
American Mineralogist, Volume 88, pages 1601–1604, 2003

0003-004X/03/0010–1601$05.00      1601

INTRODUCTION

Boron is a widespread, albeit not very abundant element in
the Earth’s crust (Leeman and Sisson 1996). With the findings
of elevated B concentrations in several rock-forming minerals
[ e.g., olivine (Grew et al. 1991; Sykes et al. 1994), sillimanite
(e.g., Grew and Hinthorne, 1983), muscovite (e.g.,  Černý  et
al. 1995), and vesuvianite (Groat et al. 1992 and 1994)], it has
become evident that B may be a more important component in
geological processes than believed previously. The knowledge
of B incorporation in rock-forming minerals has been ham-
pered by the fact that B is normally not included in standard
electron microprobe analyses (EMPA), due to the analytical
problems associated with light-element analyses using this
method. Hence, there is a strong need for alternative methods
that allow for microanalyses of B in minerals.

Alternative microprobe methods for B analysis include sec-
ondary ion mass spectroscopy (SIMS or ion microprobe), and
nuclear techniques such as nuclear reaction (NRA) and par-
ticle-induced gamma-ray emission (PIGE) analysis. Advantages
and disadvantages connected with these analytical techniques
have been discussed in some detail by Hervig (1996) and
Robertson and Dyar (1996), among others. In general, matrix
effects affect SIMS analyses, and it is necessary to construct
working curves based on data for a range of phases. Nuclear
methods, on the other hand, are in general assumed to be nearly
free of matrix effects, the only expected effect being the stop-
ping-power caused by electron density variations.

Numerous examples of B analyses obtained by means of
SIMS techniques can be found in the Earth Science literature,
including the pioneering work on refractory meteoritic miner-
als by Phinney et al. (1979). In contrast, microprobe B analy-
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ABSTRACT

With recent findings of substantial amounts of B in rock-forming minerals, it has become evident
a need exists for microprobe techniques allowing quantitative B determinations in minerals. A mi-
croprobe method based on the nuclear reaction 11B(p,a)2a has the potential to become a powerful
tool for analyses of minerals with B contents spanning a wide concentration range. In this paper, we
present nuclear microprobe analyses of B in a set of silicate minerals containing stoichiometric
concentrations of B in the range 1.9–8.8 wt%. Our results strongly indicate that nuclear reaction
analyses of silicates utilizing the 11B(p,a)2a nuclear reaction are virtually matrix-insensitive, and
saturation effects are negligible within the studied range of B concentrations. This finding suggests
that it is adequate to use a single B standard for calibration purposes for analyses covering wide
ranges of B concentrations in silicates. In addition, we demonstrate how B-concentration maps of
high contrast and resolution may be produced by scanning the proton beam over the samples.

ses using NRA methods previously have been used mainly for
characterization of thin films of interest to medicine and mate-
rial sciences (Moncoffre 1992) or biological samples (Sjöland
et al. 1995). Only a limited number of studies on B distribution
in geological samples have utilized different nuclear reactions
(Hålenius et al. 2000; Kristiansson et al. 1999; Rio et al. 1995;
Toulhoat et al. 1993).

The present study concerns a microprobe method for B
analysis based on a nuclear reaction between the 11B isotope
and protons with a kinetic energy of 600–800 keV. This reac-
tion involves the two steps:

 p + 11B = 8Be* + a
8Be* = 2a,

and is commonly abbreviated 11B(p,a)2a. The nuclear reac-
tion has a broad resonant cross-section around 660 keV, and
the emitted a particles can be discriminated easily from the
elastically back-scattered protons occurring at considerably
lower energies. The main objective of this study was to evalu-
ate whether the detected a-particle yield from this reaction suf-
fers from saturation effects. An additional aim was to explore
whether matrix effects are insignificant and, consequently,
whether raw data-reduction algorithms are unnecessary, as has
been assumed previously. To this end, we have studied a set of
natural silicate phases with stoichiometric concentrations of B
in the range 1.9–8.8 wt%.

EXPERIMENTAL METHODS

The Nuclear Reaction Analysis (NRA) was performed with a 3 MeV single-
ended NEC 3 UH Van de Graaff accelerator. The microprobe beam line
(Malmqvist et al. 1993) utilizes three magnetic quadrupole lenses for focusing
the ion beam to a 1–10 mm spot size. For lateral analysis, two additional mag-
netic lenses control the beam position on the sample. In this experiment, scans
of 128 ¥ 128 pixels with a step size between 5 and 20 mm were used to analyze
the major part of the different sample surfaces.

The experimental set-up is shown in Figure 1. To detect a particles from


