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INTRODUCTION

Quartz is one of the most abundant minerals in the Earthʼs 
crust, occurring in igneous, metamorphic, and sedimentary rocks. 
The great interest concerning luminescence studies of quartz is 
based on the fact that this technique provides information not 
available by other analytical methods. Cathodoluminescence 
(CL) can be used to reveal growth zoning in quartz crystals or 
to identify quartz grains from different generations of crystalliza-
tion that cannot be distinguished easily by optical microscopy 
(e.g., Zinkernagel 1978; Ramseyer et al. 1988; Ramseyer and 
Mullis 1990; Watt et al. 1997; Götze et al. 2001; Holness and 
Watt 2001; Penniston-Dorland 2001; Peppard et al. 2001; Müller 
et al. 2000, 2002; Rusk and Reed 2002; Götze 2003). 

The spectral analysis of the CL emission in combination with 
electron paramagnetic resonance (EPR) measurements and/or 
trace-element analysis enables the investigator to detect and 
study extrinsic (trace-element) or intrinsic (lattice-defect) point 
defects in the quartz structure (e.g., Marfunin 1979; Remond et 
al. 1992; Stevens-Kalceff and Phillips 1995, Götze et al. 2001). 
Investigations of natural and synthetic quartz specimens have 
shown various luminescence emission bands that can be ascribed 

to many different intrinsic and extrinsic causes (e.g., Ramseyer 
and Mullis 1990; Stevens-Kalceff and Phillips 1995; Götze et 
al. 2001). The perceived visible luminescence colors depend 
mainly on the relative intensities of the dominant peaks at 390, 
450, 500, 580, and 650 nm. The defects causing the different CL 
emissions in quartz may reß ect the speciÞ c conditions of crystal 
growth or alteration such as trace-element supply, physicochemi-
cal conditions, velocity of crystallization, or generation of defects 
during secondary processes such as deformation or radiation 
(e.g., Ramseyer and Mullis 1990; Perny et al. 1992; Demars et 
al. 1996; Trukhin et al. 1999; Götze et al. 2001; Götze 2003).

The typical luminescence of quartz from igneous and meta-
morphic rocks consists of two emission bands with maxima at 
450 nm (2.75 eV) and 650 nm (1.91 eV). Most igneous quartz 
grains show stable luminescence colors in different shades of 
blue caused by the predominance of the 450 nm emission (e.g., 
Müller et al. 2000, 2002; Götze et al. 2001), which is associated 
with a twofold coordinated Si on an O vacancy (e.g., Skuja 1998; 
Fitting et al. 2001). In quartz from regional metamorphic rocks, 
the intensity of the 650 nm emission band, which can be related 
to the non-bridging O hole center (NBOHC; Siegel and Marrone 
1981) is often higher, leading to reddish or reddish-brown CL 
colors (e.g., Zinkernagel 1978; Neuser et al. 1989). Although 
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ABSTRACT

Samples of pegmatite quartz from several localities in Norway and Namibia were investigated by 
cathodoluminescence (CL) microscopy and spectroscopy, electron paramagnetic resonance (EPR) 
measurements, and trace-element analysis (ICP-MS) to obtain information about their structure and 
luminescence characteristics. 

The defect structure and trace-element composition of the pegmatite quartz samples that were 
studied differ from those of quartz of other origin (hydrothermal, igneous and metamorphic quartz). 
EPR measurements reveal an almost complete lack of intrinsic lattice defects associated with O or Si 
vacancies (e.g., E' center, O2

3- center), whereas some trace elements (Al, Ti, Ge, Li) are apparently en-
riched and form paramagnetic centers. The results indicate that there possibly is a redistribution of alkali 
ions during electron irradiation. The diamagnetic [AlO4/M+]0 center transforms into the paramagnetic 
[AlO4]0 center, while the compensating ions diffuse away and may be captured by the diamagnetic 
precursor centers of [GeO4]0 and [TiO4]0 to form paramagnetic centers ([TiO4/Li+]0, [GeO4/Li+]0).

These defects result in a speciÞ c luminescence behavior, which is very similar for all samples. In 
general, quartz from pegmatites shows homogeneous CL without growth zoning or internal structures 
suggesting constant physicochemical conditions during crystal growth. The CL emission is domi-
nated by a transient bluish-green CL, which disappears after 60�100 s of electron irradiation. The 
two main emission bands centered at 505 nm (2.45 eV) and 390 nm (3.18 eV) are probably related 
to alkali-compensated, trace-element centers in the quartz structure. Other CL emission bands, which 
are characteristic features of igneous, metamorphic, or hydrothermal quartz (e.g., at 450 nm = 2.75 
eV, 580 nm = 2.14 eV, 650 nm = 1.91 eV) are almost completely lacking. This fact indicates that the 
defects responsible for these CL emissions are absent in pegmatite quartz.


