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INTRODUCTION

Cathodoluminescence (CL) is the emission of light by a 
material under stimulation by a beam of energetic electrons. The 
exploitation of this phenomenon as a characterization technique is 
well established in both the materials and Earth sciences.

CL is highly sensitive to a wide range of factors, including, for 
example: temperature, chemical composition, crystal structure, 
presence of defects, and strain. This dependence on such a large 
number of variables can often make the interpretation of CL 
highly complex. However, it offers the advantage of potentially 
indicating variations in chemical composition on a level that 
may be considerably lower than that detectable with techniques 
based on the analysis of X-ray emission. On the other hand, 
such techniques, which include the electron-microscope-based 
wavelength- and energy-dispersive X-ray (WDX and EDX) 
spectroscopies, allow a much more straightforward and direct 
measure of composition than CL. With their differing strengths 
and weaknesses, these techniques lend themselves to use as 
complementary measurements, combining the sensitivity of CL 
with the direct, quantitative nature of X-ray microanalysis.

Optical imaging of CL excited by a defocused beam from an 
electron ß ood gun is a widely used form of this technique, and 
provides a fast and ready tool for imaging growth zones within 
minerals. When used with color image capture, it has the advantage 
of retaining some (albeit a minimum of) spectral information, 
with the red, green, and blue components effectively giving a 
�trispectral� image. A signiÞ cant drawback, however, is that its 
spatial resolution is limited by the optical system, and ultimately 

by the fundamental diffraction limit of light.
Scanning electron microscope (SEM) CL offers several 

signiÞ cant advantages over optical CL. The Þ rst of these is the 
high spatial resolution, which is limited only by the electron 
beam spot size and accelerating voltage. Norman (2001), for 
example, has demonstrated that features down to 20 nm in size 
can be resolved in sufÞ ciently luminescent material when low 
voltages are used.

Another strength of the SEM-based technique is the option of 
resolving the CL spectrally as well as spatially. As conventionally 
implemented, SEM-CL relies on a combination of imaging (in 
which the intensity of a given spectral band is mapped across 
a sample) and spectroscopy (in which the spectrum is obtained 
from a Þ xed position on the sample). Such an approach requires 
either foreknowledge of, or assumptions about, the spatial and 
spectral features of interest in the material, and, for example, 
could lead to unexpected emission bands from smaller regions 
on a sample remaining undetected. More recently, advances in 
detector sensitivity, data processing speeds, and storage capacity 
have allowed the full CL spectrum to be recorded at each point 
in a scan. Such a measurement, Þ rst realized by Christen et al. 
(1991), results in the accumulation of a multidimensional data 
set, or hyperspectral image, containing the full set of spectrally 
and spatially resolved luminescence information.

One further advantage of the SEM, and one that is particularly 
relevant to this work, is the ability to acquire data from differ-
ent signals simultaneously during a single scan. In this study, 
use is made of this �multimode� functionality by acquiring a 
CL hyperspectral image at the same time as multiple X-ray 
composition maps (Edwards et al. 2003). This procedure avoids 
potential alignment errors, which could result if CL and X-ray * E-mail: paul.edwards@strath.ac.uk
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ABSTRACT

The usefulness of cathodoluminescence (CL) in mineralogy and petrology is largely due to its 
high sensitivity to variations in the chemical compositions of minerals. DifÞ culty in interpretation of 
CL images, however, often limits their use beyond the identiÞ cation of growth zones, which are then 
analyzed using other, more readily quantiÞ able, techniques. The use of scanning electron microscopy 
(SEM) CL in hyperspectral imaging mode, combined with simultaneously acquired X-ray composition 
mapping, extends the technique by allowing the separation of spectral features and their correlation 
with elemental composition. In this paper, we describe the use of such measurements in conjunction 
with multivariate statistical analysis to automatically identify and characterize zones in calcite and 
zircon. We demonstrate that this novel combination of techniques signiÞ cantly increases the effective-
ness of CL as a diagnostic tool for Earth science applications.
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