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Trace element analysis with the electron microprobe: New data and perspectives
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ABSTRACT

This work presents a procedure developed for trace element analysis using the electron
microprobe (EMP). The method is demonstrated by analysis of seven glasses prepared
from reference rock powders, with compositions of granite, granodiorite, andesite, diabase,
and basalt. The melting process was adapted to prevent the loss of volatile elements and
to obtain homogeneous samples. A routine procedure for analysis of major and minor
(above 1000 ppm) elements yielded results in fairly good agreement with published values.
The methods presented in this study produced detection limits as low as: (1) 6–8 ppm
when the Ka peaks of transition metals of the first row (Cr and Ni) were used; (2) 23 ppm
with soft La peaks (Y, Zr, and Sr); (3) 15 ppm with high-energy La peaks (rare earth
elements); and (4) 35 ppm with the Ma peaks of heavy elements (Pb and Th). These limits
were achieved after total counting times (peak 1 two background measurements) of about
15 min with a beam of 35 kV and 500 nA. Precision (62s) on the weight percent con-
centrations was below 50% for concentrations above 13 ppm for group 1 elements, 35
ppm for group 2, 25 ppm for group 3, and 55 ppm for group 4. In the present work, a
commercial software package was adapted for quantitative trace element analysis. One
modification addresses beam-sensitive materials for which the long counting times required
for measurements need to be divided into subsets (10–20 s count), each acquired from
different sites of the sample surface, to minimize damage. This analytical mode is referred
to as ‘‘multi-site’’ mode.

INTRODUCTION

In recent years numerous studies have shown that infor-
mation related to the source and evolution of rock systems
may be recorded at a microscale in minerals. However, the
bulk analytical techniques that allow the detection of ele-
ments at very low concentrations give only average mineral
compositions. Measurements at the scale of individual phas-
es are commonly required to characterize complex geo-
chemical processes. For this purpose, in situ microanalytical
techniques have become essential tools for major, trace el-
ement, and isotopic determinations. For example, ion mi-
croprobe (SIMS) techniques permit the study of element
migration at the mineral scale (Vannucci et al. 1994) or the
interaction of different metasomatic agents with mantle ma-
terials (Johnson et al. 1996). Similarly, Lloyd et al. (1996)
determined the distribution of LREE in apatite, perovskite,
and titanite with the electron microprobe (EMP). They es-
timated the detection limits to be on the order of 0.1–1 wt%,
with a precision of 620% for concentration at the lowest
levels.

The aim of the present study was to show that EMP
analysis, which is a routine analytical technique for major
and minor elements, also can be used for trace element anal-
ysis provided an improved analytical procedure is utilized.
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No systematic use of expensive and low-accessibility mi-
crobeam instruments or related techniques designed for trace
element analysis [e.g., ion microprobes for secondary ion
mass spectrometry (SIMS); van de Graaff accelerators for
proton induced X-ray emission (PIXE); synchrotron facili-
ties for synchrotron radiation induced X-ray emission
(SXRF)] is required when the EMP, a basic instrument
widespread in mineralogy and petrology, is available. Al-
though trace element analyses is shown to be possible in
this paper, the critical question is how the information is to
be used. Because errors necessarily increase at low concen-
trations, using EMP determinations to define, for instance,
a distribution coefficient of LREE at the 20 ppm level be-
tween glass and crystal, would give a result with very large
errors and thereby be almost useless. On the other hand,
simply showing the presence of LREE at the 20 ppm level
might be easily shown with the EMP.

This paper is part of a larger study on the accuracy and
precision that can be achieved with the EMP for trace ele-
ments in minerals and glasses. Analyses of some trace el-
ements (Cr, Ni, Y, Zr, Sr, La, Nd, Ce, Sm, Pb, and Th) in
reference glasses from a large range of compositions are
given here.

BASIC CONCEPTS

The concept of detection level (see terminology and
references on counting statistics applied to the EMP in


