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Internal structures of metamorphic minerals: The geological
significane of cathodoluminescence studies
SCHERTL Hans-Peter'*, LI Xuping'

(1. College of Earth Science and Engineering, Shandong University of Science and Technology, Qingdao,
Shandong 266590, China; 2. Institute of Geology, Mineralogy and Geophysics, Faculty of Geosciences,
Ruhr-University Bochum, Bochum 44780, Germany)

Abstract: The cathodoluminescence (CL) method is mainly applied in zircon studies prior to age dating using in-situ
ionprobe and laser ablation techniques and studies on the structure of traditional minerals like carbonates, feldspars
and quartz. The paper documents the advantages of the hot cathode CL method visualizing internal structures of

metamorphic minerals and presents a selection of examples from different rock types and metamorphic facies.

The CL is generally induced by activator-elements such as Mn, rare earth elements (REE) and lattice defects.
The existence of such quencher-elements as Fe can reduce or even eliminate luminescence. The internal coloured
growth CL features of metamorphic minerals, invisible from thin section studies using the polarizing microscope,
can be easily identified with the coloured CL. method within a few seconds. Considering that the REE content is
usually below the detection limit of the electron microprobe, a spectrometer unit is adopted so that the CL
microscope can even provide data on the chemical composition.

This study selected typical luminescent metamorphic minerals such as olivine in marble, pyrope, grossular,
pyrope-grossular solid solutions, zircon, sillimanite, andalusite, kyanite, spurrite, tilleyite, lawsonite, zoisite/
clinozoisite, diopside, jadeite and omphacite, wollastonite, tremolite, prehnite, chlorite, K-feldspar, plagioclase,
quartz. coesite, and chalcedony to display their structural characteristics under the CL microscope. The
metamorphic minerals selected in this study come from different geological environments, including the high-
pressure (HP) metamorphic rocks from Isla Margarita, ultrahigh-pressure (UHP) metamorphic rocks from the
Dora-Maira Massif (Italy), Sulu (China), the Kokchetav Massif (Kazakhstan), the Western Gneiss Region
(Norway) , and Pohorje (Slovenia), skarn deposits and contact metamorphic rocks from Romania, Twin Lakes and
Bushveld Complex (Nevada, USA), metasomatic rocks from the Rio San Juan Complex (Dominican Republic) and
Xigaze (China), high-temperature (HT) and ultrahigh temperature (UHT) metamorphic rocks from Namaqualand
(South Africa) and from Inner Mongolia (China) . sub-greenschist facies rocks and gem quality zoisite samples from
Monzoni (Italy) and Merelani (Tansania), and calcsilicate from Campolungo (Switzerland).

Documented internal features of minerals essentially refer to homogeneously coloured unzoned crystals,
concentric zoning (reflecting e. g., progressive increase or decrease of elements from core to rim), oscillatory
zoning, inhomogeneous growth and the change of crystal morphology during growth. Other structures displayed and
discussed include exsolution textures, the influence of radioactive damage, deformation and absorption features,
occurrence of different crystal grain domains, fluid-channelized annealing structures, as well as the distribution of
fine-grained minerals. One of the advantages of the CL. method applied to thin section studies is the observation of
various structures under relatively low magnification. The images recorded by the CL. method are in true colour and
not in black and white as those for routine zircon studies by using the CL-system of the electron microprobe prior to
U/Pb dating. Although the CL information discussed above is mainly descriptive. the CL-microscopy can be used as
a significant supplementary studies, using for instance electron microprobe, ion probe, laser ablation, CL-
spectroscopy or mineral for fluid inclusion studies.
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Fig. 1 Thin section images and CL spectra of pyrope
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Fig. 3 Thin section images
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