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In the study, radiological, geochemical, and mineralogical characterization of natural stone
samples used for covering or ornamental purposes collected from different quarries in Turkey
was done using gamma spectrometric technique with high-purity germanium detector, X-ray
fluorescence spectroscopic technique, X-ray diffraction technique and thin sections. The
mean activity concentrations of 226Ra, 232Th, and 4°K were measured in natural stone samples
as 28.9, 30.8, and 355.0 Bqkg!, respectively. The assessment of radiological hazards from
utilization of stone samples as covering or ornamental material in building sector was made
by estimating activity concentration index, absorbed gamma dose rate and annual effective
dose rate. The examined natural stone samples were composed of calcite, dolomite, quartz,
orthoclase, albite, biotite, hornblende, oligoclase, olivine and talc.
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INTRODUCTION

Turkey is located in the Alpine zone in which the
world's richest natural stones deposits are found.
Therefore, Turkey has significant natural stone re-
serves. For instance, Turkey's probable industrial mar-
blereserves are between 5.1-9.13 billion tons [1]. Tur-
key is increasing its share in the international markets
every year with a variety of natural stones in different
colors and texture quality. Natural stones are widely
used in Turkey's construction sector as a cheap con-
struction material for large areas — countertops in
kitchens and lining of walls and floors. However, natu-
ral stones can contain admixture of 22°Ra, 2>2Th, and
40K natural radionuclides and cause direct radiation
exposure. Thus the use of such stones in a building can
result in the long term exposure to the occupants.
There have been numerous scientific studies conclude
that countertops, tiles, and other finishes made of
stones might emit any level of radiation [2-21]. Ac-
cording to our literature survey a few studies investi-
gating properties of geochemical, mineralogical and
radiological of Turkish stone samples are available in
the literature [22-24].

* Corresponding author; e-mail: ufuk@cu.edu.tr

The aim of the study, firstly, is to reveal mineral-
ogical, geochemical, and radiological characteristics
of 18 different natural stone samples collected from
various geographical regions of Turkey using binocu-
lar polarized light (PL) microscopy, spectrometric
techniques of X-ray diffraction (XRD), X-ray fluores-
cence (XRF), and gamma techniques. Secondly, the
aim is to assess the potential radiological hazards
caused by the usage of stone samples as covering or
decorative and countertops tiles in the building sectors
by estimating activity concentration index, absorbed
gamma dose rate and the corresponding annual effec-
tive dose rate.

MATERIAL AND METHODS

Sampling and sample preparation

Eighteen natural stone samples (sedimentary,
metamorphic, and magmatic) representing the most
popular types were collected from the Aegean (AG),
Central Anatolia (CA), East Anatolia (EA), Marmara
(MA), Mediterranean (ME), and Southeast Anatolia
(SA) geographic regions of Turkey. Firstly, the stone
samples were prepared for gamma spectrometric mea-
surements as follows: all samples were air dried,
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grounded and screened through a 2 mm sieve. Then
the samples were packed and sealed in an imperme-
able air tight 250 ml PVC container to prevent the es-
cape of radiogenic gases such as radon after the drying
process. Before starting the gamma spectrometric
measurements, the sealed samples were stored about
four weeks to reach the radioactive equilibrium of
2381, 232Th, and their decay products.

Gamma spectrometric measurements

The measurements were carried out using a
gamma spectrometer with a coaxial hyper pure germa-
nium (HPGe) detector, having 50% relative efficiency.
The detailed information related to gamma spectro-
metric system was given in the reference [25]. The ab-
solute calibration of the gamma spectrometer was car-
ried out using the IAEA reference materials RGU-1,
RGTh-1, RGK-1, and soil 375. The gamma spectra
were obtained for each sample placed on top of the de-
tector and background counting for 86400 s. The
background spectra were used to get the net
gamma-ray peak belonging to the radionuclide in the
stone sample. The activity concentrations of 2*°Ra,
232Th, and *°K in the stone samples were computed us-
ing the following equation [26]

4=Cr
ePM

where 4 is the activity concentration of a radionuclide
(in Bgkg "), Cg —the net count rate of a specific gamma
emission (in counts per second), & — the absolute effi-
ciency, P —the emission probability, and M — the mass
of the sample (in kg). The activity concentrations of
*°Ra were determined from the gamma-ray peak of
*1Pb (352 keV) and *'*Bi (609 keV). The gamma-ray
peak of **Ac (911 keV) and ***T1 (583 keV) were used
to determine the activity concentrations of >**Th. The
YK activity concentration was determined from the
1460.8 keV emission gamma-ray line. The mean val-
ues of the minimum detectable activity concentrations
for “°Ra, #**Th, and *°’K were determined as 0.3, 0.4,
and 3.3 Bqkg ' for the marble samples. The uncer-
tainty of the activity concentration is estimated using
the following equation [26]

2 2 2 2
A
A4 = Cr +[APJ J{Agj (AMJ )
A Cy P g M
where A4 is the activity uncertainty, ACy — the count
rate uncertainty, AP the emission probability uncer-

tainty, A¢ — the efficiency uncertainty, and AM — the
weighing uncertainty.

)

Geochemical measurements

The X-ray fluorescence (XRF) spectrometer has
been a valuable experimental tool for determining the

chemical composition of the natural stone samples.
The geochemical compositions of the samples were
determined using an energy dispersive X-ray fluores-
cence (EDXRF) spectrometer (PW4030) which con-
sists of air cooled X-ray tube having a rhodium anode
and a liquid nitrogen cooled Si(Li) detector.

Mineralogical measurements

The X-ray diffraction (XRD) technique makes
the mineralogical identification of the stones possible.
Mineralogical measurements of the samples were car-
ried out using a Rigaku Miniflex system (XRD system
with CuK,, radiation). The XRD pattern of grounded
powder samples was recorded at room temperature in
powder mode. Samples were run from 20° to 50° 26
with a step size 0f 0.02°. Thin sectioned samples were
examined by a binocular polarized light (PL) micros-
copy (Kyowa). An optical microscope with transmit-
ted and reflected light was used to further examine the
thin section samples.

RESULTS AND DISCUSSION
Activity concentrations

As can be seen from tab. 1, the activity concentra-
tions of the stone samples vary from site to site because
of large variations in chemical and mineralogical prop-
erties of the samples. The activity concentrations of
226Ra, 23?Th, and “°K measured in the samples varied
from 2.0 Bgkg ! to 190.2 Bgkg ™! with a mean of 28.9 +
+10.8 Bgkg !, <MDA" to 245.1 Bgkg ' with a mean of
30.8+15.1 Bgkg™',and<MDA to 1278.7 Bqkg ' witha
mean of 355.0 + 118.3 Bgkg™!, respectively. The high-
est activity concentrations of 22°Ra, 232Th, and “°K were
observed in the sample of S17 (Aksaray 1/Central
Anatolia). The mean activity concentrations of >*°Ra,
232Th, and “°K are lower than the mean values of 32, 45,
and 412 Bgkg ! for 2*°Ra, 232Th, and “°K,, respectively,
measured in the Earth's crust [27]. In tab. 2 the average
concentration values of these radionuclides in the natu-
ral stone samples are compared with those in European
stone samples used superficial materials and classified
according to their geological origin (igneous plutonic,
igneous volcanic, and metamorphic) [28]. It is seen
from tab. 2 that the average values of the activity con-
centrations of 22°Ra, 232Th, and “°K in the metamorphic
stone sample are significantly lower than those in Euro-
pean metamorphic stone samples. Also, the average
values of the activity concentrations of 2*°Ra, 23Th,
and “°K in the magmatic stone sample are 3-6 times
lower than those in European igneous plutonic and vol-
canic.

MDA is mean directional accuracy
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Table 1. The activity concentrations of 226Ra, 22Th, and “’K measured in the natural stone samples
Sample code | Commercial name/geographical region 226 Activity Conci?zt ration [Bqkg ] 70
Ra Th K
S1 Konya/CA 2.6+04 2.0+0.5 17.9 £ 0.6
S2 Afyon sugar/AG 3.0+0.3 1.2+04 3.0+0.1
S3 Mugla sugar/AG 35+04 22+0.5 24.9£0.8
S4 Mut Traverten/ME 34+£04 1.2+04 3.5£0.1
S5 Sivas/CA 124 +0.7 1.6+0.5 <MDA"
S6 Sirnk black/SA 22.8+0.8 5.1+0.7 146.8 £ 3.1
S7 Adryaman emperador/SA 20.3+0.8 09+04 14.8£0.6
S8 Elazig cherry/EA 122+0.7 2.1+£0.6 15.5+0.6
S9 Kirsehir black/CA 453+1.3 7.5+£1.0 107.6 £ 2.6
S10 Diyarbakir beige/SA 6.1 0.7 <MDA* <MDA"
Si1 Malatya beige/SA 6.7+0.7 <MDA? <MDA"
S12 Silifke white/ME 2.6+0.5 1.9+0.7 <MDA"
S13 Aksaray Dark/CA 433+2.1 54.6+3.6 978.6 £ 13.1
S14 Aksaray 2/CA 66.7+1.9 95.8+5.3 1025.8 £12.9
S15 Marmara pajamas/MA 2.0+0.3 1.7+0.6 <MDA"
S16 Aksaray Light/CA 694+ 1.7 67.6 +3.7 991.0£11.9
S17 Aksaray 1/CA 190.2 +4.3 245.1+12.4 1278.7+15.7
S18 Misis white/ME 7.940.6 2.7+0.7 7.5+£0.3
Min 2.0 <MDA" <MDA"
Max 190.2 245.1 1278.7
Mean + SE 28.9 £10.8 30.8 £ 15.1 355.0+118.3

“MDA is 0.4 Bgkg ' and MDA is 3.3 Bqkg

Table 2. Comparison of the activity concentrations of ***Ra, 2**Th, and *’K in the natural stone samples with those in

European stone samples

. - ]
Stone type S Activity concgr;;r}elltlon [Bgkg '] i References
Igneous plutonic 78 89 1049 [20]
Igneous volcanic 160 163 1295 [20]
Metamorphic 27 21 395 [20]
*Sedimentary 9 2 23 This study
"Metamorphic 13 3 35 This study
‘Magmatic 26 26 318 This study
All stones 29 31 355 This study

*Samples of S1, S4, S5, S6, S7, S10, S11, S12, and S18, b Samples of S2, S3, S9, and S15, © Samples of S8, S13, S14, S16, and S17

Assessment of radiological hazards from
utilization of the stone samples

Activity concentration index

The external radiation exposure due to the use of
building materials is caused by the direct gamma radi-
ation emitted from natural radionuclides. Enhanced or
elevated levels of natural radionuclides in building
materials may cause annually doses of the order of
several mSv. Therefore, a control on the radioactivity
of building materials is to limit the radiation exposure
due to materials with enhanced or elevated levels of
natural radionuclides [28]. As well as the criterion for
controlling was established to consider the overall na-
tions circumstances, it is recommended that the con-

trols should be based on an annual effective dose in the
range 0.3-1 mSv [28]. The activity concentration in-
dex has been used for practical controlling purposes.
Taking into consideration more than one radionuclide
contributions to the radiation dose, the activity con-
centration index was calculated for building as [28]

I = ARa + ATh + AK
300Bgkg ' 200Bgkg™'  3000Bgkg '

where [ is the activity concentration index, Ag,, A1,
and Ay are the activity concentrations of 22°Ra, Z’Th,
and “’K in terms of Bqkg ', respectively. For covering
materials (tiles and natural building stones), / < 2 cor-
responds to an annual effective dose less than or equal
0.3 mSv, while / < 6 corresponds to an annual effective
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Table 3. The values of the activity concentration index
(1), the indoor absorbed gamma dose rate D, and the
annual effective dose E

Sample code 1 D [nGyh™] E [mSv]
S1 0.02 0.8 0.004
S2 0.02 0.6 0.003
S3 0.03 1.0 0.005
S4 0.02 0.6 0.003
S5 0.05 1.7 0.009
S6 0.15 4.9 0.024
S7 0.08 2.7 0.013
S8 0.06 1.9 0.009
S9 0.22 7.5 0.037
S10 0.02 0.8 0.004
S11 0.03 0.9 0.004
S12 0.02 0.6 0.003
S13 0.74 222 0.109
S14 1.04 313 0.153
S15 0.02 0.5 0.003
S16 0.90 273 0.134
S17 2.29 69.4 0.341
S18 0.04 1.4 0.007

Min 0.02 0.5 0.003
Max 2.29 69.4 0.341
Mean+SE | 0.32+0.14 | 9.8+42 | 0.048+0.021

dose less than or equal to 1 mSv [28]. The values of the
activity concentration index calculated for the stone
samples are given in the second column of tab. 3. It is
observed, fromtab. 3, that all values of / are lower than
the criterion of 2 corresponding to the annual effective
dose 0.3 mSv, except for S17 (Aksaray 1). The mean
values of / estimated for the magmatic and metamor-
phic samples are compared with those reported for dif-
ferent countries in tab. 4. From tab. 4 the mean values
of I for the metamorphic samples examined in the pres-
ent study are lower than those reported by other stud-
ies, except for Austria.

Absorbed gamma dose rate and the
annual effective dose rate

The absorbed gamma dose rate in indoor air
was evaluated using data and formulae provided by
the EC report [28].

D =CFy,Ap, +CFp, A, +CFg A¢ 4

where D is the absorbed gamma dose rate (in nGyh™);
Ara, Amn, and Ay are the activity concentrations of
26Ra, #2Th, and “’K (in Bqkg ™), respectively; CFr,,
CFry,, and CFg are dose conversion factors estimated
as 0.12 nGyh ™' per Bqkg ™" for **°Ra, 0.14 nGyh™' per
Bgkg ' for **Th and 0.0096 nGyh™' per Bqkg ™' for
YK, respectively. These factors were calculated from
the center of the room. The dimensions of the room are
4 m x 5 m x 2.8 m. The thickness of tiles on all walls
and the density of the structures are 3 cm and 2600
kgm ™, respectively. The values of D evaluated for the
stone samples are given in the third column of tab. 3.
As can be seen from tab. 3, all values of D are lower
than the world mean indoor absorbed gamma dose rate
of 84 nGyh™' [27].
The corresponding annual effective dose was
calculated as [27]
E=DF,ET-10° (5)

where E is the annual effective dose (in mSv), D is the
absorbed gamma dose rate (in nGyh™), F, is the con-
version factor of 0.7 SvGy ' from indoor absorbed
gamma dose in air to effective dose received by adults
and ET is annual exposure time of 7000 h, implying
that 80 % of time is spent indoors [27]. The values of
E are given in the fourth column of tab. 3. All values
of E are below than the exemption dose criterion of
0.3 mSv, except for S17 (Aksaray 1).

Geochemical composition

The geochemical compositions of the stone sam-
ples determined by XRF are presented in tab. 5. Major
and minor element contents of the samples are ex-
pressed in % weighted. From tab. 5, the values of Si0O,,
Al O3, Fe,05, MgO, and CaO varied from <0.01 to
72.30, <0.05 to 15.80, 0.08 to 11.46, <0.05 to 18.90
and 2.02 to 55.55, respectively. However, the chemis-
try results show that the granite samples of S13, S14,
S16, and S17 contain a high proportion of TiO,, K,O,
and Zr0O,.

Table 4. Comparison of the mean values of the activity concentration index with European stone samples

Country : Mean value of the gctivity concemratim? index : References
Igneous plutonic Igneous volcanic Metamorphic Magmatic

Austria 0.61 0.33 0.04 - [20]
Greece 1.12 1.49 0.19 - [20]
France — - 0.60 - [20]
Germany 0.81 0.58 0.25 - [20]
Ttaly 1.21 2.29 0.80 - [20]
Poland 1.10 - 0.51 - [20]
Portugal 1.79 - 0.56 - [20]
Slovakia 0.72 - 0.11 - [20]
Spain 0.85 - - - [20]
Turkey — - 0.07 1.01 This study
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Table 5. The geochemical composition of the natural stone samples

Sample code| % SiO; % AlLO; | % Fe,0; (% MgO | % CaO | % Na,O | % K,0 |% TiO, | % MnO | % Cr,0; | % ZrO, | % LOI
S1 2.27 0.50 0.41 <0.05 | 53.03 | <0.01 | <0.01 0.05 0.01 0.03 <0.01 | 43.70
S2 <0.01 0.13 0.13 <0.05 | 51.96 | <0.01 | <0.01 0.05 0.02 0.01 <0.01 | 44.48
S3 <0.01 0.18 0.17 <0.05 | 55.34 | <0.01 | <0.01 | <0.01 0.04 <0.01 | <0.01 | 44.09
S4 <0.01 0.18 0.11 0.34 5546 | <0.01 | <0.01 0.07 <0.01 0.01 <0.01 | 43.60
S5 <0.01 0.28 0.20 0.41 5520 | <0.01 | <0.01 0.09 <0.01 <0.01 | <0.01 | 43.10
S6 10.45 2.80 1.50 <0.05 | 4533 | <0.01 0.34 0.19 0.08 0.02 <0.01 | 38.65
S7 <0.01 <0.05 0.10 10.71 | 49.75 | <0.01 | <0.01 | <0.01 | <0.01 0.01 <0.01 | 39.40
S8 25.00 | <0.05 11.46 18.90 | 23.84 | <0.01 | <0.01 | <0.01 0.11 0.92 <0.01 18.75
S9 36.70 | <0.05 2.64 13.92 | 2491 | <0.01 0.31 0.32 0.06 0.05 <0.01 19.56
S10 2.63 0.53 0.49 1.50 52.77 | <0.01 | <0.01 0.09 0.01 0.02 <0.01 | 41.30
S11 <0.01 0.29 0.23 <0.05 | 55.55 | <0.01 | <0.01 0.03 <0.01 <0.01 | <0.01 | 42.75
S12 <0.01 0.16 0.13 0.42 5548 | <0.01 | <0.01 0.04 <0.01 0.02 <0.01 | 42.85
S13 69.30 15.10 3.82 <0.05 | 2.02 2.30 4.51 0.34 0.11 0.00 0.14 0.65
S14 72.30 14.70 2.36 <0.05 | 2.06 2.10 431 0.21 0.06 0.06 0.14 0.58
S15 <0.01 0.13 0.08 0.20 52.52 | <0.01 | <0.01 0.01 <0.01 0.01 <0.01 | 45.01
S16 69.50 14.90 3.85 <0.05 | 2.19 2.15 443 0.31 0.13 0.01 0.15 0.68
S17 61.60 15.80 6.99 1.30 3.77 1.90 4.63 0.69 0.17 0.05 0.12 0.71
S18 <0.01 0.32 0.16 <0.05 | 54.40 2.10 <0.01 | <0.01 0.09 0.03 <0.01 | 44.98

Stone type and mineralogical composition

A typical X-ray diffractograms from the pow-
dered stone samples are shown in fig. 1. The XRD pat-
tern denotes that all samples are in highly crystalline
nature. The XRD results show that limestone, traver-
tine, and dolomitic limestone are composed of calcite
and dolomite, granitic rocks are including biotite, al-
bite, orthoclase, quartz, and hornblende and the meta-
morphic rocks are dominated by quartz, biotite,
hornblende, and oligoclase which show schist tex-
tures. Ophicalcite dunite is formed by olivine, talc,
calcite, anorthite, chrysotile.

Thin sections from each sample were prepared for
the microscopic study. In order to make structural and
textural analyses, including identification and classifica-
tion of the samples, microscopic analysis of thin sections
and XRD results have been combined and shown in tab.

Cal/006
> Cal/110
~Cal113
~ Calcite

Intensity [arb. units]

0
2 theta [degree]

Figure 1. XRD patterns of the selected natural stone
samples; sample numbers are indicated on the each
pattern

6. The results were evaluated in three groups: firstly, the
stone samples of S13 (Aksaray dark), S14 (Aksaray 2),
S16 (Aksaray light), and S17 (Aksaray 1) are magmatic
rocks. These samples are granitic rocks which have
quartz, biotite, albite, orthoclase, and sphene crystals.
The granitic rocks included in K-feldspar megacrysts
(fig. 2A-D). The stone sample of S8 (Elazig cheery) is
identified as ultramafic rock which contains over
serpantinized olivine, chrysotile, and calcite crystals (fig.
2E). Secondly, the stone samples of S3 (Mugla sugar),
S15 (Marmara pajamas), S2 (Afyon sugar), and S9
(Kirsehir black) are identified as metamorphic rocks.
The S3,S15, and S2 rocks are occurred by calcite and do-
lomite crystals (fig. 3A-D). The sample of Kirsehir black
(S9) shows very clear structure of schistosity and include
hornblende, calcite, mica, minor amounts of quartz,
plagioclase, sphene, and opaque minerals (fig. 3C).
Thirdly, the stone samples of S1 (Konya), S10
(Diyarbakir beige), S11 (Malatya beige), S12 (Silifke
white), and S18 (Misis white) are identified as
biomicritic limestone in sedimentary rocks (fig. 3E). The
group of limestone has the S5 (Sivas), S6 (Sirnak black),
and S4 (Mut) travertine units which are mainly occurred
by thin calcite, rare quartz crystals, a large amount of fos-
sils and iron oxides (fig. 3F). The S7 sample (Adryaman
emperador) is named dolomitic limestone because of do-
lomite and the large amount of calcite.

CONCLUSION

Radiological, geochemical, and mineralogical
characterization of the natural stone samples from dif-
ferent geographical regions of Turkey was determined
by the gamma-ray spectrometry with HPGe detector,
XRF, XRD, and binocular polarized light (PL) micro-
scope. The mean activity concentrations of 2?°Ra,
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Table 6. Thin section and XRD mineralogical composition of the natural stone samples

Sample|  Commercial name/ Rock type Q| B |A|H|0|AN|OR/O|CcH| T|C | D Others
code geographical region
S1 Konya/CA Sedimentary/limestone - === ]=-]=|=-1-1-1-1A] - Fossil-M
S2 Afyon sugar/AG Metamorphic/marble R e e e e e e e L S -
S3 Mugla sugar/AG Metamorphic/marble R e e e e e e e S S -
S4 Mut traverten/ME Sedimentary/travertine - === ]1=-1=-|=-1-1-1-1A] - Fossil-M
S5 Sivas/CA Sedimentary/limestone - === ]=-]=|=-1-1-1-1A] - Fossil-M
S6 Sirnak black/SA Sedimentary/limestone M| - |- |—-|-]-|-|-1-|-1A|- Fossil-L
S7 | Adryaman emperador/SA| Sedimentary/dolomitic limestone | — | — | — | — |- | — | = |-| = | = | A | A
S8 Elazig cherry/EA Magmatic/ophicalcite dunite - |- ]—-|-]-|L|-M A|M| A| — |Opaque-M, Chlorite-L
S9 Kirsehir black/CA Metamorphic/schist A|L|-|M|M| - |—-|-| - |- |MA| — | Sphene-S, Opaque-L
S10 Diyarbakir beige/SA Sedimentary/limestone -l - l-1-1-1-l=-I-l-1-1A]- Fossil-M
S11 Malatya beige/SA Sedimentary/limestone - === ]=-]=|=-1-1-1-1A] - Fossil-M
S12 Silitke white/ME Sedimentary/limestone R e e e e e e e L S Fossil-MA
S13 Aksaray dark/CA Magmatic/granite A MAMAM|—-| - MA—| - | —| — | — Opaque-L
S14 Aksaray 2/CA Magmatic/granite A MAMAM|L| - MA-| — | = | = | — | Opaque-L, Chlorite-L
S15 Marmara pajamas/MA Metamorphic - === ]1-1=-|=-1-1-1-1A] - -
S16 |  Aksaray Light/CA Magmatic/Granite A MAMA - |L| - MA|-| - | - | - | - |Opague-L Chioriic-L,
S17 Aksaray 1/CA Magmatic/granite A MAMA - |L| - MA—-| - |- | - | - Opa(ﬂ[uoer-nLt;lgl[}(e)_nste-L,
S18 Misis white/ME Sedimentary/limestone e e e e e e e e e I S Fossil-MA

Q: quartz, B: biotite, A: albite, H: hornblende, AN: anorthite, OR: orthoclase, O: olivine, CH: chrysotile, T: talc, O: oligoclase, C: calcite,
D: dolomite, A: abundant, MA: moderately abundant, M: moderate, L: low, and S: sparse

Figure 2. Thin section microphotograph of magmatic
rock samples (crossed polars), A-B-C-D: granite
(Aksaray), O: orthoclase; Q: ouartz; Bi: biotite; Pl:
plagioclase (Albite); (E): ophicalcite dunite (Elazig
cherry); Ca: calcite; Se: serpentine (Chrysotile); Fe: iron
alteration

232Th, and *°K measured in the samples are lower than
those with mean values measured in the Earth's crust
and natural building stones utilized in the European
Union countries. For each stone sample the activity
concentration index, the absorbed gamma dose rate
and the annual effective dose were estimated to assess
the possible radiological hazard for external radiation
exposure of the members of the public from the usage
of the samples as ornamental or covering material in

Figure 3. Thin section microphotograph of metamorphic
rock samples (crossed polars); (A): afyon sugar, Ca:
calcite, (B): mugla Ca: calcite, (C): Kkirsehir PIl:
plagioclase (Oligoclase), Ca: calcite, Q: quartz, (D):
marmara, Ca: calcite, (E): silifke, Ca: calcite, Fo: fossil,
(F): mut travertine, Ca: calcite; the grain boundaries are
regular in samples A and B while C and D showed highly
irregular grain boundaries

the building sector. The results show that all stone
samples with the exception of one sample (Aksaray 1)
meet the exemption annual dose criterion of 0.3 mSv.
The natural stone samples examined contained
majorly silicon oxide, calcium oxide, magnesium ox-
ide and aluminum oxide. A large number of the sam-
ples are from metamorphic and sedimentary rocks.
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Hun JAIIMIIA, ®epxat TE3EP, Hycper HYPJY, llleped TYPXAH, Jykcen YOYKTEIIE

PAINOJJOMKA, TEOXEMHUNJCKA 1 MUHEPAJ/IONIKA
KAPAKTEPU3ALINJA ITPUPOJHOI' KAMEHA Y TYPCKOJ

Y oBOM pajy, IPIMEHOM METOjla TaMa CIEKTPOMETpPHUje ca TePMaHUjYMCKUM IETEKTOPOM
BHCOKe umcTohe, cnekTpockonuje (uyopecueHujoM X-3pauema, gudpakiujoM X-3pademha U TaHKUX
IpeceKa, U3BPIIEHA je paJuoIIoNIKa, FeOXeMHUjcKa i MIHEpallolllKa KapaKTepu3aliyja y3opaKka IpupoHOr
KaMeHa KOj! ce KOPHCTH 3a o0Jiararme WM yKpalllaBambe, IPAKYIUbEHIX Y Pa3INIiNTHM KaMEHOJIOMIMA Y
Typckoj. Cpeame KoHueHTpanuje aktuBHocTH 22°Ra, 232Th 1 *°K nsmepene y y3opimMa npupoHOT KaMeHa
uzHocuie cy 28.9, 30.8 u 355.0 Bgkg ™!, pecnekrusno. [TpolieHa paiMoIoIKOr pU3UKa Off IPUMEHE y30paKa
KaMeHa 3a o0Jarame Uin yKpalllaBamwe y TpabeBUHapCTBY U3BpILEHA je OIIEHOM MHJEeKCca KOHIIEHTpaluje
aKTHBHOCTH, aricopboOBaHe fj03e rama 3padema I FofnIImbe epeKTuBHe Ao3e. Vcnmrann y3opuy KaMeHa
cacTaBJbeHH Cy Of] KaJIuTa, JOJIOMUTA, KBaplia, OpTOKJa3a, anbura, bmotura, Xopaoinenae (ampudomna),
OJIUTOKJIa3a, OJIMBUHA M TaJKa.

Kwyune peuu: ipupooru kamet, paouoaxkitiu8HOCHL, 2e0XeMUjCKa Kapaxkillepuayujda, MuHepatouKa
Kapakilepu3ayuja, KOHUEeHIIPayuja aKitueHOCIU, Z200Ullrba ehekiiugia 003a




