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Abstract:JinshaRuinsSite,Chengdu,China,spannedtheagefromlateShangDynastytoWest灢
ernZhouDynasty(B.C.1200—B.C.650),wasgenerallyconsideredastheinheritanceofSanxing灢
duiCulture.ThispaperfocusesonthestudiesofthepotteryunearthedfromJinsha.PIXEand
RBSexperimentalsetupwaspreliminarilyestablishedandthesetechniqueswereemployedtofind
theelementalcompositionofthosecollectedshards.Fromtheresultsoffactoranalysis,thediffer灢
encescanbeseenamongpotteryshardsfromdifferentstratums,whichmaysuggestthattheclay
gatheredfromdifferentsiteswasusedindifferentperiods.Theauthorsalsofoundthattherewas
noobviousassemblagephenomenoninthefactoranalysisamongthepotteryshardsfromdifferent
pits,thismaybetheevidencefor“nospecialclayforspecialuse暠.
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1暋Introduction
TheJinshaRuinsSite,only5kmawayfrom

thedowntownofChengdu,China,discoveredin
2001,wasgenerallyconsideredastheinheritance
ofthe38kmfarawaySanxingduiCultureafter8
yearexcavation.Inthe3km2relicsarea,thereex灢
istsalotofancientremnants,suchasthebasead灢
dressoflargebuildings,large灢scalefestivalarea,
residentialareaandgraveyards.Allthesesuggest
thatJinshawasthecapitalofancientShuKingdom
andwasanotherpolitical,economic,religiousand
culturalcenterafterSanxingduiCulture.Jinsha
RuinsSitecoveredtheagefromlateShangDynasty
toWesternZhouDynasty(B.C.1200—B.C.650)

whichwasjustaftertheageofSanxingduiCulture.
TheresearchaboutJinsharelicscanhelparchaeol灢
ogiststounderstandthehistoryofSichuanoreven
thewholeChina[1].

Together with the precious gold,copper,

jade,stone waresandtonsofivory,numerous
piecesofpotterywerealsodugupfromearth[2].
Asartifactsfordailyuse,thepotteryhasalotof
importantinformation,forexample,theinforma灢
tioncontainedinthepicturesdrawnonthesurface
ofpotteryandthelevelofhandicraftofthatagere灢
presentedbythequalityofpotteryandsoon.In
thispaper,wefocusedonthestudiesoftheele灢
mentalcompositionofthesepotteryshards.By
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studyingtheelementalcompositioninpotteryor
porcelain,muchinformationofancientagescanal灢
soberevealed[3—17].AttheJinshaSite,thepottery
pieceswerecollectedfrom differentstratumsand
differentpits,thismeansthattheyweremadeat
differentagesandmaybefordifferentpurposes.If
thepotteryshardsfromdifferentstratumshavethe
sameorcloseelementalcomposition,itcanbetold
thattheancientpeopleofJinshaalwaysobtained
potteryclayatonesiteallthehundredyears.On
thecontrast,ifdifferentelementalcomposition
wasfound,itcanbetoldthatthereweretwoor
moreclaygatheringsitesfortheancientpeopleof
Jinsha.Forthosepotteriesfrom differentpits,

whetherornottheyweremadeofspecialclaybe灢
causeoftheirspecialuse,suchasbeingusedin
sacrifices,couldalsobeansweredinsuchastudy.

Ionbeam analysistechniques (e.g.,proton
inducedX灢rayemission(PIXE))[3—6],instrumen灢
talneutronactivationanalysis(INAA)[7—13]andX灢
rayfluorescenceanalysis(XRF)[14—17] are often
usedtodeterminetheelementalcompositionin
potteryshards.Inthispaper,PIXEtechniquewas
employedtoobtainthecontentsofMg,Al,Si,K,

Ca,Ti,Fe,etcinthepotteryshardsunearthedin
theJinshaRuinsSitewhileRutherfordbackscatter灢
inganalysis(RBS)techniquewasusedtodetermine
thematrixelements.

2暋Samples

Twelvepiecesofpotterywerechosenforthe
presentstudy.Theyweretakenfromseveraldif灢
ferentexcavationpitsandfourdifferentarchaeo灢
logicalstratums[2].Wepreparedseventeensam灢
plesfromtheseshards,andthedetailsweregiven
inTable1.SampleNos.1and2aretheoutside
layerandtheinsidelayerofonepieceofpottery,

andsoareNos.3and4,Nos.5and6,Nos.7and
8,Nos.9and10.Seethatthesefivepiecesofpot灢
teryhaveadifferenceincolorbetweentheoutside
andtheinsidelayers,theyaredividedintotwo
samplesforeach,i.e.,anoutsideoneandanin灢

sideone.Inthe “excavationpit暠row,capitalT
meansprobegird.ThecapitalH meansashpit,

wheretheancientsputtheirtrashin.M means
burialpit,Ymeanskilnremains,andGmeansfu灢
neraryobjectschannel.Thenumberofstratum
meanstheearthlayerwherethesampleswereun灢
earthed.Thebiggerthenumberis,theolderthe
potteryis.

Table1暋 Thesampleinformation

Sample

number
Excavationpit Stratum Color

Outside/

inside

No.1 T7676灢7575 6
white

andgray
outside

No.2 brown inside

No.3 M2471 5 orange outside

No.4 brown inside

No.5 H6638 6 brown outside

No.6 darkbrown inside

No.7 H6711 5 white outside

No.8 gray inside

No.9 G426 5 white outside

No.10 gray inside

No.11 H6466 1 black none

No.12 H6638 6 brown none

No.13 Y206 5 brown none

No.14 H6466 1 orange none

No.15 H2471 5 black none

No.16 H6432 7 brown none

No.17 Y206 5 black none

Allthesamplesweremadebythefollowing
steps[6].Firstly,itwasnecessarytowashoffthe

superficialmudandothercontaminationinanul灢
trasonicalcleaner.Ethanolwasusedtocleanthe
surfaceaftertheshardsweredriedinanovenfor
about12 h.Secondly,forthe “twosamples暠

shards,theoutsidelayerwasscrapeddownbya
knifelightly,andthepowderwascarefullycollect灢
ed.Fortheothershards,weputthemintoanag灢
atemortarandcrushedcarefully.Atlast,after
somelargepebbleswereremoved,theremaining
powderwaspressedintodiskswithadiameterof
15mm.Inallthisprocess,ethanolwasusedto
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cleantheusedtoolsandavoidsamplepollution.

3暋Experiments

The2MeVcollimatedprotonbeam waspro灢
videdbytheVandeGraaffacceleratoratInstitute
ofNuclearScienceandTechnology,SichuanUni灢
versity.Inthisstudy,PIXEandRBSexperimental
setup waspreliminarilyestablished.Allsamples
wereanalyzedina2暳10-7Patargetchamber.The
beamdirectionwasverticaltothesurfaceofsam灢
ples.AsemiconductorAu(Si)barrierdetector,

placedinthetargetchamber,wasusedtoobtain
RBSspectraatanangleof160owithrespecttothe
beamdirection.Ontheothersideofthebeamat
anangleof135o,thereplacedaCanberraX灢PIPS猝

detector(25毺m beryllium window,activearea5
mm2)witharesolutionof185eVat5.9keVto
detecttheX灢raysemittedfromthesamples.There
wasa9毺m Mylarfilmbetweenthevacuumcham灢
berandtheX灢PIPS猝 detector.Thetwodetectors
andthebeamdirectionwereonthesameplaneas
showninFig.1.Asweknow,theconventionalX灢
raydetectorforPIXEmeasurementshasloweref灢
ficienciesfordetectinglightelements(Z < 13),

therefore,inthisstudiesRBS wasemployedto
findifthelightelementsexistedandatthesame
timetodeterminethematrixelementalcomposi灢
tion.Thebeam currentwasadjustedtokeepa
appropriatecountingrate.TheRBSspectrawere

Fig.1 Experimentalarrangementinsidethetargetchamber.

fittedbySIMNRAcode[18],andtherelativechemi灢
calcompositioninthesampleswascalculatedby

theprogramGUPIX95[19].

4暋ResultsandDiscussion

AtypicalPIXEspectrum from asampleis
showninFig.2.Severalpeakswhichcorrespondto
Al,Si,K,Ca,Ti,MnandFeelementscanbe
seeninthisfigure.FromthemeasuredPIXEspec灢
traofsamplestherelativechemicalcompositionin
thesamplesareobtained.Fig.3showsaRBSspec灢
trum whichrepresentedtheinformationfromthe
samepointofthesamesamplewherethePIXE
spectrumwasobtained.Wecanseeseveralstepsin
Fig.3.Fromtherighttotheleft,theycorrespond

Fig.2 AtypicalPIXEspectrum with2 MeVprotonsofa

potterysamplefromJinshaRelics.

Fig.3 AtypicalRBSspectrum with2MeVprotonsandthe

SIMNRAfitresultofapotterysamplefrom Jinsha

Relics.

totheFe,Ti,KandCaelements,SiandAlele灢
ments,andthelasttwostepsarebothcausedbyO
element.TheprogramSIMNRAcanprovideper灢
fectfitstothespectra.Aftertheanalysisbyusing
SIMNRAcode,wecanknowhowmuchOelemnet
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werecontainedinthesamples,andwhetherornot
thereexistedotherlightelementsinthesamples
andwecanalsoknowtheapproximatecontentsof
otherheavierelementsinthesamples.Theseele灢
mentcontentscanbeusedasmatrixelementcon灢
tentswhichwillbeemployedinthePIXEanalysis.
ItshouldbeexplainedwhytheOelementcaused
twostepsin Fig.3.Inthefittingprocess,we
foundthattheconcentrationofOelementisnotal灢
waysdistributedhomogeneouslyfromthesurface
totheinsidepart.Wedividedthesurfaceinto3
layers,andfoundthatthefirstandthirdlayers
containedless O elementthanthesecondlayer
(about6%atomconcentrationlessthanthesecond
layer).Themostpossiblecauseisthatfirstlythe
sampleswerepreparedbypressingthedrypottery
powderintodiskshape,andthenthesamplesur灢
facewillabsorbthemoistureintheair.Whenthe
sampleswereplacedintothevacuumtargetcham灢
ber,webelievedthatthemoisturecontainedinthe
samplesurfacecouldbepartlypumpedout.There灢

fore,theinhomogeneousdistributionoftheOele灢
mentonthesamplesurfacewasformed.Theele灢
mentcontentsinthesamplessuchasSi,Al,Fe,

Ti,K,CaandOaremoreaccuratelycalculatedby
theGUPIX95program (in10-6).Thefinalresults
areshowninTable2,allelementsaregiveninox灢
ideform.FromTable2itcanbeinferredthatSiO2

andAl2O3takealargepartofthemassofthesam灢
ples,thisisconsistentwithotherexperimentalre灢
sults[6].TheexistenceofFeandMnisjusttheevi灢
dencewhythepotteryappearedorangeorblack.
Forthefive“twolayers暠samples(i.e.,samples
Nos.1—10),mainelementcontentsofinnerand
outerlayerisverysimilar,withtheexceptionof
samplesNo.3andNo.4,whosecontentsofAl2O3

andFe2O3 aredifferenttosomeextent.Inaddi灢
tion,forimprovingthedetectionforhigh灢Ztrace
elements,inthefuturewewillplantouseadual灢
detectorsystem[20]ortrytouseaso灢called“funny
filter暠[21].

Table2暋 ThechemicalcompositionmeasuredbyPIXEandRBSofallthe17samples暋暋暋暋暋 wt.%

Al2O3 SiO2 P2O5 K2O CaO TiO2 MnO Fe2O3

No.1 32.68暲0.53 54.09暲0.80 0.84暲0.08 2.75暲0.30 0.78暲0.10 1.52暲0.30 0.04暲0.01 7.28暲0.31

No.2 30.46暲0.64 54.55暲0.83 1.01暲0.11 3.22暲0.24 1.08暲0.08 1.56暲0.21 0.04暲0.02 8.08暲0.42

No.3 31.91暲0.50 48.50暲0.92 0.37暲0.03 2.28暲0.17 0.90暲0.16 1.86暲0.16 0.08暲0.02 14.12暲0.51

No.4 42.13暲0.91 44.96暲0.77 0.40暲0.02 1.26暲0.09 1.02暲0.13 1.35暲0.24 0.02暲0.01 8.86暲0.26

No.5 34.10暲0.78 49.03暲0.86 1.25暲0.06 3.49暲0.12 1.82暲0.04 1.50暲0.22 0.04暲0.01 8.76暲0.31

No.6 32.80暲0.44 51.33暲0.72 1.51暲0.04 3.64暲0.29 2.14暲0.09 1.45暲0.14 0.12暲0.02 7.01暲0.20

No.7 37.42暲0.52 47.33暲0.87 0.68暲0.04 3.52暲0.14 0.88暲0.11 1.49暲0.23 0.09暲0.01 8.59暲0.27

No.8 35.92暲0.67 47.27暲0.64 1.45暲0.10 3.69暲0.21 1.28暲0.06 1.67暲0.20 0.18暲0.01 8.54暲0.24

No.9 40.01暲0.92 46.93暲0.84 0.52暲0.08 3.55暲0.32 0.61暲0.13 1.42暲0.22 0.03暲0.01 6.92暲0.31

No.10 36.51暲0.75 47.72暲1.13 1.61暲0.06 3.92暲0.18 1.32暲0.11 1.65暲0.11 0.08暲0.02 7.19暲0.16

No.11 33.95暲0.60 49.30暲0.52 0.45暲0.02 2.94暲0.29 1.25暲0.08 1.33暲0.17 0.40暲0.03 10.37暲0.26

No.12 34.92暲0.74 48.22暲0.85 1.28暲0.03 2.78暲0.21 1.71暲0.17 1.03暲0.08 0.14暲0.01 9.91暲0.18

No.13 34.16暲0.52 47.34暲0.98 0.57暲0.04 2.59暲0.19 1.05暲0.21 1.37暲0.12 0.11暲0.02 12.81暲0.22

No.14 33.89暲0.68 46.48暲0.86 0.89暲0.03 2.20暲0.23 1.14暲0.02 1.28暲0.13 0.13暲0.02 13.99暲0.34

No.15 31.67暲0.54 48.39暲1.05 0.23暲0.04 2.75暲0.16 1.45暲0.16 1.09暲0.03 0.88暲0.05 13.55暲0.32

No.16 34.16暲0.71 45.64暲0.64 0.82暲0.02 2.73暲0.24 1.26暲0.14 1.46暲0.20 0.25暲0.01 13.68暲0.19

No.17 31.99暲0.32 50.78暲0.87 0.48暲0.11 3.02暲0.22 1.41暲0.21 1.18暲0.11 0.30暲0.03 10.85暲0.20
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暋暋Becauseasmanyas9elementswerefoundin
thesesamples,itisnoteasytocomparethesam灢
pleswitheachotherifnofurtheranalysisisadopt灢
ed.Hereafactoranalysisareperformedforall
theseelementalcomposition.Fig.4showsthere灢
sultsfromafactoranalysis.Thefactornumberis
reducedtotwo,whichareshownasfollows:

F1=0.024Al2O3 +0.456SiO2 +0.830P2O5 +
0.755K2O+0.284CaO+0.477TiO2 -
0.544MnO-0.798Fe2O3,

F2= -0.835Al2O3 +0.511SiO2 +暋暋暋暋
0.132P2O5 +0.232K2O+
0.665CaO-0.394TiO2 +
0.629MnO+0.247Fe2O3,

Fig.4 Resultoffactoranalysis.

暋暋Atfirst,weclassifiedthesepointsbythestra灢
tumsasshowninFig.5.Itcanbeseenthatthethe
shardsfromthestratum5mainlyoccupythelower
rightpart.Thepointsofstratum6pointsofare

Fig.5 Samplesclassifiedbystratums.

locatedontheupperrightpartwhilethepointsof
otherstratumsstayinthemiddle.Sowecanfind
outthattheshardsfromthesamestratumhavea

closecomposition,andtotheshardsfromdifferent
stratumsthereisclearlyadifferenceinelemental
composition,whichmaybesuggeststhatindiffer灢
entperiodsofJinshaculturetheancientpeople
didn暞tgatherclayforpottery manufacturefrom
thesamesite.

InFig.6,wealsoclassifiedalltheseventeen
samplesintofivegroupsbythekindofpitsin
whichtheywerefound.ThesamplesofNos.5,6,

7,8,11,12,14,and16werefromashpits,the
samplesofNos.13and17wereburiedinakilnre灢
mains,thesamplesofNos.3,4and15werefound
inburialpit,thesamplesofNos.9and10were
dugoutinafuneraryobjectschannel,andthesam灢
plesofNos.1and2 wereexcavatedinaprobe
gird.FromFig.6,itcanbeseenthatthereisno
obviousassemblagephenomenon.Thepointsfrom
allkindsofpitswereinterspersedwitheachother,

thismaybecanbeunderstoodinawaythatatthe
timeofJinshatherewasnospecialclayforspecial
use,i.e.,therewasnocleardistinctionbetween
thepotteriesusedfordailylife,sacrifice,mortuary
objectsorotherkinds,andthey wereallmade
fromthesameclay.

Fig.6 Samplesclassifiedbypits.

5暋Conclusion

Inthestudiespresentedinthispaper,the
chemicalcompositionofseventeensamplesexcava灢
tedfromJinshaRelicsinChengduwascompared
witheachother.Itwasfoundthatthepottery
shardsfromdifferentstratumshavedifferentele灢
mentalcomposition,which maybesuggestedthat
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theancientpeopleofJinshaRelicscollecteddiffer灢
entclayatdifferentagesforproducingthepottery,

andthattherewasnocleardistinctionbetweenthe
potteriesusedfordailylife,sacrifice,mortuary
objectsorotherkinds.Thestudiesperformedin
thispaperarepreliminary,westillneedmorepot灢
terysamples and conduct more systematicre灢
searches.
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成都金沙遗址古代陶片的PIXE和RBS分析*

叶 沥1,刘慢天1,黄 伟2,杨 盛3,安 竹1,#

(1四川大学原子核科学技术研究所,辐射物理及技术教育部重点实验室,四川 成都610064;

2四川大学历史文化学院,四川 成都610064;

3成都博物院,四川 成都610000)

摘暋要:成都金沙遗址的年代覆盖了商代晚期至西周时期(公元前1200年—公元前650年),一般被认为是

三星堆文化的延续。初步建立了质子激发 X 射线发射(PIXE)和卢瑟福背散射(RBS)实验装置,并采用

PIXE和 RBS方法研究了从金沙遗址出土的部分陶片的元素组成。通过因子分析,观察到来自不同地层的

陶片的元素组成存在一定的差异,这可能意味着制作陶器的陶土在不同时期取自不同的地点。也观察到来

自不同发掘坑的陶片的元素组成没有明显的聚类现象,这可能意味着制作不同使用用途的陶器所用的陶土

是没有区别的。
关 键 词:PIXE;RBS;陶器;金沙遗址
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