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aBstract

A novel type of high-pressure low-flow metering valve has been designed for experiments at con-
tinuous decompression in internally heated pressure vessels (IHPV) at pressures up to 500 MPa and 
temperatures up to 1500 °C. It consists of a modified high-pressure valve coupled with a piezoelectric 
nanopositioning system. The piezoelectric actuator (1) positions the needle of the valve statically with 
very high precision on a nanometer scale for infinitesimally slow decompression and, alternatively, 
(2) opens and closes the valve completely, within milliseconds, to achieve a fast pressure drop only 
limited by the diameter of the high-pressure tubing and the entire volume of the autoclave system.

The valve connected to an IHPV has been successfully tested to simulate continuous decompres-
sion of volatile-bearing magma. Water saturated rhyodacitic melt was synthesized at 1050 °C and 300 
MPa and subsequently decompressed to 50 MPa at an integrated decompression rate of 0.28 MPa/s 
using continuous decompression as well as single-step and multi-step decompression techniques. The 
experimental results of the three methods show significant differences, having important implications 
for the interpretation of textures observed in natural volcanic rocks. Bubble number density (BND) 
values increase from continuous to multi-step and to single-step decompression by two orders of 
magnitude. Bubble size distribution (BSD) also differs significantly. The BSD curve of the single-
step decompression shows largest variation both in size and in population number density, whereas 
the BSD trend for the sample of multi-step decompression shows the smallest variation between size 
and population density of bubbles. The BSD of the continuously decompressed sample indicates 
similar proportions of bubbles with different size. Channel formation in the sample of single-step 
decompression may indicate fluid escape from over-pressurized bubbles through the melt. Single-
step and continuous decompression style represent two extreme cases of magma degassing in which 
bubble nucleation and bubble growth are predominant processes, respectively, whereas multi-step 
decompression resembles the intermediate case.
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iNtroductioN

Most physicochemical processes occurring during magma 
ascent are kinetically controlled. These processes are not di-
rectly observable in nature. However, they can be investigated 
in the laboratory by conduction of decompression experiments 
simulating magma ascent from depths of magma chamber to 
the Earth’s surface. The quantitative information obtained in 
the experiments is necessary to understand the coupling of 
physicochemical and rheological properties of magma and P-T-t 
conditions. In principle, pressure decrease unbalances a volatile 
bearing magma (essentially H2O and CO2, H2S, SO2, halogens, 
and noble gasses; e.g., Symonds et al. 1994) out of equilibrium. 
Readjustment can lead to a separation of fluid and melt phases by 
overstepping the fluid saturation limit. This results in a complex 

interaction between different processes of nucleation, growth, 
coalescence, and segregation of fluid bubbles accompanied by 
changing viscosity and decreasing density of the magma, which 
are the driving forces for accelerated magma ascent (e.g., Woods 
1995; Gonnermann and Manga 2007) that can control the erup-
tion style (e.g., Hawkesworth et al. 2004; Miller and Wark 2008).

Fast decompression experiments of volatile-bearing silicate 
melts are necessary for studying the process of bubble nucleation, 
which is the formation of a new phase in relation to a specific 
supersaturation, relegated by forces that act against a new bound-
ary (surface tension). Hence, to understand the process of nucle-
ation, a steady supersaturation achieved by fast pressure drop 
needs to be applied (e.g., Gardner 2007a; Hamada et al. 2010). 
Furthermore, fast shock-wave-like decompression is essential in 
studying near surface fragmentation processes induced by abrupt 
decompression from high-pressure to ambient conditions (e.g., * E-mail: marcus.nowak@uni-tuebingen.de


