American Mineralogist, Volume 93, pages 558–564, 2008

Temperature derivatives of elastic wave velocities in plagioclase (An51±1) above and below
the order-disorder transition temperature
Yoshio Kono,1,* Akira Miyake,2 Masahiro Ishikawa,1 and Makoto Arima1
Graduate School of Environment and Information Sciences, Yokohama National University, Yokohama 2408501, Japan
2
Department of Geology and Mineralogy, Kyoto University, Kyoto 6068502, Japan

1

Abstract
Compressional (vp) and shear (vs) wave velocities of plagioclase (An51±1) were measured up to 900
°C at 1 GPa. The temperature derivatives of vp (∂vp/∂T) and vs (∂vp/∂T) show a discontinuous change
at ~400 °C. The ∂vp/∂T is –0.9 × 10–4 km/s/°C below 400 °C and –4.4 × 10–4 km/s/°C above 400 °C.
The ∂vp/∂T also increases from –0.7 × 10–4 to –4.1 × 10–4 km/s/°C. These vp and vs show reversible
changes between 25 and 700 °C. In contrast, both vp and vs increase (0.08 and 0.08 km/s, respectively)
at 700–800 °C, and show irreversible changes after heating to 800 and 900 °C. The X-ray powder
diffraction analysis shows that the run product heated to 900 °C shows a higher lattice angle γ than
the run products obtained on heating up to 700 °C, which is comparable to the lattice angle γ of high
and low plagioclase, respectively. We ascribe the discontinuous change in vp, vs, ∂vp/∂T, and ∂vs/∂T to
the order-disorder transition of plagioclase at high temperatures.
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Introduction
Plagioclase is one of the most predominant constituents of
the Earth’s crust, and therefore defining the elastic wave velocities of plagioclase contributes to our understanding of seismic
velocity structures within the crust. Ryzhova (1964) was the first
to determine the elastic properties of plagioclase of differing
compositions at atmospheric pressure. Subsequent investigations
of the elastic wave velocities of plagioclase under high-pressure
conditions include those of Birch (1960, 1961), Liebermann and
Ringwood (1976), Seront et al. (1993), and Wang et al. (1973),
who examined the effect of composition and pressure on the
elastic wave velocities of plagioclase. In particular, Angel (2004)
demonstrated a discontinuous change in the bulk modulus of
plagioclase with varying anorthite contents compared to that
predicted by the pressure-volume equation of state. This change
was attributed to a phase transition of plagioclase.
Plagioclase has several crystal structures depending on chemical composition and temperature (e.g., Carpenter 1985; Smith
and Brown 1988). Phase transitions at high temperatures that
involve order-disorder transitions may cause a discontinuous
change in the elastic wave velocities of plagioclase, in a similar
manner to that producing the discontinuous change in bulk
modulus observed for varying compositions in Angel’s (2004)
study. Since the Al, Si order-disorder transition of intermediate
plagioclase (An30–70) takes place above 600–800 °C at 0.06–0.12
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GPa (Carpenter 1986; 1994), disordered plagioclase will be stable
at mid-to-lower crustal depths in relatively high geothermal
regions (e.g., arc-subduction system). Hence, an understanding of the elastic wave velocities of disordered plagioclase is
necessary to elucidate seismic wave velocity structures in the
mid-to-lower crust. As previous studies have investigated the
elastic properties of plagioclase at room temperatures only, the
elastic wave velocities of plagioclase at high temperatures are
not well understood.
Recently, Kono et al. (2004, 2006) found a discontinuous
change in the temperature derivative of vp and vs in polycrystalline plagioclase and plagioclase-rich lower crustal rocks at high
temperatures. This discontinuous change in the temperature
derivative of vp and vs may arise from a phase transition in
plagioclase at high temperatures. To investigate the behavior
of temperature derivatives of vp and vs of plagioclase above and
below the order-disorder transition, we measured vp and vs in
a polycrystalline plagioclase (An51±1) in the temperature range
from 25 to 900 °C at 1 GPa. X-ray powder diffraction analysis
was used to determine the lattice parameters of both the initial
plagioclase sample and the run products.

Experimental methods and sample descriptions
These vp and vs measurements at high pressure and high temperatures were
carried out in a piston-cylinder apparatus having a 34 mm inner diameter at Yokohama National University. Pressures were calibrated using vp measurements of the
high–low quartz transition (Groos and Heege 1973) with ±0.03 GPa uncertainty (cf.
Kono et al. 2007). Figure 1a shows a schematic illustration of the cell assemblage
and electrical circuit for vp and vs measurements. We used a cylindrical rock sample
with 5.7 mm in diameter and ~5.0–5.5 mm long. Both ends of the sample were
polished with 1 µm diamond paste and the sample length was measured under
atmospheric condition, with 1 µm accuracy. The cylindrical rock sample was

