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SynopsIS:Irontechnologyplaysanimportantroleinmanyofthemechanisms
●

pos山latedcmcialinthefbmationanddevelopmentorearlyKoreanstates.Desplteits

importanceinKoreanhistoryandtheabundanceofmaterialevidencerecoveredinthe

peninsula,thestudyontheancientironproductionbasedstrictlyonscientificevidences

isstillinitsinfantstage.TwomajorProblemsconfrontlngthearchaeologlCalstudyon

theappearanceandthelaterdi乱sionorironthroughouttheKoreanpeninsulainclude

theuncertaintiesinchronologyarlSlngfrom relianceonrelativedatingbasedon

typologyandthelackofmetallurgicalstudiesonitsproductiontechniques.Itis

imperative,therefTore,toremovesuchuncertaintiesiftheironindustry andits

integrationintosocietyCanbecomparedandcontrastedindifferentareasandthereby

thehistoryofironproductionistobebetterunderstoodintermsofstateformation.The

presentstudywillbrienyreviewrecentmetallurglCalworksonancientironartifactsand

thentestthepossibilityofintroducingtheacceleratormassspectrometry(AMS)in

establishingthechronologlCalframeworkofancientirontechnologyinKorea.

1.MicrostructureExamination

Figureslaandlbpresent2ironaxesmadeduringtheKoreanThreeKingdoms

Period･1)TheaxesinFigurelaandlbwererecoveredfrom theformerSillaand

paekcheterritory,respectively･2,3)Specimensweretakenfromtheirbladeandbodypart

notedinbothfiguresbyarrows1and2,respectively.

FigurelcisanoptlCalmicrographofthemicrostructureobservedattheblade

ofFigurela.Here,thegrayregionneartheleftedgeisfilledwithacorrosionproduct,

indicatlngthatitcorrespondstothecuttlngedgethatwasexposed.ThereglOnnexttO

thecorrodedlayerisseentoconsistofdarkpearlitethatisreplacedbywhitefTerriteas
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Figurel.Ancientironaxesandtheirmicrostructure.
(a)SiHaax,(b)Paekcheax,
(C)&(d)microstructureof(a)and(b),respectively.
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onegoestotheright.Thespecimenfromthebody,arrow2inFigurela,wasfoundto

consistmostlyofferrite･ThemostapparentfeaturehereisthatthehighCconcentration

atthenear-surfacereg10nOfthebladegraduallydecreasestotheinterioruntilit

becomesnegligible.ThisisastrongindicationthattheaxwasglVenaCarburization

treatmentatthesurface.TheorlglnalpatternofCdistributionstillmaintainedindicates

thatcarburizationwasappliedatthelaststage,mostprobablyuponthecompletionof

shapeforglng.IftheCcontentisraisedatthelaststage,ltimpliesthattherawmaterial

supplieddoesnothaveenough Ctomeetthestrengthrequirement.Thepresentaxwas,

therefわre,evidentlymadeoflowCiron,whichwasfirstfTorgedforshapingandthen

carburizedfわrthesakeorhardening.

FigureldisanoptlCalmicrographshowlngthemicrostructureatthebodyof

theaxinFigurelb.ThestructureconsistsofmanylayersrunnlngVertically.Theyare

apparentbecauseofthedifferentmicrostructurescausedbytheunevenCcontent.The

specimentakenfromthebladewasfbundtohavethesimilarlayeredstructure.The

differentgraylevel,OnglnatlngfromthevaryingCcontentbetweenlayers,indicates

thattherawmaterialsuppliedfわrmakingtheaxwasnotunifbm initslocalCcontent.

Thenumerousfinelayersmustthenhaveresultedfromtheunlquemechanicaltreatment

glVenintheaxmaking.Suchalayeredpatterncanemergewhenthefbrglngandfわlding

operationisappliedrepeatedlyincyclesonapleCeOrSteelwithunevenCdistribution.

Theabove2axesareclearlydistinguishedintheamountanddistributionorC

inarawmaterial,whichcometodeterminethekindofthem0-mechanicaltreatments

required.TheC adjustment,namedsteelmaking,isanindispensablesteptobe

incorporatedforhardeningsomewhereintheprocessofeveryaxmaking.Itisfound

thatthe2axesweremanufacturedfTollowlng2differentenglneerlngSequences

dependingonthetimethissteelmakinglSPerfTormedrelativetoshapefTorglng.Theone

inFigurelamaybecharacterizedbythesequenceof'ShapefbrglngPriortOSteel

making'asopposedtothatof'SteelmakingprlOrtOShapefbrglng'thatisidentifiedin

theotherax.

2.Acceleratormassspectrometric(AMS)dating

AbrokencastironcauldronwasexcavatedfromtheHwangnamGreatTomb,

togetherwiththeaxinFigurela･ThetombislocatedinKyongJu,afわrmercapitalof

Silla･AfragmentfromthecauldronwassubjectedtotheAMSdating.Table1presents

theresultbasedona5568-yrhalf-lifeandcorrectedforcarbon-isotopicfractionation.

Theageisestimatedtobe1619±24inyrBPwiththemostprobablecalibratedage

positionedin425AD.Itisnotedthattheprobabilitiesofthecalibratedagefallinglnthe
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rangesor404-441,450-466and518-529ADareor62.9,16.3andll.2%,respectively.

TheconstnlCtionortheHwananmGreatTombiscloselyassociatedwiththe

periodSillastartedonherwaytobecomlngapowerfulancientstate,whichwould

finallyunifytheKoreanPeninsulaforthefirsttimeinhistoryin668AD･1)Theburial

goodsrecoveredfromitholdspecialimportanceinstudyingthematerialcultureofnot

onlySillabutalsothetwokingdomsinrivalryatthetime,PaekcheandKoguryo,since

littlewrittenaccountisavailable.TheyarealsoimportantinthestudyofJapanese

Kofunperiodduringwhichtherehadbeenaconstantculturalinfluencebetweenthe

KoreanPeninsulaandtheJapaneseArchipelago.UnfTortunately,however,theexactdate

ofitsconstruction,andtherebytheincubationperiodfわrthepowerfulSilla,isin

disagreementamongscholars.ThepresentAMSresultisfわundtofallwithintheage

rangepredictedbysomearchaeologistsontypologicalgrounds･4)Additionalcastiron

samplesfromthetombareawaltlngmeaSurementStOtestfurthertheuseoftheAMS

techniqueinestablishingareliablechronology.

Table1.Resultoftheacceleratormassspectrometric(AMS)datingperfTormedat

theNagoyaUniversity,Japan.

LabCode 813C[%o] 14c Age Calibrated CalibratedAgerange
[yrBP] Age[cal.AD] [cal.AD1

3.Summary

Themicrostmc山raldatasuggestthattherewereatleast2distinctiron

infrastructuresestablishedinancientKorea.Theymaybecharacterizedbytheunlque

sequenceofmanufacturlngProcesses,'shapeforglngPriortOSteelmaking'and'steel

makingpr10rtOShapefbrglng'.Thedistinctionisseentoarisefromtheselectionofa

particularstartlngmaterialandthepertinentmechanicaltreatment.Thecombination

wasapparentlybasedonsuchimportanttechnicalaspectsofironindustryasiron

smeltingandsteelmaking.ThereisnodoubtthatsuchatechnologlCalframeworkofa

certain society isestablishedin closeassociationwith thesocio-politicaland

geographicalconditionsitisin.Theproperrecognlt10nOfironindustrylntermsOfits

generalandparticularfeaturescouldthereforeleadtothebetterunderstandingof

ancientsocieties,especiallywithregardtotheflowanddevelopmentoftechnicalideas
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amongthem.Thiscanonlybeattainedwhenthereisawidespectmmofreliabledata

availableoverspaceandtimethroughextensiveresearchesinmetallurgyaswellasin

scientificchronology.TheoverallpictureOfthehistoryofironproductioninancient

KoreacannotbedrawnuntilareliablechronologlCalfhmeworkhasbeenestablishedin

associationwithtechnicalandsocio-politicalaspects.Itis,therefわre,tooearlytodraw

anyconclusionorthereglOnalortemporalvariationsincorporateddueperhapstothe

differentroutestakeninadoptlngIrontechnology.Thepresentstudy,however,

highlightsthepotentialdiversitiesinironproductionthatmightexistinsuchadynamic

periodofKoreanhistorythroughouttheriseanddevelopmentofthefirststates.More

importantly,thisarticlehastested,onscientificgrounds,thepossibility ofdetecting

suchdiversitiesinassociationwiththescientificdatingbasedonAMStothebetter

understandingofancientsocieties.Theresultsareindeedencouraglng.
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