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Plagioclase feldspar is a commonly zoned mineral in volcanic systems; the zones provide a record of 
magmatic evolution recording changes in magma conditions (such as influx of new magma, 
circulating magma from chamber to vent, depressurisation and degassing associated with eruptions). 
The timescales of these processes can be obtained be examining the diffusion of elements between 
adjacent zones. The technique is limited by the analytical resolution, with SIMS, ICPMS and EPMA 
limited to micron scale, only allowing long time scale (years) fluctuations to be examined. To 
examine short time fluctuations in magmatic conditions (days to months) analysis of submicron 
diffusion is required. The recent development of Field Emission Gun (FEG) electron microprobes is 
well placed to facilitate this and provide quantitative analysis at a nanoscale. Here we investigate the 
conditions under which nanoscale analysis can be conducted to determine the minimum volume that 
can be analysed without adverse effects such as beam damage or contamination. 
 
Plagioclase forms a solid solution between albite (NaAlSi3O8) and anorthite (CaAl2SiO8). The albite 
end member is unstable under an electron beam at high voltages (15-20kV); here we examine a mid-
range plagioclase labradorite (50-70 % Anorthite) commonly found in silicic volcanic systems such 
as Mt St Helens and considered stable using traditional EPMA operating conditions (15kV, 10nA). 
Using an accelerating voltage of 5kV, an interaction volume of ca. 350 nm can be achieved with a 
focused beam approximately 30 nm from a field emission gun at 10nA beam current.  The 
interaction volume is much smaller than at high accelerating voltages (Figure 2). Under these 
conditions appreciable beam damage and Na loss is observed (Table 1). This is consistent with 
increased ion diffusion resulting from a shallow depth of beam penetration and consequent shallow 
depth of maximum electron density [1]. To mitigate this problem the beam must be defocused to ca. 
500nm reducing the power input per cubic nm and the surface temperature rise. In addition short 
count times (<10 secs) must be used to analyse Na before it migrates appreciably. This degrades the 
lateral resolution to ca. 750 nm (modelled using Casino; [2]) which is comparable to the minimum 
spacing under which beam damage propagation is seen between multiple points. K also migrates 
under the beam but to a lesser extent and at the above conditions requires count times not in excess 
of 25 seconds. A loss of Ca with beam exposure is observed necessitating short count times (<10 
secs) with possible reasons including Ca migration and the disruption of the conductive coat. At 
these conditions contamination does not have a significant effect.  
 
Higher spatial resolution for major elements can be achieved using line scans and by rastering a 
focused beam perpendicular to the line direction (Table 2). Short count times and few accumulations 
are required but with resolution of ca. 330nm obtained parallel to the line. Trace elements can be 
analysed with a focused beam (ca. 100nm) at or exceeding 100nA and due to the relatively large 
errors involved any effect of beam damage or contamination is negligible. This allows a resolution 
of ca. 400nm to be obtained without rastering the beam.  
 
Using the procedures outlined on labradorite plagioclase major elements have been successfully 
analysed to < 2% error and trace elements (Mg, Fe and Sr) have been analysed at 10s to 100s of 
ppm. 
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Figure 2. Monte carlo simulations for a labradorite standard at 15kV and 5kV accelerating voltage. 
Electron interaction volume is shown (with red lines displaying backscattered electrons). The 
volume of xray generation is much smaller in cases of low overvoltage, for example, Ca at 5kV. 
 
Table 1. Quantitative analysis (average of 20 analyses) of a homogenous labradorite standard at a 
range of beam sizes. (conditions used: 5kV, 10nA, count times 6 seconds Na, 10 seconds other 
elements) 
Beam size (nm) 15000 1000 500 300 30 
Wt. %      
Na2O 5.45 5.48 5.30 5.04 4.15 
SiO2 55.44 54.65 55.06 55.19 58.20 
Al2O3 28.37 28.14 28.86 29.36 29.85 
CaO 10.86 11.15 10.81 10.64 8.50 

 
Table 2. Counts per sec from line scans across a homogenous labradorite standard. Dwell times of 3 
and 6 seconds yield similar counts whereas with multiple accumulations Na, K and Ca counts drop 
off and Si and Al counts increase. (conditions 5kV, 10nA, 2µm rastering of focused beam 
perpendicular to the line). 
Dwell time (secs) 3 6 3 6 
Number of Accumulations 1 1 5 5 
Cps     
Al 448.04 449.46 453.83 455.06 
Si 771.74 769.67 779.55 781.53 
Na 78.08 76.03 52.27 45.92 
K 4.63 4.32 3.79 3.56 
Ca 39.64 40.20 37.37 36.34 

 


