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Effect of sonic and ultrasonic frequencies on the crystallization of basalt
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ABSTRACT
Experiments were conducted to determine whether vibrations with frequencies in the sonic to
ultrasonic range have any effect on the crystallization of basalt. One-atmosphere melting experiments were done at the QFM buffer on a sample of alkali basalt. A piezoelectric quartz crystal and a
function generator were used to generate waves of 1.5 MHz and 150 kHz, and waves were propagated along the platinum quench wire to which the experimental charge was attached. Experiments
were conducted at 1182 ∞C; at this temperature the sample was about 25% crystalline and contained
olivine and plagioclase. Compared to the static control experiments, vibrated experiments produced
plagioclase crystals that were less euhedral and had lower aspect ratios. Crystal size distributions for
plagioclase were steeper for the vibrated experiments, with a higher population density of smaller
crystals. The effect on olivine crystal size distributions was less. If the effect on plagioclase extends
to lower vibrational frequencies, it is possible that this phenomenon may occur in magmas prior to
eruption. The experimental technique developed to produce vibrations is potentially useful for improving homogeneity of melt and increasing likelihood of achieving mineral-melt equilibrium in
partitioning experiments.

INTRODUCTION
Careful observation of the textures of igneous rocks is essential for deducing aspects of their solidification history. One
way to quantify texture is to measure the distribution of crystal
sizes in a rock. Crystal size distributions (CSDs) can provide
information on rates of crystal nucleation and growth, residence
times of phenocrysts in magma chambers, and processes of
crystal fractionation and accumulation (Cashman 1986; Marsh
1988a, 1988b; Cashman and Marsh 1988; Maaloe et al. 1989;
Mangan 1990; Marsh 1998). Size data can be obtained from
direct measurement of crystals intersected in two-dimensional
sections of rocks, but this data must be converted to three-dimensional parameters. Stereological solutions to this problem
as applied to geologic samples have been discussed by Sahagian
and Proussevitch (1998), Cashman and Marsh (1988), Peterson
(1996), and Higgins (2000).
Laboratory experiments can help constrain models of how
the thermal history of magmas can be reflected in crystal size
distributions. Variables of temperature, pressure, and gas fugacities are controlled in these experiments, simulating conditions
in magma chambers, but little attention has been paid to the
environmental conditions of infrasonic, sonic, and ultrasonic
emissions emanating from volcanoes. In addition to earthquakes
caused by motion along faults and injection of magma, earth-
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quake-induced fluid resonance and gas bubbling and gas explosions contribute to the wide range in frequency of emissions (Haggerty et al. 2000; Cramer and McNutt 1997;
Diodati et al. 2000; Hurst and Vandemeulebrouck 1996;
Vandemeulebrouck et al. 2000). This study compares melting
experiments conducted under static conditions with those conducted while the sample was subject to vibrational frequencies
in the sonic to ultrasonic range to determine whether the vibrational environment has any effect on growth of crystals in silicate melts of basaltic composition.

EXPERIMENTAL METHODS
Starting material
Experiments in this study were conducted on a sample of
Virginia Highlands basalt (VAH1) from an Eocene lava flow at
Mole Hill, Virginia [Table 1; see Wampler and Dooley
(1975); Southworth et al. (1993)]. This alkali basalt is
aphanitic and microporphyritic with locally 5 vol% microphenocrysts of olivine (Fo90) in an intergranular, mildly trachytic
groundmass of plagioclase and augite microlites (Fig. 1). It
also contains scattered xenocrysts of olivine, up to 3 mm in
diameter, which are partially resorbed and have cores of Fo73–76
(unpublished data). The sample was chosen because the phases
of interest in this study, olivine and plagioclase, both occur
close to the liquidus temperature. Olivine is the liquidus phase,
appearing at 1190 ∞C, followed by plagioclase at 1182 ∞C, with
augite appearing by 1160 ∞C (Table 2). Small rock chips of

