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Abstract: Muscovite, a naturally occurring potassium aluminum silicate mineral, is the most widely used mica type in 

various industries. In this study, the concentration of uranium, thorium, and potassium radioisotope in fifty muscovite 

samples collected from commercially operated mica quarries located in Turkey were determined using an energy 

dispersive X-ray fluorescence (EDXRF) spectrometer. The concentrations of uranium, thorium and potassium radioisotope
 

varied from 0.8 to 4.7 mg/kg with an average of 1.2 mg/kg, 5.5 to 16.7 mg/kg with an average of 11.0 mg/kg g
 
and 7.0 to 

10.7 mg/kg with an average of 8.6 mg/kg, respectively. Also, the radiogenic heat generation caused by the emitted ionizing 

radiation from these natural radionuclides in muscovite samples was estimated. Radiogenic heat generation values of 

muscovite samples varied from 1.4 to 2.7 µW/m
3
 with an average value of 1.8 µW/m

3
. 
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1 Introduction  

The fact that superior physical, chemical, and mechanical 

properties of micas, especially muscovite, compared to 

other industrial minerals, has made micas indispensable in 

paint, cement, construction, rubber, plastic, paper, 

automobile, cosmetics, textile, and fertilizer industry, and 

welding electrode manufacturing and pearl polishing paint 

materials [1]. Also, micas can be separated into transparent 

or optically flat films; and they can be cut or stamped to 

shape [1]. Micas are plenty in many rocks such as slates, 

shales, gneisses, schists, and granites [2]. Muscovite 

[KAl2(AlSi3)O10(OH,F)2] is the most commonly used mica 

and is generally found in igneous and metamorphic rocks 

[2]. All minerals include radionuclides in the natural decay 

series of uranium (
238

U) and thorium (
232

Th), and 

radioactive potassium at different activity concentration 

levels depending on the types of rocks (metamorphic, 

sedimentary, and igneous) [3]. In general, the 

concentrations of natural radionuclides in igneous rocks are 

higher than the activity concentrations of radionuclides in 

other rocks [3].  

To date, many studies were performed on adsorption, 

sorption, cation exchange capacity and mechanisms 

(especially for radioisotopes), dissolution and flotation 

behaviors, and microstructure and mechanical properties of 

muscovite samples [4-18]. However, according to literature 

studies, there is no detailed study on the determination of 

uranium, thorium, and radioactive potassium contents of 

muscovite. To complete this lack in the literature, in this 

study, the uranium, thorium, and potassium contents of fifty 

muscovite samples collected from commercially operated 

quarries in Turkey were determined by an EDXRF 

spectrometer. In addition, radiogenic heat generation 

caused by ionizing radiation emitted from these 

radionuclides was also estimated.  

2 Materials and Methods 

2.1 Collection and Preparation of Samples  

The muscovite samples were collected from mica quarries 

located in the Manisa province of Turkey. The samples 

were brought to the sample preparation laboratory and left 

to be dried in the atmosphere. The muscovite samples were 

then dehumidified by drying in the furnace and ground to 

make them fit the calibrated powder geometry in the 

EDXRF spectrometer. A maximum of five grams of each 

muscovite sample was taken for analysis.  

2.2 Analysis of Samples  

The qualitative and quantitative analysis of major-minor 

and trace elements contained in the muscovite samples 

were performed using the EDXRF spectrometer (Spectro 
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Xepos, Ametek) in the Central Research Laboratory of 

Kastamonu University. The EDXRF spectrometer is 

equipped with an anode X-ray tube (50 W, 60 kV) 

consisting of a dual thick Pd/Co mixture. The EDXRF 

spectrometer's target modifier, which optimizes excitation 

by using polarization and secondary targets, has many 

different excitation conditions that guarantee the best 

detection of all elements from Na to U. The spectral 

resolution of the system is lower than 155 eV. The 

spectrometer has twelve automatic sampling devices and 

software to analyze samples at the same time. The 

spectrometer utilizes sophisticated calibration techniques 

such as "no-standard" calibration, often based on the basic 

parameters method. Sample containers prepared for each 

muscovite sample were placed in an automatic sampler and 

the analysis procedures were completed by counting for 

two hours. The total uncertainty of the analytical procedure 

is between 3% and 12%. The XRF spectrum of each 

muscovite sample obtained was evaluated with the help of 

the software installed in the system.  

3 Results and Discussion 

3.1 Elemental Concentration  

Some statistical data related to the concentrations of 

uranium (U), thorium (Th), potassium (K), and potassium 

radioisotope (
40

K) analyzed in the muscovite samples is 

given in Table 1. The frequency distributions of U, Th, and 
40

K are shown in Fig. 1. In Table 2, the average 

concentrations of uranium, thorium, and potassium 

analyzed in the muscovite samples are compared with those 

in basic rock, acid rock, and Earth’s crust [20]. 

Table 1: Some statistical data for uranium, thorium, 

potassium, and potassium isotope concentration analyzed in 

muscovite samples. 

 

  Concentration (mg/kg) 

U Th K 
40

K 

Average 1.2 11.0 73370.3 8.6 

Standard error 0.1 0.3 1058.5 0.1 

Median 1.0 10.6 71831.5 8.4 

Standard deviation 0.6 2.3 7484.7 0.9 

Kurtosis 16.8 -

0.02 

-0.1 -0.1 

Skewness 3.5 0.3 0.7 0.7 

Min 0.8 5.5 60166.1 7.0 

Max 4.7 16.7 91855.2 10.7 

 

It can be seen from Table 1 that the elements analyzed in 

the muscovite samples are listed as Th > 
40

K > U in 

descending order according to the average concentration 

values. The concentrations of uranium in the muscovite 

samples varied from 0.8 to 4.7 mg/kg with an average of 

1.2 mg/kg. As can be seen from Fig. 1, the frequency 

distribution of the U concentration exhibits a log-normal 

distribution. Approximately 78% of the U concentrations in 

the muscovite samples are in the range of 0.8 to 1.5 mg/kg. 

As can be seen from Table 2, the average U concentration 

in the muscovite samples is 24 times higher than that in the 

basic rock while the average U concentration is 3 and 2 

times lower than those in the acidic rock and Earth’s crust, 

respectively.   

 
 

 

 

 

 
Fig. 1: Frequency distribution of U, Th, and 

40
K analyzed 

in muscovite samples. 
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Table 2: Comparison of average concentrations of 

elements in muscovite samples with those in some rocks 

and Earth’s crust. 

 

  Concentration (mg/kg) Reference 

U Th K 

Basic rock 0.05 2 8300 [19] 

Acid rock 3.5 18 33400 [19] 

Earth’s 

Crust 

2.5 13 25000 [19] 

Muscovite 1.2 11.0 73370 This 

study 

 

The concentrations of thorium in the muscovite samples 

varied from 5.5 to 16.7 mg/kg with an average of 11.0 

mg/kg. As can be seen from Fig. 1, the frequency 

distribution of the Th concentration exhibits a near-normal 

distribution. Approximately 76% of the Th concentrations 

in the muscovite samples are in the range of 1.5 to 12.5 

mg/kg. As can be seen from Table 2, the average Th 

concentration in the muscovite samples is higher than those 

in the basic rock and Earth’s crust while the average Th 

concentration is lower than those in the acidic rock. 

 

Natural potassium consists of three isotopes: two stable 

forms, 
39

K (93.3%) and 
41

K (6.7%), and a very long-lived 

radioisotope 
40

K (0.0117%). The concentrations of 

potassium in the muscovite samples varied from 60166 

(6%) to 91855 (9%) mg/kg with an average of 73370 (7%) 

mg/kg. As can be seen from Table 2, the average K 

concentration in the muscovite samples is higher than that 

in the basic rock, acidic rock, and Earth’s crust. The 

concentrations of potassium radioisotope (
40

K) in the 

muscovite samples varied from 7.0 to 10.7 mg/kg with an 

average of 8.6 mg/kg. As can be seen from Fig. 1, the 

frequency distribution of the 
40

K concentration exhibits a 

near-normal distribution. Approximately 90% of the 
40

K 

concentrations in the muscovite samples are in the range of 

6 to 10 mg/kg. 

3.2 Radiogenic Heat Generation  

Radiogenic heat is produced by the ionizing radiations (-, 

-,  X-, and -ray) emitted by radionuclides belonging to 

natural radioactive series of 
238

U, 
232

Th, and 
40

K in the 

Earth's crust after radioactive decay. During radioactive 

decay, the kinetic energies of the emitted ionizing radiation 

are absorbed in rocks and soils and transformed into heat. 

In general, the radiogenic heat generation (RHG, in terms 

of W/m
3
) of any rock or mineral is estimated by the 

formula given below [20]:  

The radiogenic heat production (RHG in µW/m
-3

) of any 

rock is estimated by the following formula [20]: 

 

 KThU
5

C45.3C56.2C52.910RHG 


       
(1) 

 

where ρ is the bulk density of the muscovite (in kg/m
3
), CU, 

CTh and CK are the concentration of uranium (in mg/kg), 

thorium (in mg/kg), and potassium (%) measured in the 

muscovite samples, respectively. The values of RHG 

estimated for the muscovite samples varied from 1.4 to 2.7 

µW m
-3 

with an average of 1.8 µW m
-3

. The contribution of 

uranium, thorium and potassium to this average RHG value 

was 18%, 43% and 39%, respectively. The comparison of 

the average value of RHG estimated for muscovite samples 

with those estimated for different materials is given in 

Table 3 [21]. As can be seen from Table 3, the average 

RHG value of the muscovite is two times higher than the 

average RHG value of the Earth's crust, while it is lower 

than the average RHG value of granite (Egypt and South 

Africa), schist, acid rock, and zeolite. 

  

4 Conclusions 

The study is a detailed study related to the analysis of 

uranium, thorium, and potassium in fifty muscovite 

samples collected from commercially operated mica 

quarries in the Yatağan district of Manisa province were 

analyzed by the EDXRF spectrometer. Muscovite samples 

contain an average of 1.2 mg/kg U, 11.0 mg/kg Th and 

73370 mg/kg K. The average U and Th content of the 

muscovite samples is lower than the average U and Th 

content of Earth’s crust. The average K content of the 

muscovite samples is approximately three times higher than 

the average K of the Earth’s crust.  

Acknowledgment 

The author thanks Dr. Ferhat Gezer for helping to collect 

muscovite samples. 

References 

[1]  G.E. Christidis, Advances in the Characterization of 

Industrial Minerals.  G.E. Christidis (Eds.) Industrial 

Minerals: Significance and important characteristics. 

EMU Notes in Mineralogy., 9, 2011. 

[2]   P.M. Huang, M.K. Wang; Minerals, primary. 

Editor(s): Daniel Hillel, Encyclopedia of Soils in the 

Environment, Elsevier., 500-510, 2005. 

[3]  UNSCEAR (United Nations Scientific Committee on 

the Effects of Atomic Radiation), Sources and effects 

of ionizing radiation. United Nations Publication, New 

York, USA., 2000. 

[4]  Y. Cho, S. Komarneni, Cation exchange equilibria of 

cesium and strontium with K-depleted biotite and 

muscovite. Appl. Clay Sci., 44, 15–20, 2009. 

[5]  F.O. Marques, L. Burlini, J.P. Burg, Microstructure 

and mechanical properties of halite/coarse muscovite 

synthetic aggregates deformed in torsion. J. Struct. 

Geol., 33, 624–632, 2011. 

[6]  Q. Williams, E. Knittle, H.P. Scott, Z. Liu, The high-

pressure behavior of micas: vibrational spectra of 

http://www.naturalspublishing.com/Journals.asp


 222                                                                                               Ş. Turhan: Analysis of uranium, thorium and potassium 

 

 

© 2021 NSP 

Natural Sciences Publishing Cor. 
 

muscovite, biotite, and phlogopite to 30 GPa. Am. 

Mineral., 97, 241–252, 2012. 

[7]  L. Xu, H. Wu, F. Dong, L Wang, Z. Wang, J. Xiao, 

Flotation and adsorption of mixed cationic/anionic 

collectors on muscovite mica. Miner. Eng., 41, 41–45, 

2013. 

[8]  L. Wang, W. Sun, Y.H. Hu, L.H. Xu, Adsorption 

mechanism of mixed anionic/cationic collectors in 

muscovite-quartz flotation system. Miner. Eng., 64, 

44–50, 2014. 

[9]  C. Marion, A. Jordens, S. Mccarthy, T. 

Grammatikopoulos, K.E. Waters, An investigation into 

the flotation of muscovite with an amine collector and 

calcium lignin sulfonate depressant. Sep. Purif. 

Technol., 149, 216–227, 2015.  

[10] L.K. Zaunbrecher, R.T. Cygan, W.C. Elliott, 

Molecular models of cesium and rubidium adsorption 

on weathered micaceous minerals. J. Phys. Chem., 

119, 5691–5700, 2015. 

[11]  D. Pan, F. Fan, Y. Wang, P. Li, P. Hu, Q. Fan, W. Wu, 

Retention of Eu(III) in muscovite environment: Batch 

and spectroscopic studies. Chem. Eng. J., 330 (15), 

2017. 

[12]  N.N. Xue, Y.M. Zhang, T. Liu, J. Huang, Q.S. Zheng, 

Effects of hydration and hardening of calcium sulfate 

on muscovite dissolution during pressure acid leaching 

of black shale. J. Clean. Prod., 149, 989–998, 2017. 

[13]  S. Pintea, W. de Poel, A.E.F. de Jong, R. Felici, E. 

Vlieg; Solid–liquid interface structure of muscovite 

mica in SrCl2 and BaCl2 solutions. Langmuir., 34, 

4241–4248, 2018. 

[14]  Z. Yin, D. Pan, P. Li, P. Liu, H. Wu, W. Wu, 

Retardation of hexavalent uranium in muscovite 

environment: a batch study. Radiochim. Acta., 106, 

559–567, 2018. 

[15]  Y. Wang, K. Wen, W. Wang, Mechanism of inhibition 

of sodium silicate on the floatability of Muscovite. J. 

Process Eng., 19 (2), 338–344, 2019. 

[16]  H. Wu, S. Lin, X. Cheng, J. Chen, Y. Ji, D. Xu, M. 

Kang, Comparative study of strontium adsorption on 

muscovite, biotite and phlogopite. J. Environ. 

Radioact., 225, 1–10, 2020. 

[17] D.S. Kwong-Moses, W. Crawford Elliott, J.M. 

Wampler, B.A. Powell, D.M. Avant Jr; Sorption and 

desorption of radiocesium by muscovite separated 

from the Georgia kaolin. J. Environ. Radioact., 211, 

1–10, 2020. 

[18]  Y. Wang, Y. Wang, K. Wen, W. Dang, J. Xun; 

Strengthening the inhibition effect of sodium silicate 

on muscovite by electrochemical modification. Min. 

Eng., 161, 1–8, 2021. 

[19]  A.A. Yaroshevsky, Abundance of chemical elements 

in the earth’s crust. Geochemistry., 44(1), 54–62, 

2006. 

[20] C. Clauser, in Encyclopedia of Solid Earth 

Geophysics, 2nd. Harsh Gupta edited by Springer, 

Dordrecht, preprint., 2011. 

[21]  W.R. Alharbi   and   A. El-Taher., Elemental 

Analysis and Natural Radioactivity Levels of Clay 

by Instrumental Neutron Activation Analysis and 

Gamma Ray Spectroscopy. Hindawi Publishing 

Corporation. Science and Technology of Nuclear 

Installations. Volume 2016, Article ID 8726260, 5 

pages. 

 
 

 

 

 

 

 

 

 


