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Titanium as a cathodoluminescence activator in alkali feldspars
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ABSTRACT

Albite patches in coarsely mesoperthitic alkali feldspars from the Klokken syenite have oscillatory 
zoning seen at blue wavelengths using cathodoluminescence. Using a five-spectrometer, high-resolution 
elemental mapping technique in an electron probe, we show a close correspondence between CL emis-
sion intensity and Ti, present at levels up to ~200 ppm. Albite patches were analyzed for major and 16 
trace elements by laser-ablation inductively coupled-plasma mass spectrometry. SEM elemental maps 
acquired simultaneously with the CL showed that a similar zoning pattern is exhibited by Ca, but there 
is no correlation between CL intensity and Ca concentration. None of the trace elements analyzed 
correlate with Ti. We conclude that tetrahedral Ti4+ is the most likely activator of blue luminescence 
in these albitic alkali feldspars possibly because of a defect associated with Al-O-Ti bridges.
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INTRODUCTION

Alkali feldspars often exhibit strong cathodoluminescence 
(CL) emission at blue wavelengths. Lee et al. (2007) recently 
published a study of coarsely mesoperthitic alkali feldspars 
(patch perthites) from the Klokken syenite intrusion (South 
Greenland) in which CL shows that the albite (Ab)- and ortho-
clase (Or)-rich patches have complex oscillatory zoning. They 
reported electron microprobe (EMP) analyses across one strik-
ingly zoned albite patch (the present Fig. 1a), which suggested 
a positive correlation between Ti concentration and the intensity 
of blue luminescence, emission wavelength ~460 nm. However, 
Ti levels on this analysis traverse (see Fig. 7 in Lee et al. 1970) 
reached only ~90 ppm (Ti by weight) and for much of the tra-
verse were below the instrumental detection limit of ~25 ppm. 
We have revisited the same analyzed region in the present study, 
using better EMP operating conditions optimized for detection of 
trace elements and applying elemental mapping, and we found a 
very strong correlation between the CL image and Ti levels. To 
confirm the correlation, we applied both techniques to another 
zoned Ab-rich patch in a feldspar crystal in another syenite 
sample with similar results. Finally, we have used laser-ablation 
inductively coupled-plasma mass spectrometry (LA-ICPMS) to 
measure all major and a range of trace elements in numerous 
albite patches from several feldspar crystals from three syenite 

samples. This was done to test whether any other trace element, 
present in concentrations below EMP but above LA-ICPMS 
detection limits, could be responsible for the zoning. 

MATERIALS AND METHODS
The three rock samples come from the laminated syenite member of the layered 

series in the neo-Proterozoic Klokken intrusion, South Greenland. The alkali feld-
spars have bulk compositions in the range ~Ab75Or25 to ~Ab45Or55 with 1–8 mol% 
An. Petrographic and locality details are given by Lee et al. (2007). The coarse patch 
perthites formed at ≤400–450 C by dissolution-reprecipitation reactions driven by 
coherency strain (Worden et al. 1990) in cryptoperthitic “braid” intergrowths. The 
reactions were isochemical with respect to major elements (Brown et al. 1983). 
The microcline product phase is microporous (Worden et al. 1990; Walker et al. 
1995), the Ab-rich phase less so. Textural evolution and major- and trace-element 
partitioning between the Ab- and Or-rich phases during the coarsening process 
will be described elsewhere (Parsons and Lee, in preparation; Parsons et al., in 
preparation). The LA-ICPMS data reported here are a subset of data developed 
fully in the latter paper.

Hyperspectral CL maps (e.g., Fig. 1) were obtained using a purpose-built hy-
perspectral CL detector mounted on the optical system of a Cameca SX100 electron 
microprobe at Strathclyde University (Edwards et al. 2007). The hyperspectral 
mapping technique uses a silicon CCD spectrograph to produce a datacube giving a 
complete CL spectrum over the wavelength range 336–852 nm with a point spacing 
of ~0.5 nm. Full details of the method and images of the area shown in Figure 1 
over various wavelength ranges are given by Lee et al. (2007, their Fig. 4). The 
CL emission shown in Figure 1 is entirely in the blue range between 460 and 470 
nm, but the crystal also luminesces in the red–IR range mainly between ~690–725 
nm (Lee et al. 2007). An elemental map for Ca was acquired simultaneously with 
the CL map using the PET crystal on the Strathclyde microprobe to count CaK  
X-rays. The microprobe was operated at 20 kV and 10 nA during collection of both 
CL data and the X-ray maps. Further CL images (e.g., Fig. 2a) were acquired using 
a scanning electron microscope (SEM) at Glasgow University that is equipped 
with a KE Developments Centaurus panchromatic CL detector. Light is collected 
using a parabolic mirror positioned directly above the sample and its intensity is 
measured using a bialkali photomultiplier with a wavelength range of 300–650 nm. 
The maximum efficiency of this detector is at blue wavelengths so that the images 
produced are essentially the same as the blue hyperspectral maps (e.g., Fig. 1). This 
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