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Elastic wave velocity anomalies of anorthite in a subducting plate: In situ experiments
Kyoko N. Matsukage1,*, Yu Nishihara2, Fumiya Noritake3, Katsuyuki Kawamura3,
Noriyoshi Tsujino4, Moe Sakurai5, Yuji Higo6, Junichi Nakajima7, Akira Hasegawa7 and
Eiichi Takahashi5
Earth and Planetary Sciences, Kobe University, Rokkoudai, Nada-ku, Kobe 657-8501, Japan
Geodynamics Research Center, Ehime University, Bunkyocho, Matsuyama, Ehime 790-8577, Japan
3
Environmental Science and Technology, Okayama University, Tsushimanaka, Kita, Okayama 700-8530, Japan
4
Institute for Study of the Earth’s Interior, Okayama University, 827 Yamada, Misasa, Tottori 682-0193, Japan
5
Earth and Planetary Sciences, Tokyo Institute of Technology, Ookayama, Meguro-ku, Tokyo 152-8551, Japan
6
Japan Synchrotron Radiation Research Institute, Hyogo 679-5198, Japan
7
Research Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of Science, Tohoku University, Sendai 980-8578,
Japan
1

2

Abstract
To understand the origin of observed low velocities in the crustal portion of subducting plates, we
performed in situ measurements of elastic wave velocities of anorthite at temperatures up to 1373 K
at pressure of ~1 GPa and up to 773 K at 2.0–7.0 GPa. A fine-grained polycrystalline anorthite, which
was synthesized using a gas pressure apparatus, was used for the measurements. The high-pressure
experiments were performed using the multi-anvil apparatus installed on beamline BL04B1 at SPring-8.
The elastic wave velocity was measured by the ultrasonic pulse method with synchrotron X‑ray
radiographic imaging and X‑ray diffraction techniques. At ~1.0 GPa, elastic wave velocities exhibited
a sharp temperature-induced kink at ~500 K. Below 500 K, the elastic wave velocities decrease with
increasing temperature. In contrast, above 500 K, the elastic wave velocities show an increasing trend
in the range of 500–900 K, and then revert back to a decreasing trend at above 900 K. We also found a
pressure-induced velocity anomaly of anorthite. At 300–373 K, vP is constant up to 4 GPa, but decrease
above 4 GPa with increasing pressure, while vS decreases monotonously with increasing pressure. These
elastic anomalies are considered to be attributable to the tilting behavior of the corner-sharing TO4 (T
= Al, Si) tetrahedra in three-dimensional frameworks of anorthite. Our results suggest the presence of
plagioclase feldspar has the potential to causes low-velocity anomaly in the subducting oceanic crust
when it survives as a metastable phase in the slab at higher pressure and lower temperature conditions.
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Introduction
Seismological observations have detected heterogeneous lowvelocity structure in the crustal portion of subducting plates (e.g.,
Kawakatsu and Watada 2007; Rondenay et al. 2010). Plagioclase
feldspars are one of the most abundant minerals in the crustal portion. Crusts with MORB-like composition contain large amount
of plagioclase, normally more than 50 wt%. Therefore, the
knowledge of the physical properties of plagioclase is important
to resolve the detailed structure of the crust and crustal portions
of subducted slabs based on such seismological observations.
The purpose of our study is to determine the physical behavior
of anorthite (CaAl2Si2O8, an end-member of plagioclase) and to
discuss the origin of the low-velocity layer in the crustal portion
of subducting plates.
The elastic wave velocity of plagioclase minerals and rock
aggregates has been measured using ultrasonic pulse technique
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(e.g., Ryzhova 1964; Wang et al. 1973; Liebermann and Ringwood 1976; Seront et al. 1993; Kono et al. 2008). Previous
studies, however, encountered some experimental difficulties.
In this technique, the elastic wave velocities are obtained
from travel time and sample length. Thus, accurate measurement of the sample length is crucial for determining accurate
elastic wave velocities (Li et al. 1998). In all previous studies
for plagioclase, except for one study performed at room pressure (Ryzhova 1964), the sample lengths were not measured
directly and were estimated by calculation using equation of
state of minerals based on the assumption that only isotropic
elastic deformation causes sample strain under high pressure
and high temperature. To overcome this problem, synchrotron
X‑ray radiographic imaging technique has been applied in the
elastic wave velocity measurements (Kung et al. 2002). When
this method is used, direct measurement of the sample length in
a high-pressure apparatus can be carried out. Recently, the experimental system for in situ ultrasonic measurement combined
with X‑ray radiographic imaging technique has been installed
at SPring-8, Japan (Higo et al. 2009). Here, we report the result
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