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INTRODUCTION

Ultrasonic interferometry has, for many years, been an im-
portant source of data on elastic properties of minerals at high
pressures and temperatures (e.g., Jackson and Niesler 1982).
The recent development of GHz ultrasonic interferometry
(Spetzler et al. 1993) has significantly reduced the wavelength
and, therefore, the sample size required for making such mea-
surements. This, in turn, has increased the number of pertinent
phases that can be studied with ultrasonic interferometry by
including small samples available from high pressure-tempera-
ture synthesis. In addition, small samples greatly increase the
perfection with which single crystals can be obtained.

Techniques for making accurate lattice parameter measure-
ments on single crystal samples under pressure by X-ray dif-
fraction in a diamond anvil cell have been developed (King
and Finger 1979; Hazen and Finger 1982; Angel et al. 1997).
These techniques have proved to be very successful for mak-
ing direct volume vs. pressure measurements.

Establishing a reliable pressure scale is of fundamental im-
portance in all areas of high pressure research. Yoneda et al.
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ABSTRACT

Two new diamond anvil cells have been designed for ultrasonic and X-ray diffraction measure-
ments on a single crystal sample up to 6 GPa and 250 °C. Advances in the generation and transmis-
sion of coherent GHz ultrasonic signals with wavelengths of the order of micrometers now make it
practical to measure elastic properties of samples small enough to be subjected to pressure and
temperature in diamond anvil cells. The signal is carried from a thin transducer through a sapphire
buffer rod coupled to one of the diamond anvils by means of force. The signal traverses the diamond
anvil and enters the single crystal sample which is coupled to the anvil face by cement, adhesion, or
by a normal force. Interference of superimposed waves reflected from the near and far faces of the
single crystal is used to measure travel time of the sound waves in the sample. One of the diamond
anvil cells employs the conventional geometry in which access for the X-rays is through the dia-
mond anvils. The other provides access for X-rays at high angles to the load axis so that they do not
need to pass through the diamond anvils and can therefore have access to the sample while the buffer
rod is in place. Both diamond anvil cells make it possible to measure d-spacings at several different
orientations using a four-circle goniometer. This capability is used for detecting and correcting dis-
placement of the sample from the center of the goniometer. Measurement of travel times and lattice
parameters at the same pressure-temperature conditions allows conversion of travel times to veloci-
ties and can provide simultaneous equations of state, which EOS can then be used to make an inde-
pendent determination of pressure vs. lattice parameter. This provides a primary pressure scale.

(1994) proposed a method for establishing a new primary high
pressure scale by using simultaneous measurements of redun-
dant equation of state (EOS) parameters. This approach was
also the basis for the very accurate determination of the freez-
ing point of mercury two decades earlier by Ruoff et al. (1973).

This paper describes instrumentation which allows us mea-
surement of ultrasonic travel time as well as lattice parameter
measurements on a single crystal sample at high pressure and
temperature. We describe how combining these two techniques
can provide accurate sound velocities as a function of pressure
and temperature as well as two simultaneously determined equa-
tion of state measurements on the same sample. The former is
important for the interpretation of seismic observations whereas
the latter can be used to establish a primary pressure scale.

THE NEW DIAMOND  ANVIL  CELLS

The diamond anvil cells described in this paper are based on
the hydrothermal diamond anvil cell (Fig. 1) described by Bassett
et al. (1993). The modifications that allow ultrasonic interfer-
ometry are similar to those found in the diamond anvil cell de-
scribed by Spetzler et al. (1996). Further modifications described
in this paper make it possible to collect single crystal X-ray dif-
fraction data in addition to ultrasonic data on the same single
crystal sample at high pressure and high temperature.*E-mail: Bassett@geology.cornell.edu


