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1.Researchpurpose

TheAMSdatingmethodhasmadeitpossibletodirectlydatepotterysamples,Howevercarbonized

residueontheexteriorsurfaceofthepotteryCouldexhibitan"oldwoodeffect",sincethiscarbonmight

includefuelcarbonfromalaJrgepieceOfwood.Furthermore,carbonizedresidueontheinteriorsurfaceof

thepotterylSusuallyformedfromcarbonizedfoodremains,possiblyresultinglntracesOfthe"marine

reservoireffect"Causedwhenmarinefoodresourceswerecooked(Nakamuraand王wahana1990;Nakamura

etal.1990;Kolic1995;Nakamuraetal. 2001;OdaandYamamoto200号

However,Organiccarbonssealedwithinthepotterymaterialwillgivetheagewhenthepotterywas

manufactured.lnthePhilippines,blackpottery,orpotterycoloredblackthroughtheadsorpt10nOforganic

carbon,wasexcavatedfromLaHoshellmiddensites,inNortheastLuzon(Ogawa,2000,2002).Phiiippino

blackpotterybelongingtOtheIronAgeistraceabletotheChineseblackpotteryoftheLongshanculturein

BC20ctoBC17C.Similarblackpotteryisdistributedin,Thailand(BanChainsculture inBC15ctoAD

3C),Bo-ha主(AD7cto9C)andOkinawa(Kamui-yakiinAD12cto15C)inJapan.Blackpotteryirlthe

PhilippinesisstillproducedatSamNikolas,intheIlocosNorte,northwestLuzon(Fig.I).

ThemanufacturingProcessOftheblackpotteryatSamNikolaswasobservedanddocumentedbythe

authorandtheNationalMuseumofthePhilippinesin2004.Detailsofthemantlfacturlngprocedureare

describedinAppendixB-5(MiharaandKoike,2005).Inthisprocesssandismixedwithlumpsofclayto

increasestrength.Itisthensqueezedandformedintopotsonalathe.Thepotispattedtofixtheshape,and

polishedafterbeingdried.RedslipISappliedtothesurfaceofthepotanddried.Thepotisthenfiredinthe
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groundunderareducedfire.Whilethepotteryisbeingheatedinred,itistakenoutfromthefireand

immediatelyricehuskiscoveredonthepotterysurfacetoproduceablackcarbon-adsorbedcoloring(Fig･

2).Ifsuchblackpotteryretainsenoughcarbonintroducedfromricehusk,itmaybeusefulforthe14c

dating.Asapreliminaryresearch,theauthorsanalyzedthecarboncontentsortheblackpotteryshards

(Miharaetal,2003),andsuggestedthatwell-preservedblackpotteryshardsincludedenot唱hamountsof

carbonfわrthe14cdating(Miharaetal,2004).

ToconstructadetailedchronologyusingtheAMS14cdating,Ianalyzedthecarboncontentsand

stablecarbonisotoperatiosofcarbonswithinthepotteryaccordingthemanufacturingprocess(1)the

carboncontentsoftherawmaterialsuchasclay,(2)thecarboncontentsofthefirstfiredpottery,(3)the

carboncontentsofthecarbon-adsorbedpottery.ToexaminethemostsuitablemethodofextractlngCarbon

fromthepottery,severalsampleswerecollectedfromthesurfaceandinnerpartofthepottery,anddriHing

andgrindingsamplingforeachpotterysample.

2.Materials

Themanufacturedpottery and theraw materialswerecollected duringtheresearchofthe

manufacturingProcessatSamNikolasin2004.

Rawmaterials

Samplesoftherawmaterialsofthepotterywerecollectedfromapotter;alumpofclay(05ISOl)

whichhadbeentakenfromaricefield,sand(05ISO2),amixedsampleofclayandsand(05ISO3)squeezed

attheformingprocess,redclay(05ISO4)whichwasobtainedthroughtrading,ricehusk(05ISO7)usedfor

carbonadsorptionofthepotteryandcharredricehusk(05ISO8)remainedafteradsorbingcarbon.

PotterysamplesbeforecarboJladsorption(Fig.3)

Thepotterybeforecarbonadsorpt10n,Withonlyred-slippedsurface,wasmadeinthesameprocess,

butsampledbeforecarbonadsorpt10n･Twotypesofpottery,apotandaplatewereusedforthesamplesI

Thepotwasformedbypattingandpolishing,andhadathin,finebody.Theplatewasformedwithout

pattingandpolishing,andhadacoarse,thickbody.Atotalof4potterysamples,2pots(05POOland
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05POO2)and2plates(05POO3andO5POO4)wereanalyzed.

Blackpotterysamples(Fig.3)

TheblackpotterylSadsorbedCarbonfromricehtlSkandcoloredblackinmanufacturingprocess.A

totalof4blackpotterysamples,2pots(05POO5andO5POO6)and2plates(05POO7andO5POO8)were

analyzed.

3.Methods

Foursamplecategorieswerecollectedfromeachpottery;thesurface(S)andinnerpart(I)ofthepottery,

drilling(D)andgrirlding(G)withadifferentsamplingmethod.PowdersampleswereChemicallytreatedby

acid-alkali-acid(AAA)treatment,toremoveacidandalkalisolublematerials,StlChashumicacidsandfulvic

acidswhichmayhavebeenincorporatedfromburialsoil.TheAAAtreatmentconsistedofsuccessivecleaningby

O･lNHCIsolutionat80oC,0.01NNaOHsolutionat80oC,andagainby0.lNHCIso.lutionat80oC,The

residueswererinsedtonetltralanddried,

Afterbeingchemicallytreated,thecharredmaterialswereanalyzedforCarboncontents(%C)anda13c

valuesusinganautomatednitrogenandcarbonanalysismassspectrometer(ANCA-mass,EuropaScientific

Ltd).Analysesweredoneon2setsof10-mgfractionsfromeachpotterysample,andtheaveragewasealctilated.

ForAMSanalysts,Samplesofthepretreatedcharredmaterialcontainingabout2mgofcarbonwere

combustedat850oCfor4hourinevacuatedandsealedVycortubestogether withCuOandAg.TheColWas

thenpurifiedcryogenically(usingflOrma1-pentaneslushat-130管 andethanolslushat-90oC)onavacuumline.

ThepurifiedCO2Sampleswerethenreducedtographite(Kitagawaetal.1993).Thegraphitesampleswere

measuredagainstastandard(NBS-Il)usingtheTandetronAMS(Modeト4130AMS, HVEE)atNagoya

university(Nakamuraetal.2000).Wecorrectedforcarbonisotopicfractionationusingthe813cvaluesprovided

bytheAMS.

4.Results

Theresultsofthe%Cand813CanalysisWereShowninTable1 .
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1_1.The%(:and8I3C､･aluesforri川 malerials

carbonandnitrogencontentswereobtainedwithatotalamountof12cmeasuredbyANCA-mass,shown

as%C_Forthea13cmeasurements,atleast0-1mgofcarbonwasnecessaryfor813cmeasurementfrom

eachsarnple･Sampleswhichhadalower%Cdidnothaveenoughreliabilityin813C,especiallythepottery

samplesbeforecarbonadsorpt10n.

Rawmaterials

TheweightofsamplesbeforeandaftertheAAAtreatmentwereshowninFig.4,andtherecoveryof

samplesaftertheAAAtreatmentwereshowninFig.5.The%CvaluesbeforeandaftertheAAAtreatTnent

wereshowninFig･6･The%Cand813cvalueswereshowninFig･7･

Claysample:The%Cand813CvaluesoftheclaysamplebeforetheAAAtreatmentwereO･50% and-

12.7%O,aridthoseaftertheAAAtreatmentwere0.10%and-15,7%O,respectively.Itsuggeststhatmost

ofthecarbonintheclaywasremovedbytheAAAtreatment.

sandsample二The%Cand813cvaluesoftheSandsamplebeforetheAAAtreatmentwereO･01%and-

28.0%O,andthoseaftertheAAAtreatmentwere0.01% and-26.8‰,respectively.Thesandhadalmost

nocarbon,beinganlgnOrablefactoronthemeasurement.

Mixedsamplewithclayandsand:The%Cand813CvaluesofthemixsamplebeforetheAAAtreatment

wereOA5%and-14,4%O,andthoseaftertheAAAtreatmentwere〇･04% and-22･6‰,respectively.

Thissamplewascomposedofclayandsandasthepotterymaterial,andthechangeofcarbonwas

similartotheclaysample.AftertheAAAtreatmentmorefineclaywaswashedoutfromthesample

tharlSand,resultinglnahighproportionofsandandalower%Cinthemixedsample.

Redclaysample:The%Cand813CvaluesoftheRedclaysamplebeforetheAAAtreatmentwere1.06%

and-16･0‰,andthoseaftertheAAAtreatmentwereO･21%and-1710‰,respectively･Theredclay

hadahigher%C.However,thiswasusedfordecorationonlyonthesurface, andfireddirectly.The

carbonshouldberemovedasshownontheresultsofpotterybeforecarbonadsorptlOn,Whichwere

describedlater,hadonlylgnOrablecarbontothemeasurement.
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Ricehusksample:Thericehuskistheresourceoftheadsorbingcarbonfortheblackpottery･The%Cand

813CvaluesofthericehusksamplebeforetheAAAtreatmentwere44･83%,and-27･8‰ ,andthose

aftertheAAAtreatmentwere54.5% and-283‰ ,respectively･Thedatashowednochangein813c

valueaftertheAAAtreatment.

charredricehusksample二The%Cand813CvaluesofthecharredricehusksamplesbeforetheAAA

treatmentwere42,6%,and-27.8‰ ,andthoseaftertheAAAtreatmentwere4133% and-27.8‰,

respectively.Thesecharredricehusksamplesmustbesameasusedfortheadsorbingcarbon.

Consequentlytheseresults,showingthattherewasnodifferencebetweenthericehusksampleand

thischarredricehusksample,mustbeanimportantfactforthisexperiment.

Theresultsof%cmeasurements,indicated that mostofcarbon intheraw materials must

beremovedbytheAAAtreatment.

4-2･The%Cand813cvaluesforpotterysamples

sincetheAAAtreatmentwasnecessarytoremovecontaminatedcarbonfortheAMS14cdating,theresults

ofpotterysamplesweredescribedonlysamplesaftertheAAAtreatmentresidue.

TherecoveryratesofsamplesaftertheAAAtreatmentwereshowninFig.8.Therecoveryratesof

SurfaceGrinding(SG)sampleswere64士5%forthepotterybeforecarbonadsorptionand60士6%forthe

blackpottery,ThoseofSurface∫)rilling(SD)sampleswere58士 7% forthepotterybeforecarbon

adsorptionand53j=3%fortheblackpottery.ThoseoflrlnerpartGrinding(王G)sampleswere68士2%for

thepotterybeforecarbonadsorptionand67士5%fortheblackpottery.ThoseofInnerpartDrilling(ⅠD)

sampleswere57i=5%forthepotterybeforeCarbonadsorptlOnand63士8%fortheblackpottery.

The%Cvaluesbeforeanda簸ertheAAAtreatmentwereshowninFig.9.The%CofSGsampleswere

0.04土0.03%forthepotterybeforecarbonadsorptlOnandO･58士0.28%fortheblackpottery･ThoseofSD

sampleswere0.06士0.04%forthepotterybeforecarbonadsorptlOnand0.78土0,36%fortheblackpottery.

ThoseofIGsampleswere0.10j=0.03%forthepotterybeforecarbonadsorptlOnand0.22土0.18%forthe

blackpottery.ThoseofIDsampleswere0.09士0,03%forthepotterybeforecarbonadsorpt10nand0.27土
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0.25%fortheblackpottery.

Consideringtheresultsoftheseexaminations,thedrillingsamplingmethodproducedalower

recoveryratebutahigher%Cvaluethanthegrindingsamplingmethodinalmostallpotterysamples･The

drillingsamplingproducesfinepowder,inorganicfractionsuchasclay,mightberemovedmorethanthe

grindingsampleintheAAAtreatment.Hence,thedrillingmethodwhichrecoveredrelativelyhigher

carbonfrompotterylSmoreSuitablethanthegrindingmethodforextractingpowdersample･Afterthis,

samplesweredescribedasdrillingsamples.

Potterysamplesbeforecarbonadsorption(Fig.5)

The%Cand813cvalueswereshowninFig･10･

ThepotO5POOl:The%Cand813cvaluesofSDsamplewereO･02%and-31･5‰,thoseofIDsamplewere

O.04%and-19.1‰,respectively.

ThepotO5POO2:The%Canda】3cvaluesofSDsamplewereO･04%and-2611%O,thoseofIDsamplewere

O.08%and-18.8‰,respectively,

TheplateO5POO3:The%Cand813cvaluesofSDsamplewereO･05%and-24･7‰,thoseofIDsample

were0.10%and-16.8%O,respectively.

TheplateO5POO4:The%Cand813cvaluesofSDsamplewereO･11% and-26･8‰ ,thoseofIDsample

were0,13%and16.3‰ ,respectively.

Potterybeforecarbonadsorpt10nhadlow%Cvaluesbothinnerpartandonthesurface.Although

reliabilitywaslow,adifferencein813Cwasobservedbetweenthesurfaceandtheinnerpart,havinga

similarvaluetotheclaysample,

Blackpotterysamples

ThepotO5POO5:The%Cand813cvaluesofSDsamplewereO･36%and-30-2‰,thoseofIDsamplewere

O･04% and-31･7%O,respectively･Thisblackpotteryhadalow%Cvalueinnerpartandahigh%C

valueonsurface,suggestingCarbonadsorptlOnWasmuchhigheronthesurfacesamplethantheinner
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partsample･The813cvalueofthesurfacesamplehadasimilarvaluetothericehusksample,however,

the813cvalueoftheinnerpartsub-sampleshadsimilarvaluestotheclaysamplerItsuggeststhat

carbonfromricehtiSkadsorbedonlynearthestlrfaceinthispot.

ThepotO5POO6:The%Cand813cvaluesofSDsamplewereOl61%and-2917%O,thoseofIDsamplewere

o.62%and-29･8‰,respectively-Thispotshowedthatthe%Cand813Cvaluesofsurfaceandinner

partwerethesame,Showedthesamevalueofthericehusk.Thesevaluessuggestthatthecarbonfrom

claywasremovedbytheAAAtreatmentwhileadsorbedcarbonfromricehuskstillremainedinner

part･

Theplate85POO7:The%Cand813cvaluesofSDsamplewerel･17%and-27･6%O,thoseofIDsample

were0.19%and-18.0‰,respectively.

TheplateOSPOOS二The%Canda13cvaluesofSDsamplewereO･78%and-27･l‰ ,thoseofIDsample

were0.22%and-18.3‰,respectively.These2blackplateshadasimilarhigh%Cvalueonthesurface

andalow%Cvalueinnerpart･The813Cvaluesofthesurfacesamplehadsimilarvaluestotherice

husksampleandtheinnerpartsampleshadsimilarvaluestotheclaysample,The%Cvaluesofthe

surfacesampleswerehigherthanthoseofthepots.Thismightbecausedbythecoarsesurface,since

carbonmightbeadsorbedeasierthan｡npolishedpots.

The%Cand813cvaluesofsub-samplesfromthesurfaceandtheinnerpartweredifferentbetweenin

eachpotterysample,thismaybeduetothefiringcondition.

4_3.14cmeasurement

TheresultsoftheAMSmeasurementwereshowninTable2,14cconcentration(ratioof14cand12C)

ofthecharredricehusksample(05ISOS)was1.0815士0.0024.Thoseofthe2blackpots(05POO5and

O5POO6)were0.9126土 0.0025andltO120土 0.0024.Thoseofthe2blackplates(05POO7andO5POO8)

wereI.0024士0.0024andI.0248土0.0025.
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5.Discussion

ltissupposedthatthe%Cand813cmeasurementsofthesampleswhichwerecollectedfromthrough

theprocessofpotterymanufacturingShowninthischaptermustbethefirstdata･

Basedonexperimentsuslngmodernpottery,therawclayhadabout0.5% of%C,afterfiringthe

pottery,the%CvaluefromthesurfaceofpotterybeforecarbonadsorptlOndecreasedtobelowO･1%･After

adsorbingthericehuskcarbon,the%Cvalueoftheblackpotterysurfacebecamehigher,from0.4%to

1.2%.The813cvaluesalsoshowedasimilartrend.The813cvaluesofrawclaywereabout-13‰ ･After

firing,the813cvaluesofpotterybeforecarbonadsorptlOnShiftedremarkablytoaround-21%ot0-27‰,

although theyhadalowreliabilityforthe813cvaluesduetolow%Cvalues.Afteradsorbingricehusk

carbon,813Cvaluesoftheblackpotterysurfacewerefixedfrom-27‰ t0-29‰ ,similartothe813cvalues

ofthericehusk(-28%o).Theseresultssuggestthatcarbonfromclaywasremovedafterfiring,andcarbon

fromricehuskhasadsorbedontothesurfaceoftheblackpottery.

consideringtheblackpottery,thedifferencesofthe%Cand813Cvaluesamongthepotterysamples

seemedtohavebeencausedbytheamountofadsorbedcarbon,affectedbyboththetemperatureofpottery

whenitwascoveredwithricehuskandthedurationthatthepotterywascoveredwithricehusk.The

potterywhichhadablackcoloronboththesurfaceandtheinnerpartmightbewell-completedblack

pottery.Consideringtheblackpottery,thepotO5POO6wasperfectlycompletedastheblackpottery.The

potterywithathinbody,whichhasablackcoloronboththesurfaceandtheinnerpart,maybesuitablefor

dating.Theplatewithathickbodymayhaveadifficultyforthemovementofcarbon;removalofcarbonin

firingandadsorbingcarbonfromricehusk.

14cconcentrationsbytheAMSmeasurementsvariedamongthe4blackpotterysamples,andthatfor

thericehusksamplewashigherthanthatfわrthepotterysamples.Onereasonfわrthismustbecausedthat

thesepotterysamplesweremadeduringthedocumentationofthemanufacturlngProcess,eachpottery

pleCeWasnotmadeunderthesamecondition･ThetimingOffiring,thetemperatureandthedurationof

adsorbingcarbonmightbedifferentforeachpieceOfpotteryduetotheprocessofdocumentation.

However,basedontheexaminationof14cconcentrationsforrecentdates(Moriuchi,etal.,2000),the14C
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concentrationsin2004,whenthepotterysamplesweremanufactured,wasabout0.98.Thefluctuationof

14cconcentrationsbecamelargeramongmodern(post-bomb)samples,bytheremarkableincreaseof14c

concentrationscausedbynucleartestlng･The3potterysamplesO5POO6,05POO7andO5POO8Were

similartoestimatedconcentration,andtheirvariationswerewithinthelimitsofnuctuation.Another

potteryo5POO5hadalower14cconcentration,andCharredricehuskhadahigher14cconcentration.This

potteryhadlower%Cvalues,StlPPOSedthatadsorptlOnOftheCarbonfromricehtlSkwasnotenough.壬t

suggeststhatsuchaslightadsorpt10nOnthepotterymightcausealowi4cconcentration,thatis,olderage･

Charredricehusksamplewasresidueafterusedforadsorpt10nProcess,theremightbeanisotopIC

fractionationandheavier14cmightremaininthericehtlSk･ItmustbeClarifiedbymeasurementofrice

husksamplebeforetheadsorpt10nProcess.Theseresultssuggestthatcarefulselectionofwell-firedblack

andadsorbedpotterylSusefulforthe14cdating･
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Table1ResultofcarbonanalysisformodernDOtterVandrawmaterials

labNo. Name
beforeAAA 壬瓜erAAA T℃COVerV

vt>,eight %C Tota明 mg) 813c weight %C Tota昭 mg) ai3c rate(%)

05mX)1 SG

SD

IG

ID

O5円)02 SG

SD

IG

05P003 SG

SD

IG

II)

05POO4 SG

SD

iG

ID

O5汽)O5 SG

Sl)

lG

ID

O5POO6 SG

SD

IG

ID

O5Ⅰて)07 SG

SD

IG

ID
O5托治8 SG

Sl)

ⅠG

TD

i274 0,03 0.34

1200 0.06 0.72

1550 0.05 0.78

1096 0.09 0.95

1039 し)_山一

1054 0.08

1278 008

1148 0,09

1002 0.14

1148 0.09

1146 0.09

i057 0.OL)

1037 0.09

1020 013

1159 Ll.10

1025 0.14

i209 0.36

1009 0.5()

i095 O,02

i186 0,06

1181 039

1094 0.55

1652 0.17

1109 O.21

1071 0.64

1035 0,98

1022 0.14

1099 0.14

1008 0.(,(i

1028 0.78

1318 0.IL)

1036 0.19

0.61

0.85

1.03

1.05

1.43

0.98

1.08

0.92

0.91

1.28

1.20

1.45

439

5.09

0.27

0.77

4.64

6.01

2.81

2.36

6.88

10.10

1.44

1.53

6.64

8.05

2.45

2.01

-27.41 730 0.02 0.13

-25,47 684 0,02 0.15

-16.39 1046 0.07 0.78

-19.30

-24.34

-24.ll

-17.14

-18.55

-23.59

-23.12

-14.83

-13.49

-21.31

-23.26

-12,46

114.29

-293i

-29.18

-17.29

-21.7S

-2730

-29.25

548 0.04 0.24

670 0.()二 0.16

570 0.04 0.25

862 O.0'.) 0.81

672 0,08 0.54

696 0.O8 0.55

786 O.05 0.42

771 0,10 0.77

634 ().10 0.61

683 0,04 0.31

542 0.11 0.62

818 0.11 1.12

611 0,13 0.77

763 0.29 2.20

535 0.36 1.95

674 0.03 0.17

653 0.04 0.27

795 0.39 3.09

618 0f)1 3.78

-17.14 1170 0.46 5.42

-18.41

-26.65

-27.66

-16.37

_15.37

-27.52

-27.15

_17.66

-19.22

637 0.()コ 3.98

605 0,80 4.83

504 日7 5.87

730 LH7 l.22

763 0,19 1.43

554 0.85 4.70

538 1.00 5.36

857 ().:I i.79

714 022 1.58

-30.12 57

-31,51 57

-17.49 67

-19.13 50

-24.87 へ64

-26.10 54

-18.42 67

-18.85 59

-ニ9.03 69

-24.69 68

-16,31 67

-16.83 60

-13.95 66

-26.82 53

-14.10 71

-16.29 60

-30,61 63

-30.25 53

-35.13 62

-31.71 55

-27,65 67

-29.75 56

-27.69 71

-29.80 57

-27､50 56

-27.56 49

-16.88 71
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O5工SO2 sand
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O5王SO4 redclay

O5ISO7 ricehusk

3060 0.50 15.26

2019 0.01 0.28

3032 0.45 13.62

494 1.06 5.22

298 44.83 133.60

05iSO8 charredricehusk SOO 42.59 21～.97

-12.71 1502 0.10 1.52

-27/)6 1801 0.01 0.09

-14.41 1750 ().04 0.77

-15.98 159 0.21 0.34

-27.83 125 54,45 68.07

-27.81 134 41.33 55.38

-15.67 49

-26.80 89

-22.59 58

-I(､_97 32

-28.28 42
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Fig.1DistributionoftheblackpotteryinAsia
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