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INTRODUCTION

The analysis of hydrous, silica-rich glasses (e.g., tephra or 
melt inclusions in phenocrysts) can provide a wealth of petro-
logical information. For example, melt inclusions can provide 
a direct measure of the pre-eruptive volatile contents of the 
liquid in which crystallization occurred. Increasingly, analysis 
of light isotopes and trace elements (e.g., D/H, 6Li/7Li, B, Be) 
in melt inclusions are used to investigate magmatic processes. 
The small size of typical melt inclusions (20�40 μm) means 
that micro-analytical methods must be used. These include 
secondary ion mass spectrometry (SIMS), Fourier-transform 
infrared spectroscopy (FTIR), and electron probe micro-analysis 
(EPMA). While both SIMS and FTIR can be used to determine 
different volatile species (H2O, CO2) directly, EPMA can only be 
used to estimate total volatiles using the by-difference method. 
Despite this, EPMA is often the analytical method of choice, 
because of the ease of sample preparation, quick analysis time, 
accessibility and ease of use, relatively low cost, and because 
EPMA is used anyway to determine the major element composi-
tion. Using EPMA, large populations of melt inclusions can be 
�screened� for major element composition and volatiles-by-dif-
ference (VBD), prior to further investigation by SIMS or FTIR. 
However, insufÞ cient attention has been paid to ensuring that 
the initial EPMA analysis does not affect subsequent micro�ana-

lytical work. In particular, a long-standing problem in electron 
microprobe analysis of hydrous, silica-rich glasses is sample 
damage caused by the electron-beam, resulting in compositional 
changes. The greatest problems are presented by Na and other 
alkalis, because they are mobile under the beam. This loss of 
Na X-ray intensity during irradiation has long been recognized 
(e.g., Lineweaver 1963; Goodhew and Gulley 1974; Autefage 
and Couderc 1980; Nielsen and Sigurdsson 1981; Spray and 
Rae 1995) and is thought to be a result of electric Þ eld-assisted 
diffusion (e.g., Usher 1981; Miotello and Mazzoldi 1982; Jbara 
et al. 1995). Moreover, the migration is known to be permanent 
and irreversible after irradiation ceases (Autefage and Couderc 
1980). Neither the amount of damage, nor the error potentially 
resulting from electron-beam irradiation, has yet been quantiÞ ed. 
Two questions remain to be answered: 

(1) What is the reliability of the VBD obtained by EPMA? 
(2) If damage is irreversible, what is the extent of the damage 

and how are future analyses, e.g., by SIMS, of the same point 
compromised? 

To assess the reliability of VBD, we must Þ rst understand the 
processes involved in the second question. In this study we use 
SIMS to quantify the extent of damage caused to hydrous glasses 
by EPMA, paying speciÞ c attention to the alkali metals (Li, Na, 
K) and H. The main focus of the study is to investigate the inß u-
ence of the electron-beam conditions and glass H2O content on 
the extent of damage. We then use this information to address 
the reliability of VBD of hydrous, silica-rich glasses.* E�mail: madeleine.humphreys@bristol.ac.uk
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ABSTRACT

Electron-beam irradiation causes permanent damage to hydrous, silica-rich glasses. The extent 
of electron-beam damage is quantiÞ ed using data generated by SIMS analysis of points subjected to 
previous electron microprobe analysis (EPMA). Even optimum EPMA conditions cause damage to 
the glass, manifest as a marked depletion in alkali ions at the surface of an irradiated sample. Deeper 
in the sample, an enrichment in alkali ions to above-baseline levels is followed by a decay back to 
baseline. The depth of the Þ nal decay correlates with species diffusivity and increases in the order 
K-Li-Na. H-bearing species are also affected by electron beam irradiation, but in the opposite sense 
to the alkalis, i.e., they are enriched at the surface. Migration of alkaline earth cations is not observed 
because of their low diffusivities. Ion depletion or enrichment results from simple migration of ions 
toward or away from electrons implanted by the beam. Migration depth depends on species diffusivity 
and heating caused by the electron beam, and therefore increases with increasing electron beam cur-
rent. Because of the reverse behavior of H, the mobile hydrous species in the presence of an electric 
Þ eld is probably OH�. The extent of electron beam damage to glasses may increase with total water 
content. Critically, SIMS measurements of H, Li, Na, D/H, and 6Li/7Li after electron-probe analysis 
are compromised by the damage. Despite the damage caused by the electron beam, use of appropriate 
electron-beam conditions (e.g., 2 nA, 15 kV) gives volatiles by difference accurate to ~0.6 wt%. 
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