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INTRODUCTION

The study of volcanic processes has evolved to incorporate 
several areas of petrology and geochemistry in an effort to deter-
mine how the evolution of a volcanic system is recorded in the 
products of eruptive events. Studies of extrusive igneous rocks 
show that the physical dynamics that contribute to the nature of an 
eruptive event are often revealed in the abundance, and changing 
abundance, of various minerals and their corresponding composi-
tions (e.g., Moore and Carmichael 1998). For example, magma 
chamber conditions, magma residence times, and the chemical 
evolution of an igneous system can be partially determined by 
the abundance and ratios of various elements and isotopes (e.g., 
Singer et al. 1995; Zellmer et al. 1999, 2003). Variations in rock 
and mineral textures can also provide information on the rates 
of several physical processes, such as microlite nucleation, 
crystal growth, and magma ascent (Marsh 1988; Geschwind 
and Rutherford 1995; Barclay et al. 1998; Devine et al. 1998; 
Hammer et al. 1999; Rutherford and Devine 2003; Cashman and 
McConnell 2005; Buckley et al. 2006). The relative proportions 
of phenocrysts, microlites, and glass within a clast of pumice or 
lava can reß ect the decompression style (e.g., multiple, Vulcanian 
events vs. gradual, steady decompression) that occurred prior to 

volcanic eruptions (Hammer and Rutherford 2002; Couch et al. 
2003a). New information is thus constantly being acquired from 
the study of volcanic rocks and the minerals they contain.

The motivations for developing the new analytical method 
described here derive from the limitations of previous petrologic 
analyses and the advantages of relatively unutilized methods in 
geochemistry using secondary ion mass spectrometry (SIMS). 
It is difÞ cult to obtain information on processes occurring 
within the volcanic conduit because they occur over relatively 
short time scales and direct observation of the subsurface is not 
possible. However, events that inß uence the style of an erup-
tion (i.e., explosive vs. effusive), including volatile exsolution, 
decompression-induced crystallization, variations in magma 
viscosity, and pressurization/heating events, may occur in the 
conduit (Sparks 1997; Barclay et al. 1998; Melnik and Sparks 
1999). In recent years, the analysis of microlites has helped to 
clarify some of these pre-eruptive physical changes that inß uence 
both explosive and effusive volcanic events (Cashman 1992; 
Geschwind and Rutherford 1995; Hammer et al. 1999; Cashman 
and Blundy 2000; Hammer and Rutherford 2002; Couch et al. 
2003a; Cashman and McConnell 2005). The smallest microlites 
(<3 μm) are often of a size inaccessible to most analytical devices 
yet are likely to record geochemical information during the Þ nal 
stage of growth within the volcanic conduit (Roggensack 2001). 
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ABSTRACT

In the petrologic and geochemical study of volcanic rocks, microlites have become an important 
tool with which to determine magma decompression rate and ascent path prior to eruption. However, 
studies in experimental petrology and kinetic modeling indicate that growth of pre-existing phenocrysts 
will occur over a much wider range of decompression-induced undercoolings than microlite nucleation. 
Consequently, we have developed a method using secondary ion mass spectrometry (SIMS) depth 
proÞ ling to measure geochemical trends recorded during the Þ nal stage of phenocryst growth. 

To test and demonstrate the new method, we examined explosive and effusive eruptive products 
collected from Soufrière Hills volcano, Montserrat. Plagioclase feldspar crystals were removed from 
clasts of pyroclastic deposits. Phenocrysts were individually selected on the basis of euhedral mor-
phology and a relatively homogeneous distribution of surface contamination, such as volcanic glass. 
Crystals were cleaned, embedded in In, and analyzed by SIMS in depth-proÞ ling mode. We used an O2

+ 
primary ion beam, which provides a faster sputtering rate than the typically utilized O� primary beam. 
A normal-incidence electron gun is used for charge compensation. Ten isotopes were examined over 
2�10 h periods and the resulting crater depth was determined. Data show variable trends in An, K, and 
Fe that we interpret to represent late-stage physical variations within the magma prior to eruption. The 
continuous chronology of geochemical data obtained from the SIMS analyses presented here provide 
information with unprecedented (~0.1 μm) resolution, allowing researchers to determine physical 
conduit conditions during magma ascent from the chamber to eruption at the surface. 
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