
Using cathodoluminescence to identify oscillatory zoning of perthitic K‑feldspar from the 
equigranular Toki granite

Takashi Yuguchi1,*, Mai Nonaka1, Satoshi Suzuki1, Takumi Imura1, Kazuo Nakashima1, and 
Tadao Nishiyama2

1Faculty of Science, Yamagata University, 1-4-12 Kojirakawa, Yamagata 990-8560, Japan
2Faculty of Advanced Science and Technology, Kumamoto University, 2-39-1, Kurokami, Chuo-ku, Kumamoto 860-8555, Japan

Abstract
For the first time, cathodoluminescence (CL) was used to show oscillatory zoning in perthitic 

K‑feldspars from the equigranular Toki granite, central Japan. Based on the CL patterns, two types 
of zoning are identified: single core oscillatory zoning (SCOZ) and multiple core oscillatory zoning 
(MCOZ). The SCOZ is defined by oscillatory zoning around a single‑crystal core within the K‑feldspar 
crystal, whereas the MCOZ depicts two or more such crystal cores. The crystal cores displayed in 
CL images reflect the nucleation parts of magmatic K‑feldspar. The existence of MCOZ patterns in 
K‑feldspars indicates multiple nuclei. CL patterns reveal crystal growth behavior of magmatic K‑feldspar 
in the equigranular Toki granite. CL intensities are positively correlated with titanium and barium 
concentrations, indicating that the CL variations depend on two factors: (1) titanium concentration as 
a CL activator and (2) density of Al‑O−‑Al structural defects. The analysis of CL images revealed that 
albite‑rich phases in microperthite and patchperthite with low‑luminescence intensities cut across the 
CL bands of the oscillatory zoning, indicating that the oscillatory zoning in the orthoclase‑rich host 
phase of K‑feldspar was not perturbed by the formation of microperthite and patchperthite in the post‑
crystallization stage. The luminescence intensities of albite‑rich phases in patchperthite are lower than 
those in microperthite, which is due to the differences in titanium and barium concentrations between 
them. In the post‑crystallization stage, the mass transfer of titanium and barium occurred during the 
formation of microperthite and patchperthite. Therefore, the difference in the luminescence intensi-
ties between microperthite and patchperthite lamellae reflects their different formation mechanisms 
between exsolution coarsening and dissolution‑precipitation coarsening. In summary, CL analyses 
can be used for the evaluation of the nucleation and growth not only of anhedral K‑feldspar crystals 
in equigranular granite but also of K‑feldspar phenocrysts/megacrysts in porphyritic granite. It can 
reveal the spatial extent of element partitioning between the melt and crystal, along with that of mass 
transfer from the melt into crystals during the magma evolution. Moreover, the CL analyses can also 
be used for the interpretation of K‑feldspar textural development during the post‑crystallization stage.
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Introduction
Oscillatory zoning is defined as multiple growth layers that are 

generally parallel to crystallographic planes and range in thickness 
from tens of nanometers to several tens of micrometers (Shore and 
Fowler 1996). Potassium feldspar (K‑feldspar) is one of the most 
common minerals in felsic plutonic rocks. Oscillatory zoning is 
frequently observed in K‑feldspar megacrysts and phenocrysts 
under polarized light (Vernon and Paterson 2008; Vernon 2010) as 
well as in backscattered electron images (BSE; Landi et al. 2019). 
For example, in granitic rocks from the Sierra Nevada batholith, 
K-feldspar megacrysts of igneous origin show elemental oscil-
latory zoning marked by varying concentrations of BaO, which 
range from 0.5 to 3.5 wt% (Moore and Sisson 2008). K‑feldspar 
phenocrysts in porphyritic Half Dome and Cathedral Peak grano-
diorite from the Tuolumne intrusion also show elemental oscilla-
tory zoning with BaO concentrations ranging from <0.5 wt% to 
~2 wt% (Johnson and Glazner 2010; Glazner and Johnson 2013).

Cathodoluminescence (CL) patterns of minerals in granite 
can be used to reveal mineral genesis and growth, which also 
contribute to clarifying the intrusion, emplacement, and cooling 
processes of granitic magma (Marshall 1988; Nakano et al. 2005; 
Kayama et al. 2010) and the magma evolution (Yuguchi et al. 
2020). In previous CL studies of K‑feldspar in granite, Kayama 
et al. (2010) characterized the CL emission centers in K‑feldspar 
from the Cerro Balmaceda pluton syenite and observed CL 
heterogeneity in K‑feldspar. Lee et al. (2007) and Parsons et al. 
(2008) reported that albite‑rich patches in perthitic K‑feldspar 
from the Klokken syenite display oscillatory zoning in CL 
images. Perthitic K‑feldspar consists of albite‑rich phases (patch 
and lamella) in orthoclase‑rich host phases. Oscillatory zoning in 
orthoclase-rich host phases of K-feldspar megacrysts and pheno-
crysts was reported by several previous CL studies (e.g., Słaby 
et al. 2008; Higgins 2017; Oppenheim et al. 2021). K‑feldspar 
phenocrysts from porphyritic Half Dome and Cathedral Peak 
granodiorites display CL oscillatory zoning in the orthoclase‑rich 
host phase under optical‑CL observations (cold‑cathode color cath-
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