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Abstract

Muscovite is a dioctahedral mica mineral belonging to the
phyllosilicates, also known as sheet silicates. It is also referred to as
white mica; muscovites can be found in all major rock groups, including
igneous, metamorphic, and sedimentary rocks. Muscovites, which are
common in igneous rocks, especially in S-type granites and pegmatitic
rocks, are also present in varying proportions within metamorphic
rocks composed of schist and gneiss in the greenschist facies.
Phyllosilicates, one of the main types of silicates, possess variable
structures and complex chemistries. Due to these structural and
compositional differences, the Raman shifts of phyllosilicates can be
observed in different spectral regions. Furthermore, variations in the
crystallization processes of magma and differences in the pressure-
temperature conditions during metamorphism affect the intensity and
wavenumber of their Raman spectra. In this study, the Raman spectra
of muscovites of both igneous and metamorphic origins were compared,
and the differences in their Raman spectra, including peak shifts, were
analyzed to elucidate the distinctions between them. There are shifts in
the Raman spectra of muscovites due to differences in pressure and
temperature. The peak shifts, which typically develop in metamorphic
rocks, occur due to the effects of temperature and, especially, pressure.
In addition, it is known that peak shifts are also related to the content
of elements such as Si and Al in muscovites. It is thought that
metamorphic muscovites have undergone preferential orientation due
to the pressure acting during metamorphism, and therefore, the peak
intensity has increased, and the band width has increased due to
structural defects arising from foliation developed as a result of the
pressure during metamorphism. The results of this study demonstrate
that the origin of muscovites and the rock types to which they belong
can be identified by utilising Raman spectra.

Keywords: Raman spectroscopy, Muscovite, S-type granites,
Greenschist facies rocks.
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Muskovit, levha silikatlar olarak da bilinen fillosilikatlara ait bir
dioktahedral mika mineralidir. Beyaz mika olarak da adlandirilan
muskovitler, magmatik, metamorfik ve sedimanter kayalar dahil olmak
lizere tiim ana kaya gruplarinda bulunabilir. Magmatik kayalarda
dzellikle S-tipi granitlerde ve pegmatitik kayalarda yaygin olan
muskovitler, genellikle yesilsist fasiyesinde sist ve gnays bilesimindeki
metamorfik kayalar icerisinde de degisen oranlarda yer almaktadir.
Ana silikat tiirlerinden biri olan fillosilikatlar, degisken yapilara ve
karmasik kimyasal ozelliklere sahiptirler. Bu yapisal ve bilesimsel
farkliliklardan dolayy, fillosilikatlarin Raman kaymalari farkl spektral
bélgelerde gozlemlenebilir. Bunun yaninda, magmanin kristallesme
stireglerindeki degisimler ve metamorfizma sirasindaki basing-sicaklik
kosullarindaki farkhiliklar, Raman spektrumlarinin siddetini ve dalga
sayisini etkilemektedir. Bu calismada, magmatik ve metamorfik kékenli
muskovitlerin Raman spektrumlart karsilastiriimis ve aralarindaki
ayrimlarin ortaya konulabilmesi i¢in pik kaymalart da dahil olmak
tizere Raman spektrumlarindaki farkliliklar analiz edilmistir. Basing ve
sicaklik farkliliklarindan dolayr muskovitlerin Raman spektrumlarinda
kaymalar bulunmaktadir. Genelde metamorfik kayalarda gelisen pik
kaymalari, sicaklik ve ézellikle basincin etkisiyle meydana gelmektedir.
Bunun yaninda pik kaymalarinin muskovitlerdeki Si ve Al gibi bazi
elementlerin icerigi ile de iliskili oldugu bilinmektedir. Metamorfik
muskovitlerin metamorfizma sirasinda etkili olan basing nedeniyle
tercihli yénelime ugradigi ve bu nedenle pik siddetinin arttigi, bant
genisliginin ise metamorfizma sirasindaki basing sonucu gelisen
foliasyondan  kaynaklanan yapisal kusurlar nedeniyle arttigi
diisiiniilmektedir. Bu ¢alismanin sonuglari, Raman spektrumlarindan
yararlanilarak muskovitlerin kékeninin ve ait oldugu kaya tiirlerinin
belirlenebilecegini géstermektedir.

Anahtar kelimeler: Raman spektroskopisi, Muskovit, S-tipi granitler,
Yesilsist fasiyesi kayalari.

1 Introduction

Raman scattering was discovered in 1928 by the Indian
physicist Chandrasekhara Venkata Raman (1888-1970).
Raman spectroscopy, based on Raman scattering, provides
essential information about the chemical structure of
molecules. Since the vibrational energy level of each molecule
is unique, the obtained Raman spectrum reveals the chemical
fingerprint of the analyzed molecule. The masses of atoms, their

*Corresponding author/Yazisilan Yazar

geometrical arrangements, and the strength of their chemical
bonds determine the frequencies of molecular vibrations [1].

Raman spectroscopy is a practical, fast, and non-destructive
spectroscopic method that can be used for qualitative and
quantitative analysis of inorganic and organic samples [2].
Raman spectroscopy, which allows analyses on solid, liquid,
and gaseous samples, has been successfully used in many
different fields and disciplines. Raman spectroscopy also has an
essential place in mineralogical determinations [3]-[12].

1431


https://orcid.org/0000-0002-9180-7015
https://orcid.org/0000-0002-7894-2220

Pamukkale Univ Muh Bilim Derg, 31(8), 1431-1438, 2025
(Special Issue of the 10t Geochemistry Symposium)
M.A. Akge, Y.K. Kadioglu

Confocal Raman Spectroscopy (CRS) complements other
spectroscopic methods, such as routine optical microscopy,
chemical analysis, X-ray diffraction (XRD), and electron probe
microanalysis (EPMA), in mineralogical and petrological
investigations and even stands out as a powerful and
advantageous alternative [13]-[18].

Various parameters, such as instrumental setup, structural
defects, trace elements, internal stresses, and temperature and
stress, can affect the Raman signal [8].

In this study, it is aimed to reveal the differences of muscovites
in igneous and metamorphic rocks by comparing them
according to Raman spectroscopic characteristics. Determining
the effects of magmatic processes and metamorphic conditions
on Raman spectra will provide a significant advantage in
mineralogical determinations and genetic distinctions, and will
support and complement routine optical microscopic
examinations and other spectroscopic methods.

1.1  Structural compositional characteristics of micas

Phyllosilicates, which igneous, metamorphic, and sedimentary
processes can form, have extremely complex structures and
highly variable compositions. Phyllosilicates are divided into
five different groups: kaolinite-serpentine group, pyrophyllite-
talk group, mica group, smectite group, and chlorite group
according to different types of T and Oc stacking sequences
[19]. Here, T is used to represent tetrahedra filled by Si (and
sometimes Al) as the central cation; Oc is used to represent
octahedra with Mg, Fe2+, Fe3+, or Al as the central cation. The
mica group of phyllosilicates has the structural-compositional
feature of T-Oc-T-A (A=K, Na) [19]. The structural feature of
muscovite [KAl2(AlSiz010)(OH)z], a dioctahedral phyllosilicate,
is the T-Oc-T-A stacking sequence in which A (normally Na* or
K+), sandwiched in the space between the T-Oc-T layers,
represents the major cation [19]. In dioctahedral
phyllosilicates, Al fills 2/3 of the Oc sites [20]. The crystal
structure of muscovite consists of 2:1 layer or tetrahedral-
octahedral-tetrahedral (TOT) layers connected by large
interlayer cations. Within the tetrahedral sheet, individual
tetrahedra are connected to neighboring tetrahedra through
the sharing of their basal oxygens (bridging oxygen). The
octahedral cation is coordinated by four apical oxygens
(non-bridging oxygen) from the upper and lower tetrahedral
sheets and two OH ions in the center of the six-fold rings formed
by the apical oxygens [21].

1.2 Raman spectroscopic characteristics of micas

There are essential studies on the Raman spectroscopic
characteristics of phyllosilicates and micas [15],[16],[19]-[29].
Raman spectra of phyllosilicates are generally located in four
different spectral regions as i) 3800-3000 cm-?, ii) 1150-800
cm-l, iii) 800-600 cmt and iv) <600 cm L. The Raman peaks
observed in the spectral region between 3800-3000 cm-! are
due to the stretching mode of OH or water in the structure of
phyllosilicates [19],[20].

Tlili et al. [24] subdivided the Raman spectrum of micas into
low wavenumber region (= 50-300 cm-1), high wavenumber
region (= 300-1250 cm1), and OH-stretching region (= 3500-
3750 cm) and investigated the differences in muscovite
Raman spectra depending on whether the incident laser
polarization is parallel or perpendicular to the plane of the slice.

McKeown et al. [26] calculated the Raman and [R-active modes
of muscovites. They suggested that Raman modes at
frequencies above 800 cm-! are composed primarily of internal
tetrahedral sheet T-O stretching and T-O-T bending
vibrations, modes between 800 and 360 cm-! have mixed
internal tetrahedral sheet motions and K, and octahedral Al
displacements, and modes at frequencies lower than 360 cm-!
have lattice and OH motions.

According to Sontevska et al. [28], the high-frequency (about
1100 cm1) broad and complex band and the band around 900
cm!l in the Raman spectrum of muscovites represent
Si-0-Si(Al) stretching vibrations, while the very weak band
around 750 and 700 cm is likely due to O-Al-O bending
vibrations, The lower frequency bands around 420 and 260 cm-
1 cannot be assigned to a single vibration type and are of mixed
character, primarily linked to O-Al-0 and O-Si-O translations,
while the Raman peak at 190 cm! can be assigned to Al-OH
translational modes.

Singh and Singh [29] studied the vibrational spectroscopic
properties of the layered phyllosilicates muscovite and biotite.
They analyzed their Raman bands by comparing them with
those of muscovites of different origins reported in the
literature. According to the researchers, in the high-frequency
region, the very strong band around 1127 cm! and the
moderate band around 914 cm-! correspond to Si-O-Si and
Si-0-Al stretching vibrations, respectively. The moderate band
around 755 cm-! and the strong band around 703 cm-! are due
to 0-Al-0 bending vibrations. A very weak band is observed at
579 cm! due to the bending property of Al-O-Al. The low-
frequency strong bands around 407 cm! and 263 cm! are
related to 0-Al-0 and 0-Si-O translational modes. Due to Al-
OH translations, a moderate Raman peak is observed around
197 cmL.

Li et al. [21] investigated the correlation between Raman
spectra and mineral compositions of natural muscovites and
phengites. They revealed the Raman characteristics of these
minerals across varying Si content and observed peak splitting,
peak disappearance, and changes in peak intensity in the
Raman spectra with increasing Si content.

Akce and Kadioglu [15] examined the Raman characteristics of
white micas within S-type granites. Their analysis of muscovite
spectra indicated distinct bands: Si-O-Si(Al) stretching
vibrations observed between 1200 and 875 cml; 0-Al-O
bending vibrations identified in the 750-650 cm! range; bands
of mixed-character primarily related to O-Al-O and O-Si-O
translations between 500 and 225 cm-; Al-OH and sheet
translations occurring between 225 and 75 cm-1; and finally,
stretching vibrations of O-H or C-H groups recorded within the
2800-3623 cm! region.

Deniz [16] studied mica types as indicators of magma origin
and used Confocal Raman Spectroscopy (CRS), Fourier
Transform Infrared (FTIR) Spectroscopy and Confocal Raman
Spectroscopy to determine the origin of giant micas at the
boundary of syenites and metamorphic basement in Central
Anatolia and the processes causing their formation, X-Ray
Diffractometer (XRD), Polarized Energy Dispersive X-Ray
Fluorescence Spectrometer (PED-XRF) and Electron Probe
Micro Analysis (EPMA) were used for mineralogical,
petrographic and geochemical analyses and spectroscopic
characterization. The researcher compared the Raman spectra
of different micas in the study area and revealed the changes in
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Raman modes. Muscovite is recognized as one of the most
important guide minerals in both igneous and metamorphic
rocks. Muscovite can be formed from the partial melting of
igneous or any other type of rock. In addition, it represents the
main mineral composition in S-type granites. It is also the main
mineral in pegmatitic and other igneous rocks, represented
mainly by sericite, a mineral formed by decomposition. It is
observed that feldspars in these rocks are transformed into
small muscovite flakes (sericite) as a result of decomposition
under the influence of hydrothermal solutions or atmospheric
conditions.

Muscovite is also an essential mineral in metamorphic rocks
and has indicator mineral properties. It is one of the indicator
minerals that can represent a metamorphic belt and is
generally the main component of metamorphic rocks,
particularly mica schists and gneisses, in the greenschist facies.
Muscovite is distinguished petrographically under the
microscope due to its texture characteristics in igneous and
metamorphic rocks. Since muscovites are formed under
different temperature and pressure conditions, there should be
a difference between molecular bond vibrations/exchanges.
Therefore, this study was designed to distinguish muscovites in
igneous and metamorphic rocks based on their Raman
characteristics.

In this investigation, Raman characteristics of muscovites in S-
type granites and muscovites formed in greenschist facies rocks
were utilized to determine the behavioural changes in Raman
spectra. We mainly tried to determine rock types by using the
Raman spectral differences between muscovite in igneous and
metamorphic rocks. As a result of this study, an attempt was
made to identify and differentiate rocks formed by igneous
partial melting and rocks in metamorphic greenschist facies
formed under low temperature-low pressure conditions using
the Raman characteristic spectra of muscovites.

2 Material and methods

This study was carried out in four stages: literature review, field
studies, laboratory studies, and office studies.

Field studies were carried out in the S-type leucogranites
containing muscovite in the northern part of the Yozgat
Intrusive Complex (YIC) and in the Kirsehir metamorphites
(KM) [30] with quartz micaschist composition in the southern
part of the Kirsehir Massif, and rock samples were taken for the
study.

Within the scope of the laboratory studies, the thin sections
were prepared from rock samples collected during the field

studies. Then, thin sections were examined under a Zeiss Axio
model polarising microscope to determine the mineralogical
composition and petrographic properties of the rocks.

Based on the petrographic determination, the Raman
spectroscopic characteristics of muscovites selected from
samples of igneous and metamorphic rocks were analyzed. The
CRS analysis was performed using a high-resolution Thermo
Scientific DXR model confocal Raman spectrometer in Ankara
University YEBIM laboratories. The selected muscovites on
polished thin sections were marked under a polarizing
microscope. Then Raman spectroscopic measurements were
performed by laser excitation at a wavelength of 633 nm with a
slit aperture of 25 um and 600 lines/mm grating (estimated
resolution: 2.6-4.4 cm'! and estimated spot size: 0.7 um). As a
result of CRS measurements, spectra of muscovites in the
Raman shift range of 50-3623 cm-! were obtained.

The data obtained as a result of the literature review, field, and
laboratory studies were evaluated together, and the Raman
spectroscopic criteria that enable the differentiation of
muscovites in igneous and metamorphic rocks were tried to be
determined in this study.

3 Results and discussion

3.1 Petrography

The scope of this study: S-type granites distributed in the
vicinity of Sarthacili in the northern part of the YIC and KM
rocks with quartz mica schist composition observed in the
vicinity of Kirsehir province in the southern part of the Kirsehir
Massif were examined.

The granitoids distributed in and around Sarihacili village in
the northern part of YIC are generally light pink-coloured,
leucocratic S-type granites rich in felsic components [31]-[33].
These rocks, which have an alkali feldspar granite composition,
are composed of approximately equal-sized components and,
macroscopically, exhibit a phaneritic,c,  sometimes
porphyrophaneritic texture with occasional coarse quartz
(Figure 1a). Examined under a polarising microscope, these
granites are mainly composed of quartz, alkali feldspar, biotite,
muscovite, and plagioclase minerals and have holocrystalline
hypidiomorphic texture (Figure 1b, c). The muscovites, which
are the subject of this study, are characterized by their white
colour in the hand specimen, their generally slab-like,
colourless, low relief and parallel extinction in thin section
examinations, and their high interference colours.

Figure 1. Macroscopic and microscopic images of Sarihacili S-type granites.
(a): Field photograph. (b): Photomicrograph (Parallel Nicol). (c): Photomicrograph (Crossed Nicol).
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KM, which are typically located in the vicinity of Kusdilli village
of Kirsehir Province in the southern part of Kirsehir Massif,
have a foliated texture and quartz mica schist composition
(Figure 2a). They are mainly composed of muscovite, biotite,
and feldspar minerals, rich in quartz, and have a
lepidogranoblastic texture under the microscope (Figure 2b, c).

3.2 Confocal Raman spectroscopy

Within the scope of confocal Raman spectroscopy
investigations, CRS point measurements of igneous muscovites
in S-type granites and metamorphic muscovites in quartz mica
schists were made, spectra in the 50-3623 cm! wave number
range were obtained, and these spectra were scanned with
Spectral ID software and matched with reference mineral
spectra and it was determined that they have muscovite in
composition. Raman images of the muscovites, whose spectra
were analysed in the wavenumber ranges 50-1250 cm-1 and
3000-3623 cm-1, were also obtained, and it was observed that
they generally had clean surfaces and exhibited strong Raman
bands consistent with the reference spectra (Figure 3).
However, when the Raman spectra were analysed in detail,
significant differences were observed between igneous and
metamorphic muscovites. The Raman spectral differences
between these muscovites are explained, and their band
characteristics are compared with experimental results
reported in previous studies (Table 1 and Figure 3). The Raman
spectroscopic data from Akce and Kadioglu [15] were
significantly utilized during the examination of the Raman
spectra of igneous muscovites in S-type granites. The Raman
characteristics of muscovites are shifts in the Raman spectra
due to pressure and temperature differences; certain peaks are
observed more prominently. The shifting structures of the
peaks occur mostly in metamorphic rocks due to the effects of
pressure and temperature, especially pressure, and significant
shifts in the Raman peaks of muscovite were detected under
regional metamorphic conditions. The spectral data, spectral
regions with significant Raman shift values reveal that the
strong Raman peaks of igneous muscovites are observed at
3623, 698, 258, and 97 cm'1; moderate Raman peaks at 417 and
188 cm-t; weak Raman peaks at 1185,1111, 966, 915, 836, 786,
744, 637 and 540 cm-L. Strong Raman peaks of metamorphic
muscovites are observed at 709, 272, 206, and 110 cm-1;
moderate Raman peaks at 3621, 1069, 758, and 418 cm-1; the
weak Raman peaks at 1118, 918, 826, 648, 549, and 492 cm-1.
Taking advantage of previous studies ([19],[20],[22],[24],[26],

[28],[29]), the Raman modes of muscovites were assigned.
Within the spectral range between 3623-3000 cm%. bands are
arising from OH or structural Hz20 stretching vibrations. Raman
peaks in the 1200-780 cm! spectral region are due to
tetrahedral (SiO4 tetrahedra) vibrations. The bands in the high
frequency region in the range of 1150-1040 cm! are attributed
to T-Ovbr stretching, while the bands in the range of 1040-870
cm-?! are attributed to T-Onb stretching motions. The bands in
the 850-780 cm! range are associated with the T-Op-T
bending motion. The bands in the range 780-660 cm-! belong to
0-Al-0 bending vibrations. The band in the range 660-630
cm-! is assigned to the translational motions of Obr and Onb. The
band in the range 600-510 cm-! is due to tetrahedral vibrations
and belongs to Al-0-Al bending. The band in the range 510-470
cm-1 is associated with K z- translation + tetrahedral rotation ||
z + M2-Onb stretching motions, where tetrahedral rotations are
mixed with M2-0 stretching according to McKeown et al. [26].
Over the spectral interval of 470-230 cm'!, there are low
frequency bands associated with 0-Al-O and O0-Si-O
translations. In the low-frequency spectral region between 230
and 75 cm-1, bands related to Al-OH and sheet translations are
observed (Figure 3).

The Raman spectra of igneous and metamorphic muscovites
were compared and analysed in detail. OH stress vibrations are
represented by a strong band at 3622.65 cm! in igneous
muscovites and a strong and broad band at 3621.33 cm! in
metamorphic muscovites in accordance with the band
characteristic for muscovite micas in the literature. Si-O-Si
stretching vibrations in the high frequency region are
represented by a single weak, broad, and asymmetric band at
1110.62 cm! in igneous muscovites. In contrast, in
metamorphic muscovites, they are represented by a very weak
band at 1117.99 cm-! and a broad band of moderate intensity at
1068.74 cm-1. Si-0O-Al stretching vibrations are represented by
two very weak bands at 915.22 and 965.80 cm-! in igneous
muscovites and a single very weak band at 917.55 cm! in
metamorphic muscovites. T-Ob—T bending motion is
represented by a very weak band at 835.98 cm-! and a weak
band at 785.94 cm-! in igneous muscovites and a single very
weak band at 825.66 cm! in metamorphic muscovites. 0-Al-0
bending vibrations are represented by a weakly intense band at
744.21 cm! and a strong band at 698.18 cm! in igneous
muscovites and by a moderately intense band at 757.73 cm-!
and a strong band at 709.35 cm! in metamorphic muscovites.

Figure 2. Macroscopic and microscopic images of quartz mica schists in the vicinity of Kirsehir-Kusdilli. (a): Field photograph.
(b): Photomicrograph (Parallel Nicol). (c): Photomicrograph (Crossed Nicol)).
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Figure 3. Results of the Confocal Raman spectra of igneous muscovite and metamorphic muscovites.

Table 1. Mode assignments of the bands in the Raman spectra of muscovites investigated by different researchers.

Assignment McKeown etal.  Sontevska e.t al. §ontevskvaI etal.  Singh anq Singh Akge an[(i SK]adloglu (MTehtl(frrszf)Liziic
[26] [28] (Dunje) [28] (NeZilovo) [29] (Nilore) (Igneous muscovite) muscovite)

v(OH) - - - - 3623 (s) 3621 (m,br)
v(Si-0-Si) 1116 (m) 1097 (vw,br) 1097 (w) 1127 (vs) 1111 (w,br) 1118 (vw)

v(Si-0-Si) 1098 (w) - - - - 1069 (m,br)
v(Si-0-Al) 912 (w) 900 (vw) 902 (vw) 914 (m) 915 (vw) 918 (vw)
5(0-Al-0) 754 (w) 752 (vw) 751 (vw) 755 (m) 744 (w) 758 (m,br)
5(0-Al-0) 704 (s) 703 (s) 701 (s) 703 (s) 698 (s) 709 (s)
S(Al-0-Al) 542 (w) - - 579 (vw) 540 (vw) 549 (vw)
6(0-Al-0) 410 (s) 419 (m,br) 420 (m) 407 (s) 417 (m,br) 418 (m,br)
6(0-Si-0) 265 (vs) 262 (vs) 262 (s) 263 (vs) 258 (vs) 272 (vs)
L(Al-OH) 199 (m) 191 (m) 188 (w) 197 (m) 188 (m) 206 (s)
traiI;Iaettion 101 (m) - - . 97 (vs) 110 (vs)

* s: strong; m: medium; w: weak; v: very; br: broad (Raman shifts in cm™).
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The weak band at 637.43 cm'! in igneous muscovites and the
weak band at 648.01 cm'! in metamorphic muscovites belong
to the translational motions of Obr and Onb. Al-O-Al bending
vibrations are represented by a very weak band at 540.13 cm-!
in igneous muscovites and a weak band at 548.66 cm! in
metamorphic muscovites. The band of mixed character, in
which tetrahedral rotations are mixed with M2-0 stretching, is
represented by a weakly intense band at 492.08 cm in
metamorphic muscovites, but this band is absent in the
spectrum of igneous muscovites. O-Al-O translations are
represented by a moderately strong and broad band at 416.70
cm! in igneous muscovites and a moderately strong and broad
band at 418.20 cm-! in metamorphic muscovites.

0-Si-0 translations are represented by very strong bands at
258.07 cm! in igneous muscovites and 272.20 cm in
metamorphic muscovites. Al-OH translations are represented
by a moderate band at 187.87 cm-! in igneous muscovites and a
strong band at 205.68 cm ! in metamorphic muscovites. Peaks
arising from sheet translations and representing the spectrally
lowest frequency bands are found as very strong bands at 97.42
cm! in igneous muscovites and 109.78 cm! in metamorphic
muscovites (Table 1 and Figure 3).

The bands of OH stretch vibrations around 3621-3623 cm! are
compared, it is seen that the peak of metamorphic muscovites
and the peak of igneous muscovites have close wavenumber
and intensity, but the peak of metamorphic muscovites is wider
than that of igneous muscovites. The increase in bandwidth is
mainly due to structural defects in the mineral. Here, the fact
that metamorphic muscovites have a foliated (schistosity)
texture due to the pressure effective during metamorphism and
the resulting structural defects may be the reason for the high
bandwidth.

The Si-0-Si stretching vibration bands within the 1150-1040
cm-! range are compared. It is seen that the peak around 1111
cm-1 in igneous muscovites shifts to around 1118 cm-1 in
metamorphic muscovites, and the intensity of the peak is very
weakened. The peak shift is mainly due to changes in chemical
bond lengths resulting from exposure of the mineral to
temperature and/or stress.

The peak shift in metamorphic muscovites here may have
occurred due to the temperature and especially the pressure
effective during metamorphism. The Si-O-Si stretching
vibration peak around 1069 cm! is observed only in
metamorphic muscovites, not in igneous muscovites.

Comparing the Si-O-Al stretching vibration bands around 915-
918 cm'l, it is observed that the weak peak at approximately
915 cm! in igneous muscovites is slightly shifted to around 918
cm'! in metamorphic muscovites, likely due to the effects of
temperature and pressure during metamorphism. Additionally,
a weak band around 966 cm-1, also corresponding to Si-0-Al
stretching vibrations, is present in igneous muscovites but
absent in metamorphic muscovites.

When the band associated with the T-Ou-T bending motion
around 826-836 cm! is compared, it appears that the weak
peak at approximately 836 cm! in igneous muscovites may
have shifted to around 826 cm-! in metamorphic muscovites,
likely due to the effects of temperature and pressure during
metamorphism. Additionally, the band corresponding to the
T-Obr—T bending motion around 786 cm-! is observed only in
igneous muscovites and is absent in metamorphic muscovites.

When analyzing the band associated with 0O-Al-O bending
vibrations in the range of 744-758 cm-1, it is suggested that the
peak around 744 cm-! in igneous muscovites may have shifted
to approximately 758 cm-! in metamorphic muscovites due to
the temperature and pressure conditions experienced during
metamorphism. Additionally, it is proposed that metamorphic
muscovites may have undergone preferential orientation due
to metamorphic pressure, leading to an increase in peak
intensity. Similarly, for the band corresponding to O0-Al-O
bending vibrations in the 698-709 cm-! range, the peak near
698 cm'! in igneous muscovites may have shifted to around 709
cm! in metamorphic muscovites due to temperature and
pressure, with a slight decrease in peak intensity attributed to
preferential orientation.

Concerning the band related to the translation motions of Opr +
Onb in the 637-648 cm-! range, it is believed that the peak near
637 cm! in igneous muscovites may have shifted to around 648
cm! in metamorphic muscovites due to the temperature and
pressure conditions during metamorphism. Additionally, the
band width is thought to have increased due to structural
defects induced by foliation from metamorphic pressure.
According to the literature, this shift from around 637 cm-! to
approximately 648 cm-! may also be linked to an increase in
wavenumber that is directly proportional to the rising Si**
content [21].

Analyzing the band corresponding to Al-O-Al bending
vibrations around 540-549 cm-l, it is hypothesized that the
weak peak at approximately 540 cm-! in igneous muscovites
may have shifted to around 549 cm'l in metamorphic
muscovites due to the prevailing temperature and pressure
conditions during metamorphism, with an increase in peak
intensity due to preferential orientation.

For the band related to O-Al-O translations around 417-418
cml, the peak in metamorphic muscovites appears to have
undergone a very slight shift compared to igneous muscovites,
likely caused by the temperature and pressure conditions
during metamorphism. Previous studies indicate that this shift
is closely related to the elemental composition of white micas,
showing a positive correlation between the Raman shift value
and the Si, Fe, and Mg content, and a negative correlation with
the Al, K, and Na content [21],[34],[35]. Accordingly, it can be
inferred that the content of Si, Fe, and Mg in metamorphic
muscovites may have increased relative to igneous muscovites,
while the Al, K, and Na content may have decreased.

Considering the band corresponding to O-Si-O translations
around 258-272 cm'!, the peak at approximately 258 cm-! in
igneous muscovites is thought to have shifted to around 272
cm-!in metamorphic muscovites, primarily due to the influence
of temperature and especially pressure during metamorphism.
This pressure may also have led to a preferential orientation in
metamorphic muscovites, potentially increasing peak intensity.

For the band associated with Al-OH translations around 188-
206 cm'l, it is proposed that the peak at around 188 cm-! in
igneous muscovites may have shifted to approximately 206
cm! in metamorphic muscovites due to the temperature and
particularly the pressure during the metamorphic process. The
increased pressure may have caused the muscovites to exhibit
preferential orientation, thereby increasing peak intensity.
Additionally, a shoulder peak may have emerged in the
metamorphic muscovite band due to structural defects
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associated with foliation under metamorphic pressure.
Previous studies suggest a possible relationship between this
peak shift and the Si and Al content of muscovites
[21],[24],[34]. Thus, the observation of the same peak around
188 cm-! in igneous muscovites at approximately 206 cm-! in
metamorphic muscovites may be attributed to lower Si content
and higher Al content in metamorphic muscovites compared to
igneous muscovites.

Finally, for the band resulting from layer translations around
97-110 cm'}, it is believed that the peak at approximately 97
cm! in igneous muscovites may have shifted to around 110
cm'! in metamorphic muscovites, primarily due to the
temperature and especially the pressure conditions during
metamorphism.

4 Conclusions

Muscovite is considered one of the most indicator minerals in
both igneous and metamorphic rocks. It is a significant mineral
that can form from the partial melting of any rock type, whether
igneous, metamorphic, or sedimentary. For this reason,
muscovite is found as a primary mineral in S-type granites.
Muscovites can also be found as a primary mineral in
pegmatitic rocks. Still, in other igneous rocks, they are usually
part of the sericite composition formed by the alteration of
feldspars.

Muscovite is also an important mineral in metamorphic rocks
and is one of the index minerals that represent a metamorphic
zone. In metamorphic rocks, muscovite is generally a major
component of mica schists and gneisses within the greenschist
facies.

Igneous and metamorphic muscovites can be distinguished
petrographically under a microscope due to their different
textural characteristics. Muscovites derived from various
sources and thus form under different temperature and
pressure conditions, there are some differences in their
molecular bond vibrations. When examining the Raman spectra
of muscovites, distinct shifts are observed in the Raman peaks
of metamorphic muscovites due to the effects of pressure and
temperature from regional metamorphism; some peaks
become more pronounced, while others may disappear.

In this study, the Raman spectroscopic characteristics of
muscovites formed under igneous conditions in S-type granites
were compared with those of muscovites formed in the
greenschist facies under regional metamorphic conditions, and
changes in the behaviour of the Raman spectra were identified.
The shifts and intensity changes in the Raman values of modes
representing the same vibrations of igneous and metamorphic
muscovites were examined in detail, the reasons for these
changes were explained, and it was demonstrated that these
muscovites of different origins can be distinguished from each
other from a confocal Raman spectroscopic perspective.

The results of this study revealed that the origin and the rock
types to which muscovites belong can be identified by utilizing
the differences in the characteristic Raman spectra of igneous
and metamorphic muscovites. Thus, by examining the Raman
spectra, it can be determined whether the muscovites belong to
igneous rocks formed by partial melting or to metamorphic
rocks formed in the greenschist facies, which characterizes low
temperature and low-pressure conditions. Perhaps the most
important aspect of this study is that it is possible to determine
whether muscovites are igneous or metamorphic based solely

on Raman spectroscopic studies. Therefore, if igneous
muscovites are identified, it may indicate partial melting due to
the crustal compression in the region; if metamorphic
muscovites are identified, it may indicate the development of
an orogenic metamorphism related to the formation of
orogenic belts and ore deposits. Hence, examining muscovites
with Raman spectroscopy can potentially enable the
identification of these belts.

Because of their similar behaviour, S-type granites and I-type
granites can sometimes be confused with each other. This study
will also help distinguish S-type granites, and it will allow to
determine the origin and source of granites by using the Raman
spectrum properties of muscovites in the granites.

5 Acknowledgment

Part of this study was presented as an oral presentation at the
10th  Geochemistry = Symposium  with  International
Participation. We are grateful to the anonymous reviewers for
their valuable comments and suggestions. We also thank Assoc.
Prof. Dr. Kiymet Deniz Yagcioglu, Director of the Earth Sciences
Application and Research Centre of Ankara University, for her
assistance with confocal Raman measurements.

6 Author contribution statements

In the study carried out, Musa Avni Akge contributed to the
formation and design of the idea, literature review, field
observations and  sample collection, petrographic
examinations, CRS analyses, evaluation of the data obtained,
and writing of the manuscript; Yusuf Kagan Kadioglu
contributed to the formation and design of the idea,
petrographic examinations, CRS analyses, evaluation and
interpretation of the results, spell checking, and review of the
manuscript for content.

7 Ethics committee approval and conflict of
interest statement

“There is no need to obtain permission from the ethics
committee for the article prepared”. “There is no conflict of
interest with any person/institution in the article prepared”.

8 References

[1] Larkin PJ. Infrared and Raman Spectroscopy: Principles and
Spectral Interpretation. 1st ed. New York, USA, Elsevier,
2011.

[2] Smith E, Dent G. Modern Raman Spectroscopy: A Practical
Approach. 2nd ed. Hoboken, NJ, USA, Wiley, 2019.

[3] Griffith WP. “Raman spectroscopy of minerals”. Nature,
224,264-266, 1969.

[4] McMillan PF, Hofmeister AM. Infrared and Raman
Spectroscopy. Editor: Hawthorne FC. Spectroscopic
Methods in Mineralogy and Geology, Reviews in
Mineralogy, 18(1), 99-159, Washington, D.C, USA,
Mineralogical Society of America, 1988.

[5] McMillan PF. “Raman spectroscopy in mineralogy and
geochemistry”. Annual Review of Earth and Planetary
Sciences, 17,255-283, 1989.

[6] Kloprogge T, Frost R, Lack D. “Non-destructive
identification of minerals by Raman microscopy”.
Chemistry in Australia, 66(1), 40-44, 1999.

1437



Pamukkale Univ Muh Bilim Derg, 31(8), 1431-1438, 2025
(Special Issue of the 10t Geochemistry Symposium)
M.A. Akge, Y.K. Kadioglu

[7] NasdalaL, Smith DC, Kaindl R, Gaft M, Ziemann MA. Raman
Spectroscopy: Analytical Perspectives in Mineralogical
Research. Editors: Beran A, Libowitzky E. Spectroscopic
Methods in Mineralogy, EMU Notes in Mineralogy, 6, 281-
343, Budapest, Hungary, E6tvos University Press, 2004.

[8] Foucher F, Lopez-Reyes G, Bost N, Rull-Perez F, Riifmann
P, Westall F. “Effect of grain size distribution on Raman
analyses and the consequences for in situ planetary
missions”. Journal of Raman Spectroscopy, 44(6),916-925,
2013.

[9] Foucher F, Guimbretiere G, Bost N, Westall F.
Petrographical and Mineralogical Applications of Raman
Mapping. Editor: Maaz K. Raman Spectroscopy and
Applications, 163-180, London, UK, IntechOpen, 2017.

[10] Fries M, Steele A. Raman Spectroscopy and Confocal Raman
Imaging in Mineralogy and Petrography. Editors: Toporski
], Dieing T, Hollricher O. Confocal Raman Microscopy,
Springer Series in Surface Sciences, 66, 209-236, Cham,
Switzerland, Springer International Publishing, 2018.

[11] Akce MA, Kadioglu YK. “Raman spektroskopisinin ilkeleri
ve mineral tanimlamalarinda kullanilmas1”. Nevsehir Bilim
ve Teknoloji Dergisi, 9(2), 99-115, 2020.

[12] Chukanov NV, Vigasina MF. Vibrational (Infrared and
Raman) Spectra of Minerals and Related Compounds. 1st ed.
Springer Mineralogy Series, Cham, Switzerland, Springer,
2020.

[13] Gilli B, Kadioglu YK. “Use of tourmaline as a potential
petrogenetic indicator in the determination of host
magma: CRS, XRD and PED-XRF methods”. Spectrochimica
Acta Part A: Molecular and Biomolecular Spectroscopy,
183, 68-74, 2017.

[14] Koralay T, Oren U. “Determination of spectroscopic
features and gemstone potential of garnet crystals from
the Camkoy region (Aydin - SW Turkey) using XRPD, XRF,
confocal Raman spectroscopy, EPMA and gemological test
methods”. Periodico di Mineralogia, 89(2),105-123.2020.

[15] Akee MA, Kadioglu YK. “S-tipi granitlerdeki beyaz
mikalarin Raman karakteristikleri: Yozgat Intriizif
Kompleksi kuzey bolimi”. Osmaniye Korkut Ata
Universitesi Fen Bilimleri Enstitiisii Dergisi, 4(3), 385-398,
2021.

[16] Deniz K. “Mica types as indication of magma nature,
Central Anatolia, Turkey”. Acta Geologica Sinica (English
Edition), 96(3), 844-857, 2022.

[17] Oren U, Koralay T. “Menderes Masifi'ndeki
(Hacialiler/Cine-Aydin) granat (lal tasi)
porfiroblastlarinin, mineralojik-jeokimyasal ve gemolojik
incelenmesi”. Pamukkale Universitesi Miihendislik Bilimleri
Dergisi, 29(7), 769-782, 2023.

[18] Oren U, Koralay T. “Evaluation of garnet phenocrysts in
volcanic rocks (Gérece/izmir - Western Tiirkiye) for their
usability as a semi-precious gemstone by multi-analytical
methods”. Spectroscopy Letters, 57(7), 388-411, 2024.

[19] Wang A, Freeman JJ, Jolliff BL. “Understanding the Raman
spectral features of phyllosilicates”. journal of Raman
Spectroscopy, Special Issue: 11t International GeoRaman
Conference, 46(10), 829-845, 2015.

[20] Wang A, Freeman ], Kuebler KE. “Raman spectroscopic
characterization of phyllosilicates”. The 33 Lunar and
Planetary Science Conference, #1374, League City, Texas,
USA, 11-15 March 2002.

[21] LiH, Zhang L, Christy AG. The Correlation Between Raman
Spectra and the Mineral Composition of Muscovite and
Phengite. Editors: Dobrzhinetskaya L, Faryad SW, Wallis S,
Cuthbert S. Ultrahigh-Pressure Metamorphism: 25 Years
After the Discovery of Coesite and Diamond, 187-212,
London, UK, Elsevier, 2011.

[22] Loh E. “Optical vibrations in sheet silicates”. Journal of
Physics C: Solid State Physics, 6(6), 1091-1104, 1973.

[23] Haley LV, Wylie IW, Koningstein JA. “An investigation of
the lattice and interlayer water vibrational spectral
regions of muscovite and vermiculite using Raman
microscopy”.  Journal of Raman  Spectroscopy,
13(2),203-205, 1982.

[24] TIlili A, Smith DC, Beny JM, Boyer H. “A Raman microprobe
study of natural micas”. Mineralogical Magazine,
53(370),165-179, 1989.

[25] Robert J-L, Beny J-M, Della Ventura G, Hardy M. “Fluorine
in micas: crystal-chemical control of the OH-F distribution
between trioctahedral and dioctahedral sites”. European
Journal of Mineralogy, 5(1), 7-18, 1993.

[26] McKeown DA, Bell MI, Etz ES. “Vibrational analysis of the
dioctahedral ~mica: 2M:i  muscovite”. — American
Mineralogist, 84(7-8), 1041-1048, 1999.

[27] McKeown DA, Bell MI, Etz ES. “Raman spectra and
vibrational analysis of the trioctahedral mica phlogopite”.
American Mineralogist, 84(5-6),970-976, 1999.

[28] Sontevska V, Jovanovski G, Makreski P, Raskovska A,
Soptrajanov B. “Minerals from Macedonia. XXI. Vibrational
spectroscopy as identificational tool for some
phyllosilicate  minerals”. Acta Chimica Slovenica,
55(4), 757-766, 2008.

[29] Singh M, Singh L. “Vibrational spectroscopic study of
muscovite and biotite layered phyllosilicates”. Indian
Journal of Pure & Applied Physics, 54(2), 116-122, 2016.

[30] Kadioglu YK, Dilek Y, Foland KA. Slab Break-off and
Syncollisional Origin of the Late Cretaceous Magmatism in
the Central Anatolian Crystalline Complex, Turkey. Editors:
Dilek Y, Pavlides S. Postcollisional Tectonics and
Magmatism in the Mediterranean Region and Asia,
Geological Society of America, Special Paper, 381-415,
Boulder, CO, USA, 2006.

[31] Akge MA. Yozgat Batolitinin Kuzey Boliimiiniin Jeolojisi ve
Petrolojisi. Yiiksek Lisans Tezi, Ankara Universitesi,
Ankara, Turkiye, 2003.

[32] Akge MA, Kadioglu YK. “Petrology of S-type granites and
gabbros of Yozgat Batholith: Central Anatolian Crystalline
Complex”. Geochimica et Cosmochimica  Acta,
68(11, Suppl.), A659-A659, 2004.

[33] Akee MA, Kadioglu YK. “Yozgat Batoliti kuzey
boéliimiindeki 16kogranitlerin petrolojisi”. Tiirkiye Jeoloji
Biilteni, 48(2), 1-20, 2005.

[34] Sulak M, Kaindl R, Putis§ M, Sitek ], Krenn K, Téth I
“Chemical and spectroscopic characteristics of potassium
white micas related to polystage evolution of the Central
Western  Carpathians  orogenic  wedge”.  Lithos,
113(3-4), 709-730, 2009.

[35] Zhang Z, Dai ], Wang X, Hu Z, Wan X, Peng B, Fu M.
“Application of spectroscopic characteristics of white mica
in porphyry tungsten deposits: A case study involving the
Shimensi deposit in Northern Jiangxi”. Minerals,
13(2), 256, 2023.

1438



