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Abstract

This study presents the luminescence properties of minerals occurring in the Strzegom
granites using cathodoluminescence in a Scanning Electron Microscope (SEM-CL).
Four representative samples of granites from the Strzegom-Sobdtka deposits(including
the Kostrza, Chwatkow and Graniczna types) were selected for investigation. Their ma-
jor- and trace-element chemical compositions were adopted from previously published

data reported by Panna et al. [1]. The aim of the study was to assess the variability of
luminescence activity of rock-forming minerals and to identify potential emission

activators based on microphotographic observations and literature data. The results

indicate that orthoclase exhibits the strongest luminescence effects, characterized by
numerous point-like luminescence centers with yellow, blue and red colors, interpret-
ed as the effect of Mn®" and Fe*' ions, oxygen vacancies, and admixtures of rare earth

elements and Zr-rich accessory phases. In contrast, plagioclase rather remained opti-
cally inactive in most cases, highlighting the usefulness of SEM-CL for distinguishing

feldspar types in granites. The obtained results confirm that cathodoluminescence is

a useful tool for the qualitative analysis of structural defects and the distribution of
impurities in minerals of the Strzegom granites; however, its interpretation should

always be supported by chemical and mineralogical analyses.

Introduction

Granite is a deep-seated igneous (plutonic) rock formed as a result of the slow
crystallization of silica-rich magma deep beneath the Earth’s surface. It is
one of the most widespread rock types composing the continental crust [2].
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Granite is classified as an acidic rock, as illustrat-
ed by the QAPF diagram (Quartz-Alkali Feldspar-Pla-
gioclase-Feldspathoids, Figure 1). According to this
diagram, typical granites contain 20-60% quartz and
are characterized by the dominance of alkali feldspars
over plagioclases [3].
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Figure 1. Mineral composition of igneous rocks [4]

Cathodoluminescence plays an important role in
studies of rocks and minerals. One of the earliest ap-
plications of this method to the analysis of feldspars
(the main minerals of granites) was reported by Mari-
ano et al. [5]. They observed differences in the emission
wavelengths of electromagnetic radiation released dur-
ing the luminescence of metasomatic inclusions in feld-
spar raw materials. This phenomenon manifests itself
as color variations of domains visible in magnified im-
ages of polished sections.

Subsequent studies demonstrated that the diver-
sity of luminescence colors depends on the presence
of active luminescence centers in the samples. Most
feldspar minerals exhibit luminescence colors ranging
from light blue through green-yellow to red [6].

Cathodoluminescence spectra are commonly char-
acterized by three broad emission regions correspond-
ing to blue (~420-480 nm), green (*520-580 nm), and
red (2650-750 nm) wavelengths. These luminescence
bands are typically attributed to defect-related centers
or impurity ions incorporated within the mineral crys-
tal structure. For example, blue emission is explained
by structural defects of the Al-O-Al type, while green
emission is associated with the incorporation of activa-
tors such as Mn?* and Fe* into the crystal lattice. Other
elements that may influence color variations include
Ti, Pb, Cu, Cr, as well as rare earth elements such as
Sm*', Eu**, and Ce*" [7].

A subtle difference in the identification of feldspars
using cathodoluminescence arises from the registra-
tion of luminescence emitted by trace elements in the
samples. Alkali feldspars are often accompanied by
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elevated concentrations of rare earth elements, result-
ing in the emission of infrared radiation [8].

Interesting results were presented by Smith and
Brown [9], who analyzed the Eu** contentin plagioclases
(sodium-calcium feldspars). They found that increas-
ing concentrations of this ion correspond to a higher
proportion of Ca-rich feldspars, such as bytownite and
anorthite. Cathodoluminescence is usually regarded as
a method presenting visible radiation effects of samples
(electromagnetic radiation in the visible range). It should
be noted, however, that some elements emit radiation
outside the visible spectrum. Owing to current technical
capabilities, radiation intensity beyond the visible range
can also be recorded. In such cases, emission intensity
is plotted as a function of wavelength, significantly ex-
tending the analytical scope of this method [10].

The aim of this study is a comparative analysis of se-
lected granites with respect to the luminescence prop-
erties of their constituent minerals. For this purpose,
Strzegom granites representing three distinct varieties
were examined.

Materials and methods

Representative granite samples originating from the
Strzegom region were selected for the study. The ma-
terial was obtained by crushing granite blocks and was
characterized by grain sizes exceeding 20 mm. Sever-
al granite varieties occur within the Strzegom massif,
with biotite granites constituting the most abundant
group. Among these, the Kostrza type is distinguished,
including equigranular and porphyritic structural vari-
eties, as well as the Chwatkéw type [11,12].

Kostrza-type granites occur in the western part of
the massif and are monzonitic rocks with porphyritic
and fine-grained varieties containing a small number
of phenocrysts. This variety is represented by a sam-
ple collected from the quarry in Gniewkdéw (sample 1).
Chwatkéw-type granites occur in the eastern part of the
massif and contain orthoclase, plagioclases, quartz, and
biotite. Samples representing this variety were collect-
ed from deposits in Chwatkéw (sample 2) and Gotaszyce
(sample 3). An intermediate variety between the Kostrza
and Chwatkéw types is the Graniczna type, occurring at
the northeastern margin of the Strzegom massif and in
contact with Kostrza-type granites. These are represent-
ed by samples from the Graniczna open pit (sample 4).

The petrographic and geochemical characteristics
of these samples were previously described by Pan-
na et al. [1]. From the perspective of this study, the most
important analyses are those of major and trace ele-
ments, presented in Tables 1 and 2.
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Table 1. Major components [in %] of the analyzed samples [1]
Sam- 6o,  ALO, Fe,0, Ti0, Cad0 MgO0 MnO Na,0 KO PO, "  sum
p]e Ignition
1 70.95 13.74 2.72 0.31 1.29 0.35 0.05 3.28 4.75 0.10 0.99 98.70
2 70.60 14.93 1.96 0.27 1.39 0.51 0.05 4.09 3.60 0.09 1.27 98.76
3 70.51 15.20 2.76 0.45 2.41 0.94 0.06 3.74 3.27 0.14 0.73 100.20
4 74.98 13.12 2.02 0.26 1.63 0.42 0.05 3.19 4.35 0.09 0.44 100.50
Table 2. Trace elements [ppm] of the analyzed samples [12]
Element Atomic Sample
number 1 2 3 4
Be 4 4 3 3 3
S [%] 16 0.033 0.061 0.022 0.016
Sc 21 5.9 4.7 6.2 4.3
\Y 23 19 20 43 22
Cr 24 24 17 39 11
Co 27 4 8 <1
Ni 28 6 6 11 7
Cu 29 18 13 18 14
Zn 30 63 57 54 46
As 33 2 <2 <2 <2
Se 34 <3 <3 <3 <3
Br 35 <1 <1 <1 <1
Rb 37 270 130 140 200
Sr 38 100 228 343 133
Y 39 34 20 17 26
Zr 40 215 97 144 154
Mo 42 <2 <2 <2 <2
Ag 47 <0.5 <0.5 <0.5 <0.5
Cs 55 7.9 <0.5 2.9 5.1
Ba 56 679 693 736 504
La 57 52.7 22.9 25.9 43.3
Ce 58 99 41 47 80
Nd 60 40 11 20 25
Sm 62 6.7 3.1 3.6 5.2
Eu 63 0.9 0.5 0.5 0.9
Tb 65 <0.5 <0.5 <0.5 <0.5
Yb 70 3.7 2.1 2.2 2.2
Lu 71 0.55 0.4 0.33 0.38
Hf 72 5.8 2.6 3.3 3.6
Ta 73 2 <1 <1 <1
W 74 <3 <3 <3 <3
Ir [ppb] 77 <5 <5 <5 <5
Au [ppb] 79 <5 <5 <5 <5
Hg 80 <1 <1 <1 <1
Pb 82 22 19 18 23
Bi 83 <2 <2 <2 <2
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Cathodoluminescence studies were carried out
using an FEI Quanta 200 FEG Scanning Electron Mi-
croscope operating in low-vacuum mode (LV/ESEM),
which enabled the observation of uncoated specimens.
Images were recorded using BSE and SE detectors at
an accelerating voltage of approximately 10-15 kV and
a working distance of 9-12 mm.

The CL signal was used to assess the luminescence
properties of selected minerals. The recorded BSE
contrast allowed for the differentiation between bright
minerals (enriched in heavy elements) and dark min-
erals (mafic phases). The results were used for the
identification and interpretation of the mineralogy of
the rock samples.

Results and discussion

The SEM-CL micrograph of sample 1 shows the most
abundant luminescence features. Numerous lumi-
nescence centers are visible, mainly localized within
orthoclase. The emission is point-like and uneven-
ly distributed, suggesting the presence of structural
defects and zones enriched in activating impurities.
Based on literature data and chemical analyses, the lu-
minescence of orthoclase can be associated with the
presence of Mn** and Fe* ions as well as oxygen va-
cancies acting as trapping centers, visualized as yellow
points [13].

At the same time, local blue and red luminescence
flashes appear in the SEM-CL micrograph of sample 1.
The intensity of the blue emission may indicate the
presence of zircon and cerium, which is consistent
with the chemical analyses showing elevated concen-
trations of these elements [14,15]. The red lumines-
cence points may be associated with apatite enriched
in rare earth elements (REE) and Mn*', as reported in
the literature [15]. However, in the absence of point
chemical analyses performed directly on the lumines-
cent centers, this interpretation remains provisional.

Figure 2. Luminescence centers in orthoclase
(sample 1; symbols used: O—Orthoclase, Pl—Plagioclase,
0l—Olivine, Q—Quartz)
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In the micrograph of sample 2, plagioclase is pres-
ent, which—unlike orthoclase—does not exhibit lumi-
nescence. The lack of distinct emission indicates that
its crystal structure and chemical composition do not
favor the formation of active luminescence centers. The
dominance of plagioclases (sodium-calcium feldspars)
over orthoclase is also confirmed by chemical analy-
ses of major elements, showing higher Na,O than K,0
contents. Luminescence effects in this sample are main-
ly concentrated in accessory minerals and in minor
amounts of orthoclase, locally generating characteristic
yellow luminescence centers. The uneven distribution
of point-like light signals may suggest that they are relat-
ed to the presence of Mn®*, Fe*', or Ti*" impurities, which
are reported in the literature as potential activators of
luminescence in accessory phases. However, since no
point chemical analyses were performed directly on
the luminescence centers, this interpretation should be
regarded as tentative, while plagioclase remains largely
optically inactive [8].

Figure 3. Luminescence centers in accessory minerals
(sample 2; symbols used: PI—Plagioclase, Ol—Olivine,
Q—Quartz, B—Biotite)

In the micrograph of sample 3 (Fiure 4), both pla-
gioclase and orthoclase are observed, with the latter
exhibiting relatively weak luminescence activity. The
emission is limited and diffuse, indicating a small num-
ber of defect centers and a relatively low concentration
of activating ions in the crystal structure. Individual
luminescence points occur mainly within small zones
of biotite, which may be associated with local enrich-
ment in elements such as Mn* or Fe** acting as lumi-
nescence activators [13]. Orthoclase exhibits a brighter
appearance compared to other minerals, most likely
due to Al-0-Al structural defects. This suggests that
the observed luminescence effects result primarily
from structural defects rather than from point-like lu-
minescence centers [16]. Rare yellow signals are most
probably related to iron activity in biotite, while the
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remaining red and blue points correspond to active
centers described for sample 1 (Figure 2).

Figure 4. Weak luminescence activity of orthoclase
(sample 3; symbols used: O—Orthoclase, Pl—Plagioclase,
0l—Olivine, Q—Quartz, B—Biotite)

In the micrograph of sample 4 (Figure 5), a distinct
contrast in luminescence activity between orthoclase
and plagioclase is observed. Orthoclase shows intense
luminescence in the form of numerous point-like
centers with yellow, red, and blue colors, whereas pla-
gioclase remains optically inactive and does not emit
a distinct luminescence signal. This differentiation in-
dicates a significant influence of chemical composition
and structural defects on the luminescence-generating
capacity of minerals. In orthoclase, the observed emis-
sion is primarily related to the presence of Fe*' ions
acting as luminescence activators and to local oxygen
vacancies formed during crystallization. The absence
of luminescence in plagioclase confirms that this min-
eral acts merely as a background phase in the studied
samples, while the actual luminescence signal is gen-
erated by orthoclase and accessory minerals.

Figure 5. Strong luminescence activity of orthoclase and
lack of emission in plagioclase
(sample 4; symbols used: 0—Orthoclase, PI—Plagioclase,
0Ol—Olivine, Q—Quartz, B—Biotite)
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Luminescence analyses revealed clear differences
in optical activity among the investigated minerals.
Orthoclase exhibited the highest emission intensity,
whereas plagioclase was generally optically inactive.
Accessory minerals (biotite, hornblende) also played
a significant role in shaping the luminescence image
despite their minor abundance in the samples.

Conclusions

Cathodoluminescence investigations of the Strzegom
granites demonstrated that the luminescence activity
of individual minerals is highly diversified and close-
ly related to both their chemical composition and the
presence of structural defects. The observed lumines-
cence effects are generally consistent with literature
data and the results of chemical analyses.

Orthoclase exhibited the highest cathodolumines-
cence intensity, whereas plagioclase remained optical-
ly inactive in most cases. This behavior results from
differences in the chemical composition of these feld-
spars and their ability to incorporate luminescence-ac-
tivating elements. It should be emphasized, however,
that due to the relatively large grain size of the miner-
als (on the order of several millimeters) and the limited
area of microscopic observation, the interpretation of
luminescence effects should be regarded as qualita-
tive and local.

Analysis of microphotographs showed that lumines-
cence centers are concentrated in specific minerals,
and the observed colors can be attributed to the follow-
ing mechanisms:

Orthoclase

+ yellow luminescence: mainly associated with
Mn?* and Fe* ions acting as activators and with
local oxygen vacancies;

+ Dblue luminescence: primarily attributed to Al-O-
Al structural defects and to the local presence of
rare earth elements (e.g., Ce**) and Zr-rich acces-
sory phases (e.g., zircon);

+ redluminescence: related to the presence of rare
earth elements (REE) and Mn®" ions, mainly with-
in fine mineral inclusions (e.g., apatite) associat-
ed with orthoclase.

Biotite
« yellow luminescence (local and weak): associat-

ed with Fe** and Mn** ions; however, the high iron
content simultaneously causes partial quenching
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of emission, making biotite a mineral with limit-
ed, point-like luminescence activity.

In summary, cathodoluminescence proved to be
a useful tool for the qualitative analysis of the distri-
bution of impurities and structural defects in minerals
of the Strzegom granites. The method allows for effec-
tive differentiation between potassium feldspars and
sodium-calcium feldspars and for the identification of
zones enriched in luminescence-activating elements;
however, its interpretation should always be supported
by chemical and mineralogical analyses.
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