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Abstract 
Calcite and quartz gemstones samples were chosen in this paper for theoretical calculation on gamma 

rays interaction. The mass attenuation coefficient has been calculated by WinXCom program at energy 
range 1 keV – 100 GeV. The result show that, the mass attenuation coefficient of calcite and quartz 
samples depend on photon energy and decreases with increasing of the photon energy. Moreover, both 
samples shows discontinuities in the lower energy range which corresponds to photoelectric absorption 
edges of the Z elements. The partial interactions and the effective atomic number have been measured 
and it was found that the effective atomic number of calcite is higher than quartz. It was found that, the 
photoelectric interaction of both gemstone shows similar trend as that of coherent scattering at lower 
energy further it shows incoherent interaction in the energy range 80 – 10000 keV for calcite and  
40 – 20000 keV for quartz. The similar trend was reflected in the pair production arising from nuclear 
and electron field in these gemstones. 
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1. Introduction 

Calcite and quartz are common natural gemstones and many countries have abundantly natural 
gemstone on earth. A natural gemstone is a mineral, stone, or organic matter that can be cut and polished 
or otherwise treated for use as jewelry or other ornament [1]. Nowadays, many natural gemstones use 
radiation (gamma-rays) techniques to improve quality [2]. These natural gemstones have different 
behaviors of absorbing radiation and affecting the color change. Therefore, the attenuation such as the 
mass attenuation coefficients, the partial interactions and including the effective atomic number of  
X-rays and gamma-rays which are useful for understanding the physical properties with matters [2]. 
There are many works have already been published about calcite and quartz but not extensive for the 
attenuation of gamma-rays interactions [3 – 5].  

After Gerward et al. [6, 7] introduced the WinXCom program for calculating the mass attenuation 
coefficients of elements, compounds and mixtures materials. Then, many literatures reported the 
experimental and theoretical investigations on photon interaction in different materials [2, 8]. Korkut 
et al. [8] studied the mass attenuation coefficients of amethyst ore at different gamma-rays energies. 
Limkitjaroenporn and Kaewkhao [2] studied gamma-rays attenuation of zircons from Cambodia and 
South Africa at different energies with a new technique for identifying the origin of gemstone. 
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In this paper, the theoretical of the photon interaction properties of calcite and quartz have been 
studied. The mass attenuation coefficients, the effective atomic number and the partial interactions of 
both gemstones were investigated. WinXCom program was used for photon energies in the range of  
1 keV – 100 GeV. 

 

2. Materials and methods 
The total attenuation coefficients for any chemical compound or homogeneous mixture of shielding 

materials are obtained as weighted sums over the corresponding coefficients for elements. The mass 
attenuation coefficients ( /  ) can be given by the following weighted summation [9]: 
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where   is the density of the sample and iw and ( / ) i   are the fraction by weight and mass 

attenuation coefficient of ith constituent, respectively. The mass attenuation coefficients for total and 
partial interactions have been obtained from the WinXCom [7]. Equation 1, this well-known mixture 
rule is valid with the assumption that the effects of molecular binding and the chemical and crystalline 
environment are negligible. For a chemical compound, the fraction by weight is given by [9]: 
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where ia  and iA  are the number of formula units and the atomic weight of the ith element, 

respectively. The basic relation for calculating the effective atomic number ( effZ ) for all types of 
materials, compounds as well as mixtures can be written in terms of the fraction abundance as [10]: 
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where ji i jf n n / is the fractional abundance of constituent element i (ni is the number of atoms, 

j jn is the total number of atoms present in the molecular formula), Ai is the atomic weight and Zi is 
the atomic number.  

 
3. Results and discussions 

General properties of calcite and quartz are shown in Table 1 and chemical composition of both 
gemstones expressed as wt% are shown in Table 2. The mass attenuation coefficients of quartz and 
calcite was calculated by WinXCom program at the energy range 1 keV – 100 GeV. 

 

Table 1 General properties of calcite and quartz [1]. 
Properties Quartz Calcite 

Hardness (moh’s) 7 3 
Density (g cm-3) 2.650 2.710 
Refractive Index 1.54 – 1.55 1.49 – 1.74 
Crystal System Hexagonal Hexagonal 
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Table 2 The chemical composition of calcite and quartz expressed as wt% [11]. 
Gemstones SiO2 CaO Na2O K2O SO3 MgO P2O5 Fe2O3 Al2O3 TiO2 
Quartz 0.9926 0.0018 0.0003 0.0006 0.0001 0.0004 0.0001 0.0012 0.0026 0.0003 
Calcite 0.0015 0.9965 - 0.00015 0.00025 - 0.0001 - 0.0015 - 

 
From Fig. 1, the mass attenuation coefficient of calcite and quartz depend on photon energy and 

decreases with increasing of the photon energy. After the energy above 4 keV, the results show that of 
calcite higher values than quartz [7, 11].  

For the partial interactions, the photoelectric interaction of calcite and quartz are shown in Fig. 2, 
which indicates that the photoelectric interaction decreases with increasing of photon energy. Moreover, 
the result show that, these values found to be the main interaction at energy range 1 – 50 keV for quartz 
and 1 – 70 keV for calcite. Furthermore, calcite and quartz at the low energies discontinuities 
correspond to photoelectric absorption edges of the Z elements. The result show that, quartz; the silicon 
K edge at 1.84 keV, calcite; the calcium K edge at 4.04 keV. Due to Si and Ca are the main chemical 
composition of quartz and calcite, respectively. The coherent scattering found to be significant at low 
photon energy and rapidly decreases with increasing of photon energy for both gemstone. For the 
incoherent interaction, the values found to be the main interaction at photon energy range 80 – 10000 keV 
for calcite and 40 – 20000 keV for quartz. The pair production of both gemstone is the main interaction 
at photon energy higher than 1022 keV.  

 

 
Fig. 1 Mass attenuation coefficient of calcite and quartz versus photon energy range 1 keV – 100 GeV 
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Fig. 2 Mass attenuation coefficient and partial interactions of (a) quartz (b) calcite versus photon 

energy range 1 keV – 100 GeV 
 

The distinction of effective atomic number of calcite and quartz from energy ranging 1 keV – 100 
GeV are shown in Fig. 3. At the photon energy lower than 10 keV, the result found that, the peak which 
corresponding with the photoelectric absorption edge of calcium K edge for calcite and silicon K edge 
for quartz. The value of effective atomic number of calcite higher than quartz of all photon energy 
range. 
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Fig. 3 Effective atomic number of calcite and quartz versus photon energy range 1 keV – 100 GeV 

 

4. Summary 
The theoretical study of mass attenuation coefficient, effective atomic number and partial 

interactions of calcite and quartz at photon energy range 1 keV – 100 GeV were successfully 
investigated. These gemstones were investigated using WinXCom program. It was found that, the mass 
attenuation coefficient of calcite and quartz depend on photon energy and decreases with increasing of 
the photon energy. The coherent scattering found to be significant at low photon energy and rapidly 
decreases with increasing of photon energy for both gemstone. The photoelectric interaction decreases 
with increasing of photon energy and at the low energies discontinuities correspond to photoelectric 
absorption edges of the Z elements. The pair production of both gemstone is the main interaction at 
photon energy higher than 1022 keV. The value of effective atomic number of calcite higher than quartz 
of all photon energy range. 
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