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Abstract
The density of a peridotite magma was measured up to 2.5 GPa and 2300 K using an X-ray absorption method. The method allowed measurement of the density of a peridotite melt under seven
different conditions and clarified the pressure and temperature dependence of the density. A fit of the
pressure-density-temperature data to the high-temperature Birch-Murnaghan equation of state yielded
the isothermal bulk modulus, KT0 = 24.0 ± 1.3 GPa, its pressure derivative, K0′ = 7.3 ± 0.8, and the
derivative of bulk modulus (∂KT/∂T)P = –0.0027 ± 0.0017 GPa/K at 2100 K. The large bulk modulus
and its pressure derivative of the peridotite melt compared with that of basaltic melt is consistent with
previous results from sink-float experiments.
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Introduction
The density of magma is an important property for discussing
volcanic activity and differentiation of the terrestrial planets.
Density measurements of magma have been carried out using
several methods, such as shock compression experiments and
the sink-float method using a multianvil press (e.g., Rigden et
al. 1984; Agee and Walker 1988; Suzuki et al. 1995). However,
it is difficult to measure the density under the desired conditions
using these methods and, therefore, difficult to clarify the detailed
characteristics of the pressure and temperature dependences on
the density of silicate melts.
Some studies on density measurements have been reported
using an X-ray absorption method (e.g., Katayama et al. 1993).
The method enables measurement of the density of a liquid under
desired pressure and temperature conditions, but has been only
applied to measurements of the density of metallic melts, such
as tellurium, bismuth, Fe-S, and Fe-Si (Katayama et al. 1993,
1996; Sanloup et al. 2000, 2004). In this study, the method is
applied to density measurements on magmas by making several
improvements to the high-pressure cell assembly. Previous works
used a sapphire capsule as a sample container; such a capsule
would react with silicate melt. Therefore, this study uses a diamond capsule, which is less deformable, less compressible, more
transparent, and does not react with a silicate melt (Urakawa et
al. 2004; Ohtani et al. 2005).

using a Si (111) double crystal monochromator. A schematic drawing of the system
is shown in Figure 1. Monochromatic X-rays with energy of 23 keV were used,
which yielded an absorption contrast enough to evaluate the density of a peridotite
sample. The X-rays were reduced to an area of 0.05 × 0.05 mm2 using two slits.
The intensity of the incident and transmitted X-rays were measured using two
ion chambers filled with N2 gas and placed in the front and rear of the press. An
imaging plate was placed in the rear ion chamber to record the X-ray diffraction
patterns (see Fig. 1). X-ray diffraction patterns were collected from both the sample
and the pressure marker to monitor the melting of the sample and to determine the
pressure. Figure 2 shows the furnace assembly, which consists of a boron-epoxy
pressure medium and a graphite heater. Table 1 shows the bulk composition of the
peridotite starting material based on pyrolite (Ringwood 1975). The bulk composition mixture was prepared by mixing high-purity oxide reagents (SiO2, MgO,
Fe2O3, and Al2O3) and a carbonate (CaCO3). The mixture was melted at 1673 K
in a CO2/H2 gas mixture with the oxygen fugacity regulated to be slightly below
the fayalite–magnetite–quartz (FMQ) buffer. The sample (a mixture of glass and
crystals) was obtained by quenching in deionized water at ambient pressure and
high temperature. An Fe-saturated Pt crucible was used to prevent any loss of iron
during sample preparation. The composition of the sample was checked using an
electron microprobe to confirm that there was no loss of iron.
The sample was ground to a powder, and enclosed in a diamond capsule with
an inner diameter of 0.5 mm and an outer diameter of 1.0 mm to overcome any
influence from variations of the sample thickness at high pressure and temperatures.
The temperature was measured using a W97Re3-W75Re25 thermocouple. Pressure was
calculated from the X-ray diffraction pattern of the MgO pressure calibrant using the
equation of state of Jamieson et al. (1982). The error in temperature is based on the

Experimental methods
Density measurements were carried out using a DIA-type cubic press at the
BL22XU beamline at the SPring-8 facility in Japan. The beamline provided a
brilliant X-ray beam from an undulator source, and the beam was monochromated

Figure 1. Schematic diagram of the experimental setup at the
BL22XU beamline at the SPring-8 facility.
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