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A．bstract The radioisotope X．ray丑uorescence method was applied to studies of

the provenance of the cerarIlic8 fragrnents originated from the Mar—Takla 8ite in Syria

The samples were irradiated 1000 s by a 109Cd radioisotope s叫rce and 13 elemen七s

(cal Ti，Mn}Fel zⅡ，Ga，As，Rb，srl Y，zr，Nb，aIld Pb)were deterIIlined in 35

sample8． The data were subjected to two multivariate 8ta￡istical method8，clustcr

and priIlcipal compoⅡents analysis(PCA)．It w船shown from the combination of the

statistical techniques and the deterIIlination of ekrnental comp08ition of the 8alnplcs

that 94％of the ceramic samples an“yzed call be considered to be manufactured using

t、^ro sources of rdw rrlaterials．

Key、vords X-ray丑uorcscencel Ceramics fragment，Provenance，Multiv∞i8te analy·

sis
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1 INTRoDUCTIoN

Ardlaeolo昏sts have been，fbr many years，interested血the proVenance of pottery

haEments，s证ce the potteTy i己one of the{hda￡nental toolB used to derive缸chaeological

information．Studies of archaeological sites in Syria have been made a reply on typology

based on cer枷c style to extract some inf妇ation about the possibk excllaIlge between

com埘uIlities，as it is known that co珂舢ities，wlIicll produced these wares，did not hve

血isolation from eadI other．A classification 0f the s锄ples accordjng to their physicaⅡy

characteristic decoration and styIe is one of the te掘ques u￡inzed to put these materjal

into particlllar grouDs．AIlother methods、张re based an the determi工lation 0f the ek[nen—

tal composition of the s彻nples hl tlIis purpose d诳矗ent modem aIIalytical techniques，

such as neutron＆ctivation analysis[1～引，inductively coupled plasma(IcP)㈡particles

induced x．ray ernission(PIxE)，and x．ray fluorescence(xRF)【5~可，were印phed to de—

term血e the ekmental compositian of arcllae0109ical material In the present study the

radjoisotope X—ray fluorescence spectrometry was applied for deteⅡIIiILing the elementm
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composition of the s卸1pks c伽ne from the excavation at the site of Mar—Ta】【la of Ain—

Mini工L Vmage 10cated at 20 km north east of DaIIlascus city Thjrty-矗ve samples were

analyzed and at 1east four di骶rent physical styles were f011Ild in the selected 8a唧les
The saⅡ1ples胁ly r印resent RomaIlian，Byzantine alld Isla湎c cera觚cs made between

the 3rd centllry B C．and the 11th centWy A．D．

2 EXPERIMENTS

2．1 SaInple preparation

The sllrface deposit was physica】1y removed from the fragments by us血g nid【el and

Teflon coated tools．The remairIjng day mat既ial was grollIld for 10～15 IIlinutes using

an agatemotor andthe resultedp0Wderwas driedin an oven atl05。Cfor 24h，

2．2 InstrunlelItation and rIleasureInents

The analyses of the powder—pressed peⅡets were performed． The weigmng of the

samples is not needed because only relative values of the measllrements are requjred

for the radioisotope X-ray丑uorescence tec}lnique The saIrlples w盯e irra山ated by a

10。Cd radioisotope solIrce(～9×108Bq)for 1000 s and the measllrements of the X—Tay

fluorescence outgo血g from the saInples were caⅡied 0ut with an X-ray spectrometer

mount血g a si(Li)detector with an energy resolution(舢-width-ha正m商m11111)ofabout
180eV at 5．9keV for the Mn·Ka X—ray．The X·ra，丑uorescence data were coUected and

analyzed u血g 8 personal coⅡ1puter(Pentium 400)basedⅡnllti-出annel analyzer(McA)

and a quar止itative x-ray andysis system(QxAs)pTogram矗om the hternational Ato工Ilic

Energy Agency(IAEA)．soil—7(IAEA)，sL一1(IAEA)锄d rocl【GsR一3(ch．ma)were used

aB tl悖standard fot testing the accuTacy of sensitivity cuTves and the repeated analyses

of several saⅡlples sho、张d that in eaclI c越e the relative standard deviation(RsD)was

1ess than 5％fbr each ekⅡlent un(kr investigation

3 RESUⅡ’S AND DISCUSSIoN

Tabk 1 shows the mean aⅡd the nliniIII哪．tlle maxinl眦concentration、埘ues for

the deterIniIled elements jll me 35 saInples and their standard deyianons．As hst甜jn

Table 1，a tot缸of 13 dj艉reⅡt elements血at least several of the sarnples were measllred

It is observed矗om the data in this Tabk that there耵e 1甜ge V缸iatians in the elemental

coⅡcentrations．
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^Thble 1 Me秕l，minimum and maxinmIn concenCration values and staIldard dcviations如r thc

●

cer锄ic sample8丘om Mar—Takla archaeological site All concentrations are m pg／g exccI)t tho㈨

stabed e18ewhere

In order to f11rther deterInine the proVenance characterization of the materi以s，Va卜

ious statistical teclI玎jques have been combined with the determiIlation of eleInental com-

position of the material【8～10|．In t11is study the duster and p血cipal coⅡIponents analysis

were used as砌ltiVWiate statistical methods and before subjecting the data to the mul—

tivarjate Inethods，s锄e crite“a shou】d be taken jnto accouⅡt．It js ifnportant to in clude

only the samples with few IIlissing elem眦a1 concentration values in the data set．It is

aJso iⅡlportant to take irno account the precision with whjch the ele工nents were measured

Based on these c“teria the eleInents of Mn，Ga，alld As were n。t included in the点nal

data set used fbr multivariate analysis，because their concemration v0Lues are血ssing

for more than 50％of the saIllples analyzed．Althou曲the measmed values for Pb have

oIllv a relative standard deviation of around 5％，they、Ⅳere not included in the data set

because the v盯jation of concentration values betⅥreen saIr巾1es was very big，this may be

due to the Inigration 0f Pb from the sllrface into the clay paste For tllis reason we found

tha¨t could jntroduce errors to use Pb as variable iIl the cluster a丑d PCA when assignjng

provena工lce in Mar-眦la cera血cs． The statistical pachge statistica(Version 6 o)was

used to perform the multivariate analysis．Befbre姐alyses，the eleⅡ岭ntal concentration

data were converted to base 10 10E to noⅡnaUze the ekment distribution and to reduce

the iIllpact of djff毫rences in m呼Litude for sorne of the major ekments．The cluster anal-

ysis，whj出aU。cates s如叩les into djst血ct groups，is often used in the iIIitial inspection

of data The results are co蛐unaUy presented as den出oFam shdwing the order aIld

levels of clusterinz as weⅡas the distance between iILdividual sa盯lples．From the resulted

dendrogram showed iII Fig．1，which obtained usiIlg the giIlgle HIll【age as盯ouping rule

according to the Enchdealt distance，jt is e“den￡that there are tk’ee groups，j．e．，拙e

first事oup cont血血g 7 saⅡlpks(12，2，23，24，3，21，and 8)，the second group contailling
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8 samples(25，30，28，34，13，15，1，aIId 26)and the t11ird one cont ailliⅡg the remajIⅡng

s趣pks except ane sa埘pk(case 20)．It is not ck缸from Fig．1 if the矗Tst two groups can

be considered as separated or as on8 group．hI order to confirm the last assumption the

data were subIIlitted to a p血cip al components an“ysis(PcA)．w毫report the reslllts

for the first and second principal coⅡlponeⅡts(PCI aIld PC2)in the scatter plots s曲ce

they were s施cient fbr 011r pllrpose as they account for 91．1％of the tot出variance(see
Table 2) It is seen from the plot presented in Fig 2 that the saⅡ1ples of group 1 and

group 2 except saInple 26 are grouped in one gronpl respectively．On the other hand lt js

clear that saIIlpk 20 is v盯y weⅡseparated whereas s枷ple 26 that is included iII group

2 deviates矗om this Foup．TKs re3ult 3u鹊ests that the two s卸叩les缸e 0utliers of the

two group8 or perhaps aTe of other provenances． FiⅡa：Ⅱy’the results have provided a

persuaslve evidence that Mar-Tal【la cera玎aics used a“east two di艉rent clay sources．A

systematic analysis 0f the local chy wm co工Ifhm whether these sources are local or not
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Fig．1 Gro“ping of the ceramic 8锄ples from Mar—Takla site by the cluster analysis

Fig．2 Pc pl。t(丘rst two Pcs，91．1％of total Variance)resulted from the principal compo—

nentB analy8is of chemical cor。lP0sition data of the 8amples
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Thble 2 Fac￡or loading for the samples data 8et(nlne element8，principal compoⅡent a工lalysis

v—arirr础rotatioⅡ1

Note：The marked loading is>0．700

4 CoNCLUSIoN

Cornbination ofthe XRF analysis aⅡd statistical analysis is help矗11 for archaeologists

in Syria，who now work on typology classifyjng material jn fra驴1ented conditions In

this study’by resortiIlg to the cluster analysis aIld p血dpal conlponents analysis，of

the concentration of 13 elements，quantitatively measured by the radioisot叩e X—ray

fluorescence tecmque，most of the 35 pottery丘agments c0111d be出Vided into two large

categories wlLich are ch缸acterized by di艉rent cancentration 1eveh 0fparticuJar elements．

The t、阳categories suggest that the two groups of s锄ples that caIne丘om the same

archaeolo西cal site belong to di丹hent geo—clI删cal hjstorical ori舀ns．
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