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INTRODUCTION

Cathodoluminescence (CL) microscopy is an efÞ cient method 
for visualizing microtextures in minerals that are invisible in 
conventional transmitted-light microscopy (e.g., Götze et al. 
2001; Pagel et al. 2000). Therefore, CL may aid in establishing 
the succession of paragenetic associations in minerals and rocks, 
such as growth zoning, inherited cores, healed microfractures, 
and dissolution or alteration features. Whereas CL has already 
become an essential tool in zircon U-Pb geochronology, extensive 
applications to other minerals, e.g., quartz, are only emerging. 
Scanning electron microscope (SEM)-CL offers several advan-
tages when compared to conventional CL, including: (1) a good 
spatial resolution (down to single micrometer scale) due to the 
small size of the electron beam; (2) the ability to detect small 
variations (μg/g range) at low trace-element concentrations; and 
(3) the capability of combining CL with back-scattered electron 
(BSE) or secondary electron (SE) mode, or energy dispersive 
spectroscopy (EDS) microanalysis. The combination of routine 
CL observations with SEM seems to be especially favorable for 
the interpretation of growth textures in quartz characterized by 
generally low trace-element contents (e.g., Boiron et al. 1992; 
Cathelineau et al. 1993; Parnell et al. 2000; Penniston-Dorland 
2001; Redmond et al. 2001; Rusk and Reed 2002; Valley and 

Graham 1996; Wilkinson et al. 1999; Wilkinson and Johnston 
1996). For certain applications, such as the provenance studies 
of clastic sediments, CL-colors are essential (e.g., Zinkernagel 
1978), and the combination of SEM-CL with conventional CL 
(Herzog et al. 1970) may give the best results in such cases. For 
petrographic and paragenetic studies of magmatic and hydro-
thermal quartz samples, however, SEM-CL provides excellent 
petrographic resolution. 

Variability in luminescence colors and in CL emission bands 
can result from intrinsic (structural) defects, which include trans-
lational errors, point defects, and inclusions of minerals, gas or 
liquid (Götze et al. 2001), as well as from different extrinsic 
defects, i.e., the incorporation of lattice-bound trace elements. 
Quartz has a strong conÞ guration of Si-O bonds and limited in-
terstitial space, allowing incorporation of only a limited amount 
of other elements into its structure. The concentration of such 
substitutional or interstitial impurities generally does not exceed a 
few hundred μg/g and varies signiÞ cantly in natural quartz (e.g., 
Bambauer 1961; Audétat and Günther 1999; Flem et al. 2002; 
Monecke et al. 2002). The trace-element inventory of quartz 
depends in a complex way on many parameters, among which 
the chemical composition of the quartz-forming environment, 
temperature, pH, oxygen fugacity, and growth rate have been 
considered most important (e.g., Götze et al. 2001; Pagel et al. 
2000). Because of the high sensitivity of CL, only a few analyti-* E-mail: thomas.pettke@erdw.ethz.ch

Relationships between SEM-cathodoluminescence response and trace-element composition 
of hydrothermal vein quartz

MARIANNE R. LANDTWING AND THOMAS PETTKE*

Isotope Geochemistry and Mineral Resources, Swiss Federal Institute of Technology, ETH Zentrum NO, CH-8092 Zürich, Switzerland

ABSTRACT

Laser-ablation ICP-MS data of hydrothermal vein quartz with zonation in scanning electron micro-
scope cathodoluminescence reveal two groups of trace elements, one that co-varies in concentration 
with luminosity and another that remains uniform throughout. Bright luminosity correlates with a high 
total abundance of trace elements in early quartz, including Al (up to 410 μg/g), Ti (up to 240 μg/g), 
K (up to 330 μg/g), Li (up to 8 μg/g), Na (up to 36 μg/g), and Fe (up to 20 μg/g). Up to 20 times 
lower concentrations of these elements are associated with dark luminosity in late quartz. Concentra-
tions of P (~21 μg/g), Ga (~0.3 μg/g), Ge (~1.3 μg/g), Sn (~1.5 μg/g), Cu (~0.3 μg/g), and Ag (~0.1 
μg/g) demonstrate no relationship with luminosity. Charge balance cannot be achieved for bright 
luminescent quartz unless the presence of up to 6 μg/g H+ (not analyzed by LA-ICPMS) or interstitial 
Al3+ is invoked. Interestingly, the inferred ~6 μg/g H+ remains constant for quartz containing more 
than 10 μmol total trace elements and might represent the solubility of H+ in hydrothermal quartz at 
temperatures between 450 and 700 °C.

LA-ICPMS results indicate that the ß uid chemistry determines the quartz trace-element pattern, 
which may serve as a monitor for the chemical environment from which quartz crystallized. Ratios of 
Na/Al and Ti/Al are uniform, whereas K/Al evolves toward lower values with decreasing luminosity. 
Combined evidence, including quartz vein textures, silica solubility data, and estimates of the tem-
perature of quartz growth, suggest that early quartz crystallized fast but late quartz grew more slowly 
at 350 to 425 °C. It is speculated that the higher the quartz growth rate is, the more trace elements 
are incorporated into quartz, besides the temperature dependence known from the literature. Clearly, 
growth rate, temperature and ß uid chemistry are important parameters affecting luminosity; however, 
their relative importance may vary from case to case.


