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Motivation

Silicate melts are important agents in the formation and
evolution of the Earth's crust and upper mantle. Low seismic
velocity zones (LVZs) exist at regions where melts are generated,
such as mid-ocean ridges and subduction zones. Some LVZs in the
mantle have also been attributed to the presence of partial melts,
such as at the upper and lower boundaries of the mantle
transition zone (MTZ).'? Melts, and their frozen counterparts,
glasses, have lower seismic or sound wave speeds that distinguish
them from those of crystalline material, shown in Fig. 1.3> To
investigate whether melts cause the MTZ-adjacent LVZs, we must
understand how the density and sound velocities of amorphous
silicates vary with pressure and temperature at mantle conditions.

In this work, we use pulsed-power shockless ramp
compression to measure the sound velocity, longitudinal stress,
and density of vitreous-SiO, as a melt analogue. Ramp
compression is isentropic, following a pressure-temperature path
more similar to the mantle geotherm than static or typical shock
compression experiments, as seen in Fig. 2. We apply this new
method to v-SiO,. While SiO, is a chemically simple two-
component endmember for all silicate melts, is the major
constituent for natural magmas and is the basis of the
aluminosilicate network which comprise the bulk of even mafic
(basaltic) magmas.

Low velocity zones:
partial melts?

Fig. 1. A drawing of Earth’s mantle with yellow arrows indicating the convective
motion of material, and low velocity zones (light blue) at subduction zones and
just above and below the mantle transition zone. The upper mantle, green, the
transition zone, dark blue, and the lower mantle, brown. (After Hirschmann,
2006, Sakamaki, 2013 and Bercovici and Karato, 2003.)

Methods

Temperature (K)

e Pulsed-power machine Thor-64 shorts electric

current to generate magnetic pressure waves to
compress samples.

« SiO, glass samples were compressed from 0 to 10

GPa wusing 10 mm-wide stripline experiment
geometry.

« VISAR and PDV use 532 nm and 1550 nm coherent

laser light to measure movement of the sample-
window interface.
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Calculating sound velocities from
experimental output
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Discussion

Fig. 4. Above, initial results showing surface velocities that have been corrected
from noise and refractive index effects. Below, a flowchart describing the process
of inverse Lagrangian analysis, the method we use to calculate the in-material
sound velocity, longitudinal stress, and density from the initial results.
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Fig. 2. Above, a photo of the magnetically-driven pulsed power machine Thor, at
the Dynamic Integrated Compression Experimental (DICE) facility at Sandia
National Laboratories. The sample is mounted in the center of the circular
central power flow section. Below left, graph showing different experimental P-T
paths with the geotherm for comparison. Below right, sample mount schematic:
one side consists of a LiF window mounted directly onto the aluminum panel,
and the other side consists of a LiF window and SiO, glass sample mounted onto
the aluminum panel. Current flows along the direction of the yellow arrows.
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« Electrical current is stored in groups of capacitors

called bricks: bricks are connected to the central
power flow section by 30 m cables.
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Fig. 3. Examples of pulse shapes: offsets of trigger timings control distribution of
current over time. The application of current over a span of time changes the
peak current of each shot. Peak current, sample material, and stripline width
control peak pressures of the experiment. Each shot is uniquely tailored to
achieve desired experimental pressures without shocking the sample.

« Sound waves in this experiment are P-waves until 0.6 km/s
compression velocity; above 0.6 km/s the waves drop to bulk
waves.

« Sound velocities remain relatively unchanged from 0.2 km/s
through 0.6 km/s compression velocity.

Results: sound and compression velocities
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« A transition from elastic to plastic behavior occurs at 9
GPa.

« With increasing pressure, our results show weaker
pressure-dependence for density compared to static
compression experiments.

« Agreement between our results and other datasets
indicates that experiment timescales in dynamic
compression experiments are sufficiently long and
produce data that is readily applicable to the Earth.

- Density: static, ramp, and shock compression
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Fig. 5. Results of two ramp compression experiments on SiO, and MgSiO;
glasses.’ A drop in Lagrangian sound velocities for both experiments occurs at
about 0.8 km/s compression velocity. These experiments had the same pulse
shape yet experienced different peak stresses (see Fig. 6).
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Fig. 6. Top: A comparison of density versus pressure across static, ramp, and
shock compression datasets (see refs. 11, 13-16). Middle: sound speeds from this
work and static compression experiments (see refs. 17-19). Longitudinal and bulk
denote the types of sound velocities compared on this plot. Bottom: sound
velocities across glasses of different compositions.




