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In the study, ra dio log i cal, geo chem i cal, and min er al og i cal char ac ter iza tion of nat u ral stone
sam ples used for cov er ing or or na men tal pur poses col lected from dif fer ent quar ries in Tur key
was done us ing gamma spec tro met ric tech nique with high-pu rity ger ma nium de tec tor, X-ray
flu o res cence spec tro scopic tech nique, X-ray dif frac tion tech nique and thin sec tions. The
mean ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K were mea sured in nat u ral stone sam ples
as 28.9, 30.8, and 355.0 Bqkg–1, re spec tively. The as sess ment of ra dio log i cal haz ards from
uti li za tion of stone sam ples as cov er ing or or na men tal ma te rial in build ing sec tor was made
by es ti mat ing ac tiv ity con cen tra tion in dex, ab sorbed gamma dose rate and an nual ef fec tive
dose rate. The ex am ined nat u ral stone sam ples were com posed of cal cite, do lo mite, quartz,
orthoclase, al bite, bi o tite, hornblende, oligoclase, ol iv ine and talc.

Key words: nat u ral stone, radioactivity, geo chem i cal char ac ter iza tion, min er al og i cal char ac ter iza tion,
ac tiv ity con cen tra tion, an nual ef fec tive dose

IN TRO DUC TION

Tur key is lo cated in the Al pine zone in which the
world's rich est nat u ral stones de pos its are found.
There fore, Tur key has sig nif i cant nat u ral stone re -
serves. For in stance, Tur key's prob a ble in dus trial mar -
ble re serves are be tween 5.1- 9.13 bil lion tons [1]. Tur -
key is in creas ing its share in the in ter na tional mar kets
ev ery year with a va ri ety of nat u ral stones in dif fer ent
col ors and tex ture qual ity. Nat u ral stones are widely
used in Tur key's con struc tion sec tor as a cheap con -
struc tion ma te rial for large ar eas – countertops in
kitch ens and lin ing of walls and floors. How ever, nat u -
ral stones can con tain ad mix ture of 226Ra, 232Th, and
40K nat u ral radionuclides and cause di rect ra di a tion
ex po sure. Thus the use of such stones in a build ing can
re sult in the long term ex po sure to the oc cu pants.
There have been nu mer ous sci en tific stud ies con clude
that countertops, tiles, and other fin ishes made of 
stones might emit any level of ra di a tion [2-21]. Ac -
cord ing to our lit er a ture sur vey a few stud ies in ves ti -
gat ing prop er ties of geo chem i cal, min er al og i cal and
ra dio log i cal of Turk ish stone sam ples are avail able in
the lit er a ture [22-24].

The aim of the study, firstly, is to re veal min er al -
og i cal, geo chem i cal, and ra dio log i cal char ac ter is tics
of 18 dif fer ent nat u ral stone sam ples col lected from
var i ous geo graph ical re gions of Tur key us ing bin oc u -
lar po lar ized light (PL) mi cros copy, spec tro met ric
tech niques of X-ray dif frac tion (XRD), X-ray flu o res -
cence (XRF), and gamma techniques. Sec ondly, the
aim is to as sess the po ten tial ra dio log i cal haz ards
caused by the us age of stone sam ples as cov er ing or
dec o ra tive and countertops tiles in the build ing sec tors 
by es ti mat ing ac tiv ity con cen tra tion in dex, ab sorbed
gamma dose rate and the cor re spond ing an nual ef fec -
tive dose rate. 

MA TE RIAL AND METH ODS 

Sam pling and sam ple prep a ra tion

Eigh teen nat u ral stone sam ples (sed i men tary,
meta mor phic, and mag matic) rep re sent ing the most
pop u lar types were col lected from the Aegean (AG),
Cen tral Anatolia (CA), East Anatolia (EA), Marmara
(MA), Med i ter ra nean (ME), and South east Anatolia
(SA) geo graphic re gions of Tur key. Firstly, the stone
sam ples were pre pared for gamma spec tro met ric mea -
sure ments as fol lows: all sam ples were air dried,
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grounded and screened through a 2 mm sieve. Then
the sam ples were packed and sealed in an im per me -
able air tight 250 ml PVC con tainer to pre vent the es -
cape of ra dio genic gases such as ra don af ter the dry ing
pro cess. Be fore start ing the gamma spec tro met ric
mea sure ments, the sealed sam ples were stored about
four weeks to reach the ra dio ac tive equi lib rium of 
238U, 232Th, and their de cay prod ucts.

Gamma spec tro met ric mea sure ments

The mea sure ments were car ried out us ing a
gamma spec trom e ter with a co ax ial hy per pure ger ma -
nium (HPGe) de tec tor, hav ing 50% rel a tive ef fi ciency. 
The de tailed in for ma tion re lated to gamma spec tro -
met ric sys tem was given in the ref er ence [25]. The ab -
so lute cal i bra tion of the gamma spec trom e ter was car -
ried out us ing the IAEA ref er ence ma te ri als RGU-1,
RGTh-1, RGK-1, and soil 375. The gamma spec tra
were ob tained for each sam ple placed on top of the de -
tec tor and back ground count ing for 86,400 s. The
back ground spec tra were used to get the net
gamma-ray peak be long ing to the radionuclide in the
stone sam ple. The ac tiv ity con cen tra tions of 226Ra,
232Th, and 40K in the stone sam ples were com puted us -
ing the fol low ing equa tion [26]
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where A is the ac tiv ity con cen tra tion of a radionuclide
(in Bqkg–1), CR – the net count rate of a spe cific gamma 
emis sion (in counts per sec ond), e – the ab so lute ef fi -
ciency, P – the emis sion prob a bil ity, and M – the mass
of the sam ple (in kg). The ac tiv ity con cen tra tions of
226Ra were de ter mined from the gamma-ray peak of
214Pb (352 keV) and 214Bi (609 keV). The gamma-ray
peak of 228Ac (911 keV) and 208Tl (583 keV) were used 
to de ter mine the ac tiv ity con cen tra tions of 232Th. The
40K ac tiv ity con cen tra tion was de ter mined from the
1460.8 keV emis sion gamma-ray line. The mean val -
ues of the min i mum de tect able ac tiv ity con cen tra tions
for 226Ra, 232Th, and 40K were de ter mined as 0.3, 0.4,
and 3.3 Bqkg–1 for the mar ble sam ples. The un cer -
tainty of the ac tiv ity con cen tra tion is es ti mated us ing
the fol low ing equa tion [26]
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where DA is the ac tiv ity un cer tainty, DCR – the count
rate un cer tainty, DP the emis sion prob a bil ity un cer -
tainty, De – the ef fi ciency un cer tainty, and DM – the
weigh ing un cer tainty.

Geo chem i cal mea sure ments

The X-ray flu o res cence (XRF) spec trom e ter has
been a valu able ex per i men tal tool for de ter min ing the

chem i cal com po si tion of the nat u ral stone sam ples.
The geo chem i cal com po si tions of the sam ples were
de ter mined us ing an en ergy dispersive X-ray flu o res -
cence (EDXRF) spec trom e ter (PW4030) which con -
sists of air cooled X-ray tube hav ing a rho dium an ode
and a liq uid ni tro gen cooled Si(Li) de tec tor.

Min er al og i cal mea sure ments

The X-ray dif frac tion (XRD) tech nique makes
the  min er al og i cal iden ti fi ca tion of the stones pos si ble. 
Min er al og i cal mea sure ments of the sam ples were car -
ried out us ing a Rigaku Miniflex sys tem (XRD sys tem
with CuKa ra di a tion). The XRD pat tern of grounded
pow der sam ples was re corded at room tem per a ture in
pow der mode. Sam ples were run from 20° to 50° 2q
with a step size of 0.02°. Thin sec tioned sam ples were
ex am ined by a bin oc u lar po lar ized light (PL) mi cros -
copy (Kyowa). An op ti cal mi cro scope with trans mit -
ted and re flected light was used to fur ther ex am ine the
thin sec tion sam ples.

RE SULTS AND DIS CUS SION

Ac tiv ity con cen tra tions

As can be seen from tab. 1, the ac tiv ity con cen tra -
tions of the stone sam ples vary from site to site be cause
of large vari a tions in chem i cal and min er al og i cal prop -
er ties of the sam ples. The ac tiv ity con cen tra tions of
226Ra, 232Th, and 40K mea sured in the sam ples var ied
from 2.0 Bqkg–1 to 190.2 Bqkg–1 with a mean of 28.9 ±
±.10.8 Bqkg–1, <MDA* to 245.1 Bqkg–1 with a mean of
30.8 ± 15.1 Bqkg–1, and <MDA to 1278.7 Bqkg–1 with a 
mean of 355.0 ± 118.3 Bqkg–1, re spec tively. The high -
est ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K were 
ob served in the sam ple of S17 (Aksaray 1/Cen tral
Anatolia). The mean ac tiv ity con cen tra tions of 226Ra,
232Th, and 40K are lower than the mean val ues of 32, 45,
and 412 Bqkg–1 for 226Ra, 232Th, and 40K, re spec tively,
mea sured in the Earth's crust [27]. In tab. 2 the av er age
con cen tra tion val ues of these radionuclides in the nat u -
ral stone sam ples are com pared with those in Eu ro pean
stone sam ples used su per fi cial ma te ri als and clas si fied
ac cord ing to their geo log i cal or i gin (ig ne ous plutonic,
ig ne ous vol ca nic, and meta mor phic) [28]. It is seen
from tab. 2 that the av er age val ues of the ac tiv ity con -
cen tra tions of 226Ra, 232Th, and 40K in the meta mor phic
stone sam ple are sig nif i cantly lower than those in Eu ro -
pean meta mor phic stone sam ples. Also, the av er age
val ues of the ac tiv ity con cen tra tions of 226Ra, 232Th,
and 40K in the mag matic stone sam ple are 3-6 times
lower than those in Eu ro pean ig ne ous plutonic and vol -
ca nic.
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As sess ment of ra dio log i cal haz ards from
uti li za tion of the stone sam ples

Ac tiv ity con cen tra tion in dex

The ex ter nal ra di a tion ex po sure due to the use of
build ing ma te ri als is caused by the di rect gamma ra di -
a tion emit ted from nat u ral radionuclides. En hanced or
el e vated lev els of nat u ral radionuclides in build ing
ma te ri als may cause an nu ally doses of the or der of
sev eral mSv. There fore, a con trol on the ra dio ac tiv ity
of build ing ma te ri als is to limit the ra di a tion ex po sure
due to ma te ri als with en hanced or el e vated lev els of
nat u ral radionuclides [28]. As well as the cri te rion for
con trol ling was es tab lished to con sider the over all na -
tions  cir cum stances, it is rec om mended that the con -

trols should be based on an an nual ef fec tive dose in the
range 0.3-1 mSv [28]. The ac tiv ity con cen tra tion in -
dex has been used for prac ti cal con trol ling pur poses. 
Tak ing into con sid er ation more than one radionuclide
con tri bu tions to the ra di a tion dose, the ac tiv ity con -
cen tra tion in dex was cal cu lated for build ing as [28]

 I
A A A

= + +
- - -

Ra Th K

Bqkg Bqkg Bqkg300 200 30001 1 1
(3)

where I is the ac tiv ity con cen tra tion in dex, ARa, ATh,
and AK are the ac tiv ity con cen tra tions of 226Ra, 232Th,
and 40K in terms of Bqkg–1, re spec tively. For cov er ing
ma te ri als (tiles and nat u ral build ing stones), I £ 2 cor -
re sponds to an an nual ef fec tive dose less than or equal
0.3 mSv, while I  £ 6 cor re sponds to an an nual ef fec tive 
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Ta ble 1. The ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K mea sured in the nat u ral stone sam ples

Sam ple code Com mer cial name/geo graph ical re gion
Ac tiv ity con cen tra tion [Bqkg–1]

226Ra 232Th 40K

S1 Konya/CA 2.6 ± 0.4 2.0 ± 0.5 17.9 ± 0.6

S2 Afyon sugar/AG 3.0 ± 0.3 1.2 ± 0.4 3.0 ± 0.1

S3 Mugla sugar/AG 3.5 ± 0.4 2.2 ± 0.5 24.9 ± 0.8

S4 Mut Traverten/ME 3.4 ± 0.4 1.2 ± 0.4 3.5 ± 0.1

S5 Sivas/CA 12.4 ± 0.7 1.6 ± 0.5 <MDAb

S6 Sirnk black/SA 22.8 ± 0.8 5.1 ± 0.7 146.8 ± 3.1

S7 Adryaman emperador/SA 20.3 ± 0.8 0.9 ± 0.4 14.8 ± 0.6

S8 Elazig cherry/EA 12.2 ± 0.7 2.1 ± 0.6 15.5 ± 0.6

S9 Kirsehir black/CA 45.3 ± 1.3 7.5 ± 1.0 107.6 ± 2.6

S10 Diyarbakir beige/SA 6.1 ± 0.7 <MDAa <MDAb

S11 Malatya beige/SA 6.7 ± 0.7 <MDAa <MDAb

S12 Silifke white/ME 2.6 ± 0.5 1.9 ± 0.7 <MDAb

S13 Aksaray Dark/CA 43.3 ± 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 pa ja mas/MA 2.0 ± 0.3 1.7 ± 0.6 <MDAb

S16 Aksaray Light/CA 69.4 ± 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 7.9 ± 0.6 2.7 ± 0.7 7.5 ± 0.3

                            Min 2.0 <MDAb <MDAb

                            Max 190.2 245.1 1278.7

                            Mean ± SE 28.9 ± 10.8 30.8 ± 15.1 355.0 ± 118.3

a MDA is 0.4 Bqkg–1 and b MDA is 3.3 Bqkg–1

Ta ble 2. Com par i son of the ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K in the nat u ral stone sam ples with those in
Eu ro pean stone sam ples

Stone type
Activity concentration [Bqkg–1]

References226Ra 232Th 40K

Ig ne ous plutonic 78 89 1049 [20]

Ig ne ous vol ca nic 160 163 1295 [20]

Meta mor phic 27 21 395 [20]
aSed i men tary 9 2 23 This study
bMetamorphic 13 3 35 This study
cMagmatic 26 26 318 This study

All stones 29 31 355 This study

a Sam ples of S1, S4, S5, S6, S7, S10, S11, S12, and S18, b Sam ples of S2, S3, S9, and S15, c Sam ples of S8, S13, S14, S16, and S17



dose less than or equal to 1 mSv [28]. The val ues of the
ac tiv ity con cen tra tion in dex cal cu lated for the stone
sam ples are given in the sec ond col umn of tab. 3. It is
ob served, from tab. 3, that all val ues of I are lower than 
the cri te rion of 2 cor re spond ing to the an nual ef fec tive
dose 0.3 mSv, ex cept for S17 (Aksaray 1). The mean
val ues of I es ti mated for the mag matic and meta mor -
phic sam ples are com pared with those re ported for dif -
fer ent coun tries in tab. 4. From tab. 4 the mean val ues
of I for the meta mor phic sam ples ex am ined in the pres -
ent study are lower than those re ported by other stud -
ies, ex cept for Aus tria.

Ab sorbed gamma dose rate and the
an nual ef fec tive dose rate

   The ab sorbed gamma dose rate in in door air
was eval u ated us ing data and for mu lae pro vided by
the EC re port [28].

D CF A CF A CF A= + +Ra Ra Th Th K K (4)

where D is the ab sorbed gamma dose rate (in nGyh–1);
ARa, ATh, and AK are the ac tiv ity con cen tra tions of
226Ra, 232Th, and 40K (in Bqkg–1), re spec tively; CFRa,
CFTh, and CFK are dose con ver sion fac tors es ti mated
as 0.12 nGyh–1 per Bqkg–1 for 226Ra, 0.14 nGyh–1 per
Bqkg–1 for 232Th and 0.0096 nGyh–1 per Bqkg–1 for
40K, re spec tively. These fac tors were cal cu lated from
the cen ter of the room. The di men sions of the room are
4 m ´ 5 m ´ 2.8 m. The thick ness of tiles on all walls
and the den sity of the struc tures are 3 cm and 2600
kgm–3, re spec tively. The val ues of  D eval u ated for the
stone sam ples are given in the third col umn of tab. 3.
As can be seen from tab. 3, all val ues of D are lower
than the world mean in door ab sorbed gamma dose rate 
of 84 nGyh–1 [27].

   The cor re spond ing an nual ef fec tive dose was
cal cu lated as [27]

E DF ET= × -
c 10 6 (5)

where E is the an nual ef fec tive dose (in mSv), D is the
ab sorbed gamma dose rate (in nGyh–1), Fc is the con -
ver sion fac tor of 0.7 SvGy–1 from in door ab sorbed
gamma dose in air to ef fec tive dose re ceived by adults 
and ET is an nual ex po sure time of 7000 h, im ply ing
that  80 %  of  time is spent in doors [27]. The val ues of
E are  given  in the fourth col umn of tab. 3. All val ues
of  E  are be low than the ex emp tion dose cri te rion of
0.3 mSv, ex cept for S17 (Aksaray 1).

Geo chem i cal com po si tion

The geo chem i cal com po si tions of the stone sam -
ples de ter mined by XRF are pre sented in tab. 5. Ma jor
and mi nor el e ment con tents of the sam ples are ex -
pressed in % weighted. From tab. 5, the val ues of SiO2, 
Al2O3, Fe2O3, MgO, and CaO var ied 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, re spec tively. How ever, the chem is -
try re sults show that the gran ite sam ples of S13, S14,
S16, and S17 con tain a high pro por tion of TiO2, K2O,
and ZrO2.
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Ta ble 3. The val ues of the ac tiv ity con cen tra tion in dex
(I), the in door ab sorbed gamma dose rate D, and the
an nual ef fec tive dose E

Sam ple code I D [nGyh–1] 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 22.2 0.109

S14 1.04 31.3 0.153

S15 0.02 0.5 0.003

S16 0.90 27.3 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 ± 4.2 0.048 ± 0.021

Ta ble 4. Com par i son of the mean val ues of the ac tiv ity con cen tra tion in dex with Eu ro pean stone sam ples

Coun try
Mean value of the ac tiv ity con cen tra tion in dex

Ref er ences
Ig ne ous plutonic Ig ne ous vol ca nic Meta mor phic Mag matic

Aus tria 0.61 0.33 0.04 – [20]

Greece 1.12 1.49 0.19 – [20]

France – – 0.60 – [20]

Ger many 0.81 0.58 0.25 – [20]

It aly 1.21 2.29 0.80 – [20]

Po land 1.10 – 0.51 – [20]

Por tu gal 1.79 – 0.56 – [20]

Slovakia 0.72 – 0.11 – [20]

Spain 0.85 – – – [20]

Tur key – – 0.07 1.01 This study



Stone type and min er al og i cal com po si tion

A typ i cal X-ray diffractograms from the pow -
dered stone sam ples are shown in fig. 1. The XRD pat -
tern de notes that all sam ples are in highly crys tal line
na ture. The XRD re sults show that lime stone, trav er -
tine, and dolomitic lime stone are com posed of cal cite
and do lo mite, gra nitic rocks are in clud ing bi o tite, al -
bite, orthoclase, quartz, and hornblende and the meta -
mor phic rocks are dom i nated by quartz, bi o tite,
hornblende, and oligoclase which show schist tex -
tures. Ophicalcite du nite is formed by ol iv ine, talc,
cal cite, an or thite, chryso tile.

Thin sec tions from each sam ple were pre pared for
the mi cro scopic study. In or der to make struc tural and
tex tural anal y ses, in clud ing iden ti fi ca tion and clas si fi ca -
tion of the sam ples, mi cro scopic anal y sis of thin sec tions
and XRD re sults have been com bined and shown in tab.

6. The re sults were eval u ated in three groups: firstly, the
stone sam ples of S13 (Aksaray dark), S14 (Aksaray 2),
S16 (Aksaray light), and S17 (Aksaray 1) are mag matic
rocks. These sam ples are gra nitic rocks which have
quartz, bi o tite, al bite, orthoclase, and sphene crys tals.
The gra nitic rocks in cluded in K-feld spar megacrysts
(fig. 2A-D). The stone sam ple of S8 (Elazig cheery) is
iden ti fied as ultra mafic rock which con tains over
serpantinized ol iv ine, chryso tile, and cal cite crys tals (fig. 
2E). Sec ondly, the stone sam ples of S3 (Mugla sugar),
S15 (Marmara pa ja mas), S2 (Afyon sugar), and S9
(Kirsehir black) are iden ti fied as meta mor phic rocks.
The S3, S15, and S2 rocks are oc curred by cal cite and do -
lo mite crys tals (fig. 3A-D). The sam ple of Kirsehir black
(S9) shows very clear struc ture of schistosity and in clude
hornblende, cal cite, mica, mi nor amounts of quartz,
plagioclase, sphene, and opaque min er als (fig. 3C).
Thirdly, the stone sam ples of S1 (Konya), S10
(Diyarbakir beige), S11 (Malatya beige), S12 (Silifke
white), and S18 (Misis white) are iden ti fied as
biomicritic lime stone in sed i men tary rocks (fig. 3E). The
group of lime stone has the S5 (Sivas), S6 (Sirnak black),
and S4 (Mut) trav er tine units which are mainly oc curred
by thin cal cite, rare quartz crys tals, a large amount of fos -
sils and iron ox ides (fig. 3F). The S7 sam ple (Adryaman
emperador) is named dolomitic lime stone be cause of do -
lo mite and the large amount of cal cite.

CON CLU SION

Ra dio log i cal, geo chem i cal, and min er al og i cal
char ac ter iza tion of the nat u ral stone sam ples from dif -
fer ent geo graph ical re gions of Tur key was de ter mined
by the gamma-ray spec trom e try with HPGe de tec tor,
XRF, XRD, and bin oc u lar po lar ized light (PL) mi cro -
scope. The mean ac tiv ity con cen tra tions of 226Ra,
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Ta ble 5. The geo chem i cal com po si tion of the nat u ral stone sam ples

Sam ple code % SiO2 % Al2O3 % Fe2O3 % MgO % CaO % Na2O % K2O % TiO2 % MnO % Cr2O3 % ZrO2 % 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 55.46 <0.01 <0.01 0.07 <0.01 0.01 <0.01 43.60

S5 <0.01 0.28 0.20 0.41 55.20 <0.01 <0.01 0.09 <0.01 <0.01 <0.01 43.10

S6 10.45 2.80 1.50 <0.05 45.33 <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 24.91 <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 55.48 <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 4.31 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 4.43 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

Fig ure 1. XRD pat terns of the se lected nat u ral stone
sam ples; sam ple num bers are in di cated on the each
pat tern



232Th, and 40K mea sured in the sam ples are lower than
those with mean val ues mea sured in the Earth's crust
and nat u ral build ing stones uti lized in the Eu ro pean
Un ion coun tries. For each stone sam ple the ac tiv ity
con cen tra tion in dex, the ab sorbed gamma dose rate
and the an nual ef fec tive dose were es ti mated to as sess
the pos si ble ra dio log i cal haz ard for ex ter nal ra di a tion
ex po sure of the mem bers of the pub lic from the us age
of the sam ples as or na men tal or cov er ing ma te rial in

the build ing sec tor. The re sults show that all stone
sam ples with the ex cep tion of one sam ple (Aksaray 1)
meet the ex emp tion an nual dose cri te rion of 0.3 mSv.
The nat u ral stone sam ples ex am ined con tained
majorly sil i con ox ide, cal cium ox ide, mag ne sium ox -
ide and alu mi num ox ide. A large num ber of the sam -
ples are from meta mor phic and sed i men tary rocks.
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Ta ble 6. Thin sec tion and XRD min er al og i cal com po si tion of the nat u ral stone sam ples

Sam ple
code

Com mer cial name/
geo graph ical re gion Rock type Q B A H O AN OR O CH T C D Oth ers

S1 Konya/CA Sed i men tary/lime stone – – – – – – – – – – A – Fos sil-M

S2 Afyon sugar/AG Meta mor phic/mar ble – – – – – – – – – – A – –

S3 Mugla sugar/AG Meta mor phic/marble – – – – – – – – – – A – –

S4 Mut traverten/ME Sed i men tary/travertine – – – – – – – – – – A – Fos sil-M

S5 Sivas/CA Sed i men tary/lime stone – – – – – – – – – – A – Fos sil-M

S6 Sirnak black/SA Sed i men tary/lime stone M – – – – – – – – – A – Fos sil-L

S7 Adryaman emperador/SA Sed i men tary/dolomitic lime stone – – – – – – – – – – A A

S8 Elazig cherry/EA Mag matic/ophicalcite du nite – – – – – L – M A M A – Opaque-M, Chlorite-L

S9 Kirsehir black/CA Meta mor phic/schist A L – M M – – – – – MA – Sphene-S, Opaque-L

S10 Diyarbakir beige/SA Sed i men tary/limestone – – – – – – – – – – A – Fos sil-M

S11 Malatya beige/SA Sed i men tary/lime stone – – – – – – – – – – A – Fos sil-M

S12 Silifke white/ME Sed i men tary/lime stone – – – – – – – – – – A – Fos sil-MA

S13 Aksaray dark/CA Mag matic/granite A MA MA M – – MA – – – – – Opaque-L

S14 Aksaray 2/CA Mag matic/granite A MA MA M L – MA – – – – – Opaque-L, Chlorite-L

S15 Marmara pa ja mas/MA Meta mor phic – – – – – – – – – – A – –

S16 Aksaray Light/CA Mag matic/Gran ite A MA MA – L – MA – – – – – Opaque-L, Chlorite-L,
Hornblende-S

S17 Aksaray 1/CA Mag matic/granite A MA MA – L – MA – – – – – Opaque-L, Chlorite-L,
Hornblende-S

S18 Misis white/ME Sed i men tary/lime stone – – – – – – – – – – A – Fos sil-MA

Q: quartz, B: bi o tite, A: al bite, H: hornblende, AN: an or thite, OR: orthoclase, O: ol iv ine, CH: chryso tile, T: talc, O: oligoclase, C: cal cite,
D: do lo mite, A: abun dant, MA: mod er ately abun dant, M: mod er ate, L: low, and S: sparse

Fig ure 2. Thin section mi cro pho to graph of mag matic
rock sam ples (crossed polars), A-B-C-D: granite
(Aksaray), O: orthoclase; Q: ouartz; Bi: biotite; Pl:
plagioclase (Al bite); (E): ophicalcite du nite (Elazig
cherry); Ca: cal cite; Se: ser pen tine (Chryso tile); Fe: iron 
al ter ation

Fig ure 3. Thin sec tion mi cro pho to graph of meta mor phic 
rock sam ples (crossed polars); (A): afyon sugar, Ca:
cal cite, (B): mugla Ca: cal cite, (C): kirsehir Pl:
plagioclase (Oligoclase), Ca: cal cite, Q: quartz, (D):
marmara, Ca: cal cite, (E): silifke, Ca: cal cite, Fo: fos sil,
(F): mut trav er tine, Ca: cal cite; the grain bound aries are 
reg u lar in sam ples A and B while C and D showed highly
ir reg u lar grain bound aries
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Nil JAPIXI, Ferhat GEZER, Nusret NURLU, [eref TURHAN, Juksel UFUKTEPE

RADIOLO[KA,  GEOHEMIJSKA  I  MINERALO[KA
KARAKTERIZACIJA  PRIRODNOG  KAMENA  U  TURSKOJ

U ovom radu, primenom metoda gama spektrometrije sa germanijumskim detektorom
visoke ~isto}e, spektroskopije fluorescencijom X-zra~ewa, difrakcijom X-zra~ewa i tankih
preseka, izvr{ena je radiolo{ka, geohemijska i mineralo{ka karakterizacija uzoraka prirodnog
kamena koji se koristi za oblagawe ili ukra{avawe, prikupqenih u razli~itim kamenolomima u
Turskoj. Sredwe koncentracije aktivnosti 226Ra, 232Th i 40K izmerene u uzorcima prirodnog kamena
iznosile su 28.9, 30.8 i 355.0 Bqkg–1, respektivno. Procena radiolo{kog rizika od primene uzoraka
kamena za oblagawe ili ukra{avawe u gra|evinarstvu izvr{ena je ocenom indeksa koncentracije
aktivnosti, apsorbovane doze gama zra~ewa i godi{we efektivne doze. Ispitani uzorci kamena
sastavqeni su od kalcita, dolomita, kvarca, ortoklaza, albita, biotita, hornblende (amfibola),
oligoklaza, olivina i talka.

Kqu~ne re~i: prirodni kamen, radioaktivnost, geohemijska karakterizacija, mineralo{ka
..........................karakterizacija, koncentracija aktivnosti, godi{wa efektivna doza


