer space, from new information on combustion engines and microcircuits to new drugs and nanotech-
nologies whose scale is measured in billionths of a meter. The APS helps researchers illuminate answers to the challenges of
our high-tech world, from developing new forms of energy, to sustaining our nation’s technological and economic competitive-
ness, to pushing back against the ravages of disease. Research at the APS promises to have far-reaching impact on our tech-
nology, our economy, our health, and fundamental knowledge of the materials that make up our world.

CONTACT US
For more information about the APS send an email to apsinfo@aps.anl.gov or write to APS Info, Bldg. 401, Rm. A4115, Ar-
gonne National Laboratory, 9700 S. Cass Ave., Argonne, IL 60439.
To order additional copies of this, or previous, issues of APS Science email to apsinfo@aps.anl.gov.
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ENHANCING OUR UNDERSTANDING OF
MANTLE MELT FRACTION
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Fig. 1. P-wave velocity as a function of depth for this new data, compared with two preexisting veloc-
ity-pressure relationships: a global Earth computational model and the extrapolation of Birch's Law
(labeled 3rd Order Birch-Murnaghan Equations of State). The new results give considerably lower ve-

locities than the other models due to the amorphous structure of glass.
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cientists study how seismic waves change while traveling through

rocks to determine the composition and physical state of the materi-

als that comprise Earth's interior. The current theory relating seismic
wave velocities and the materials in the mantle relies on results from chal-
lenging-to-conduct laboratory experiments manipulating crystalline solids; con-
sequently, most scientists utilize extrapolations of these existing measurements
for other physical states such as glasses and melts. In research at the APS, an
international team discovered that melts do not exhibit the behavior predicted
by these extrapolations. They further found that existing extrapolative rela-
tionships might overestimate the amount of melt in the Earth’s upper mantle.
This overestimation impacts our current understanding of key concepts in plate
tectonics, such as the amount of coupling between the plates and the mantle.

In this new work, a team of re-
searchers from the University of Califor-
nia, Davis, Aarhus University (Den-
mark), Northwestern University, and
The University of Chicago found that
melts do not follow the relationship pre-
scribed by Birch's Law: that the velocity
of pressure waves, also called P waves,
increases in denser rocks. Instead,
melts slow down the seismic waves at
depths corresponding to the Earth's
crust and upper mantle. To reach this
conclusion, the team combined ultra-
sonic and tomographic data from basalt
glass to determine the relationship be-
tween the elasticity and density of the
glass.

The team used United States Geo-
logical Survey standard basalt glass
from the Columbia River flood basalt
province as their experimental sample.
They began by taking volumetric meas-
urements of the basalt glass using high-
pressure x-ray microtomography at the
GSECARS beamline 13-BM-D at the
APS. From this, they determined the
density of the glass as a function of
pressure.

Next, they measured acoustic
wave travel times using gigahertz-ultra-
sonic interferometry at Northwestern
University. By combining the tomo-
graphic and ultrasonic results, the team
determined how P wave velocity, adia-
batic bulk modulus, and shear modulus
vary as a function of pressure.

The values determined for these
pressure-dependent characteristics
were unexpected. Unlike a highly struc-
tured silicate network in a mineral,
which repeats periodically over a min-
eral's volume, a glass has a more flexi-
ble structure because it consists of dis-
ordered regions: differently sized rings

and randomly oriented chains of silica
polyhedra. The team concluded that the
amorphous structure of the silicate rings
and chains in the basalt glass were
what produced the unexpected values
for these characteristics: the rings and
chains bend, twist, and buckle when
compressed, unlike the shortening of in-
teratomic bonds, which occurs during
compression of highly ordered silicate
minerals.

Another of the team's conclusions
was that seismic waves move more
slowly through melts than previously
thought; seismic wave velocities de-
crease in basalt glass even in increas-
ing pressure. Figure 1 shows P wave
velocity as a function of depth for three
sets of data, allowing for a visual com-
parison of how this new data yields
much lower velocities than those calcu-
lated by previous studies.

The implications of this conclusion
are that most models overestimate the
amount of melt associated with the low
seismic velocity zone near the bound-
ary between the plastically deforming
portion of the mantle and the rigid shell
above it, which is comprised of both
crust and mantle. This overestimate im-
pacts many existing theories, including
plate tectonics, which assumes a high
volume of silicate melts that allow the
rigid plates to slide without friction over
the malleable mantle, with little cou-
pling. A smaller amount of melt would
require the theory to include friction be-
tween the plates and the mantle. This
requirement would increase the com-
plexity of the theory, but also empower
it to better account for plate subduction
since friction between the plates would
induce coupling and help explain the
downward forces acting on the plates.

Seismic wave velocities and plate
coupling are only two examples of
large-scale events affected by the
small-scale amorphous structure of
basalt glasses. These new results show
that the behavior of basalt glass under
pressure offers an updated picture of
Earth's interior and ongoing geophysi-
cal processes.

— Mary Alexandra Agner
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