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ABSTRACT

Marblehasbeenusedasdecorativeorbuildingmaterialsinceancienttimes.Variousarchaeological
marblematerialsofculturalheritage(e.g.,statues)arefrequentlyencounteredinexcavationsites
amongstotherfinds.Thescopeofthepresentworkistoinvestigatewhethernaturalmarblecould
be used for dosimetric purposes in cultural applications, such as dating or authenticity test of
ancientmarbleobjects,throughanintegratedexperimentalapproach.Forthispurpose,thechemical
composition, structure/morphology, and luminescencepropertiesof11different typesofnatural
marbleofdifferentorigin(fromvariousgeographicalregions)wereexaminedbymeansofmicro-
x-rayfluorescencespectroscopy,stereoscopicmicroscopy,thermoluminescence(TL),andoptically
stimulatedluminescence(OSL),respectively.Results indicate that thoughTLandOSLcouldbe
used for the identification of the marble type (origin), the use of natural marble for dosimetric
purposesusingthesemethodsrequiresthea-prioriknowledgeofitstypealongwithsomeofthe
mainluminescenceproperties.
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INTRoDUCTIoN

Marblehasbeenusedasdecorativeorbuildingmaterialsinceancienttimes.Variousarchaeological
marblematerialsofculturalheritage(e.g.,statues)arefrequentlyencounteredinexcavationsites
amongst other finds. Thus, marble could possibly be used for dosimetric purposes in cultural
applications,suchasdatingorauthenticitytestofancientmarbleobjects.

Thesuitabilityofluminescencetechniqueshasbeeninvestigatedforthispurpose,asextensively
employed to date archaeological ceramic materials and geological samples. More specifically,
Thermoluminescence(TL)andOpticallyStimulatedLuminescence(OSL)canbeusedfordating
marblematerials(e.g.,Liritzisetal.,1997;LiritzisandGalloway,1998;Theocarisetal.,1997;Polikreti
etal.,2003;Liritzis,2010)whencertainrequirements/assumptionsaremet.Morespecifically,dating
ofmarbleobjects(i.e.,whenthemarblewaslastlyexposedtosunlight)canbeaccomplishedproviding
that their (external) surfacehasbeenexposed todaylight fora longperiodof timebeforebeing
exploited(Liritzis,2010).Otherwise,incompletebleachingwillleavearesidualdoseinthematerial
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providingahighlyerroneousageresultifitisnotsubtractedfromthearchaeologicaldose(Liritziset
al.,1997).Inaddition,TLhasalsobeenappliedinmarbleauthenticitytesting(e.g.,Theocarisetal.,
1997;Polikretietal.,2002;2003),butmoreeffortisneededtowardsthisdirection(Polikreti,2007).

Polikreti(2007)alsonotesthatforanytypeofstone,thereisnophysicochemicalmethodto
ensure reliableanswers toauthenticityand/ordatingproblems,especially in thecaseofmarble.
Thisisattributedtothefactthatmarbleisageologicalmaterial,thusdatingtechniqueswouldgive
itsgeologicalage.Thehistoryoftheobjectisrecordedonlyattheexternallayer,whichhoweveris
affectedbynumerousfactors(e.g.,marbletype,grainsize,porosity,environmentalconditions,etc.).
Thus,eachmarblesurfaceconstitutesaseparatecase,withitsowncharacteristics(Polikreti,2007).

Moreover,marbleisahighlyinhomogeneousmetamorphicrock,whichcanbefoundinvarious
formsandcolorsexhibitingdifferentproperties,stronglydependingonitsorigin.Tothisrespect,
KhamisandArafah(2017)madeapreliminarystudypresentingthevariationsoftheTL-glow-curve
shapefordifferenttypesofnaturalmarble.

Basedontheabove, thescopeof thepresentwork is tostudyeleven(11)different typesof
naturalmarbleofdifferentorigin(fromvariousregions)throughanintegratedapproach.Allmarble
typesareinvestigatedbymeansofmicro-Xrayfluorescencespectroscopy(mXRF),stereoscopic
microscopy,TLandOSL.Theabovemeasurementsshedlightonthesimilaritiesandvariationsin
theirchemicalcomposition,structure/morphologyandluminescencepropertiesrespectivelybased
ontheirorigin.Resultsarethenassessedtofurtherevaluatethesuitabilityand/orthedrawbacksof
usingnaturalmarbleasareliabletoolfordosimetricpurposesinculturalapplications(e.g.,datingof
ancientbuildingsormarbleobjects)and/orotherapplications(e.g.,accidentaldosimetry).

MATeRIALS, INSTRUMeNTS AND MeTHoDS

Elevendifferenttypesofnaturalmarbleofdifferentoriginwerestudiedinthepresentwork,which
arepresentedinTable1.Everytypeofmarblehasdifferentcharacteristics,suchascolor,porosity,
inclusions,etc.

Sample Preparation
ThestereoscopicexaminationandthemXRFmeasurements tookplaceonasmallpieceofeach
marbletypewithoutanypretreatmenttogatherafullunderstandingofthestructureandchemical
compositionoftheirmainbodies.

Ontheotherhand,themarblesamplesrequiredaspecial treatmentbeforetheluminescence
measurements(OSLandTL).Smallpiecesofeachmarblesampleweregentlycrushedusingan
agatemortarandthensievedtogetdifferentsizefractions.Thegrainsof75–150μmdiameterwere
thenheatedat60oCforabout3hrstoremoveanywatercontent.Thedriedgrainswerethenplaced
(~3mg)instainlesssteelcupstopreparethealiquotsfortheOSLandTLmeasurements.Theentire
proceduretookplaceunderlightconditions.

Stereoscopic examination
Stereoscopicstudyofthemarblesampleswasachievedbymeansofahigh-performancestereoscopic
microscope(LeicaMZ-APO)withamaximummagnificationof80x.Theentireimagingsystem
wasapochromaticallycorrected.Adigitalmicro-camera(LeicaDC200)wasalsoattachedtothe
stereoscopicmicroscopeandconnectedtoacomputerallowingtheon-lineviewing,processingand
storageoftheacquiredimagesthroughanappropriatesoftware.Themicro-camerahadanoptical
resolutionof1920×1536(3.0Mpixels),whileilluminationandcolorcorrectionoftheimageswere
alsocontrolledthroughthesoftware.
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