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INTRODUCTION

Cathodoluminescence spectroscopy has been used for a long
time in petrographic studies to determine the provenance of
mineral grains or to distinguish generations of growth within
minerals (Marshall 1988 and references therein; Machel et al.
1991). Recently, CL detectors have been attached to scanning
electron microprobes allowing a better control of the electron
beam flux and general instrument stability, and permitting
higher magnification and spectrometric measurements in the
UV and visible ranges.

However, CL spectrometry is still not used as a microprobe
to reveal the presence of activators in the minerals or their con-
centrations because of several limitations. (1) Spectra are
strongly dependent of the recording system used. This depen-
dence is related to the variation of efficiency as a function of
wavelength of the diffraction gratings and photomultipliers.
This system response implies modifications of the spectra in
intensity and shape of the bands between facilities (Townsend
and Rowlands 2000). (2) As an example, the luminescence of
apatite under electron bombardment is caused by the presence
of Mn and rare earth elements (REE) that substitute for Ca
(Mariano 1988; Blanc et al. 1995). Spectra are composed of
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ABSTRACT

Cathodoluminescence (CL) spectrometry represents a promising technique for the analysis of
trace-element concentrations and distributions in minerals. However, a higher precision and a stan-
dardization of the recording conditions are required to use CL spectral data quantitatively. A signifi-
cant step towards a more quantitative treatment of CL spectra is presented in this study.

A procedure to correct the spectra for the various efficiencies as a function of the wavelength of
the CL detector is proposed using low-pressure mercury-vapor and quartz-iodine lamps. CL spectra
presented in this study are thus corrected for the system response. Apatite CL spectra, which are
commonly composed of two broad bands centered at 3.5 and 2.2 eV, are deconvoluted to isolate
component bands and determine their areas. The crystallographic control by prismatic or basal sec-
tions of apatite on spectral intensities is significant and only prismatic sections should be used.
Signal decrease associated with electron bombardment (electron beam aging) is exponential and
appears drastic in the first hundred seconds but continues even after 15 minutes of beam bombard-
ment.

All observed CL bands could be correlated with a specific activator [rare earth elements (REE)
or manganese]. The 3.5 eV band is composed of three bands at 3.59 eV, 3.29 eV, and 2.87 eV. Ion
microprobe results and comparison between CL and photoluminescence data support Ce3+ activa-
tion for the origin of these bands.

The relationship between CL band intensity and REE concentration measured by ion microprobe
analysis demonstrates that CL also can provide semi-quantitative data for Gd3+, Ce3+, Dy3+, and Sm3+

when recording conditions are strictly controlled.

numerous overlapping bands. Less-intense bands are not ob-
served while the true intensity of obvious bands is only esti-
mated. (3) Variation in luminescence can be linked with
crystallographic controls or electron beam aging (Marshall
1988; Murray and Oreskes 1997).

The purpose of this study is to provide methodological and
analytical data leading to an improvement in the precision of
the acquisition of CL spectra, and to a standardization of the
mechanism of recording. A procedure using reference lamps is
presented to correct for transmission variations with wave-
lengths of the detector. CL spectra are deconvoluted to indi-
vidualize most of the bands present and to obtain quantitative
data on these bands (intensity and area). Importance of elec-
tron beam aging and the variation of the luminescence con-
trolled by crystallographic orientations are investigated for some
apatite samples. To test the use of CL spectrometry as a micro-
probe, data acquired from CL spectra on various REE activa-
tors are compared with compositions determined by ion
microprobe analysis. Finally, the results of a CL study of apa-
tite crystals are presented to reveal chemical composition and
associated growing conditions.

INSTRUMENTATION

Methodology

CL images and spectra were acquired with an Oxford In-
strument MonoCL2 system attached to a Philips XL30 scan-


