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eKal b MN g 

enAsm½yGgÁr GaNacRkExµrrugerOgdl;kMBUlkñúgrvagstvtSTI11 dl;stvtSTI13 GaNacRkenH 

)anBRgIkEdnGaNacRkrbs;xøÜnRKbdNþb;elIPUmiPaKGasIuPaKGaeKñy_esÞIrEtTaMgGs;. enAtamdgpøÚvEdl 

ksagkñúgGaNacRkenH eK)anbegáItmCÄmNÐlrdæ)alenAtamextþFM² GacedIrtYy:agsMxan;edIm,IFana[)an 

nUvral;karpÁt;pÁg;FnFan nigplitpldl;raCFanIGgÁr ehIynigFanadl;karBRgIkGMNacrbs;RBHmhakSRt 

EdlesayraCükñúgGaNacRkenH. tamry³B½t’manTaMgenHGacbgðajBIPaBrugerOg nigPaBGn;fyén 

cRkPBGgÁr EdlCatwktagbnSl;Tuktamry³karvaytémøBImCÄmNÐlTaMgenaH EdledIrtYCamCÄmNÐl 

plitd¾CMnaj. CagenHeTAeTot karsikSaRsavRCavBIkarGPivDÆn_ nigRbsiT§iPaBénskmµPaB]sSahkmµ 

enAGasIuPaKGaeKñy_kñúgsm½ykNþalnwgGaceFVIkarsikSaeRbobeRbobCamYykarsikSaGMBIrdæ nigGaNacRk 

epSg²eTotenATUTaMgBiPBelak. 

 RBHx½nkMBg;sVay (RBHx½n) EdleKsÁal;fa )akaN manTItaMgsßitenAextþRBHvihar CamCÄmNÐl 

enAtamextþmYyeBaeBjeTAedayPaBGaf’kM)aMgkñúgsm½yGgÁr(rUbTI1). edaymankMEBgB½T§CuMvijrt;Rtg;dUc 

bnÞat; nigmanTMhMFMCageKbMputkñúgtMbn;GasIuPaKGaeKñy_ (23Km
2
)RBHx½n KWCaraCFanIEtmYyKt; EdleK 

)ansÁal;faCakEnøgmanbnSl;nUvskmµPaB]sSahkmµCaeRcIn nigd¾sMxan; KWkarsøEr:Edk. eTaHbICa RBHx½n 

CatMbn;dac;RsyalBItMbn;dIl,ab;d¾manCICatisRmab;dMNaMRsUv RtInigFnFanTwk EdlGaceFVI[RBHx½n man 

TMnak;TMngCamYytMbn;déTeTot pÞúyeTAvijTItaMgPUmisaRsþrbs;vamanskþanuBlsRmab;eFVI]sSahkmµ. 

raCFaTIénRBHx½nmanTItaMgsßitenACitRbPBEr:Edkd¾FMCageKenAkñúgRbeTskm<úCa KW {PñMEdk} ehIysßitenA 

kEnøgRbsBVpøÚvKmnaKmn_d¾sMxan;BIr KWRbB½n§KmnaKmn_pøÚvCatimansalatMNak; s<ansg;enAtampøÚv nig 

RbB½n§pøÚvTwk KW sÞwgesÞag. RbB½n§KmnaKmn_pøÚvCatiTaMgenH minRtwmEttP¢ab;tMbn;enHeTAkan;tMbn;GgÁr 

b:ueNÑaHeT vak¾tP¢ab;eTAkan;mCÄmNÐlCaeRcInkEnøgeTot Edl)anP¢ab;eTAnwgbwgTenøsab nig TenøemKgÁ. 

TItaMgdac;Rsyalrbs; RBHx½n )aneFVI[mankarsikSaRsavRCavburaNviTüatictYcBITIRkugsMxan;enH ehIy 

RbvtþisaRsþrbs;RBHx½nBwgEp¥keTAelIkalbriecäTénrcnabfsßabtükmµR)asaT nigsilacarwk. RbPB 

B½t’manBIrcnabfsßabtükmµR)asaT nigsilacarwkrYmKñabgðajBIskmµPaBCaeRcInkñúgsm½yGgÁr rvag 

stvtSTI11 dl;13. eTaHbICay:agNak¾eday edaysarTMhM nigskþanuBlesdækic©rbs;va TMngCa 

mankarrs;enAry³eBlEvg KWmunnigeRkaykalriecäTxagelIenH. 
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rUb 1³ EpnTIbgðajTItaMgRBHx½nkMBg;sVay ehIymanTMnak;TMngrbs;va eTAnwgGgÁrtamNþay 

pøÚvxagekIt. P¢ab;CamYynUvrUbPaB SPOT énraCFanI 

 

KeRmagsþIBI {]sSahkmµcRkPBGgÁr}(INDAP) KWtMNag[karsikSaRsavRCavmYyeFVIeLIgy:ag 

hµt;ct; nigtamRbB½n§ eFVIeLIgtamdMNak;kal KWdMNak;kalplit nigEckcayplitpl]sSahkmµ (Edk 

R)asaT kartaMglMenAdæan) nigplb:HBal;dl;brisßanEdlbgáeLIgedayskmµPaBkñúgmCÄmNÐlenH. kñúg 

dMNak;kalsikSaBIskmµPaB]sSahkmµ nwgpþl;nUvrUbPaBfµImYyBIrebobEdlmCÄmNÐlTaMgenHeFVIskmµPaB 

kñúgGaNacRkExµrFMeFgkñúgtMbn;GasuIGaeKñy_tamry³TsSn³esdækic©nigneya)ay. lT§plrYmpSMKñaBIkar 

viPaK]sSahkmµTaMgbIepSgKña (Edk R)asaT kartaMglMenAdæan) GaceFVI[eyIgbkRsayy:ag TUlMTUlay 

dUcxageRkam ÷  

1/ kMNt;BIFmµCati nigvisalPaBénkarplitsmÖar]sSahkmµ nigkartaMgTIlMenArbs;mnusS 

EdlGacCaGñkbMerIkardl;skmµPaB]sSahkmµTaMgenH 

2/ rk[eXIjfaeBlNaTIRkugcab;epþImksag nigeBlNacab;epþImeFVI]sSahkmµ 

3/ kMNt;BITItaMgTIRkug nigTMhMskmµPaB]sSahkmµEdlpÁt;pÁg;tRmUvkarrbs;RkugGgÁr  
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4/ bgðajy:agc,as;las;eBlNaRBHx½n nig ]sSahkmµrbs;vadYlrlM 

bEnßmBIelIenHeTot karsikSaRsavRCavenHnwg)a:nRbmaNfa etITIRkugRBHx½nkMBg;sVay CaTIRkug 

dUcKñanwgTIRkugdéTeTotenAsm½yGgÁr? b¤k¾CaTIRkugmanEtmYyKt;nigmanCMnajy:agBitR)akd. Cacug 

eRkay karsikSaRsavRCavenHnwgpþl;B½t’manfµI² GMBIkic©shRbtibtþikarN_ karRbtibtþi nigkare)aHbg; 

GaNacRkd¾FMmYyenAkñúgBiPBelak. 

kars ikSaRs av RCav mun ² en ARBHx ½n k MBg ;s Vay  

karsikSaRsavRCavknøgeTAsgát;F¶n;eTAelIRbFanbTsMxan;²bI÷ karsikSaBIlkçN³sßabtükmµ kar 

begáItkalRbvtþiR)asaT tamry³sMNg;sßabtükmµ nigsilacarwk ehIynwgBiPakSaGMBImuxgarrbs; raCFanI. 

enAqñaM1866 ebskmµKN³kmµkarrukrkTenøemgÁ (sUmemIl Delaporte 1999[1880] nig Tissandier 

1896:75-80))anpþl;nUvÉksarkt;RtaelIkdMbUgerobrab;BIR)asaTenARBHx½nkMBg;sVay nigtdakd¾FMlak; 

xøÜnkñúgéRBxaglicsÞwgesÞag. Aymonier(1900) nig Lunet de Lajonquière(1902) EdlCaGñk)an 

cuHbBa¢IrR)asaT)any:ageRcInkñúgGMLúgrbbGaNaBüa)al)araMg )anbMeBjbEnßmB½t’manlMGitBIsMNg;sßabtükmµ 

ehIyk¾)ankt;RtalkçN³CaeRcIn EdlRBHx½n xusEbøkBImCÄmNÐldéTeTot enAsm½yGgÁr dUcCa ÷ 

- TMhMsMNg; CaBiesskMEpgB½T§CuMvijTIRkugRbEvg5Km
2 

 

- R)asaTlatsn§wgtamGkSxageCIgeQogxagekIt nigxagt,ÚgeQogxaglic minEmnsßitenAtam 

GkSxagekIt-xaglic dUceTAnwgsMNg;sßabtükmµCuMvijGgÁr (Aymonier 1900:430, Lunet de Lajonquière 

1902:242). bnÞab;mkelak Mauger(1939) )ane)aHBum<ÉksarGtßaFib,aylm¥it GMBIlkçN³sßabtükmµ 

edaymanCMnYyBIrUbftTIRkugBIelIGakasrbs;elak Terrasson nigelak Goloubew (rUbTI2). 

EpnTIR)asaTRBHx½nenH KWenAEteRbIR)as;CaEpnTImUldæansRmab;kare)aHBum<EpnTI TIRkugkñúg eBlfµI² 

(sUmemIl Jacques nig Lafond 2004: 264, Phann nig Chrin2007). EpnTITUeTArYmman R)asaTCamYy 

rcnasm<½n§FarasaRsþ nigkartMaglMenAdæantRmÚv[mankare)aHBum< dUckare)aHBum<enAGgÁr (Pottier 1999, 

Evans 2007) nigenAekaHekrþ× (Evans 2009). 

dUcmCÄmNÐlkñúgsm½yGgÁrCaeRcIndéTeTotEdr kalRbvtiþénRBHx½n GaceFVI)anBIkarbBa©ÚlKñarvag 

silacarwk nigrcnabfsßabtükmµ. xNHEdlsilacarwkbImankalbriecäT)anrkeXIj KW K.970 (9th c. CE 

[Cœdès 1964]) K. 161 (~1010 CE [Kern 1880]) nig K. 888 (early 14th c. CE [Mauger 1939:212]) 
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manEtsilacarwk K.161 Edl)anrkeXIjenAR)asaTsilacarwk b¤BIR)asaTkat;kþI pþl;B½t’manRbvtþisaRsþ 

sMxan;²y:aglMGit. silacarwkcarCasMRsáwtd¾l¥briyayBIPkþIPaBcMeBaH RBHsiv³ RBHBuT§ nigGtßaFib,ay 

BIGMNacrIkdalrbs;RBH)aTsUrüvrµ½nTI1 (1002-1050 CE) (T.S Maxwell, pers. comm., July 2010). 

eyagtam kalbriecäTenH Mauger )ansnµt;fa R)asaTkat;kþI KWCaR)asaTTImYy)ansagsg;enARBHx½n 

(1939:217-218). karyl;dwgBIR)asaTKWBwgEp¥kelIrcnabf sßabtükmµrbs;va 

EdlmankalbriecäTGacenAedImBak;kNþalstvtSTI12 (rcnabfGgÁr) b¤enAcugstvtS TI12 

nigedImstvtSTI13 rcnabf)ay½nþ(Stern 1965: 87-99; Cunin 2004). knøgmk minmankareFVI 

kalbriecäTtamry³kareFVIviPaKviTüúskmµ (Radiometric) enAeLIyeT ehIyk¾minmankarsikSalMGitBI 

kulalPaCn_enAeLIyEdr. 

 

 
rUbTI 2 ³ Mauger (1939) bøg;edImrbs;RBHx½nkMBg;sVay 

 karbkRsayGMBImuxgarrbs;RBHx½n)anepþatelIkarBN’naBIbdimaRBHBuT§enAkñúgR)asaT nigkar 

GtßaFib,ayGMBITItaMgPUmisaRsþdac;Rsyalrbs;va. karsayPayrUbbdimakrRBHBuT§ )annaM[GñkRsavRCav 

CECkKñaBIkareKarBbUCacMeBaHRBHBuT§sasnanikaytg;RTic (Sharrock 2009) nigvtþmanrbs;RsIhn 

Crighana (Jacques nig Lafond 2004:289). karbkRsaysasnaTaMgenH RtUv)anqøak;Cab;CamYy 
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rcnabfsßabtükmµ nigRBHraCa EdlsßitkñúgrC¢kalmanTMnak;TMngnwgR)asaTGgÁrvtþ ksageLIeday 

RBH)aTsUrüvrµ½nTI2 nigR)asaT)ay½nþ-ksageLIedayRBH)aTC½yvrµ½nTI7. RBHraCaTaMgBIrGgÁsuT§Et 

manTMnak;TMngeTAnwgRBHx½n CaTIkEnøgkMeNItrbs;RBHraCaTaMgBIr (sUmemIl Jacques nig Lafond 

2004:289)CaraCvaMgdMbUg b¤CaTICRmkdMbUg b¤CakEnøgGnþrkalmunnwgeTAdl;raCFanIGgÁr (Groslier 

1973:64). eyIgRbEhlCanwgrkeXIjTinñn½yburaNvtßúviTüa edImI,bBa¢ak;[RtwmRtUvBIsmµtikmµxagelI 

TaMgenH. 

 edaycg;yl;dwgbEnßmeTot CamYynwgkarsikSasakl,gEdlGaceFVIeTA)an TwsedAénkarsikSa 

RsavRCavKWcg;bkRsayGMBIPUmisaRsþRBHx½n EdlmanTItaMgdac;EtÉg enAEpñkxagekIténraCFanIGgÁr. 

elak Groslier (1973:117) )anGHGagfa ExµrmanRbéBNItaMgTImCÄmNÐlFM²enAtampøÚvTwk. Cak;Esþg 

RBHx½n yksÞwgsRmab;eRbIR)as;kñúgeKalbMNgykTwksRmab;tRmÚvkarkñúgTIRkug b¤CapøÚvTwkdwkCBa¢Ún. 

Groslier k¾)anCUneyabl;fa RBHx½nKWCaTItaMgkgTahanRbcaMEpñkxageRkAGgÁrenAEb:kxagekIt kñúgGMLúg 

eBls®gÁamExµrcam enAstvtSTI12 (Ibid.:257). pÞúyeTAvij ebIKµanmCÄmNÐlExµrenAxagekItén RBHx½n 

karGHGagenHhak;dUcCamanmnÞilsgS½yenAeLIy. ebHdUgénTwkdIcamCuMvijviC½y mancm¶ayCag 500Km 

nigKµanPsþútagpøÚvenAxagekItRBHx½nqøgkat;taméRBRkas; nigeTAkan;tMbn;CYrPñMGaNam Annamite Chain 

Mountains. tamkarBnül;Tak;TgnwgTItaMgkñúgtMbn; RBHx½n ksag[CitRbPB Er:EdkenACuMvijPñMEdk. 

bnÞab;BI Aymonier (1900:430-431) rkeXIjGacm_EdkenAxageRkAkMEBgTIbIén R)asaTRBHx½n 

cab;epþImmancMNab;GarmµN_sikSaGMBIplitkmµEdktictYc. CagmYyTsvtSknøgeTAenH 

mankare)aHBum<xøH²bgðajBI cMNab;GarmµN_BIplitkmµelah³enARBHx½n (sUmemIl Jacques nig Lafond 

2004:259-261, Living Angkor Road Project 2008[II]: 232)naM[elak Jacques mancm¶l;fa 

etIRBHx½nCaebHdUgénTIRkug ]sSahkmµmYyb¤ (Jacques 2007: 32). dUecñH KYrEtmankarsikSaRsavRCav 

EsVgyl;BITMhM nigvisalPaBén]sSahkmµenAkñúgraCFanIenH.  

KeRmagén kars ikSaRs av RCav  

 karsikSaRsavRCavenARBHx½nkMBg;sVayRtUveFVIeLIgrYmbBa©ÚlTaMgR)asaT ehdæarcnasm<½n§ nig Rbvtþisa®sþ 

rYmCamYynwgkarBicarNaGMBIkarrukrkFnFanEr: nigplb:HBal;elIbrisßanedaysarkarsøEdk. tamry³kar 

rkeXIjlMenAdæan karERbRbÜl]sSahkmµ ehIynigmankMNt;RtaPsþútagGMBIplitkmµEdk eyIgnwgGac 



 6 

sikSaEsVgyl;GMBIRbvtþisaRsþ]sSahkmµ nigkartaMglMenAdæan. kMeNInplitkmµnwgCH\T§iBl y:agxøaMgelI 

eTsPaB ]TahrN_ tamry³karkab;bMpøajéRBeQIedIm,IykGussRmab;dut nigtRmÚvkarepSg² b¤k¾tam 

ry³karbMBulrbs;]sSahkmµ. GagTwkEdlminecHrIgs¶ÜtKW tdakb¤)arayN_ RbEvg3K>m CaGagTwkd¾ 

sMxan;GacbgðajGMBIkarpøas;bþÚrbrisßan nigvb,Fm’. TImYy vaCaehdæarcnasm<½n§cas;mYykñúgtMbn; Edlva 

TMngCabeRmI[kargary:agsMxan; nigCYysRmÜldl;neya)aykñúgtMbn; nigRKb;RKgeTsPaBenARKb; 

rdUvkal. TIBI )arayN_rkSaTukB½t’manbrisßanFmµCati dUcCaPsþútagénrukçCati nigkarbMBulbrisßan Edl 

Gac[eyIgkt;RtaGMBIRbvtþibrisßanenARBHx½n nigtamry³visalPaBskmµPaBénkartaMglMenAdæan nig 

karbegáIt]sSahkmµ. karviPaKRbvtþisa®sþbrisßan)arayN_enAGgÁr (sUmemIl Éksarrbs;bNÐit Penny 

et al. 2006) begáIt[manPaBminRsbKñaCamYylT§plénkarsikSasilacarwkknøgmk nigkalRbvtþi 

sMNg;sßabtükmµR)asaT. Tinñn½ybrisßanRtUvdak;bBa©ÚlKñaCamYYyPsþútagénkarplitEdk edaykt;Rta 

BITMhM Rbvtþisa®sþ nigkarEckcayenAsßanIyRbvtþisa®sþenH.   

 kñúgrdUvkalcuHsikSaRsavRCavkñúgExFñÚ qñaM 2009 maneKaledAsMxan;²bI ÷ 

1/ karyl;dwgGMBIFmµCati nigvisalPaBénehdæarcnasm<½n§kñúgsm½yGgÁr kñúg nigCuMvijraCFanI  

2/ plitÉksarmankalbriecäTBIkarbMBulrbs;]sSahkmµ nigskmµPaBénkartaMglMenAdæan nig 

karBwgEp¥keTAelIkarxYgkMNkdIBITItaMgTMnabBIr EdlsßitenAbrievNRBHx½n. 

3/ ykB½t’manbec©kviTüa nigkalRbvtþiBIsßanIyplitnImYy².  

karRsavRCavenH nigpþl;nUvkarqøúHbBa©aMgkarRbtibtþikarN_dMbUgrbs;mCÄmNÐl]sSahkmµExµr nig 

muxgarrbs;vakñúgkareFVI[rIkcMerIn nigkardYlrlM kñúgsm½yGgÁrRKb;RKgenA]bTVIbGasIuPaKGaeKñy_.   

v iF Is a®s þRs av RCav  

 eKalbMNgsikSaRsavRCavGacseRmceTA)an Kwtamry³karsikSaedaycuHdl;mUldæan (xYgdI nig 

kMNay) enAExFñÚ qñaM2009  nigtamkareFVIviPaKepSg²eTotdUcCa EpnTIelIGakas søaksñamelah³ nig 

viPaKlMGgpáaCaedIm. skmµPaBsMxan;²TaMgbIrYmman karKUrEpnTI karxYgdI nigkareFVIkMNay.  

smaCikcuHsikSaRsavRCavrYmman ÷  

- elak Mitch Hendrickson (saklviTüal½ysIudnI) 

- elak Dan Penny (saklviTüal½ysIudnI) 
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- elak David Brotherson (saklviTüal½ysIudnI) 

- elak T. Oliver Pryce (saklviTüal½yGukhVd) 

- elak pun ksika (raCbNÐitüsPakm<úCa) 

- elak c½nÞ suviciRta (RksYgvb,F’m nigviciRtsil,³) 

- elak s‘U suI (GaCJaFrCatiRBHvihar) 

- elak eLg viTU (saklviTüal½yPUminÞviciRtsil,³) 

- elak xat; RsIm (saklviTüal½yPUminÞviciRtsil,³) 

- elak Tav viciRt (saklviTüal½yPUminÞviciRtsil,³) 

 

karRs av RCav  n igK UrEpn T Is ßan Iyb uraN v iTüa 

karKUrEpnTIeLIgvijénehdæarcnasm<½n§ (GagsÞúkTwk TMnb; nigR)asaT) xagkñúg nigCuMvij RBHx½n 

Edl)ancab;epþImtaMgBI Exmkra qñaM2009. eyageTAtamviFIsa®sþ Edl)aneRbIR)as;enAGgÁr edayelak 

Pottier (1999) nigelak Evans (Evans 2007) sMNg;buraNvtßúGcl½t dUcCa ksSiNTwk R)asaT TMnb; 

RtÚv)anKUrkñúgkmµviFIArcGIS rYmpSMCamYyRbPBmkBIrUbftelIGakas rYmman ASTER, GoogleEarth, OrbView3 

nig 1992 Finnmap rUbftelIGakasBN’exµAs TMhM1:25000. bøg;dMbUgrbs;RBHx½n (rUb 3) 

bgðajlkçN³sMxan;²BIr. lkçN³TImYy manPaBpÞúyKñaCamYyEpnTIrbs;elak Mauger GMBIsMNg;kMEBg 

TI4 EdlminmanKUrTwkBIrCan;. tamry³karsikSaelIdI )anrkeXIjfa eK)ansagsg;RbelaHmYyenAelI 

CBa¢aMgxagt,Úg. RbelaHenHenACitbwgdMrIsøab; GacmantYnaTICaehdæarcnasm<½n§énkMEBgRkug b¤GacCaTVar 

bnÞay. kgVHxaténsMNg;RbLayxagkñúgkMEBg RbelaHenHGacmantYnaTICaRckbgðÚrTwkecjBIraCFanI. 

xNHEdlKµansMNg; dUcEdl)anrkeXIjenAGgÁrFM RbelaHenAkMEBgTI4RbEhlCaksagedIm,I[man 

TMnak;TMngCamYynwgkMEBgTI4enH. lkçN³TIBIrKW manehdæarcnasm<½n§tictYcenAxageRkARBHx½n CaBiess 

EpñkxagekItsÞwgesÞag. rUbPaBEbbenHmanTRmg;pÞúyeTAnwgenAbrievNGgÁr nigmCÄmNÐlExµrdéTeTot 

EdlmankartaMglMenAdæany:ageRcIn. eyIgGacecaTCasmµtikmµfa kgVHxaténshKmn_enAbrievNRBHx½n 

KWmanTMnak;TMngnwgesßrPaBdIFøIsRmab;eFVIksikm µ b¤tMbn;enHtMNageGayRBMEdnGaNacRkExµrsm½yGgÁr. 
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eyageTAtamkarbkRsayxagelIRBHx½nRtUv)aneKykCaTItaMgyuT§saRsþsMxan;eTAkan;PñMEdk nigeTAkan; 

FnFand¾manskþanuBlénPñMenH. 

      

 
rUb 3³ bøg;RBHx½nkMBg;sVay bgðajBIR)asaT nigtdakxagkñúg nigxageRkAkMEBgraCFanI 

 

karx Yg³ ) arayN _ n igK UrT wk  

karsikSaRsavRCav]sSahkmµenARBHx½n nigRbvtþiénkartaMglMenAdæaneFVIeLIgedaymankarRbmUl 

KMrUkMNkdIBI)arayN_ nigKUrTwkxagt,ÚgénkMEBgTI3. tMbn;TMnabEdlesImCaGcié®nþy_cab;ykFatuBl 

BIbriyakas (]TahrN_ elah³) nigrukçCati EdlenAesssl; (lMGgpáa) edIrtYCaKMrUénplitkmµ]sSahkmµ 

nigkarbERmbRmÜlGakasFatubgáreLIgedayskmµPaBrbs;mnusS. karsikSaGMBI)araN_TwkkñúgtMbn;GgÁr 

eFVI[mankarERbRbÜlRbvtþisa®sþy:agxøaMg (sUmemIlr)aykarN_rbs; Penny et al. 2006). GMNHGMNag 
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enHeFVIeLIgedaykarRbmUlTinñn½yBI)arayN_. viFIv:as;CeRmA)arayN_(rUb 4) )aneFVIeLIg edaykarkt;Rta 

CeRmATwk edayeRbITUkensaTBIr CamYynigm:asIunsÞg;tUtalesþsSin (total station) tMeluIgenARCug 

TisGeKñy_énxñgTMnb;. tamry³kareRbobeFobCamYy)arayN_déTeTotkñúgtMbn;GgÁr )arayN_enARBHx½n 

KWmanCeRmAeRCACag rhUtdl; 5.8m. TIkEnøgEdlecaT nigRTg;RTayminesµIrRCúgénvalTMnab GaceFVI[ 

eyIgKitfa Exµr)anbegáIt)arayN_manTMnb;ragctuekaNEkgB½T§CuMvijRbPBTwkEdlmanRsab; b¤CasMNl; 

sÞwgRkckeCIgesHbnSl;BIsÞwgesÞag. kareRbIR)as;karv:as;CeRmAes‘rIénkarxYgkMNkdIRtUv)andkRsg;kñúg 

bøg;KMrU (rUb 4) edaykareRbIR)as;karbukbMBg;TibBI)at)arayN_. eyIg)anxYgcMnYncMnYn10bMBg;manRbEvgBI 

60sm eTA 168s>m. TItaMgxYgTIBIrKWenAkñúgKUrTwkénkMEBgTI3. edayehtufaKUrTwk sßitenACitnwgTItaMg 

søEdkenAelIxñgTMnb;bwgeRkamEpñkxagt,Úg dUcenHTItaMgenHl¥viesssRmab;rkBIsøaksñambERmbRmÜlén 

karbMBulbriyakastamry³karxYgkMNkdI. bMBg;TIbdIxøI²BIr )anRbmUlenAtampøÚvedIr Epñkxaglic(rUb 5). 

 karsikSaRsavRCavtamry³karxYgenAkardæan rYmmankarGtßaFib,ayGMBIdI nigsÞg;m:aej:Tic 

(magnetic suscept- ibility readings) edayeRbIR)as;Em:Rt Bartington MS2C meter. karsÞg;m:aej:Tic 

(Magnetic Susceptibility Readings) Gacv:as;BIlT§PaBénkMNkdI edIm,IeFVI 

[køayCam:aej:Ticedaym:aej:Ticxagkñúg ehIyral;clnaeLIgcuH nigbERmbRmÜlkñúgkMNkdI bgðajBIskmµPaB 

vb,F’m dUcCa kñúgdMNak;kalsagsg;CaedIm. karekItmaneLIgrhUtdl;kRmitkMBUlkñúgkarxYgdICaeRcIn (rUb 6) 

bgðajBIRbvtþisa®sþekIteLIgpÞÜn²KñaenAkñúg)arayN_. eTaHbICay:agNak¾eday karsikSaviPaKbEnßmeTot 

KWRtUvEteFVI eLIgedIm,IbBa¢ak;BIFmµCatiénkarERbRbÜlTaMgenH. 
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rUb 4³ karv:as;CeRmA)arayN_ nigTItaMgkMNkdI 

 

 
rUb 5³ karRbmUlsMNakxYgdIenAKUrTwkxaglicénkMEBgTI3 exøagTVarxageCIg 
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rUb 6³ kareRbobeFobkarsÞg;m:aej:Tic (Magnetic susceptibility readings) cMeBaHdIxYgenA)arayN_ 

 

bMBg;bI(C1 B2 nig M2)RtUv)annaMecjeTAsaklviTüal½ysIudnI sRmab;karviPaKsøaksñam 

elah³TMhMtUc lMGgpáa nigGayukal. kic©shRbtibtþikarN_CamYyelakbNÐit Colin COOKE CaGñk 

PUKBÖKImI ÉkeTsxagrksøaksñamskmµPaB]sSahkmµkñúgdIburaN EdlGacCasøaksñamy:agCak;lak; 

1sm cenøaH ICP-MS tamkarviPaKbMBg;TIbC1. kñúgbMBg;C1manTaMgsMN(Pb) nig Gaesnik (As) 

bgðajy:agc,as; nUvkarekIneLIgelIbMBg;TIbxagelI(rUb 7). GaluymIj:ÚmKWRtUv)aneRbIR)as;CasamBaØCa 

sarFatuPUKBÖsa®sþ sRmab;Cacab;RbmUlsarFatuepSg² ehIyenAeBlsMN(Pb)eFVIniy½tkmµeTACabnþúM 

GaluymIj:Úm (Al) Rsab;EtmankarekInCeRmAeLIgRbmaN 145s>m. karGg¥úlbgðajbEnßmeTotBI 

manvtþmanénkarbMBulbrisßan EdlbnSl;BIelah³EdlmnusS)aneFVI. xNHEdlmanbnþúMTinñn½yRKb;RKan; 

ehIyenaH eyIgmanbBaðakñúgkarbkRsayBIbnþúMTinñn½yTaMgenaH. GaRtaERbRbÜlénkMNkcak;bgÁrGackat; 
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bnßybERmbRmÜlénsøaksñamelah³ nigGaceFVI[RbvtþibMBulbrisßanminc,as;las;. ehtudUecñH kareFVIkalbriecäT 

tamry³viTüúskmµEdlykBIkMNkdIxYg KwmanbBaðasRmab;kakMNt;BIGaRtacak;bgÁrelah³ ehIynigman 

bBaðacMeBaHkalbriecäTplitkmµelah³ kñúgkMLúgeBl nigeRkayeBlRBHx½nkMBg;sVay køayCamCÄmNÐl 

]sSahkmµ.  

 

 
rUb 7³ kareRbobeFobRsTab;dI nigbERmbRmÜlsøaksñamelah³kñúgbMBg;C1. bnÞat;Rkhm 

bgðajBIcMNuckMBUld¾sMxan; 

 

KMrUviPaKsMxan;bYnénma:RkUrukçCatikñúgbMBg;C1RtUv)anbBa¢ÚneTAviPaKtamviFI Beta Analytic sRmab; 

kMNt;Gayukaltamry³ Accelerator Mass Spectroscopy (AMS). lMdab;énkalbriecäTEdl 

)anmk(rUb 8) xusEbøkKñaCagkarrMBwgTuky:agxøaMg (Cag500qñaM) edaymankmøaty:agxøaMg CaBiess 

Gayukal100qñaM kñúgEpñkkNþalénbMBg;. edaycg;dwgBIGayukal Edlcas;CageKTak;TgeTAnwg 

sm½ykalCitBIstvtS bnÞab;BIR)asaTRtUv)ansagsg;eLIgkñúgraCFanI. karbkRsayrbs;eyIgmankar 

Pan;RcLM edaysarGayukalEdl)anmkBIhVÚsuIlrukçCatid¾tUcRtUvxUceRBaHFüÚgRtUv)aneKykmkeRbIeLIg 
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vij b¤¤edaysarK MrUviPaKTaMgenaHRtÚvbMpøajkñúgGMLúgeBlerobcMBiesaFn_. bMBg;M1 manbBaðasRmab; 

viPaKGayukal BIeRBaHeyIgminGaccab;ykesrIragÁedIm,IviPaKGayukalkMNkdI.  

RKab;lMGgpáa s<½rBNÑgÁCati kMeTcF,ÚgtUcFM nigsun©krburaNbrisßanepSg²eTot RtUv)anykecj 

BIcenøaHxageRkambeNþaybMBg;C1. lT§plénkarviPaKTaMgenaHnwgbriyayGMBIKMrUénkarkab;qáaéRB kñúg 

eBlknøgmk EdleyIgKitfa tRmUvkarGussRmab;]sSahkmµmantic b¤eRcIn nigKMrUénbERmbRmÜlkar 

eRbIR)as;dIenACuMvij nigxagkñúgraCFanIkñúgeBlknøgmk. sarHsMxan;y:agBiess brimaNénkarsagsg; 

eLIgvijrbs;FüÚgFøak;eTAkñúg)arayN_kñúgeBlknøgmk EdlGacRtUv)aneRbIR)as;CaKMrUmYy énskmµPaB 

]sSahkmµ ehIyCagenHeTot GacqøúHbBa©aMgafa enAeBlNaskmµPaB]sSahkmµeLIgdl;cMNuckMBUl nig 

dYlrlM. kargarkñúgeBlbc©úb,nñ kMBugdMeNIrkarN_ nigbBa©b;enAqñaM2011.  

 

 
 

rUb 8³ AMS)anRkittamxñatkalbriecäTBIbMBg;C1. CeRmAbMBg;KMrU (BIxagelIeTAxageRkam) 10-11sm 

30-31sm 85-86sm nig 140-141sm. 
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k MN ay  

karsikSaRsavRCavrbs;KeRmag {]sSahkmµcRkPBGgÁr} (INDAP) )anGnuvtþkñúgExmkra nigkumÖH 

kñúgqñaM2009 rkeXIjbnþúMGacm_EdkCaeRcInkEnøg tambeNþayTMnb;xageCIgénbwgeRkam EdlCatdak 

FMmYymanbeNþay800m sßitenAeCIgénbrievNR)asaTkNþal. TItaMgbnþúMGacm_Edky:agFM²bI TItaMgelx 

1/ 2 nig 3 RtUv)ankt;Rta sRmab;eFVIkMNayenAtamTItaMgrbs;va (xagkñúg xageRkA nigenAxagelIxñg 

TMnb;) pþl;nUvkalRbvtþiRbhak;RbEhlCamYytdak b¤)arayN_kñúgsm½yGgÁr. kareFVIkMNay)aneFVIeLIg 

enATItaMg1 edIm,Ikt;Rtarcnasm<½n§énbnþúMGacm_Edk RbmUlsmÖarsRmab;viPaKbec©keTsplitelah³ 

nigykKMrUsMNaksRmab; kMNt;GayukalsßanIy. kargarenHbgðajGMBIkareFVIkMNaydMbUgenARBHx½n 

nigCakMNaydMbUgkñúgsßanIy RbvtþisaRsþplitelah³kñúgsm½yGgÁrkñúgextþRBHvihar. 

 

T ItaMg  1  

TItaMg 1 (rUb 9) manbnþúMGacm_EdkBIr(KMnr A nig KMnr B) sißtenAEpñkxagekIténTMnb;xageCIg. KMnr 

A manTMhMRbEhl15m x 14m nigkm<s;RbmaN2mBIxagelIxñgTMnb;. eyageTAtamTItaMgrbs;va 

sßitenAxagelIxñgTMnb; KMnrGacm_EdkTaMgBIrmanGayukaleRkaysMNg;énRtBaMgTwkenH. xagelIKMnr 

Gacm_Edk A sm,ÚrN_eTAedaybMBg;xSl;nigGacm_Edky:agRkas;. brimaNrbs;TYlA eyageTAtam 

kareFVItUtal;esþsin (total station) RbEhlCamanKMnrGacm_EdkCag130m
3
 nigkaksMNl;eFVIBIEdk 

mYycMnYneTot. reNþABIr enAelITItaMg 1 (rUb 10) RtUv)aneFVIkMNay edIm,IkMNt;rcnasm<½n§KMnrGacm_Edk 

nigedIm,ITTYl)anKMrU sMNaksRmab;eFVIkalRbvtþi nigviPaKBIbec©keTs. kñúgGMLúgeBlkMNay eyIg)an 

RbmUlKMrUsMNakTm¶n; 200KILÚeRkam kñúgCeRmAxus²Kña edIm,IsikSaemIlBIbErmbRmÜlsmamaRténkar 

plitsmÖarelah³xagkñúgbnþúMGacm_Edk. KMrUsMNaknImYy²RtUv)anføwg nigdak;eTAtamfñak;dUcteTA  Gacm_ 

Edk ¬Gacm_Edkc®gáan nigGacm_EdkhUr¦bMBg;xSl; nigkulalPaCn_epSg² rYmmanCBa¢aMgc®gáansøEdk 

Er:Edk nigdI. 
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rUb 9³ bgðajKMnrGacm_Edk A eq<aHeTATisxagekIt 

 

 
rUb 10³ EpnTItUb:UénTItaMg 1 bwgeRkam karbgðajGMBIkareFVIkMNay 
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reN þA 1 

reNþA A1 x 7m RtUv)anCIkenABak;kNþalKMnrEpñkxagt,Úg(rUb 11) edIm,Ipþl;nUvkMNt;RtaBICeRmA 

énkarcak;bgÁr cMnYnéndMNak;kalrMlayelah³ nigGRtaénkarplitsmÖarelah³(Gacm_Edk kulalPaCn_ 

bec©keTs). reNþARtUv)anEbgEckCa4Epñk (A-B-C-D) nig)aneFVIkMNay10s>mmþg nigbnÞab;mkCIkkñúg 

CeRm:A20s>m. KMrUsMNaksRmab;viPaKkalbriecäTRtUv)anRbmUlEtBIreNþA1A (1002–10-20sm 

1004–50-60sm 1006 –80-90sm) nig 1 D (1002–10-20sm). 

enAcMNucEdlx<s;CageKénKMnrA manpÞúksmÖarénkarplitelah³ RbmaN110sm enAelIxñg 

TMnb;bwgeRkam (rUb 12-13). TItaMgmanelah³ ekIteLIgedayEpñkepSg²KñabI RsTab;epþkxagelI 

(1.001¦ RsTab;Rkas;énsmÖarelah³(1.002) nigRsTab;eqHxageRkam(1.003). xñgTMnb;ekIteLIg 

edaykarbgðab;dI\dæy:agRkas;edayKµansmÖarvb,F’m. KµanPsþútagCab;nwgdICarcnasm<½n§LsøEdk RtUv)an 

rkeXIjkñúgRsTab;TMagenHeLIy. eyIgKWminc,as;las;faRsTab;cMehHCasMNl;BIkarruHerIsMNg; nig 

e)aHc®gáansøEdkecaleRkayBIsøEdkrYc. smamaRténkarplitsmÖar )ankt;RtakñúgKMrUsMNak200 

KILÚRkam(rUb 14-16 sUmemIltarag 1)bgðajkarERbRbYlbnþicbnþÜcenAKMnrGacm_EdkenH. 

 srubmksmasPaB nigsmamaRténKMnrA RtUvKñaCamYybribTRbvtþism½yplitelah³ ]TahrN_ 

bnþúMGacm_Edk. Bt’manTaMgenHnwgRtÚbbBa©ÚlKñaCamYykarviPaKbec©kviTüakñúgeBlGnaKt nigkar)a:n; 

RbmaNBIplitkmµTaMgGs;;enARBHx½n. edaysarmankgVHxatBIB½t’manénrcnasm<½n§L nigTMnak;TMng 

smamaRténsmÖar bgðajfa KMnrGacm_Edk A KWCaTItaMgcak;sMNl;Gacm_Edk nigminEmnCasßanIysøEdk 

eT. TItaMgsRmab;søEdkRbEhlsßitenAcenøaHKMnr A nigKMnr B ehIykreFVIkMNaybEnßmeTot minRtUvGac 

eFVI)aneTkñúgGMLúgrdUvkalcuHkardæanenH. 
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rUb 11³ reNþA 1 bgðajeTAxageCIg 

 

 
rUb 12³ reNþA 1 EpñkCBa¢aMgxagekIténTYl A 
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rUb 13³ reNþA 1 A EpñkCBa¢aMgxageCIgénTYl A 

 

 

rUb 14³ ]TahrN_ énbnþúMGacm_EdkBIreNþA1A -1002 
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rUb 15³ ]TahrN_ énkulalPaCn_bec©keTs¬CBa¢aMgc®gáan¦BIreNþA1A -1002 

 

 

 
rUb 16³ ]TahrN_ énEr:EdkykBIreNþA1A -1002 
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Material 1A 1002 Ratio 1A 1004 Ratio 1A 1006 Ratio 1D 1002 Ratio 

Slag 72 36% 65 33% 64 32% 63.5 32% 

Tuyéres 17 9% 20.5 10% 15.5 8% 14 7% 

Other ceramic 6.5 3% 6 3% 3 2% 7.5 4% 

Mineral 8 4% 4 2% 2.5 1% 4.5 2% 

Matrix 96.5 48% 104.5 52% 115 58% 110.5 55% 

tarag 1³ smamaRténkarplitsmÖarelah³xus²Kña kñúgKMrUsMNak200KILÚRkam EdlykmkBIreNþA1A 

nig 1D 

 

reN þA2 

 reNþA A1 x 2m )anCIkenAelIKMnrGacm_Edk A enATisnirtI edIm,IrkeGayeXIjfa etIbnþúMGacm_Edk 

bnþeTAkñúgxñgTMnb;b¤Gt;. reNþA1xusBIreNþA2. reNþATI1mandIRtsuH cMENkreNþATI2sm,ÚrN_eday 

dI\dæhab;(rUb 17). kaksMNl;EdlbnSl;BIkarsøEdk (FüÚg Gacm_Edk kulalPaCn_bec©keTs) 

KWelceLIgkñúgEpñkxagelI 20sm (2.001 nig 2.002) CaBiesscugxagekItreNþA. xageRkamRsTab; 

vb,F’menHdIKWlayLMCamYybMENkfµPk; (2.003 nig 2.004) nig bnþúMy:agRkas;énsmÖarenHRtUv)an 

rkeXIjkñúgRCugTisnirtIén2.004. RsTab;dIeRkambMputmansPaBhab;ENn Rkas; nigdI\dæs¶Ütrwg.  
 kaksMNl;EdlbnSl;BIkarsøEdkmantictYc ehIyeRcInenACitKMnrAbgðajGMBIkarcak;bgÁrBI 

KMnrA. karbkRsaylMGitBIRsTab;dIeRkaménreNþA2 manPaBsµúKsµaj edaysarsMNg;énxñgTMnb;Edl 

GacekIteLIgBIdIykBI)atTMbn;bc©úb,nñrbs;bwgeRkam. bec©keTssMNg;enHbgðajGMBIvtþmandI\dæRkas; 

TMngCaRsTab;eRkambMputénbwgeRkam EdlRtUv)anrkeXIjenAxagelIxñgTMnb;. bMENkfµPk;GacCasMNl; 

skmµPaBrbs;mnusS b:uEnþvak¾GacCavtßúekIteLIgedayFmµCatiEdr. 
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rUb 17³ reNþA 2 EpñkCB¢aMgxagekIt 

kalRbvtþi 

GayukalénbwgeRkam KWRtUv)ankMNt;eTACabwgksagkñúgsm½yGgÁr (RbEhlcugstvtSr__TI 10 

eTAstvtSTI 12) eyageTAtamlkçN³RTg;RTay rcnasm<½n§ nig TMnak;TMngeTAnwgR)asaTrbs;va dUcCa 

bwgERs nig kMEBgB½T§CuMvijR)asaTkNþal. TYl A nigTYl B manTItaMgenAelITMnb; bgðajy:agc,as;fa 

Gayukalrbs;vaKWsg;enAeRkaysm½yksagbwgeRkam. dUcEdl)anBiPakSaxagelI TItaMgvb,F’ménreNþA1 

kgVHRsTab;dIsMxan;² nigRtUv)anbkRsayfa manry³eBlxøIénkarplitelah³. edIm,IkMNt;Gayukal 

rbs;TYlA[)anBitR)akd KMrUsMNakFüÚgcMnYn7 Edl)anRbmUlBI reNþA1 RtUv)anbBa¢ÚneTA Australian 

Nuclear Science Technology Organisation sRmab;kMNt;Gayukal AMS 14C dating (tarag 2). 
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kareRbobeFobedayRbhak;RbEhl (rUb 18) nUvlT§plGayukal bgðajfa karsøEdkenA TYl A 

eFVIeLIgkñúgGMLúgBak;kNþalTI1énstvtSnTI 15. 

 srubmk lT§plGayukalCabeNþaHGasnñ EdlykBIEpñkCBa¢aMgbgðajfa plitkmµEdkenATIenH 

manry³eBlxøI b¤eFVIEtenArdUvNamYykñúgmYyqñaM. kareFVIGayukaltamry³ Thermoluminescence 

datingénbMBg;xül;EdlenACab;nwgFüÚgEdl)aneFVIkalbriecäTrYc nwgbBa¢ÚneTAviPaKenAsaklviTüal½y 

v:asIunetan. 

 

Lab ID Sample ID 

  
Conventional 
14C Age (BP) 

Calibrated Age (cal AD) * 

Depth 
(cm) Value 1•  from to % from to % mean sigma median 

OZM629 INDAP-BK15 14 470 31 1424 1446 68.2 1408 1460 95.4 1435 16 1435 

OZM626 INDAP-BK12 19 335 31 1491 1634 68.3 1473 1641 95.4 1557 50 1561 

OZM624 INDAP-BK8 24 381 34 1450 1618 68.2 1442 1633 95.4 1526 60 1506 

OZM628 INDAP-BK14 78 454 35 1422 1455 68.2 1409 1607 95.4 1447 31 1442 

OZM625 INDAP-BK11 80 247 32 1636 1952 68.3 1521 1955 95.4 1690 104 1658 

OZM623 INDAP-BK1 114 459 33 1425 1450 68.2 1409 1477 95.4 1441 23 1439 

OZM627 INDAP-BK13 116 542 35 1326 1427 68.2 1310 1439 95.4 1382 39 1400 

tarag 2³ Gayukal AMS 14C radiocarbon sRmab;reNþA 1 énTYl A 

 
rUb 18³ sßitisegçb nigkarRbmUlpþúMén AMS 14C dates sRmab;reNþA1 
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karviPaKvtßúsil,³ ³ karvas;bMBg;xül; 

bMBg;xül;nImYy²EdleRCIserIsecjBIKMrUsMNak200KILÚRkam (rUb19-21)RtUv)anv:as; edIm,I 

begáItCalMdab;énkarERbRbYlxagkñúgbnþúMTYlA. kareRbobeFobTMhMmuxkat;énbMBg;xül; nigTMhMRbehag (rUb 

22) bgðajBIPaBRsEdgKñarvagbMBg;xül;ykBIkMNay. eyageTAtamkarEbgEckkalRbvtþienAxag elI 

bMBg;xül;Rkas; ehIyxøI GacCasBaØabeNþaHGasnñénbec©keTssøelah³ eRbIR)as;kñúgstvtSTI15. 

karviPaKBIbec©kviTüa nigkarviPaKBIRbPBFnFankMBugeFVIbB©ab; edayviPaKelIGacm_Edk kulalPaCn_ 

bec©keTs¬CBa¢aMgc®gáansøEdk¦ Er:Edk nigbMBg;xül;ykBIkardæanRsavRCav.  

 

 
rUb 19³ bMBg;xül; ykmkBIreNþA 1A-1002 



 24 

 
rUb 20³ bMBg;xül; ykmkBIreNþA1A-1003 

 

 
rUb 21³ bMBg;xül; ykmkBIreNþA 1D-1002 
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rUb 22³ kareRbobeFobénmuxkat;Rbehag nigkRmas;énbMBg;xül; Edl)ankt;RtaBIreNþA1 TYl A 

 

karBiPakSa 

kñúgrdUvcuHkardæankñúgExFñÚ qñaM2009 )anpþl;nUvB½t’manfµI² sþIBIrcnasm<½n§ nigRbvtþisaRsþén RBHx½n 

nig muxgarrbs;vaCamCÄmNÐl]sSahkmµ. kareRbIR)as;EpnTIelIGakas nigRsavRCavelIdI KeRmag sþIBI 

{]sSahkmµcRkPBGgÁr} (INDAP) )anrkeXIjrcnasm<½n§sMxan;²xus²KñaénraCFanI CaBiessvtþman 

bMENk)ak;EbkxagkñúgkMEBgTI4 RbEvg22Km. kñúgxNHEdlbBaðaenHkøayCasMNYr GMBIsmtßPaBkarBar 

kMEBgenH kgVHénkartaMgTIlMenAeRcInkñúgkMEpg RtÚvKñaeTAnwgKMnit EdlfaExµr)ankMBugbegáItTItaMgmYy Edl 

GñkeRkAminGaccUldl;. eyIgmankareCOCak;elIsmµtikmµfa RBHx½n)ankMBugplitsmÖareRbIR)as;d¾sMxan; 

(GMBIEdk) EdlCatRmÚvkarrbs;raCFanIGgÁr nigmNÐlGaNaextþrbs;va.   

karRsavRCavenA)arayN_ )anpþl;Tinñn½ymUldæan enAelIRbvtþisaRsþrbs;va nigvtþmanénTItaMg 

bMBulsßankñúgkMNkdIcak;bgÁr. Exµr)anpøas;bþÚrCldæanEdlmanRsab;BImun edaybegáItCaksSiNTwk b¤ 

)arayN_EdlmanbeNþayRtg;. eTaHbICa GnþrkalénRsTab;dId¾c,as; nigsMeNAPUKBÖKImI EdlGacemIl 

eXIjk¾eday karbkRsaybEnßmeTotRtUvrMxanedaybBaðaénkarviPaKkalbriecäTFüÚg. eyIgnwgdak; 
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KMrUsMNakfµIsRmab;viPaK nwgGaceFVIeGaymanTMnak;TMngKñaéncMNuckMBUlTaMgenH xNHeBlEdlbBa©b;kar 

viPaKCatiBul nwgpþl;[eyIgnUvkMNt;RtaCaGtiPrNa énbErmbRmÜlbrisßan EdlekIteLIgedayskmµPaB 

énkartaMglMenAdæan nigkareFVI]sSahkmµ. 

kareFVIkMNayenACuMvijTItaMg1 elIbwgeRkam KWCakareFVIkMNayTImYy Edl)anbB©ab;enARBHx½n. kar 

eFVIkMNayenHpþl;B½t’manGMBIFmµCatiénbnþúMGacm_EdkenATYlA nig rcnasm<½n§énxñgTMnb;pgEdr. eyageTA 

tamlT§plTaMgenaH TYlAminEmnCasßanIyrMlayelah³dMbUgeT b:uEnþCaTItMage)aHecalsMNl;)anmk 

BILsøEdkenACitenaH. edayrYmbB©ÚalKñaCamYYylT§pl)anBIreNþA2 eyIgGacsnñidæanfaTYlA man 

kalbriecäTeRkaysMNg;énTMnb;.  TaMgRsTab;dI nigGayukalbgðajBIkarsøEdkmanry³eBlxøIenAsßanIy 

RbvtþisaRsþenH. kareFVIviPaKtamry³karv:as;bMBg;xül;ykBITYl A GacykmkeRbIR)as;beNþaHGasnñsin 

eTaHbICay:agNa eyIgRtUvkarKMrUsMNakCaeRcInEdlykBIsßanIymanGayukalc,as; edIm,IykmkeFVIviPaK. 

KYreGaycab;GarmµN_CagenHeTAeTot lT§plénkareFVIviPaKGayukalRtUvKñanigkarsøEdkkñúgraCFanIGs; 

CagmYystvtS bnÞab;BImankarsagsg;R)asaTcugeRkay)anbB©ab;. PsþúgtagénbnþúMGacm_Edk xagkñúg 

TMnb; nigeRkamR)asaTRBHx½n bgðajfa karsøEdkekIteLIgmunsMNg;R)asaTsm½yGgÁrFM²CaeRcIn. 

enAdMNak;kalenH eyIgGacsmµtfa karsøEdkenARBHx½n y:agehacNas;cab;epþImBIstvtSTI11 dl;TI 

15 ehIyRbvtiþsaRsþenAtMbn;enHTMngCamankarERbRbYlbEnßm RbsinkarsikSaRsavRCavenAbnþ. enHk¾)an 

bgðajpgEdrfa karsøEdkenARBHx½n ekIteLIgkñúgeBlCamYyKñakare)aHbg;ecalRkugGgÁr qñaM1431. 
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Background and Objectives 

At its peak between the 11th to 13th centuries, the Khmer Empire stretched across most of 
mainland Southeast Asia. Along its great roadways this empire established large provincial 
administrative centres that may have played a critical role in ensuring access to resources and 
products to supply the capital, Angkor, and the expansionism of its kings. A direct 
implication is that the growth and decline of Angkor is traceable through an evaluation of 
these regional centres, which may have acted as specialised production centres. More 
broadly, investigating the development and effect of industrial activities in medieval 
Southeast Asia will set precedents for the study of states and empires globally. 

Preah Khan of Kompong Svay (Preah Khan), also known as Bakan, is located in Preah 
Vihear province and remains one of the most enigmatic provincial centres of the Angkorian 
Khmer (Figure 1). Boasting the largest rectilinear enclosure complex in mainland Southeast 
Asia (23 km2), Preah Khan is the only known Khmer city to contain evidence of intensive 
industrial activities, specifically the smelting of iron ore. While Preah Khan is remote from 
the fertile alluvial rice soils, fish, and water resources that are so deeply interrelated with 
Khmer settlements elsewhere in the Empire, its geographic position also supports its role as 
an industrial trade outpost. The city is located close to the largest iron ore source in 
Cambodia, the Phnom Dek, and at the junction of two major communication routes, the 
formalised road system fitted with multiple masonry resthouse temples and bridges and the 
Staung River. These routes provide direct access not only to Angkor but to numerous Khmer 
centres connected to the Tonle Sap and Mekong via the navigable water systems. Difficult 
access to Preah Khan has contributed to the small amount of archaeological research at this 
important city and today its history has been based solely on stylistic dating of temple 
architecture and limited inscription evidence. Together these sources indicate substantial 
Angkorian activity between the 11th to 13th centuries, however given its size and potential 
economic importance it is extremely likely that occupation long pre- and post-dates this 
period.  
 

 
 

Figure 1. Map showing position of Preah Khan of Kompong Svay and its relationship to 
Angkor along the East road. Inset – SPOT image of city (GoogleEarth) 
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INDAP represents the first systematic and rigorous investigation of the stages of 
procurement, production and distribution of industrial products (iron, temples, settlement) 
and the environmental impact of these activities at regional Khmer centre. Investigating the 
stages of industrial activities will provide a new picture of how these centres functioned – 
from an economic and political point of view - within the broader framework of an empire 
that incorporated most of mainland Southeast Asia.  Combining results from the analysis of 
three different industries simultaneously enables broader ranges of interpretation that will be 
used to address the following issues: 1) identify the nature and extent of production of 
industrial materials and the human settlement that would have supported these activities 
within the site; 2) discover when the city was founded and if it was, from its foundation, an 
industrial settlement; 3) determine if the location of the city and its industrial capacity were 
linked directly to the demand for the industrial material resources at Angkor; and, 4) reveal 
precisely when Preah Khan and its industries collapsed. More directly, this investigation will 
assess whether Preah Khan resembled other Angkorian urban centres or was a unique, 
specialised industrial outpost of the empire. Ultimately, this research will provide new 
information on the coalescence, operation and eventual demise of one of the World’s great 
empires. 

Research at Preah Khan 
Past studies of Preah Khan concentrated on three themes: documenting architectural features, 
establishing temple chronology through architectural and inscription-based information, and 
debating the function of the city. The 1866 Mekong Exploration Commission (see Delaporte 
1999 [1880]; Tissandier 1896:75-80) provided the first record of its temples and large water 
reservoirs hidden within the forests west of the Staung River. Aymonier (1900) and Lunet de 
Lajonquière (1902), who both completed extensive temple inventories across the French 
Protectorate, added further details of its masonry architecture but also noted several 
characteristics that distinguished Preah Khan from other Angkorian centres: the scale of 
construction, specifically a 5 km2 (sic) enclosure surrounding the city; and that the temples 
are aligned NE-SW, not the typical E-W associated with architecture built around Angkor 
(Aymonier 1900:430; Lunet de Lajonquière 1902:242). Mauger (1939) then published 
detailed descriptions of all architectural features and with the help of Terrasson and 
Goloubew’s aerial reconnaissance over the city produced the first complete map of the city 
(Figure 2). This view of Preah Khan is still utilized as the basemap for recent publications of 
the city (see Jacques and Lafond 2004:264; Phann and Chrin 2007). A comprehensive map 
including the temples with hydraulic infrastructure and settlement like those published at 
Angkor (Pottier 1999; Evans 2007) and Koh Ker (Evans 2009) is currently being completed.  
 
Like most Angkorian centres, the chronology of Preah Khan has been solely derived from a 
combination of inscriptions and architectural styles. While three ‘datable’ inscriptions have 
been identified – K. 970 (9th c. CE [Cœdès 1964]), K. 161 (~1010 CE [Kern 1880]), K. 888 
(early 14th c. CE [Mauger 1939:212]) – only K. 161 from the Monument of the Inscription or 
Prasat Kat Kdei provides any significant historical details. The beautifully carved Sanskrit 
inscription is both a devotional text to Shiva and the Buddha and a historic document 
describing the rise to power of Suryavarman I (1002-1050 CE) (T.S. Maxwell, pers. comm., 
July  2010). Based on this date, Mauger posited that Prasat Kat Kdei was the first temple built 
at Preah Khan (1939:217-218). The bulk of temple construction at Preah Khan, however, is 
associated with either the first half of the 12th (Angkor Wat style) and late 12th to early 13th c. 
(Bayon style) (Stern 1965:87-99; Cunin 2004). No radiometric dates have been obtained from 
any contexts and detailed investigation of ceramic assemblages has yet to be completed.  
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Figure 2. Mauger’s (1939) original plan of Preah Khan of Kompong Svay  
 
Functional interpretations of Preah Khan have focussed on the type of Buddhism depicted in 
the temple iconography, its use as a base for future kings of Angkor, and geographic 
explanations for its isolated position. The prevalence of Buddhist imagery has led scholars to 
argue for the practice of particular aspects of Tantric Buddhism (Sharrock 2009) and 
potentially the presence of a Crighana ‘cult’ (Jacques and Lafond 2004:289). These religious 
interpretations are intertwined with the architectural styles and the kings with whom their 
reigns are associated, such as Angkor Wat-Suryavarman II and Bayon-Jayavarman VII. The 
latter king has been variously connected to Preah Khan as his potential birthplace (see 
Jacques and Lafond 2004:289), early home or refuge prior to his transition to Angkor 
(Groslier 1973:64). It is unlikely that we will find archaeological data to verify the accuracy 
of these hypotheses. 
 
More intriguing, and ultimately testable, lines of investigation are geographic explanations 
for Preah Khan’s relatively isolated position in north central Cambodia. Groslier (1973:117) 
argued generally that main Khmer centres are always located on favorable river courses. The 
position of Preah Khan obviously took advantage of the Staung River, either for hydraulic 
purposes inside the city or as a transportation route. Groslier also suggested that Preah Khan 
was an eastern outpost for Angkor established during the course of Khmer wars with the 
Cham during the 12th century (Ibid.:257). While there are no large Khmer centres to the east 
of Preah Khan this argument seems extremely doubtful. The heart of Cham territories around 
Vijaya is over 500 km away and there is no evidence of a formalized road east of Preah Khan 
through the densely forested and rugged region leading to the Annamite mountain chain. A 
more local geographic explanation is the proximity of Preah Khan to the rich iron ore sources 
around Phnom Dek. After Aymonier’s (1900:430-431) discovery of slag outside the 3rd 
enclosure at Preah Khan there was very little interest in documenting the extent of iron 
production. Over the past decade, recent publications have shown an increased interest in the 
distribution of metal production sites at Preah Khan (see Jacques and Lafond 2004:259-261; 
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Living Angkor Road Project 2008[II]:232). In fact, Jacques claimed ‘beyond doubt’ that 
Preah Khan served as the heart of an industrial city for the Khmer (2007:32). A 
comprehensive investigation of the scale and extent of this industry inside the city is now 
required.  

Research Design 
Investigation of Preah Khan must integrate temples, infrastructure and history with broader 
considerations of resource exploitation and environmental impact of iron production. By 
identifying proxies of settlement and industrial change and documenting evidence of iron 
production it will be possible to understand the industrial and settlement history. Increased 
production will dramatically affect the landscape, through deforestation to meet fuel 
requirements, for example, or through industrial pollutants. Permanent water bodies, such as 
the 3 km long Baray, are extremely important indicator of environmental and cultural change. 
First, it was part of the local infrastructure that likely supported a large work force and 
facilitated regional political control in a seasonally arid landscape. Second, the Baray 
preserves natural archives of environmental information – such as evidence of ancient 
vegetation cover and pollutants – which will enable us to document the environmental history 
of Preah Khan and, by extension bracket the activities of settlement and industry. Analysis of 
the environmental history from reservoirs at Angkor (see Penny et al. 2006) has effectively 
challenged long-held epigraphic and architecturally-based chronologies for the construction 
and abandonment of temples. The environmental data must then be integrated with evidence 
of actual iron production – documenting the size, history and distribution of industrial 
practices at the site. 
 
The December 2009 field season had three main objectives: 1) understand the nature and 
extent of Angkorian infrastructure within the city and surrounding region; 2) establish a dated 
record of industrial pollution and settlement activity and based on sediment cores from two 
permanently wet locations around Preah Khan; and 3) obtain technological and chronological 
information of individual iron production sites. This research will provide the first insight 
into the workings of a Khmer industrial centre and its role in expansion and collapse of 
Angkorian period hegemony across mainland Southeast Asia. 

Methodology  
The proposed research goals were achieved through a combination of field techniques 
conducted during the December 2009 campaign and subsequent laboratory analyses (remote 
sensing, trace metal and pollen analysis). The three main activities included mapping and 
surveying, wet-sediment coring, and excavation. The field crew included the following 
personnel: Mitch Hendrickson (USyd), Dan Penny (USyd), Phon Kaseka (Royal Academy of 
Cambodia), Chan Sovichetra (Ministry of Culture and Fine Arts), T. Oliver Pryce (Oxford 
University), David Brotherson (USyd), Sou Sy (National Preah Vihear Authority), Leng 
Vitou, Khat Srim, and Tiev Vichet (Royal University of Fine Arts). 
 

Mapping and Surveying 
Re-mapping the spatial distribution of infrastructure (reservoirs, embankments, temples) 
within Preah Khan and its surrounding region began in January 2009. Following the 
methodologies used at Angkor by Pottier (1999) and Evans (Evans 2007), features (moats, 
temples, embankments) were mapped within ArcGIS from a combination of remote sensing 
sources including ASTER, GoogleEarth, OrbView3 and 1992 Finnmap 1:25000 Black/White 
aerial photographs. The initial plan of Preah Khan (Figure 3) raises two important 
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characteristics. First, in contrast with Mauger’s map the structure of the 4th enclosure wall is 
not a uniform double-moat. Ground survey identified at least one deliberate break constructed 
on the southern wall.  This opening, near Boeng Damrei Slab, may have served either as a 
part of city water infrastructure or as a gateway.  The lack of canal structure inside or outside 
the walls, however, diminishes the likelihood that it acted to let water out of the city. While 
there is no masonry structure like those found on either side of Angkor Thom is visible on 
either side of the gap, it appears more likely that it facilitated access into the 4th enclosure 
area.  The second characteristic is the low density of occupation infrastructure outside of 
Preah Khan, particularly east of the Staung River. This pattern is in sharp contrast to the 
dense settlement present around Angkor and other Khmer centres. It is hypothesized that the 
lack of community around Preah Khan is related to land suitability for rice-farming and/or 
this region represents a territorial limit for Angkorian Khmer settlement. Regardless, the 
implication is that Preah Khan was strategically positioned to provide access to this region 
and its resource potential. 

 

 
 

Figure 3. Plan of Preah Khan showing distribution of prasats and trapeang within and outside 
the city enclosure walls 

 
Coring: Baray and Moat 
Investigating Preah Khan’s industrial and settlement history involved collection of wet 
sediment samples from the Baray and northern moat of the 3rd enclosure. Permanently wet 
areas trap airborne pollutants (e.g., metals) and plant remains (pollen) over time that act as 
proxies for industrial production and environmental change caused by human activities. 
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Studies of artificial reservoirs in the Angkor region have dramatically altered the historically-
derived perception of the site (see Penny et al. 2006). Emphasis was therefore placed on 
collecting data from the Baray. The bathymetry of the Baray (Figure 4) was established by 
recording depths from a platform constructed from two local fishing boats integrated with a 
total station survey completed at the southeast corner of the reservoir. By comparison with 
other reservoirs in the Angkor region the Preah Khan Baray is extremely deep, up to 5.8 m. 
The steep sides and irregular shape of the depression suggest that the Khmer formalised the 
rectangular Baray walls around a pre-existing body of water, possibly an oxbow or scoured 
palaeochannel of the Staung River. Using the bathymetry as a guide, a series of wet sediment 
cores were then extracted in an a priori grid pattern (Figure 4) via a percussion corer from the 
platform. A total of 10 cores ranging from 60 cm to 168 cm in length were collected. The 
second coring location was the moat of the 3rd enclosure. Given the proximity of the moat to 
the numerous iron production sites on the north bank of Boeng Kroam this is an ideal location 
for tracing changes in atmospheric pollution from wet sediment cores. Two short cores were 
collected to the west of the causeway (Figure 5).  
 
Field investigation of the cores included soil description and magnetic susceptibility readings 
using a Bartington MS2C meter. Magnetic susceptibility measures the ability of sediment to 
become magnetised by an external magnetic field; any fluctuations in susceptibility relate to 
changes in sediment and may indicate cultural activity such as burning or construction 
phases. A recurring double-peak in several cores (Figure 6) indicates a shared event within 
the history of the Baray, however further analysis is required to determine the nature of these 
changes.  
 

 
Figure 4. Bathymetry of Baray and wet sediment core locations 
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Figure 5. Coring in the 3rd Enclosure moat, north of north the causeway 
 
 

 
 

Figure 6. Comparison of magnetic susceptibility readings for Baray cores. 
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Three cores (C1, B2, M2) were shipped to the University of Sydney for analysis of trace 
metals, particle size, pollen and radiocarbon dating. New collaborative relationships with 
Cooke, a geochemist specialising in tracing industrial activities in ancient soils, enabled a 
high-resolution 1 cm interval ICP-MS analysis of cores C1. In core C1, both lead (Pb) and 
arsenic (As) exhibit clear increases up-core (Figure 7).  Aluminium is commonly used as a 
geochemical proxy for catchment input, and when Pb is normalized to Al concentrations, 
there is a clear increase above ~145 cm depth, further indicating the presence of 
anthropogenic trace-metal pollution. While these concentration data are encouraging, there 
are well-recognized problems associated with the interpretation of concentration data.  
Fluctuations in sedimentation rates can dilute the flux of trace-metals and can obfuscate 
pollution histories.  Therefore, precise AMS radiocarbon dating of the core is critical for 
identifying major trends in trace-metal accumulation rates and for relating these data to the 
scale of iron production during and after Preah Khan served as an industrial centre.  
 

 
 
Figure 7. Comparison of stratigraphic and trace metal ratio changes in Core C1. Red lines 
indicate important peaks 
 
Four samples of macroscopic plant remains from core C1 were submitted to Beta Analytic for 
Accelerator Mass Spectroscopy (AMS) radiocarbon dating. The measured date ranges 
(Figure 8) indicate a much shorter time span than expected (500+ years) and significant 
errors, specifically the 100-year old date in the middle of the core. Curiously, the oldest date 
corresponds to a period nearly two centuries after the temples were constructed in the city. 
Our interpretation of this confusing record is that the dates were from benthic plant 
macrofossils contaminated by recycled carbon uptake or the sample was contaminated by 
modern carbon during lab preparation. Core M1 posed further chronological problems as it 
was impossible to extract any organic matter to date the sediments. 
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Pollen grains, fern spores, micro and macro charcoal fractions, and other palaeo-ecological 
indicators are currently being extracted at regular intervals down the length of core C1. The 
results of these analyses will reveal patterns of forest clearance over time – which we 
presume reflects the waxing and waning of industrial fuel demand – and patterns of land-use 
change around and within the city over time. Of particular importance will be a quantitative 
reconstruction of micro-macroscopic charcoal fallout into the Baray over time, which can be 
used as a proxy for industrial activity, and potentially can reveal when industrial activity 
peaked and collapsed. This work is currently in process and will be completed in 2011. 
 

 
Figure 8. AMS calibrated dates from Core C1. Core sample depth (top to bottom) - 10-11 cm, 
30-31 cm, 85-86 cm and 140-141 cm  
 
Excavation 
INDAP surveys conducted in January and February 2009 identified numerous slag 
concentrations along the north bank of Boeng Kroam, the 800 m long reservoir north of the 
central temple complex. Three distinct slag concentrations – Locations 1, 2, 3 – were noted 
for excavation as their positions (integrated into, outside, and on top of the bank) provide 
relative chronological relationships with the Angkorian period reservoir. Excavation was 
conducted at Location 1 to document the structure of the slag concentration, collect material 
for analysing iron production technology and obtain samples for dating the site. This work 
represents both the first excavation at Preah Khan and an Angkorian iron production site in 
Preah Vihear province. 
 
Location 1 (Figure 9) contains two distinct slag concentrations (Mounds A and B) situated on 
the east side of the north bank. Mound A is approximately 15 m by 14 m and rises 2 m above 
the embankment. Based on its position on top of the embankment both mounds will post-date 
construction of the reservoir. Walking over the surface of Mound A it is covered with a dense 
layer of tuyères and slag. Volume estimates for Mound A based on total station surveys 
suggest over 130m3 of iron slag and other metallurgical waste products. Two trenches at 
Location 1 (Figure 10) were excavated to determine the mound structure and obtain samples 
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for chronological and technological analysis. During excavation, 200 kg samples were 
collected at different levels to assess changing proportions of iron production materials within 
the slag concentration. Each 200 kg sample was weighed and sorted into the following 
categories: slag (tap, hearth), tuyères, other ceramic (including furnace wall), mineral, and 
matrix. 
 

 
 

Figure 9. View of Mound A (background) towards the east 
 

 
 

Figure 10. Topographic map of Boeng Kroam Location 1, showing position of trenches 
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Trench 1 
A 1 x 7 m unit (Figure 11) was positioned over the southern half of the mound to provide a 
record of the deposit depth, number of smelting episodes and ratio of iron production 
materials (slag, technical ceramics). The trench was divided into 4 horizontal sections (A-D) 
and excavated in arbitrary levels of 10 cm and then 20 cm depths. Samples for technological 
analyses were only taken from Trenches 1A (1002 – 10-20 cm; 1004 – 50-60 cm; 1006 – 80-
90 cm) and 1D (1002 – 10-20 cm). 
 
At its highest point Mound A contains ~110 cm of iron production material deposited on top 
of the Boeng Kroam embankment (Figures 12-13). The metallogenic deposit consists of three 
distinct parts: an upper A Horizon layer mixed with slag and tuyères (1.001), a thick 
homogeneous layer of iron production material (1.002), and a burned basal layer (1.003). The 
embankment beneath this deposit consists of densely packed clays with no cultural material.  
No evidence of in situ furnace structures was identified in any layer and it is unclear if the 
burned layer resulted from the deconstruction and discard of superheated furnace material. 
Proportions of production material recorded in the three 200 kg samples (Figures 14-16; see 
Table 1) show little variation through and across the mound. Overall, the composition and 
proportions for Mound A fit with typical ratios of historic period iron production contexts 
(i.e., slag concentrations). This information will be incorporated in future technological 
analyses and estimations of overall site production at Preah Khan. Both the lack of visible 
furnace structure and relative proportions of material indicate that Mound A is a secondary 
deposit and not the smelting site. The most likely location for the furnace is between Mound 
A and B, however, further subsurface testing was not possible during this field season.  
 

 
 

Figure 11. Trench 1. View to north.  
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Figure 12. Trench 1. East wall section of Mound A.  
 
 

 
 

Figure 13. Trench 1A. North wall section of Mound A. 
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Figure 14. Examples of tap slags from Trench 1A-1002 
 

 
 

Figure 15. Examples of technical ceramic (furnace wall) from Trench 1A-1002 
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Figure 16. Examples of mineral ore from Trench 1A-1002 
 
Material 1A 1002 Ratio 1A 1004 Ratio 1A 1006 Ratio 1D 1002 Ratio 
Slag 72 36% 65 33% 64 32% 63.5 32% 

Tuyéres 17 9% 20.5 10% 15.5 8% 14 7% 

Other ceramic 6.5 3% 6 3% 3 2% 7.5 4% 

Mineral 8 4% 4 2% 2.5 1% 4.5 2% 

Matrix 96.5 48% 104.5 52% 115 58% 110.5 55% 

 
Table 1. Proportions of different iron production materials in 200 kg samples taken from 
Trenches 1A and 1D 
 
Trench 2 
A 1 x 2 m unit was positioned to the southwest of Mound A to identify whether the slag 
concentration continued into the embankment. By contrast with the loose structure of Trench 
1, the soils in Trench 2 are dominated by hard-packed clays (see Figure 17). Iron production 
waste (charcoal, slag, technical ceramics) is apparent in the upper 20 cm (2.001 and 2.002), in 
particular toward the east end of the trench. Beneath this cultural layer, the matrix is mixed 
with stone fragments (2.003 and 2.004), and a dense concentration of this material was 
identified in the southwest corner of 2.004. The basal layers are densely-packed, sterile clays. 
 
The low density of iron production waste and the fact that it concentrates closest to Mound A 
suggest the cultural material is the product of erosion or tertiary deposition. Detailed 
interpretation of the lower levels of Trench 2 is complicated by the construction sequence of 
the embankment itself, which would have involved re-deposition of earth taken from the 
current tank of Boeng Kroam. This construction technique explains the presence of dense 
clays – likely the basal levels of the reservoir – found on the top of the bank. The stone 
fragments may be the result of human activity but could just as easily be natural.  
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Figure 17. Trench 2. East wall section.  
 
Chronology 
The date of Boeng Kroam is attributed to the Angkorian period (~late 10th to 12th century) 
based on its shape, structure and relationship to temples such as Prasat Boeng Sre and the 
central temple enclosure. Since Mound A (and B) at Location 1 is on top of the mound it 
clearly post-dates construction of the reservoir. As discussed above, the cultural deposit of 
Trench 1 lacks significant stratigraphic boundaries and is therefore interpreted to be the 
product of a short time span of iron production. To determine when Mound A was actually 
formed, seven charcoal samples collected from Trench 1 were submitted to the Australian 
Nuclear Science Technology Organisation for AMS 14C dating (Table 2). Comparison of the 
summed and aggregate probabilities (Figure 18) for the resulting dates indicates that the iron 
smelting that resulted in Mound A occurred during the first half of the 15th century. Overall, 
the temporal clustering of the radiocarbon dates and general homogeneity within the wall 
sections points to short-term or perhaps single season smelting at this location. 
Thermoluminescence dating of tuyères collected next to measured 14C samples is currently 
being undertaken at the University of Washington. 
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Lab ID Sample ID 

  Conventional 
14C Age (BP) Calibrated Age (cal AD) * 

Depth 
(cm) 

Value 1•  from to % from to % mean sigma median 

OZM629 INDAP-BK15 14 470 31 1424 1446 68.2 1408 1460 95.4 1435 16 1435 

OZM626 INDAP-BK12 19 335 31 1491 1634 68.3 1473 1641 95.4 1557 50 1561 

OZM624 INDAP-BK8 24 381 34 1450 1618 68.2 1442 1633 95.4 1526 60 1506 

OZM628 INDAP-BK14 78 454 35 1422 1455 68.2 1409 1607 95.4 1447 31 1442 

OZM625 INDAP-BK11 80 247 32 1636 1952 68.3 1521 1955 95.4 1690 104 1658 

OZM623 INDAP-BK1 114 459 33 1425 1450 68.2 1409 1477 95.4 1441 23 1439 

OZM627 INDAP-BK13 116 542 35 1326 1427 68.2 1310 1439 95.4 1382 39 1400 

 
Table 2. AMS 14C radiocarbon dates for Trench 1, Mound A. 

 
Figure 18. Summed and aggregate probability of AMS 14C dates from Trench 1. 
 
Artefact Analysis: Tuyère Measurements 
Tuyères collected from each 200 kg sample (see Figures 19-21) were measured to establish 
the range of formal variation within the Mound A assemblage. Comparison of mean diameter 
and bore size (Figure 22) shows a tight clustering within the excavated sample. Based on the 
short chronology presented above, the ‘thick and short’ tuyères may be a temporally 
diagnostic marker of iron technology used during the 15th century. Technological and 
sourcing analyses are currently being completed on slag, technical ceramic, ore and tuyère 
from this field campaign to determine whether the ores used at Boeng Kroam originates from 
Phnom Dek. 
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Figure 19. Tuyères from Trench 1A 1002. 
 

 
 

Figure 20. Tuyères from Trench 1A 1004. 
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Figure 21. Tuyères from Trench 1D 1002. 
 
 

 
 
Figure 22. Comparison of mean bore diamater and thickness of tuyères recorded from Trench 

1, Mound A. 
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Discussion 
The December 2009 field season provided new insights into the structure and history of Preah 
Khan and its role as an industrial centre. Using remote sensing and ground surveys, INDAP 
identified important structural differences of the city, specifically the presence of breaks 
within the 22 km long 4th enclosure wall. While this raises questions about its defensive 
capability, the lack of dense settlement beyond the wall supports the idea that the Khmer 
were creating an elite space that was not generally accessible. This adds credence to the 
hypothesis that Preah Khan was producing or controlling an important commodity (most 
likely iron) required by Angkor and its provincial centres.  
 
Research at the Baray has provided baseline data on its history and the presence of localised 
air pollution in the sedimentary record. It appears that the Khmer modified a pre-existing 
water body to create their rectilinear reservoir. Clear stratigraphic transitions and 
geochemical trends are visible, however further interpretation is hampered by 14C dating 
problems. Resubmission of different carbon samples will enable correlation of these peaks 
while completion of pollen analysis will provide us with a quantitative record of 
environmental changes caused by settlement and industrial activities.  
 
Excavation at Location 1 on Boeng Kroam represents the first subsurface investigation 
completed within Preah Khan. This work provided information about the nature of the slag 
concentration in Mound A and also the structure of the embankment. Based on these results, 
Mound A is not a primary smelting site but represents a secondary deposition of material 
from a nearby furnace. In combination with Trench 2, it is apparent that Mound A post-dates 
construction of the embankment. Both the stratigraphic record and radiocarbon dates 
supported a short period of iron production at this location. The homgeneity of tuyère 
measurements from Mound A may therefore act as a temporal proxy, however, larger 
samples from well-dated sites are required. A more intriguing result is that the radiocarbon 
dates from Mound A support iron smelting in the city long after the last masonry structure 
was completed. Evidence of slag concentrations within dykes and beneath temples in Preah 
Khan shows that iron smelting occcurred prior to the construction of many temples visible 
today within the city. At this stage, we can posit that iron production at Preah Khan ranges 
from at least the 11th to 15th centuries, and it is likely that this history will expand greatly as 
research continues. On a regional scale, this data indicates that iron was being produced at 
Preah Khan at the same time as the supposed historic abandonment of Angkor in 1431. 
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