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INTRODUCTION

Silicate melts have played a major role in many events in the 
early histories of the Earth and moon and continue to shape plan-
etary evolution. It is thought that the large amount of heat energy 
generated by core formation may have raised the temperature 
of the entire proto-Earth by about 1500 K (Verhoogen 1980). 
This large temperature increase would have induced massive 
amounts of melting in the deep interior and possibly created a 
magma ocean (Taylor 1989; Tonks and Melosh 1990). Another 
large-scale massive melting event likely occurred shortly after 
core formation when a Mars-sized planetisimal impacted the 
proto-Earth (Melosh 1990; Lunine 1999; Canup and Righter 
2000). This impact formed the Moon and had profound effects 
on the thermal state of the early Earth by melting a large portion 
of the planet and creating a magma ocean (Benz and Cameron 
1990; Melosh 1990; Pritchard and Stevenson 2000; Solomatov 

2000). Accumulation of neutrally buoyant crystals in the up-
per mantle may have effected large-scale differentiation of the 
mantle and thereby promoted early geochemical differentiation 
of the silicate Earth. 

In addition to erupted magmas formed at shallow depths 
below active mid-ocean ridges, ocean islands, and convergent 
margins, recent seismological observations have suggested that 
gravitationally stable silicate melts may also reside deep inside 
the Earth at the 410 km transition (Revenaugh and Sipkin 1994) 
and at the core-mantle boundary (Williams and Garnero 1996). 
The rate of magma ascent (or descent) depends on the buoyancy 
of the melt relative to the surrounding crystalline material, and 
therefore, on melt viscosity and the density contrast between 
the minerals and melts (Stolper et al. 1981). Knowledge of the 
pressure dependence of silicate melt properties thus remains a 
critical aspect in understanding and modeling igneous processes 
of the early Earth and its subsequent evolution as well as those 
of all silicate planets and satellites.

Ambient pressure silicate melts are commonly less dense than 
the surrounding host rocks, but due to the higher compressibility 
of melts, the speciÞ c volumes of the two phases approach one 
another with increasing pressure and at great depths melts may 
become more dense than coexisting minerals. This �density 
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ABSTRACT 
The densities and viscosities of silicate melts depend strongly on pressure, in part because of po-

tentially measurable structural rearrangements. In an attempt to further understand these changes and 
how they affect macroscopic properties, we have used 27Al MAS NMR to determine the coordination 
of the Al cations in a series of aluminosilicate glasses quenched from melts at pressures of 2 to 8 GPa, 
have measured the glass densities, and have applied an in-situ falling sphere method to measure melt 
viscosities at high pressure. Spectra from these four- and Þ ve-component glasses show increasing Al 
coordination with increasing pressure and with increasing average Þ eld strength of the modiÞ er cat-
ion, as was previously reported for simpler compositions. These data also indicate that when multiple 
modiÞ er cations are present (e.g., Ca and K), the Al coordination is lower than what would be expected 
from linear combinations of the appropriate aluminosilicate end-members. 

The viscosity of Ca3Al2Si6O18 melts, measured using a falling sphere method that combines mul-
tianvil techniques with synchrotron X-ray radiography, may reach a minimum at a pressure below 6 
GPa. A quasi-thermodynamic approach using equilibrium constants for the reactions that generate 
high-coordinated Al suggests that this pressure may be related to a maximum in the concentration of 
Þ ve-coordinated Al. These results further support the concept that pressure-induced network structural 
transitions have direct implications for the macroscopic properties of high-pressure melts.
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