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ėņĽņėńĠȮ8ȮĔŅĶĩĸŋĚŏľĸŖĔ*ȮľƞĺĚőĞƞĔĶŃĭĺĬĔŅĶįĸŇĨ*ȮőĭĶŅĦőĸľŃĺŇĪĵŅ*ȮőėĶĚĽĶƟŅĚĪŅĚĽńĚėĴĕŀĚŏĪėőĬőĸĵň*Ȯ
ŏĴŊŀĚĸŀĚőĭĶŅĦ 

ĬŅĵȮıĸıĵŋľŃȮœĝĵĶĽ8ȮőĭĶŅĦőĸľŃĺŇĪĵŅĕŀĚŏĴŊŀĚĸŀĚ8 ėĺŅĴĽņėńĠĕŀĚŏľĸŖĔĨƞŀĮĶŃĺńĨŇĻŅĽĨĶƢ
ŐĸŃįŌƟėĬŒĬħŇĬŐħĬĸƟŅĬĬŅȮŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢľĸńĔȮ8ȮŀŅěŅĶĵƢȮħĶ,ȮĳňĶƢȮŏĺĦŋĬńĬĪĬƢ 

 
ĚŅĬĺŇěńĵĬňŘĴňěŋħĮĶŃĽĚėƢĪňŗěŃĽĶƟŅĚĳŅıľƞĺĚőĞƞĔĶŃĭĺĬĔŅĶįĸŇĨŏľĸŖĔŐĸŃőėĶĚĽĶƟŅĚĪŅĚĽńĚėĴĕŀĚ

ŏĪėőĬőĸĵňĕŀĚĔŅĶįĸŇĨŏľĸŖĔĪňŗŏĴŊŀĚĸŀĚőĭĶŅĦőħĵŒĝƟĔĶŃĭĺĬĔŅĶĻŉĔļŅĪŅĚőĭĶŅĦėħň ĳŅėĽĬŅĴĶƞĺĴĔńĭĺŇīň
ĺŇŏėĶŅŃľƢĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅ (ĔŅĶĺŇŏėĶŅŃľƢĪŅĚĔŅĵĳŅı ěŋĸĳŅėŐĸŃŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴň) ĕŀĚľĸńĔģŅĬ
ĪŅĚőĸľĔĶĶĴ Ħ ŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴ ĨņĭĸĭƞŀŏľĸŖĔĸŀĚ ŀņŏĳŀĸŀĚ ěńĚľĺńħŐıĶƞ ĞŉŗĚŏĮƦĬŐľĸƞĚĩĸŋĚ
ŏľĸŖĔĕŀĚŏĴŊŀĚĸŀĚőĭĶŅĦ 

ĔŅĶĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħňĪňŗĭƟŅĬĬŅĨŋƟĴıĭľĸńĔģŅĬĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅĪňŗŏĔňŗĵĺĕƟŀĚĔńĭ
ĔŅĶĩĸŋĚŏľĸŖĔŒĬĪŋĔĕńŘĬĨŀĬ ŏĝƞĬ ĞŅĔŏĨŅĩĸŋĚ ŏĪėĬŇėėŀĸŏĞĶŅĴŇĔ (įĬńĚŏĨŅŐĸŃĪƞŀĸĴ) ĨŃĔĶńĬ ŏĻļŐĶƞŏľĸŖĔ
ĝĬŇħŁňĴŅœĪĨƢĪňŗĽńĬĬŇļģŅĬĺƞŅĴŅěŅĔŏľĴŊŀĚŐĶƞŏľĸŖĔőĭĶŅĦħŀĵŏľĸŖĔ ıĶƟŀĴĪńŘĚŏĻļĳŅĝĬŃħŇĬŏįŅ ĔņľĬħŀŅĵŋ
ŐľĸƞĚőĭĶŅĦėħňĶŅĺıŋĪīĻĨĺĶĶļĪňŗ 24 ĩŉĚ 25 įĸĔŅĶĺŇŏėĶŅŃľƢĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅŐĸŃĕƟŀĽńĚŏĔĨěŅĔĔŅĶ
ĪħĸŀĚĪŅĚőĭĶŅĦėħňĝňŘŒľƟŏľŖĬĺƞŅĔŅĶĩĸŋĚŏľĸŖĔĕŀĚŏŏľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴŏĮƦĬŒĝƟĔŅĶĺŇīňĔŅĶĩĸŋĚŏľĸŖĔ
ŐĭĭĪŅĚĨĶĚĪňŗŒĝƟŀŋĦĳŌĴŇŒĬĔŅĶĩĸŋĚĮĶŃĴŅĦ  1,175 ů 1,200 ŀĚĻŅŏĞĸŏĞňĵĽ ĴňŀńĨĶŅĽƞĺĬŐĶƞĨƞŀŏĝŊŘŀŏıĸŇĚ
ĮĶŃĴŅĦ 1 : 2 ŒĝƟĩƞŅĬœĴƟŏĮƦĬŏĝŊŘŀŏıĸŇĚŐĸŃœĴƞĴňĔŅĶŒĝƟŏĝŊŘŀĩĸŋĚ   

ěŅĔĔŅĶĺŇŏėĶŅŃľƢŐĸŃĨňėĺŅĴľĸńĔģŅĬĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢŐĸŃőĭĶŅĦėħňıĭĕƟŀĴŌĸĪňŗĴňĬńĵĵŃĽņėńĠ
ĺƞŅĔŅĶĩĸŋĚŏľĸŖĔĕŀĚŏĴŊŀĚĸŀĚŏĮƦĬĔŅĶįĸŇĨŏľĸŖĔŒĬĶŃĭĭĭĶĶĦŅĔŅĶĕŀĚħŇĬŐħĬĸƟŅĬĬŅĞŉŗĚĨĔŀĵŌƞĳŅĵŒĨƟĔŅĶ
ĮĔėĶŀĚĕŀĚĶńģĭŅĸĽĵŅĴ ŏľĸŖĔĕŀĚŏĴŊŀĚĸŀĚĩŊŀĺƞŅŏĮƦĬŏľĸŖĔĪňŗĴňėŋĦĳŅıŐĸŃĶŅėŅĽŌĚ ĴňıńĬīŃįŌĔıńĬīƢŒĬĔŅĶ
įĸŇĨŏıŊŗŀĽƞĚŏĮƦĬĭĶĶĦŅĔŅĶœĮĵńĚŏĴŊŀĚĬėĶĸņĮŅĚ ŏěƟŅįŌƟėĶŀĚŏĴŊŀĚĬėĶĸņĮŅĚėĺĭėŋĴĽńŗĚĔŅĶĔŅĶįĸŇĨŀĵƞŅĚ
ŏĕƟĴĕƟĬ őħĵŏĴŊŀĚĸŀĚěŃĨƟŀĚěńħĽƞĚŏľĸŖĔĮƖĸŃ 2.4 ĨńĬ őħĵŏľĸŖĔĪňŗěńħĽƞĚěŃĩŌĔŐĮĶĶŌĮŏĮƦĬŏėĶŊŗŀĚĴŊŀŏėĶŊŗŀĚŒĝƟ
őħĵĶŅĝĽņĬńĔŏĴŊŀĚĬėĶĸņĮŅĚŏıŊŗŀĽƞĚĕŅĵŒĬĪƟŀĚĨĸŅħ ľĸńĚěŅĔĶńģĭŅĸĽĵŅĴĵĔŏĸŇĔĶŃĭĭĭĶĶĦŅĔŅĶĪņŒľƟ
ĔŅĶįĸŇĨŏľĸŖĔĕŀĚŏĴŊŀĚĸŀĚőĭĶŅĦĸħĶŃħńĭėĺŅĴĽņėńĠĸĚŏĮƦĬĔŅĶįĸŇĨŒĬėĶńĺŏĶŊŀĬŐĪĬ 
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KP,ȮNfmlnf_wsf_ȮAF?GW?PMQȮ8Ȯ?paf_cmkcr_jjspewȮmdȮKs_leȮJmle8ȮrfcȮ
QgelgƱa_lacȮmdȮGpmlȮglȮrfcȮFgqrmpwȮ_lbȮNcmnjcȮmdȮJ_ll_ȮRfcqgqȮ_btgqmpȮ8ȮȮNgp_ȮTclsl_l*Ȯ
Nf,B, 

This research aims to reconstruct the chaîne opératoire of iron production and its social 
organization of technology in ancient Maeung Long, a tributary town under the administration of 
Nakhon Lampang. Field archaeology, archaeometrical analysis, including macro and 
microstructural examination and elemental analysis, and experimental archaeology were 
employed to study.  Surveyed and excavated collections from  the Ban Na Tum archaeological 
site. 

Field archaeology identified archaeometallurgical components, including multiple 
furnaces, technical ceramics (furnace fragments and tuyères), slag, and iron ores, possibly 
imported nearby iron ore deposits at Doi Lek. Ceramic fragments were also retrieved. The AMS 
dating of in-slag charcoal collected from slag cakes suggested that the smelting activity was 
practisced around the 18th to 19thcenturies. The archaeometallurgical analysis and archaeological 
experiment data demonstrates that the iron smelting technology at Ban Na Tum was based on 
the direct method at the estimated temperature of  1,175 ů 1,200 celsius degrees. The ratio of 
ore and fuel is around 1:2 with no use flux. 

          The iron production locale at Maeung Long was operated under the Lanna 
tributary system which answered the Siamese government in Bangkok. Praised for its high quality, 
the high-valuable iron from Maeung Long was sent to Nakhon Lam Pang who had stronger 
administrative control over the production demanding at least 2.4 tonnes of iron per annual. 
Exported iron to Nakhon Lampang was then consumed with the state, i.e. the manufacturing of 
iron tools and objects as well as being sold to wider markets. This organisation had been 
continued until the Siamese government ceased the tribute system in 1889 in which 
consequentially saw an immediate decline of local iron production to only household-level 
production.   
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ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
  

ĕŀĕŀĭıĶŃėŋĦ 
Ļ,ħĶȮĴ,Ķ,ĺȮĽŋĶŇĵĺŋĥŇȮĽŋĕĽĺńĽħŇśȮĻ,ħĶȮĶńĻĴňȮĝŌĪĶĚŏħĝȮĶĻ,ȮĽŋĶıĸȮĬŅĩŃıŇĬīŋȮĶĻ,ħĶȮěŇĶńĽĽŅȮėĝŅ

ĝňĺŃȮĶĻ,ħĶȮīĬŇĔȮŏĸŇĻĝŅĠķĪīŇśȮĶĻ,ħĶȮĔĶĶĦŇĔŅĶƢȮĽŋīňĶńĨĬĳŇĶĴĵƢȮĶĻ,ħĶȮĽķļħŇśıĚļƢȮĕŋĬĪĶĚȮȮȮȮįĻ,ȮĝĺĸŇĨȮ
ĕŅĺŏĝňĵĺȮŀ,ħĶȮĮĶŃĽŇĪīŇśȮŏŀŊŘŀĨĶŃĔŌĸĺŇĪĵƢȮŀ,ħĶȮĽŅĵńĬĨƢȮŐħĚĔĸĴȮĶĻ,ħĶȮĶŋƞĚőĶěĬƢȮĳŇĶĴĵƢŀĬŋĔŋĸȮŐĸŃŀ,Ȯ
ħĶ,ĳňĶƢȮŏĺĦŋĬńĬĪĬƢȮŴėĶŌőĭĶŅĦėħňŵȮĕŀĚĕƟŅıŏěƟŅȮįŌƟĴňĽƞĺĬĝƞĺĵŏľĸŊŀĪŅĚĺŇĝŅĔŅĶŐĸŃĽĶƟŅĚŐĶĚĭńĬħŅĸŒěŒĬ
ĔŅĶĪņĚŅĬőĭĶŅĦėħňŐĔƞĕƟŅıŏěƟŅĴŅőħĵĨĸŀħ 

ėŋĦĳŌŏħĝȮŐĽĬĽŅȮħĶ,őĜĴĜŅĵȮĔŅĻőŀĽĩȮėŋĦĮĶŃıěĬƢȮŏĶŊŀĚĶńĴĵƢȮėŋĦŏıĝĶȮŏĶŊŀĚĶńĴĵƢŐĸŃėŋĦ
ĽĬŇĪȮŏĽĬŅĔŋĸȮĪňŗŀĬŋŏėĶŅŃľƢĕƟŀĴŌĸŐĸŃėĺŅĴĝƞĺĵŏľĸŊŀŒĬĪŋĔŕȮħƟŅĬĶŃľĺƞŅĚĪņĔŅĶĺŇěńĵŒĬıŊŘĬĪňŗěńĚľĺńħ
ŐıĶƞŐĸŃěńĚľĺńħŀŋĨĶħŇĨĩƢ 

ĪƞŅĬŀĬńĬĨƢȮĝŌőĝĨŇȮŀħňĨŀīŇĭħňĔĶĴĻŇĸĮŅĔĶȮėŋĦĽŋıěĬƢȮıĶľĴĴŅőĬĝȮėŋĦĝŇĬĦĺŋĥŇȮĺŇĸĵŅĸńĵȮ
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ĬŘņĺƟŅőħĵĮĶŃĝŅĝĬĴňĽƞĺĬĶƞĺĴȮ&ĬƞŅĬȮ: ĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ5ȮĬƞŅĬȮĔĶĴĻŇĸĮŅĔĶ*Ȯ0327'* 127. 

21 ľěĝ,Ķ3ĔĶȮ3ȮĶĸ-ıĻ,/.-4.,ȮĬŅĵľĬŅĬĕńĨŇĵŃĭŋĨĶŐĽĬľĸĺĚŏěƟŅŏĴŊŀĚĸŀĚĶƟŀĚĔĸƞŅĺőĪļŏěƟŅįŌƟėĶŀĚĬėĶ
ĸņĮŅĚ 
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ěņıĺĔĕƟŅĺĕŀĚŏėĶŊŗŀĚŒĝƟŏľĸŖĔŐĸĔŏĮĸňŗĵĬĔńĬŒĬĨĸŅħĳŅĵŒĬ22ȮĔŅĶĽƞĚĽƞĺĵŏľĸŖĔĩŌĔĵĔŏĸŇĔŏĴŊŗŀĴňĔŅĶ
ěńħŏĔŖĭĳŅļňŒĬĶŌĮŐĭĭĕŀĚŏĚŇĬĨĶŅŒĬĝƞĺĚĔŅĶĮĢŇĶŌĮĴĦĤĸŏĪĻŅĳŇĭŅĸȮı,Ļ,022023 

ěŅĔŏŀĔĽŅĶĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĕƟŅĚĨƟĬŐĽħĚŒľƟŏľŖĬĺƞŅŒĬħŇĬŐħĬĸƟŅĬĬŅĴňĔŅĶĩĸŋĚŏľĸŖĔĴŅ
ŀĵƞŅĚĨƞŀŏĬŊŗŀĚŀĵƞŅĚĬƟŀĵĨńŘĚŐĨƞıŋĪīĻĨĺĶĶļĪňŗȮ/0ȮŐĸŃĴňėĺŅĴŏĕƟĴĕƟĬŒĬĔŅĶįĸŇĨŒĬĝƞĺĚĽĴńĵĸƟŅĬĬŅȮ
&ıŋĪīĻĨĺĶĶļĪňŗȮ/7Ȯ-Ȯ00'ȮĽĴńĵıĴƞŅĮĔėĶŀĚȮ&ıŋĪīĻĨĺĶĶļĪňŗȮ00Ȯ-Ȯ02'ȮĨƞŀŏĬŊŗŀĚĴŅěĬĩŉĚĽĴńĵŏěƟŅŏěŖħ
ĨĬľĶŊŀĪŇıĵěńĔĶŅĝȮ&ĽĴńĵĶńĨĬőĔĽŇĬĪĶƢȮıŋĪīĻĨĺĶĶļĪňŗȮ02Ȯ-Ȯ03'ȮŒĬŐĚƞĕŀĚľĸńĔģŅĬĪŅĚőĭĶŅĦėħň
ĔĶĴĻŇĸĮŅĔĶĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħňŐľĸƞĚĩĸŋĚŐĶƞŏľĸŖĔŒĬĳŅėŏľĬŊŀĨŀĬĭĬĕŀĚĮĶŃŏĪĻœĪĵ
ŒĬĽĴńĵĮĶŃĺńĨŇĻŅĽĨĶƢȮĞŉŗĚĮƤěěŋĭńĬıĭŏıňĵĚȮ3ȮŐľĸƞĚŏĪƞŅĬńŘĬȮėŊŀȮŐľĸƞĚĩĸŋĚŏľĸŖĔĳŅĵŒĬıŇıŇīĳńĦĤĽĩŅĬ
ŐľƞĚĝŅĨŇȮľĶŇĳŋĠœĝĵȮěńĚľĺńħĸņıŌĬȮŐľĸƞĚĩĸŋĚŏľĸŖĔŏĝŇĚħŀĵĽŋŏĪıȮŀņŏĳŀŏĴŊŀĚȮěńĚľĺńħŏĝňĵĚŒľĴƞȮȮȮȮȮ
ŐľĸƞĚĩĸŋĚŏľĸŖĔħŀĵėņȮŀņŏĳŀŏĴŊŀĚȮěńĚľĺńħŏĝňĵĚŒľĴƞȮŐľĸƞĚĩĸŋĚŏľĸŖĔĭƟŅĬĭƞŀĽĸňŘȮŀņŏĳŀŁŀħȮȮȮȮȮȮ
ěńĚľĺńħŏĝňĵĚŒľĴƞŐĸŃŐľĸƞĚĩĸŋĚŏľĸŖĔĭƟŅĬĬŅĨŋƟĴȮŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞ 

őħĵŏĜıŅŃŐľĸƞĚĩĸŋĚŏľĸŖĔĭƟŅĬĬŅĨŋƟĴȮŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞȮĞŉŗĚĨńŘĚŀĵŌƞĭĶŇŏĺĦŐŀƞĚĪňŗĶŅĭĸŀĚ
ĺńĚĝŇŘĬĞŉŗĚŏĮƦĬŐŀƞĚĪňŗĶŅĭĵƞŀĵĕŀĚŐŀƞĚĪňŗĶŅĭŐıĶƞȮŏŀĔĽŅĶĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢľĸŅĵĜĭńĭőħĵŏĜıŅŃĭńĬĪŉĔ
ĔŅĶŏħŇĬĪŅĚĝŅĺĨŃĺńĬĨĔĨƞŅĚĶŃĭŋĺƞŅıŊŘĬĪňŗŏĴŊŀĚĸŀĚŏĮƦĬŐľĸƞĚĪĶńıĵŅĔĶŐĶƞŏľĸŖĔĪňŗĽņėńĠŐĸŃĴňėŋĦĳŅı
ħŇĬŐħĬĸƟŅĬĬŅŏĝƞĬȮĭńĬĪŉĔĕŀĚėŅĶƢĸȮŀńĸŏĲĶħȮĭŖŀė24Ȯ Ŵ,,,ŏľŖĬœħƟĝńħĺƞŅŏĴŊŀĚĸŃėĶĬňŘĶŗņĶĺĵȮœĴƞŏıňĵĚŐĨƞ
ĶŗņĶĺĵĮƙŅœĴƟŏĪƞŅĬńŘĬŐĨƞĵńĚŀŋħĴĽĴĭŌĶĦƢœĮħƟĺĵŐĶƞīŅĨŋȮŒĔĸƟĨńĺŏĴŊŀĚȮĴňŏľĴŊŀĚŐĶƞŏľĸŖĔĪňŗŀŋħĴĽĴĭŌĶĦƢŀĵƞŅĚ
ĵŇŗĚȮľĬŉŗĚĩŉĚĽŀĚŐľƞĚȮĕƟŅıŏěƟŅœħƟŏľŖĬŐĶƞĔŅĸňĬŅȮěņĬĺĬľĬŉŗĚĞŉŗĚėŅħĺƞŅŐĶƞŏľĸƞŅĬňŘĴňŀĵŌƞŏĨŖĴĳŌŏĕŅĸŃŐĺĔĬňŘȮ
ĬŀĔěŅĔĬňŘĵńĚĴňĪŀĚŐħĚħƟĺĵĝŅĺıŊŘĬŏĴŊŀĚĪňŗĬňŗŏĮƦĬĝƞŅĚİƖĴŊŀőĸľŃŐĸŃįĸŇĨĮƘĬŒĝƟŏŀĚ,,ŵ25ȮľĶŊŀĭńĬĪŉĔĕŀĚ
ĽŅīėŋĦŁŇĺěƢȮŏĪĵƢŏĸŀĶƢȮ&Hugh Taylor'26ȮĪňŗĔĸƞŅĺĺƞŅȮŴ,,,ěŅĔŏĴŊŀĚŐıĶƞȮŏĶŅœħƟŏħŇĬĪŅĚĨƞŀœĮĵńĚŏĴŊŀĚĸŀĚȮ
ŏĴŊŀĚĪŅĚĨŃĺńĬĨĔĞŉŗĚœħƟĶŃĚńĭĔŅĶĪņŏľĴŊŀĚŐĶƞŏľĸŖĔœĮŏĴŊŀĚľĸŅĵĮƖĴŅŐĸƟĺŏĬŊŗŀĚěŅĔœħƟĴňĔŅĶĬņŏĕƟŅ
ŏľĸŖĔľĸŀĴȮĞŉŗĚėŋĦĳŅıŀŅěœĴƞħňŏĪƞŅœľĶƞŐĨƞĽŅĴŅĶĩĕĬĽƞĚœĮĔĶŋĚŏĪıœħƟĴŅĔĔĺƞŅ,,,ŵ27ȮĬŀĔěŅĔĬňŘŒĬĚŅĬ
ĺĶĶĦĔĶĶĴĵńĚĔĸƞŅĺĩŉĚėŋĦĳŅıĕŀĚŏľĸŖĔĸŀĚħƟĺĵȮħńĚŏĝƞĬȮėƞŅĺĜĸŀĚėŋƟĴľĸĺĚĕŀĚŏěƟŅľĸĺĚĬėĶŐıĶƞ

 

 22 ĶńĨĬŅıĶȮŏĻĶļģĔŋĸ*ȮĮĶŃĺńĨŇĻŅĽĨĶƢŏĻĶļģĔŇěĺńĥĬīĶĶĴŐŀƞĚŏĝňĵĚŒľĴƞ-ĸņıŌĬȮ&ĔĶŋĚŏĪıȮ: ĞŇĸėƢŏĺŀĶƢĴ*0330'*Ȯ
/.6, 
 23 ĳŌŏħĝȮŐĽĬĽŅ*ȮŴŏĴŊŀĚĸŀĚȮ8ȮėĺŅĴįńĬŐĮĶĕŀĚŏĴŊŀĚĕĬŅħŏĸŖĔŒĬĸƟŅĬĬŅěŅĔĶńģěŅĶňĨĩŉĚĮƤěěŋĭńĬ*ŵȮ&ĺŇĪĵŅĬŇıĬīƢ
ĮĶŇĠĠŅĻŇĸĮĻŅĽĨĶĴľŅĭńĦĤŇĨȮĽŅĕŅĺŇĝŅĮĶŃĺńĨŇĻŅĽĨĶƢȮĭńĦĤŇĨĺŇĪĵŅĸńĵȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 0330', ľĬƟŅȮ67, 
 24 ėŅĶƢĸȮŀńĸŏĲĶħȮĭŖŀėȮ&Carl Alfred Bock'ȮĬńĔīĶĶĴĝŅĨŇĺŇĪĵŅŐĸŃĬńĔĽņĶĺěĝŅĺĬŀŏĺĵƢȮŏħŇĬĪŅĚŏĕƟŅĴŅĽņĶĺě
ħŇĬŐħĬĸƟŅĬĬŅĕŀĚĽĵŅĴŒĬĝƞĺĚĶńĝĔŅĸıĶŃĭŅĪĽĴŏħŖěıĶŃěŋĸěŀĴŏĔĸƟŅŏěƟŅŀĵŌƞľńĺȮőħĵŏĕƟŅĴŅĵńĚŏĴŊŀĚĸŃėĶľĶŊŀŏĴŊŀĚ
ĸņĮŅĚŒĬĮƖȮı,Ļ,0202ȮŒĬĕĦŃĬńŘĬŏĴŊŀĚĸŀĚŏĮƦĬŐĕĺĚŏĴŊŀĚľĬŉŗĚĕŀĚŏĴŊŀĚĸņĮŅĚ 
 25 Carl Alfred Bock, Temples and Elephant The Narrative of a journal of Exporation through 
Upper Siam and Lao &New York: Cornell University Librarw*Ȯ/662'*Ȯ/52, 
 26 ĽŅīėŋĦŁŇĺěƢȮŏĪĵƢŏĸŀĶƢȮ&Hugh Taylor'ȮĴŇĝĝńĬĬŅĶňĽńĚĔńħŏıĶĽœĭĪňŏĶňĵĬįŌƟŏħŇĬĪŅĚŏĕƟŅĴŅŏįĵŐıĶƞĻŅĽĬŅėĶŇĽĨƢŒĬ
ŏĴŊŀĚĬƞŅĬȮŐıĶƞȮŐĸŃĸņĮŅĚŒĬĮĸŅĵĶńĝĔŅĸıĶŃĭŅĪĽĴŏħŖěıĶŃěŋĸěŀĴŏĔĸƟŅŏěƟŅŀĵŌƞľńĺ 
 27 ĮĶňħňȮıŇĻĳŌĴŇĺŇĩň ŐĸŃėĦŃ*ȮİĶńŗĚŒĬĸƟŅĬĬŅȮ&ĔĶŋĚŏĪıłȮ8ȮĔĶĴĻŇĸĮŅĔĶ, 034/'*Ȯ/34, 
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ĕŀĚĻĶňĺŇœĝĵĔĺňŒĬĶŅĝĽņĬńĔŐıĶƞȮŏĴŊŗŀȮı,Ļ,0231ȮėĺŅĴĺƞŅȮŴ,,,ĴňŏěŖħĽŇĭĽŀĚȮŏľĸŖĔĸŀĚĔĸơĴŏĔĸňŘĵĚěħěńĬ
ŏěňĵĚŐĞƞœĺƟȮ,,,ľƟŅĽŇĭĽŀĚȮŏľĸŖĔĸŀĚœľĸħńŘĬĕƞŅĴėĚĔŃıńĬĴŅĔĬńĔ,,,ȮĩƟĺĬŏěŖħĽŇĭĽŀĚȮŏľĸŖĔĸŀĚŐĕŖĚĬńĔĨŚņ
ľĬńĔĴŇŗĚŐĔƟĺĴĚėĸ,,,ŵȮȮŏĮƦĬĨƟĬȮħƟĺĵėŋĦĳŅıĕŀĚŏľĸŖĔĸŀĚĪņŒľƟŏĴŊŀĚĸŀĚĨƟŀĚĽƞĚĽƞĺĵŏľĸŖĔĨƞŀľńĺŏĴŊŀĚĪňŗ
ĮĔėĶŀĚĨńŘĚŐĨƞĽĴńĵĸƟŅĬĬŅěĬĩŉĚĽĴńĵĶńĨĬőĔĽŇĬĪĶƢȮőħĵŏĴŊŀĚĸŀĚĨƟŀĚĽƞĚĽƞĺĵŏľĸŖĔŒľƟĶŅĝĽņĬńĔĬėĶ
ĸņĮŅĚĮƖĸŃȮ2.ȮľŅĭ28ȮľĶŊŀĮĶŃĴŅĦȮ0*206ȮĔŇőĸĔĶńĴȮ&0,2ȮĨńĬ'29ȮěŅĔĔŅĶĽņĶĺěĪŅĚőĭĶŅĦėħňȮĔĶĴ
ĻŇĸĮŅĔĶȮŏĴŊŗŀĮƖı,Ļ,Ȯ034/ȮıĭŐľĸƞĚĩĸŋĚŏľĸŖĔĨńŘĚŀĵŌƞĶŇĴľƟĺĵĮŅĔĸŀĚľƞŅĚěŅĔŏĴŊŀĚĸŀĚőĭĶŅĦœĮĪŅĚ
ĪŇĻŏľĬŊŀĮĶŃĴŅĦȮȮ/ȮĔŇőĸŏĴĨĶȮŐľĸƞĚĩĸŋĚĴňĸńĔļĦŃŏĮƦĬŏĬŇĬĨŃĔĶńĬĵŀħŏĬŇĬĮĶŅĔĢőėĶĚĽĶƟŅĚįĬńĚŏĨŅ
ĩĸŋĚĽĶƟŅĚěŅĔħŇĬŏįŅěņĬĺĬȮ2ȮěŋħȮĴňŏĻļĪƞŀĸĴȮŏĻļħŇĬĩŌĔœĲŏįŅȮŏĻļĨŃĔĶńĬŏľĸŖĔĔƟĬŏĨŅȮ&Slag Cake'Ȯ
ŐĸŃŏĻļĨĶŃĔńĬěņĬĺĬĴŅĔĔĶŃěŅĵŀĵŌƞĪńŗĺĭĶŇŏĺĦŏĬŇĬħŇĬȮĔņľĬħŀŅĵŋŏĭŊŘŀĚĨƟĬħƟĺĵĺŇīňĔŅĶŏĮĶňĵĭŏĪňĵĭ
œĺƟĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ05ȮěŅĔŏėĶŊŗŀĚĩƟĺĵŏĬŊŘŀŐĔĶƞĚĨĔŐĨƞĚħƟĺĵĔŅĶıŇĴıƢĸŅĵĽňĬŘņŏĚŇĬŐĭĭıŇĴıƢĸŅĵȮ
&Transferred Print'ȮěŅĔŐľĸƞĚŏĨŅŒĬĮĶŃŏĪĻěňĬľĶŊŀĠňŗĮŋƙĬ30Ȯ 

ěŅĔĕƟŅĚĨƟĬŐĽħĚŒľƟŏľŖĬĺƞŅŒĬħŇĬŐħĬĸƟŅĬĬŅĴňĔŅĶĩĸŋĚŏľĸŖĔŀĵƞŅĚĬƟŀĵĨńŘĚŐĨƞıŋĪīĻĨĺĶĶļĪňŗȮ
/0ȮŐĸŃĪĺňėĺŅĴĽņėńĠĴŅĔĵŇŗĚĕŉŘĬŒĬĽĴńĵĸƟŅĬĬŅȮĴňĔŅĶįĸŇĨŏĶŊŗŀĵĴŅěĬĔĶŃĪńŗĚĩŉĚĽĴńĵĶńĨĬőĔĽŇĬĪĶƢĞŉŗĚ
ŒĬĝƞĺĚĶŃĵŃľĸńĚĬňŘŏľĸŖĔĩŌĔŒĝƟŏĮƦĬĽŇĬėƟŅŐĸŃĭĶĶĦŅĔŅĶĽņėńĠĪňŗľńĺŏĴŊŀĚŏħŇĴŒĬĸƟŅĬĬŅĨƟŀĚĽƞĚĽƞĺĵŒľƟĔńĭ
ĔĸŋƞĴŏěƟŅľĸĺĚĪňŗĽŊĭŏĝŊŘŀĽŅĵĴŅěŅĔĶŅĝĺĚĻƢĪŇıĵěńĔĶĶŅĝȮ&ŏěƟŅŏěŖħĨĬ'ȮħńĚĮĶŅĔĢŒĬŏŀĔĽŅĶĪŅĚ
ĮĶŃĺńĨŇĻŅĽĨĶƢľĸŅĵĜĭńĭȮőħĵŏĜıŅŃŏĴŊŀĚĸŀĚőĭĶŅĦȮŀĵƞŅĚœĶĔŖĨŅĴŒĬŏŀĔĽŅĶĴŇœħƟĔĸƞŅĺĩŉĚ
ĔĶŃĭĺĬĔŅĶįĸŇĨľĶŊŀŏĪėőĬőĸĵňĔŅĶĩĸŋĚĪňŗĝńħŏěĬĬńĔŐĸŃěŅĔĽņĶĺěĪŅĚőĭĶŅĦėħňĕŀĚĔĶĴĻŇĸĮŅĔĶȮ
ŐĴƟěŃıĭŐľĸƞĚŏĨŅĩĸŋĚŏľĸŖĔŒĬĽĴńĵĮĶŃĺńĨŇĻŅĽĨĶƢľĸŅĵŐľƞĚȮľŅĔŐĨƞŐľĸƞĚĽƞĺĬŒľĠƞĩŌĔĪņĸŅĵĸĚěĬœĴƞ
ıĭőėĶĚĽĶƟŅĚĕŀĚŏĨŅĩĸŋĚŀńĬŏĮƦĬľĸńĔģŅĬĽņėńĠŒĬĔŅĶĻŉĔļŅĔĶŃĭĺĬĔŅĶįĸŇĨȮĚŅĬĺŇěńĵĝŇŘĬĬňŘěŉĚĴňėĺŅĴ
ĽĬŒěŒĬĔŅĶĻŉĔļŅĔĶŃĭĺĬĔŅĶįĸŇĨŏľĸŖĔŐĸŃĭĶŇĭĪĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĪňŗĽńĴıńĬīƢŐĸŃĴňįĸĨƞŀ
ĔĶŃĭĺĬĔŅĶįĸŇĨŏľĸŖĔĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴ ŏĴŊŀĚĸŀĚőĭĶŅĦȮŏıŊŗŀĽĶƟŅĚėĺŅĴĝńħŏěĬĕŀĚ
ŏĶŊŗŀĚĶŅĺĕŀĚȮŴŏľĸŖĔŵȮŒĬģŅĬŃľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĽņėńĠĪňŗĴňįĸĨƞŀıńĥĬŅĔŅĶĪŅĚĺńĥĬīĶĶĴȮ
ŏĻĶļģĔŇěŐĸŃĽńĚėĴĕŀĚħŇĬŐħĬĳŅėŏľĬŊŀĨŀĬĭĬĕŀĚĮĶŃŏĪĻœĪĵȮ&ħŇĬŐħĬĸƟŅĬĬŅ'ȮĔƞŀĬĔŅĶŏĕƟŅĴŅ
ĕŀĚŏľĸŖĔěŅĔĨƞŅĚĮĶŃŏĪĻ 
/,0ȮėĺŅĴĴŋƞĚľĴŅĵŐĸŃĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĻŉĔļŅ 

 Ȯ/,0,/ȮŏıŊŗŀĻŉĔļŅŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮĨņĭĸĭƞŀŏľĸŖĔĸŀĚȮ
ŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞȮŒĬĝƞĺĚıŋĪīĻĨĺĶĶļĪňŗȮ02ȮĩŉĚȮ03Ȯ  

 
28 ľěĝ,Ķ3ĔĶȮ3ȮĶĸ-ıĻ,/.-4.,ȮĬŅĵľĬŅĬĕńĨŇĵŃĭŋĨĶŐĽĬľĸĺĚŏěƟŅŏĴŊŀĚĸŀĚĶƟŀĚĔĸƞŅĺőĪļŏěƟŅįŌƟėĶŀĚĬėĶ

ĸņĮŅĚ 
 29 /ȮľŅĭȮŏĪƞŅĔńĭȮ4.ȮĔŇőĸĔĶńĴ 
 30 ěĨŋĶıĶȮŏĪňĵĴĪŇĬĔķĨŐĸŃıĸıĵŋľŃȮœĝĵĶĽ, 0340,ȮĶŅĵĚŅĬĔŅĶĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħňĳŅėĽĬŅĴ
ŏĭŊŘŀĚĨƟĬŒĬŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮĨņĭĸĭƞŀŏľĸŖĔĸŀĚȮŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞȮ&ŏĝňĵĚŒľĴƞ8ȮĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ5Ȯ
ŏĝňĵĚŒľĴƞȮĔĶĴĻŇĸĮŅĔĶĴ,ȮŏŀĔĽŅĶŀńħĽņŏĬŅ'*Ȯ/21, 
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/,1ȮĕŀĭŏĕĨĔŅĶĻŉĔļŅ 
 ıŊŘĬĪňŗĺŇěńĵĕĬŅħěŋĸĳŅėȮ&Site Microenvironment) ŏĬƟĬĔŅĶĺŇěńĵŐľĸƞĚőĭĶŅĦėħňŏıňĵĚľĬŉŗĚŐľĸƞĚȮ

&Single Site) ėŊŀŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮĨņĭĸĭƞŀŏľĸŖĔĸŀĚȮŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞȮŐĸŃŏĝŊŗŀĴ
ėĺŅĴĽńĴıńĬīƢĔńĭĭĶŇĭĪŐĺħĸƟŀĴŒĬĶŃħńĭĪƟŀĚĩŇŗĬėŊŀȮŐŀƞĚĪňŗĶŅĭĸŀĚĺńĚĝŇŘĬȮěńĚľĺńħŐıĶƞŒĬĝƞĺĚıŋĪī
ĻĨĺĶĶļĪňŗȮȮȮȮȮ02ȮĩŉĚȮ03Ȯ 
/,2ȮĕńŘĬĨŀĬĔŅĶĻŉĔļŅ 
 1.4.1 ĨńŘĚĮĶŃŏħŖĬėņĩŅĴĺŇěńĵȮĺńĨĩŋĮĶŃĽĚėƢŒĬĔŅĶĺŇěńĵȮĽĴĴŋĨŇģŅĬľĶŊŀĕƟŀĽńĬĬŇļģŅĬĪňŗěŃĪņĔŅĶ
ĨĶĺěĽŀĭ 
 1.4.2 ĪĭĪĺĬĺĶĶĦĔĶĶĴőħĵĶĺĭĶĺĴĕƟŀĴŌĸŏŀĔĽŅĶĪńŘĚľĴħĪňŗŒĝƟŒĬĚŅĬĺŇěńĵȮŏĝƞĬȮŏŀĔĽŅĶĪŅĚ
ĮĶŃĺńĨŇĻŅĽĨĶƢȮȮĶŅĵĚŅĬĺŇĝŅĔŅĶőĭĶŅĦėħňȮŏŀĔĽŅĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚıŊŘĬĪňŗĺŇěńĵȮ
&ĳŌĴŇĻŅĽĨĶƢȮīĶĦňĺŇĪĵŅȮĮģıňĺŇĪĵŅȮŀŋĪĔĻŅĽĨĶƢȮŐįĬĪňŗȮŐįĬįńĚȮłĸł'ȮĶĺĴĪńŘĚĽņĶĺěŐĬĺėŇħȮĪķļġňȮ
ŐĸŃĶŃŏĭňĵĭĺŇīňĺŇěńĵĪňŗěŃĬņĴŅĮĶŃĵŋĔĨƢŒĝƟŒĬĚŅĬĺŇěńĵ 
 1.4.3ȮĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸĳŅėĽĬŅĴȮĮĶŃĔŀĭħƟĺĵȮĚŅĬĽņĶĺěĪŅĚőĭĶŅĦėħňȮĚŅĬĕŋħėƟĬĪŅĚ
őĭĶŅĦėħňȮĶĺĴĪńŘĚĚŅĬĶĺĭĶĺĴĕƟŀĴŌĸĳŅėĽĬŅĴħƟŅĬőĭĶŅĦėħňĝŅĨŇıńĬīŋƢŐĸŃĮĶŃĺńĨŇĻŅĽĨĶƢĪƟŀĚĩŇŗĬĪňŗ
ŏĔňŗĵĺĕƟŀĚĔńĭıŊŘĬĪňŗĺŇěńĵ ŏıŊŗŀĬņĕƟŀĴŌĸœĮŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢȮĨňėĺŅĴȮŐĸŃĽńĚŏėĶŅŃľƢĕƟŀĴŌĸ 
 1.4.4ȮĔŅĶĺŇŏėĶŅŃľƢȮĨňėĺŅĴȮŐĸŃĽńĚŏėĶŅŃľƢĕƟŀĴŌĸȮŏĮƦĬĔŅĶĺŇŏėĶŅŃľƢľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪńŘĚĪŅĚ
ĔŅĵĳŅıŐĸŃŏėĴňȮŐĸŃĨňėĺŅĴĔŅĶĶŌĮŐĭĭĽńĬĬŇļģŅĬĕŀĚĨŅĩĸŋĚŏľĸŖĔȮĔĶŃĭĺĬĔŅĶĩĸŋĚŏľĸŖĔȮ
ŏĮĶňĵĭŏĪňĵĭĔńĭŏĨŅĩĸŋĚŏľĸŖĔŒĬıŊŘĬĪňŗĺńĥĬīĶĶĴŀŊŗĬŕȮĶĺĴĪńŘĚĺŇŏėĶŅŃľƢĭĶŇĭĪĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĕŀĚ
ŐľĸƞĚőĭĶŅĦėħňħƟĺĵȮĽńĚŏėĶŅŃľƢĕƟŀĴŌĸĪńŘĚľĴħŏĮƦĬŀĚėƢėĺŅĴĶŌƟĪŅĚőĭĶŅĦėħň 
 1.4.5ȮĔŅĶĬņŏĽĬŀįĸĚŅĬĺŇěńĵȮĬņŏĽĬŀŒĬįĸĺŇěńĵĪŋĔĕńŘĬĨŀĬŒĬĶŌĮŐĭĭĺŇĪĵŅĬŇıĬīƢ 
/,3ȮŏĺĸŅĪňŗŒĝƟŒĬĔŅĶĺŇěńĵȮȮ 
 2ȮĮƖȮ&ĮƖȮı,Ļ,Ȯ0340ȮĩŉĚȮı,Ļ,0343' 
/,4ȮĺŇīňĔŅĶĻŉĔļŅ 
 1.6.1ȮŐĬĺėŇħŐĸŃĪķļĢňĪŅĚőĭĶŅĦėħň 

 ŒĝƟŐĬĺėŇħŏĶŊŗŀĚĔŅĶĻŉĔļŅŏĪėőĬőĸĵňĽĴńĵőĭĶŅĦȮ&Archareological Approaches to 
Technology'ȮŏıŊŗŀĸņħńĭĔĶŃĭĺĬĔŅĶĔŅĶĩĸŋĚŏľĸŖĔŒĬŀħňĨĕŀĚŐľĸƞĚőĭĶŅĦėħňŒĬĸńĔļĦŃľƞĺĚőĞƞ
ĔĶŃĭĺĬĔŅĶįĸŇĨȮ&Chaîne opératoire'31ȮőħĵĮĶŃĵŋĔĨƢŒĝƟĺŇīňĔŅĶĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅȮ
&Archaeometallugy'ȮĺŇīňĔŅĶĪŅĚőĭĶŅĦėħňĝŅĨŇıńĬīŋƢȮ&Enthnoarchaeology'ȮŐĸŃĺŇīňĔŅĶĪŅĚ
ĮĶŃĺńĨŇĻŅĽĨĶƢȮ&Historical Approach'ȮŒĬĔŅĶĶĺĭĶĺĴȮĺŇŏėĶŅŃľƢȮĨňėĺŅĴȮŐĸŃĽńĚŏėĶŅŃľƢȮĕƟŀĴŌĸ
ľĸńĔģŅĬĪŅĚőĭĶŅĦėħňȮĕƟŀĴŌĸĝŅĨŇıńĬīŋƢĔńĭŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔȮĬŀĔěŅĔĬňŘĵńĚĕĵŅĵĔĶŀĭĔŅĶĺŇěńĵ
ŒĬĮĶŃŏħŖĬĔŅĶĩĸŋĚŏľĸŖĔŒĬģŅĬŃĚŅĬĝƞŅĚİƖĴŊŀĝńŘĬĽŌĚȮ&Craft Specialization) őħĵŏĪėőĬőĸĵňĔŅĶĩĸŋĚ
ŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚĶŃĭĭĔŅĶįĸŇĨȮ&Production system) ĵńĚœĴƞĽŃĪƟŀĬŒľƟŏľŖĬėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚ
įŌƟįĸŇĨȮįŌƟėĺĭėŋĴĔŅĶįĸŇĨȮĔŅĶěńħěņľĬƞŅĵȮįŌƟĭĶŇőĳėĔńĭįĸŇĨĳńĦĤƢĪňŗįĸŇĨœħƟȮłĸłȮľĶŊŀŒĬŀňĔŐĚƞľĬŉŗĚėŊŀĵńĚ

 

 31 Heather Margaret-Louise Miller, Archaeological Approaches to Technology (California: Left 
Coast Press Inc., 0..7', /22Ȯ-Ȯ/44, 
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œĴƞĽŅĴŅĶĩĽŃĪƟŀĬŒľƟŏľŖĬıķĨŇĔĶĶĴĕŀĚĴĬŋļĵƢŒĬŀħňĨĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶįĸŇĨŐĸŃĔŅĶŒĝƟŏĪėőĬőĸĵň
ĬńŘĬŕȮœħƟĝńħŏěĬĬńĔȮĞŉŗĚĔŅĶĻŉĔļŅŏĶŊŗŀĚĔŅĶĩĸŋĚŏľĸŖĔŒĬŐĚƞĕŀĚĚŅĬĝƞŅĚİƖĴŊŀĬńŘĬȮĬńĔőĭĶŅĦėħňįŌƟ
ĪņĔŅĶĻŉĔļŅěņŏĮƦĬĨƟŀĚŀīŇĭŅĵėŋĦĸńĔļĦŃĕŀĚĮƤěěńĵŒĬĶŃĭĭĔŅĶįĸŇĨĞŉŗĚĴňĮƤěěńĵĪňŗĽņėńĠȮ4ȮĮƤěěńĵ32Ȯ
œħƟŐĔƞȮĝƞŅĚİƖĴŊŀľĶŊŀĻŇĸĮƕĬȮ&Artisan) ĮƤěěńĵŒĬĔŅĶįĸŇĨȮ&Mean of production) ŀĚėƢĔĶľĶŊŀ
őėĶĚĽĶƟŅĚĪŅĚĽńĚėĴĪňŗĴňėĺŅĴĽńĴıńĬīƢĔńĭĔŅĶįĸŇĨȮ&Organization and social relation)ȮįĸŇĨĳńĦĤƢȮ
&Object) ŏĮƦĬįĸŇĨįĸŏĝŇĚĶŌĮīĶĶĴĪňŗœħƟěŅĔĶŃĭĭĔŅĶįĸŇĨȮȮėĺŅĴĽńĴıńĬīƢĔńĭĔŅĶěńħěņľĬƞŅĵĽŇĬėƟŅľĶŊŀ
įĸŇĨĳńĦĤƢȮ&Relation of distribution) ŐĸŃįŌƟĭĶŇőĳėȮ&Consumer) ŏıŊŗŀŒľƟŏĶŊŗŀĚĶŅĺŒĬŀħňĨĕŀĚĚŅĬ
őĭĶŅĦőĸľŃĺŇĪĵŅĬńŘĬŕȮĴňėĺŅĴĝńħŏěĬĽĴĭŌĶĦƢĴŅĔĵŇŗĚĕŉŘĬ 

 1.6.2ȮĺĶĶĦĔĶĶĴĮĶŇĪńĻĬƢȮ 
 ĽņĶĺěŐĬĺėŇħĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĚŅĬĺŇěńĵŐĸŃĶĺĭĶĺĴĕƟŀĴŌĸĪŅĚħƟŅĬŏŀĔĽŅĶĪňŗŏĔňŗĵĺĕƟŀĚĔńĭ

ĚŅĬĺŇěńĵĪňŗěŃĪņĔŅĶĻŉĔļŅȮĪńŘĚĕƟŀĴŌĸĪŅĚħƟŅĬĮĶŃĺńĨŇĻŅĽĨĶƢȮőĭĶŅĦėħňȮĳŌĴŇĻŅĽĨĶƢȮīĶĦňĺŇĪĵŅȮ
ĮģıňĺŇĪĵŅȮŀŋĪĔĻŅĽĨĶƢȮŐįĬĪňŗȮŐįĬįńĚȮľĶŊŀĶŅĵĚŅĬĺŇěńĵĪŅĚőĭĶŅĦėħňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭıŊŘĬĪňŗĪňŗěŃĪņĔŅĶ
ĺŇěńĵȮĬŀĔěŅĔĬňŘĵńĚĴňĔŅĶĮĶŃŏĴŇĬĽĩŅĬŃŀĚėƢėĺŅĴĶŌƟȮĮĶŇĴŅĦĕƟŀĴŌĸľĸńĔģŅĬŒĬŏĶŊŗŀĚĪňŗěŃĪņĔŅĶĺŇěńĵȮ
ĶĺĴĪńŘĚĺŅĚŐįĬŒĬĔŅĶĔņľĬħĕŀĭŏĕĨıŊŘĬĪňŗȮŏĪėĬŇėĺŇīňĔŅĶĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħňȮĔŅĶ
ĬņŏĽĬŀĕƟŀĴŌĸŒĬĕńŘĬĨŀĬĬňŘěŃŏĮƦĬĶŌĮŐĭĭŏĝŇĚıĶĶĦĬŅŐĵĔŏĮƦĬľĴĺħľĴŌƞĕŀĚĕƟŀĴŌĸȮőħĵŐĪĶĔŐįĬįńĚȮ
ŐįĬĪňŗȮĳŅıĩƞŅĵŐĸŃĨŅĶŅĚĕƟŀĴŌĸĪňŗěņŏĮƦĬ 

 1.6.3ȮĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸħƟŅĬőĭĶŅĦėħňŐĸŃőĭĶŅĦėħňĝŅĨŇıńĬīŋƢĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĩĸŋĚŏľĸŖĔ 
Ȯ ŏĮƦĬĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸĪŅĚħƟŅĬőĭĶŅĦėħňĪňŗŏĔňŗĵĺĔńĭĔŅĶĩĸŋĚŏľĸŖĔĪńŘĚĕƟŀĴŌĸľĸńĔģŅĬĪŅĚ

őĭĶŅĦėħňĕŀĚŐľĸƞĚĩĸŋĚŒĬĮĶŃŏĪĻœĪĵȮŏŀŏĝňĵĨŃĺńĬŀŀĔŏĜňĵĚŒĨƟȮěňĬȮŐĸŃŀŇĬŏħňĵȮĪňŗĴňĔŅĶĕŋħėƟĬĪŅĚ
őĭĶŅĦėħňŐĸŃĻŉĔļŅħƟĺĵĔĶŃĭĺĬĔŅĶőĭĶŅĦőĸľĺŇĪĵŅȮĶĺĴĪńŘĚĕƟŀĴŌĸőĭĶŅĦėħňĝŅĨŇıńĬīŋƢĪňŗĴňĔŅĶĻŉĔļŅ
ĔŅĶĩĸŋĚŏľĸŖĔĕŀĚĔĸŋƞĴĝŅĨŇıńĬīŋƢĨƞŅĚŕȮĪňŗœħƟĴňĔŅĶĻŉĔļŅĴŅŐĸƟĺŒĬŏŀŏĝňĵĨŃĺńĬŀŀĔŏĜňĵĚŒĨƟŐĸŃŀŇĬŏħňĵȮ
ŏıŊŗŀĬņĕƟŀĴŌĸĴŅŒĝƟŒĬĔŅĶŏĮĶňĵĭŏĪňĵĭĽńĬĬŇļģŅĬĶŌĮŐĭĭŏĨŅŐĸŃĔĶŃĭĺĬĔŅĶįĸŇĨĕŀĚŐľĸƞĚĩĸŋĚŏľĸŖĔ
ĭƟŅĬĬŅĨŋƟĴŒĬĔĶĦňĪňŗĕƟŀĴŌĸĔŅĶĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħňĴňĮĶŇĴŅĦœĴƞŏıňĵĚıŀŒĬĔŅĶĽńĬĬŇļģŅĬ
ŀĚėƢĮĶŃĔŀĭĕŀĚŏĨŅĩĸŋĚľĶŊŀŒĬĭŅĚĕńŘĬĨŀĬĕŀĚĔĶŃĭĺĬĔŅĶĩĸŋĚȮőħĵŐĪĶĔŐįĬįńĚȮŐįĬĪňŗȮĳŅıĩƞŅĵ
ŐĸŃĨŅĶŅĚĕƟŀĴŌĸĪňŗěņŏĮƦĬ 

 1.6.4ȮĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸħƟŅĬőĭĶŅĦėħňȮ&ĽņĶĺěĪŅĚőĭĶŅĦėħň' 
 ĽņĶĺěıŊŘĬĪňŗŐŀƞĚĪňŗĶŅĭĸŀĚĺńĚĝŇŘĬȮěńĚľĺńħŐıĶƞȮŏıŊŗŀĽŊĭėƟĬĕƟŀĴŌĸĪŅĚħƟŅĬőĸľĔĶĶĴőĭĶŅĦĮĶŃŏĳĪ

ŏľĸŖĔŏĝƞĬȮŏľĴŊŀĚŐĶƞŏľĸŖĔȮŐľĸƞĚĩĸŋĚŏľĸŖĔȮĝŋĴĝĬőĭĶŅĦȮŐľĸƞĚĪĶńıĵŅĔĶȮŐĸŃĭĶŇĭĪľĸńĔģŅĬĪŅĚ
őĭĶŅĦėħňŀŊŗĬŕȮȮȮȮȮĪňŗŏĔňŗĵĺĕƟŀĚȮőħĵĔŅĶŏĔŖĭĕƟŀĴŌĸŏĝŇĚĔŅĵĳŅıĕŀĚŐľĸƞĚȮľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗıĭ
ŒĬĶŃħńĭįŇĺħŇĬȮĕƟŀĴŌĸĪŅĚħƟŅĬĮĶŃĺńĨŇĻŅĽĨĶƢĪƟŀĚĩŇŗĬőħĵĶŀĭŐľĸƞĚŐĸŃĔŅĶĔņľĬħŀŅĵŋŐľĸƞĚ
őĭĶŅĦėħňŏĮƦĬĔŅĶŏĭŊŘŀĚĨƟĬěŅĔľĸńĔģŅĬĪňŗıĭȮľĶŊŀŏĔŖĭĨńĺŀĵƞŅĚľĸńĔģŅĬŏıŊŗŀœĮĔņľĬħľŅėƞŅŀŅĵŋĪŅĚ
ĺŇĪĵŅĻŅĽĨĶƢȮ&ŏĸŊŀĔŒĝƟĺŇīňėŊŀĔŅĶĔņľĬħŀŅĵŋĽńĴĭŌĶĦƢħƟĺĵĺŇīňŏĶŊŀĚŐĽĚėĺŅĴĶƟŀĬŐĭĭŒĝƟėĺŅĴĶƟŀĬ
ĔĶŃĨŋƟĬŀŇŏĸŖĔĨĶŀĬȮ&Thermoluminescence Dating ľĶŊŀȮTL Dating'ȮěŅĔĨńĺŀĵƞŅĚįĬńĚŏĨŅĩĸŋĚ
ŏľĸŖĔȮ&ĪņěŅĔħŇĬ'ȮĪňŗĽņĶĺěıĭȮŒĬĕńŘĬĨŀĬĔŅĶĽņĶĺěĪŅĚőĭĶŅĦėħňěŃĴňĔŅĶěńħŏĔŖĭĕƟŀĴŌĸĸĚŒĬ

 
32 Cathy Lynne Costin, ŴCraft Production*ŵ in Handbook of Method in Archaeology 

&London : AltaMira Press, 2005', /.16-/.17, 
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ģŅĬĕƟŀĴŌĸĶŃĭĭĮĢŇĭńĨŇĳŌĴŇĽŅĶĽĬŏĪĻőħĵŏĸŊŀĔŒĝƟőĮĶŐĔĶĴĮĶŃĵŋĔĨƢȮŴEmmejcȮC_prfȮNpmȮ0.00ŵȮ
ŐĸŃőĮĶŐĔĶĴĮĶŃĵŋĔĨƢȮŴArcGIS 10.6ŵȮĽƞĺĬĔŅĶĬņŏĽĬŀĕƟŀĴŌĸěŃŏĮƦĬĶŌĮŐĭĭŏĝŇĚıĶĶĦĬŅŐĵĔŏĮƦĬ
ľĴĺħľĴŌƞĕŀĚĕƟŀĴŌĸȮőħĵŐĪĶĔŐįĬįńĚȮŐįĬĪňŗȮŐĸŃĨŅĶŅĚĕƟŀĴŌĸĪňŗěņŏĮƦĬ 

 1.6.5ȮĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸħƟŅĬőĭĶŅĦėħňȮ&ĕŋħėƟĬĪŅĚőĭĶŅĦėħň'Ȯ 
 ĕŋħėƟĬĪŅĚőĭĶŅĦėħňŒĬŐľĸƞĚŏĨŅĩĸŋĚŏľĸŖĔĪňŗœħƟĪņĔŅĶĮĶŃŏĴŇĬĻńĔĵĳŅıœĺƟėŊŀŐľĸƞĚőĭĶŅĦėħň

ĭƟŅĬĬŅĨŋƟĴȮħƟĺĵŏĪėĬŇėĔŅĶĕŋħėƟĬĨŅĴĶŃħńĭĝńŘĬħŇĬĽĴĴŋĨŇȮ&Arbitrary levels'ȮŐĸŃĝńŘĬħŇĬīĶĶĴĝŅĨŇȮ
&Natural Levels'ȮŏıŊŗŀĻŉĔļŅĔŇěĔĶĶĴĔŅĶĩĸŋĚŏľĸŖĔŒĬŀħňĨȮőħĵŏĬƟĬĕŋħĻŉĔļŅĸńĔļĦŃőėĶĚĽĶƟŅĚĕŀĚ
ŏĨŅȮĔŅĶĔĶŃěŅĵĨńĺĕŀĚŏĨŅŐĸŃľĸńĔģŅĬĪňŗŏĔňŗĵĺĕƟŀĚȮőħĵĨƟŀĚĺńħĕĬŅħŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚĕŀĚŏĨŅȮėĺŅĴ
ĸŉĔĕŀĚŏĨŅȮėĺŅĴľĬŅĕŀĚįĬńĚŏĨŅȮĕĬŅħĩƞŅĬľĶŊŀŏĝŊŘŀŏıĸŇĚȮ&ĩƟŅĴň'ȮĔƟŀĬħŇĬŏįŅľĶŊŀŀŇģŀŋħĝƞŀĚħńĔĨĶŃ
ĔńĬŏıŊŗŀŒĝƟĻŉĔļŅĶŌĮŐĭĭŏĨŅȮĔŅĶŏĔŖĭĕƟŀĴŌĸĸńĔļĦŃħŇĬĳŅĵŒĬľĸŋĴŏıŊŗŀĶŃĭŋĔŅĶŒĝƟıŊŘĬĪňŗĕŀĚŐľĸƞĚĺƞŅŏĮƦĬ
ıŊŘĬĪňŗŏĨĶňĵĴŐĶƞȮĵƞŀĵŐĶƞȮĩĸŋĚľĶŊŀĨňŏľĸŖĔȮıĶƟŀĴĪńŘĚŏĔŖĭĶĺĭĶĺĴľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗŏĮƦĬ
ŀĚėƢĮĶŃĔŀĭĕŀĚŏĨŅŐĸŃĽŇŗĚĪňŗľĸĚŏľĸŊŀěŅĔĔŅĶĩĸŋĚȮŏĝƞĬȮŀĚėƢĮĶŃĔŀĭĕŀĚŏĨŅĩĸŋĚȮĨŃĔĶńĬŏľĸŖĔĝĬŇħ
ĨƞŅĚŕȮȮĪƞŀĸĴȮĪƞŀĸĴĪňŗĴňŏĻļĨŃĔĶńĬĨŇħĪňŗĮĸŅĵĪƞŀȮŏĻļįĬńĚŏĨŅȮėĶŅĭĨŃĔĶńĬįĬńĚŏĨŅȮŀŇģȮŏĻļŐĶƞŏľĸŖĔȮ
ŏĻļĩƞŅĬȮłĸłȮŏıŊŗŀĬņœĮĺŇŏėĶŅŃľƢħƟĺĵĺŇīňĪŅĚĺŇĪĵŅĻŅĽĨĶƢĨŅĴĔĶŃĭĺĬĚŅĬőĭĶŅĦőĸľŃĺŇĪĵŅȮ  

 ĬŀĔěŅĔĬňŘĵńĚŏĔŖĭĨńĺŀĵƞŅĚĪňŗĽŅĴŅĶĩĬņœĮĔņľĬħėƞŅŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢœħƟȮőħĵŏĸŊŀĔŏĔŖĭĩƞŅĬĪňŗ
ĽĔńħěŅĔĔƟŀĬĨŃĔĶńĬŏľĸŖĔĪňŗŀĵŌƞŒĬĭĶŇĭĪŏħŇĴĳŅĵŒĬŐľĸƞĚȮ&Insitu'ȮŏıŊŗŀĬņœĮĔņľĬħŀŅĵŋěŅĔ
ėŅĶƢĭŀĬĔńĴĴńĬĨƢħƟĺĵŏėĶŊŗŀĚŏĶƞĚŐĸŃŐĵĔěņĬĺĬœŀőĞőĪĮĕŀĚėŅĶƢĭŀĬȮ&Accelerator Mass 
Spectrometry ľĶŊŀȮAMSȮDating)ȮľĸńĔěŅĔĔŅĶĕŋħėƟĬĨƟŀĚĴňĔŅĶĪņŐįĬįńĚĝńŘĬħŇĬŏıŊŗŀŒĝƟĻŉĔļŅĝńŘĬĪńĭ
ĩĴĪŅĚőĭĶŅĦėħňȮŐįĬįńĚŏĨŅȮŐĸŃĔŅĶŏĔŖĭĕƟŀĴŌĸĳŅıĩƞŅĵĪŅĚŀŅĔŅĻĕŀĚŏĨŅĩĸŋĚŐĸŃıŊŘĬĪňŗőħĵĶŀĭ
ŐľĸƞĚľĸńĚĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňħƟĺĵŀŅĔŅĻĵŅĬœĶƟĬńĔĭŇĬȮ&Drone'ȮěńħŏĔŖĭĕƟŀĴŌĸŐĸŃĬņŏĽĬŀŒĬ
ĶŌĮŐĭĭŏĝŇĚıĶĶĦĬŅȮőħĵŐĪĶĔŐįĬįńĚȮŐįĬĪňŗȮŐĸŃĨŅĶŅĚĕƟŀĴŌĸĪňŗěņŏĮƦĬ  

 1.6.6ȮĔŅĶĺŇŏėĶŅŃľƢľĸńĔģŅĬĪŅĚőĭĶŅĦėħň 
 ĺŇŏėĶŅŃľƢěńħľĴĺħľĴŌƞľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗĕŋħėƟĬıĭőħĵĴňĔŅĶĻŉĔļŅĪŅĚĔŅĵĳŅıȮŏĝƞĬĔŅĶĺńħ

ĕĬŅħȮĶŃĭŋĶŌĮıĶĶĦȮĽńĦģŅĬȮŏıŊŗŀĶŃĭŋĺƞŅŏĮƦĬĽƞĺĬŀĚėƢĮĶŃĔŀĭŒħĕŀĚŏĨŅĩĸŋĚŏľĸŖĔľĶŊŀĔĶŃĭĺĬĔŅĶ
ĩĸŋĚŏľĸŖĔȮĴňĔŅĶěńħĪņĪŃŏĭňĵĬőĭĶŅĦĺńĨĩŋĪńŘĚľĴħőħĵĔŅĶěńħľĴĺħľĴŌƞȮŐĸŃĬńĭěņĬĺĬľĶŊŀĮĶŇĴŅĦȮ
&ĮĶŇĴŅĦŏĮƦĬĸŌĔĭŅĻĔƢŏĴĨĶľĶŊŀĔŇőĸĔĶńĴ'ȮŐĸŃŏĸŊŀĔĽŋƞĴľĸńĔģŅĬĪŅĚőĭĶŅĦėħňȮ&Sampling'ȮĪňŗ
ŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĩĸŋĚŏľĸŖĔĕŀĚŐľĸƞĚȮȮȮȮȮȮȮȮŏĝƞĬȮĨŃĔĶńĬľĶŊŀŏĪėĬŇŏėŇĸŏĞĶŅĴŇėȮ&Technical 
Ceramics'ȮŏıŊŗŀĬņœĮĺŇŏėĶŅŃľƢĸńĔļĦŃĪŅĚĔŅĵĳŅıŐĸŃŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňȮŏĝƞĬȮĔŅĶĺŇŏėĶŅŃľƢ
ĸńĔļĦŃőėĶĚĽĶƟŅĚĪŅĚĔŅĵĳŅıħƟĺĵĔĸƟŀĚěŋĸĪĶĶĻĬƢőĸľĺŇĪĵŅȮ&Metallographinc  Microscope'ȮȮ
ŐĸŃĺŇīňŏĶŊŀĚĶńĚĽňŏŀĔĞƢȮ&X-Ray Fluorescence Spectrometer' 
 1.6.7ȮĔŅĶĨňėĺŅĴŐĸŃĽńĚŏėĶŅŃľƢŀĚėƢėĺŅĴĶŌƟĪŅĚőĭĶŅĦėħň 

 ŏĮƦĬĔŅĶĮĶŃĴĺĸĕƟŀĴŌĸĳŅėĽĬŅĴŐĸŃĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĺŇŏėĶŅŃľƢľĸńĔģŅĬŏıŊŗŀĨňėĺŅĴŐĸŃ
ĽńĚŏėĶŅŃľƢŀĚėƢėĺŅĴĶŌƟŒĬŏĶŊŗŀĚĔŅĶĩĸŋĚŏľĸŖĔĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴŒĬĶŌĮŐĭĭĕŀĚľƞĺĚőĞƞ
ĔĶŃĭĺĬĔŅĶįĸŇĨȮĨńŘĚŐĨƞĔĶŃĭĺĬĔŅĶŐĶĔěĬĩŉĚĔĶŃĭĺĬĽŋħĪƟŅĵĪňŗœħƟĴĺĸŏľĸŖĔȮ&Ingot'ȮĬŀĔěŅĔĬňŘĵńĚ
ĻŉĔļŅĮĶŃŏħŖĬĚŅĬİƖĴŊŀŏĝŇĚĝƞŅĚȮ&Craft Specialization'ȮŐĸŃĭĶŇĭĪĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĪňŗĽŃĪƟŀĬŒľƟŏľŖĬ
ıķĨŇĔĶĶĴȮŏĪėőĬőĸĵňŐĸŃėĺŅĴĽņėńĠĕŀĚŏľĸŖĔŏĴŊŀĚĸŀĚĨƞŀĭĶŇĭĪĪŅĚĽńĚėĴȮĺńĥĬīĶĶĴŒĬĝƞĺıŋĪī
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ĻĨĺĶĶļĪňŗȮ02Ȯ-Ȯ03ȮőħĵěńħŏĔŖĭĕƟŀĴŌĸŐĸŃĬņŏĽĬŀŒĬĶŌĮŐĭĭŏĝŇĚıĶĶĦĬŅȮőħĵŐĪĶĔŐįĬįńĚȮŐįĬĪňŗȮ
ĳŅıĩƞŅĵŐĸŃĨŅĶŅĚĕƟŀĴŌĸĪňŗěņŏĮƦĬ  
 1.6.8ȮĔŅĶĪħĸŀĚĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅȮ&Experimental Archaeometallurgy' 

 ĔŅĶĪħĸŀĚĪŅĚőĭĶŅĦėħňŏĮƦĬĔŅĶĨĶĺěĽŀĭĕƟŀĽńĬĬŇļģŅĬĸńĔļĦŃŏĨŅĩĸŋĚŏľĸŖĔĪňŗœħƟĨńŘĚĕƟŀĽńĚŏĔĨœĺƟ
őħĵŏĮƦĬĔŅĶěņĸŀĚŏĨŅĩĸŋĚŏľĸŖĔŐĸŃĔĶŃĭĺĬĔŅĶĩĸŋĚŏľĸŖĔŒľƟŒĔĸƟŏėňĵĚĔńĭŀĚėƢėĺŅĴĶŌƟőĭĶŅĦėħňĪňŗĪņ
ĔŅĶĽńĚŏėĶŅŃľƢŒĬĕńŘĬĨŀĬĕƟŅĚĨƟĬĴŅĔĪňŗĽŋħȮŏıŊŗŀĵŊĬĵńĬĺƞŅŏĨŅĩĸŋĚŏľĸŖĔĪňŗĪņĔŅĶĽńĬĬŇļģŅĬĬńŘĬĽŅĴŅĶĩ
ĩĸŋĚŏľĸŖĔŒľƟœħƟĔƟŀĬŏľĸŖĔĪňŗŏĮƦĬįĸŇĨĳńĦĤƢĪňŗĴňėŋĦĳŅıœħƟěĶŇĚȮőħĵĴňĔŅĶĺŅĚŐįĬĔŅĶĪħĸŀĚŐĸŃĔņľĬħ
ĨńĺŐĮĶėĺĭėŋĴŏĝƞĬȮĺńĨĩŋħŇĭȮŀŋĦĳŌĴŇėĺŅĴĶƟŀĬȮĸĴȮĮĶŇĴŅĦĩƞŅĬľĶŊŀĮĶŇĴŅĦŐĶƞȮĶŃĵŃŏĺĸŅŒĬĔŅĶĩĸŋĚȮ
ŏĮƦĬĨƟĬȮĬŀĔěŅĔĬňŘĔŅĶĪħĸŀĚĵńĚĝƞĺĵŏıŇŗĴĕƟŀĴŌĸĪŅĚőĭĶŅĦėħňĪňŗœĴƞĽŅĴŅĶĩĪņĔŅĶĻŉĔļŅœħƟěŅĔ
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ĨńĺĪņĸŃĸŅĵȮ&Flux'ȮĮĶŇĴŅĦĽŋĪīŇĕŀĚĔƟŀĬŏľĸŖĔĪňŗœħƟěŅĔĔŅĶĩĸŋĚĨƞŀĮĶŇĴŅĦŐĶƞĪňŗŒĝƟȮĮĶŇĴŅĦĨŃĔĶńĬ
ŏľĸŖĔĪňŗœħƟěŅĔĔŅĶĩĸŋĚȮĸńĔļĦŃĔŅĶŏĮĸňŗĵĬĽĳŅıœĮĕŀĚįĬńĚŏĨŅŒĬĝƞĺĚĔƞŀĬŐĸŃľĸńĚĩĸŋĚȮĕńŘĬĨŀĬĬňŘ
ěńħŏĔŖĭĕƟŀĴŌĸŐĸŃĬņŏĽĬŀŒĬĶŌĮŐĭĭŏĝŇĚıĶĶĦĬŅȮőħĵŐĪĶĔŐįĬįńĚȮŐįĬĪňŗȮĳŅıĩƞŅĵȮĳŅıĩƞŅĵŐĸŃ
ĨŅĶŅĚĕƟŀĴŌĸĪňŗěņŏĮƦĬ  

 1.6.9 ĔŅĶĬņŏĽĬŀįĸĔŅĶĺŇěńĵ 

 ĬņŏĽĬŀįĸĔŅĶĺŇěńĵĪŋĔĕńŘĬĨŀĬŒĬĶŌĮŐĭĭĕŀĚĺŇĪĵŅĬŇıĬīƢĜĭńĭĽĴĭŌĶĦƢĨŅĴĶŌĮŐĭĭĪňŗĴľŅĺŇĪĵŅĸńĵ
ĻŇĸĮŅĔĶĔņľĬħȮ 

/,5ȮŐľĸƞĚĕƟŀĴŌĸȮ 
 1.7.1ȮĔĶĴĻŇĸĮŅĔĶȮĔĶŃĪĶĺĚĺńĥĬīĶĶĴ 
 1.7.2ȮĽņĬńĔľŀĽĴŋħĔĸŅĚȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ 
 1.7.3ȮĽņĬńĔľŀĽĴŋħĔĸŅĚȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ 
 1.7.4ȮľŀĻŅĽĨĶŅĺŋīŏĴŊŀĚŁŀĴȮěńĚľĺńħŐıĶƞ 
 1.7.5ȮėĦŃőĭĶŅĦėħňȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ 

/,6ȮŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĔŅĶėƟĬėĺƟŅ 
 ŏėĶŊŗŀĚĴŊŀĺŇŏėĶŅŃľƢĪŅĚĺńĽħŋĻŅĽĨĶƢȮŀŋĮĔĶĦƢŒĬĔĶŃĭĺĬĚŅĬőĭĶŅĦėħňȮľĬńĚĽŊŀȮĚŅĬĺŇěńĵȮĺŅĶĽŅĶ

ĪŅĚħƟŅĬőĭĶŅĦőĸľĺŇĪĵŅȮĮĶŃĺńĨŇĻŅĽĨĶƢĸƟŅĬĬŅȮĺŇĪĵŅĻŅĽĨĶƢĪŅĚőĭĶŅĦėħňȮŏŀĔĽŅĶĪŅĚ
ĮĶŃĺńĨŇĻŅĽĨĶƢŐĸŃěħľĴŅĵŏľĨŋĸƟŅĬĬŅĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĩĸŋĚŏľĸŖĔȮłĸł 
/,7ȮĔŅĶĬņŏĽĬŀįĸĚŅĬ 
 /,7,/ȮĶŌĮŐĭĭĺŇĪĵŅĬŇıĬīƢŏĽĬŀĨƞŀėĦŃĔĶĶĴĔŅĶĽŀĭĺŇĪĵŅĬŇıĬīƢŐĸŃŏįĵŐıĶƞŒĶĶŌĮŐĭĭĽŊŗŀĨƞŅĚ
ĳŅĵŒĬĽņĬńĔľŀĽĴŋħĔĸŅĚȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ 

/,7,0ȮĽƞĺĬįĸĔŅĶĺŇŏėĶŅŃľƢŐĸŃĽńĚŏėĶŅŃľƢŀĚėƢėĺŅĴĶŌƟĪŅĚőĭĶŅĦėħňĕŀĚĺŇĪĵŅĬŇıĬīƢœħƟĶńĭ
ĔŅĶĨňıŇĴıƢŒĬĺŅĶĽŅĶĪŅĚĺŇĝŅĔŅĶȮŴħņĶĚĺŇĝŅĔŅĶŵȮĮƖĪňŗȮ0/ȮĜĭńĭĪňŗȮ0Ȯ&ĔĶĔġŅėĴĩŉĚīńĬĺŅėĴȮ0343'Ȯ
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ĭĪĪňŗȮ0 
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ĽńĬĬŇļģŅĬŏĪėĬŇėĔŅĶĩĸŋĚŏľĸŖĔŏĭŊŘŀĚĨƟĬĺƞŅŏĮƦĬĸńĔļĦŃŒħȮ&ĪŅĚĨĶĚľĶŊŀĪŅĚŀƟŀĴ'ȮĵńĚœĴƞĴňĔŅĶĻŉĔļŅ
ĔŅĶĩĸŋĚŏľĸŖĔŒĬģŅĬŃľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗĽŃĪƟŀĬŒľƟŏľŖĬĴŇĨŇėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚįŌƟėĬȮ
ŏĪėőĬőĸĵňŐĸŃĭĶŇĭĪĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢȮŒĬĭĪĬňŘįŌƟĺŇěńĵœħƟĮĶŇĪńĻĬƢĺĶĶĔĶĶĴŒĬĽƞĺĬĕŀĚĪķļġňŐĸŃ
ŐĬĺėŇħĪňŗĽŅĴŅĶĩĬņĴŅĮĶŃĵŋĔĨƢŒĝƟŐĸŃıńĥĬŅŏĮƦĬĔĶŀĭŐĸŃĶŃŏĭňĵĭĺŇīňĺŇěńĵŒĬĔŅĶĻŉĔļŅŏĪėőĬőĸĵň
ĔŅĶĩĸŋĚŏľĸŖĔĽĴńĵĮĶŃĺńĨŇĻŅĽĨĶƢĪňŗėĶŀĭėĸŋĴĴŇĨŇħńĚĔĸƞŅĺœħƟ 

0,/ȮőĭĶŅĦőĸľŃĺŇĪĵŅ 
 őĭĶŅĦőĸľŃĺŇĪĵŅȮ&Archaeometallurgy'ȮŏĮƦĬŐĕĬĚĺŇĝŅĵƞŀĵĕŀĚĺŇĪĵŅĻŅĽĨĶƢĪŅĚ

őĭĶŅĦėħňȮŐĸŃŏĮƦĬĽľĺŇĪĵŅĔŅĶĪňŗĻŉĔļŅŏĶŊŗŀĚĶŅĺŏĔňŗĵĺĔńĭĔŅĶįĸŇĨȮĔŅĶŒĝƟĚŅĬȮĔŅĶŀŋĮőĳėŏėĶŊŗŀĚĴŊŀ
ŏėĶŊŗŀĚŒĝƟőĸľŃĕŀĚĴĬŋļĵƢĨńŘĚŐĨƞȮ6*...ȮĮƖȮĔƞŀĬėĶŇĽĨĔŅĸěĬĩŉĚĮƤěěŋĭńĬ33ȮĩŊŀŏĮƦĬĻŅĽĨĶƢĪŅĚőĭĶŅĦėħň
ŐĕĬĚŒľĴƞĪňŗĵńĚœĴƞŏĮƦĬĪňŗĬŇĵĴĻŉĔļŅŒĬĔĸŋƞĴĬńĔőĭĶŅĦėħňœĪĵŐĸŃŏŀŏĝňĵĨŃĺńĬŀŀĔŏĜňĵĚŒĨƟĬńĔŏĴŊŗŀŏĪňĵĭ
ĔńĭĻŅĽĨĶƢĪŅĚőĭĶŅĦėħňŐĕĬĚŀŊŗĬŕȮŏĝƞĬȮĮĶŃĨŇĴŅĬĺŇĪĵŅȮŏėĶŊŗŀĚĩƟĺĵȮĺŇĪĵŅĔŅĶŏėĶŊŗŀĚĴŊŀľŇĬľĶŊŀ
ĺŇĪĵŅĔŅĶĔĶŃħŌĔĴĬŋļĵƢȮŏĮƦĬĨƟĬȮ 

 ŒĬĚŅĬőĭĶŅĦőĸľĺŇĪĵŅěŃĴňĔŅĶĮĶŃŏĴŇĬľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗıĭŀŀĔŏĮƦĬȮ2 ĮĶŃŏĳĪȮ
ĔĸƞŅĺėŊŀľĸńĔģŅĬĝńŘĬĨƟĬĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅȮ&Primary Diposit'ȮėŊŀľĸńĔģŅĬĪňŗĵńĚėĚĭĶŇĭĪŏħŇĴĕŀĚ
ľĸńĔģŅĬŏŀŅœĺƟȮ&Insitu'ȮĞŉŗĚľĸńĔģŅĬŏľĸƞŅĬňŘŀŅěœħƟĴŅěŅĔĔĶŃĭĺĬĚŅĬĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħňȮ
ĽƞĺĬľĸńĔģŅĬŀňĔĮĶŃŏĳĪėŊŀľĸńĔģŅĬĝńŘĬĶŀĚĪŅĚőĭĶŅĦőĸľĺŇĪĵŅȮ&Qcamlb_pw Diposit)ȮėŊŀľĸńĔģŅĬ
ĪňŗŀŅěĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĭĶŇĭĪŏħŇĴĕŀĚľĸńĔģŅĬœĮȮŏĝƞĬĔŅĶŏėĸŊŗŀĬĵƟŅĵŏĮĸňŗĵĬĨņŐľĬƞĚĕŀĚľĸńĔģŅĬ
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            ĕńŘĬĨŀĬĪňŗȮ1 ĔŅĶĨńŘĚėņĩŅĴĪŅĚőĭĶŅĦėħňŏıŊŗŀĻŉĔļŅŒĬĮĶŃŏħŖĬŒħĮĶŃŏħŖĬľĬŉŗĚ
őħĵěņŐĬĔŀŀĔŏĮƦĬȮ2 ĮĶŃŏħŖĬėņĩŅĴėŊŀĔŅĶĻŉĔļŅőĭĶŅĦőĸľĺŇĪĵŅĪňŗŏĮƦĬŏľĸŖĔȮ&Ferrous 
Archaeometallurgy'ȮľĶŊŀȮőĭĶŅĦőĸľŃĺŇĪĵŅĪňŗœĴƞŒĝƞŏľĸŖĔȮ&Non-Ferrous Archaeometallurgy'Ȯ 
            ĕńŘĬĨŀĬĪňŗȮ2 ĔŅĶĮĶŇĪńĻĬƢĺĶĶĶĔĶĶĴĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅŏĮƦĬĔŅĶĻŉĔļŅĶĺĭĶĺĴ
ĕƟŀĴŌĸĪŅĚħƟŅĬŏŀĔĽŅĶĪńŘĚľĸńĔģŅĬĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢȮŏĝƞĬȮŏŀĔĽŅĶĪŅĚīĶĦňĺŇĪĵŅȮěħľĴŅĵŏľĨŋȮ
ıĚĻŅĺħŅĶȮĭńĬĪŉĔĨƞŅĚŕȮŏĮƦĬĨƟĬȮŐĸŃŏŀĔĽŅĶĚŅĬĺŇěńĵĪŅĚőĭĶŅĦőĸľĺŇĪĵŅĪňŗĴňĔŅĶĻŉĔļŅŒĬŀħňĨȮ
ĶĺĴĪńŘĚĭĶŇĭĪľĸńĔģŅĬħƟŅĬŀŊŗĬŕȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭıŊŘĬĪňŗĺŇěńĵ 
            ĕńŘĬĨŀĬĪňŗȮ3 ĔĶŃĭĺĬĔŅĶĚŅĬőĭĶŅĦőĸľŃĺŇĪĵŅȮĮĶŃĔŀĭħƟĺĵĕńŘĬĨŀĬĔŅĶ
ħņŏĬŇĬĚŅĬĳŅėĽĬŅĴĪŅĚőĭĶŅĦėħňȮ&ĔŅĶĽņĶĺěŐĸŃĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħň'ȮĔŅĶŏĔŖĭŐĸŃėńħŏĸŊŀĔ
ĨńĺŀĵƞŅĚľĸńĔģŅĬĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅŏıŊŗŀŒĝƟŒĬĔŅĶĺŇŏėĶŅŃľƢŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶȮĔŅĶĺŇŏėĶŅŃľƢ
ĨńĺŀĵƞŅĚľĸńĔģŅĬĪŅĚőĭĶŅĦőĸľĺŇĪĵŅŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶőħĵŀŅĻńĵĺŇīňŐĸŃŏĪėőĬőĸĵňĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚ
ĔŅĵĳŅėȮěŋĸĳŅėȮŐĸŃŏėĴňĪňŗŏľĴŅŃĽĴĔńĭĚŅĬĺŇěńĵȮőħĵĕńŘĬĨŀĬĬňŘĩŊŀŏĮƦĬĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸŏıŊŗŀĬņœĮĽŌƞ
ĔŅĶĽńĚŏėĶŅŃľƢŀĚėƢėĺŅĴĪŅĚħƟŅĬŏĪėőĬőĸĵňĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅ ŏĝƞĬȮĔŅĶĽņĶĺěĕŋħėƟĬĪŅĚ
őĭĶŅĦėħňŏĨŅĩĸŋĚŏľĸŖĔŏıŊŗŀĬņĨńĺŀĵƞŅĚľĸńĔģŅĬĴŅĺŇŏėĶŅŃľƢŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶŏıŊŗŀĽńĬĬŇļģŅĬ
ŏĪėőĬőĸĵňĔŅĶĩĸŋĚŐĸŃĶŌĮŐĭĭŏĨŅȮľĶŊŀľĶŊŀĔŅĶĽņĶĺěĪŅĚőĭĶŅĦėħňĪňŗŒĝƟŒľƟĕƟŀĴŌĸľĸńĔģŅĬĔŅĶĨńŘĚĩŇŗĬ
ģŅĬŐĸŃĸņħńĭıńĥĬŅĔŅĶĪŅĚĺńĥĬīĶĶĴĕŀĚıŊŘĬĪňŗĺŇěńĵȮĶĺĴĪńŘĚŀĚėƢėĺŅĴĶŌƟĕŀĚĶƞŀĚĶŀĵľĸńĔģŅĬ
ĪŅĚħƟŅĬőĸľĔĶĶĴĪňŗĴňėĺŅĴĽńĴıńĬīƢĔńĭıķĨŇĔĶĶĴħƟŅĬőĸľŃĔĶĶĴĕŀĚĴĬŋļĵƢŒĬŀħňĨŀňĔħƟĺĵ 
           ĕńŘĬĨŀĬĪňŗȮ2 ĔŅĶĪħĸŀĚĪŅĚőĭĶŅĦėħňȮ&Experimental Archaeology'ȮȮȮȮȮȮȮȮȮ
ŏĮƦĬĔĶŃĭĺĬĔŅĶĻŉĔļŅőħĵŒĝƟĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚěŅĔĕƟŀĴŌĸĪňŗœħƟěŅĔĔĶŃĭĺĬĚŅĬĕńŘĬĨŀĬĪňŗȮ1 ĩŉĚ 
3ȮĪńŘĚĕƟŀĴŌĸĔŅĶĺŇŏėĶŅŃľƢĨňėĺŅĴŐĸŃĕƟŀĴŌĸĽńĬĬŇļģŅĬŏĪėőĬőĸĵňőĸľĔĶĶĴȮŏıŊŗŀĨĶĺěĽŀĭŀĚėƢėĺŅĴĶŌƟĪňŗ
œħƟĨňėĺŅĴŐĸŃĽńĚŏėĶŅŃľƢŏŀŅœĺƟȮħƟĺĵĔŅĶĪħĸŀĚĞŘņľĸŅĵŕȮėĶńŘĚ36ȮĔŅĶĪħĸŀĚĪŅĚőĭĶŅĦėħňŏĶŇŗĴĴňėĺŅĴ
ĨŊŗĬĨńĺŒĬĔŅĶĻŉĔļŅĺŇěńĵĨńŘĚŐĨƞĝƞĺĚĪĻĺĶĶļĪňŗȮ/73.sȮĳŅĵŒĨƟŐĬĺėŇħĕŀĚĬńĔőĭĶŅĦėħňĽņĬńĔėŇħ
őĭĶŅĦėħňĔĶŃĭĺĬĔŅĶȮ&Processual Archaeology'ȮľĶŊŀőĭĶŅĦėħňŒľĴƞȮ&New Archaeology'ȮȮȮȮ

 

 34 Historic England, Archaeometallugy : Guidelines for beast practice (London: Historic 
England, 2001), 10-11. 
 35______________, Metal and Metalworking : A research framework for Archaeometallurgy 
(London: English Heritage, 2008), 23-37. 
 36 Benjamin Roberts Walter and others, Archaeometallurgy in Global Perspective : Methods 
and Syntheses (NewYork: Springer, 2014), 162 -163. 
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ĕŀĚőĸĔĨŃĺńĬĨĔ37ȮĪňŗŏĬƟĬĔŅĶĨĶĺěĽŀĭĽĴĴŋĨŇģŅĬľĶŊŀĕƟŀĽńĬĬŇļģŅĬĪŅĚőĭĶŅĦėħňħƟĺĵĔĶŃĭĺĬĔŅĶ
ŐĸŃŏėĶŊŗŀĚĴŊŀĪŅĚĺŇĪĵŅĻŅĽĨĶƢ38ȮőħĵŏĶŇŗĴŐĶĔŏĮƦĬĚŅĬĪħĸŀĚĩĸŋĚőĸľŃĮĶŃŏĳĪĨƞŅĚŕȮőħĵŏĜıŅŃĔŅĶ
ĩĸŋĚĪŀĚŐħĚŐĸŃŏľĸŖĔĪńŘĚŒĬĵŋėĔƞŀĬĮĶŃĺńĨŇĻŅĽĨĶƢŐĸŃĮĶŃĺńĨŇĻŅĽĨĶƢȮĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĨŀĭėņĩŅĴ
ĪŅĚħƟŅĬĔĶŃĭĺĬĔŅĶĩĸŋĚőĸľŃĽĴńĵőĭĶŅĦȮ&Smelting Operation'ȮőħĵĴňľĸńĔĔŅĶĽņėńĠėŊŀĔŅĶ
ŀŀĔŐĭĭĚŅĬĪħĸŀĚȮĶŊŘŀĲƘƨĬȮ&Pcamlqrpsargml'ȮŐĸŃėĺĭėŋĴĨńĺŐĮĶĨƞŅĚŕȮŒľƟĴňėĺŅĴĽŀħėĸƟŀĚĔńĭ
ľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗĕŋħėƟĬıĭŒĬŐľĸƞĚĩĸŋĚőĸľŃĬńŘĬŕȮŒľƟœħƟĴŅĔĪňŗĽŋħ39ȮŏĝƞĬȮĺńĽħŋŒĬĔŅĶĽĶƟŅĚŏĨŅȮ
ŐĶƞȮĶŃĭĭĸĴȮŀŋĦľĳŌĴŇȮŏĝŊŘŀŏıĸŇĚȮľĶŊŀŐĴƟĔĶŃĪńŗĚıŇīňĔĶĶĴĪňŗŏĔňŗĵĺĔńĭĔŅĶĩĸŋĚȮŏĮƦĬĨƟĬȮĬŀĔěŅĔĬňŘĵńĚĴňĔŅĶ
ĮĶŃĵŋĔĨƢŒĝƟĔŅĶŏĔŖĭĕƟŀĴŌĸĪŅĚőĭĶŅĦėħňĝŅĨŇıńĬīŋƢŒĬĔĸŋƞĴėĬĪňŗĵńĚėĚĶńĔļŅŏĪėőĬőĸĵňĔŅĶĩĸŋĚőĸľŃŐĭĭ
őĭĶŅĦħńŘĚŏħŇĴŏŀŅœĺƟȮŏıŊŗŀĬņĕƟŀĴŌĸĴŅŏĮƦĬĽƞĺĬľĬŉŗĚŒĬĔĶŃĭĺĬĚŅĬĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅ40ȮĬŀĔěŅĔĬňŘ
ĵńĚĴňĔŅĶŒĝƟĕƟŀĴŌĸĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢȮěħľĴŅĵŏľĨŋėĺŅĴĪĶĚěņľĶŊŀŐĴƟĔĶŃĪńŗĚĴŋĕĮŅģŃȮĴŅĮĶŃĔŀĭĔńĭ
ľĸńĔģŅĬĪŅĚőĭĶŅĦėħňŀňĔħƟĺĵ41ȮőħĵěŋħĴŋƞĚľĴŅĵĽŌĚĽŋħėŊŀŏıŊŗŀĸņħńĭĔĶŃĭĺĬĔŅĶįĸŇĨĴĺĸőĸľŃȮěŅĔ
ĔƟŀĬŐĶƞȮ&Iron Ore) ĽŌƞĔŅĶŏĮƦĬĴĺĸőĸľŃȮ&Ingot) ĞŉŗĚěŃĝƞĺĵĪņŒľƟŏĕƟŅŒěĩŉĚıķĨŇĔĶĶĴŐĸŃŀŇĪīŇıĸĕŀĚ
ĴĬŋļĵƢŐĸŃĽŇŗĚŐĺħĸƟŀĴĪňŗĴňĨƞŀĔŅĶıńĥĬŅŏĪėőĬőĸĵňĔŅĶĩĸŋĚőĸľŃĽĴńĵőĭĶŅĦœħƟ42  

0,0ȮľƞĺĚőĞƞĔĶŃĭĺĬĔŅĶįĸŇĨȮ&Af_îlcȮMnép_rmgpc' 
 ěŅĔĕƟŅĚĨƟĬŐĽħĚŒľƟŏľŖĬĺƞŅĔĶŃĭĺĬĚŅĬőĭĶŅĦőĸľŃĺŇĪĵŅĴňěŋħĮĶŃĽĚėƢŏıŊŗŀĸņħńĭĕńŘĬĨŀĬ

ĕŀĚŏĪėőĬőĸĵňĔŅĶįĸŇĨĚŅĬőĸľĔĶĶĴĝŇŘĬŕȮľĬŉŗĚĺƞŅĴňĔĶŃĭĺĬĔŅĶĔŅĶœħƟĴŅĞŉŗĚőĭĶŅĦĺńĨĩŋĝŇŘĬĬńŘĬŕȮ
ŀĵƞŅĚœĶȮ&Reconstruction'ȮĞŉŗĚĔŅĶĸņħńĭĔĶŃĭĺĬĔŅĶĩĸŋĚŏľĸŖĔŒĬĚŅĬĺŇěńĵĝŇŘĬĬňŘȮŀŅěĔĸƞŅĺœħƟĺƞŅŀĵŌƞĴň
ıŊŘĬģŅĬĳŅĵŒĨƟŐĬĺėŇħľƞĺĚőĞƞĔĶŃĭĺĬĔŅĶįĸŇĨȮŒĬĪŅĚőĭĶŅĦėħňȮőħĵĬńĔőĭĶŅĦėħňěŃĪņĔŅĶĻŉĔļŅ
ĔĶŃĭĺĬĔŅĶįĸŇĨŒĬŐĨƞĸŃĕńŘĬĨŀĬőħĵĕńŘĬĨŀĬĔŅĶįĸŇĨŐĨƞĸŃĕńŘĬěŃĴňėĺŅĴŏĝŊŗŀĴőĵĚĽńĴıńĬīƢĔńĬœĴƞ
ĽŅĴŅĶĩĕŅħĕńŘĬĨŀĬŒħĕńŘĬĨŀĬľĬŉŗĚœħƟŏĬŊŗŀĚěŅĔįĸįĸŇĨŒĬĕńŘĬĨŀĬľĬŉŗĚěŃĩŌĔĬņœĮŒĝƟŏĮƦĬĺńĨĩŋħŇĭŒĬŀňĔ
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ĕńŘĬĨŀĬȮĴňĸńĔļĦŃŏĮƦĬĸŌĔőĞƞŏĝƞĬĬňŘěĬĔĺƞŅěŃœħƟįĸŇĨĳńĦĤƢĕńŘĬĽŋħĪƟŅĵŐĸŃĽƞĚįĸŇĨĳńĦĤƢĩŉĚĴŊŀįŌƟĭĶŇőĳė43Ȯ
ĽņľĶńĭĮĶŃŏħŖĬŏĶŊŗŀĚĔŅĶĩĸŋĚŏľĸŖĔĬńŘĬĴňĬńĔőĭĶŅĦėħňœħƟĪņĔŅĶĻŉĔļŅŐĭĭŐįĬĔŅĶįĸŇĨĪňŗŏĮƦĬľĸńĔ
ĽŅĔĸĳŅĵŒĨƟŐĬĺėĺŅĴėŇħĔĶŃĭĺĬĔŅĶĸŌĔőĞƞŒĬĔŅĶȮĪňŗĽŅĴŅĶĩŒĝƟŏĮƦĬıŊŘĬģŅĬŒĬĔŅĶĺŇěńĵœħƟėŊŀ
ŐĬĺėĺŅĴėŇħĕŀĚŏŁĶƢŏĪŀĶƢȮĴŇĸŏĸŀĶƢȮĬńĔőĭĶŅĦėħňįŌƟĴňėĺŅĴĽĬŒěŒĬŐĭĭŐįĬŏĪėőĬőĸĵňŐĸŃĔŅĶįĸŇĨ
ĽŇĬėƟŅĨƞŅĚŕȮŒĬŀħňĨȮőħĵœħƟĪņĔŅĶĽĶƟŅĚŐĭĭĔĶŃĭĺĬĔŅĶĩĸŋĚŏľĸŖĔĪňŗĽŅĴŅĶĩĬņĴŅĮĶŃĵŋĔĨƢŒĝƟĔńĭıŊŘĬĪňŗ
ĺŇěńĵŒĬĵŋőĶĮŐĸŃŏŀŏĝňĵĨŃĺńĬĨĔŏĜňĵĚŒĨƟľĶŊŀŏŀŏĝňĵŒĨƟœħƟ44ȮőħĵŐĭƞĚĕńŘĬĨŀĬĔŅĶĩĸŋĚŏľĸŖĔŀŀĔŏĮƦĬȮ3 
ĕńŘĬĨŀĬėŊŀȮĔŅĶĶĺĭĶĺĴĺńĨĩŋħŇĭľĶŊŀĔŅĶĪņŏľĴŊŀĚȮĔŅĶŏĨĶňĵĴŐĶƞȮĔŅĶĩĸŋĚŐĶƞȮŐĸŃĔŅĶĔņľĬħŀŅĵŋĽĴńĵ
ĕŀĚĔŇěĔĶĶĴĔŅĶĩĸŋĚȮ 
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ĪňŗĴŅȮȮȮȮȮȮHeather Margaret-Louise Miller,2009 ,Archaeological Approaches to Technology 
(California : Left Coast Press',Ȯ07,  

 
 

43 Colin Renfrew and Paul Bahn, Archaeology: The Key Concepts (London : Routledge, 
2005), 25-26. 
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       ŀĵƞŅĚœĶĔŖĨŅĴŐĭĭŐįĬĔŅĶĩĸŋĚŏľĸŖĔħńĚĔĸƞŅĺĬńŘĬĵńĚĴňĮƤĠľŅŒĬȮ2 ĮĶŃŏħŖĬȮĔĸƞŅĺėŊŀ
ĮĶŃŏħŖĬĪňŗľĬŉŗĚŐĭĭŐįĬĔŅĶĩĸŋĚŏľĸŖĔĕŀĚŏŁĶƢŏĪŀĶƢȮĴŇĸŏĸŀĶƢȮœħƟěŅĔĔŅĶĽńĚŏėĶŅŃľƢěŅĔŐľĸƞĚĩĸŋĚ
ŏľĸŖĔŒĬĞňĔőĸĔĨŃĺńĬĨĔĵƞŀĴĴňėĺŅĴŐĨĔĨƞŅĚŒĬŏĚŊŗŀĬœĕĨƞŅĚŕȮĔńĭŐľĸƞĚĩĸŋĚŏľĸŖĔŒĬĞňĔőĸĔĨŃĺńĬŀŀĔ
ĞŉŗĚŏĮƦĬİƙŅĵĶńĭŏŀŅŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔĴŅěŅĔĞňĔőĸĔĨŃĺńĬĨĔĴŅĮĶńĭŒĝƟŐĸŃıńĥĬŅĨŅĴĸńĔļĦŃ
ŀĚėƢėĺŅĴĶŌƟŏĪėőĬőĸĵňȮ&ĔŅĶėĺĭėŋĴœĲȮĶŌĮŐĭĭŐĸŃőėĶĚĽĶƟŅĚŏĨŅȮĔŅĶŏĸŊŀĔŒĝƟŐĶƞŏľĸŖĔȮĔŅĶŏĨĶňĵĴŐĶƞ
ŏľĸŖĔȮłĸł'ȮŐĸŃĭĶŇĭĪŐĺħĸƟŀĴĕŀĚŐľĸƞĚĩĸŋĚȮ&ĮĶŇĴŅĦŐĶƞȮĸńĔļĦŃŏĝŊŘŀŏıĸŇĚŒĬĪƟŀĚĩŇŗĬȮĔŅĶėĺĭėŋĴ
ĔŅĶįĸŇĨěŅĔőėĶĚĽĶƟŅĚĪŅĚĽńĚėĴĶŃħńĭĨƞŅĚŕȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĩĸŋĚŏľĸŖĔ'ȮĞŉŗĚįŌƟĺŇěńĵœĴƞĽŅĴŅĶĩŒĝƟŐĭĭ
ŐįĬħńĚĔĸƞŅĺœħƟĪńĬĪňȮľŅĔŐĨƞŒĝƟŏĮƦĬŐĬĺėŇħıŊŘĬģŅĬȮĶƞĺĴĔńĭĔŅĶħņŏĬŇĬĚŅĬĨŅĴĔĶŃĭĺĬĔŅĶĪŅĚ
őĭĶŅĦőĸľĺŇĪĵŅŏıŊŗŀĸņħńĭĔĶŃĭĺĬĔŅĶĔĸŋĚŏľĸŖĔĨŅĴľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗėƟĬıĭŒĬŐľĸƞĚ
őĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮőħĵĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĸņħńĭŐĭĭŐįĬĔŅĶĩĸŋĚŏľĸŖĔĕŀĚŐľĸƞĚőĭĶŅĦėħňŐľĸƞĚ
ħńĚĔĸƞŅĺŒĬŐĚƞľĬŉŗĚȮŀňĔŐĚƞľĬŉŗĚŏĮƦĬĔŅĶĨĶĺěĽŀĭŐĭĭŐįĬĔŅĶĩĸŋĚŏľĸŖĔĪňŗįŌƟĺŇěńĵŏĸŊŀĔŒĝƟĺƞŅĴňėĺŅĴŏĮƦĬ
ĔġĽŅĔĸȮ&Generalization'ȮľĶŊŀœĴƞ 

0,1ȮĪķļġňĝƞŅĚİƖĴŊŀĪńĔļŃıŇŏĻļȮ&Ap_drȮQncag_jgx_rgml' 
ĽƞĺĬĮĶŃŏħŖĬĮƤĠľŅĪňŗĽŀĚėŊŀĸńĔļĦŃĕŀĚĚŅĬőĭĶŅĦőĸľŃĺŇĪĵŅŐĸŃŐĭĭŐįĬ

ĔĶŃĭĺĬĔŅĶįĸŇĨĪňŗĔĸƞŅĺĩŉĚĕƟŅĚĨƟĬĬńŘĬĵńĚœĴƞĽŅĴŅĶĩŏĝŊŗŀĴőĵĚŏĕƟŅĔńĭĭĶŇĭĪĪŅĚħƟŅĬĮĶŃĺńĨŇĻŅĽĨĶƢ
ĸƟŅĬĬŅȮěŉĚĴňėĺŅĴěņŏĮƦĬĨƟŀĚĕĵŅĵĔĶŀĭĔŅĶĺŇěńĵŒĬĮĶŃŏħŖĬĔŅĶĩĸŋĚŏľĸŖĔŒĬģŅĬŃĚŅĬĝƞŅĚİƖĴŊŀĪńĔļŃ
ıŇŏĻļȮ&Craft Specialization) ĞŉŗĚĔŅĶĻŉĔļŅŏĶŊŗŀĚŏĪėőĬőĸĵňĔŅĶĩĸŋĚěŃŏĮƦĬŏıňĵĚĽƞĺĬľĬŉŗĚĕŀĚĶŃĭĭ
ĔŅĶįĸŇĨȮ&Production system) ĵńĚœĴƞĽŃĪƟŀĬŒľƟŏľŖĬėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚįŌƟįĸŇĨȮįŌƟėĺĭėŋĴĔŅĶįĸŇĨȮ
ĔŅĶěńħěņľĬƞŅĵȮįŌƟĭĶŇőĳėĔńĭįĸŇĨĳńĦĤƢĪňŗįĸŇĨœħƟȮłĸłȮľĶŊŀŒĬŀňĔŐĚƞľĬŉŗĚėŊŀĵńĚœĴƞĽŅĴŅĶĩĽŃĪƟŀĬŒľƟŏľŖĬ
ıķĨŇĔĶĶĴĕŀĚĴĬŋļĵƢŒĬŀħňĨĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶįĸŇĨŐĸŃĔŅĶŒĝƟŏĪėőĬőĸĵňĬńŘĬŕȮœħƟĝńħŏěĬĬńĔȮĞŉŗĚ
ĔŅĶĻŉĔļŅŏĶŊŗŀĚĔŅĶĩĸŋĚŏľĸŖĔŒĬŐĚƞĕŀĚĚŅĬĝƞŅĚİƖĴŊŀĬńŘĬȮĬńĔőĭĶŅĦėħňįŌƟĪņĔŅĶĻŉĔļŅěņŏĮƦĬĨƟŀĚŀīŇĭŅĵ
ėŋĦĸńĔļĦŃĕŀĚĮƤěěńĵŒĬĶŃĭĭĔŅĶįĸŇĨĞŉŗĚĴňĮƤěěńĵĪňŗĽņėńĠȮ4ȮĮƤěěńĵ45ȮěŅĔľĸńĔģŅĬĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢ
ŐĸŃőĭĶŅĦėħňĪňŗėƟĬıĭħńĚĬňŘ 

          0,1,/ȮĝƞŅĚİƖĴŊŀľĶŊŀĻŇĸĮƕĬȮ&Artisan) ŏĮƦĬĭŋėėĸľĶŊŀĔĸŋƞĴėĬĪňŗįĸŇĨĽŇĬėƟŅľĶŊŀ
įĸŇĨĳńĦĤƢĪňŗĪņĔŅĶĻŉĔļŅĺŇěńĵȮőħĵĭŋėėĸľĶŊŀĔĸŋƞĴėĬŏľĸƞŅĬňŘŏĮƦĬįŌƟįĸŇĨĽŇĬėƟŅŏıŊŗŀĽƞĚŀŀĔľĶŊŀŐěĔěƞŅĵ
ĴŅĔĔĺƞŅŒĝƟĽŇĬėƟŅĪňŗĨĬįĸŇĨĕŉŘĬĴŅŏŀĚȮȮȮŏĝƞĬȮėĬĚŅĬŏľĴŊŀĚȮĝƞŅĚĩĸŋĚŏľĸŖĔȮľĶŊŀĽĸƞŅĨňŏľĸŖĔȮŏĮƦĬĨƟĬ őħĵ
ĬńĔőĭĶŅĦėħňĪňŗĪņĔŅĶĻŉĔļŅĨƟŀĚĶŃĭŋĸńĔļĦŃĕŀĚĝƞŅĚİƖĴŊŀĺƞŅĴňĶŃħńĭĕŀĚĔŅĶįĸŇĨȮ&Scale'ȮŏĮƦĬŏĶŊŗŀĚ
ĕŀĚĶŃħńĭŒĬĔŅĶįĸŇĨĨńŘĚŐĨƞĶŃħńĭėĶńĺŏĶŊŀĬĩŉĚĶŃħńĭŀŋĨĽŅľĔĶĶĴĕŀĚĶńģȮőħĵŐĭƞĚŀŀĔœħƟľĸŅĵĶŃħńĭ
ŏĝƞĬȮĝƞŅĚİƖĴŊŀĽƞĺĬĭŋėėĸȮ&Individual SpecializationȮĔĸŋƞĴĝƞŅĚİƖĴŊŀȮ&Dispersed Workshop) ĝŋĴĝĬ

 
45 Cathy Lynne Costin, ŴCraft Production*ŵ in Handbook of Method in Archaeology 

&London : AltaMira Press, 2005', /.16-/.17, 
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ĝƞŅĚİƖĴŊŀȮ&Community Specialization) ĝŋĴĝĬĝƞŅĚİƖĴŊŀĶŃħńĭŒľĠƞȮ&Nucleated Workshop)ȮĝŋĴĝĬ
ĝƞŅĚİƖĴŊŀĪňŗĴňŀĵŌƞĔĶŃěŅĵĨńĺȮ&Dispersed Corvée'ȮŐĸŃĝƞŅĚľĸĺĚȮ&Retainer Workshop)ȮŏĮƦĬĨƟĬ 

ĬŀĔěŅĔĬňŘĵńĚĨƟŀĚĶŃĭŋėĺŅĴŏĕƟĴĕƟĬŒĬĔŅĶįĸŇĨȮ&Intensity) ŏĮƦĬĔŅĶįĸŇĨĕŀĚįŌƟįĸŇĨ
ĨĸŀħŏĺĸŅľĶŊŀŏĮƦĬĔŅĶįĸŇĨŒĬĝƞĺĚĶŃĵŃŏĺĸŅŒħŏĺĸŅľĬŉŗĚȮėĺŅĴŏĮƦĬŀŇĽĶŃŒĬĔŅĶįĸŇĨĺƞŅĴňŏĮƦĬĝƞŅĚİƖĴŊŀ
ĪňŗĴňĔŅĶėĺĭėŋĴľĶŊŀŀŋĮĩńĴĳƢȮ&Attaced Specialist'ȮľĶŊŀŏĮƦĬĝƞŅĚİƖĴŊŀŀŇĽĶŃȮ(Indipendent 
Specialist) ĶĺĴĪńŘĚĸńĔļĦŃŀŊŗĬŕĕŀĚĝƞŅĚİƖĴŊŀŏĝƞĬȮŏıĻȮĔŅĶŐĭƞĚľĬƟŅĪňŗŒĬĔŅĶįĸŇĨŐĸŃĔŅĶİƗĔĪńĔļŃȮ
ŏĮƦĬĨƟĬ 

          2.3.2ȮĮƤěěńĵŒĬĔŅĶįĸŇĨȮ&Mean of Production) ĮĶŃĔŀĭħƟĺĵĺńĨĩŋħŇĭȮŏėĶŊŗŀĚĴŊŀŒĬ
ĔŅĶįĸŇĨȮŀĚėƢėĺŅĴĶŌƟȮŐĸŃĪńĔļŃĪňŗěņŏĮƦĬŒĬĔŅĶįĸŇĨȮŏĝƞĬȮĔŅĶĸņħńĭĔĶŃĭĺĬĔŅĶĔŅĶĩĸŋĚŏľĸŖĔĪňŗœħƟ
ěŅĔĔŅĶĻŉĔļŅľƞĺĚőĞƞĔŅĶįĸŇĨȮ&Chaîne Opératoire) ľĶŊŀĔŅĶėĺĭėŋĴœĲŐĸŃĔŅĶŒĝƟŀŋĦĳŌĴŇŒĬĔŅĶĩĸŋĚ
ŏľĸŖĔȮŏĮƦĬĨƟĬȮĮƤěěńĵĔŅĶįĸŇĨĩŊŀŏĮƦĬľńĺŒěĽņėńĠŒĬĔŅĶĻŉĔļŅĶŃĭĭĔŅĶįĸŇĨȮĬńĔőĭĶŅĦėħňĽŅĴŅĶĩ
ĻŉĔļŅŏĶŊŗŀĚħńĚĔĸƞŅĺőħĵŒĝƟľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗėƟĬıĭěŅĔĔĶŃĭĺĬĔŅĶĪŅĚőĭĶŅĦėħňȮ&ĽņĶĺěŐĸŃ
ĕŋħėƟĬĪŅĚőĭĶŅĦėħň'ȮĕƟŀĴŌĸěŅĔĔŅĶĺŇŏėĶŅŃľƢľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪńŘĚŏĝŇĚĳŅĵĳŅıŐĸŃŒĬ
ľƟŀĚĮĢŇĭńĨŇĔŅĶĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮŏĮƦĬĨƟĬ 

          2.3.3ȮŀĚėƢĔĶľĶŊŀőėĶĚĽĶƟŅĚĪŅĚĽńĚėĴĪňŗĴňėĺŅĴĽńĴıńĬīƢĔńĭĔŅĶįĸŇĨȮ&Organization 
and Social Relation) ŏĮƦĬĸńĔļĦŃėĺŅĴĽńĴıńĬīƢĪŅĚħƟŅĬĬőĵĭŅĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶįĸŇĨĶŃľĺƞŅĚ
őėĶĚĽĶƟŅĚĪŅĚĽńĚėĴĶŃħńĭĨƞŅĚŕȮĔńĭľĬƞĺĵĔŅĶįĸŇĨȮŏĝƞĬȮĔŅĶŏĔĦĤƢŐĶĚĚŅĬȮĔŅĶėĺĭėŋĴĴŅĨĶģŅĬĔŅĶ
įĸŇĨȮĔŅĶėĸńĚĽŇĬėƟŅȮĔŅĶįĸŇĨİƖĴŊŀȮĔŅĶĕĬĽƞĚŐĸŃŐěĔěƞŅĵĽŇĬėƟŅȮĔŅĶĶƞĺĴĴŊŀĶŃľĺƞŅĚľĬƞĺĵĔŅĶįĸŇĨ
ŐĸŃįŌƟŀŋĮőĳėĭĶŇőĳėȮĞŉŗĚŀŅěŏĮƦĬľĬƞĺĵĚŅĬĕŀĚĶńģȮĕŋĬĬŅĚľĶŊŀĶŅĝĽņĬńĔĪňŗĴňĔŅĶėĺĭėŋĴĔŅĶįĸŇĨĽŇĬėƟŅ
ĨƞŅĚŕȮŏĝƞĬȮĶŅĝĽņĬńĔŏĝňĵĚŒľĴƞĨńŘĚŏĴŊŀĚȮĽņľĶńĭŒĝƟŏĮƦĬŏĴŊŀĚŒĬĔŅĶįĸŇĨŏľĸŖĔŒľƟŐĔƞĶŅĝĽņĬńĔȮŏĮƦĬĨƟĬ 

          0,1,2ȮįĸŇĨĳńĦĤƢȮ&Object) ŏĮƦĬįĸŇĨįĸŏĝŇĚĶŌĮīĶĶĴĪňŗœħƟěŅĔĶŃĭĭĔŅĶįĸŇĨŐĸŃŏĮƦĬ
įĸĽņŏĶŖěĽŋħĪƟŅĵĕŀĚľƞĺĚőĞĔĶŃĭĺĬĔŅĶįĸŇĨȮ 

          0,1,3,ȮėĺŅĴĽńĴıńĬīƢĔńĭĔŅĶěńħěņľĬƞŅĵĽŇĬėƟŅľĶŊŀįĸŇĨĳńĦĤƢȮ&Relation of 
Distribution) ľĸńĔĔŅĶŐĸŃĔĸœĔĔŅĶŏĮĸňŗĵĬįƞŅĬĽŇĬėƟŅľĶŊŀįĸŇĨĳńĦĤƢěŅĔįŌƟįĸŇĨœĮĵńĚįŌƟĭĶŇőĳėȮŏĝƞĬȮ
įŌƟėƟŅėĬĔĸŅĚľĶŊŀŏĽƟĬĪŅĚĔŅĶėƟŅȮŏĮƦĬĨƟĬ őħĵĔŅĶĕĬĽƞĚĬńŘĬĩŊŀŏĮƦĬĔŅĶĽĶƟŅĚĴŌĸėƞŅŒľƟĔńĭįĸŇĨĳńĦĤƢ
ŏĬŊŗŀĚěŅĔŒĬĔŅĶĕĬĽƞĚŐĨƞĸŃėĶńŘĚŀŅěĴňėĺŅĴĵŅĔĸņĭŅĔŒĬĔŅĶĕĬĽƞĚȮĬńĔőĭĶŅĦėħňĨƟŀĚŀīŇĭŅĵ
ėĺŅĴĽńĴıńĬīƢĕŀĚĬŘņľĬńĔįĸŇĨĳńĦĤƢȮĮĶŇĴŅĦįĸŇĨĳńĦĤƢȮŐĸŃĶŃĵŃĪŅĚŒĬĔŅĶĕĬĽƞĚȮĬŀĔěŅĔĬňŘĔŅĶ
ĕĬĽƞĚŀŅěľĴŅĵĶĺĴĩŉĚŏĽƟĬĪŅĚŐĸŃĶŃĵŃĪŅĚŒĬĔŅĶŏĕƟŅĩŉĚŐľĸƞĚĺńĨĩŋȮŐľĸƞĚįĸŇĨŐĸŃĨĸŅħľĶŊŀ
ėĸńĚĽŇĬėƟŅĪňŗŏĮƦĬěŋħěņľĬƞŅĵľĶŊŀĕĬĽƞĚĽŇĬėƟŅœĮĵńĚįŌƟĭĶŇőĳėħƟĺĵ 

          0,1,4ȮįŌƟĭĶŇőĳėȮ&Consumer) ŏĮƦĬĭŋėėĸĪňŗĴňėĺŅĴĨƟŀĚĔŅĶįĸŇĨĳńĦĤƢĪňŗįĸŇĨĕŉŘĬŐĸŃĴň
ėĺŅĴŏĔňŗĵĺĕƟŀĚĔńĭĽĩŅĭńĬĪŅĚĽńĚėĴĨƞŅĚŕȮĪňŗĴňėĺŅĴĨƟŀĚĔŅĶŀŋĮőĳėĭĶŇőĳėįĸŇĨĳńĦĤƢĬńŘĬŕȮŏĝƞĬȮĔŅĶĽƞĚ
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ĽƞĺĵŏľĸŖĔĕŀĚŏĴŊŀĚŀĺĬĪňŗįĸŇĨœħƟȮĮƖĸƞŃȮ1.ȮľŅĭȮĨŅĴėņŏĶňĵĔĶƟŀĚĕŀĚŏėƟŅĽĬŅĴľĸĺĚȮ&ŀĚėƢĔĶĔŅĶ
ĮĔėĶŀĚĕŀĚĽĵŅĴőħĵĝĬıŊŘĬŏĴŊŀĚŏĮƦĬĕƟŅĶŅĝĔŅĶ'ȮĶŅĝĽņĬńĔŏĴŊŀĚĬƞŅĬȮŒĬĝƞĺĚıŋĪīĻĨĺĶĶļĪňŗȮ03ȮŏĮƦĬ
ĨƟĬ 

        ĔŅĶĻŉĔļŅĶŃĭĭĔŅĶįĸŇĨĬŀĔěŅĔěŃĻŉĔļŅěŅĔľĸńĔģŅĬŐĸŃĭĶŇĭĪĪŅĚőĭĶŅĦėħňĪňŗœħƟ
ěŅĔĔŅĶĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėŐĸƟĺȮĵńĚĽŅĴŅĶĩĻŉĔļŅœħƟěŅĔĔŅĶŏĮĶňĵĭŏĪňĵĭĔńĭľĸńĔģŅĬĪŅĚ
őĭĶŅĦėħňĝŅĨŇıńĬīŋƢȮ&Entnoarchaeological Analogy'ȮŐĸŃľĸńĔģŅĬŏŀĔĽŅĶĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢ
ŏĔňŗĵĺĕƟŀĚĔńĭĝŅĨŇıńĬīŋƢĪňŗįĸŇĨįĸŇĨĳńĦĤƢȮĪňŗĬńĔőĭĶŅĦėħňĪņĔŅĶĻŉĔļŅœħƟŀňĔĪŅĚľĬŉŗĚħƟĺĵ őħĵŏĜıŅŃŒĬ
ĔĶŃĭĺĬĚŅĬĪħĸŀĚĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅŒĬĚŅĬĺŇěńĵĝŇŘĬĬňŘȮĪňŗĨƟŀĚĴňĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸĪŅĚĝŅĨŇıńĬīŋƢ
őĭĶŅĦėħňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĩĸŋĚŏľĸŖĔĽĴńĵőĭĶŅĦȮ&ĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢ'ȮŏıŊŗŀĬņĴŅŒĝƟŏĮƦĬĕƟŀĴŌĸ
ĮĶŃĔŀĭĔŅĶŀŀĔŐĭĭĔŅĶĪħĸŀĚŐĸŃĔņľĬħĨńĺŐĮĶĨƟĬȮĨńĺŐĮĶĨŅĴŐĸŃĨńĺŐĮĶėĺĭėŋĴȮĞŉŗĚĨƟŀĚŀĵŌƞ
ĭĬıŊŘĬģŅĬĕŀĚľĸńĔģŅĬĪŅĚőĭĶŅĦėħňȮľĸńĔģŅĬĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĝńŘĬĨƟĬŐĸŃĕƟŀĴŌĸőĭĶŅĦėħňĝŅĨŇ
ıńĬīŋƢĪňŗœħƟĪņĔŅĶĽŊĭėƟĬœĺƟ 

0,2ȮĔĶŀĭĺŇěńĵŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢȮ 
       ěŅĔŐĬĺėŇħŐĸŃĪķļġňĕƟŅĚĨƟĬįŌƟĺŇěńĵěŉĚœħƟŀŀĔŐĭĭĔĶŀĭĺŇěńĵŏıŊŗŀĻŉĔļŅĔĶŃĭĺĬĔŅĶĩĸŋĚ
ŏľĸŖĔőĭĶŅĦĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢŒĬıŊŘĬĪňŗĺŇěńĵȮőħĵĮĶŃĔŀĭħƟĺĵĔŅĶŒĝƟĕƟŀĴŌĸȮ1ȮĝŋħĕƟŀĴŌĸĪňŗĽņėńĠĮĶŃĵŋĔĨƢ
ĔńĭĔĶŃĭĺĬĚŅĬőĭĶŅĦőĸľŃĺŇĪĵŅȮĮĶŃĔŀĭħƟĺĵȮĕƟŀĴŌĸĪŅĚőĭĶŅĦėħňȮĕƟŀĴŌĸĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢŐĸŃ
ĕƟŀĴŌĸĪŅĚőĭĶŅĦėħňĝŅĨŇıńĬīŋƢȮŏıŊŗŀĽńĚŏėĶŅŃľƢĔĶŃĭĺĬĔŅĶŐĸŃŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔĕŀĚŏĴŊŀĚĸŀĚ
őĭĶŅĦŒĬĸńĔļĦŃĕŀĚľƞĺĚőĞƞĔĶŃĭĺĬĔŅĶįĸŇĨȮŐĸŃĴňĔŅĶĨĶĺěĽŀĭĕƟŀĽńĬĬŇļģŅĬħńĚĔĸƞŅĺħƟĺĵ
ĔĶŃĭĺĬĚŅĬĪħĸŀĚĪŅĚőĭĶŅĦėħňȮĬŀĔěŅĔĬňŘĵńĚŏıŇŗĴŏĨŇĴĕńŘĬĨŀĬĔŅĶĺŇŏėĶŅŃľƢȮĨňėĺŅĴŐĸŃĽńĚŏėĶŅŃľƢ
ŀĚėƢėĺŅĴĶŌƟĪŅĚőĭĶŅĦėħňŒĬĮĶŃŏħŖĬĭĶŇĭĪĪŅĚĽńĚėĴŐĸŃĺńĥĬīĶĶĴŒĬŀħňĨĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĩĸŋĚ
ŏľĸŖĔőħĵŏĜıŅŃĪńĔļŃĚŅĬĝƞŅĚİƖĴŊŀȮ&Ap_drȮNpmbsargml'ȮŀňĔħƟĺĵȮŏıŊŗŀŒľƟĔŅĶĽĶƟŅĚĳŅıŒĬŀħňĨĭĬ
ıŊŘĬģŅĬĕŀĚľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĴňėĺŅĴĝńħŏěĬĽĴĭŌĶĦƢĴŅĔĵŇŗĚĕŉŘĬȮ 
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ĳŅıĪňŗȮ0ȮȮĔĶŀĭĺŇěńĵŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢ 

 

hǊƎŀƴƛȊŀǝƻƴ ŀƴŘ {ƻŎƛŀƭ ǊŜƭŀǝƻƴ 

!ǊǝǎŀƴκtǊƻŘǳŎŜǊ 

aŜŀƴ ƻŦ tǊƻŘǳŎǘ 

aŜǘŜǊƛŀƭ tǊŜǇǊŀǊŀǝƻƴ 

tǊƛƳŀǊȅ tǊƻŘǳŎǝƻƴ {ƳŜƭǝƴƎ ¢ŜŎƘƴƻƭƻƎȅ 

tǊƻŘǳŎǘκhōƧŜŎǘ 

wŀǿ aŜǘŜǊƛŀƭ tǊƻŎǳǊƳŜƴǘ 

wŜƭŀǝƻƴ ƻŦ 

ŘƛǎǘǊƛōǳǝƻƴ 

/ƻƴǎǳƳƳŜǊ 

!ǊŎƘŀŜƻƭƻƎƛŎŀƭ 9ǾƛŘƛŜƴŎŜ 9ƴǘƴƻǊŎƘŀŜƻƭƻƎƛŎŀƭ !ƴŀƭƻƎȅ 

ŀƴŘ ¢ŜȄǘ 

IƛǎǘƻǊƛŎŀƭ 9ǾƛŘƛŜƴŎŜ 
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ŏĴŊŗŀĬņĔĶŀĭŐĬĺėŇħħńĚĔĸƞŅĺĕƟŅĚĨƟĬĴŅĮĶŃŏĴŇĬĻńĔĵĳŅıŐľĸƞĚĩĸŋĚŏľĸŖĔĽĴńĵőĭĶŅĦĪňŗıĭ
ŒĬıŊŘĬĪňŗĳŅėŏľĬŊŀĨŀĬĭĬĕŀĚĮĶŃœĪĵıĭĺƞŅŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴŏĮƦĬŐľĸƞĚĩĸŋĚŏľĸŖĔĕŀĚŏĴŊŀĚ
ĸŀĚőĭĶŅĦĪňŗĴňĻńĔĵĳŅıĽŌĚĴŅĔȮĴňĶŃħńĭėŃŐĬĬȮ1,.2-2,..ȮŏĮƦĬĴĶħĔĪŅĚĺńĥĬīĶĶĴĽņėńĠȮĨŅĴĔŅĶ
ĮĶŃŏĴŇĬĻńĔĵĳŅıŐľĸƞĚőĭĶŅĦėħňĕŀĚĔĶĴĻŇĸĮŅĔĶŏĴŊŗŀĮƖȮı,Ļ,034/46ȮĴňėĺŅĴőħħŏħƞĬŒĬŐĚƞĕŀĚŐľĸƞĚ
őĸľŃĔĶĶĴĪňŗĴňĽĳŅıŐľĸƞĚėƞŀĬĕƟŅĚĽĴĭŌĶĦƢȮĩŌĔĪņĸŅĵŒĬĶŃħńĭĨŗņȮĽŅĴŅĶĩĺŇěńĵĪŅĚőĭĶŅĦėħňœħƟėĶĭ
ĪŋĔĔĶŃĭĺĬĚŅĬĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅĕƟŅĚĨƟĬȮŏıŊŗŀįĸŇĨŀĚėƢėĺŅĴĶŌƟĪŅĚħƟŅĬĔŅĶĩĸŋĚŏľĸŖĔĽĴńĵőĭĶŅĦȮ
őħĵŏĜıŅŃĔŅĶŏĮƦĬŐľĸƞĚőĭĶŅĦėħňĽņėńĠȮ&IcwȮQgrc'ȮĽĴńĵĽŋħĪƟŅĵĕŀĚĔŅĶĩĸŋĚŏľĸŖĔĪŅĚĨĶĚŐĭĭ
őĭĶŅĦĕŀĚħŇĬŐħĬĸƟŅĬĬŅĔƞŀĬĪňŗěŃĴňĔŅĶĬņŏĕƟŅŏľĸŖĔŐĪƞĚŐĸŃĽņŏĶŖěĶŌĮěŅĔĨƞŅĚĮĶŃŏĪĻŒĬĶńĝĽĴńĵ
ıĶŃĴĚĔŋġŏĔĸƟŅŏěƟŅŀĵŌƞľńĺȮ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
46 ħŌŏıŇŗĴŏĨŇĴŒĬȮıĸıĵŋľŃȮœĝĵĶĽ,Ȯ034/, ĶŅĵĚŅĬĔŅĶĽņĶĺěĪŅĚőĭĶŅĦėħňŐľĸƞĚőĸľĔĶĶĴĽĴńĵőĭĶŅĦ

ŒĬĭĶŇŏĺĦŐŀƞĚĪňŗĶŅĭĸŀĚĺńĚĝŇŘĬȮěńĚľĺńħŐıĶƞȮĨŅĴľĸńĔĔĶŃĭĺĬĚŅĬőĭĶŅĦőĸľŃĺŇĪĵŅȮ&Archaeometallurgy). 
ŏĝňĵĚŒľĴƞ8ȮĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ5ȮŏĝňĵĚŒľĴƞȮĔĶĴĻŇĸĮŅĔĶ,ȮŏŀĔĽŅĶŀńħĽņŏĬŅ, 
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ĭĪĪňŗȮ1 
ŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔĪŅĚĨĶĚĽĴńĵőĭĶŅĦŒĬŏŀŏĝňĵĨŃĺńĬŀŀĔŏĜňĵĚŒĨƟĳŅėıŊŘĬĪĺňĮ 

 

ŒĬĭĪĬňŘįŌƟĺŇěńĵœħƟĮĶŇĪĶĶĻĬƢĺĶĶĦĔĶĶĴŒĬĽƞĺĬĕŀĚŀĚėƢėĺŅĴĶŌƟĪŅĚħƟŅĬŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔ
ĪŅĚĨĶĚĽĴńĵőĭĶŅĦŒĬĳŌĴŇĳŅėĨƞŅĚŕȮĪňŗĽņėńĠȮőħĵŒĝƟŏĮƦĬĕƟŀĴŌĸĽņľĶńĭĺŇŏėĶŅŃľƢȮĨňėĺŅĴŏĝŇĚ
ŏĮĶňĵĭŏĪňĵĭĕƟŅĴĺńĥĬīĶĶĴȮ&ApmqqȮAsjrspc'ȮħƟŅĬőėĶĚĽĶƟŅĚŏĨŅĩĸŋĚȮŏĪėőĬőĸĵňŐĸŃĭĶŇĭĪĪŅĚħƟŅĬ
ĮĶŃĺńĨŇĻŅĽĨĶĕŀĚŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔĕŀĚŏĴŊŀĚĸŀĚőĭĶŅĦȮŏıŊŗŀĽĶƟŅĚĳŅıľƞĺĚőĞƞĔŅĶįĸŇĨȮ
ıķĨŇĔĶĶĴȮĭĶŇĭĪĪŅĚĽńĚėĴȮŏĻĶļģĔŇěŐĸŃĺńĥĬīĶĶĴŒĬŀħňĨĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶįĸŇĨŏľĸŖĔĕŀĚŏĴŊŀĚĸŀĚ
őĭĶŅĦĨƞŀœĮ 

1,/ȮĔŅĶĶŌƟěńĔŒĝƟŏľĸŖĔŒĬıŊŘĬĪňŗĳŅėŏľĬŊŀĨŀĬĭĬĕŀĚĮĶŃŏĪĻœĪĵȮ&ħŇĬŐħĬĸƟŅĬĬŅ' 

        ŏľĸŖĔŏĮƦĬīŅĨŋőĸľŃĝĬŇħľĬŉŗĚĴňĽńĠĸńĔļĦƢĪŅĚŏėĴňėŊŀȮŴDcŵȮĞŉŗĚĵƞŀĴŅěŅĔėņŒĬĳŅļŅ
ĸŃĨŇĬĺƞŅȮŴdcppskŵȮĞŉŗĚĴňėĺŅĴĺƞŅȮŴŏľĸŖĔŵȮĽƞĺĬŒĬĳŅļŅŀńĚĔķļŏĶňĵĔőĸľŃŏľĸŖĔĺƞŅȮŴGpmlŵȮĴŅěŅĔėņ
ĳŅļŅŀńĚĔķļőĭĶŅĦĪňŗĵŊĴĴŅěŅĔėņŒĬĳŅļŅŏĞĸĨŇĔėŊŀȮŴgq_plmlŵȮīŅĨŋŏľĸŖĔĴňŏĸĕŏĝŇĚŀŃĨŀĴȮ04ȮŐĸŃ
ĬŘņľĬńĔŏĝŇĚŀŃĨŀĴŏĪƞŅĔńĭȮ33,625ȮĞŉŗĚŒĬīĶĶĴĝŅĨŇīŅĨŋŏľĸŖĔěŃœĴƞŏĔŇħŏĮƦĬīŅĨŋŏħňŗĵĺȮŐĨƞěŃŏĔŇħŏĮƦĬ
ĽŅĶĮĶŃĔŀĭŒĬĸńĔļĦŃĕŀĚŐĶƞŏľĸŖĔĝĬŇħĨƞŅĚŕȮőħĵīŅĨŋŏľĸŖĔŏĮƦĬĽƞĺĬĮĶŃĔŀĭĶƟŀĵĸŃȮ3ȮĕŀĚĝńŘĬ
ŏĮĸŊŀĔőĸĔ 

        ĔŅĶĶŌƟěńĔĩĸŋĚŏľĸŖĔĕŀĚĴĬŋļĵĝŅĨŇĬńŘĬȮŏĔŇħěŅĔėĺŅĴĭńĚŏŀŇĠěŅĔĔŅĶŒĝƟŐĶƞŏľĸŖĔŏĮƦĬĨńĺȮ
&Flux'ȮŒĬĔŅĶĩĸŋĚĩĸŋĚĪŀĚŐħĚŒĬĳŌĴŇĳŅėĨŃĺńĬŀŀĔĔĸŅĚŏĴŊŗŀĮĶŃĴŅĦȮ1*...ȮůȮ0*...ȮĮƖȮĔƞŀĬ
ėĶŇĽĨĔŅĸ47ȮŒĬĪĺňĮŏŀŏĝňĵıĭĶƞŀĚĶŀĵľĸńĔģŅĬŏĨŅĩĸŋĚŏľĸŖĔĪňŗŐĔƞĪňŗĽŋħŒĬıŊŘĬĪňŗĴĦĤĸĞŇĬŏěňĵĚȮŏĴŊŗŀĶŅĺȮ
7..ȮĮƖȮȮȮȮĔƞŀĬėĶŇĽĨĔŅĸőħĵĶńĭŀĚėƢėĺŅĴĶŌƟěŅĔĺńĥĬīĶĶĴŒĬĭĶŇŏĺĦĪŋƞĚľĠƟŅĽŏĨĶĮĮƝĕŀĚŏŀŏĝňĵĔĸŅĚȮ
ĨƞŀĴŅŏĪėőĬőĸĵňĔŅĶįĸŇĨŏľĸŖĔĕŀĚěňĬıńĥĬŅŀĵƞŅĚĴŅĔěĬĔĶŃĪńŗĚĽŅĴŅĶĩįĸŇĨŏľĸŖĔľĸƞŀȮ&Cast Iron'Ȯ
ĪňŗĨƟŀĚŒĝƟŀŋĦľĳŌĴŇĴŅĔĩŉĚȮ/*313ȮŀĚĻŅŏĞĸŏĞňĵĽȮœħƟŒĬĽĴńĵĶŅĝĺĚĻƢěŇŘĬȮŏĴŊŗŀĶŅĺȮ314ȮĮƖȮĔƞŀĬėĶŇĽĨĔŅĸ48ȮȮ
ĽƞĺĬŒĬĮĶŃŏĪĻŀŇĬŏħňĵıĭľĸńĔģŅĬĪŅĚőĭĶŅĦėħňŒĬŐľĸƞĚőĭĶŅĦėħňȮŴUjjainŵ ĞŉŗĚĮĶŅĔĢĶƞŀĚĶŀĵĔŅĶ
ĩĸŋĚŏľĸŖĔŒĬĝƞĺĚȮ3..ȮĮƖĔƞŀĬėĶŇĽĨĔŅĸ49Ȯ 
        ĽņľĶńĭĔŅĶĻŉĔļŅŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔŒĬħŇĬĳŅėŏľĬŊŀĨŀĬĭĬĕŀĚĮĶŃŏĪĻœĪĵĵńĚ
ŏĮƦĬĮĶŃŏħŖĬėņĩŅĴĪňŗėƞŀĬĕƟŅĚŒľĴƞŒĬĚŅĬĺŇĝŅĔŅĶőĭĶŅĦėħňĳŅėŏľĬŊŀĕŀĚĮĶŃŏĪĻœĪĵȮŐĴƟĺƞŅěŃ
ĮĶŅĔĢľĸńĔģŅĬŏŀĔĽŅĶĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĪňŗĔĸƞŅĺĩŉĚŏľĨŋĔŅĶĦƢĪňŗŏĔňŗĵĺĕƟŀĚĔńĭȮŴŏľĸŖĔŵȮőħĵŏĜıŅŃ
ĨņĬŅĬıŊŘĬŏĴŊŀĚľĶŊŀĨņĬŅĬĪŅĚĻŅĽĬŅĶŃĭŋĺƞŅĝŅĨŇıńĬīŋƢĸńĺŃȮĞŉŗĚŏĮƦĬĔĸŋƞĴĝĬħńŘĚŏħŇĴĭĶŇŏĺĦŐŀƞĚĪňŗĶŅĭ
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ĨƞŅĚŕȮŒĬĳŅėŏľĬŊŀĨŀĬĭĬĕŀĚĮĶŃŏĪĻœĪĵŏĮƦĬĔĸŋƞĴĝŅĨŇıńĬīŋƢĪňŗĴňėĺŅĴĶŌƟėĺŅĴĽŅĴŅĶĩŒĬĩĸŋĚŏľĸŖĔ
ŐĸŃįĸŇĨŏėĶŊŗŀĚĴŊŀŏľĸŖĔȮħńĚĮĶŅĔĢŒĬıĚĻĺħŅĶőĵĬĔĺƞŅŏĴŊŗŀȮ2*500 ĮƖȮĴŅŐĸƟĺĺƞŅȮŴıĠŅĸĺěńĔĶĶŅĝŵȮ
ŏĮƦĬľńĺľĬƟŅĝŅĺĸńĺŃĴňěĔľĶŊŀěŀĭĕŋħħŇĬĴŅĔĔĺƞŅȮ500 ŏĸƞĴȮĽņľĶńĭŐěĔěƞŅĵĭĶŇĺŅĶŒľƟœĮĪņœĶƞ50ȮľĶŊŀŒĬ
ĨņĬŅĬěŅĴŏĪĺňĺĚĻƢœħƟĔĸƞŅĺĩŉĚĔŅĶŏĽħŖěĴŅėĶŀĚĶŅĝĵƢŏĴŊŀĚľĶŇĳŋĠœĝĵĕŀĚıĶŃĬŅĚěŅĴŏĪĺňőħĵıĶŃĬŅĚ
œħƟĬņŏŀŅĝƞŅĚŏľĸŖĔěŅĔŏĴŊŀĚĸŃőĺƟȮ&ħŇĬŐħĬĳŅėĔĸŅĚĕŀĚĮĶŃŏĪĻœĪĵ'ȮĴŅıĶƟŀĴĔńĭıĶŃĬŅĚħƟĺĵ51Ȯ
ľŅĔıŇěŅĶĦŅĝƞĺĚĶŃĵŃŏĺĸŅĪňŗĶŃĭŋŒĬĨņĬŅĬŀŅěĔĸƞŅĺœħƟĺƞŅŏĶŊŗŀĚĶŅĺĕŀĚŏľĸŖĔŒĬĳŅėŏľĬŊŀĨŀĬĭĬĕŀĚ
ĮĶŃŏĪĻœĪĵŏĶŇŗĴĨƟĬĕŉŘĬĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ1 ĩŉĚȮ12 ĨĶĚĔńĭĝƞĺĚĽĴńĵŏľĸŖĔȮ(2,500 ůȮ1,500ȮĮƖĴŅŐĸƟĺ' 
ĨŅĴĔŅĶěņŐĬĔĵŋėĽĴńĵĪŅĚőĭĶŅĦėħňħƟĺĵŏėĶŊŗŀĚĴŊŀŏėĶŊŗŀĚŒĝƟľĶŊŀŏĪėőĬőĸĵň52 
        ŏĶŊŗŀĚĶŅĺĕŀĚĽĴńĵŏľĸŖĔŒĬĳŅėŏľĬŊŀĕŀĚĮĶŃŏĪĻœĪĵŏĶŇŗĴĴňėĺŅĴĝńħŏěĬĴŅĔĵŇŗĚĕŉŘĬŏĴŊŗŀĴň
ĔŅĶĚŅĬĕŋħėƟĬĪŅĚőĭĶŅĦėħňĵŋėĔƞŀĬĮĶŃĺńĨŇĻŅĽĨĶƢĩŉĚĵŋėŐĶĔŏĶŇŗĴĮĶŃĺńĨŇĻŅĽĨĶƢȮȮőħĵŒĬĮƖȮı,Ļ,2531 
ĔĶĴĻŇĸĮŅĔĶĕŋħėƟĬıĭŒĭľŀĔŏľĸŖĔĴňĭƟŀĚȮĽƞĺĬĮĸŅĵľńĔĚŀŒĬŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĵŅĚĪŀĚŒĨƟȮŀņŏĳŀ
ŀŀĭľĸĺĚȮěńĚľĺńħŏĝňĵĚŒľĴƞȮŏĮƦĬŐľĸƞĚĪňŗŀĵŌƞŀŅĻńĵŒĬĽĴńĵŏľĸŖĔĨŀĬĮĸŅĵȮĔņľĬħŀŅĵŋĶŅĺıŋĪīĻĨĺĶĶļ
ĪňŗȮ1 ů 553ȮŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭőĭĶŅĦĺńĨĩŋĪňŗıĭŐĸƟĺĴňėĺŅĴėĸƟŅĵėĸŉĚĔńĭĪňŗıĭŒĬĳŅė
ĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀĕŀĚĮĶŃŏĪĻœĪĵȮŀŅěĔĸƞŅĺœħƟĺƞŅŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĵŅĚĪŀĚŒĨƟŏĮƦĬŐľĸƞĚ
őĭĶŅĦėħňĽĴńĵŏľĸŖĔŐľĸƞĚŐĶĔĪňŗĕŋħėƟĬıĭŒĬĳŅėŏľĬŊŀĨŀĬĭĬĕŀĚĮĶŃŏĪĻœĪĵȮ 

ĨƞŀĴŅŒĬĮƖȮı,Ļ,2539 ů 2540 ĴňĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňĪňŗĭƟŅĬĺńĚœŁȮŀņŏĳŀŏĴŊŀĚȮ
ěńĚľĺńħĸņıŌĬȮĞŉŗĚŏĮƦĬŐľĸƞĚİƤĚĻıĽĴńĵŏľĸŖĔȮĔņľĬħŀŅĵŋœĺƟŒĬĽĴńĵŏľĸŖĔĨŀĬĮĸŅĵĮĶŃĴŅĦȮ1,500 ĮƖ
ĴŅŐĸƟĺěĬĩŉĚıŋĪīĻĨĺĶĶļĪňŗȮ1454ȮĩŊŀŏĮƦĬŐľĸƞĚőĭĶŅĦėħňĽĴńĵŏľĸŖĔĪňŗĽņėńĠŐľĸƞĚľĬŉŗĚŒĬĮĶŃŏĪĻœĪĵȮ
őħĵėĺŅĴĶƞĺĴĴŊŀĶŃľĺƞŅĚĽņĬńĔőĭĶŅĦėħňŐĸŃıŇıŇīĳńĦĤĽĩŅĬŐľƞĚĝŅĨŇĪňŗȮ6 ŏĝňĵĚŒľĴƞȮĔĶĴĻŇĸĮŅĔĶ
ŐĸŃĶńģĭŅĸİĶńŗĚŏĻĽȮěŅĔĔŅĶĕŋħėƟĬıĭľĸńĔģŅĬŏėĶŊŗŀĚĴŊŀŏėĶŊŗŀĚŒĝƟĪňŗĪņěŅĔŏľĸŖĔěņĬĺĬĴŅĔȮľŅĔŐĨƞœĴƞ
ıĭĶƞŀĚĶŀĵĕŀĚŐľĸƞĚĩĸŋĚŏľĸŖĔŐĸŃŐľĸƞĚįĸŇĨŏėĶŊŗŀĚĴŊŀŏľĸŖĔȮľĸńĔģŅĬĝŇŘĬŏħƞĬŏĝƞĬŏėĶŊŗŀĚĴŊŀŏľĸŖĔ
ĮĸŅĵĚƟŀľĶŊŀŐĺĔȮĕĺŅĬȮĴňħȮĴňħĴňĔńŗĬȮŏĮƦĬĨƟĬȮěŅĔĔŅĶĻŉĔļŅŏĝŇĚőĭĶŅĦėħňĝŅĨŇıńĬīŋƢıĭĺƞŅŏėĶŊŗŀĚĴŊŀ
ŏėĶŊŗŀĚŒĝƟŏľĸŖĔĪňŗıĭŒĬŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĺńĚœŁȮĴňėĺŅĴėĸƟŅĵėĸŉĚĔńĭŏėĶŊŗŀĚĴŊŀŏľĸŖĔĕŀĚĝŅĺĸńĺŃ
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        ŏĴŊŗŀħŇĬŐħĬĳŅėŏľĬŊŀĕŀĚĮĶŃŏĪĻœĪĵŏĕƟŅĽŌƞĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢőħĵŏĜıŅŃŒĬĽĴńĵĸƟŅĬĬŅ
ĮĶŅĔĢľĸńĔģŅĬŏŀĔĽŅĶĔĸƞŅĺĩŉĚĔŅĶĪņŏľĴŊŀĚŏľĸŖĔŐĸŃĔŅĶĩĸŋĚŏľĸŖĔĪňŗĝńħŏěĬĴŅĔĵŇŗĚĕŉŘĬȮŏĝƞĬȮĨņĬŅĬ
ıŊŘĬŏĴŊŀĚŏĝňĵĚĶŅĵȮĔĸƞŅĺĩŉĚŒĬĶńĝĽĴńĵıĠŅĽŅĴİƤƧĚŐĔĬœħƟĴňĔŅĶĮƤĔĨŅľĸƞŅĺľĶŊŀŏĜĸĺȮŏıŊŗŀĔņľĬħ
ĕŀĭŏĕĨĔŅĶĪņŐĸŃĝƞĺĚĶŃĵŃŏĺĸŅĔŅĶĪņŏľĴŊŀĚŏľĸŖĔŒĬŏĴŊŀĚŏĝňĵĚŐĽĬȮėĺŅĴĺƞŅȮŴ,,,ėńĬĕŋħĭƞŀȮŏħŊŀĬȮ1Ȯ
ŏĕƟŅȮŏħŊŀĬȮ4ȮĩŀĬȮ&Īňŗ'ȮĨńŘĚĨŅŐľĸĺĴňĜńĬĬňŘ,,,ŵ56ȮľĶŊŀŒĬĶńĝĽĴńĵıĠŅŐĽĬıŌȮĴňĔŅĶĽĶƟŅĚŏĨŅŏľĸŖĔŀĵŌƞŒĬ
ŏĕĨĺńħĮƙŅĽńĔŏĴŊŀĚŏĝňĵĚŐĽĬŒĬĺƞŅȮŴ,,,ıŅĵŐėĺƟĬıŋĪīĮƙŅĽńĔȮĴňĭŀĔŏĽƞŅŏĨŅŏľĸŖĔȮĪńĚėƟŀĬėňĴĶŅĚıĶƟŅĶŅĚ
ėňĴȮİƙŅĵĺńĬĨĔŐėĺƟĬŏĴŊŀĚĔŀĚĴňĶƟŀĵĭńŘĚŐľĽƟŀĵŐľœĺƟľŊŘŀŏĮĬĽńĔĕň,,ŵ57ȮőħĵŏľĸŖĔŒĬĽĴńĵĸƟŅĬĬŅĩŊŀŏĮƦĬ
ĽŇĬėƟŅĽņėńĠĪňŗĴňėĺŅĴĨƟŀĚĔŅĶŒĬĨĸŅħĽŌĚőħĵŏĜıŅŃıƞŀėƟŅŁƟŀȮħńĚĮĶŅĔĢŒĬĨņĬŅĬıŊŘĬŏĴŊŀĚŏĝňĵĚŒľĴƞĪňŗ
ĔĸƞŅĺĩŉĚĔŅĶŏĶňĵĔŏĔŖĭĽƞĺĵŏľĸŖĔĔĺƞŅȮ4.ȮĨńĬȮ&/...ȮľŅĭ'58ȮěŅĔŏěƟŅĸŋƞĴĲƚŅıĠŅŁƞŀȮ&ĵŌĬĬŅĬ'ȮħńĚĮĶŅĔĢ
ŒĬĨņĬŅĬıŊŘĬŏĴŊŀĚŏĝňĵĚŒľĴƞȮėĺŅĴĺƞŅȮŴ,,,ĩńħĬńŘĬŀĵŌƞĭƞĬŅĬŏĪƞŅŒħȮŏěƟŅĸŋƞĴĲƚŅŒĝƟľƟŀįŌƟŒľĠƞĽŀĚėĬȮĴŅĩŅĴ
ŏŀŅŏĽƟĬĔŋƟĚĕŀĚėńĸ,,,ŵ59 ȮŐĽħĚŒľƟŏľŖĬĺƞŅŒĬĽĴńĵĸƟŅĬĬŅĴňĔŅĶĩĸŋĚŏľĸŖĔŒĬĸńĔļĦŃŀŋĨĽŅľĔĶĶĴĶŃħńĭĶńģȮ 
        ěŅĔĕƟŀĴŌĸĕƟŅĚĨƟĬŐĴƟěŃĮĶŅĔĢľĸńĔģŅĬŏŀĔĽŅĶŐĸŃľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗŏĔňŗĵĺĕƟŀĚ
ĔńĭĔŅĶĪņŏľĴŊŀĚŏľĸŖĔȮĔŅĶĩĸŋĚŏľĸŖĔŐĸŃŏėĶŊŗŀĚĴŊŀŏėĶŊŗŀĚŒĝƟĪňŗĪņěŅĔŏľĸŖĔĪňŗĽņėńĠľĸŅĵŀĵƞŅĚȮľŅĔŐĨƞ
ĵńĚœĴƞĮĶŅĔĢĶƞŀĚĶŀĵľĸńĔģŅĬĪŅĚőĭĶŅĦėħňŀńĬŐĽħĚĩŉĚĔŇěĔĶĶĴĔŅĶĩĸŋĚŏľĸŖĔĪňŗĝńħŏěĬĬńĔȮěĬĔĶŃĪńŘĚ
ŒĬĮƖȮı,Ļ,2540ȮĔĶĴĻŇĸĮŅĔĶœħƟħņŏĬŇĬĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňŒĬıŇıŇīĳńĦĤĽĩŅĬŐľƞĚĝŅĨŇȮľĶŇĳŋĠ
œĝĵȮŀņŏĳŀŏĴŊŀĚȮěńĚľĺńħĸņıŌĬȮĴňĔŅĶėƟĬıĭĶƞŀĚĶŀĵĕŀĚĔŅĶĩĸŋĚŐĸŃĨňőĸľŃėĶńŘĚŐĶĔŒĬĳŅėŏľĬŊŀ
ĨŀĬĭĬĕŀĚĮĶŃŏĪĻœĪĵȮőħĵıĭĝńŘĬħŇĬĪňŗĩŌĔėĺŅĴĶƟŀĬěńħěŅĔĔŅĶŏįŅœľĴƟȮŏĴĸŖħĕƟŅĺĽŅĶȮĨŃĔĶńĬŐĶƞȮ
ŏĭƟŅľĸŀĴőĸľŃŐĸŃŏĻļŏėĶŊŗŀĚĴŊŀŏľĸŖĔĪňŗĵńĚĨňœĴƞŏĽĶŖěȮĔņľĬħŀŅĵŋĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ1460 ľĸńĚěŅĔ
ĔŅĶĕŋħėƟĬėĶńŘĚĬňŘȮĵńĚœĴƞĴňĶŅĵĚŅĬĔŅĶėƟĬıĭŐľĸƞĚĩĸŋĚŏľĸŖĔŏĮƦĬĶŃĵŃŏĺĸŅĬŅĬěĬĔĶŃĪńŗĚŒĬĝƞĺĚĮƖȮı,Ļ,
2558 ĩŉĚȮ2565 ĔĶĴĻŇĸĮŅĔĶőħĵĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ5ȮŏĝňĵĚŒľĴƞȮħņŏĬŇĬĚŅĬĺŇěńĵŐľĸƞĚĩĸŋĚŐĶƞŏľĸŖĔ
ĽņėńĠŕȮŏıŇŗĴŏĨŇĴľĸŅĵŐľĸƞĚőħĵŐĭƞĚŀŀĔœħƟȮ2 ĵŋėȮėŊŀȮ 
       1,/,/ȮĵŋėĔƞŀĬĮĶŃĺńĨŇĻŅĽĨĶƢȮ 

ĔĸŋƞĴőĭĶŅĦėħňȮĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ5ȮŏĝňĵĚŒľĴƞȮœħƟŏĔŖĭĨńĺŀĵƞŅĚĔƟŀĬĨŃĔĶńĬ
ŏľĸŖĔĕŀĚŐľĸƞĚĩĸŋĚŏľĸŖĔŒĬıŊŘĬĪňŗĭƟŅĬŐĴƞĸŅĬȮŀņŏĳŀĸňŘȮěńĚľĺńħŏĝňĵĚŒľĴƞȮŏıŊŗŀĽĔńħŏŀŅĩƞŅĬĪňŗŀĵŌƞĳŅĵŒĬ

 

ĨņĭĸŏĺňĵĚĵŀĚȮŀņŏĳŀŏĴŊŀĚȮěńĚľĺńħĸņıŌĬȮ&ŏŀĔĽŅĶĔŅĶĻŉĔļŅŏĜıŅŃĭŋėėĸȮĶŃħńĭĮĶŇĠĠŅĭńĦĤŇĨȮľĸńĔĽŌĨĶȮĻŇĸĮĻŅ
ĽĨĶĭńĦĤŇĨȮĽŅĕŅĺŇĝŅőĭĶŅĦėħňȮėĦŃőĭĶŅĦėħňȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ* 2555'*Ȯ126-127,Ȯ 

56 ĽĶńĽĺħňȮŀơŀĚĽĔŋĸ*ȮıŊŘĬŏĴŊŀĚŏĝňĵĚŐĽĬȮ&ĔĶŋĚŏĪıłȮ8ȮŀĴĶŇĬĪĶƢ, 0324'*ȮľĬƟŅȮ/74ȮůȮ/75, 
57 ŏĶŊŗŀĚŏħňĵĺĔńĬ, ľĬƟŅȮ188, 
58 Penth, Hans, A brief history of Lan Na : Northern Thailand from past to present 

(Chiang Mai : Silkworm Books, 2004)*Ȯ154. 
59 ŀĶŋĦĶńĨĬƢȮĺŇŏĝňĵĶŏĕňĵĺȮŐĸŃŏħĺŇħȮŏė,ȮĺńĵŀŅě*ȮĨņĬŅĬıŊŘĬŏĴŊŀĚŏĝňĵĚŒľĴƞȮ&ŏĝňĵĚŒľĴƞȮ: ĞŇĸėƢŏĺŀĶƢĴĭŋėĽƢ*Ȯ

0325'*Ȯ/.1, 
60 ĔƞŀĚŐĔƟĺȮĺňĶŃĮĶŃěńĔļƢ*ȮĽŅĵńĬĨƢȮœıĶĝŅĠěŇĨĶƢȮŐĸŃĽŋĳĴŅĻȮħĺĚĽĔŋĸ*ȮőĭĶŅĦėħňĸƟŅĬĬŅȮ&ĔĶŋĚŏĪıȮ: 

ĽĴŅıńĬīƢ*2540', 79-81. 
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œĮĔņľĬħŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢħƟĺĵŏėĶŊŗŀĚŏĶƞĚŐĸŃŐĵĔěņĬĺĬœŀőĞőĪĮĕŀĚėŅĶƢĭŀĬȮ&AMS Dating'Ȯ
ıĭĺƞŅĔŇěĔĶĶĴĔŅĶĩĸŋĚŏľĸŖĔĕŀĚıŊŘĬĪňŗħńĚĔĸƞŅĺĴňŀŅĵŋŀĵŌƞŒĬĝƞĺĚıŋĪīĻĨĺĶĶļĪňŗȮ1ȮĩŉĚȮ2ȮĔƞŀĬĔŅĶŏĔŇħĶńģ
ľĶŇĳŋĠœĝĵȮĶŅĺȮ/*...ȮĮƖȮľĶŊŀœĴƞŏĔƞŅŐĔƞœĮĔĺƞŅȮ0*3..ȮĮƖĴŅŐĸƟĺȮŐľĸƞĚĩĸŋĚŏľĸŖĔŒĬıŊŘĬĪňŗĭƟŅĬŐĴƞĸŅĬȮ
ŀņŏĳŀĸňŘȮěńĚľĺńħĸņıŌĬ ěńħŏĮƦĬŐľĸƞĚĩĸŋĚŏľĸŖĔĪňŗĴňŀŅĵŋŏĔƞŅŐĔƞĪňŗĽŋħŒĬĳŅėŏľĬŊŀŀĵŌƞŒĬĝƞĺĚĵŋėĨƟĬĕŀĚĽĴńĵ
ŏľĸŖĔŒĬĮĶŃŏĪĻœĪĵ61 
       1,/,0ȮĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢȮ 
            1,/,0,/ ĭĶŇŏĺĦŐŀƞĚŁŀħĞŉŗĚŏĮƦĬŐŀƞĚĪňŗĶŅĭĵƞŀĵĕŀĚŐŀƞĚĪňŗĶŅĭŏĝňĵĚŒľĴƞȮȮȮȮȮȮȮȮȮȮȮ
ıĭĶƞŀĚĶŀĵĔŇěĔĶĶĴĔŅĶĩĸŋĚŏľĸŖĔĪňŗŐľĸƞĚőĭĶŅĦėħňĭƞŀĽĸňȮŀņŏĳŀŁŀħȮěńĚľĺńħŏĝňĵĚŒľĴƞȮőħĵĽņĶĺě
ıĭĶƞŀĚĶƞŀĵĔŇěĔĶĶĴĔŅĶĩĸŋĚĕĬŅħŒľĠƞȮěņĬĺĬȮ3 ŐľĸƞĚȮĔĶŃěŅĵĨńĺŀĵŌƞĨŅĴŐĬĺŏĪŊŀĔŏĕŅȮĮĶŅĔĢ
ľĸńĔģŅĬŏĔňŗĵĺĔńĭĔŅĶĩĸŋĚŏľĸŖĔěņĬĺĬĴŅĔĮĶŃĔŀĭħƟĺĵȮĨŃĔĶńĬŏľĸŖĔȮĮĸŅĵľŋƟĴĪƞŀĽŌĭĸĴħŇĬŏįŅȮįĬńĚ
ŏĨŅĩĸŋĚȮĔƟŀĬŐĶƞŏľĸŖĔĝĬŇħŐĴĔĬŇœĪĨƢȮŐĸŃĪńŗĚľŇĬĽņľĶńĭĵƞŀĵŐĶƞȮĬŀĔěŅĔĬňŘĳŅĵŒĬĭĶŇŏĺĦŐľĸƞĚĩĸŋĚĵńĚ
ıĭŏĭňŘĵħŇĬŏįŅȮŏĻļĝŇŘĬĽƞĺĬŏėĶŊŗŀĚĩƟĺĵěňĬĽĴńĵĶŅĝĺĚĻƢľĴŇĚŐĸŃŏėĶŊŗŀĚĩƟĺĵěŅĔŐľĸƞĚŏĨŅĸƟŅĬĬŅěņĬĺĬ
ĴŅĔȮĔņľĬħŀŅĵŋĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ2062  
            1,/,0,0 ĭĶŇŏĺĦŏĝŇĚħŀĵĽŋŏĪıȮŀņŏĳŀŏĴŊŀĚȮěńĚľĺńħŏĝňĵĚŒľĴƞȮıŊŘĬĪňŗĩĸŋĚŏľĸŖĔŏĮƦĬ
ıŊŘĬĪňŗĻńĔħŇśĽŇĪīŇśĴŅŐĨƞŏħŇĴȮőħĬĽŃĪƟŀĬįƞŅĬĨņĬŅĬĮŌƙŐĽŃĵƞŅŐĽŃľĶŊŀĔĸŋƞĴĝŅĨŇıńĬīŋƢĸńĺŃĪňŗŀĵŌƞŀŅĻńĵĔƞŀĬ
ĔŅĶĨńŘĚŏĴŊŀĚŏĝňĵĚŒľĴƞȮĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňŏĶŇŗĴĨƟĬĕŉŘĬŒĬĮƖȮı,Ļ,2558 ěŅĔĔŅĶĕŋħėƟĬıĭĶƞŀĚĶŀĵ
ĕŀĚĔŅĶĩĸŋĚŏľĸŖĔŒĬŏĕĨıŊŘĬĪňŗȮőħĵıĭŏĻļįĬńĚŏĨŅȮŏĻļĨŃĔĶńĬŏľĸŖĔȮŏĻļŐĶƞŏľĸŖĔĝĬŇħŐĴĔĬŇœĪĨƢȮŏĻļ
ŏėĶŊŗŀĚĩƟĺĵŏĺňĵĚĔŅľĸĚȮĔņľĬħŀŅĵŋŐľĸƞĚőĭĶŅĦėħňœĺƟĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ20 - 2263 
            1,/,0,1 ĭĶŇŏĺĦŐŀƞĚĪňŗĶŅĭĸŀĚĺńĚĝŇŘĬĞŉŗĚŏĮƦĬŐŀƞĚĪňŗĶŅĭĵƞŀĵĕŀĚŐŀƞĚĪňŗĶŅĭŐıĶƞȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĔĶĴĻŇĸĮŅĔĶœħƟĽņĶĺěıĭŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮĨńŘĚŀĵŌƞŒĬŏĕĨĪƟŀĚĪňŗĨņĭĸĭƞŀŏľĸŖĔĸŀĚȮŀņŏĳŀ
ĸŀĚȮěńĚľĺńħŐıĶƞȮőħĵŐľĸƞĚĩĸŋĚŏľĸŖĔŀĵŌƞŒĔĸƟĔńĭŏĴŊŀĚĸŀĚőĭĶŅĦĶŇĴİƤƧĚŐĴƞĬŘņĵĴȮĞŉŗĚŏĮƦĬŏĴŊŀĚőĭĶŅĦĪňŗĴň
ıńĥĬŅĔŅĶĔŅĶĨńŘĚĩŇŗĬģŅĬĨńŘĚŐĨƞıŋĪīĻĨĺĶĶļĪňŗȮ17 ĩŉĚĮƤěěŋĭńĬȮĬŀĔěŅĔĔŅĶėƟĬıĭŐľĸƞĚĩĸŋĚŏľĸŖĔŐĸƟĺȮ
ĵńĚıĭŐľĸƞĚŐĶƞŏľĸŖĔľĸŅĵěŋħŒĬĭĶŇŏĺĦŐŀƞĚĪňŗĶŅĭŏħňĵĺĔńĬȮěŅĔŏŀĔĽŅĶĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĶŃĭŋĺƞŅĔŅĶ
ĩĸŋĚŏľĸŖĔĕŀĚŏĴŊŀĚĸŀĚőĭĶŅĦĴňĔŅĶįĸŇĨŏıŊŗŀĽƞĚĽƞĺĵŏľĸŖĔŐĔƞŏĴŊŀĚĬėĶĸņĮŅĚŒĬĝƞĺĚıŋĪīĻĨĺĶĶļĪňŗȮ02Ȯ
ĩŉĚȮ03 
            ěŅĔĕƟŅĚĨƟĬŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶĻŉĔļŅŏĶŊŗŀĚĶŅĺĕŀĚŏľĸŖĔŒĬĺńĥĬīĶĶĴĔƞŀĬĸƟŅĬĬŅ
ŐĸŃľĸńĚĸƟŅĬĬŅȮĵńĚĴňĔŅĶĻŉĔļŅœĴƞĴŅĔĬńĔőħĵŏĜıŅŃĔŅĶĻŉĔļŅĪŅĚħƟŅĬŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔȮȮȮȮȮ

 
61ĵŀħħĬńĵȮĽŋĕŏĔļĴ*ȮŴŐľĸƞĚĩĸŋĚŏľĸŖĔőĭĶŅĦĭƟŅĬŐĴƞĸŅĬ: ĕƟŀĴŌĸŒľĴƞĕŀĚŐľĸƞĚőĸľĔĶĶĴĝƞĺĚĨƟĬĽĴńĵ

ŏľĸŖĔĕŀĚħŇĬŐħĬĸƟŅĬĬŅŵȮŒĬȮĻŇĸĮŅĔĶ ,65,2Ȯ&Ĵň,ė,Ȯ-ȮŏĴ,ĵ,Ȯ0343'*Ȯ/4 
62 ĽńĴĳŅļĦƢȮĬŅĵĵŀħħĬńĵȮĽŋĕŏĔļĴȮĬńĔőĭĶŅĦėħňĮĢŇĭńĨŇĔŅĶȮĔĸŋƞĴőĭĶŅĦėħňȮĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ7 

ŏĝňĵĚŒľĴƞ, 15 ŏĴļŅĵĬȮ2562. 
63 ĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ6ȮŏĝňĵĚŒľĴƞȮĔĶĴĻŇĸĮŅĔĶ*ȮĶŅĵĚŅĬĔŅĶĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħňıŊŘĬĪňŗ

ĪŅĚħƟŅĬĪŇĻŒĨƟĕŀĚħŀĵĽŋŏĪıŐĸŃħŀĵėņȮĨņĭĸĽŋŏĪıȮŀņŏĳŀŏĴŊŀĚȮěńĚľĺńħŏĝňĵĚŒľĴƞ &ŏĝňĵĚŒľĴƞȮ: ĭĶŇļńĪȮĚŅĬ
őĭĶŅĦȮěņĔńħ*Ȯ0336'*Ȯ17-35, 
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ĔŅĶėƟĬıĭŐľĸƞĚĩĸŋĚŏľĸŖĔĽƞĺĬŒľĠƞıĭőħĵėĺŅĴĭńĚŏŀŇĠěŅĔĔŅĶŐěƟĚĕƞŅĺĽŅĶěŅĔĶŅļġĶįŌƟıĭŏľŖĬȮ
ĽĩŅĬŃŀĚėƢėĺŅĴĶŌƟŏĶŊŗŀĚĔŅĶĩĸŋĚŏľĸŖĔŒĬĳŅėŏľĬŊŀĨŀĬĭĬĕŀĚĮĶŃŏĪĻœĪĵŒĬĮƤěěŋĭńĬěŉĚŏĮƦĬŏıňĵĚ
ĕƟŀĴŌĸĝńŘĬĨƟĬěŅĔĔŅĶĽņĶĺěĪŅĚőĭĶŅĦėħňŏıŊŗŀĶŃĭŋĨņŐľĬƞĚȮĔŅĶľŅėƞŅŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢŏıŊŗŀĽŊĭľŅ
ŐľĸƞĚĩĸŋĚŏľĸŖĔĪňŗĴňėĺŅĴŏĔƞŅŐĔƞĴŅĔĪňŗĽŋħȮĽƞĺĬĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňŏĮƦĬĔŅĶĕŋħėƟĬŏıŊŗŀĻŉĔļŅĔŅĶ
ĔĶŃěŅĵĨńĺĕŀĚŐľĸƞĚőĭĶŅĦėħňŐĸŃĔņľĬħėƞŅŀŅĵŋŐľĸƞĚőĭĶŅĦėħňȮŐĸŃĶĺĭĶĺĴľĸńĔģŅĬ
ŀĚėƢĮĶŃĔŀĭĕŀĚŐľĸƞĚŏĨŅŏıŊŗŀĽńĬĬŇļģŅĬőėĶĚĽĶƟŅĚŏĨŅĩĸŋĚŏľĸŖĔŒĬŏĭŊŘŀĚĨƟĬȮĵńĚœĴƞĴňĔŅĶĻŉĔļŅ
ĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭĪŅĚĔŅĵĳŅıȮěŋĸĳŅėŐĸŃŏėĴňĕŀĚŏĨŅĩĸŋĚŐĸŃŏĪėőĬőĸĵňĔŅĶĩĸŋĚȮŏıŊŗŀĸņħńĭ
ľƞĺĚőĞƞĔĶŃĭĺĬĔŅĶįĸŇĨŏľĸŖĔȮĶĺĴĪńŘĚĔŅĶĻŉĔļŅĭĶŇĭĪĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĕŀĚĔĶŃĭĺĬĔŅĶĩĸŋĚŏľĸŖĔĪňŗ
ĝńħŏěĬȮŀńĬŏĮƦĬŀĚėƢėĺŅĴĶŌƟĪňŗĵńĚĕŅħľŅĵœĮŒĬĔĶŃŐĽĮĶŃĺńĨŇĻŅĽĨĶƢĸƟŅĬĬŅȮŐĴƟĺƞŅŒĬŏŀĔĽŅĶĪŅĚ
ĮĶŃĺńĨŇĻŅĽĨĶƢěŃĶŃĭŋĺƞŅŏľĸŖĔĬńŘĬĴňėĺŅĴĽņėńĠĨƞŀĔŅĶĽĶƟŅĚĭƟŅĬŐĮĚŏĴŊŀĚȮıńĥĬŅĔŅĶĪŅĚĺńĥĬīĶĶĴ
ŐĸŃŏĮƦĬŀŋĨĽŅľĔĶĶĴŐĸŃĽŇĬėƟŅĽņėńĠĕŀĚŀŅĦŅěńĔĶĸƟŅĬĬŅĔŖĨŅĴ 

1,0ȮĽńĚŏĕĮĸńĔļĦŃĔĶŃĭĺĬĔŅĶĩĸŋĚŏľĸŖĔĽĴńĵőĭĶŅĦ 

ĔŅĶĩĸŋĚŏľĸŖĔėŊŀŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗŒĝƟėĺŅĴĶƟŀĬŐĸŃĮĢŇĔŇĶŇĵŅĶňħńĔĝńŗĬȮ&Reduction'ȮĳŅĵŒĬ
ŏĨŅĩĸŋĚĪňŗĽĶƟŅĚĕŉŘĬĴŅŒĬŐĭĭĨƞŅĚŕȮŏıŊŗŀĩĸŋĚŏŀŅŐĶƞĭĶŇĽŋĪīŇśȮ&Base Metal'ȮŀŀĔěŅĔĔƟŀĬŐĶƞȮ&Ore'ȮȮȮȮ
őħĵėĺŅĴĶƟŀĬŐĸŃĮĢŇĔŇĶŇĵŅħńĚĔĸƞŅĺĵńĚĝƞĺĵŐĵĔŏŀŅĴĸĪŇĬȮ&Gangue'ȮŀŀĔěŅĔŐĶƞĭĶŇĽŋĪīŇśŒĬĶŌĮŐĭĭ
ĕŀĚĨĶŃĔĶńĬȮőħĵĨƟŀĚŒľƟėĺŅĴĶƟŀĬěĬĩŉĚěŋħľĸŀĴŏľĸĺĕŀĚŐĶƞīŅĨŋĝĬŇħĬńŘĬŕȮĞŉŗĚĔŅĶŏıŇŗĴŀŋĦĳŌĴŇėĺŅĴ
ĶƟŀĬŒľƟĩŉĚĶŃħńĭěŋħľĸŀĴŏľĸĺĬńŘĬěņŏĮƦĬĨƟŀĚĴňĔŅĶěńħĔŅĶĶŃĭĭĸĴĪňŗěŃĬņŏĕƟŅĽŌƞľƟŀĚĩĸŋĚŐĸŃĵńĚĨƟŀĚŒĝƟ
ŏĝŊŘŀŏıĸŇĚŒĬĔŅĶŏıŇŗĴėĺŅĴĶƟŀĬŐĸŃĔƞŀŒľƟŏĔŇħĮĢŇĔŇĶŇĵŅŒĬľƟŀĚŏĨŅőħĵŒĬĶŃĵŃŐĶĔĴňĔŅĶŒĝƟĩƞŅĬœĴƟĨƞŀĴŅ
ŒĬĶŃĵŃľĸńĚȮ&ĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ01'ȮĴňĔŅĶŒĝƟĩƞŅĬľŇĬŐĪĬĩƞŅĬœĴƟŀĵƞŅĚĔĺƟŅĚĕĺŅĚȮĪńŘĚĬňŘŒĬĕńŘĬĨŀĬĔŅĶ
ĩĸŋĚŀŅěĴňĔŅĶŒĽƞŏĝŊŘŀĩĸŋĚȮ&Flux'ȮŏĝƞĬȮľŇĬĮŌĬľĶŊŀĺńĨĩŋĪňŗĴňĽŅĶĮĶŃĔŀĭŐėĸŏĞňĵĴėŅĶƢĭŀŏĬĨĸĚœĮŒĬ
ĶŃľĺƞŅĚĔŅĶĩĸŋĚŏıŊŗŀĝƞĺĵŐĵĔĴĸĪŇĬœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĵŇŗĚĕŉŘĬ64ȮĔŅĶĩĸŋĚŏľĸŖĔŒľƟœħƟĴĺĸŏľĸŖĔȮ
&Iron Ingot'ȮĮĶŃĔŀĭħƟĺĵȮ2ȮĕńŘĬĨŀĬĪňŗĽņėńĠėŊŀ ĔŅĶŏĸŊŀĔĽĶĶŐĶƞŏľĸŖĔȮĔŅĶŏĨĶňĵĴŐĶƞŏľĸŖĔȮĔŅĶĩĸŋĚ
ŏľĸŖĔŐĸŃĔŅĶĨňĕŉŘĬĶŌĮ 
       1,0,/ȮĔŅĶŏĸŊŀĔĽĶĶŐĶƞŏľĸŖĔȮ 

ŐĶƞŏľĸŖĔĩŊŀŏĮƦĬĽŇĬŐĶƞĪňŗĴňĴŅĔŏĮƦĬŀńĬħńĭĪňŗȮ2ȮĕŀĚőĸĔȮőħĵĴńĔĮĶŅĔĢŒĬĶŌĮĕŀĚŐĶƞĸŇ
őĴœĬĪƢȮŐĶƞŏľĸŖĔĮĶŃŏĳĪĪňŗĴňĽŅĶĮĶŃĔŀĭĕŀĚėŅĶƢĭŀŏĬĨȮŐĸŃŐĶƞŁňĴŅœĪħƢȮőħĵŐĶƞŏľĸŖĔħńĚĔĸƞŅĺĵńĚėĚĴň
ŀŀĔœĞĨƢŀĵŌƞŒĬŐĶƞŏľĸŖĔŐĨƞőħĵĪńŗĺœĮŐĸƟĺĴńĔĴňŐĶƞŏľĸŖĔŒĬĔƟŀĬŐĶƞĴŅĔĩŉĚĶƟŀĵĸŃȮ5.ȮŀĵƞŅĚœĶĔŖĨŅĴŐĶƞ
ŏľĸŖĔĵńĚėĚĴňĴĸĪŇĬȮ&Gangue'ȮĮŃĮĬŒĬĔƟŀĬŐĶƞŀĵŌƞĴŅĔ65ȮĴńĔĔƞŀŒľƟŏĔŇħĨŃĔĶńĬŏľĸŖĔěņĬĺĬĴŅĔŒĬĔŅĶ

 

 64 Ľ ŅĶĬŋ Ĕ ĶĴ ŀ ŀ Ĭ œĸ ĬƢ ȮŴENCYCLOPEDIA BRITANNICAŵ ȮĽ ŅĴ ŅĶĩ ŏĕƟ Ņĩŉ ĚœħƟ ŒĬ 
https://www.britannica.com/technology/smelting 
 65 Ineke Joosten, Technology of early historical iron production in the Netherland 
(Amsterdam : Vrije University, 2004), 10. 
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ĩĸŋĚŐĨƞĸŃėĶńŘĚȮĪńŘĚĬňŘŐĶƞŏľĸŖĔŒĬĮĶŃŏĪĻœĪĵıĭĪńŘĚĽŇŘĬȮ2ȮĝĬŇħȮœħƟŐĔƞŐĶƞŁňĴŅœĪĨƢȮ&Hematite) ŐĶƞŐĴĔĬň
œĪĨƢȮ&Magnitite) ŐĶƞŏĔŀĶƢœĪĨƢȮ&Geotite)ȮŐĸŃŐĶƞœıœĶĨƢȮ&Pylite) 

ĬŀĔŏľĬŊŀěŅĔŏľĸŖĔĪňŗıĭĭĬőĸĔŐĸƟĺĴĬŋļĵƢĵńĚĶŌƟěńĔŒĝƟŏľĸŖĔŀŋĔĔŅĭŅĨȮ&Meteoric 
Iron'ȮőħĵĮĶŅĔĢĔŅĶŒĝƟŏľĸŖĔŀŋĔĔŅĭŅĨĴŅĨńŘĚŐĨƞĔƞŀĬȮ1*...ȮĮƖĔƞŀĬėĶŇĽĨĔŅĸ ŏĝƞĬȮĸŌĔŏľĸŖĔĔĸĴȮ1Ȯ
ĝŇŘĬȮěŅĔŐľĸƞĚőĭĶŅĦėħňȮŴTepe SialkŵȮŒĬĨŀĬŏľĬŊŀĕŀĚĮĶŃŏĪĻŀŇľĶƞŅĬȮĸŌĔĮƤħŏľĸŖĔŀŋĔŅĭŅĨ
ěņĬĺĬȮ7ȮŏĴŖħȮěŅĔŐľĸƞĚőĭĶŅĦėħňȮŴEl GerzehŵȮŒĬĮĶŃŏĪĻŀňĵŇĮĨƢȮŐĸŃŐľĺĬȮ/ȮĺĚȮěŅĔŐľĸƞĚ
őĭĶŅĦėħňȮŴArmantŵȮŒĬĮĶŃŏĪĻŀňĵŇĮĨƢȮŏľĸŖĔŀŋĔĔŅĭŅĨĵńĚıĭŒĬĔŅĶĪņŏėĶŊŗŀĚĴŊŀĕĺŅĬŏľĸŖĔŐĭĭĴň
ĭƟŀĚŒĬŐľĸƞĚőĭĶŅĦėħňĺńĥĬīĶĶĴȮŴHallstattŵȮŀŅĵŋĶŅĺȮ6..ȮůȮ1..ȮĮƖĔƞŀĬėĶŇĽĨĔŅĸȮőħĵĴňĬŇŏĔĸŏĮƦĬ
ĽƞĺĬĮĶŃĔŀĭĶŅĺĶƟŀĵĸŃȮ2ȮőħĵıĭŐĶƞĬŇĔŏĔĸŏĮƦĬĝńŘĬĭŅĚŕȮŒĬĝŇŘĬĚŅĬŐĽħĚŒľƟŏľŖĬĺƞŅĝƞŅĚŏľĸŖĔĶŌƟěńĔĔŅĶ
ĮĶŃĽŅĬĝŇŘĬĽƞĺĬŏľĸŖĔĪňŗĴňĪňŗĴŅŐĨĔĨƞŅĚĔńĬ66ȮŀĵƞŅĚœĶĔŖĨŅĴŏľĸŖĔŀŋĔŅĭŅĨĶŒĬĽĴńĵőĭĶŅĦĬńŘĬĴńĔ
ĮĶŃĔŀĭħƟĺĵŐĶƞĬŇĔŏĔŇĸĴŅĔĩŉĚĶƟŀĵĸŃȮ/.ȮĴňėĺŅĴŐĕŖĚĴŅĔĵŅĔĨƞŀĔŅĶĬņĴŅŒĝƟĚŅĬȮŐĸŃěŅĔĔŅĶĻŉĔļŅ
ĪŅĚőĭĶŅĦőĸľĺŇĪĵŅěĬĩŉĚĮƤěěŋĭńĬĵńĚœĴƞıĭĺƞŅĴňŐĶƞĬŇĔŏĔŇĸŒĬĮĶŇĴŅĦĴŅĔĩŉĚĶƟŀĵĸŃȮ/.ȮŒĬĔŅĶĩĸŋĚ
ŏľĸŖĔĪŅĚĨĶĚŒĬĽĴńĵőĭĶŅĦ67 ĽƞĺĬŏľĸŖĔĭĶŇĽŋĪīŇśȮľĶŊŀȮŴNative IronŵȮıĭœħƟĬƟŀĵĴŅĔĭĬőĸĔĴńĔ
ĮĶŅĔĢŏĮƦĬŏĴŖħĕĬŅħŏĸŖĔŐĪĶĔĨńĺŒĬŏĬŊŘŀľŇĬȮŏĶňĵĔŏľĸŖĔĝĬŇħħńĚĔĸƞŅĺĺƞŅȮŴTelluric Ironŵ ȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
ĴňĽƞĺĬĮĶŃĔŀĭĕŀĚĬŇŏĔĸŐĸŃŏľĸŖĔŒĬĮĶŇĴŅĦĪňŗŐĨĔĨƞŅĚĔńĬœĮŒĬŐĨƞĸƞŃıŊŘĬĪňŗȮıĭœħƟŒĬĮĶŃŏĪĻ
ĔĶňĬŐĸĬħƢȮĬŇĺĞňŐĸĬħƢȮŏĵŀĶĴńĬȮĽľĶńģŀŏĴĶŇĔŅŐĸŃĶńĽŏĞňĵ68  

ĔŅĶĔņŏĬŇħĕŀĚŐĶƞŏľĸŖĔŒĬĮĶŃŏĪĻœĪĵĬńŘĬĴňľĸŅĵĸńĔļĦŃȮľŅĔŐĨƞĽņľĶńĭıŊŘĬĪňŗŐŀƞĚĪňŗ
ĶŅĭĸŀĚĺńĚĝŇŘĬŏĮƦĬŐľĸƞĚŐĶƞŏľĸŖĔĪňŗĔņŏĬŇħŐĭĭŐĴĔĴŅȮ&Magmatic iron deposit) ěńħŏĮƦĬŐľĸƞĚŐĶƞ
ŐĭĭĮģĴĳŌĴŇȮ&Primary ore deposit) ĴňėĺŅĴĽńĴıńĬīƢĔńĭĔŅĶŐĪĶĔĞƟŀĬĕŉŘĬĴŅĕŀĚŐĴĔĴŅěŅĔĝńŘĬŒĨƟ
įŇĺŏĮĸŊŀĔőĸĔȮőħĵŐĴĔĴŅŏĮƦĬŐľĸƞĚĨƟĬĔņŏĬŇħĕŀĚĽŅĶĸŃĸŅĵœŀŏŀŇĶƢĬŀŀĔœĞħƢȮĪňŗĴňĪńŘĚŐĶƞŁňĴŅœĪĨƢŐĸŃ
ŐĶƞŐĴĔĬňœĪĨƢȮőħĵŒĬĕĦŃĪňŗŐĴĔĴŅĔņĸńĚŏĵŖĬĨńĺĸĚŐĸŃŐĪĶĔĕŉŘĬĴŅĨŅĴĶŀĵŐĨĔȮĶŀĵŏĸŊŗŀĬľĶŊŀĨŅĴ
ĝƞŀĚĪŅĚĪňŗĚƞŅĵĨƞŀĔŅĶŐĪĶĔĕŉŘĬĴŅŒĬľŇĬĪƟŀĚĪňŗȮŐĸƟĺŏĵŖĬĨńĺŏĮƦĬŐĶƞŏľĸŖĔĪńŘĚĝĬŇħŐĶƞŐĴĔĬňœĪĨƢŐĸŃŐĶƞ
ŁňĴŅœĪĨƢĞŉŗĚěŃŐĪĶĔĨńĺŀĵŌƞŒĬĶŀĵŐĨĔŐĸŃĶŀĵŏĸŊŗŀĬŏľĸƞŅĬńŘĬȮŐľĸƞĚŐĶƞŏľĸŖĔĪňŗĴňĔņŏĬŇħŏĝƞĬĬňŘȮĵńĚıĭ
ŐľĸƞĚŐĶƞŏľĸŖĔĨņĭĸĬŅŐĕĴȮŀņŏĳŀŏĴŊŀĚȮěńĚľĺńħŏĸĵŐĸŃŐľĸƞĚŐĶƞŏľĸŖĔȮĨņĭĸĬŘņĶŀĭȮŀņŏĳŀĸŅĬĽńĔȮ
ěńĚľĺńħŀŋĪńĵīŅĬňȮŀňĔħƟĺĵ 

ĬŀĔěŅĔĬňŘŒĬŏĕĨĭĶŇŏĺĦĨņĭĸŏĺňĵĚĨƟŅȮŀņŏĳŀĸŀĚěńĚľĺńħŐıĶƞĵńĚıĭŐľĸƞĚŐĶƞŏľĸŖĔĪňŗ
ĽŃĽĴĨńĺŀĵŌƞĨŅĴŏĝŇĚŏĕŅŐĸŃĪňŗĸŋƞĴȮ&Colluvial deposit) ŏĮƦĬŐľĸƞĚŐĶƞŏľĸŖĔĪňŗŏĔŇħěŅĔĽŅĵŐĶƞŏľĸŖĔȮȮȮȮȮȮȮ

 

 66 ŀŇĽĶŅĺĶĶĦȮŀĵŌƞĮƚŀĴ*ȮŴĔŅĶĻŉĔļŅŏĨŅĩĸŋĚŏľĸŖĔĽĴńĵőĭĶŅĦĪňŗĭƟŅĬŏĕŅħŇĬŒĨƟȮŀņŏĳŀĭƟŅĬĔĶĺħȮěńĚľĺńħĭŋĶňĶńĴĵƢ*ŵȮȮ
(ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅĻŇĸĮĻŅĽĨĶĴľŅĭńĦĤŇĨȮĽŅĕŅĺŇĝŅőĭĶŅĦėħňĽĴńĵĔƞŀĬĮĶŃĺńĨŇĻŅĽĨĶƢȮĭńĦĤŇĨĺŇĪĵŅĸńĵȮ
ĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ, 0331', 5, 
 67 Tylecote R. F. , A History of Metallurgy (London : Institute of Materials,1992), 7. 
 68 Roberts, Benjamin W. and others,  Archaeometallurgy in Global Perspective : Methods and 
Syntheses (NewYork : Springer,0./2'Ȯ,Ȯ07, 
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ŒĬĭĶŇŏĺĦĪňŗĽŌĚĔĺƞŅœħƟȮįŋıńĚŐĨĔľńĔŏĮƦĬĔƟŀĬŐĶƞŏľĸŖĔĕĬŅħĨƞŅĚŕȮŐĸƟĺŏėĸŊŗŀĬĨńĺĨŅĴŐĶĚőĬƟĴĩƞĺĚĕŀĚőĸĔ
ĸĚĴŅĨŅĴœľĸƞŏĕŅȮĽŃĽĴĨńĺĮŃĮĬŀĵŌƞŒĬĝńŘĬħŇĬĮĬŏĻļľŇĬŒĬĭĶŇŏĺĦŏĝŇĚŏĕŅȮĽƞĺĬŐľĸƞĚŐĶƞŏľĸŖĔȮĪňŗĽŃĽĴ
ĨńĺŀĵŌƞĔńĭĪňŗȮ&in-situ deposit)ȮŏĮƦĬŐľĸƞĚŐĶƞŏľĸŖĔĪňŗŏĔŇħěŅĔŐĶƞŏľĸŖĔĪňŗįŋıńĚŐĨĔľńĔěŅĔĽŅĵŐĶƞŏľĸŖĔŒĬ
ĭĶŇŏĺĦĬńŘĬȮŐĸƟĺĽŃĽĴĨńĺĪńĭĩĴĔńĬŀĵŌƞŒĬĪňŗŏħŇĴȮĔĸŅĵŏĮƦĬŐľĸƞĚŐĶƞŏľĸŖĔĪňŗĴňĔņŏĬŇħŒĬĵŋėĮƤěěŋĭńĬľĶŊŀ
ĻŇĸŅŐĸĚȮ&Literite'ȮĩŊŀŏĮƦĬĝĬŇħĕŀĚŏľĸŖĔĪňŗĴňĸńĔļĦŃħńĚĔĸƞŅĺĕƟŅĚĨƟĬȮěŅĔľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĩŊŀ
ŏĮƦĬĽŇĬŐĶƞŏľĸŖĔĪňŗĽŅĴŅĶĩĩĸŋĚŏľĸŖĔœħƟ69ȮŏĬŊŗŀĚěŅĔľŅœħƟĚƞŅĵŐĸŃĴňŏľĸŖĔŒĬĮĶŇĴŅĦĴŅĔıŀĪňŗĽŅĴŅĶĩ
ĬņĴŅĩĸŋĚŏľĸŖĔ70 ĔŅĶŏĔŇħĕŀĚĻŇĸŅŐĸĚĬńŘĬĴńĔŏĔŇħŒĬıŊŘĬĪňŗĪňŗĴňĳŌĴŇĔŅĻĶƟŀĬĝŊŘĬȮŏĔŇħěŅĔĔŅĶįŋĔĶƞŀĬŐĸŃ
ĨĔĨŃĔŀĬĕŀĚŐĶƞŏľĸŖĔŀŀĔœĞĨƢȮőĞŏħňĵĴȮŐĴĚĔŅĬňĽȮŐĸŃŐėĸŏĞňĵĴȮŏĴŊŗŀīŅĨŋħńĚĔĸƞŅĺĶĺĴĨńĺĔńĬěŃ
ĔƞŀŒľƟŏĔŇħĝńŘĬĕŀĚŐĸĚĪňŗĴňĽƞĺĬĮĶŃĔŀĭĕŀĚĞŇĸŇĔŅŐĸŃŏĞĽėĺŇŀŀĔœĞĨƢȮ&ĔĸŋƞĴŀĬŋĳŅėĕŀĚŏľĸŖĔŀŀĔœĞĨƢȮ
ŀŃĸŌĴŇŏĬňĵĴŐĸŃŐĴĚĔŅĬňĽ'ȮĞŉŗĚŒĬŐĸĚĴňŐĶƞŏľĸŖĔěņĬĺĬĴŅĔŐĸŃŀŅěĴňĽƞĺĬĮĶŃĔŀĭĕŀĚŐĶƞŐĴĚĔŅĬňĽŒĬ
ĮĶŇĴŅĦĴŅĔŀňĔħƟĺĵ71 

1,0,0ȮĔŅĶĪņŏľĴŊŀĚŐĶƞŏľĸŖĔ 
            ĔŅĶĪņŏľĴŊŀĚŐĶƞŏľĸŖĔĴňėĺŅĴėĸƟŅĵėĸŉĚĔńĭĔŅĶĪņŏľĴŊŀĚŐĶƞĪŀĚŐħĚŒĬĽĴńĵ
őĭĶŅĦőħĵŀŅěĴňĔŅĶĪņŏľĴŊŀĚŒĬĸńĔļĦŃŏľĴŊŀĚľŅĭľĶŊŀŏľĴŊŀĚŏĮƕħȮ&Open cast mining'ȮőħĵĔŅĶ
ĕŋħľĸŋĴĸŉĔėĸƟŅĵĭƞŀĬŘņľĶŊŀŏĮƦĬľĸŋĴĽňŗŏľĸňŗĵĴįŊĬįƟŅĵŅĺȮ&Trance'ȮĕŉŘĬŀĵŌƞĔńĭĸńĔļĦŃĔŅĶĺŅĚĨńĺĕŀĚ
ĽŅĵŐĶƞȮĽƞĺĬŒľĠƞŐĶƞŏľĸŖĔĪňŗĪņŏľĴŊŀĚŒĬĸńĔļĦŃĬňŘĴńĔŏĮƦĬŐĶƞŏľĸŖĔĸŇőĴœĬĨƢȮŁňĴŅœĪħƢȮŏĔŀĶƢœĪĨƢȮŐĴĔĬŇ
œĪĨƢȮŐĸŃŐĶƞŏľĸŖĔėŅĶƢĭŀŏĬĨ72ȮĬŀĔěŅĔĬňŘĵńĚĴňĔŅĶĪņŏľĴŊŀĚĕŋħȮ&Underground mining'ȮĞŉŗĚŀŅěŏĮƦĬ
ĸńĔļĦŃŏľĴŊŀĚĮĸƞŀĚȮ&Sharf'ȮŏľĴŊŀĚŀŋőĴĚėƢĨŅĴŐĬĺĬŀĬȮ&Adits'ȮľĶŊŀŏľĴŊŀĚĪňŗĴňĸńĔļĦŃėĸƟŅĵĩŘņľĶŊŀ
ėŌľŅĕĬŅħŒľĠƞȮ&Galleries'73ȮĔŅĶĪņŏľĴŊŀĚŐĶƞŏľĸŖĔĽĴńĵőĭĶŅĦŒĬĮĶŃŏĪĻœĪĵĴňĭńĬĪŉĔœĺƟŒĬŏŀĔĽŅĶ
ĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢŐĸŃĴŋĕĮŅģŃŒĬĸńĔļĦŃĔŅĶĪņŏľĴŊŀĚŐĭĭŏľĴŊŀĚŏĮƕħȮ 

 

 69 T. O. Pryce _lbȮ Q,Ȯ L_r_nglrs*Ȯ ŴQkcjrgleȮ GpmlȮ dpmkȮ J_rcpgrc8Ȯ Rcaflga_jȮ Nmqqg`gjgrwmpȮ
Crflmep_nfgaȮ?`cpp_rgml=ŵȮglȮAsian Prespective, (48), 2*0..7*Ȯ034, 
 70 Bennett Bronson, ŴPattern in the early southeast asian metals tradeŵȮin Early metallurgy 
trade and urban centres in thailand and Southeast Asia (Bangkok : Withe Lotus,1992), 77. 
 71 Hayden James Cawte and William E. Boyd*ȮŴLaterite Nodules: A Credible Source of Iron Ore in 
Iron Age Northeast Thailand?ŵ in Geoarchaeology: An International Journal, Vol. 25, No. 5, 
(2010), 630. 

72 Radomir Pleiner, Iron in archaeology : The European bloomery smelter (Praha: 
?pafcmjmegaiýȮúqr_tȮ?TȔP*Ȯ0...'Ȯ72Ȯů 95. 
 73 ŀŇĽĶŅĺĶĶĦȮŀĵŌƞĮƚŀĴ*ȮŴĔŅĶĻŉĔļŅŏĨŅĩĸŋĚŏľĸŖĔĽĴńĵőĭĶŅĦĪňŗĭƟŅĬŏĕŅħŇĬŒĨƟȮŀņŏĳŀĭƟŅĬĔĶĺħȮěńĚľĺńħĭŋĶňĶńĴĵƢ*ŵȮȮ
(ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅĻŇĸĮĻŅĽĨĶĴľŅĭńĦĤŇĨȮĽŅĕŅĺŇĝŅőĭĶŅĦėħňĽĴńĵĔƞŀĬĮĶŃĺńĨŇĻŅĽĨĶƢȮĭńĦĤŇĨĺŇĪĵŅĸńĵȮ
ĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ, 0331', /., 
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1,0,1ȮĔŅĶŏĨĶňĵĴŐĶƞ 
            ŏĮƦĬĔŅĶĪņėĺŅĴĽŃŀŅħĔƟŀĬŐĶƞŏľĸŖĔĪňŗěŃĬņĴŅĩĸŋĚŏıŊŗŀėńħŏŀŅĴĸĪŇĬȮ&Gangue)ȮȮ
ŏĝƞĬȮŀŇĬĪĶňĵĺńĨĩŋȮŏĻļĔƟŀĬĔĶĺħȮĪĶŅĵȮłĸłȮőħĵŀŅěĴňĔŅĶĵƞŀĵŐĶƞħƟĺĵĔŅĶĪŋĭŒľƟŏĮƦĬĔƟŀĬŏĸŖĔĸŃŏŀňĵħȮ
ŏıŊŗŀėħŏŀŅĔƟŀĬŐĶƞĪňŗĴňĮĶŇĴŅĦŐĶƞĴŅĔŐĸŃĴňĴĸĪŇĬĬƟŀĵȮŏıŊŗŀŏĨĶňĵĴĔŅĶĩĸŋĚȮĬŀĔěŅĔĬňŘĵńĚĴňĔŅĶĪņėĺŅĴ
ĽŃŀŅħŐĶƞŐĸŃĔŅĶĵƞŅĚŐĶƞĞŉŗĚŏĮƦĬĔĶŃĭĺĬĔŅĶĽņėńĠĪňŗĝƞĺĵĔņěńħėĺŅĴĝŊŘĬŐĸŃĞńĸŏĲŀĶƢŀŀĔěŅĔŐĶƞŏľĸŖĔȮ
őħĵěŃĵƞŅĚŐĶƞőħĵŒĝƟŏĝŊŘŀŏıĸŇĚěņıĺĔĩƞŅĬœĴƟľĶŊŀĩƞŅĬľŇĬŒĬŀŋĦľĳŌĴŇĮĶŃĴŅĦȮ3..Ȯ-Ȯ6..ȮŀĚĻŅ
ŏĞĸŏĞňĵĽ74ȮĔƞŀĬĬņŐĶƞœĮĩĸŋĚȮ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ1ȮȮĔŅĶėńħŐĶƞŒĬĽĴńĵĵŋėĔĸŅĚĕŀĚĵŋőĶĮȮ&ıŋĪīĻĨĺĶĶļĪňŗȮ0.Ȯ-0/' 
ĪňŗĴŅȮȮȮȮȮȮHerbert Clark Hoover and Lou Henry Hoover, De Re Metallica : translated form the first 

latin edition /334Ȯ&New York : Dover Publication.INC,/73.', 07/, 
 
 
 
 

 

 74 Ineke Joosten, Technology of early historical iron production in the Netherland 
(Amsterdam : Vrije University, 2004), 10. 
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ĳŅıĪňŗȮ2ȮȮĔŅĶĵƞŀĵŐĶƞŒĬĽĴńĵĵŋėĔĸŅĚĕŀĚĵŋőĶĮȮ&ıŋĪīĻĨĺĶĶļĪňŗȮ20 -21) 
ĪňŗĴŅȮȮȮȮȮȮHerbert Clark Hoover and Lou Henry Hoover, De Re Metallica : translated form the first 

latin edition /334Ȯ&New York : Dover Publication.INC, /73.', 351, 
 
 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ5ȮȮĔŅĶĪņėĺŅĴĽŃŀŅħŐĶƞŒĬĽĴńĵĵŋėĔĸŅĚĕŀĚĵŋőĶĮȮ&ıŋĪīĻĨĺĶĶļĪňŗȮ20 -21) 
ĪňŗĴŅȮȮȮȮȮȮȮHerbert Clark Hoover and Lou Henry Hoover, De Re Metallica : translated form the 
            first latin edition /334Ȯ&New York : Dover Publication.INC,Ȯ/73.', 046, 
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ĳŅıĪňŗȮ6  ĔŅĶĵƞŅĚŐĶƞȮ&ĕĺŅ'ȮŒĬĽĴńĵĵŋėĔĸŅĚĕŀĚĵŋőĶĮȮ&ıŋĪīĻĨĺĶĶļĪňŗȮ20 -21) 
ĪňŗĴŅȮȮȮȮȮȮHerbert Clark Hoover and Lou Henry Hoover, De Re Metallica : translated form the first 

latin edition /334Ȯ&New York : Dover Publication.INC,/73.', 05.. 
 
        1,0,2ȮĔŅĶĩĸŋĚŏľĸŖĔ 

ĔŅĶĩĸŋĚŐĶƞŏľĸŖĔĬńŘĬĴňĸńĔļĦŃĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĪňŗĽņėńĠȮ0ȮĝĬŇħŒĬĕĦŃĪņĔŅĶ
ĩĸŋĚėŊŀĮĢŇĔŇĶŇĵŅĶňħńĔĝńŗĬĪňŗĪņŒľƟŏľĸŖĔŀŀĔœĞĨƢĔĸŅĵŏĮƦĬŏľĸŖĔŐĸŃĮĢŇĔŇĶŇĵŅĪňŗĔƞŀŒľƟŏĔŇħĨŃĔĶńĬŐĶƞŏľĸŖĔ
ŏľĸĺȮ&Iiquid Slag'75ȮěŅĔĔŅĶľĸŀĴĸŃĸŅĵĴĸĪŇĬĳŅĵŒĬĔƟŀĬŐĶƞŏľĸŖĔȮŒĬĔŅĶĩĸŋĚŏľĸŖĔěŃĨƟŀĚĔņěńħ
ŀŀĔœĞĨƢĶĺĴĪńŘĚĴĸĪŇĬŏıŊŗŀŒľƟŏľĸŊŀŏľĸŖĔĭĶŇĽŋĪīŇśȮĔŅĶĩĸŋĚŐĶƞŏľĸŖĔĽŅĴŅĶĩěņŐĬĔŐĔœħƟŏĮƦĬȮ0ȮĮĶŃŏĳĪȮ
ħńĚĬňŘ 
            1,0,2,/ȮĔŅĶĩĸŋĚŏľĸŖĔĪŅĚĨĶĚȮ&Direct)  ĔŅĶĩĸŋĚŏľĸŖĔĪŅĚĨĶĚĴňĺŇīňĔŅĶĪňŗœĴƞ
ĞńĭĞƟŀĬȮĽŅĴŅĶĩĪņœħƟĨńŘĚŐĨƞĶŃħńĭėĶńĺŏĶŊŀĬŐĸŃŏĮƦĬŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔĪňŗĴňĴŅĨńŘĚŐĨƞĽĴńĵĔƞŀĬ
ĮĶŃĺńĨŇĻŅĽĨĶƢȮőħĵŏĶŇŗĴĨƟĬěŅĔĔŅĶĬņŐĶƞŏľĸŖĔĪňŗĵƞŀĵœħƟĕĬŅħŐĸŃĪņėĺŅĴĽŃŀŅħŐĸƟĺȮėĸŋĔŏėĸƟŅŏĕƟŅĔńĭ
ĩƞŅĬœĴƟľĶŊŀŏĝŊŘŀŏıĸŇĚȮŒĬĔŅĶĩĸŋĚěŃĔņľĬħŀńĨĶŅĽƞĺĬȮŏľĸŖĔȮ&1) ĨƞŀȮĩƞŅĬȮ&3) ěŅĔĬńŘĬěŉĚĽŌĭĸĴŏıŊŗŀŏĶƞĚ
ŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅŒľƟĽŌĚěĬĩŉĚĶŃħńĭȮ1,200 ĩŉĚ 1,300ȮŀĚĻŅŏĞĸŏĞňĵĽȮőħĵŒĬĶŃľĺƞŅĚĔŅĶĩĸŋĚěŃĨƟŀĚ
ŏĨŇĴĩƞŅĬŏĮƦĬĶŃĵŃŏıŊŗŀŏıŇŗĴĔƠŅĞėŅĶƢĭŀĬĴŀĬĬŀĔœĞĨƢŒĬľƟŀĚŏĨŅŒľƟĩŉĚĶŃħńĭĪňŗĽŅĴŅĶĩĪņĮĢŇĔŇĶŇĵŅĔńĭ
ŐĶƞŏľĸŖĔőħĵħŉĚĔƠŅĞŀŀĔĞŇŏěĬŀŀĔěŅĔŐĶƞŏľĸŖĔȮĪņŒľƟŐĶƞŏľĸŖĔĔĸŅĵĽĳŅıŏĮƦĬŏľĸŖĔȮĴňĸńĔļĦŃŏĮƦĬĔƟŀĬ
ľĬŊħĶĺĴĨńĺĔńĬĭĶŇŏĺĦĔƟĬŏĨŅȮŏĶňĵĔĺƞŅȮŴ@jmmkŵȮĽƞĺĬīŅĨŋŀŊŗĬŕȮĪňŗįĽĴŀĵŌƞŒĬŐĶƞŏľĸŖĔĔŖěŃĩŌĔľĸŀĴ
ĸŃĸŅĵĔĸŅĵŏĮƦĬĨŃĔĶńĬȮ&Slag) ĽŃĽĴĨńĺŀĵŌƞŒĨƟĝńŘĬȮŴ@jmmkŵȮĔŅĶĩĸŋĚĨŅĴĔĶĶĴĺŇīňħńĚĔĸƞŅĺĕƟŅĚĨƟĬ
ĔƟŀĬȮŴ@jmmkŵȮěŃĵńĚĴňĨŃĔĶńĬĮŃĮĬĨƟŀĚĬņœĮľĸŀĴŒĬŏĨŅĨňŏľĸŖĔȮ&Smithing) ŀňĔėĶńŘĚȮŏıŊŗŀĨňŏŀŅŏĻļ

 

 75 The Historic Metallurgy Society datasheets : Iron bloomery smelting and associated process 
ĽŅĴŅĶĩŏĕƟŅĩŉĚœħƟŒĬȮhttp://hist-met.org/images/pdf/HMSdatasheet1./,pdf 



  
 

 

1. 

ĕňŘŐĶƞľĶŊŀĴĸĪŇĬŀŀĔěĬŏľĸŊŀŐĨƞĔƟŀĬŏľĸŖĔŀƞŀĬĭĶŇĽŋĪīŇśĪňŗŏĶňĵĔĺƞŅȮŴUpmsefrȮGpmlŵ76 ĽŅĴŅĶĩĬņœĮĨň
ŏėĶŊŗŀĚĴŊŀŏėĶŊŗŀĚŒĝƟĨƞŀœĮ 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ7ȮȮĔŅĶĪħĸŀĚĪŅĚőĭĶŅĦėħňŏıŊŗŀĩĸŋĚŏľĸŖĔŒĬŐĭĭĪŅĚĨĶĚĮĶŅĔĢĔƟŀĬŏľĸŖĔĔŉŗĚŏŏĕŖĚĔŉŗĚŏľĸĺȮ&Bloom) 
ĪňŗĴŅ       Historic England, Archaeometallugy : Guidelines for beast practice  
            (London : Historic England,Ȯ0../', 0, 

 ĬŀĔěŅĔĬňŘĔŅĶĩĸŋĚŏľĸŖĔĪŅĚĨĶĚĵńĚĔƞŀŒľƟŏĔŇħĔƟŀĬĨŃĔĶńĬĮĶŃŏĳĪĨƞŅĚŕ77ȮħńĚĬňŘȮ 
       1. ĨŃĔĶńĬĔƟĬŏĨŅȮ&Slag Cake'ȮŏĮƦĬĔƟŀĬĨŃĔĶńĬĪňŗĴńĔĴňĔƟŀĬĩƞŅĬľĶŊŀŀŇĬĪĶňĵĽŅĶ

ĮŃĮĬĶƞĺĴħƟĺĵȮįŇĺħƟŅĬĭĬĴńĔŐĭĬĶŅĭŐĸŃĕĶŋĶŃȮįŇĺħƟŅĬĕƟŅĚĴńĔőėƟĚŏĺƟŅĞŉŗĚŏĮƦĬĔŅĶĔƞŀĨńĺěŅĔĔŅĶĽńĴįńĽ
ĔńĭįĬńĚĕŀĚŏĨŅĩĸŋĚȮŒĬĭŅĚĔƟŀĬŀŅěĮĶŅĔĢěŋħĽňĽƟĴĞŉŗĚŏĮƦĬĽĬŇĴĕŀĚŐĶƞŏľĸŖĔŒĬıŊŘĬįŇĺħƟŅĬĭĬĔƟŀĬ
ĨŃĔĶńĬȮĞŉŗĚıŊŘĬįŇĺħńĚĔĸƞŅĺŐĨƞŏħŇĴŏĮƦĬıŊŘĬįŇĺĪňŗĴňĔŅĶĽńĴįńĽľĶŊŀŀĵŌƞĨŇħĔńĭĔƟŀĬȮŴBloomŵȮŒĬĭŅĚĔĶĦňįŇĺ
ŒĨƟĴňĔŅĶĔƞŀĨńĺőħĵœĴƞĽńĴįńĽĔńĭĔƟŀĬŏĨŅĞŉŗĚŒĬĔĶĦňĬňŘěŃŏĔŇħĔƟŀĬĨĶŃĔĶńĬĪňĴňĸńĔļĦŃœľĸĵƟŀĵȮ&Slag 
Flow'ȮĨƞŀŀŀĔěŅĔįŇĺħƟŅĬŒĨƟ 

 
 
 
 
 
 
 

 

 76 ĽŋĶıĸȮĬŅĩŃıŇĬīŋ*ȮĶŅĔŏľĚƟŅȮĭĶĶıĝĬėĬœĪĵȮ8ȮıńĥĬŅĔŅĶĪŅĚĺńĥĬīĶĶĴĔƞŀĬĮĶŃĺńĨŇĻŅĽĨĶƢȮ&ĔĶŋĚŏĪıłȮ8ȮĴĨŇ
ĝĬ, 2550'*Ȯ/50ȮůȮ/51,Ȯ 

77 Brice Girbal, Michelmerch Romsey and Hampshire Analysis of slag : Technological 
Report (London : English Heritage,2010), 11 ů 14.  



  
 

 

1/ 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

ĳŅıĪňŗȮ8  ĨŃĔĶńĬĔƟĬŏĨƟŅȮ&Slag Cake) ĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮěńĚľĺńħŐıĶƞ 

 
2. ĨĶŃĔńĬľĵħĬŘņȮ&Slag Prill'ȮŏĮƦĬĨŃĔĶńĬĪňŗĴňĸńĔļĦŃėĸƟŅĵľĵħĬŘņȮŏĮƦĬĨŃĔĶńĵ

ĪňŗŏĔŇħĔŅĶŏĵŖĬĨńĺŀĵƞŅĚĜńĭıĸńĬȮĴňĸńĔļĦŃŏĮƦĬŐĪƞĚĵŅĺĮĶŅĔĢĶŇŘĺĶŀĵĔŅĶœľĸĨńĺĕŀĚĨŃĔĶńĬŏľĸĺŒĬ
ŐĬĺħŇŗĚȮĴňĽňŏĪŅȮľĶŊŀĽňŏĕňĵĺŀĴŏĪŅȮľĶŊŀĽňħņ 

 
 
 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ9  ĨŃĔĶńĬŐĭĭľĵħĬŘņȮ&Slag Prill) 
ĪňŗĴŅ       Brice Girbal, Michelmerch Romsey and Hampshire Analysis of slag :  
            Technological Report (London : English Heritage,2010), 13. 
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3. ĨŃĔĶńĬŒĬľĸŋĴħńĔĨŃĔĶńĬȮ&Slag Block'ȮĴńĔıĭŒĬŏĨŅĩĸŋĚĪňŗĴňľĸŋĴħńĔĨŃĔĶńĬȮ
&Slag Pit'ȮĴńĔŏĮƦĬĔƟŀĬĨŃĔĶńĬĪňŗĴňĶƞŀĚĶŀĵĕŀĚĩƞŅĵȮŏĻļŀŇĬĪĶňĵĺńĨĩŋȮĴňĽňŏĪŅȮĽňħņȮľĶŊŀĽňŏĪŅħņ 

 
 
 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ/.ȮȮĨŃĔĶńĬŒĬľĸŋĴħńĔĨŃĔĶńĬȮ&Slag Block) 
ĪňŗĴŅȮȮȮȮȮȮȮȮȮBrice Girbal, Michelmerch Romsey and Hampshire Analysis of slag :  
              Technological Report (London: English Heritage, 2010), 12. 
 

 
      4. ĨŃĔĶńĬŐįƞĬȮ&Slag Tap'ȮŏĮƦĬĨŃĔĶńĬŏľĸĺĪňŗĩŌĔĶŃĭŅĵŀŀĔĪŅĚĝƞŀĚĶŃĭŅĵ

ĨŃĔĶńĬħƟŅĬľĬƟŅŏĨŅĩĸŋĚŏľĸŖĔȮĴňĔŅĶĔƞŀĨńĺħƟŅĬĬŀĔľĶŊŀħƟŅĬŒĬŏĨŅĩĸŋĚȮħƟŅĬĭĬĕŀĚĔƟŀĬĨŃĔĶńĬěŃ
ĮĶŅĔĢĶŇŘĺĸŀĵėĸƟŅĵĬŘņœľĸŐĽħĚĔŅĶœľĸľĬŊħĕŀĚĨŃĔĶńĬľĸŀĴŏľĸĺȮĽƞĺĬħƟŅĬŒĨƟĴńĔĴňŏĻļĪĶŅĵȮ
ĔĶĺħȮľĶŊŀŀŇĬĪĶňĵĺńĨĩŋĮŃĮĬĞŉŗĚĮŃĮĬıĶƟŀĴĔńĭĔŅĶœľĸľĬŊħĕŀĚĨŃĔĶńĬľĸŀĴŏľĸĺĪňŗœľĸŀŀĔĬŀĔĨńĺ
ŏĨŅȮĳŅĵŒĬŏĬŊŘŀĨŃĔĶńĬĴńĔĴňĲŀĚŀŅĔŅĻĕĬŅħŒľĠƞȮŏĬŊŘŀĨŃĔĶńĬĴńĔĴňĽňħņȮľĶŊŀŏĪŅħņȮŀŅěĴňĽňŐħĚȮ
ĬŘņĨŅĸŐħĚĭĶŇŏĺĦıŊŘĬįŇĺħƟŅĬĭĬħƟĺĵ 
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ĳŅıĪňŗȮ11  ĨŃĔĶńĬŐįƞĬȮ&Slag Tap) 
ĪňŗĴŅȮȮȮȮȮȮȮȮȮHistoric England, Archaeometallugy : Guidelines for beast practice  
               (London: Historic England, 2001), 11. 

 
3.2.4.2 ĔŅĶĩĸŋĚĪŅĚŀƟŀĴȮ&Indirect Process'ȮŏĮƦĬŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔĪňŗŏĨŅĴň

ĸńĔļĦŃĽŌĚŒľĠƞȮ&Sharf Furnace'ȮĴňĝƞŀĚįĬńĚľĶŊŀĔƟĬŏĨŅŏıŊŗŀĮĸƞŀĵŒľƟŏľĸŖĔľĶŊŀĨŃĔĶńĬĪňŗľĸŀĴŏľĸĺ
ĽŅĴŅĶĩĶŃĭŅĵŀŀĔĬŀĔŏĨŅœħƟȮŒĬĔŅĶĩĸŋĚŏľĸŖĔĺňĬňŘěņŏĮƦĬĨƟŀĚŒľƟėĺŅĴĶƟŀĬĪňŗĽŌĚĴŅĔıŀŒľƟŏľĸŖĔĩŉĚěŋħ
ľĸŀĴŏľĸĺĮĶŃĴŅĦȮ/*3..ȮŀĚĻŅŏĞĸŏĞňĵĽŐĸŃĨƟŀĚŒĝƟŏĝŊŘŀŏıĸŇĚěņĬĺĬĴŅĔŏıŊŗŀįĸŇħĔƠŅĞėŅĶƢĭŀĬĴŀĬ
ŀĔœĞĨƢŏıňĵĚıŀĨƞŀĔŅĶĪņĮĢŇĔŇĶŇĵŅĔńĭŐĶƞŏľĸŖĔȮőħĵŏľĸŖĔŐĸŃĨŃĔĶńĬěŃĴňĸńĔļĦŃŏľĸĺěŃŐĵĔĨńĺŀŀĔ
ěŅĔĔńĬŏĬŊŗŀĚěŅĔĴňėĺŅĴľĬŅŐĬƞĬĨŗņĔĺƞŅ78ȮőħĵĨŃĔĶńĬěŃľĸŀĴĸŃĸŅĵŏĮƦĬĕŀĚŏľĸĺŒĬŀŋĦľĳŌĴŇ
ĮĶŃĴŅĦȮ/*/3.ȮĩŉĚȮ/*2..ȮŀĚĻŅŏĞĸŏĞňĵĽȮŏľĸŖĔĪňŗœħƟěŃŏĮƦĬŏľĸŖĔľĸƞŀȮ&Cast iron'ȮěŃĩŌĔŐĵĔŀŀĔœĮ
ĵńĚŐĴƞıŇĴıƢĪňŗŏĨĶňĵĴŏŀŅœĺƟȮŏľĸŖĔľĸƞŀĪňŗœħƟĬńŘĬěŃĴňėĺŅĴŐĕŖĚŐĨƞŏĮĶŅŃȮĨƟŀĚĬņœĮĸħėŅĶƢĭŀĬĸĚőħĵĔŅĶ
ĬņœĮľĸŀĴŀňĔėĶńŘĚľĬŉŗĚŏıŊŗŀĔņěńħėŅĶƢĭŀĬĪňŗĴňŀĵŌƞĴŅĔĔĺƞŅĶƟŀĵĸŃȮ.,3ȮŀŀĔěŅĔőėĶĚĽĶƟŅĚȮ
&Conversion'ȮőħĵįĸĪňŗœħƟėŊŀŏľĸŖĔŀƞŀĬĪňŗĽŅĴŅĶĩĬņœĮĨňŏėĶŊŗŀĚĴŊŀŏėĶŊŗŀĚŒĝƟĨƞŀœĮœħƟ79ȮĪńŘĚĬňŘŏĝŊŗŀĺƞŅĝŅĺ
ěňĬŏĮƦĬĝĬĝŅĨŇŐĶĔĪňŗĶŌƟěńĔĔŅĶĩĸŋĚŏľĸŖĔĪŅĚŀƟŀĴ80ȮŒĬŏŀŏĝňĵĨŃĺńĬŀŀĔŏĜňĵĚŒĨƟŒĬĮĶŃŏĪĻœĪĵĬńŘĬĶŌƟěńĔ
ĔĶĶĴĺŇīňĩĸŋĚŏľĸŖĔĪŅĚŀƟŀĴŒĬĽĴńĵŀĵŋīĵŅ81 
 

 

 78 ĽŋĶıĸȮĬŅĩŃıŇĬīŋ*ȮĶŅĔŏľĚƟŅȮĭĶĶıĝĬėĬœĪĵȮ8ȮıńĥĬŅĔŅĶĪŅĚĺńĥĬīĶĶĴĔƞŀĬĮĶŃĺńĨŇĻŅĽĨĶƢȮ&ĔĶŋĚŏĪıłȮ8ȮĴĨŇ
ĝĬ, 2550'*Ȯ/51, 
 79 Tylecote, R.F, Metallurgy in archaeology : a prehistory of metallurgy in the British Isles 
(London : Edward Arnold, 1962), 1.2-1.4, 
 80 Bennet Bronson, ŴNote on the history of Iron in ThaialndŵȮin Journal of Siam Society, 72 
(250), 0/., 
 81 Ibid, 215 ů 216. 
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ĳŅıĪňŗȮ12  ŏĨŅĩĸŋĚŏľĸŖĔĪŅĚŀƟŀĴĕŀĚěňĬŒĬĽĴńĵĶŅĝĺĚĻƢĝŇĚ  
ĪňŗĴŅȮȮȮȮȮȮȮȮȮFcȮR_leisl*ȮŴKcr_jjspewŵȮglȮ?lagclrȮAfgl_ŲqȮRcaflmjmewȮ_lbȮQagclac  
               &@cghgleȮ8ȮRfcȮDmpcgelȮJ_les_ecȮNpcqq*Ȯ/761'*Ȯ175,ŵ 
 
           ĔŅĶĩĸŋĚĪŅĚŀƟŀĴěŃĔƞŀŒľƟŏĔŇħĨŃĔĶńĬĪňŗĴňĸńĔļĦŃĕƟĬľĬŊħŏĴŊŗŀŐĕŖĚĨńĺŐĸƟĺěŃĴň
ĸńĔļĦŃėĸƟŅĵŐĔƟĺĴňŏĕňĵĺȮĽňĲƚŅȮľĶŊŀĪńŘĚĽňŏĕňĵĺŐĸŃĽňĲƚŅȮĽňĬŘņĨŅĸľĶŊŀĽňŏĪŅĮŃĮĬĔńĬŒĬĔƟŀĬĨŃĔĶńĬȮ
ĳŅĵŒĬĨŃĔĶńĬěŃĴňŀĚėƢĮĶŃĔŀĭĕŀĚŏľĸŖĔĬƟŀĵĔĺƞŅĔƟŀĬĨŃĔĶńĬĪňŗœħƟěŅĔĔŅĶĩĸŋĚŏľĸŖĔĪŅĚĨĶĚȮĨŃĔĶńĬ
ĪňŗœħƟěŅĔĔŅĶĩĸŋĚĪŅĚĨĶĚěŃĴňĮĶŇĴŅĦĴŅĔŀŅěĴňĔŅĶľĸƞŀĨŃĔĶńĬŏľĸĺŒľƟĴňĸńĔļĦŃŏĮƦĬĸŌĔĭŅĻĔƢȮ
&Simple Brick'ȮŏıŊŗŀĔŅĶĕĬĽƞĚœĮĪŇŘĚĭĶŇŏĺĦŏĬŇĬĨŃĔĶńĬĪňŗŀĵŌƞœĔĸŀŀĔœĮěŅĔŐľĸƞĚĩĸŋĚľĶŊŀŒĝƟŏĮƦĬŀŇģ
ĽņľĶńĭĮŌĕŀĭľĶŊŀıŊŘĬĪŅĚŏħŇĬȮŒĬĭŅĚŐľƞĚĴňĔŅĶĬņĔĸńĭĴŅŒĝƟŒľĴƞőħĵŒĝƟŒĬĔŅĶĮĶńĭĮĶŋĚėŋĦĳŅıħŇĬ
ĽņľĶńĭŏĔļĨĶĔĶĶĴ82ŀňĔħƟĺĵ 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ13  ĨŃĔĶńĬĪňŗœħƟěŅĔĔŅĶĩĸŋĚŏľĸŖĔĪŅĚŀƟŀĴ 
ĪňŗĴŅ         Historic England, Archaeometallugy : Guidelines for beast practice  
              (London: Historic England, 2001), 28. 

 
82 Historic England, Archaeometallugy : Guidelines for beast practice (London : Historic 

England,2001), 28. 
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1,1ȮĸńĔļĦŃőėĶĚĽĶƟŅĚŏĨŅĩĸŋĚŏľĸŖĔĽĴńĵőĭĶŅĦěŅĔľĸńĔģŅĬĪŅĚőĭĶŅĦėħň 

ŒĬĪĺňĮŏŀŏĝňĵıĭĶƞŀĚĶŀĵľĸńĔģŅĬŏĨŅĩĸŋĚŏľĸŖĔĪňŗŐĔƞĪňŗĽŋħŒĬıŊŘĬĪňŗĴĦĤĸĞŇĬŏěňĵĚȮĮĶŃŏĪĻěňĬȮ
ŏĴŊŗŀĶŅĺȮ7..ȮĮƖĔƞŀĬėĶŇĽĨĔŅĸőħĵĶńĭŀĚėƢėĺŅĴĶŌƟěŅĔĺńĥĬīĶĶĴŒĬĭĶŇŏĺĦĪŋƞĚľĠƟŅĽŏĨĶĮĮƝĕŀĚŏŀŏĝňĵ
ĔĸŅĚȮĨƞŀĴŅŏĪėőĬőĸĵňĔŅĶįĸŇĨŏľĸŖĔĕŀĚěňĬıńĥĬŅŀĵƞŅĚĴŅĔěĬĔĶŃĪńŗĚĽŅĴŅĶĩįĸŇĨŏľĸŖĔľĸƞŀȮȮȮȮȮ
&Cast Iron'ȮĪňŗĨƟŀĚŒĝƟŀŋĦľĳŌĴŇĴŅĔĩŉĚȮ/*313ȮŀĚĻŅŏĞĸŏĞňĵĽœħƟŒĬĽĴńĵĶŅĝĺĚĻƢěŇŘĬȮŏĴŊŗŀĶŅĺȮ314ȮĮƖȮȮȮȮ
ĔƞŀĬėĶŇĽĨĔŅĸ83ȮĽƞĺĬŒĬĮĶŃŏĪĻŀŇĬŏħňĵıĭľĸńĔģŅĬĪŅĚőĭĶŅĦėħňŒĬŐľĸƞĚőĭĶŅĦėħňȮŴUjjainŵ ȮȮȮȮ
ĞŉŗĚĮĶŅĔĢĶƞŀĚĶŀĵĔŅĶĩĸŋĚŏľĸŖĔŒĬĝƞĺĚȮ3..ȮĮƖĔƞŀĬėĶŇĽĨĔŅĸȮőħĵĬńĔĺŇĝŅĔŅĶĽńĬĬŇļģŅĬĺƞŅŏĨŅĩĸŋĚ
ŏľĸŖĔŒĬĶŃĵŃŐĶĔȮĴňĶŌĮĶƞŅĚŏľĴŊŀĬŏĨŅĩĸŋĚĪŀĚŐħĚȮőħĵĴňĸńĔļĦŃŏĮƦĬĶŌĮŀƞŅĚȮľĶŊŀȮŏĭƟŅȮőħĵĪņĔŅĶĕŋħ
ĸŉĔĸĚŒĬħŇĬľĶŊŀĔƞŀĕŉŘĬŏľĬŊŀıŊŘĬħŇĬȮŐĸŃĴňĽƞĺĬĕŀĚĪƞŀĸĴĨŇħŀĵŌƞĔńĭįĬńĚŏĨŅ84ȮĨƞŀĴŅĴňĔŅĶıńĥĬŅĶŌĮŐĭĭ
ŏĨŅŒľƟĴňėĺŅĴľĸŅĔľĸŅĵĶŌĮŐĭĭŐĸŃĕĬŅħĴŅĔĵŇŗĚĕŉŘĬȮĽŅĴŅĶĩěńħŐĭƞĚĮĶŃŏĳĪĕŀĚŏĨŅĩĸŋĚŏľĸŖĔ
ŀŀĔŏĮƦĬȮ0ȮĮĶŃŏĳĪ œħƟŐĔƞȮ 
       1,1,/ȮŏĨŅĩĸŋĚŏľĸŖĔĪňŗĴňĔŅĶĕŋħŏěŅŃĸĚŒĬıŊŘĬħŇĬȮ&@spg_jȮGlqr_jj_rgml'Ȯ 

      1,1,/,/ȮŏĨŅĪĶĚŀƞŅĚȮ&Bowl Furnace'ȮŏĮƦĬŏĨŅĪňŗĴňĔŅĶĕŋħŏěŅŃŏĮƦĬĺĚĶňĸĚŒĬıŊŘĬħŇĬ
ĕĬŅħėĺŅĴĔĺƟŅĚĮĶŃĴŅĦȮ1.ȮůȮ/..ȮŏĞĨŇŏĴĨĶȮįĬńĚĔƞŀħƟĺĵħŇĬľĶŊŀľŇĬȮįĬńĚĨŗņıŊŘĬĪňŗľƟŀĚŏįŅěŃŀĵŌƞŒĨƟ
ħŇĬĴňıŊŘĬĪňŗĪņĮĢŇĔŇĶŇĵŅŒĬĔŅĶĩĸŋĚŏĮƦĬıŊŘĬĪňŗŐėĭŕȮŐĶƞŏľĸŖĔĪňŗŒĝƟĩĸŋĚŒĬŏĨŅĸńĔļĦŃĬňŘĴńĔŏĮƦĬŐĶƞŏľĸŖĔĪňŗĴň
ĔŅĶįŋľĶŊŀĵƞŀĵĽĸŅĵœĮĶŃħńĭľĬŉŗĚŐĸƟĺȮ&Reducible'ȮŏĝƞĬȮbog iron ľĶŊŀŐĸĚŏĮƦĬĨƟĬȮľŅĔŒĝƟŐĶƞŁňĴŅ
œĪĪƢľĶŊŀŐĴĔĬňœĪĪƢĴŅĩĸŋĚěņŏĮƦĬĨƟŀĚĴňĔŅĶĵƞŀĵŐĶƞŐĸŃĵƞŅĚŐĶƞĔƞŀĬŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĪņ
ĮĢŇĔŇĶŇĵŅĶňħńĔĝńŗĬŒĬĶŃľĺƞŅĚĔŅĶĩĸŋĚŒĬĶŃĵŃŐĶĔœĴƞĴňĝƞŀĚħńĔĨŃĔĶńĬŀŀĔĬŀĔŏĨŅȮŒĬĝńŘĬĨŀĬĔŅĶĩĸŋĚ
ĨŃĔĶńĬěŃĶĺĴĨńĺĔńĬŀĵŌƞĭĶŇŏĺĦħƟŅĬĭĬĕŀĚŏľĸŖĔľĸŀĴŏľĸĺȮĨƞŀĴŅĴňĔŅĶıńĥĬŅŒľƟĴňĝƞŀĚħńĔĨŃĔĶńĬŀĵŌƞ
ĪŅĚħƟŅĬĬŀĔŏĨŅȮŏĴŊŗŀĪņĔŅĶĩĸŋĚěŃĨƟŀĚŀŋħĝƞŀĚħńĚĔĸƞŅĺŏŀŅœĺƟĔƞŀĬȮŏĴŊŗŀĨŃĔĶńĬľĸŀĴŏľĸĺĴŅĔıŀěŉĚ
ŏĮƕħĝƞŀĚŏıŊŗŀĶŃĭŅĵĨŃĔĶńĬŀŀĔěŅĔŏĨŅȮŐĶƞŏľĸŖĔľĸŀĴŏľĸĺěŃĶĺĴĨńĺĔńĬŀĵŌƞĔƟĬŏĨŅȮŏĴŊŗŀŏĨŅŏĵŖĬĨńĺĸĚ
ěŉĚŏŀŅĔƟŀĬŐĶƞŏľĸŖĔȮ&Ingot'ȮĪňŗŏĵŖĬĨńĺŀŀĔěŅĔŏĨŅ 

 
 
 
 
 
 
 

 
83 Tylecote R. F. *ȮA History of Metallurgy, &London : Institute of Materials,1992'*Ȯ34, 
84 Gordon, D.H. , ŴThe Early Use of Metals in India and Pakistanŵ in Journal of the Royal 

Anthropological Institute, 1950, Page  55-78. 
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ĳŅıĪňŗȮ14ȮȮŏĨŅĩĸŋĚŏľĸŖĔĪĶĚŀƞŅĚȮ&Bowl Furnace) ĵŋėŐĶĔŏĶŇŗĴŒĬŐľĸƞĚőĭĶŅĦėħňĭĶŇŏĺĦıŊŘĬĪňŗ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮŴUcqrȮ@p_lbmlŵȮĮĶŃŏĪĻŀńĚĔķļ 
ĪňŗĴŅ           R. F. Tylecote*ȮA History of Metallurgy, &London: Institute of Materials, 1992'*Ȯ27, 

 
 
 
 
  
 
 
 
 
 

ĳŅıĪňŗȮ15ȮȮŏĨŅĩĸŋĚŏľĸŖĔĪĶĚŀƞŅĚȮ&Bowl Furnace) ĪňŗĴňĔŅĶıńĥĬŅĝƞŀĚħńĔĨŃĔĶńĬħƟŅĬľĬƟŅŏĨŅȮ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮĕŀĚŀŅĦŅěńĔĶőĶĴńĬőĭĶŅĦ 
ĪňŗĴŅ         R. F. Tylecote, A History of Metallurgy, (London : Institute of Materials, /770', 64, 

 

1,1,0ȮŏĨŅĩĸŋĚŏľĸŖĔŐĭĭŏěŅŃŏĕƟŅœĮŒĬįĬńĚħŇĬȮ&BseȮglȮDspl_ac'Ȯ 
ŏĶŇŗĴĴňĔŅĶŒĝƟŏĨŅĮĶŃŏĳĪĬňŘŒĬĝƞĺĚıŋĪīĻĨĺĶĶļĪňŗȮ3ȮőħĵŏĨŅĴńĔĨńŘĚŀĵŌƞĭĶŇŏĺĦıŊŘĬĪňŗ

ĸŅħŏŀňĵĚľĶŊŀıŊŘĬĪňŗĨĸŇŗĚľĶŊŀıŊŘĬĪňŗĝńĬȮőħĵįĬńĚŏĨŅħƟŅĬľĸńĚěŃİƤĚŀĵŌƞŒĬįĬńĚħŇĬȮľƟŀĚŏįŅĴňĕĬŅħȮ00ȮůȮ13Ȯ
ŏĞĬĨŇŏĴĨĶȮŏĨŅŀŅěĴňĪƞŀĸĴľĶŊŀŒĝƟĶŃĭĭĸĴīĶĶĴĝŅĨŇĔŖœħƟȮĽŅĴŅĶĩŐĭƞĚŐĵĔĵƞŀĵŀŀĔœħƟŏĮƦĬȮ0Ȯ
ĮĶŃŏĳĪĵƞŀĵėŊŀȮŏĨŅĪňŗĴňĝƞŀĚĶŃĭŅĵĨŃĔĶńĬŏľĸŖĔȮ&Tapping slag'ȮŐĸŃŏĨŅĪňŗœĴƞĴňĝƞŀĚĶŃĭŅĵĨŃĔĶńĬ
ŏľĸŖĔȮ&Non tapping slag' 
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ĳŅıĪňŗȮ16  ŏĨŅĩĸŋĚŏľĸŖĔŐĭĭŏěŅŃŏĕƟŅœĮŒĬįĬńĚħŇĬȮ&Dug in Furnace)  
ĪňŗĴŅ         Ineke Joosten, Technology of early historical iron production in the Netherland 
              (Amsterdam : Vrije University, 2004), 14. 

 
       1,1,1ȮŏĨŅĩĸŋĚĪňŗĨńŘĚŀĵŌƞŏľĬŊŀıŊŘĬħŇĬȮ&Glqr_jj_rgmlȮ_`mtcȮepmslbȮjctcj'Ȯ 

      1,1,1,/ȮŏĨŅĩĸŋĚŏľĸŖĔĪĶĚőħĴȮ&Domed Furnace'ȮŏĮƦĬŏĨŅĪňŗĴňĔŅĶıńĥĬŅĴŅěŅĔ
ŏĨŅĪĶĚŀƞŅĚȮőħĵĽƞĺĬĭĬĕŀĚįĬńĚŏĨŅĔƞŀŏĮƦĬĪĶĚőėƟĚŏıŊŗŀŏıŇŗĴıŊŘĬĪňŗĳŅĵŒĬŏĨŅȮĽƞĺĬĭĬĕŀĚŏĨŅĴňĸńĔļĦŃ
ŏĮƦĬĮĸƟŀĚĽņľĶńĭĶŃĭŅĵŀŅĔŅĻŐĸŃŏĮƦĬĝƞŀĚŒĽƞŏĝŊŘŀŏıĸŇĚȮŐĶƞŏľĸŖĔŐĸŃŏĝŊŘŀĩĸŋĚȮĪƞŀĸĴĴńĔŀĵŌƞĭĶŇŏĺĦĔƟĬ
ŏĨŅľĶŊŀĭŅĚŐľƞĚŀŅěŀĵŌƞĭĶŇŏĺĦĽƞĺĬŀŊŗĬŕȮĕŀĚįĬńĚŏĨŅȮľƟŀĚŏįŅĴňĕĬŅħĮĶŃĴŅĦȮ4.ȮůȮ/2.ȮŏĞĬĨŇŏĴĨĶȮ 

 
 
 
 
 

 
 
 
 
 
 
 
ĳŅıĪňŗȮ17  ŏĨŅĩĸŋĚŏľĸŖĔĪĶĚőħĴȮ&Domed Furnace) ŒĬĮĶŃŏĪĻŏĵŀĶĴńĬ 
ĪňŗĴŅ         R. F. Tylecote, A History of Metallurgy, (London: Institute of Materials, 1992), 55. 
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1,1,1,0ȮŏĨŅĩĸŋĚŏľĸŖĔĪĶĚĮĸƟŀĚȮ&Sharft Furnace'ȮŏĮƦĬŏĨŅĩĸŋĚŏľĸŖĔĪňŗ
ĔƞŀĽĶƟŅĚĕŉŘĬėĸƟŅĵĮĸƟŀĚœĲȮĴňĝƞŀĚĽņľĶńĭĶŃĭŅĵĨŃĔĶńĬȮĪňŗįĬńĚŏĨŅĴňĪƞŀĸĴħŇĬŏįŅĪĶĚĔĶŃĭŀĔĪňŗĽƞĺĬ
ľĬŉŗĚĽŀħĵŊŗĬŏĕƟŅœĮĳŅĵŒĬľƟŀĚŏĨŅȮŀňĔĽƞĺĬĵŊŗĬŀŀĔħƟŅĬĬŀĔŏıŊŗŀĨƞŀĔńĭĪňŗĽŌĭĸĴ įĬńĚŏĨŅĴńĔĔƞŀħƟĺĵħŇĬ
ľĶŊŀľŇĬėĺŅĴĽŌĚĕŀĚįĬńĚĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏĔŇħĮĢŇĔŇĶŇĵŅĶňħńĔĝńŗĬ 

 
 
 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ/6ȮȮŏĨŅĩĸŋĚŏľĸŖĔĪĶĚįĬńĚĽŌĚȮ&QspdrȮDspl_ac'ȮŒĬĮĶŃŏĪĻœĬěňŏĶňĵ 
ĪňŗĴŅ          R. F. Tylecote, A History of Metallurgy, (London : Institute of Materials, 1992), 55. 

 
          3.3.3.3 ŏĨŅĩĸŋĚŏľĸŖĔĪňŗĴňľĸŋĴħńĔĨŃĔĶńĬȮ&Slag Pit Furnace'ȮŏĮƦĬĩĸŋĚĪňŗĴň

ľĸŋĴħńĔĨŃĔĶńĬŒĨƟľƟŀĚŏįŅȮħƟŅĬĕƟŅĚĕŀĚŏĨŅěŃĴňĸńĔļĦŃĽŀĭŏĕƟŅȮŀŅěĴňĔŅĶĽĶƟŅĚĝƞŀĚĔńŘĬĶŃľĺƞŅĚľƟŀĚ
ŏĨŅŐĸŃľĸŋĴħńĔĨŃĔĶńĬ 

 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ19  ŏĨŅĩĸŋĚŏľĸŖĔĪňŗĴňľĸŋĴħńĚĨŃĔĶńĬȮ&Slag Pit Furnace) 
ĪňŗĴŅ         Ineke Joosten, Technology of early historical iron production in the Netherland 

(Amsterdam : Vrije University, 2004), 14. 
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1,1,1,2ȮŏĨŅĩĸŋĚŏľĸŖĔĪňŗĴňĝƞŀĚĶŃĭŅĵĨŃĔĶńĬȮ&Slag Tapping Furnace'Ȯ
ŏĮƦĬĩĸŋĚĪňŗĴňĝƞŀĚĶŃĭŅĵĨŃĔĶńĬȮĞŉŗĚĴńĔĨńŘĚŀĵŌƞŒĬĨņŐľĬƞĚĨĶĚĔńĬĕƟŅĺĔńĭĪƞŀĸĴȮľƟŀĚŏĨŅěŃĴňĸńĔļĦŃŏĺƟŅ
őėƟĚȮŒĬĔŅĶĩĸŋĚŀŅěŒĝƟĶŃĭĭĪƞŀĽŌĭĸĴľĶŊŀĶŃĭĭĸĴĺĬŏĺňĵĬĨŅĴīĶĶĴĝŅĨŇĔŖœħƟ 

 
 
 
 
 
 

 
 
ĳŅıĪňŗȮ20ȮȮŏĨŅĩĸŋĚŏľĸŖĔĪňŗĴňĝƞŀĚĶŃĭŅĵĨŃĔĶńĬȮ&Slag Tapping Furnace) 
ĪňŗĴŅ         Ineke Joosten, Technology of early historical iron production in the Netherland 
               (Amsterdam : Vrije University, 2004), 14. 
 

 ěŅĔĕƟŅĚĨƟĬŏĨŅĩĸŋĚŏľĸŖĔĪńŘĚľĴħĴńĔĽĶƟŅĚħƟĺĵħŇĬĪňŗŀŅěĴňĔŅĶįĽĴĔĶĺħȮľŇĬȮľĶŊŀ
ĽƞĺĬĮĶŃĔŀĭŀŊŗĬŕȮŏıŊŗŀĝƞĺĵŒľƟőėĶĚĽĶƟŅĚįĬńĚŏĨŅŏĔŇħėĺŅĴŐĕŖĚŐĶĚȮĞŉŗĚőħĵĮĔĨŇŐĸƟĺįĬńĚŏĨŅĩĸŋĚěŃ
ĽŅĴŅĶĩĪĬėĺŅĴĶƟŀĬœħƟĽŌĚĩŉĚȮ/*1..ȮŀĚĻŅŏĞĸŏĞňĵĽȮĔƞŀĬĪňŗįŇĺĬŀĔĪňŗĽńĴįńĽĔńĭėĺŅĴĶƟŀĬěŃĸŃĸŅĵěĬ
ĮĶŅĔĢėĶŅĭŐėĸŏĞňĵĴėŅĶƢĭŀŏĬĨȮħńĚĬńŘĬįĬńĚŏĨŅĩĸŋĚěŉĚĩŊŀŏĮƦĬŏĝŊŘŀĩĸŋĚȮ&Flux'ȮŒĬĔĶŃĭĺĬĔŅĶĩĸŋĚ
ŏľĸŖĔŏĝƞĬŏħňĵĺĔńĬ 

1,2ȮŏĨŅĩĸŋĚŏľĸŖĔĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢŒĬĮĶŃŏĪĻœĪĵŐĸŃŏŀŏĝňĵĨŃĺńĬŀŀĔŏĜňĵĚŒĨƟĳŅėıŊŘĬĪĺňĮ 

1,2,/ȮŏĨŅĩĸŋĚŏľĸŖĔĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢŒĬĮĶŃŏĪĻœĪĵ 
            ŒĬĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢıĭŐľĸƞĚĩĸŋĚŏľĸŖĔĪňŗŏĔƞŅŐĔƞĪňŗĽŋħėŊŀŐľĸƞĚőĭĶŅĦėħňĭƟŅĬħňĸńĚȮ
ěńĚľĺńħĸıĭŋĶňȮěŅĔĔŅĶĕŋħėƟĬıĭĺƞŅĸńĔļĦŃŏĨŅĩĸŋĚŏľĸŖĔĴňėĺŅĴĽŊĭŏĬŊŗŀĚĪŅĚħƟŅĬŏĪėőĬőĸĵňĴŅěŅĔĵŋė
ĔƞŀĬĮĶŃĺńĨŇĻŅĽĨĶƢĨŀĬĮĸŅĵȮĴňĸńĔļĦŃŏĮƦĬŏĨŅĩĸŋĚŏľĸŖĔĪŅĚĨĶĚȮŏĨŅĔƞŀįĬńĚĽŌĚŐĸŃŒĝƟĔŅĶĽŌĭĸĴŏıŊŗŀ
ŏĶƞĚŀŋĦľĳŌĴŇĳŅĵŒĬŏĨŅȮőħĵėĶŉŗĚľĬŉŗĚĕŀĚĽƞĺĬĮĸŅĵĪƞŀĸĴěŃĵŊŗĬĵŅĺįƞŅĬįĬńĚŏĨŅŏĕƟŅœĮŒĬıŊŘĬĪňŗĺƞŅĚĕŀĚ
ľƟŀĚŏĨŅȮőėĶĚĽĶƟŅĚĕŀĚŏĨŅŏĮƦĬħŇĬŏľĬňĵĺőħĵŒĝƟőėĶĚĽĶƟŅĚœĴƟœįƞŏĮƦĬŐĔĬįĬńĚŏĨŅȮŏĨŅĴňėĺŅĴĔĺƟŅĚŐĸŃ
ĽŌĚœĴƞŏĔŇĬȮ0ȮŏĴĨĶȮĔņľĬħėƞŅŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢœĺƟĶŅĺȮıŋĪīĻĨĺĶĶļĪňŗȮ//ȮůȮ/0ȮľĶŊŀĵŋėŐĶĔŏĶŇŗĴ
ĮĶŃĺńĨŇĻŅĽĨĶƢȮ 
            ŏĴŊŀĚőĭĶŅĦŀŌƞĨŃŏĳŅŏĮƦĬŐľĸƞĚőĭĶŅĦėħňĪňŗĮĶŅĔĢĔŅĶĩĸŋĚŏľĸŖĔĨńŘĚŐĨƞĵŋėĔƞŀĬ
ĮĶŃĺńĨŇĻŅĽĨĶƢĨŀĬĮĸŅĵĩŉĚĽĴńĵŀĵŋīĵŅȮŒĬĝńŘĬħŇĬĪňŗȮ/ȮĩŉĚȮ2ȮıĭĔŇěĔĶĶĴĔŅĶĩĸŋĚŏľĸŖĔŀĵƞŅĚĝńħŏěĬȮ
ĮĶŅĔĢĶƞŀĚĶŀĵĔŅĶĵƞŀĵŐĶƞŏľĸŖĔŏĮƦĬĔƟŀĬŏĸŖĔŕȮŏıŊŗŀŏĨĶňĵĴĔŅĶĩĸŋĚȮŏĨŅĩĸŋĚĔƞŀħƟĺĵħŇĬŏįŅȮĽńĦģŅĬ
ĔĸĴĕĬŅħĔĺƟŅĚĮĶŃĴŅĦȮ/,/.ȮĩŉĚȮȮ/,0.ȮŏĴĨĶȮĽŌĚĮĶŃĴŅĦȮ4.ȮĩŉĚȮ7.ȮŏĞĬĨŇŏĴĨĶȮĬŀĔěŅĔĬňŘĵńĚıĭ
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ħŇĬŏįŅĶŌĮĪĶĚĔĶŃĭŀĔȮĽńĬĬŇļģŅĬĺƞŅŏĮƦĬĪƞŀĸĴŐĭĭĚƞŅĵŕȮŏĻļĨĶŃĔĶńĬŏľĸŖĔĵńĚĔĶŃěŅĵĨńĺŀĵŌƞőħĵĶŀĭ
ŐľĸƞĚŏĨŅȮ 
             ěŅĔėĺŅĴľĬŅŐĬƞĬĕŀĚĔĸŋƞĴŏĨŅĳŅĵŒĬŏĴŊŀĚŀŌƞĨŃŏĳŅŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶĩĸŋĚ
ŏľĸŖĔŏĮƦĬĔŇěĔĶĶĴľĸńĔĕŀĚĝŋĴĝĬőĭĶŅĦĬňŘȮőħĵĸńĔļĦŃĔŅĶĔĶŃěŅĵĨńĺĕŀĚĔĸŋƞĴŏĨŅıĭěĬĩŉĚĝńŘĬħŇĬ
ĭĬĽŋħȮ&ĽĴńĵŀĵŋīĵŅ'ȮŏĬŇĬħŇĬĪňŗĔĶŃěŅĵĨńĺŀĵŌƞĪńŘĚĳŅĵŒĬŐĸŃĬŀĔŏĴŊŀĚĴńĔıĭŏĻļĨŃĔĶńĬěņĬĺĬĴŅĔȮ
ěŅĔĔŅĶĔņľĬħŀŅĵŋĽńĬĬŇļģŅĬĺƞŅĴňĔŅĶĩĸŋĚŏľĸŖĔŒĬĸńĔļĦŃŏĮƦĬŀŋĨĽŅľĔĶĶĴĨńŘĚŐĨƞĵŋėĔƞŀĬ
ĮĶŃĺńĨŇĻŅĽĨĶƢĨŀĬĮĸŅĵěĬĩŉĚĽĴńĵŀĵŋīĵŅĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ/6ȮȮ-Ȯ/785Ȯ 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ21ȮȮŏĨŅĩĸŋĚŏľĸŖĔĪŅĚĨĶĚĕŀĚŐľĸƞĚőĭĶŅĦėħňŏĴŊŀĚŀŌƞĨŃŏĳŅőħĵĔĶĴĻŇĸĮŅĔĶȮŏĴŊŗŀĮƖȮı,Ļ,Ȯ2534 
ĪňŗĴŅȮȮȮȮȮȮȮȮȮȮĔĶĴĻŇĸĮŅĔĶ, őĭĶŅĦėħňŏĴŊŀĚŀŌƞĨŃŏĳŅȮ&ĔĶŋĚŏĪıł8ȮİƙŅĵĺŇĝŅĔŅĶȮĔŀĚőĭĶŅĦėħň, 2534), 154-155. 
 

ŒĬĭĶŇŏĺĦĳŅėŏľĬŊŀĕŀĚĮĶŃŏĪĻœĪĵıĭľĸńĔģŅĬĔŅĶŒĝƟŏľĸŖĔĴŅĨńŘĚŐĨƞĵŋėĔƞŀĬ
ĮĶŃĺńĨŇĻŅĽĨĶƢŒĬŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĺńĚœŁȮěńĚľĺńħĸņıŌĬȮľŅĔŐĨƞĵńĚœĴƞıĭŐľĸƞĚĩĸŋĚŏľĸŖĔȮěĬĔĶŃĪńŗĚ
ĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ5ȮŏĝňĵĚŒľĴƞȮœħƟĪņĔŅĶĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħňŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĮŅĚĮƜĺĵȮ
ŀņŏĳŀĸňŘȮěńĚľĺńħĸņıŌĬȮěŅĔĔŅĶĕŋħėƟĬıĭĔĸŋƞĴĕŀĚĨŃĔĶńĬĔƟĬŏĨŅĕĬŅħŒľĠƞěņĬĺĬĴŅĔȮĬŀĔěŅĔĬňŘĵńĚ
ıĭĝŇŘĬĽƞĺĬįĬńĚŏĨŅĪňŗĪņěŅĔħŇĬŏįŅŐĸŃĝƞŀĚħŌœĲȮĮŃĮĬŀĵŌƞĔńĭŏĻļĨĶŃĔńĬĕĬŅħŏĸŖĔŐĸŃŒľĠƞěņĬĺĬ
ĴŅĔȮĽńĬĬŇļģŅĬĺƞŅŏĨŅĩĸŋĚŏľĸŖĔĭƟŅĬĮŅĚĮƜĺĵĴňĸńĔļĦŃŏĨŅĪĶĚĽŌĚŐĸŃŏĮƦĬŏĨŅĩĸŋĚŏľĸŖĔŐĭĭĪŅĚĨĶĚȮ
ěŅĔĔŅĶĔņľĬħŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢħƟĺĵĺŇīňŏŀŏŀŖĴŏŀĽȮ&AMS Dating) ĪņŒľƟĪĶŅĭĺƞŅĭĶŇŏĺĦĳŅėŏľĬŊŀ
ĨŀĬĭĬĕŀĚĮĶŃŏĪĻœĪĵőħĵŏĜıŅŃŐŀƞĚĪňŗĶŅĭĸņıŌĬ-ŏĝňĵĚŒľĴƞȮĶŌƟěńĔĔŅĶĩĸŋĚŏľĸŖĔĴŅŐĸƟĺĨńŘĚŐĨƞıŋĪī
ĻĨĺĶĶļĪňŗȮ//ȮůȮ/086ȮľĶŊŀŒĬĝƞĺĚĽĴńĵĔƞŀĬĺńĥĬīĶĶĴľĶŇĳŋĠœĝĵ 

 
85 ĔĶĴĻŇĸĮŅĔĶ*ȮőĭĶŅĦėħňŏĴŊŀĚŀŌƞĨŃŏĳŅ &ĔĶŋĚŏĪıłȮ8ȮİƙŅĵĺŇĝŅĔŅĶȮĔŀĚőĭĶŅĦėħň, 0312),ľĬƟŅȮ/32-

/33, 
86 ĵŀħħĬńĵȮĽŋĕŏĔļĴ*ȮŴŐľĸƞĚĩĸŋĚŏľĸŖĔőĭĶŅĦĭƟŅĬĮƙŅĮƜĺĵȮ: ĕƟŀĴŌĸŒľĴƞĕŀĚőĭĶŅĦėħňĽĴńĵŐĶĔŏĶŇŗĴ

ĮĶŃĺńĨŇĻŅĽĨĶƢħŇĬŐħĬĸƟŅĬĬŅŵȮŒĬȮŏŀĔĽŅĶĮĶŃĔŀĭĔŅĶĽńĴĴĬŅȮŴĺŇěńĵȮĺŇěńĔļĦƢŵȮĔŅĶĬņŏĽĬŀįĸĚŅĬĪŅĚĺŇĝŅĔŅĶ
ĔĶĴĻŇĸĮŅĔĶȮĮĶŃěņĮƖĚĭĮĶŃĴŅĦȮı,Ļ,Ȯ034/Ȯ&ĔĶŋĚŏĪıȮ: ĔĶĴĻŇĸĮŅĔĶ*034/'*ȮŏŀĔĽŅĶŀńħĽņŏĬŅ*ľĬƟŅȮ2.Ȯ-Ȯ20Ȯ, 
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ĳŅıĪňŗȮ00ȮȮĨŃĔĶńĬĔƟĬŏĨŅĪňŗĕŋħėƟĬıĭŒĬŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĮŅĚĮƜĺĵȮŀņŏĳŀĸňŘȮěńĚľĺńħĸņıŌĬ 
ĪňŗĴŅ ȮȮȮĔĸŋƞĴőĭĶŅĦėħňȮĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ5ȮŏĝňĵĚŒľĴƞȮĔĶĴĻŇĸĮŅĔĶ 

 
 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ23  ĳŅıĸŅĵŏĽƟĬĽńĬĬŇļģŅĬĶŌĮŐĭĭőėĶĚĽĶƟŅĚŏĨŅĩĸŋĚŏľĸŖĔĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĮŅĚĮƜĺĵȮ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮŀņŏĳŀĸňŘȮěńĚľĺńħĸņıŌĬ 
ĪňŗĴŅ    ĔĸŋƞĴőĭĶŅĦėħňȮĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ5ȮŏĝňĵĚŒľĴƞȮĔĶĴĻŇĸĮŅĔĶ 

 
ŒĬĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀĕŀĚĮĶŃŏĪĻœĪĵĴňĔŅĶĩĸŋĚŏľĸŖĔĪňŗŏĔƞŅŐĔƞœĴƞĨŗņĔĺƞŅȮ

0*3..ȮĮƖĴŅŐĸƟĺȮŀŋĨĽŅľĔĶĶĴĔŅĶĩĸŋĚŏľĸŖĔĪĺňėĺŅĴĽņėńĠĕŉŘĬŀňĔėĶńŘĚŒĬĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ/6ȮĩŉĚȮ/7Ȯ
ĭĶŇŏĺĦŏĽƟĬĪŅĚĶŅĝĴĶĶėŅĪňŗĴŋƞĚĴŅĵńĚŏĴŊŀĚıŇĴŅĵȮőħĵŏĜıŅŃĭĶŇŏĺĦľĴŌƞĭƟŅĬŏĕŅħŇĬŒĨƟȮěńĚľĺńħĭŋĶňĶńĴĵƢȮ
őħĵŏĮƦĬŏĨŅĩĸŋĚŏľĸŖĔĪŅĚĨĶĚȮěŅĔĔŅĶĕŋħėƟĬıĭĺƞŅŏĨŅĴňĸńĔļĦŃŏĮƦĬŏĨŅĪĶĚĮĸƞŀĚȮĨńĺŏĨŅŏĮƦĬĶŌĮĪĶĚ
ĔĸĴȮĪņħƟĺĵħŇĬŏľĬňĵĺŐĸŃŒĝƟœĴƟŏĮƦĬőėĶĚĽĶƟŅĚȮĴňĔŅĶĨƞŀĪƞŀĸĴĞŉŗĚĴňĮĸŅĵľŋƟĴĪƟƞŀĸĴħŇĬŏįŅĪĶĚĔĶĺĵŀĵŌƞ
ħƟŅĬľĬŉŗĚĕŀĚŏĨŅȮŏĨŅĩĸŋĚĴňĝƞŀĚĶŃĭŅĵĨŃĔĶńĬŏľĸĺŀĵŌƞĭĶŇŏĺĦħƟŅĬĸƞŅĚĕŀĚŏĨŅȮőħĵĕŋħŏĮƦĬĝƞŀĚĨŅĴ
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ėĺŅĴĸŅħŏŀňĵĚĕŀĚıŊŘĬĪňŗŏıŊŗŀėĺŅĴĽŃħĺĔŒĬĔŅĶĶŃĭŅĵĨŃĔĶńĬŏľĸĺȮŏĨŅĴňŀŅĵŋĔŅĶŒĝƟĚŅĬœĴƞĴŅĔĬńĔ
ĮĶŃĴŅĦȮ0ȮĩŉĚȮ1ȮėĶńŘĚ87ȮěŅĔĸńĔļĦŃħńĚĔĸƞŅĺŏĴŊŗŀĩĸŋĚŐĸƟĺŏĽĶŖěěŃĨƟŀĚĴňĔŅĶĪŋĭŏĨŅŏıŊŗŀŏŀŅĔƟŀĬŏľĸŖĔ
ĔŉŗĚŏŏĕŖĚĔŉŗĚŏľĸĺȮ&Bloom'ȮŀŀĔěŅĔŏĨŅȮĪņŒľƟĴňĔŅĶŒĝƟĚŅĬŏĨŅŏıňĵĚĝńŗĺėĶŅĺŏĬŊŗŀĚěŅĔĨƟŀĚĔƞŀŏĨŅĕŉŘĬŒľĴƞ 

ĽƞĺĬıŊŘĬĪňŗĳŅėŒĨƟĕŀĚĮĶŃŏĪĻœĪĵȮŐĴƟĺƞŅěŃĴňĔŅĶıĭĶƞŀĚĶŀĵĔŇěĔĶĶĴĔŅĶįĸŇĨ
ŏėĶŊŗŀĚĴŊŀŏľĸŖĔĭĶŇŏĺĦŏĕŅĽŅĴŐĔƟĺȮěńĚľĺńħĝŋĴıĶȮľŅĔŐĨƞĵńĚœĴƞĽŅĴŅĶĩĝňŘĕńħœħƟĺƞŅŏĮƦĬŏĨŅĩĸŋĚŏľĸŖĔľĶŊŀ
ŏĨŅĨňŏľĸŖĔȮěĬĔĶŃĪńŗĚĴňĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňȮŏĴŊŗŀĮƖȮı,Ļ,0325ȮěŅĔĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňŐĽħĚ
ŒľƟŏľŖĬĺƞŅŏĮƦĬĔŇěĔĶĶĴĔŅĶĨňŏľĸŖĔȮőħĵıĭĨŃĔĶńĬĪňŗŏĔŇħěŅĔĔŅĶĩĸŋĚŒĬĕńŘĬĨŀĬľĸŀĴŏľĸŖĔŀƞŀĬŐĸŃĪƞŀ
ĸĴħŇĬŏįŅĽņľĶńĭŏĶƞĚŀŋĦľĳŌĴŇȮőħĵŀŅěœħƟĶńĭŏŀŅŐĶƞŏľĸŖĔȮĔƟŀĬŏľĸŖĔŀƞŀĬȮĴŅěŅĔŏėĶŊŀĕƞŅĵĪŅĔĔŅĶėƟŅ
ŏıŊŗŀĴŅĪņŏėĶŊŗŀĚĴŊŀŏľĸŖĔȮŏĬŊŗŀĚěŅĔœĴƞıĭŐľĸƞĚŐĶƞŏľĸŖĔŒĬıŊŘĬĪňŗŒĔĸƟŏėňĵĚȮĬŀĔěŅĔĬňŘĶŌĮŐĭĭŏėĶŊŗŀĚĴŊŀĪňŗ
ıĭĵńĚĴňėĺŅĴėĸƟŅĵėĸŉĚĔńĭŏėĶŊŗŀĚĴŊŀŏľĸŖĔĪňŗıĭŒĬĳŅėĔĸŅĚĕŀĚĮĶŃŏĪĻœĪĵȮŏĝƞĬȮŏėĶŊŗŀĚĴŊŀĮĸŅĵ
ŐľĸĴŐĭĭĕŀŏĔňŗĵĺȮ&Hillhook'ȮĪňĴňėĺŅĴėĸƟŅĵėĸŉŗĚĔńĭŐľĸƞĚőĭĶŅĦėħňĭƟŅĬħŀĬĨŅŏıĝĶȮěńĚľĺńħ
ĔŅĠěĬĭŋĶňěŅĔĔŅĶĔņľĬħŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢıĭĺƞŅŐľĸƞĚőĭĶŅĦėħňŏĕŅĽŅĴŐĔƟĺĴňĔŅĶįĸŇĨŏėĶŊŗŀĚĴŊŀ
ŏľĸŖĔĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ688Ȯ 
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1,2,0ȮŏĨŅĩĸŋĚŏľĸŖĔĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢŒĬĮĶŃŏĪĻĸŅĺ 
ěŅĔĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňŐľĸƞĚőĭĶŅĦėħňĞŅıŇĴŒĬĳŅėŏľĬŊŀĨŀĬĭĬĕŀĚ

ĮĶŃŏĪĻĸŅĺıĭĸńĔļĦŃőėĶĚĽĶƟŅĚŏĨŅĩĸŋĚŏľĸŖĔĪĶĚĽŌĚȮ&Sharft Furnace'ȮľƟŀĚŏįŅĴňĸńĔļĦŃėƞŀĬĕƟŅĚ
ĔĸĴȮĴňĔŅĶŏĶƞĚŀŋĦľĳŌĴŇĕŀĚľƟŀĚŏįŅħƟĺĵĔŅĶĽŌĭĸĴŏĬŊŗŀĚěŅĔıĭŏĻļĝŇŘĬĽƞĺĬĮĸŅĵľŋƟĴĪƞŀĸĴħŇĬŏįŅȮ
ŏľĸŖĔĪňŗœħƟĽńĬĬŇļģŅĬĺƞŅĩĸŋĚěŅĔŐĶƞŏľĸŖĔĝĬŇħŁňĴŅœĪħƢŏıĶŅŃıĭŏĻļĔƟŀĬĽŇĬŐĶƞħńĚĔĸƞŅĺĭĶŇŏĺĦŏĨŅĩĸŋĚȮ
ĔņľĬħŀŅĵŋŏĨŅœĺƟĪňŗıŋĪīĻĨĺĶĶļĪňŗȮ/2ȮůȮ/389ȮŐĸŃěŅĔĔŅĶĻŉĔļŅĪŅĚħƟŅĬőĭĶŅĦėħňĝŅĨŇıńĬīƢŋıĭĺƞŅ
ĸńĔļĦŃŏĨŅĴňėĺŅĴėĸƟŅĵėĸŉĚĔńĭĔĸŋƞĴĝŅĨŇıńĬīŋƢĸŃŏĴŖħȮ&Lamet'ȮĞŉŗĚŏĮƦĬĔĸŋƞĴėĬıŌħĳŅļŅĴŀĠ-ŏĕĴĶȮ
ĭĬĪňŗĽŌĚŒĔĸƟĔńĭŐľĸƞĚőĭĶŅĦėħňĪňŗĵńĚĮĶŃĔŀĭŀŅĝňıĔŅĶįĸŇĨŏėĶŊŗŀĚĴŊŀŏľĸŖĔŏıŊŗŀĬņĴŅŐĸĔĽŇŗĚĕŀĚĵńĬĝňı
ĔńĭĔĸŋƞĴėĬĪňŗŀĵŌƞĭĶŇŏĺĦĪňŗĶŅĭ 
 

 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ25  ĳŅıĸŅĵŏĽƟĬŐĽħĚőėĶĚĽĶƟŅĚŏĨŅĩĸŋĚŏľĸŖĔŒĬŐľĸƞĚőĭĶŅĦėħňĞŅıŇĴȮĮĶŃŏĪĻĸŅĺ 
ĪňŗĴŅ Thomas Oliver Pryce, Chanthaphilith Chiemsisouraj, Valéry Zeitoun and Hubert 

Dmpcqrgcp*ȮȮŴ?lȮ6rf-9th century AD iron smelting workshop near Saphim village, NW Lao 
NBPŵȮglȮHistorical metallurgy Volumn 45, January 2011, 85. 

 
1,2,1ȮŏĨŅĩĸŋĚŏľĸŖĔĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢŒĬıŊŘĬĪňŗĮĶŃŏĪĻıĴƞŅ 

ŒĬĮĶŃŏĪĻıĴƞŅĮĶŅĔĢĔŅĶĩĸŋĚŏľĸŖĔŒĬĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢĨńŘĚŐĨƞĽĴńĵĺńĥĬīĶĶĴĮĵŌ
őħĵĽņĶĺěıĭŏĨŅĭĶŇŏĺĦĵŀħŏĕŅȮŴKonzinŵȮĪŅĚħƟŅĬĨŃĺńĬŀŀĔĕŀĚŏĴŊŀĚĻĶňŏĔļĨĶȮěŅĔĔŅĶĕŋħ
ėƟĬıĭĺƞŅĴňĔŅĶĔƞŀĽĶƟŅĚŏĨŅĭĶŇŏĺĦıŊŘĬĪňŗĸŅħŏŀňĵĚĕŀĚŏĬŇĬħŇĬȮőħĵĕŋħŏĨŅŒľƟĸŉĔĸĚŒĬŒĨƟħŇĬĩŉĚĔĺƞŅȮ1Ȯ
ŏĴĨĶȮĭĶŇŏĺĦĪňŗģŅĬĴňĔŅĶĪņĝƞŀĚŏıŊŗŀŒľƟŀŅĔŅĻœľĸįƞŅĬȮŏĴŊŗŀěŃĪņĔŅĶĩĸŋĚěŃŒĝƟĔƟŀĬŀŇģŐĸŃħŇĬŏľĬňĵĺ
ĮƕħĪńĭȮĬŀĔěŅĔĬňŘĵńĚĴňĔŅĶŒĝƟĪƞŀĸĴŏıŊŗŀĝƞĺĵŏıŇŗĴŀŋĦľĳŌĴŇĳŅĵŒĬľƟŀĚŏĨŅŐĨƞœĴƞĴňĔŅĶŒĝƟŏėĶŊŗŀĚĽŌĭĸĴȮ
ŏĬŊŗŀĚěŅĔŏĮƦĬŏĨŅĩĸŋĚĪňŗŀĵŌƞĭĬĵŀħŏĬŇĬĽŌĚȮŀŅĻńĵŏıňĵĚĸĴĪňŗıńħŏĕƟŅĪƞŀĸĴŏĪƞŅĬńŘĬȮĸńĔļĦŃħńĚĔĸƞŅĺŏĮƦĬ

 
89 Thomas Oliver Pryce, Chanthaphilith Chiemsisouraj, Valéry Zeitoun and Hubert 

Forestier, ȮȮȮȮȮȮȮȮȮȮŴAn 8th-9th century AD iron smelting workshop near Saphim village, NW Lao 
PDRŵȮin Historical metallurgy Volumn 45,ȮJanuary 2011,Page 85. 
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ŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔĪŅĚĨĶĚŏħňĵĺĔńĬĔńĭĪňŗŒĝƟŒĬĮĶŃŏĪĻĻĶňĸńĚĔŅĔņľĬħŀŅĵŋŐľĸƞĚŏĨŅœĺƟĶŅĺıŋĪī
ĻĨĺĶĶļĪňŗȮ/190ȮȮȮȮȮȮ 

ĬŀĔěŅĔĬňŘĵńĚıĭŐľĸƞĚĩĸŋĚŏľĸŖĔŒĬĭĶŇŏĺĦħŇĬŐħĬĨŀĬŒĬĪŅĚħƟŅĬĪŇĻĨŃĺńĬŀŀĔĕŀĚ
ŏĴŊŀĚıŋĔŅĴȮőħĵŐľĸƞĚŏĨŅěŃĔĶŃěŅĵĨńĺŀĵŌƞŒĬıŊŘĬĪňŗȮ0ȮĭĶŇŏĺĦėŊŀȮĳŅĵŒĬľĴŌƞĭƟŅĬĮŅĬŇħĺŇĬȮ&Panidwin'Ȯ
ŐĸŃľĴŌƞĭƟŅĬĞŇőŀȮ&Zi O'ȮőħĵĴňŐľĸƞĚŏĨŅĔĶŃěŅĵĨńĺŀĵŌƞĴŅĔĔĺƞŅȮ/..ȮŐľƞĚȮĶŀĭĭĶŇŏĺĦĽŀĚľĴŌƞĭƟŅĬĬňŘȮ
ŐĴƟĺƞŅěŃĽņĶĺěıĭŐľĸƞĚĩĸŋĚěņĬŅĬĴŅĔȮľŅĔŐĨƞĴňĔŅĶħņŏĬŇĬĚŅĬĕŋħėƟĬĪŅĚőĭĶŅĦėħňŏıňĵĚŐľĸƞĚŏħňĵĺ
őħĵŏĜıŅŃĭĶŇŏĺĦħƟŅĬĬŀĔĕŀĚľĴŌƞĭƟŅĬĞŇőŀȮěŅĔĔŅĶĕŋħėƟĬıĭőėĶĚĽĶƟŅĚŏĨŅĩĸŋĚĕĬŅħŒľĠƞŐĸŃĴň
ŏĪėĬŇėĔŅĶĽĶƟŅĚįĬńĚŏĨŅŏĜıŅŃĨńĺĔĸƞŅĺėŊŀĴňĔŅĶĔƞŀħƟĺĵħŇĬĨŅĔŐľƟĚȮ&Baked Clay Walls'ȮŐĸŃĜŅĭ
ħŇĬľƟŀĚŏįŅħƟĺĵĺŇīňĔŅĶĨĭȮ&Perforated Clay Slap'ȮŐĸŃŏįŅŒľƟŐľƟĚŀĵƞŅĚŏĮƦĬĶŃĭĭȮľƟŀĚŏįŅĸńĔļŃ
ėĸƟŅĵĶŌĮĽŅĴŏľĸňŗĵĴĔĸńĭľńĺĪňŗģŅĬĽƞĺĬŒĬĶŃħńĭĪňŗĽŌĚĕŉŘĬĮƤƨĬŏĮƦĬľƟŀĚĽňŗŏľĸňŗĵĴȮĪňŗģŅĬĴňĝƞŀĚĽņľĶńĭħŌœĲ
ŐĸŃŒĽƞŏĝŊŘŀŏıĸŇĚĪňŗĴňŐįƞĬŀŇģĽņľĶńĭŀŋħĝƞŀĚħńĚĔĸƞŅĺȮ&Earthenware Slabs'ȮěŅĔĔŅĶĨĶĺěĽŀĭľŅėƞŅ
ŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢœħƟėƞŅŀŅĵŋĪňŗıŋĪīĻĨĺĶĶļĪňŗȮ0/ȮůȮ03ȮĞŉŗĚŀŅěĴňĔŅĶįĸŇĨĴŅĔƞŀĬľĬƟŅĬńŘĬŐĸƟĺ91 

 
 
 
 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ26  őėĶĚĽĶƟŅĚĳŅĵŒĬĕŀĚŏĨŅĩĸŋĚŏľĸŖĔĽĴńĵőĭĶŅĦıŊŘĬĪňŗŏĴŊŀĚĞŇőŀȮĮĶŃŏĪĻıĴƞŅ 
ĪňŗĴŅ ȮȮȮ@m`ȮFsbqml*ȮŴGpmlȮGlȮKw_lk_pŵȮglȮClaf_lrgleȮKw_lk_p*ȮTmjȮ3, 6, 
 

 
 

 
90@m`ȮFsbqml*ȮŴGpmlȮGlȮKw_lk_pŵȮglȮEnchanting Myanmar, Vol 5, Page 4-7,Ȯ 
91Bob Hudson and U Nyein Lwin, Old iron-producing furnaces in the eastern 

hinterland of Bagan, Myanmar. Field survey and initial excavation 2002 access URL 
http://www.oldindustry.org/Iron_Info/myanmar_iron.PDF. 
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ĳŅıĪňŗȮ27ȮȮĳŅıĸŅĵŏĽƟĬŐĽħĚőėĶĚĽĶƟŅĚĕŀĚŏĨŅĩĸŋĚŏľĸŖĔĽĴńĵőĭĶŅĦıŊŘĬĪňŗŏĴŊŀĚĞŇőŀȮĮĶŃŏĪĻıĴƞŅ 
ĪňŗĴŅ Bob Hudson and U Nyein Lwin, Old iron-producing furnaces in the eastern hinterland 

of Bagan, Myanmar. Field survey and initial excavation 2002  
                 access URL http://www.oldindustry.org/Iron_Info/myanmar_iron.PDF. 
 

1,2,2ȮŏĨŅĩĸŋĚŏľĸŖĔŒĬŀŅĦŅěńĔĶŏĕĴĶőĭĶŅĦ 
ŒĬĮĶŃŏĪĻĔńĴıŌĝŅĴňĸńĔļĦŃĪňŗŐĨĔĨƞŅĚœĮěŅĔĪŋĔĮĶŃŏĪĻŒĬĳŅėıŊŘĬŐįƞĬħŇĬŒľĠƞ

őħĵıĭĺƞŅŀŅĦŅěńĔĶŏĕĴĶőĭĶŅĦĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĩĸŋĚŏľĸŖĔĪŅĚĨĶĚĴŅĨńŘĚŐĨƞĔƞŀĬıŋĪīĻĨĺĶĶļĪňŗȮ
/7ȮȮőħĵěŅĔĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňĭĶŇŏĺĦĮĶŅĽŅĪıĶŃĕĶĶėƢŐľƞĚĔńĴĮĚĽĺŅĵŐĸŃĭĶŇŏĺĦŏĪŊŀĔŏĕŅ
ıĬĴŏħĔȮ&ŏĕŅŏľĸŖĔ'ȮıĭŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔėĸƟŅĵĔńĭĔŅĶĩĸŋĚŏľĸŖĔĕŀĚĝŅĺĔŋƞĵȮĞŉŗĚŏĮƦĬĔĸŋƞĴĝŅĨŇ
ıńĬīŋƢĪňŗŀŅĻńĵŀĵŌƞĭĶŇŏĺĦŏĕŅıĬĴŏħĔőħĵŏĪėőĬőĸĵňĔŅĶĩĸŋĚĪňŗĕŋħėƟĬıĭŒĬŐľĸƞĚőĭĶŅĦėħňĴň
ėĺŅĴĽńĴıńĬīƢŀĵƞŅĚĝńħŏěĬĔńĭŏĪėőĬőĸĵňĕŀĚĝŅĺĔŋĵȮőħĵĽŅĴŅĶĩĽńĬĬŇļģŅĬĶŌĮŐĭĭěŅĔľĸńĔģŅĬĪŅĚ
őĭĶŅĦėħňĪňŗĕŋħėƟĬıĭŏĮĶňĵĭŏĪňĵĭĔńĭĔĶĶĴĺŇīňĕŀĚĝŅĺĔŋĵȮőħĵŏĨŅĩĸŋĚěŃĴňĶŌĮĪĶĚĽňŗŏľĸňŗĵĴőħĵĴňĔŅĶ
ĽĶƟŅĚŐĔĬŐĪƞĚœĴƟœįƞŐĸŃĭŋħƟĺĵħŇĬĝĬŇħıŇŏĻļĪňŗĴňĽňŏľĸŊŀĚȮĴňĪƞŀĸĴĨƞŀŀŀĔěŅĔŏĨŅěņĬĺĬȮ0.ȮĩŉĚȮ04ȮěŋħȮ
ŏĝŊŗŀĴĨƞŀĔńĭĪƞŀĽŌĭĸĴŐĭĭŒĝƟŐĶĚĚŅĬėĬŏľĵňĵĭȮ&Foot-operated bough-sprung bellow'ȮĪňŗŏĨŅěŃ
ĴňĝƞŀĚĽņľĶńĭĶŃĭŅĵĨŃĔĶńĬŏľĸŖĔľĸŀĴŏľĸĺȮŏĴŊŗŀŏĽĶŖěĽŇŘĬĔŅĶĩĸŋĚěŃĴňĔŅĶĬņŏŀŅĔƟŀĬŏľĸŖĔĪňŗĵńĚĴň
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ĴĸĪŇĬŏěŊŀĮĬŏĸŖĔĬƟŀĵȮ&Iron Bars'ȮĪņŒľƟŏĵŖĬĪńĬĪňĔƞŀĬĬņœĮŐĸĔŏĮĸňŗĵĬĽŇĬėƟŅľĶŊŀĪņŏėĶŊŗŀĚĴŊŀ
ŏėĶŊŗŀĚŒĝƟŒĬŀňĔĪŀħľĬŉŗĚ92 

ěŅĔĔŅĶĔņľĬħėƞŅŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢıĭĺƞŅĴňĔŅĶįĸŇĨŒĬĝƞĺĚıŋĪīĻĨĺĶĶļĪňŗȮ/6Ȯ
ĩŉĚȮ01ȮőħĵŀŅěĔĸƞŅĺœħƟĺƞŅıŊŘĬĪňŗĭĶŇŏĺĦĮĶŅĽŅĪıĶŃĕĶĶėƢŐľƞĚĔńĴĮĚĽĺŅĵŐĸŃŏĕŅıĬĴŏħĔĬƞŅěŃŏĮƦĬ
ŐľĸƞĚŀŋĨĽŅľĔĶĶĴįĸŇĨŏľĸŖĔĪňŗĽņėńĠŒĬĽĴńĵŏĴŊŀĚıĶŃĬėĶĨŀĬĮĸŅĵĪňŗĩŌĔėĺĭėŋĴőħĵĶńģĽƞĺĬĔĸŅĚŐĸŃ
ĝŅĺĔŋĵĪňŗŀĵŌƞĳŅĵŒĨƟĔŅĶėĺĭėŋĴĕŀĚŏĴŊŀĚıĶŃĬėĶȮ&Angkorian Kuy'ȮŏĮƦĬįŌƟĪňŗŀĵŌƞŒĬĳŅėĕŀĚĔŅĶįĸŇĨ
ĳŅĵŒĨƟĔŅĶėĺĭėŋĴĕŀĚĻŅĽĬĽĩŅĬȮőħĵŒĝƟŏľĸŖĔŏĮƦĬĽŇĬėƟŅŐĸĔŏĮĸňŗĵĬěņıĺĔĕƟŅĺľĶŊŀĽŇŗĚĕŀĚěņŏĮƦĬȮ
įĸŇĨĳńĦĤƢĮĶŃŏĳĪŏľĸŖĔĪňŗœħƟěŅĔĭĶŇŏĺĦĽƞĺĬľĬŉŗĚŀŅěĬņœĮŒĝƟŏĮƦĬŏėĶŊŗŀĚĴŊŀŏľĸŖĔěņıĺĔĨńĺĵŉħȮ
&Crampon'ȮľŇĬŒĬĮĶŅĽŅĪĨƞŅĚŕȮĪňŗŀĵŌƞŒĬŏĴŊŀĚıĶŃĬėĶ93ȮȮ 

 
 
 
 
 
 
 
 

 
ĳŅıĪňŗȮ28 ĳŅıĸŅĵŏĽƟĬŐĽħĚĔŅĶĩĸŋĚŏľĸŖĔĕŀĚĝŅĺĔŋĵȮĮĶŃŏĪĻĔńĴıŌĝŅ 
ĪňŗĴŅ Rfmk_qȮMjgtcpȮNpwacȮ_lbȮMrfcp*ȮŴRfcȮGpmlȮIs_wȮmdȮA_k`mbg_8Ȯrp_agleȮrfcȮpmjcȮmdȮ

peripheral populations in Angkorian to colonial Cambodia via a 1200 year old industrial 
j_lbqa_ncŵȮglȮHmspl_jȮmdȮ?paf_cmjmega_jȮQagclac*Ȯ25Ȯ&0./2'*Ȯ/22, 

 
1,2,3ȮŏĨŅĩĸŋĚŏľĸŖĔĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢŒĬĮĶŃŏĪĻĴŅŏĸŏĞňĵ 

ĭĶŇŏĺĦėŅĭĽĴŋĪĶĴŅĸŅĵŌıĭŐľĸƞĚĩĸŋĚŐĶƞŏľĸŖĔĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢĽņėńĠĪňŗĴň
ėĺŅĴŏĔƞŅŐĔƞĪňŗĽŋħŒĬŏŀŏĝňĵĨŃĺńĬŀŀĔŏĜňĵĚŒĨƟĳŅėıŊŘĬŐįƞĬħŇĬŒľĠƞėŊŀȮŐľĸƞĚőĭĶŅĦėħňĽŋœľĚĭŅĨŌȮȮȮȮȮȮȮȮ
ĞŉŗĚĨńŘĚŀĵŌƞŒĬŏĕĨŏĴŊŀĚőĭĶŅĦĭŌěńĚĺŅŏĸĵƢȮěŅĔĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňıĭĺƞŅŏĮƦĬŏĨŅĩĸŋĚŏľĸŖĔĪŅĚĨĶĚ
őħĵŒĝƟħŇĬŏľĬňĵĺŏĮƦĬĽƞĺĬĮĶŃĔŀĭŒĬĔŅĶĪņįĬńĚŏĨŅŐĸŃĪƞŀĸĴȮőħĵĪƞŀĸĴĴňĕĬŅħŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚ

 
92ȮRfmk_qȮMjgtcpȮNpwacȮ_lbȮMrfcp*ȮŴRfcȮGpmlȮIs_wȮmdȮA_k`mbg_8Ȯrp_agleȮrfcȮpmjcȮmdȮ

ncpgnfcp_jȮnmnsj_rgmlqȮglȮ?leimpg_lȮrmȮamjmlg_jȮA_k`mbg_Ȯtg_Ȯ_Ȯ/0..Ȯwc_pȮmjbȮglbsqrpg_jȮ
j_lbqa_ncŵȮglȮHmspl_jȮmdȮ?paf_cmjmega_jȮQagclac*Ȯ25Ȯ&0./2'*ȮN_ecȮ/22ȮůȮ/26, 

93 S. Leroy and Other, ŴThe ties that bind : archaeometallurgical typology of architectural 
crampons as a method for reconstructing the iron economy of Angkor, Cambodia tenth to 
thirteenth c.ŵȮIn Springer, Published Online : 20 July 2017, Page 20. 
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ĮĶŃĴŅĦȮ0,/ȮĩŉĚȮ1,4ȮŏĞĬĨŇŏĴĨĶȮĬŀĔěŅĔĬňŘĵńĚıĭĔƟŀĬŀŇģĽņľĶńĭŀŋħĝƞŀĚĨŃĔĶńĬŐĸŃŀŅěŒĝƟĔƞŀĽƞĺĬ
ģŅĬĕŀĚŏĨŅĩĸŋĚȮŏĬŊŗŀĚěŅĔıĭŏĻļĔƟŀĬŀŇģħńĚĔĸƞŅĺěņĬĺĬĴŅĔĩŉĚȮ/..ȮĔƟŀĬȮěŅĔĔŅĶĺŇŏėĶŅŃľƢħƟŅĬ
őėĶĚĽĶƟŅĚěŋĸĳŅėĕŀĚŏĻļĨŃĔĶńĬĪňŗıĭŐĽħĚŒľƟŏľŖĬĺƞŅŏľĸŖĔĪňŗĬņĴŅĩĸŋĚĬńŘĬŏĮƦĬĝĬŇħŁňĴŅœĪĨƢŐĸŃŏĴĔĬŇ
œĪĨƢȮőħĵĴňŐľĸƞĚŐĶƞŏľĸŖĔėŋĦĳŅıĭĶŇŏĺĦŏĪŊŀĔŏĕŅĔńĴĮĚŏĴŀĶƢĭŀĔȮ&Kampung Merbok'Ȯ 

ĬŀĔěŅĔĬňŘįĸĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭĵńĚŐĽħĚŒľƟŏľŖĬėƞŅĕŀĚīŅĨŋŐėĸŏĞňĵĴŀŀĔ
œĞĨƢȮŒĬĕńŘĬĨŀĬĔŅĶĩĸŋĚŀŅěĴňĔŅĶŒĽƞŏĝŊŘŀĩĸŋĚȮ&Flux'ȮĪňŗĴňĽƞĺĬĮĶŃĔŀĭĕŀĚŐėĸŏĞňĵĴėŅĶƢĭŀŏĬĨȮȮȮȮȮȮ
ŏĝƞĬȮľŇĬĮŌĬȮĪĶŅĵȮľŀĵȮŏĮƦĬĨƟĬȮĞŉŗĚěŅĔĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňıĭŏĻļŏĮĸŊŀĔľŀĵľĸŅĵĝŇŘĬŀĵŌƞŒĔĸƟ
ĔńĭıŊŘĬĪňŗĩĸŋĚŏľĸŖĔȮőħĵŏĝŊŘŀĩĸŋĚĬńŘĬĴňėŋĦĽĴĭńĨŇĝƞĺĵŐĵĔŐĶƞīŅĨŋŀŊŗĬŕȮŀŀĔěŅĔŏľĸŖĔľĸŀĴŏľĸĺŒĬľƟŀĚ
ŏĨŅȮŒľƟœĮĶĺĴĨńĺĔńĬĪňŗĔƟĬŏĨŅœħƟŏĮƦĬŀĵƞŅĚħňȮ 

ěŅĔĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňŒĬŐľĸƞĚőĭĶŅĦėħňĽŋœľĚĭŅĨŌȮŐĽħĚŒľƟŏľŖĬŀŋĨĽŅľĔĶĶĴ
ĔŅĶĩĸŋĚŏľĸŖĔĕĬŅħŒľĠƞŒĬėŅĭĽĴŋĪĶĴŅĸŅĵŌŐĸŃěŅĔĔŅĶĔņľĬħŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢħƟĺĵĺŇīňŏŀŏŀŖĴ
ŏŀĽȮ&AMS Dating) ŐĸŃĺŇīňőŀŏŀĽŏŏŀĸȮ&OSL Dating)ȮĪņŒľƟĪĶŅĭĺƞŅĴňĔŅĶĩĸŋĚŏľĸŖĔŒĬŐľĸƞĚ
őĭĶŅĦėħňĨńŘĚŐĨƞȮıŋĪīĻĨĺĶĶļĪňŗȮ6ȮĩŉĚȮ/.ȮŏĮƦĬŀĵƞŅĚĬƟŀĵŐĸŃĴňĔŅĶŒĝƟıŊŘĬĪňŗĕŀĚŐľĸƞĚěĬĩŉĚıŋĪī
ĻĨĺĶĶļĪňŗȮ0094 

 
 
 
 
 
 

 
 
 
ĳŅıĪňŗȮ29ȮȮĮĸŅĵľŋƟĴĪƞŀĸĴħŇĬŏįŅĪňŗĕŋħėƟĬıĭŒĬŐľĸƞĚőĭĶŅĦėħňĽŋœľĚĭŅĨŌȮĭŌěńĚĺŅŏĸĵƢȮĮĶŃŏĪĻĴŅŏĸŏĞňĵ 
ĪňŗĴŅ Naizatul Akma Kmifr_p*ȮKmifr_pȮQ_gbglȮ_lbȮHcddpcwȮ?`bsjj_f*ȮŴRFCȮ?LAGCLRȮGPMLȮ

QKCJRGLEȮGLȮQE,Ȯ@?RS*Ȯ@SH?LEȮT?JJCW*ȮICB?FŵȮglȮ@sh_leȮT_jjcwȮ_lbȮc_pjwȮagtgjgq_rgmlqȮ
in Southeast Asia  (Malaysia : Department of National Heritage, Ministry of Information, 
Communications and Culture, 2011), 352. 

 

 
94 Naizatul Akma Mokhtar, Mokhtar Saidin and Jeffrey Abdullah, ŴTHE ANCIENT IRON 

SMELTING IN SG. BATU, BUJANG VALLEY, KEDAHŵ in Bujang Valley and early civilisations in 
Southeast Asia  (Malaysia : Department of National Heritage, Ministry of Information, 
Communications and Culture, 2011), Page  350-360. 
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ěŅĔĕƟŅĚĨƟĬŐĽħĚŒľƟŏľŖĬĺƞŅŏĨŅĩĸŋĚŏľĸŖĔĪŅĚĨĶĚŒĬŏŀŏĝňĵĨŃĺńĬŀŀĔŏĜňĵĚŒĨƟĳŅėıŊŘĬ
ŐįƞĬħŇĬŒľĠƞĵŋėĮĶŃĺńĨŇĻŅĽĨĶƢĴňĶŌĮŐĭĭŏĨŅĪĶĚĔƞŀįĬńĚĽŌĚȮ&Sharft Furnace'ȮĴňĽƞĺĬĕŀĚĪƞŀĸĴĵŊŗĬŏĕƟŅ
œĮŒĬįĬńĚŏĨŅȮőħĵĶŌĮŐĭĭĕŀĚŏĨŅŀŅěĴňĔŅĶıńĥĬŅĽŊĭŏĬŊŗŀĚĴŅěŅĔĵŋėĔƞŀĬĮĶŃĺńĨŇĻŅĽĨĶƢȮĽĴńĵŏľĸŖĔ
ĨŀĬĮĸŅĵŀĵƞŅĚŒĬĔĶĦňĕŀĚŐľĸƞĚőĭĶŅĦėħňŒĬĮĶŃŏĪĻœĪĵŐĸŃĮĶŃŏĪĻĸŅĺȮőħĵıĭĺƞŅŐľĸƞĚĩĸŋĚ
ŏľĸŖĔŒĬĝƞĺĚŐĶĔŏĶŇŗĴĮĶŃĺńĨŇĻŅĽĨĶƢĴńĔŀĵŌƞĭĬĪňŗĽŌĚŐĸŃĴňėĺŅĴŏĔňŗĵĺĕƟŀĚĔńĭĔĸŋƞĴĝŅĨŇıńĬīŋƢĔĸŋƞĴĳŅļŅ
ĴŀĠ-ŏĕĴĶȮőħĵŒĬĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀĕŀĚœĪĵŀŅěœħƟĶńĭĔŅĶĩƞŅĵĪŀħŏĪėőĬőĸĵňĴŅĨńŘĚŐĨƞĵŋėĔƞŀĬ
ĮĶŃĺńĨŇĻŅĽĨĶƢȮĞŉŗĚœħƟĶńĭŏĪėőĬőĸĵňĔŅĶĩĸŋĚĴŅěŅĔĺńĥĬīĶĶĴŒĬŏĕĨĸņŐĴƞĬŘņŐħĚĕŀĚĮĶŃŏĪĻŏĺňĵħĬŅĴ
ĞŉŗĚœħƟĶńĭĔŅĶĩƞŅĵĪŀħŏĪėőĬőĸĵňěŅĔĮĶŃŏĪĻěňĬŀňĔĪŀħľĬŉŗĚ95 

ŏĮƦĬĪňŗĬƞŅĽńĚŏĔĨĺƞŅŏĨŅĪĶĚĔƞŀįĬńĚĽŌĚŒĬŐľĸƞĚőĭĶŅĦėħňĽŋœľĚĭŅĨŌȮĴňĸńĔļĦŃĪňŗĨƞŅĚŀŀĔěŅĔ
ĔĸŋƞĴŀŊŗĬŕȮėŊŀĨńĺįĬńĚŏĨŅĔƞŀħƟĺĵŀŇģȮĞŉŗĚĴňėĺŅĴėĸƟŅĵėĸŉĚĔńĭŏĨŅĩĸŋĚŏľĸŖĔŒĬĮĶŃŏĪĻŀŇĬŏħňĵȮĪńŘĚĬňŘŀŅě
œħƟĶńĭĔŅĶĩƞŅĵıĶƟŀĴĔńĭĺńĥĬīĶĶĴŀŊŗĬŕȮĪňŗŏįĵŐıĶƞŏĕƟŅĴŅěŅĔŏĽƟĬĪŅĚĔŅĶėƟŅĪŅĚĪŃŏĸȮŒĬĔĶĦňĬňŘ
ĽŀħėĸƟŀĚĔńĭŐĬĺėŇħĕŀĚĭĶŀĬĽńĬĪňŗĽńĬĬŇļģŅĬĺƞŅŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔœħƟĶńĭŀŇĪīŇıĸěŅĔŀŇĬŏħňĵȮ
őħĵŏĕƟŅĴŅıĶƟŀĴĔńĭŏĪėőĬőĸĵňĔŅĶįĸŇĨĸŌĔĮƤħŐĔƟĺŐĸŃŏėĶŊŗŀĚĮĶŃħńĭĪňŗĪņěŅĔľŇĬĔŉŗĚŀńĠĴĦň96 ľĶŊŀŒĬ
ŀňĔĔĶĦňľĬŉŗĚıĭĺƞŅŏėĶŊŗŀĚĴŊŀŏľĸŖĔĪňŗĴňėĺŅĴėĸƟŅĵėĸŉĚĔńĭĪňŗıĭŒĬŐľĸƞĚőĭĶŅĦėħňĭƟŅĬŏĔƞŅȮěńĚľĺńħ
ĔŅĠěĬĭŋĶňȮŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔŀŅěœħƟĶńĭĔŅĶĩƞŅĵĪŀħĴŅěŅĔĭĶŇŏĺĦĳŅėĔĸŅĚĕŀĚĮĶŃŏĪĻœĪĵ
ŀňĔĪŅĚľĬŉŗĚœħƟħƟĺĵ 

 
 
 
 
 

 
 

ĳŅıĪňŗȮ30ȮȮŏĨŅĩĸŋĚŏľĸŖĔĪŅĚĨĶĚŐĭĭĔƞŀħƟĺĵħƟĺĵħŇĬŏľĬňĵĺĮƤƨĬŏĮƦĬĔƟŀĬĕŀĚĮĶŃŏĪĻŀŇĬŏħňĵ 
ĪňŗĴŅ B. PRAKASH, Ŵ?LAGCLRȮGPMLȮK?IGLEȮGLȮGLBG?ŵȮglȮIron & Steel Heritage of India, ATM 

97, 43. 
 
 
 
 

 
95 Charles Higham, Early Mainland Southeast Asia (Bangkok : River Book,2014), /75-/76, 
96 _____________, Early Culture of Mainland Southeast Asia (Bangkok : River 

Book,2002), /5., 
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 ěŅĔĔŅĶĮĶŇĪĶĶĻĬƢĺĶĶĦĔĶĶĴĕƟŅĚĨƟĬěŃıĭĬńĵĵŃĽņėńĠĪŅĚőĭĶŅĦėħňȮĔĸƞŅĺėŊŀȮĸńĔļĦŃŏĨŅĩĸŋĚ
ŏľĸŖĔĽĴńĵőĭĶŅĦŒĬıŊŘĬĪňŗŏŀŏĝňĵĨŃĺńĬŀŀĔŏĜňĵĚŒĨƟĴňĸńĔļĦŃőėĶĚĽĶƟŅĚŏĮƦĬŏĨŅĪňŗĴňĸńĔļĦŃĪĶĚĽŌĚĴňĝƞŀĚ
ĶŃĭĭĸĴŐĸŃĝƞŀĚĶŃĭŅĵĨŃĔĶńĬŀĵƞŅĚĬƟŀĵȮ/ȮĝƞŀĚȮĔƞŀħƟĺĵħŇĬŏľĬňĵĺŐĸŃŏĮƦĬŏĨŅĩĸŋĚĪňŗĽŅĴŅĶĩŒĝƟœħƟ
ŏıňĵĚȮ/ȮėĶńŘĚȮľŅĔěŃŒĝƟĞŘņĨƟŀĚĴňĔŅĶĔƞŀĞƞŀĴŏĨŅȮĞŉŗĚĸńĔļĦŃıŊŘĬģŅĬħńĚĔĸƞŅĺĴňėĺŅĴėĸƟŅĵėĸŉĚĔńĭŏĨŅ
ĩĸŋĚŏľĸŖĔĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴľŅĔŐĨƞŏĨŅĩĸŋĚŏľĸŖĔĭƟŅĬĬŅĨŋƟĴœħƟĶńĭĔŅĶıńĥĬŅŒľƟĴňėĺŅĴ
ŐĨĔĨƞŅĚĭŅĚĮĶŃĔŅĶŏıŊŗŀĮĶŃőĵĝĬƢŒĬĔŅĶįĸŇĨŏľĸŖĔŒĬĶŃħńĭĶńģĞŉŗĚĨƟŀĚėĺĭėŋĴĴŅĨĶģŅĬŐĸŃįĸįĸŇĨ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



  
 

 

3. 

ĭĪĪňŗȮ2 
ıńĥĬŅĔŅĶĪŅĚĺńĥĬīĶĶĴŏĴŊŀĚĸŀĚőĭĶŅĦěŅĔľĸńĔģŅĬĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢŐĸŃőĭĶŅĦėħň 

 

ŏĴŊŀĚĸŀĚőĭĶŅĦĨńŘĚŀĵŌƞĭĶŇŏĺĦŐŀƞĚĪňŗĶŅĭĸŀĚĺńĚĝŇŘĬȮĞŉŗĚŏĮƦĬŐŀƞĚĪňŗĶŅĭĵƞŀĵĕŀĚŐŀƞĚŐıĶƞȮĶŇĴİƤƧĚ
ĨŃĺńĬĨĔĕŀĚŐĴƞĬŘņĵĴĪňŗœľĸįƞŅĬŀņŏĳŀĸŀĚȮŀņŏĳŀĺńĚĝŇŘĬȮěńĚľĺńħŐıĶƞȮőħĵŏĮƦĬŐŀƞĚĕĬŅħŏĸŖĔĪňŗ
ĸƟŀĴĶŀĭħƟĺĵŐĬĺŏĪŊŀĔŏĕŅĪŋĔħƟŅĬőħĵĴňŏĪŊŀĔŏĕŅĽņėńĠœħƟŐĔƞȮĳŌŏĕŅıĠŅİŀȮĳŌŏĕŅĴƞŀĬĔĶŃĪŇĚȮĳŌŏĕŅĔŇŗĺ
ėŀŏĴŊŀĚȮĳŌŏĕŅľĸĺĚȮĳŌŏĕŅŐĮŏĴŊŀĚȮŐĸŃĳŌŏĕŅĔƟŀȮőħĵŏĪŊŀĔŏĕŅĽŌĚŏľĸƞŅĬňŘĔņŏĬŇĬĕŉŘĬěŅĔįĸĕŀĚĔŅĶĝĬ
ĔńĬĶŃľĺƞŅĚŏĮĸŊŀĔőĸĔĵŌŏĶŏĞňĵŐĸŃŀŇĬŏħňĵȮőħĵĕĦŃĪňŗŏĔŇħĔŅĶĝĬĔńĬıŊŘĬħŇĬĭŅĚĽƞĺĬœħƟĵĔĨńĺĽŌĚŏĮƦĬŐĬĺ
ĪŇĺŏĕŅȮıŊŘĬĪňŗĭŅĚĽƞĺĬœħƟĵŋĭĨńĺĸĚŏĮƦĬŐŀƞĚĪňŗĶŅĭĕĬŅħĨƞŅĚŕȮĔŅĶĝĬĔńĬĵńĚĔƞŀŒľƟŏĔŇħĔŅĶŐĪĶĔĨńĺĕŀĚľŇĬ
ĸŃĸŅĵȮ&K_ek_'ȮŒĬĝńŘĬŐįƞĬŏĮĸŊŀĔőĸĔĪňŗĵĔĨńĺĽŌĚĕŉŘĬŏĔŇħŏĮƦĬĳŌŏĕŅľŇĬŀńėĬňħńĚĔĸƞŅĺȮĞŉŗĚĴňĽŅĵŐĶƞ
ľĸŅĔľĸŅĵĝĬŇħŐĪĶĔŒĬĝńŘĬľŇĬȮŏĝƞĬȮŏľĸŖĔȮĪŀĚŐħĚȮĪŀĚėņȮĨŃĔńŗĺȮŐĭĶƢœĶĨƢȮĲĸŌŀŀœĶĨƢȮĪńĚĽŏĨĬȮȮȮȮ
ľĶŊŀŐĶƞĶńĨĬĝŅĨŇěņıĺĔŐĞĲœĲĨƢȮ&ıĸŀĵĽňȮĬŇĸȮŐĸŃœıĸŇĬ'ȮŀňĔħƟĺĵȮĞŉŗĚĪĶńıĵŅĔĶŐĶƞīŅĨŋŏľĸƞŅĬńŘĬĴňįĸĨƞŀ
ıńĥĬŅĔŅĶĨńŘĚĩŇŗĬģŅĬŐĸŃĺńĥĬīĶĶĴĕŀĚŏĴŊŀĚĸŀĚőĭĶŅĦŒĬĮĶŃĺńĨŇĻŅĽĨĶƢĨńŘĚŐĨƞıŋĪīĻĨĺĶĶļĪňŗȮ/7ȮȮȮ
ĩŉĚȮ03ȮŀĵƞŅĚĴŅĔ 

2,/ȮıńĥĬŅĔŅĶĪŅĚĺńĥĬīĶĶĴŏĴŊŀĚĸŀĚőĭĶŅĦȮĶŃĵŃĪňŗȮ/Ȯ&ĔƞŀĬıŋĪīĻĨĺĶĶļĪňŗȮ0.' 

ĔŅĶĨńŘĚĩŇŗĬģŅĬĭĶŇŏĺĦŐŀƞĚĪňŗĶŅĭĸŀĚĺńĚĝŇŘĬŒĬĵŋėĔƞŀĬĮĶŃĺńĨŇĻŅĽĨĶƢĵńĚœĴƞĝńħŏěĬĬńĔȮȮȮȮȮ
ŏĬŊŗŀĚěŅĔĵńĚœĴƞĴňĔŅĶĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħňŏıŊŗŀĻŉĔļŅıńĥĬŅĔŅĶĨńŘĚĩŇŗĬģŅĬĳŅĵŒĬŐŀƞĚȮȮȮȮ
ĝŋĴĝĬőĭĶŅĦĪňŗŏĔƞŅŐĔƞĪňŗĽŋħŒĬŐŀƞĚĪňŗĶŅĭĸŀĚĺńĚĝŇŘĬȮėŊŀŐľĸƞĚőĭĶŅĦėħňėŊŀŏĺňĵĚȮ&ŏĺňĵĚħƟĚ'ȮŏĮƦĬŐľĸƞĚ
őĭĶŅĦėħňĪňŗĴňėŌĬŘņėńĬħŇĬĸƟŀĴĶŀĭľƞŅĚěŅĔŏĴŊŀĚĸŀĚőĭĶŅĦœĮĪŅĚĪŇĻĨŃĺńĬĨĔŏĜňĵĚŒĨƟĮĶŃĴŅĦȮȮȮȮȮȮȮ
1.ȮĔŇőĸŏĴĨĶȮěŅĔĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňőħĵĔĶĴĻŇĸĮŅĔĶŏĴŊŗŀĮƖȮı,Ļ,0337ȮıĭĺƞŅĴňĔŅĶĨńŘĚĩŇŗĬģŅĬ
ėĶńŘĚŐĶĔŒĬĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ/2ȮőħĵıĭĝńŘĬħŇĬĪňŗĮĶŅĔĢľĸŋĴŏĽŅĭƟŅĬŐĸŃŏĶŇŗĴĴňĔŅĶĕŋħėŌĬŘņėńĬħŇĬėĶńŘĚ
ŐĶĔŒĬĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ/4-/597ȮľĶŊŀŒĬĽĴńĵĪňŗĴňĔŅĶĽĶƟŅĚĭƟŅĬŐĮĸĚŏĴŊŀĚĶŃĵŃŐĶĔĕŀĚŐŀƞĚĪňŗĶŅĭ
ĸŀĚĺńĚĝŇŘĬȮĞŉŗĚĽŀħėĸƟŀĚĔńĭėƞŅŀŅĵŋĪňŗĮĶŅĔĢŒĬĨņĬŅĬŏĴŊŀĚĸŀĚĺƞŅĨńŘĚŏĴŊŀĚŒĬĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ/5Ȯ
őħĵŏěƟŅĻĶňĔŋĔĔŋĢĢŃȮĶŅĝĭŋĨĶŏěƟŅŏĴŊŀĚŏĕĸŅĚėƢĬėĶ98ȮőħĵŒĬĶŃĵŃŐĶĔŏĴŊŀĚĸŀĚŏĮƦĬŏĴŊŀĚŏėĶŊŀĕƞŅĵ
ŀņĬŅěĕŀĚŏĴŊŀĚĸņĮŅĚĞŉŗĚŒĬĕĬŅħĬńŘĬŏĮƦĬĔŅĶĕĵŅĵŀņĬŅěĕŀĚŏĴŊŀĚĸŌĔľĸĺĚĕŀĚŀŅĦŅěńĔĶľĶŇĳŋĠœĝĵ
ĴŅĵńĚŐŀƞĚĪňŗĶŅĭŐıĶƞȮ 

 

 
97 ıĸıĵŋľŃȮœĝĵĶĽ*ȮĶŅĵĚŅĬĔŅĶĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħňŐľĸƞĚőĭĶŅĦėħňėŊŀŏĺňĵĚȮĨņĭĸĮƙŅĽńĔȮ

ŀņŏĳŀĺńĚĝŇŘĬȮěńĚľĺńħŐıĶƞȮĮĶŃěņĮƖĚĭĮĶŃĴŅĦȮ0337Ȯ&ĔĶĴĻŇĸĮŅĔĶȮ: ĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ5ȮĬƞŅĬ*Ȯ034.'ȮŏŀĔĽŅĶŀńħ
ĽņŏĬŅ*Ȯ13, 

98 ĭŋĠĝŌȮĝŋƞĴŏĝŊŘŀ*ȮĨņĬŅĬıĶŃīŅĨŋĺńħĻĶňħŀĬėņȮ&ľƟĺĵŀƟŀ'ȮŐĸŃĮĶŃĺńĨŇŏĴŊŀĚĸŀĚȮ&ĔĶŋĚŏĪıȮ: œĪĵĺŇĶŇĵŃĔŇě*Ȯ
0273'*Ȯę, 
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ĳŅıĪňŗȮ31ȮȮĳŅıĩƞŅĵĪŅĚħŅĺŏĪňĵĴŐĽħĚŐĬĺėŌėńĬħŇĬĕŀĚĝŋĴĝĬőĭĶŅĦŏĺňĵĚėŊŀŏĺňĵĚȮěńĚľĺńħŐıĶƞ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ32ȮȮŐĬĺľĸŋĴŏĽŅĭƟŅĬŒĨƟĝńŘĬėńĬħŇĬĕŀĚĝŋĴĝĬőĭĶŅĦŏĺňĵĚėŊŀŏĺňĵĚ 
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ĬńĔĮĶŃĺńĨŇĻŅĽĨĶƢĴňėĺŅĴŏľŖĬĺƞŅŏĴŊŀĚĸŀĚŒĬĽĴńĵŐĶĔĨńŘĚŀĵŌƞĭĶŇŏĺĦŏĺňĵĚĸŀĚŒĬľĴŌƞĭƟŅĬœŁĽĶƟŀĵȮ
ĨņĭĸĮŅĔĔŅĚȮŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞ99ȮěŅĔĔŅĶĽņĶĺěĪŅĚőĭĶŅĦėħňıĭŐĬĺėŌėńĬħŇĬĪňŗĴňĸńĔļĦŃ
ĺŅĚĨńĺŏĶňĵĚĞƟŀĬĔńĬľĸŅĵĺĚȮĞŉŗĚŏĺňĵĚőĭĶŅĦĶŌĮŐĭĭħńĚĔĸƞŅĺĴňŀŅĵŋŀĵŌƞŒĬĝƞĺĚĔƞŀĬıŋĪīĻĨĺĶĶļĪňŗȮ/7100ȮȮ
ŀĵƞŅĚœĶĔŖĨŅĴŒĬĮƤěěŋĭńĬĵńĚœĴƞıĭľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗĴňŀŅĵŋŏĔƞŅŐĔƞœĮĩŉĚĝƞĺĚĶŃĵŃŏĺĸŅħńĚĔĸƞŅĺȮ
ľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗĽņĶĺěıĭĸƟĺĬŐĨƞŀŅĵŋľĸńĚıŋĪīĻĨĺĶĶļĪňŗȮ/7ȮĪńŘĚĽŇŘĬȮ 

 

 

 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ33  ĳŅıĩƞŅĵĪŅĚħŅĺŏĪňĵĴŐĽħĚĸńĔļĦŃĕŀĚĝŋĴĝĬőĭĶŅĦŏĴŊŀĚĸŀĚĵŋėĪňŗȮ/Ȯ 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ34ȮȮĳŅıĸŅĵŏĽƟĬŐĽħĚĸńĔļĦŃŐĬĺėŌėńĬħŇĬĝŋĴĝĬőĭĶŅĦŏĴŊŀĚĸŀĚĵŋėĪňŗȮ/ 

 

 
99 ĳŌŏħĝȮŐĽĬĽŅ*ȮĮĶŃĺńĨŇĻŅĽĨĶƢŏĴŊŀĚĸŀĚȮľńĺŏĴŊŀĚĭĶŇĺŅĶŒĬĸƟŅĬĬŅĮĶŃŏĪĻȮ&ŏĝňĵĚŒľĴƞȮ8ȮĬıĭŋĶňĔŅĶ

ıŇĴıƢ, 0332'*Ȯ41, 
100 ĺĶŅĺŋīȮĻĶňőĽĳŅė*ȮŴĝŋĴĝĬőĭĶŅĦĪňŗĴňėŌ-ėńĬħŇĬĸƟŀĴĶŀĭŒĬĸŋƞĴĬŘņŐĴƞŀŇĚȮ8ȮĔŅĶĻŉĔļŅŏĝŇĚĳŌĴŇĻŅĽĨĶƢĔŅĶĨńŘĚ

ĩŇŗĬģŅĬŐĸŃėĺŅĴĽńĴıńĬīƢŒĬĶŃĭĭȮőėĶĚĽĶƟŅĚĽńĚėĴŏĴŊŀĚ*ŵȮ&ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅĻŇĸĮĻŅĽĨĶĴľŅĭńĦĤŇĨȮĽŅĕŅĺŇĝŅ
őĭĶŅĦėħňĽĴńĵĮĶŃĺńĨŇĻŅĽĨĶƢȮĭńĦĤŇĨĺŇĪĵŅĸńĵȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ, 0316', ľĬƟŅȮ/54, 
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ĨƞŀĴŅŒĬĽĴńĵĽŋőĕĪńĵĔŅĶĨńŘĚĩŇŗĬģŅĬĕŀĚŏĴŊŀĚĸŀĚŀĵŌƞĭĶŇŏĺĦŏħňĵĺĔńĬĔńĭĝƞĺĚĽĴńĵŐĶĔőħĵĴňĺńħœŁ
ĽĶƟŀĵŏĮƦĬĻŌĬĵƢĔĸŅĚĕŀĚŏĺňĵĚȮĞŉŗĚĮƤěěŋĭńĬĵńĚĮĶŅĔĢŏěħňĵƢĔƞŀħƟĺĵĻŇĸŅŐĸĚŐĸŃıĭŏĻļŏėĶŊŗŀĚĩƟĺĵĸƟŅĬĬŅ
ŐĸŃŏėĶŊŗŀĚĩƟĺĵěňĬĶŅĝĺĚĻƢľĴŇĚȮĞŉŗĚĔņľĬħŀŅĵŋœħƟĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ/7ȮĩŉĚȮ0/ȮĳŅĵŒĬĭĶŇŏĺĦĺńħŀňĔ
ħƟĺĵ 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ35ȮȮĳŅıĩƞŅĵģŅĬŏĕňĵĚŏěħňĵƢĔƞŀħƟĺĵĻŇĸŅŐĸĚĕŀĚŏěħňĵƢĮĶŃīŅĬŀĚėƢŏħŇĴĳŅĵŒĬĺńħıĶŃīŅĨŋœŁĽĶƟŀĵ 
ĪňŗĴŅȮȮȮȮȮȮȮȮȮĺńħıĶŃīŅĨŋœŁĽĶƟŀĵȮŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞ 
  

ŒĬĶŃĵŃĬňŘŀŅĦŅěńĔĶĽŋőĕĪńĵœħƟĕĵŅĵĕŀĭŏĕĨĕńĦĤĽňĴŅĪŅĚħƟŅĬĪŇĻĨŃĺńĬĨĔŏĜňĵĚ
ŏľĬŊŀĕŀĚŀŅĦŅěńĔĶħńĚĮĶŅĔĢĝŊŗŀŏĴŊŀĚȮŴĸńĔĕŃŵȮŒĬěŅĶŉĔĽŋőĕĪńĵľĸńĔĪňŗȮ71ȮľĶŊŀěŅĶŉĔĺńħŀőĽĔŅĶŅĴȮ
ŏĬŊŘŀėĺŅĴŒĬěŅĶŉĔŏĮƦĬĔŅĶĮĶŃĔŅĻĶńģĽňĴŅĕŀĚŀŅĦŅěńĔĶĽŋőĕĪńĵȮőħĵĴňŏĴŊŀĚȮŴĸńĔĕŃŵȮľĶŊŀŏĴŊŀĚĸŀĚȮ
ŏĮƦĬŏĴŊŀĚŒĬĕŀĭŏĕĨŀņĬŅěĕŀĚŀŅĦŅěńĔĶĽŋőĕĪńĵ101ȮħńĚėĺŅĴŒĬěŅĶŉĔĺƞŅȮŴ,,,,ĪňŗŐĵĔŐĴƞĬŘņĵĴȮœħƟĪĶĚ
ĽĶƟŅĚŏĴŊŀĚĕŉŘĬȮĦȮĪňŗĬńŘĬȮŏĶňĵĔĺƞŅŏĴŊŀĚĸńĔĕŃŀĵŌƞŒĬħƟŅĬĪŇĻĨŃĺńĬĨĔŏĜňĵĚŏľĬŊŀȮŏĮƦĬĶńģĽňĴŅ,,,ŵ102Ȯ
ĬŀĔěŅĔĬňŘĵńĚıĭľĸńĔģŅĬěŅĶŉĔĽŋőĕĪńĵȮľĸńĔĪňŗȮĸĮȮ/2ȮľĶŊŀěŅĶŉĔěņŏĬňĵĶıŅĬȮĔņľĬħŀŅĵŋĶŅĺıŋĪī
ĻĨĺĶĶļĪňŗȮ0.ȮŏĮƦĬľĸńĔģŅĬĝńŘĬĨƟĬĪňŗŐĽħĚŒľƟŏľŖĬĺƞŅŏĴŊŀĚĸŀĚĴňįŌƟĮĔėĶŀĚĶŃħńĭȮŴĕŋĬŵȮŐĸŃĴň
ėĺŅĴĽńĴıńĬīƢĔńĭŏĴŊŀĚĽŋőĕĪńĵȮĞŉŗĚŏĬŊŘŀėĺŅĴĔĸƞŅĺĩŉĚĴŅĶħŅœħƟĪņĭŋĠŀŋĪŇĻĽƞĺĬĭŋĠĽƞĺĬĔŋĻĸŒľƟĔńĭ

 
101 īňĶŃĺńĥĬƢȮŐĽĬėņŐĸŃėĬŀŊŗĬȮŕȮ*ĭĶĶĦŅīŇĔŅĶȮıŇıńĥĬƢȮĔĶŃŐěŃěńĬĪĶƢ,ȮĽŋőĕĪńĵĔńĭŀŅŏĞňĵĬȮ8ȮĴŀĚ

ĮƤěěŋĭńĬįƞŅĬŀħňĨěŅĔĴŇĨŇĮĶŃĺńĨŇĻŅĽĨĶƢȮĻŇĸĮŃȮőĭĶŅĦėħňȮ&ĮĪŋĴīŅĬňȮ8ȮėĦŃĻŇĸĮĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵīĶĶĴĻŅĽĨĶƢ, 
0336,'*ȮľĬƟŅȮ/6, 

102 ĻŌĬĵƢĴŅĬŋļĵĺŇĪĵŅĽŇĶŇĬīĶ*ȮěŅĶŉĔĺńħŀőĽĔŅĶŅĴȮľĶŊŀěŅĶŉĔĽŋőĕĪńĵľĸńĔĪňŗȮ71ȮĽŊĭėƟĬŏĴŊŗŀĺńĬĪňŗȮ0.ȮĨŋĸŅėĴȮ
034/ȮěŅĔȮģŅĬĕƟŀĴŌĸěŅĶŉĔŒĬĮĶŃŏĪĻœĪĵȮ: URL http://www.sac.or.th/databases/ inscriptions 
/inscribe_detail.php?id=235.  
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ĭŋĨĶĝŅĵĞŉŗĚĴňģŅĬńĬħĶĻńĔħŇśŏĮƦĬȮŴĕŋĬŵȮėĺŅĴĺƞŅȮŴ,,,ĩŉĚŏĴŊŗŀıŅĵŐĔƞĕŋĬįŌƟŏĬňĵĶıŅĬĬńŘĬŐĸȮĭĺĶĭĶŇļŋĪīŇś
ŀŋħĴŏĽĚňŗĵĴĽĩŇĨĵƢĽķļħŇśȮ,,,ŵ103ȮȮŒĬĝƞĺĚŏĺĸŅĬňŘŏĴŊŀĚĸŀĚĴňĮĶŇĴĦĤĸŀņĬŅěěņĬĺĬȮ0ȮŏĴŊŀĚȮœħƟŐĔƞ  
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ĔŇőĸŏĴĨĶȮĴňĻŌĬĵƢĔĸŅĚŏĺňĵĚŀĵŌƞĭĶŇŏĺĦĺńħĭŅĚĽĬŋĔȮĞŉŗĚŏĮƦĬĽĩŅĬĪňŗėƟĬıĭěŅĶŉĔĺńħĭŅĚĽĬŋĔȮ&ěŅĶŉĔȮı,Ķ,Ȯ
/'ȮĶŃĭŋĮƖěŅĶŉĔœĺƟĪňĮƖĔńħŏĴƟŅľĶŊŀĶŅĺȮı,Ļ,/660ȮĴňĔŅĶĔĸƞŅĺĩŉĚĔŅĶľĸƞŀıĶŃıŇĴıƢőĸľŃįĽĴȮ&Alloy'Ȯ
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ŏěƟŅľĴŊŗĬŏěƟŅıńĬœĞĶƟĔŖħňȮŀĵƞŅŏĵħĶƟŅĬŐĔƞėĶŅĺȮħńĚěƞŅĪŀĚŐĽĬĸňĬĬňŘȮěńĔľŊŘŀėĶŅĺĪńŘĚľĸŅĵĴŅĶƟŀĚŏĪŇĚŏěƟŅ
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ŀŅěŏĔŇħěŅĔĔŅĶĪňŗŀŅĦŅěńĔĶĸƟŅĬĬŅĪņĽĚėĶŅĴĔńĭŀŅĦŅěńĔĶŀĵŋīĵŅěņŏĮƦĬĨƟŀĚŒĝƟŏľĸŖĔŒĬĔŅĶĪņŀŅĺŋī
ĽĚėĶŅĴħƟĺĵŏĝƞĬĔńĬȮħńĚĮĶŅĔĢŒĬľĸńĔģŅĬĮĶŃĺńĨŇĻŅĽĨĶƢĶŃĵŃľĸńĚĺƞŅŏĴŊŗŀĔĶŋĚĻĶňŀĵŋīĵŅěŃŏĕƟŅĨň
ŀŅĦŅěńĔĶĸƟŅĬĬŅĴńĔěŃŏĕƟŅĵŉħŏĴŊŀĚĽņėńĠŕȮĨŅĴŐĬĺĕŀĭĝŅĵŐħĬĕŀĚŀŅĦŅěńĔĶĪňŗĴňŐľĸƞĚŐĶƞŏľĸŖĔ
ŏĮƦĬŀńĬħńĭŐĶĔ110ȮŏĝƞĬŒĬĶńĝĽĴńĵıĶŃĬŅĶŅĵĦƢŏĴŊŗŀėĶńŘĚĪňŗĵĔĪńıŏĕƟŅĨňŏĴŊŀĚŏĝňĵĚŒľĴƞȮŏĴŊŗŀĮƖȮı,Ļ,Ȯ00.3Ȯ
œħƟŏĕƟŅĵŉħŏĴŊŀĚŏĩŇĬȮŏĴŊŀĚĸŀĚȮŏĴŊŀĚĨńĚȮŏĴŊŀĚĸņĮŅĚ111ȮĞŉŗĚĽƞĺĬŒľĠƞŏĮƦĬŏĴŊŀĚĪňŗĴňĪĶńıĵŅĔĶŐĶƞīŅĨŋ
ĽĴĭŌĶĦƢĪńŘĚŐĶƞĪŀĚŐħĚȮĪŀĚėņŐĸŃŏľĸŖĔȮőħĵŏĜıŅŃŐĶƞŏľĸŖĔȮĽņľĶńĭĔĶŋĚĻĶňŀĵŋīĵŅŐĸƟĺȮĩŊŀŏĮƦĬĽŇĬėƟŅ
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ĽŌĚŒĬĨĸŅħŀĵŋīĵŅħńĚĮĶŅĔĢĺƞŅĴňĵƞŅĬĝŅĺěňĬĨńŘĚŐĨƞĮŅĔėĸŀĚĽĺĬıĸŌĩŉĚľĬƟŅĺńħıĶŃıĬńĠŏĝŇĚĴňĔŅĶĨńŘĚ
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110 ȮıĶŃĶŅĝıĚĻŅĺħŅĶĔĶŋĚĻĶňŀĵŋīĵŅȮĜĭńĭıńĬěńĬĪĬŋĴŅĻȮ&ŏěŇĴ'ȮĔńĭıĶŃěńĔĶıĶĶħŇıĚĻƢȮ&ěŅħ' (ıĶŃ

ĬėĶȮ8ȮėĸńĚĺŇĪĵŅ, 03.5)*Ȯ13, 
111 ĽĴŏħŖěłȮĔĶĴıĶŃĵŅħņĶĚĶŅĝŅĬŋĳŅı, ıĚĻŅĺħŅĶŏĶŊŗŀĚœĪĵĶĭıĴƞŅȮ&ĔĶŋĚŏĪıłȮ8ȮœĪĵėĺŀĸŇĨňŘĭŋƠėĽƢ, 

034.'*Ȯ02/, 
112 ėņŒľƟĔŅĶĝŅĺĔĶŋĚŏĔƞŅȮėņŒľƟĔŅĶĕŋĬľĸĺĚľŅĺńħȮŐĸŃıĶŃĶŅĝıĚĻŅĺħŅĶĔĶŋĚŏĔƞŅȮĜĭńĭľĸĺĚĮĶŏĽĶŇģ

ŀńĔļĶĬŇĨŇś&ıĶŃĬėĶȮ8ȮĔĶĴĻŇĸĮŅĔĶ, 2515), 35, 
113 ĺŇĝŅĠȮĴŅŐĔƟĺ*ȮŴĶŃĭĭŏĻĶļģĔŇěŐĸŃėĺŅĴŏĮĸňŗĵĬŐĮĸĚĪŅĚĽńĚėĴŒĬĵŋėĪŀĚĕŀĚŀŅĦŅěńĔĶĸƟŅĬĬŅȮ

&ė,Ļ,1355-/303'*ŵȮ&ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅĻŇĸĮĻŅĽĨĶĴľŅĭńĦĤŇĨȮĽŅĕŅĺŇĝŅĮĶŃĺńĨŇĻŅĽĨĶƢȮĭńĦĤŇĨĺŇĪĵŅĸńĵȮ
ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 2559), /66, 
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ŏıŊŗŀŒĝƟŏĮƦĬŏĴŊŀĚėĺĭėŋĴĔŅĶĪņŏľĴŊŀĚŐĶƞŏľĸŖĔȮľĶŊŀŒĬĨņĬŅĬıŊŘĬŏĴŊŀĚŏĝňĵĚĶŅĵȮĔĸƞŅĺĩŉĚŒĬĶńĝĽĴńĵıĠŅ
ĽŅĴİƤƧĚŐĔĬœħƟĴňĔŅĶĮƤĔĨŅľĸƞŅĺľĶŊŀŏĜĸĺȮŏıŊŗŀĔņľĬħĕŀĭŏĕĨĔŅĶĪņŐĸŃĝƞĺĚĶŃĵŃŏĺĸŅĔŅĶĪņŏľĴŊŀĚ
ŏľĸŖĔŒĬŏĴŊŀĚŏĝňĵĚŐĽĬȮėĺŅĴĺƞŅȮŴ,,,ėńĬĕŋħĭƞŀȮŏħŊŀĬȮ1ȮŏĕƟŅȮŏħŊŀĬȮ4ȮĩŀĬȮ&Īňŗ'ȮĨńŘĚĨŅŐľĸĺĴňĜńĬĬňŘ,,,ŵ114Ȯ
ŒĬĔĶĦňĬňŘĔŅĶĕŋħŏľĸŖĔŀŅěĴňėĺŅĴĽńĴıńĬīƢĔńĭĔŅĶěńħĔŅĶœıĶƞľĸńĚěŅĔĔŅĶĪņĬŅȮĞŉŗĚĽƞĺĬľĬŉŗĚŀŅěĩŌĔ
ŏĔĦĤƢĴŅĪņĚŅĬőĸľĔĶĶĴĮĶŃŏĳĪŏľĸŖĔĪńŘĚĔŅĶĕŋħŏľĴŊŀĚȮĩĸŋĚŏľĸŖĔľĶŊŀĪņŏėĶŊŗŀĚĴŊŀŏėĶŊŗŀĚŒĝƟŏľĸŖĔ115Ȯ
ŏĮƦĬĪňŗĬƞŅĽńĚŏĔĨĺƞŅŒĬĮƤěěŋĭńĬĪňŗŏĴŊŀĚĸŀĚĵńĚĽŊĭĮĶŃŏıĦňĔŅĶŏĮƕħŏľĴŊŀĚĕŋħŏľĸŖĔŒĬĝƞĺĚĶŃĵŃŏĺĸŅ
ŏħňĵĺĔńĬĔńĭĪňŗĶŃĭŋœĺƟŒĬĨņĬŅĬıŊŘĬŏĴŊŀĚŏĝňĵĚŐĽĬȮėŊŀŒĬĝƞĺĚĕŉŘĬĽŅĴėŗņȮŏħŊŀĬĽŅĴĕŀĚĪŋĔĮƖȮ 

ĳŅĵľĸńĚıĶŃŏěƟŅĨŇőĸĔĶŅĝĽĺĶĶėĨȮŏěƟŅľńĺŏĴŊŀĚŐĔƟĺĮĔėĶŀĚŏĴŊŀĚĸŀĚěĬĩŉĚĮƖȮı,Ļ,0.4.ȮȮȮȮ
ıĶŃĵŀħŏĝňĵĚĶŅĵŒľƟŏĴŊŀĚĸŀĚĕŉŘĬĨĶĚĔńĭŏĴŊŀĚĸņĮŅĚĨŅĴŏħŇĴȮőħĵĴňŏěƟŅĝƟŅĚŐħĚȮŐĴƞĪńıĕŀĚŏĴŊŀĚĸŀĚŒĬ
ĽĴńĵŏěƟŅľńĺŏĴŊŀĚŐĔƟĺŏĮƦĬŏěƟŅŏĴŊŀĚŐĸŃĽĩŅĮĬŅĽĔŋĸĺĚĻƢȮŴŏěƟŅĝƟŅĚŐħĚŵȮŏĴŊŀĚĸŀĚŏĮĸňŗĵĬěŅĔĔŅĶĽƞĚ
ĽƞĺĵŏľĸŖĔŒľƟŏĴŊŀĚŏĝňĵĚŒľĴƞĴŅĽƞĚŒľƟĔńĭŏĴŊŀĚĸņĮŅĚĨŅĴŏħŇĴȮěĬĔĶŃĪńŘĚŏĴŊŀĚŏĝňĵĚŒľĴƞĩŌĔįĬĺĔŏĮƦĬĽƞĺĬ
ľĬŉŗĚĕŀĚŀŅĦŅěńĔĶıĴƞŅŒĬĮƖȮı,Ļ,0./5Ȯ 

     ŒĬĮƖȮı,Ļ,Ȯ0/20ȮŏĴŊŀĚĸŀĚŏĮĸňŗĵĬŏěƟŅįŌƟėĶŀĚŏĴŊŀĚěŅĔĽĔŋĸĺĚĻƢĝƟŅĚŐħĚŏĮƦĬĽĔŋĸĺĚĻƢĝƟŅĚĮŅĬȮ
őħĵĴňȮŴıĠŅĝƟŅĚĮŅĬŵ ŏĮƦĬŏěƟŅŏĴŊŀĚȮŏĴŊŀĚĸŀĚŏĮƦĬŏĴŊŀĚȮ/ȮŒĬȮ35ȮľńĺŏĴŊŀĚĮĶŃŏĪĻĶŅĝĸƟŅĬĬŅȮĪňŗĩŌĔ
ıĴƞŅĮĔėĶŀĚ116ȮŏĴŊŀĚĸŀĚŐĴƟěŃŏĮƦĬľńĺŏĴŊŀĚĕĬŅħĔĸŅĚŐĨƞĵńĚĴňėĺŅĴĽņėńĠĨƞŀŀŅĦŅěńĔĶıĴƞŅŒĬŐĚƞ
ĕŀĚŐľĸƞĚĪĶńıĵŅĔĶőħĵŏĜıŅŃŏľĸŖĔħńĚĮĶŅĔĢŒĬŏŀĔĽŅĶıĶŃĶŅĝħņĶńĽĔļńĨĶŇĵƢıĴƞŅŒľƟľńĺŏĴŊŀĚĨƞŅĚŕȮ
ŒĬĸƟŅĬĬŅĽƞĚĽƞĺĵŏľĸŖĔœĮĵńĚĶŅĝĽņĬńĔ117ȮŒĬĝƞĺĚĶŃĵŃŏĺĸŅĬňŘŏĴŊŀĚĸŀĚĵńĚėĚĕŉŘĬĔńĭŏĴŊŀĚĸņĮŅĚȮőħĵŏěƟŅ
ŏĴŊŀĚĸŀĚěŃĔŇĬĨņŐľĬƞĚȮŴŐĽĬŵȮŏĴŊŀĚĨƟŅĔŇĬĨņŐľĬƞĚȮŴľĴŊŗĬŵȮĴňĔŅĶĔņľĬħĨņŐľĬƞĚȮŴľĴŊŗĬĔĸŅĚ
őŁĚŵȮŴŐĽĬĭƞŀŵȮŐĸŃȮŴıƞŀŏĴŊŀĚŵȮĴňľĬƟŅĪňŗŏĸňŘĵĚįňŏĴŊŀĚŐĸŃŏĔĦĤƢĪņĽƞĺĵŏľĸŖĔŏĴŊŀĚĸŀĚ118 

 

 

 

 

 

 
114 ĽĶńĽĺħňȮŀơŀĚĽĔŋĸ*ȮıŊŘĬŏĴŊŀĚŏĝňĵĚŐĽĬȮ&ĔĶŋĚŏĪıłȮ8ȮŀĴĶŇĬĪĶƢ, 0324'*Ȯ/74ȮůȮ/75, 
115 ĝŅĠȮĴŅŐĔƟĺ*ȮŴĶŃĭĭŏĻĶļģĔŇěŐĸŃėĺŅĴŏĮĸňŗĵĬŐĮĸĚĪŅĚĽńĚėĴŒĬĵŋėĪŀĚĕŀĚŀŅĦŅěńĔĶĸƟŅĬĬŅȮ&ė,Ļ,

/133-/303'*ŵȮ/67, 
116 Sithu Gamani Thingyan, Zinme yazawin : Chronicle of Chiang Mai (Yangon : 

Universities Historical Research Centre, 0..1', 66, 
117 ĽĶńĽĺħňȮŀơŀĚĽĔŋĸ*ȮĮĶŃĺńĨŇĻŅĽĨĶƢĸƟŅĬĬŅȮ&ĔĶŋĚŏĪıłȮ8ȮŀĴĶŇĬĪĶƢıĶŇŘĬĨŇŘĚ, 0336'*Ȯ1./,Ȯ 
118 ĳŌŏħĝȮŐĽĬĽŅ*ȮĻĶňĴŌĸŅĸńĵȮ&ŏĝňĵĚŒľĴƞȮ8ȮőĶĚıŇĴıƢŐĴŖĔĞƢıĶŇŘĬĨŇŘĚ, 0336'*Ȯ20Ȯ-21, 
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ĳŅıĪňŗȮ36ȮȮĨņŐľĬƞĚľńĺŏĴŊŀĚĸƟŅĬĬŅȮ35ȮŏĴŊŀĚȮĪňŗĨĔŀĵŌƞĳŅĵŒĨƟĔŅĶĮĔėĶŀĚĕŀĚĶŅĝŀŅĦŅěńĔĶıĴƞŅ 
ĪňŗĴŅ Sithu Gamani Thingyan, Zinme yazawin: Chronicle of Chiang Mai (Yangon : 

Universities Historical Research Centre, 0..1',  66, 
 

2,1ȮıńĥĬŅĔŅĶĪŅĚĺńĥĬīĶĶĴĕŀĚŏĴŊŀĚĸŀĚőĭĶŅĦȮĶŃĵŃĪňŗȮ1Ȯ&ľĸńĚıŋĪīĻĨĺĶĶļĪňŗȮ00ȮĩŉĚȮ03' 

   ŒĬĝƞĺĚĶŃĵŃŏĺĸŅĬňŘŏĴŊŀĚĸņĮŅĚŏĕƟŅėĺĭėŋĴŏĴŊŀĚĸŀĚŀĵƞŅĚŒĔĸƟĝŇħȮŏĬŊŗŀĚěŅĔĸƟŅĬĬŅŏĔŇħĔĸŋƞĴŀņĬŅě
ŒľĴƞėŊŀĶŅĝĺĚĻƢĪŇıĵƢěńĔĶĶŅĝľĶŊŀĶŅĝĺĚĻƢŏěƟŅŏěŖħĨĬȮĴňŏěƟŅĕĬŅĬĪŇıĵƢĝƟŅĚŏěƟŅŏĴŊŀĚĸņĮŅĚŏĮƦĬĨƟĬ
ĶŅĝĺĚĻƢȮőħĵŏĮƦĬĔĸŋƞĴėĬĪňŗĨńŘĚĩŇŗĬģŅĬŒĬľĴŌƞĭƟŅĬŐĩĭŏĝŇĚŏĕŅĸŋƞĴŐĴƞĬŘņěŅĚȮ&ŀņŏĳŀŐĴƞĪŃȮěńĚľĺńħĸņĮŅĚ'Ȯ
ĴńĔĬņįŌƟėĬŏĕƟŅĴŅĕŋħŐĶƞŏľĸŖĔĭĶŇŏĺĦŏĴŊŀĚĸŀĚȮŏĬŊŗŀĚħƟĺĵĕĬŅĬĪŇıĵƢĝƟŅĚĴňŀŅĝňıŏĮƦĬĝƞŅĚĨňŏľĸŖĔȮŏĴŊŗŀıĴƞŅ
ĽĩŅĮĬŅĕĬŅĬĪŇıĵƢĝƟŅĚĕŉŘĬŏĮƦĬȮŴŏěƟŅĪŇıĵŅŏĪıĭŋĠŏĶŊŀĚŵȮœħƟĽńŗĚŒľƟŏĔĦĤƢœıĶƞıĸŏĕƟŅĩĸŋĚŏľĸŖĔŏĴŊŀĚĸŀĚ
ŏıŊŗŀįĸŇĨŀŅĺŋīȮŏľĸŖĔĸŀĚĵńĚĮĶŅĔĢŒĬėƞŅĺŏěƟŅŏěŖħĨĬȮĔĸƞŅĺĩŉĚĔŅĶŒĝƟħŅĭŏľĸŖĔĪħĽŀĭĕĬŅĬĪŇıĵƢĝƟŅĚĪňŗ
ĺńħĻĶňĸƟŀĴȮěńĚľĺńħĸņĮŅĚȮĔƞŀĬĽĩŅĮĬŅĕŉŘĬŏĮƦĬȮŴıĠŅĽŋĸĺŃĸŊŀœĝĵŵ119ȮėĺŅĴĺƞŅȮŴ,,,ľŊŘŀėĬĪńŘĚľĸŅĵȮ

 
119 ŏħĝȮŐĽĬĽŅ*ȮĻĶňĴŌĸŅĸńĵȮ&ŏĝňĵĚŒľĴƞȮ8ȮőĶĚıŇĴıƢŐĴŖĔĞƢıĶŇŘĬĨŇŘĚ, 0336'*Ȯ21-22, 
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ŏŀŅŐĽƟėƟŀĬœĴƟȮĴŅĨňĨƞŀľĬƟŅȮėĬĝŋĴĽœĭŐįƞĬĪŋƟĴȮĸĺħĝŋĴĽŌĠľŅĵȮĔĸŅĵŏĮƦĬŐĴĺȮĬŀĬľĚŅĵĸƟŀĚľĚƟŀĚȮ
ŏŀŅħŅĭŏľĸŖĔĸŀĚȮĲƤĬĸĚľŊŘŀĨƟŀĚȮĭƞľƞŀĬœĮȮĩŌĔŏĬŊŘŀ,,,ŵ120ȮĔŅĶĮĶŅĔĢȮŴħŅĭŏľĸŖĔĸŀĚŵȮŒĬĺĶĶĦĔĶĶĴ
ĶŅĝĽņĬńĔĸņĮŅĚħńĚĔĸƞŅĺĵƞŀĴŐĽħĚŒľƟŏľŖĬĺƞŅŏľĸŖĔĸŀĚŏĮƦĬŏľĸŖĔĪňŗĴňėŋĦĳŅıŒĬėĺŅĴĶńĭĶŌƟĕŀĚėĬ
ĪƟŀĚĩŇŗĬŐĸŃĝĬĝńŘĬĮĔėĶŀĚĸƟŅĬĬŅȮĞŉŗĚĨƞŀĴŅěŃĴňĺĶĶĦĔĶĶĴĸƟŅĬĬŅŀňĔľĸŅĵĝŇŘĬŒĬĽĴńĵĶńĨĬőĔĽŇĬĪĶƢĪňŗ
ĔĸƞŅĺĩŉĚėŋĦĳŅıĕŀĚŏľĸŖĔĸŀĚȮĨƞŀĴŅŒĬĮƖȮı,Ļ,0053ȮŴıĠŅĽŋĺŃŏĪıĸŊŀœĝĵŵȮœħƟĔŀĭĔŌƟŏĴŊŀĚĸņĮŅĚ
ěŅĔĔŅĶŏĮƦĬŏĴŊŀĚĕŉŘĬĕŀĚĬėĶĸņıŌĬȮœħƟŒĝƟŏľĸŖĔĸŀĚŒĬĔŅĶįĸŇĨŀŅĺŋīĵŋĪőīĮĔĶĦƢĽŌƟĶĭĔńĭŏěƟŅĴľŅĵĻěĬ
ĽŅĴŅĶĩĮĸħŐŀĔŐĸŃĨńŘĚĨĬŏĮƦĬĬėĶĶńģĕŉŘĬĨĶĚĔńĭĶŅĝĽņĬńĔıĴƞŅȮȮĴňģŅĬńĬħĶĻńĔħŇśĕŉŘĬŏĮƦĬȮŴŏěƟŅıĠŅ
œĝĵĽĚėĶŅĴŵȮěŅĔıĶŃŏěƟŅĪĬŇĬĔńĬŏĺȮĔļńĨĶŇĵƢıĴƞŅŐľƞĚĶŅĝĺĚĻƢĵŀĚĵŅĬȮŏĴŊŀĚĸņĮŅĚěŉĚœħƟŏĕƟŅėĺĭėŋĴ
ŏĴŊŀĚĸŀĚŀĵƞŅĚŒĔĸƟĝŇħĴŅĔĔĺƞŅŒĬĵŋėĔƞŀĬŐĸŃĴňĮĶŃŏıĦňĪňŗŏěƟŅŏĴŊŀĚĸņĮŅĚěŃĨƟŀĚŏĽħŖěĮĶŃıŅĽŏĮƦĬŀĚėƢ
ĮĶŃīŅĬŏĸňŘĵĚįňĭƞŀŏľĸŖĔĸŀĚŒĬĪŋĔŕȮĮƖȮĨńŘĚŐĨƞĬńŘĬĴŅ121 

ŏĴŊŗŀıŇěŅĶĦŅĽŅŏľĨŋĽņėńĠĪňŗŏĴŊŀĚĸņĮŅĚŏĕƟŅėĺĭėŋĴŏĴŊŀĚĸŀĚŀŅěŏĔŇħěŅĔŏľĨŋĔŅĶĦƢŒĬĝƞĺĚ
ıŋĪīĻĨĺĶĶļĪňŗȮ01ȮŏľĸŖĔŐĪƞĚĕŀĚĸƟŅĬĬŅĩŊŀŏĮƦĬĽŇĬėƟŅĪňŗĴňėĺŅĴĨƟŀĚĔŅĶŒĬĪƟŀĚĨĸŅħőħĵŏĜıŅŃŒĬľĴŌƞ
ıƞŀėƟŅĺńĺĨƞŅĚĝŅĺŁƟŀĪňŗĽƞĚĽŇĬėƟŅħńĚĔĸƞŅĺœĮĕŅĵĨŅĴŐĬĺŏĽƟĬĪŅĚĪŀĚėņȮ&ĵŌĬĬŅĬ-ĸƟŅĬĬŅ'122ȮȮȮȮȮȮȮȮȮȮȮ
őħĵŏĽƟĬĪŅĚĔŅĶėƟŅĬňŘĪĺňėĺŅĴĽņėńĠĕŉŘĬěŅĔŏľĨŋĔŅĶĦƢĪňŗőĝĔŋĬőĨĔŋĔŅĺŃȮĴňĬőĵĭŅĵľƟŅĴĽƞĚŀŀĔĪŀĚŐħĚȮ
ĪņŒľƟŏĔŇħĳŅĺŃĕŅħŐėĸĬĪŀĚŐħĚŏĮƦĬŀĵƞŅĚĴŅĔȮĔĸŋƞĴıƞŀėƟŅěŉĚĨƟŀĚŐĽĺĚľŅŐľĸƞĚŐĶƞĪŀĚŐħĚŐľƞĚŒľĴƞ
ŏıŊŗŀĮƚŀĬĽŌƞĨĸŅħȮőħĵĴŋƞĚėĺŅĴĽĬŒěœĮĵńĚĮĶŃŏĪĻěňĬȮŒĬĴĦĤĸĵŌĬĬŅĬȮĶŅĝĽņĬńĔĝŇĚœħƟĽĬńĭĽĬŋĬĔŅĶ
įĸŇĨĪŀĚŐħĚŏıŊŗŀĽƞĚŀŀĔȮĔƞŀŒľƟŏĔŇħĔŀĚėŅĶŅĺŅĬĔŅĶėƟŅĶŃľĺƞŅĚĵŌĬĬŅĬĔńĭĳŅėıŊŘĬŏŀŏĝňĵĨŃĺńĬŀŀĔ
ŏĜňĵĚŒĨƟĕĵŅĵĨńĺŀĵƞŅĚĴŅĔ123ȮőħĵŏĽƟĬĪŅĚĔŅĶėƟŅħńĚĔĸƞŅĺĪňŗŏĕƟŅĴŅŒĬŏĕĨŀŅĦŅěńĔĶĸƟŅĬŅĴňľĸŅĵŏĽƟĬ
ŏĽƟĬĪŅĚľĬŉŗĚěŃįƞŅĬŏĴŊŀĚĸŀĚėŊŀȮŏĽƟĬĪŅĚĔŅĶėƟŅĳŅĵŒĬľĶŊŀŏĽƟĬĪŅĚĽŅĵĶŀĚȮěņĬĺĬȮ0ȮŏĽƟĬĪŅĚȮœħƟŐĔƞȮ
ŏĽƟĬĪŅĚěŅĔŏĴŊŀĚŏĪŇĚȮůȮĸŀȮůȮĮĚȮůȮŏĝňĵĚĴƞĺĬȮůȮĸŀĚȮůȮĪƞŅŀŇģȮůȮĻĶňĽńĝĬŅĸńĵȮŐĸŃŏĽƟĬĪŅĚȮŏĪŇĚȮůȮĸŀȮ
ůȮĮĚȮůȮŏĝňĵĚĴƞĺĬȮůȮĽŀĚȮůȮĸŀĚȮůȮĺńĚĝŇŘĬȮůȮŏĩŇĬȮůȮĸňŘȮůȮĽńĬĮƙŅĨŀĚȮůȮŏĝňĵĚŒľĴƞ124ȮŏĮƦĬĨƟĬ 

 

 
120 ĝĵńĬĨƢȮĺĶĶīĬŃĳŌĨŇ*ȮĔĺňĬŇıĬīƢĸƟŅĬĬŅȮ8ȮőėĸĚħƞŅĺĶŇĶŗņĩƟŀĵŏĴŊŀĚıŇĚėƢėƞŅĺĞŀŏěƟŅŏěŖħĨĬȮ&ŏĝňĵĚŒľĴƞȮ: 

őėĶĚĔŅĶĻŉĔļŅĺŇěńĵėńĴĳňĶƢŒĭĸŅĬŒĬĳŅėŏľĬŊŀȮĽĩŅĭńĬĺŇěńĵĽńĚėĴȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 0311), 03, 
121 ĳŌŏħĝȮŐĽĬĽŅ, ĮĶŃĺńĨŇĻŅĽĨĶƢŏĴŊŀĚĸŀĚȮľńĺŏĴŊŀĚĭĶŇĺŅĶŒĬĸƟŅĬĬŅĮĶŃŏĪĻȮ&ŏĝňĵĚŒľĴƞȮ8ȮĬıĭŋĶňĔŅĶ

ıŇĴıƢ, 2554), Ȯ121-122. 
122 ĽĶńĽĺħňȮŀơŀĚĽĔŋĸ, ĮĶŃĺńĨŇĻŅĽĨĶƢĸƟŅĬĬŅȮ&ĔĶŋĚŏĪıłȮ8ȮŀĴĶŇĬĪĶƢıĶŇŘĬĨŇŘĚ, 0336', 30/, 
123 ĺŇĬńĵȮıĚĻƢĻĶňŏıňĵĶȮŐĸŃėĬŀŊŗĬ*ȮľĴŇĚĽŊŀĸŌƞ-ĝŇĚĽŊŀĸŌƞȮ8ȮĭńĬĪŉĔŏĶŊŗŀĚěĶŇĚŐľƞĚĶŅĝĺĚĻƢľĴŇĚŐĸŃĶŅĝĺĚĻƢĝŇĚłȮ

ĨŀĬĺƞŅħƟĺĵĽĵŅĴȮŐĸŃľĬńĚĽŊŀĶŃĵŃĪŅĚĶŅĝĤŌĨœĮĔĶŋĚĮƤĔĔŇŗĚȮĮĶŃŏĪĻěňĬȮĨńŘĚŐĨƞȮĦȮŏħŊŀĬȮ8ȮĮƖĔŋĬĨĶňĻĔŐĸŃĮƖĝĺħ
ěńĨĺŅĻĔŒĬŐįƞĬħŇĬıĶŃĭŅĪĽĴŏħŖěıĶŃěŀĴŏĔĸƟŅŏěƟŅŀĵŌƞľńĺȮıĶŃŀŇĬĪĶĴĬĨĶňŐĵƟĴȮœħƟŏĶňĵĭŏĶňĵĚœĺƟŒĬĶńĝĔŅĸĪňŗȮ5 
&ĔĶŋĚŏĪıłȮ8ȮĴŌĸĬŇīŇĽĴŏħŖěıĶŃŏĪıĶńĨĬĶŅĝĽŋħŅ, 2559'*Ȯ013Ȯ-Ȯ014 

124 ĝĺŇĻŅȮĻŇĶŇȮŴĔŅĶėƟŅĕŀĚŀŅĦŅěńĔĶĸƟŅĬĬŅĨńŘĚŐĨƞĨƟĬıŋĪīĻĨĺĶĶļĪňŗȮ/7ȮĩŉĚĨƟĬıŋĪīĻĨĺĶĶļĪňŗȮ00*ŵȮ
(ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅŀńĔļĶĻŅĽĨĶĴľŅĭńĦĤŇĨȮĽŅĕŅĺŇĝŅĮĶŃĺńĨŇĻŅĽĨĶƢȮĭńĦĤŇĨĺŇĪĵŅĸńĵȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ, 
2550), 170 ů 171. 
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ŒĬĽĴńĵĶńĨĬőĔĽŇĬĪĶƢľĶŊŀıŋĪīĻĨĺĶĶļĪňŗȮ03ȮľĸńĚĵŋėŏĔŖĭįńĔŒĽƞĞƞŅŏĔŖĭĕƟŅŒĽƞŏĴŊŀĚĕŀĚĸƟŅĬĬŅȮ
ŏĴŊŀĚĸŀĚĸħĽĩŅĬŃĸĚŏĮƦĬŏĴŊŀĚĪňŗŀĵŌƞĳŅĵŒĨƟĔŅĶĮĔėĶŀĚĕŀĚŏĴŊŀĚĸņĮŅĚħńĚĮĶŅĔĢŒĬěŅĶŉĔĪņŏĬňĵĭľńĺ
ŏĴŊŀĚȮėĺŅĴĺƞŅȮȮȮŴ,,,ŞȮŏĴŊŀĚěŅĚȮŠȮŏĴŊŀĚŏĴŅŃȮŠȮŏĴŊŀĚĪƞŅȮŠȮŏĴŊŀĚĸŀĚȮŠȮŏĴŊŀĚıĵŅĔȮ&ıĵŅĺ'ȮŠȮŏĴŊŀĚ
ĚŅĺȮŠȮŀĵŌƞĨŀĬŏľĬŊŀĸŃėĶȮšȮŏĴŊŀĚŏĨŅŃŀĵŌƞİƤƧĚĨŃĺńĬŀŀĔĬŘņŏĨŅŃȮŠȮŏĴŊŀĚĺńĚȮŠȮŏĴŊŀĚȮŢ,ȮŐěƟľƞĴȮŀĵŌƞĸņ
ŐĴƞĺńĚİƤƧĚĨŃĺńĬŀŀĔȮšȮĕŉŘĬĬėĶĸņĮŅĚȮŨȮŏĴŊŀĚ,,,ŵ125 

ŏĴŊŀĚĸŀĚĵńĚĴňŏĴŊŀĚĪňŗŀĵŌƞĳŅĵŒĨƟĔŅĶĮĔėĶŀĚĕŀĚĨĬŏıňĵĚľĬŉŗĚŏĴŊŀĚėŊŀȮŏĴŊŀĚĨƟŅȮŒĬĝƞĺĚ
ĶŃĵŃŏĺĸŅĬňŘĶŅĝĽņĬńĔŏĝňĵĚŒľĴƞœħƟĵĔĶŃħńĭŏěƟŅŏĴŊŀĚĸŀĚĕŉŘĬŏĮƦĬȮŴŐĽĬľĸĺĚŵȮŏĪňĵĭŏĪƞŅȮŴıĠŅŵȮȮȮȮȮ
ŀĵŌƞĳŅĵŒĨƟĔŅĶĭńĚėńĭĭńĠĝŅĕŀĚŏĴŊŀĚĸņĮŅĚĴňőėĶĚĽĶƟŅĚĔŅĶĮĔėĶŀĚĪňŗĬƞŅĽĬŒěėŊŀĴňĔŅĶŐĭƞĚŐĵĔľĬƞĺĵ
ėĺĭėŋĴĔŅĶįĸŇĨŏľĸŖĔŀĵƞŅĚĝńħŏěĬȮőħĵĴňĨņŐľĬƞĚıĠŅŏĴŊŀĚĝŊŗĬȮħŌŐĸĔŅĶŏĔĦĤƢĪņĽƞĺĵŏľĸŖĔŐĸŃěńħıŇīň
ŏĸňŘĵĚįňŏĴŊŀĚĸŀĚȮĴňĕŋĬŏĴŊŀĚȮ&įŌƟĝƞĺĵ'ȮŒĬĨņŐľĬƞĚŐĽĬĭƞŀȮėƞŀĵĝƞĺĵŏľĸŊŀŒĬĔŅĶħŌŐĸĶńĔļŅĭƞŀŏľĸŖĔȮĭƞŀŐĶƞ
īŅĨŋŀŊŗĬŕȮĪņľĬƟŅĪňŗŏĔĦĤƢĪņĽƞĺĵŀŅĺŋīĽĚėĶŅĴĨƞŅĚȮŕ126ȮĽŅŏľĨŋĪňŗĴňĔŅĶŐĭƞĚŐĵĔľĬƞĺĵĚŅĬĪňŗŏĔňŗĵĺĕƟŀĚ
ĔńĭŏľĸŖĔŀŅěŏĮƦĬĬőĵĭŅĵĕŀĚŏĴŊŀĚĸņĮŅĚĪňŗĨƟŀĚŏĕƟŅėĺĭėŋĴĔŅĶĽƞĚĽƞĺĵŏľĸŖĔȮĞŉŗĚŏĴŊŀĚĸņĮŅĚŒľƟ
ėĺŅĴĽņėńĠĔńĭŏľĸŖĔŏĴŊŀĚĸŀĚĴŅĨńŘĚŐĨƞĽĴńĵŏěƟŅĽŋĺȰœĝĵĽĚėĶŅĴȮ&ľĬŅĬĪŇıĵƢĝƟŅĚ'ȮŏěƟŅŏĴŊŀĚĸņĮŅĚȮ
ħńĚĔĸƞŅĺœĮŐĸƟĺĕƟŅĚĨƟĬȮ 

ŒĬĽĴńĵĶńĨĬőĔĽŇĬĪĶƢĔŅĶĪņĽƞĺĵŏľĸŖĔŏĴŊŀĚĸŀĚŐĔƞŏĴŊŀĚĬėĶĸņĮŅĚěŃĔĶŃĪņĔŅĶĪŋĔĮƖŕȮĸŃȮ
2.ȮľŅĭȮ&0*2..ȮĔŇőĸĔĶńĴ'127ȮŏıŊŗŀŐĽħĚėĺŅĴěĚĶńĔĳńĔħňĨƞŀŏěƟŅįŌƟėĶŀĚĬėĶĸņĮŅĚŒĬģŅĬŃŏĴŊŀĚŒľĠƞĪňŗ
ĮĔėĶŀĚŏĴŊŀĚĸŀĚȮőħĵŏĮƦĬľĬƟŅĪňŗĕŀĚȮŐĽĬĭƞŀȮľĴŊŗĬĔĸŅĚőľĚȮŐĸŃıƞŀŏĴŊŀĚŒĬĔŅĶŏĔĦĤƢŐĶĚĚŅĬĪņ
ĽƞĺĵŏľĸŖĔȮőħĵĔŅĶĕŋħŐĶƞŏľĸŖĔŐĸƟĺĬņĴŅȮŴŏŀƞŅŏľĸŖĔŵȮľĶŊŀĩĸŋĚŏľĸŖĔȮěŅĔĬńŘĬĬņŏŀŅŐĶƞŏľĸŖĔĪňŗĭĶŇĽŋĪīŇś
ĴŅĨňĪņŏĮƦĬĔƟŀĬŏľĸŖĔĽƞĚœĮŏėƟŅĽĬŅĴľĸĺĚŏĴŊŀĚĸŀĚȮŏıŊŗŀěńħĽƞĚœĮŏėƟŅĽĬŅĴľĸĺĚŏĴŊŀĚĬėĶĸņĮŅĚȮȮȮȮ
ĽƞĺĵŏľĸŖĔĪňŗŏľĸŊŀěŃĬņĴŅŐĭƞĚŒľƟĔńĭœıĶƞĪňŗŏĔĦĤƢŏıŊŗŀœĮŒĝƟŒĬĔŅĶĪņŏėĶŊŗŀĚĴŊŀŏėĶŊŗŀĚŒĝƟĨƞŅĚŕ128ȮȮȮȮȮȮ
ĔƟŀĬŏľĸŖĔěŃĩŌĔŐĭƞĚŒľƟĔńĭŏěƟŅįŌƟėĶŀĚĬėĶȮŏěƟŅŀŋĮĶŅĝȮŏěƟŅĶŅĝĺĚĻƢȮŏěƟŅĬŅĵŀŊŗĬŕ129ȮŀňĔĽƞĺĬľĬŉŗĚŒĝƟŒĬ

 
125 ĻŌĬĵƢĴŅĬŋļĵĺŇĪĵŅĽŇĶŇĬīĶ, ěŅĶŉĔĪņŏĬňĵĭľńĺŏĴŊŀĚŐĸŃįŌƟėĶŀĚŏĴŊŀĚȮĪŇĻŏľĬŊŀȮ&ŏĴŊŀĚěŅĚȮŏĴŊŀĚŏĴŅŃȮŏĴŊŀĚ

ĪƞŅȮŏĴŊŀĚĸŀĚȮŏĴŊŀĚıĵŅĔȮŏĴŊŀĚĚŅĺȮŏĴŊŀĚŏĨŅŃȮŏĴŊŀĚĺńĚȮŏĴŊŀĚŐěƟľƞĴ'ȮĽŊĭėƟĬŏĴŊŗŀĺńĬĪňŗȮ20 ĨŋĸŅėĴȮ2561 ěŅĔȮ
ģŅĬĕƟŀĴŌĸěŅĶŉĔŒĬĮĶŃŏĪĻœĪĵȮ8ȮURL 
http://www.sac.or.th/databases/inscriptions/inscribe_detail.php?id=/.445 

126 ĳŌŏħĝȮŐĽĬĽŅ*ȮŴŏĴŊŀĚĸŀĚȮ8ȮėĺŅĴįńĬŐĮĶĕŀĚŏĴŊŀĚĕĬŅħŏĸŖĔŒĬĸƟŅĬĬŅěŅĔĶńģěŅĶňĨĩŉĚĮƤěěŋĭńĬ*ŵȮ
&ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅĻŇĸĮĻŅĽĨĶĴľŅĭńĦĤŇĨȮĽŅĕŅĺŇĝŅĮĶŃĺńĨŇĻŅĽĨĶƢȮĭńĦĤŇĨĺŇĪĵŅĸńĵȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ*Ȯ
0330'*Ȯ24, 

127 ľěĝ,Ķ3ĔĶȮ3ȮĶĸ-ıĻ,/.-4.*ȮĬŅĵľĬŅĬĕńĨŇĵŃĭŋĨĶŐĽĬľĸĺĚŏěƟŅŏĴŊŀĚĸŀĚĶƟŀĚĔĸƞŅĺőĪļŏěƟŅįŌƟėĶŀĚĬėĶ
ĸņĮŅĚ 

128 ĳŌŏħĝȮŐĽĬĽŅ*ȮŴŏĴŊŀĚĸŀĚȮ8ȮėĺŅĴįńĬŐĮĶĕŀĚŏĴŊŀĚĕĬŅħŏĸŖĔŒĬĸƟŅĬĬŅěŅĔĶńģěŅĶňĨĩŉĚĮƤěěŋĭńĬ*ŵȮ
(ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅĻŇĸĮĻŅĽĨĶĴľŅĭńĦĤŇĨȮĽŅĕŅĺŇĝŅĮĶŃĺńĨŇĻŅĽĨĶƢȮĭńĦĤŇĨĺŇĪĵŅĸńĵȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ, 
2552), 57. 

129 ĽĶńĽĺħňȮŀơŀĚĽĔŋĸ, ĮĶŃĺńĨŇĻŅĽĨĶƢĸƟŅĬĬŅȮ&ĔĶŋĚŏĪıłȮ8ȮŀĴĶŇĬĪĶƢıĶŇŘĬĨŇŘĚ, 0336', 300, 



  
 

 

4. 

ĔŅĶįĸŇĨŏėĶŊŗŀĚĴŊŀŏėĶŊŗŀĚŒĝƟĬņŀŀĔĕŅĵȮŒĬĨĸŅħĕŀĚŏĴŊŀĚĸņĮŅĚŏĬŊŗŀĚěŅĔŒĬĕĦŃĬńŘĬŏĴŊŀĚĬėĶĸņĮŅĚ
ĩŊŀŏĮƦĬĨĸŅħĔŅĶėƟŅĕĬŅħŒľĠƞĪňŗĽŋħŒĬĳŅėŏľĬŊŀĶŀĚěŅĔŏĴŊŀĚĬėĶŏĝňĵĚŒľĴƞ 

ŏľĸŖĔŏĴŊŀĚĸŀĚŒĬĪƟŀĚĨĸŅħĩŊŀĺƞŅŏĮƦĬŏľĸŖĔĪňŗĴňėŋĦĳŅıĽŌĚħńĚĮĶŅĔĢŒĬĚŅĬĔĺňĳŅėŏľĬŊŀĝƞĺĚ
ıŋĪīĻĨĺĶĶļĪňŗȮ03ȮľĸŅĵĜĭńĭȮŏĝƞĬȮėƞŅĺĜĸŀĚėŋƟĴľĸĺĚĕŀĚŏěƟŅľĸĺĚĬėĶŐıĶƞĕŀĚĻĶňĺŇœĝĵĔĺňŒĬĶŅĝ
ĽņĬńĔŐıĶƞȮŏĴŊŗŀȮı,Ļ,0231ȮėĺŅĴĺƞŅŴ,,,ĴňŏěŖħĽŇĭĽŀĚȮŏľĸŖĔĸŀĚĔĸơĴŏĔĸňŘĵĚěħěńĬŏěňĵĚŐĞƞœĺƟȮ,,,ľƟŅĽŇĭ
ĽŀĚȮŏľĸŖĔĸŀĚœľĸħńŘĬĕƞŅĴėĚĔŃıńĬĴŅĔĬńĔ,,,ȮĩƟĺĬŏěŖħĽŇĭĽŀĚȮŏľĸŖĔĸŀĚŐĕŖĚĬńĔĨŚņľĬńĔĴŇŗĚŐĔƟĺĴĚėĸ
,,,ŵ130ȮľĶŊŀȮıĶŃıĶľĴőĺľŅĶĔĺňĽņėńĠĕŀĚĶŅĝĽņĬńĔĸņĮŅĚȮĔĸƞŅĺĩŉĚŏľĸŖĔĸŀĚœĺƟĺƞŅȮŴ,,,ĝŅĨŇŏľĸŖĔ
ħņĮƕĺȮĭƞěńħŏĸŊŀĔŏĬŊŘŀȮĮƘĬŏĔƞŅŏĔŊŘŀőĭĶŅĦ,,,ěńĔĕńħĕĺŅĚȮĭƞŏĴŊŀĽŌƞľƟŀĚȮĔĸńĺŏľĸŖĔŏĴŊŀĚĸŀĚȮĺƟŀĚėńħŵ131 

 ŒĬŐĚƞŀŋĨĽŅľĔĶĶĴľĸńĚěŅĔĔŅĶŏĕƟŅĴŅĕŀĚĶĩœĲȮŒĬĝƞĺĚȮı,Ļ,Ȯ0242ȮĝŅĺŏĴŊŀĚĸŀĚŏĶŇŗĴĴňĺňĝňĺŇĨĽĴńĵŒľĴƞȮ
ŏľĸŖĔŏĴŊŀĚĸŀĚĩŌĔŐĪĬĪňŗħƟĺĵŏľĸŖĔŐĪƞĚěŅĔĨƞŅĚĮĶŃŏĪĻŐĸŃĭƞŀŏľĸŖĔĸŀĚĔĸŅĵŏĮƦĬĮƙŅĽĚĺĬŐľƞĚĝŅĨŇȮ
ŐĴƟĺƞŅŒĬĮƖȮı,Ļ,024/ȮıĶŃŏěƟŅĬƟŀĚĵŅŏīŀĔĶĴĕŋĬĔņŐıĚŏıĝĶŀńėĶőĵīŇĬŏĽĬŀŒľƟĪņŏľĴŊŀĚŐĶƞŏľĸŖĔȮŐĶƞ
ĪŀĚŐħĚȮŐĸŃŐĶƞĺŋĸŏĲĶĴȮŒĬŐĕĺĚŏĴŊŀĚĸŀĚȮŏĬŊŗŀĚěŅĔŏĮƦĬĪňŗĨƟŀĚĔŅĶŒĬĨĸŅħŐĸŃĝƞĺĵĽƞĚŏĽĶŇĴĶĩœĲĽŅĵ
ŏľĬŊŀŒľƟŏıŇŗĴĶŅĵœħƟŒľƟŐįƞĬħŇĬěŅĔĔŅĶĕĬĽƞĚĶĩœĲŀňĔĪŅĚľĬŉŗĚȮŐĨƞœĴƞœħƟĶńĭıĶŃĭĶĴĶŅĝŅĬŋĠŅĨ132Ȯ
ĮĶŃĔŀĭĔńĭŒĬĝƞĺĚĶŃĵŃŏĺĸŅħńĚĔĸƞŅĺĶŌĮŐĭĭĔŅĶėƟŅĕŀĚŏĴŊŀĚĸņĮŅĚĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚœĮȮĽŇĬėƟŅ
ĮĶŃŏĳĪŏėĶŊŗŀĚŏľĸŖĔŐĸŃŏľĸŖĔŐĪƞĚŏĮƦĬĽŇĬėƟŅĬņŏĕƟŅěŅĔĨƞŅĚĮĶŃŏĪĻȮĩŌĔĬņŏĕƟŅĴŅĕŅĵőħĵıƞŀėƟŅĝŅĺěňĬ
ŒĬŏĴŊŀĚĸņĮŅĚ133ȮĔŅĶĪņĚŅĬőĸľĔĶĶĴŏľĸŖĔŐĭĭħńŘĚŏħŇĴěŉĚĔĶŃĪņĕŉŘĬŐĨƞŒĬĶŃħńĭĪƟŀĚĩŇŗĬŏıŊŗŀįĸŇĨ
ŏėĶŊŗŀĚĴŊŀŏėĶŊŗŀĚŒĝƟŒĬėĶńĺŏĶŊŀĬ134ȮŐĪĬȮĮƤěěŋĭńĬľĸĚŏľĸŊŀŒľƟŏľŖĬŐĨƞŏıňĵĚĕĬĭĮĶŃŏıĦňŏĸňŘĵĚįňĭƞŀŏľĸŖĔ
ĪňŗĔĶŃĪņĽŊĭĪŀħĔńĬŒĬŏĝŇĚĽńĠĸńĔļĦƢŏıŊŗŀĶŃĸŉĔĩŉĚėĺŅĴĽŅĴŅĶĩĝńŘĬĽŌĚħƟŅĬĚŅĬőĸľĔĶĶĴĕŀĚįŌƟėĬŏĴŊŀĚ
ĸŀĚŒĬŀħňĨŏĪƞŅĬńŘĬ 

 ŀĵƞŅĚœĶĔŖĨŅĴŏĴŊŗŀıŇěŅĶĦŅıńĥĬŅĔŅĶĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĕŀĚŏĴŊŀĚĸŀĚŐĸƟĺěŃıĭĬńĵĵŃĽņėńĠėŊŀĔŅĶ
ŏĕƟŅėĺĭėŋĴĔŅĶįĸŇĨŏľĸŖĔŏľĸŖĔĕŀĚĪńŘĚĶŅĝĽņĬńĔŏĝňĵĚŒľĴƞŐĸŃĶŅĝĽņĬńĔŏĴŊŀĚĬėĶĸņĮŅĚȮȮȮȮȮȮĞŉŗĚ
ŏŀĔĽŅĶŐĸŃĕƟŀĴŌĸĪŅĮĶŃĺńĨŇĻŅĽĨĶƢħńĚĔĸƞŅĺŏĮƦĬĮĶŃőĵĝĬƢŀĵƞŅĚĴŅĔĨƞŀĔŅĶĺŇŏėĶŅŃľƢŐĸŃĨňėĺŅĴĪŅĚ

 
130 ĳŌŏħĝȮŐĽĬĽŅ, ĮĶŃĺńĨŇĻŅĽĨĶƢŏĴŊŀĚĸŀĚȮľńĺŏĴŊŀĚĭĶŇĺŅĶŒĬĸƟŅĬĬŅĮĶŃŏĪĻȮ&ŏĝňĵĚŒľĴƞȮ8ȮĬıĭŋĶňĔŅĶ

ıŇĴıƢ, 0332', /15ȮůȮ/16, 
131 ŀŋħĴȮĶŋƞĚŏĶŊŀĚĻĶň*ȮĔņĽĶĺĸıĶŃĵŅıĶľĴȮ: ėĶŅĺĽňŗĭĪŐĸŃėņěƞĴĕŀĚıĶŃĵŅıĶľĴőĺľŅĶȮ&ŏĝňĵĚŒľĴƞȮ: 

ĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ*Ȯ0302'*Ȯ7, 
132 Ĕěĝ,Ķ,4Ȯėė,3,1-6ȮĶŅĵĚŅĬĔŅĶŏĽħŖěĨĶĺěĪŅĚĶĩœĮĽŅĵŏľĬŊŀĕŀĚĔĶĴĕŋĬĔņŐıĚŏıĝĶȮ/1ȮĔĶĔġŅėĴȮ

024/ 
133 ĮĸŅĵŀƟŀȮĝĬŃĬĬĪƢȮŴĭĪĭŅĪĬŅĵĪŋĬıƞŀėƟŅĪňŗĴňĨƞŀĔŅĶĔƞŀŐĸŃĕĵŅĵĨńĺĕŀĚĪŋĬĬŇĵĴĳŅėŏľĬŊŀĕŀĚ

ĮĶŃŏĪĻœĪĵȮı,Ļ,0242-0301*ŵȮ&ĺŇĪĵŅĬŇıĬīƢĮĶŇĠĠŅŏĻĶļģĻŅĽĨĶĴľŅĭńĦĤŇĨȮĽŅĕŅĺŇĝŅŏĻĶļģĻŅĽĨĶƢȮĭńĦĤŇĨ
ĺŇĪĵŅĸńĵȮěŋĿŅĸĚĔĶĦƢĴľŅĺŇĪĵŅĸńĵ, 0307', Ȯ33-35, 

134 SlgrcbȮBcn_prkclrȮmdȮQr_rcȮ_lbȮRf_gȮPmw_jȮBcn_prkclrȮmdȮKglcq*ȮŴEcmjmegaȮ
Pcamll_gqq_lacȮmdȮRfcȮKglcp_jȮBcnmqgrȮmdȮRf_gj_lb*ŵȮEcmjmega_jȮGltcqrge_rgmlȮ@sjjcrglȮ762, (/735', 
53-54, 



  
 

 

4/ 

őĭĶŅĦėħňĶƞĺĴĔńĭľĸńĔģŅĬĪŅĚőĭĶŅĦėħňŐĸŃįĸĔŅĶĺŇŏėĶŅŃľƢĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅŒĬĮĶŃŏħŖĬĭĶŇĭĪ
ĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĪňŗĴňįĸĨƞŀőėĶĚĽĶƟŅĚĔŅĶįĸŇĨȮ&Carft Production'ȮŐĸŃĪńĔļĦŃĚŅĬĝƞŅĚİƖĴŊŀĪńĔļŃ
ıŇŏĻļ &Craft Specialization'ȮĞŉŗĚįŌƟĺŇěńĵěńĔœħƟŀĳŇĮĶŅĵŒĬĭĪĪňŗȮ6ȮĨƞŀœĮ 
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ĭĪĪňŗȮ3 
ĺŇīňĺŇĪĵŅĮĶŃĵŋĔĨƢȮ8ȮĳŅėĽĬŅĴŐĸŃŏĪėĬŇėĔŅĶĺŇŏėĶŅŃľƢĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅŒĬĔŅĶĻŉĔļŅ

ŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔĕŀĚŏĴŊŀĚĸŀĚőĭĶŅĦ 
 

 ŒĬĭĪĬňŘȮįŌƟĺŇěńĵěŃĔĸƞŅĺĩŉĚĺŇīňĺŇĪĵŅĮĶŃĵŋĔĨƢȮ&?nnjgcbȮKcrfmbmjmew'ȮĪňŗœħƟŀŀĔŐĭĭĨŅĴĔĶŀĭĺŇěńĵ
ĨŅĴĪķļġňŐĸŃŐĬĺėŇħĪňŗœħƟĮĶŇĪĶĶĻĬƢĺĶĶĦĔĶĶĴŒĬĽƞĺĬĕŀĚŐĬĺėŇħŐĸŃĪķļġňĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅ
ŒĬĭĪĪňŗȮ0ȮőħĵŏĮƦĬĔŅĶĬņŏĽĬŀĕńŘĬĨŀĬĪņĔŅĶĺŇěńĵĨŅĴĔĶŃĭĺĬĚŅĬőĭĶŅĦėħňȮŏėĶŊŗŀĚĴŊŀĺŇěńĵĪŅĚ
ĺŇĪĵŅĻŅĽĨĶƢȮĶĺĴĩŉĚĺŇīňĔŅĶĺŇŏėĶŅŃľƢŐĸŃĨňėĺŅĴĨƞŅĚŕȮĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅĪňŗěŃŏĮƦĬıŊŘĬģŅĬŒĬĔŅĶ
ĺŇěńĵŒĬĭĪĪňŗȮ4ȮĩŉĚȮ6ȮĶĺĴœĮĩŉĚĕƟŀĨĔĸĚŏĭŊŘŀĚĨƟĬľĶŊŀĕƟŀěņĔńħŒĬĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵ 

3,/ȮĳŅėĽĬŅĴĪŅĚőĭĶŅĦėħňŐĸŃĔŅĶėńħŏĸŊŀĔĨńĺŀĵƞŅĚľĸńĔģŅĬŒĬĔŅĶĺŇŏėĶŃľƢ 

ĔŅĶħņŏĬŇĬĚŅĬĺŇěńĵėĶńŘĚĬňŘœħƟŏĸŊŀĔŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴŏĮƦĬŐľĸƞĚőĭĶŅĦėħňľĸńĔŒĬĔŅĶ
ĻŉĔļŅĺŇěńĵȮĞŉŗĚěŅĔĔŅĶĮĶŇĪĶĶĻĬƢĺĶĶĦĔĶĶĴŐĸŃĔŅĶĮĶŃŏĴŇĬĻńĔĵĳŅıĕŀĚŐľĸƞĚőĭĶŅĦėħňȮıĭĺƞŅ
ŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴŏĮƦĬŐľĸƞĚĩĸŋĚŏľĸŖĔĕŀĚŏĴŊŀĚĸŀĚőĭĶŅĦȮĽŅĴŅĶĩĽĶƟŅĚŀĚėƢėĺŅĴĶŌƟħƟŅĬĔŅĶ
ĩĸŋĚŏľĸŖĔĪŅĚĨĶĚĽĴńĵőĭĶŅĦŒĬħŇĬŐħĬĸƟŅĬĬŅľĶŊŀıŊŘĬĪňŗĳŅėŏľĬŊŀĨŀĬĭĬĕŀĚĮĶŃŏĪĻœĪĵŒĬĽĴńĵ
ĽŋħĪƟŅĵȮ&ĽĴńĵĶńĨĬőĔĽŇĬĪĶƢ'ȮĔƞŀĬĔŅĶŏĕƟŅĴŅĕŀĚŏľĸŖĔěŅĔĨƞŅĚĮĶŃŏĪĻœħƟŐĸŃĮƤěěŋĭńĬŐľĸƞĚőĭĶŅĦėħň
ĵńĚėĚĽĳŅıĽĴĭŌĶĦƢŒĬŐĚƞĕŀĚľĸńĔģŅĬĪŅĚőĭĶŅĦėħňȮ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ15ȮȮĨņŐľĬƞĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮĨņĭĸĭƞŀŏľĸŖĔĸŀĚȮŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞ 

 



  
 

 

41 

3,/,/ȮĔŅĶĽņĶĺěĪŅĚőĭĶŅĦėħň 
  ĔŅĶĽņĶĺěĪŅĚőĭĶŅĦħňĴňěŋħĴŋƞĚľĴŅĵŏıŊŗŀĨĶĺěĽŀĭľŅľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪńŘĚĪňŗ
ŀĵŌƞĭĬįŇĺħŇĬȮŒĨƟħŇĬŐĸŃŒĨƟĬŘņȮĕŀĚŐľĸƞĚőĭĶŅĦėħňĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĩĸŋĚŏľĸŖĔŏĴŊŀĚĸŀĚőĭĶŅĦěņĬĺĬȮ
0ȮŐľĸƞĚȮœħƟŐĔƞŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴŐĸŃŐľĸƞĚőĭĶŅĦėħňħŀĵŏľĸŖĔȮŏıŊŗŀŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸ
ľĸńĔģŅĬĨƞŅĚŕȮĪňŗėĬŒĬŀħňĨĪŇŘĚœĺƟ135ȮőħĵŒĝƟĔŅĶĽņĶĺěĪŅĚőĭĶŅĦėħňŐĭĭŏĭŊŘŀĚĨƟĬȮ&Reconnaissance 
Ground Survey'ȮȮőħĵŒĝƟľĴŌƞĭƟŅĬŏĮƦĬĨńĺĭƞĚĝňŘŒĬĔŅĶĸĚıŊŘĬĪňŗŏĕƟŅĽņĶĺěŐĸŃĽńĴĳŅļĦƢŏıŊŗŀŒľƟĽŅĴŅĶĩ
ŏĕƟŅĩŉĚŐľĸƞĚőĭĶŅĦėħňĪňŗĵńĚœĴƞĴňĕƟŀĴŌĸľĶŊŀŐľĸƞĚőĭĶŅĦėħňŐľĸƞĚŒľĴƞœħƟĶĺħŏĶŖĺĴŅĔĵŇŗĚĕŉŘĬ136ȮĬŀĔěŅĔĬňŘ
ĵńĚĴňĔŅĶĪĭĪĺĬĺĶĶĔĶĶĴŒĬŏĭŊŘŀĚĨƟĬŏıŊŗŀĽŊĭėƟĬŐľĸƞĚőĭĶŅĦėħňŐĸŃĨņŐľĬƞĚĪňŗŐĬƞĬŀĬŒĬĮƤěěŋĭńĬĪńŘĚ
ěŅĔŏŀĔĽŅĶěħľĴŅĵŏľĨŋȮŐįĬĪňŗŏĔƞŅȮŐĸŃĔŅĶĽńĴĳŅļĦƢĬńĔĺŇĝŅĔŅĶȮĪńŘĚĬňŘŒĬĔĶŃĭĺĬĔŅĶĳŅėĽĬŅĴěŃĴň
ĔŅĶĨĶĺěĽŀĭıŊŘĬĪňŗȮĔŅĶŏĔŖĭĨńĺŀĵƞŅĚőĭĶŅĦĺńĨĩŋȮĬŇŏĺĻĺńĨĩŋȮĔŅĶĽńĴĳŅļĦƢȮĔŅĶěńħĪņŐįĬĪňŗȮȮȮȮȮȮȮȮȮȮ
ŐĸŃĔŅĶĩƞŅĵĳŅıȮěŅĔĬńŘĬěŃĬņĕƟŀĴŌĸĪńŘĚľĴħĴŅĺŇŏėĶŅŃľƢĶƞĺĴĔńĭĕƟŀĴŌĸŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĪŅĚőĭĶŅĦ
őĸľŃĺŇĪĵŅ  
     3,/,0ȮĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħň 
         ĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňĴňĺńĨĩŋĮĶŃĽĚėƢĪňŗěŃĶĺĭĶĺĴĕƟŀĴŌĸőėĶĚĽĶƟŅĚŏĨŅĩĸŋĚŏľĸŖĔĕŀĚ
ŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮĶĺĴĪńŘĚĔŅĶĨĶĺěĽŀĭŀŅĵŋĽĴńĵȮĔŅĶŒĝƟıŊŘĬĪňŗŐľĸƞĚőĭĶŅĦėħňŐĸŃĔŅĶ
ĶĺĭĶĺĴĨńĺŀĵƞŅĚľĸńĔģŅĬĪňŗěŃĬņœĮĺŇŏėĶŅŃľƢŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅȮőħĵħņŏĬŇĬĚŅĬ
ĕŋħėƟĬĪŅĚőĭĶŅĦėħňŒĬĝƞĺĚŏħŊŀĬĴĔĶŅėĴĩŉĚŏħŊŀĬĴŇĩŋĬŅĵĬȮĮƖȮı,Ļ,0340 
         3,/,0,/ȮĔŅĶĺŅĚŐįĬįńĚľĸŋĴĕŋħėƟĬĪŅĚőĭĶŅĦėħň 

ŒĬĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňėĶńŘĚĬňŘŒĝƟĔŅĶĺŅĚĨŅĶŅĚĔĶŇħėĶŀĭėĸŋĴ
ıŊŘĬĪňŗŐľĸƞĚőĭĶŅĦėħňĪńŘĚľĴħőħĵĨŅĶŅĚĔĶŇħěŃŏĮƦĬĔĶŇħŏħňĵĺĔńĬĪňŗěŃĪņĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňȮȮȮȮȮ
őħĵĺŅĚĶŃĭĭĨŅĴŐĬĺŐĔĬĪŇĻŏľĬŊŀŒĨƟįƞŅĔĸŅĚŏĬŇĬħŇĬŐľĸƞĚőĭĶŅĦėħň137ȮŏıŊŗŀėĺŅĴĽŃħĺĔŒĬĔŅĶ
ĔņľĬħĨņŐľĬƞĚľĸŋĴĕŋħėƟĬŐĸŃĔŅĶŏĔŖĭĕƟŀĴŌĸľĸńĔģŅĬĪŅĚőĭĶŅĦėħňȮőħĵĴňěŋħıŇĔńħĨŅĵĨńĺŀĵŌƞĪňŗěŋħĨńħ
ŐĔĬĪŇĻĞŉŗĚŏĮƦĬěŋħŏħňĵĺĔńĬĔńĭľĴŋħľĸńĔģŅĬȮ(Branch Mark ů B.M.) ĪňŗĶŃħńĭȮ.,..ȮĭĶŇŏĺĦľńĺĴŋĴıŊŘĬ
ĮŌĬĕŀĚĭƟŅĬıńĔĕƟŅĶŅĝĔŅĶőĶĚıĵŅĭŅĸĽƞĚŏĽĶŇĴĽŋĕĳŅıĭƟŅĬĬŅĨŋƟĴȮıŇĔńħȮUTM WGS 1984 47Q 
582252.96 E 1995710.98 N ėĺŅĴĽŌĚȮ/1/ȮŏĴĨĶěŅĔĶŃħńĭĬŘņĪŃŏĸĮŅĬĔĸŅĚŐĸŃŀĵŌƞĨŗņěŅĔ
ěŋħĽŌĚĽŋħĕŀĚĵŀħŏĬŇĬħŇĬĮĶŃĴŅĦȮ1.ȮŏĞĬĨŇŏĴĨĶȮĬŀĔěŅĔĬňŘĵńĚœħƟĩƞŅĵĶŃħńĭěŋħĶŃħńĭŏĽƟĬĽĴĴŋĨŇĪňŗȮ
.,..ȮœĮœĺƟĵńĚĨƟĬœĴƟĪňŗĨńŘĚŀĵŌƞĭĶŇŏĺĦŏĬŇĬħŇĬŐľĸƞĚőĭĶŅĦėħňȮőħĵŀĵŌƞĽŌĚěŅĔěŋħĔĶŃěŅĵĨńĺĕŀĚŏĨŅĩĸŋĚ
ĮĶŃĴŅĦȮ3.ȮŏĞĬĨŇŏĴĨĶȮ 

 
 
 

 135ȮĔĶĴĻŇĸĮŅĔĶ*ȮėŌƞĴŊŀĮĢŇĭńĨŇĚŅĬħƟŅĬőĭĶŅĦėħňȮ&ĔĶŋĚŏĪıȮ: ĽņĬńĔőĭĶŅĦėħňȮĔĶĴĻŇĸĮŅĔĶ*Ȯ033/'*Ȯ6. 
 136 Drewett Peter, Field archaeology &London: Routledge, 2004'*Ȯ22, 

137 Steve Roskams, Excavation (Cambrige : Cambrige University Press, 2001), 96. 
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ĳŅıĪňŗȮ38ȮȮĨŅĶŅĚĔĶŇħıŊŘĬĪňŗőėĶĚĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞ ĮƖȮı,Ļ,Ȯ
0340 
 
              3,/,0,0ȮĸńĔļĦŃľĸŋĴĕŋħėƟĬĪŅĚőĭĶŅĦėħňȮ 
                   3,/,0,0,/ȮľĸŋĴĕŋħėƟĬĽňŗŏľĸňŗĵĴěńĨĨŋĶńĽȮ&Pit'ȮľĸŋĴĕŋħėƟĬĸńĔļĦŃĬňŘ
ĽŅĴŅĶĩĺŅĚįńĚľĸŋĴœħƟėĶŀĭėĸŋĴıŊŘĬĪňŗĪňŗěŃĪņĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňœħƟĔĺƟŅĚĕĺŅĚĴŅĔĵŇŗĚĕŉŘĬŐĸŃ
ĽŅĴŅĶĩŏĸŊŀĔĽŋƞĴĕŋħŏĜıŅŃıŊŘĬĪňŗĽņėńĠĪňŗĽŅĴŅĶĩŒľƟĕƟŀĴŌĸĪŅĚőĭĶŅĦėħňŒĬĮĶŇĴŅĦĴŅĔœħƟ138ȮőħĵŏĸŊŀĔ
ĺŅĚįńĚėĶŀĭėĸŋĴŏĬŇĬŏĨŅĩĸŋĚŐĸŃıŊŘĬĪňŗľĬƟŅŏĨŅĩĸŋĚȮőħĵĴňĺńĨĩŋĮĶŃĽĚėƢŒĬĔŅĶĕŋħėƟĬŏıŊŗŀĻŉĔļŅ
őėĶĚĽĶƟŅĚŏĨŅȮĸńĔļĦŃĔŅĶĔĶŃěŅĵĨńĺĕŀĚŏĨŅȮĸńĔļĦŃĝńŘĬĪńĭĩĴĪŅĚőĭĶŅĦėħňĕŀĚŐľĸƞĚŐĸŃŒĝƟ
ĔņľĬħĪŇĻĪŅĚĔŅĶŏĮƕħĕĵŅĵľĸŋĴĕŋħėƟĬĨŅĴŐĬĺľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗıĭŒĬľĸŋĴĕŋħėƟĬŐĭĭŏĮƕħ
ĔĺƟŅĚȮ&Open Area Excavation' 
                   3,/,0,0,0ȮľĸŋĴĕŋħėƟĬŐĭĭŏĮƕħĔĺƟŅĚȮ&Open Area Excavation'Ȯ
ŏĮƦĬĔŅĶĮĶŃĵŋĔĨƢŒĝƟŏıŊŗŀŒľƟŏľŖĬĔŅĶĔĶŃěŅĵĨńĺĕŀĚľĸńĔģŅĬĪŅĚőĭĶŅĦėħňŐĸŃĔŅĶŒĝƟıŊŘĬĪňŗĕŀĚŐľĸƞĚ
őĭĶŅĦėħňĪńŘĚŐľĸƞĚőħĵĔŅĶĕŋħėƟĬŒĬĸńĔļĦŃĬňŘĔŅĶĕŋħėƟĬěŃĕŉŘĬŀĵŌƞĔńĭĽĳŅıŐĺħĸƟŀĴŐĸŃĮƤěěńĵĨƞŅĚŕȮ

 
138 ĔĶĴĻŇĸĮŅĔĶ, ėŌƞĴŊŀĮĢŇĭńĨŇĚŅĬĪŅĚőĭĶŅĦėħňȮ&ĔĶŋĚŏĪı : ĔŀĚőĭĶŅĦėħňȮĔĶĴĻŇĸĮŅĔĶ,033/', /5ȮůȮ

/6,Ȯ 
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ĕŀĚŐľĸƞĚőĭĶŅĦėħň139ȮĪńŘĚĬňŘįŌƟĺŇěńĵœħƟĪņĔŅĶĕŋħĕĵŅĵĨŅĴĨņŐľĬƞĚĔĶŇħĪňŗœħƟĺŅĚŏŀŅœĺƟȮėĶńŘĚĸŃȮ/ȮĩŉĚȮ0Ȯ
ĔĶŇħ 
            3.1.2.3 ĺŇīňĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħň 
                 ŒĝƟĔŅĶĕŋħėƟĬŐĭĭŏĬĺĬŀĬȮ&Horizontal Method'ȮŐĸŃĔŅĶĕŋħėƟĬĨŅĴ
ĶŃħńĭĝńŘĬħŇĬĽĴĴŋĨŇȮ&Abritaraly Level'ȮĞŉŗĚŏĮƦĬĔŅĶĕŋħĸŀĔőħĵĕŋħĮĶńĭĶŃħńĭıŊŘĬįŇĺŒľƟŀĵŌƞŒĬĶŃĬŅĭ
ŏħňĵĺĔńĬĔƞŀĬȮěŅĔĬńŘĬĕŋħėƟĬĨŅĴĶŃħńĭĪňŗĽĴĴŋĨŇĕńŘĬȮĶŃħńĭĸŃȮ/.ȮĩŉĚȮ0.ȮŏĞĬĨŇŏĴĨĶȮěĬĩŉĚĶŃħńĭħŇĬŏħŇĴ
ĕŀĚŐľĸƞĚőĭĶŅĦėħňȮ&Living Floor'ȮĞŉŗĚįĸěŅĔĔŅĶĕŋħėƟĬıĭĺƞŅŀĵŌƞŒĬĶŃħńĭȮ3.Ȯcm.DT ľĶŊŀĮĶŃĴŅĦȮ
0.ȮĩŉĚȮ2.ȮŏĞĬĨŇŏĴĨĶěŅĔıŊŘĬįŇĺħŇĬĮƤěěŋĭńĬȮěĬĔĶŃĪńŘĚœĴƞĮĶŅĔĢľĸńĔģŅĬĪŅĚőĭĶŅĦėħňŒĬĝńŘĬħŇĬĬńŘĬŕ 
   ȮȮȮ3,/,0,2ȮĔŅĶŏĔŖĭĨńĺŀĵƞŅĚľĸńĔģŅĬŏıŊŗŀĬņœĮŒĝƟĺŇŏėĶŅŃľƢľƟŀĚĮĢŇĭńĨŇĔŅĶ
ĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅ 
   ȮȮȮŏĬƟĬĔŅĶŏĔŖĭĨńĺŀĵƞŅĚľĸńĔģŅĬĮĶŃŏĳĪĨŃĔĶńĬĮĶŃŏĳĪĨƞŅĚŕȮĪňŗĕŋħėƟĬıĭ
őħĵŏĜıŅŃĨŃĔĶńĬĔƟĬŏĨŅȮ&Slag Cake'ȮěņĬĺĬĴŅĔĺƞŅȮ1..ȮĨńĺŀĵƞŅĚŏıŊŗŀĬņĴŅĽĔńħȮĵƞŀĵŐĸŃėńħŏĸŊŀĔ
ĽņľĶńĭĬņœĮĺŇŏėĶŅŃľƢŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅěņĬĺĬœĴƞĨŗņĔĺƞŅȮ/..ȮĨńĺŀĵƞŅĚȮ
ĬŀĔěŅĔĬňŘĵńĚŏĬƟĬŏĔŖĭĨńĺŀĵƞŅĚŏĪėĬŇėŀĸŏĞĶŅĴŇėĮĶŃŏĳĪįĬńĚŏĨŅĩĸŋĚȮĝŇŘĬĽƞĺĬľŋƟĴĮĸŅĵĪƞŀĸĴħŇĬŏįŅ
ĮĶŃŏĳĪĨƞŅĚŕȮŐĸŃŏėĶŊŗŀĚĩƟĺĵĸƟŅĬĬŅľĶŊŀŏėĶŊŗŀĚĩƟĺĵěňĬŏıŊŗŀĬņĔņľĬħŀŅĵŋĶƞĺĴĔńĭįĸĔŅĶľŅėƞŅŀŅĵŋ
ĪŅĚĺŇĪĵŅĻŅĽĨĶƢŐĸŃĩƞŅĬœĴƟĳŅĵŒĬĨŃĔĶńĬĔƟĬŏĨŅŏıŊŗŀĬņœĮĔņľĬħŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢ 

3,0ȮĔŅĶĺŇŏėĶŅŃľƢŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅ 

3,0,/ȮĔŅĶĔņľĬħėƞŅŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢ 
įŌƟĺŇěńĵŒĝƟĔŅĶľŅėƞŅŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢȮ0ȮĺŇīňȮėŊŀȮĔņľĬħŀŅĵŋěŅĔŏėĶŊŗŀĚŏĶƞĚŐĸŃŐĵĔ

ěņĬĺĬœŀőĞőĪĮĕŀĚėŅĶƢĭŀĬȮ&Accelerator Mass Spectrometry ľĶŊŀȮAMS Dating) őħĵĔŅĶĽĔńħ
ĩƞŅĬœĴƟĪňŗŏľĸŊŀĳŅĵŒĬĔƟŀĬĨŃĔĶńĬĔƟĬŏĨŅȮĬŀĔěŅĔĬňŘĵńĚĬņľĸńĔģŅĬĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅĮĶŃŏĳĪŏĪė
ĬŇŏėŇĸŏĞĶŅĴŇėȮ&įĬńĚŏĨŅ'ȮœĮľŅėƞŅŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢħƟĺĵĺŇīňŏĶŊŀĚŐĽĚėĺŅĴĶƟŀĬȮ&TL Dating'ȮŀĵƞŅĚœĶ
ĔŖĨŅĴįŌƟĺŇěńĵœħƟĬņėƞŅŀŅĵŋĪńŘĚĽŀĚĴŅŏĮĶňĵĭŏĪňĵĭĶƞĺĴĔńĭőĭĶŅĦĺńĨĩŋĮĶŃŏĳĪŏėĶŊŗŀĚĩƟĺĵĸƟŅĬĬŅŐĸŃěňĬĪňŗ
ĽņĶĺěŐĸŃĕŋħėƟĬıĭȮĶĺĴĪńŘĚŏŀĔĽŅĶĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢȮőħĵıĭĕƟŀĕńħŐĵƟĚĭŅĚĮĶŃĔŅĶĕŀĚėƞŅŀŅĵŋĪŅĚ
ĺŇĪĵŅĻŅĽĨĶƢĪńŘĚĽŀĚŐĭĭĞŉŗĚěŃœħƟŀĳŇĮĶŅĵŒĬĭĪĪňŗȮ4ȮĨƞŀœĮ 

    3,0,0ȮĔŅĶĺŇŏėĶŅŃľƢĨńĺŀĵƞŅĚĨŃĔĶńĬŒĬľƟŀĚĮĢŇĭńĨŇĔŅĶĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅȮ 
ŒĬĔŅĶŏĸŊŀĔőĭĶŅĦĺńĨŋĺŇŏėĶŅŃľƢŏĮƦĬĔŅĶĽŋƞĴŏĸŊŀĨńĺŀĵƞŅĚľĸńĔģŅĬĪŅĚőĭĶŅĦėħňőħĵ

ŏĸŊŀĔŏĜıŅŃĨŃĔĶńĬŏľĸŖĔĪňŗœħƟěŅĔĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňŏĪƞŅĬńŘĬȮőħĵŏĬƟĬŏĜıŅŃĨŃĔĶńĬĔƟĬŏĨŅȮ
ĨŃĔĶńĬľĵħĬŘņŐĸŃĨŃĔĶńĬŐįƞĬȮőħĵŏĸŊŀĔŏĔŖĭĨńĺŀĵƞŅĚĪňŗėńħŏĸŊŀĔŐĸƟĺȮěņĬĺĬȮ/..ȮĨńĺŀĵƞŅĚȮěŅĔ
ĪŃŏĭňĵĬőĭĶŅĦĺńĨĩŋĪňŗœħƟĪņĔŅĶěńħĪņĪŃŏĭňĵĬœĺƟȮĽƞĺĬĝŇŘĬĽƞĺĬŀŊŗĬŕȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĨŅĩĸŋĚȮ

 
139 Peter L. Drewett, Field Archaeology : An Introduction (London : Routledge,1999), 

97-98. 
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ĮĶŃĔŀĭħƟĺĵȮĝŇŘĬĽƞĺĬĮĸŅĵľŋƟĴĪƞŀĸĴħŇĬŏįŅȮĝŇŘĬĽƞĺĬįĬńĚŏĨŅȮĔŖěŃĩŌĔĬņĴŅĺŇŏėĶŅŃľƢħƟĺĵőħĵĴňĺŇīň
ŏĨĶňĵĴĨńĺŀĵƞŅĚŐĸŃŏĪėĬŇėŒĬĔŅĶĺŇŏėĶŅŃľƢȮħńĚĬňŘ 

5.2.2.1 ĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢőėĶĚĽĶƟŅĚįĸŉĔŏĮƦĬĔŅĶĻŉĔļŅőėĶĚĽĶƟŅĚ
įĸŉĔěņŏĮƦĬĨƟŀĚĪņŒľƟįŇĺĨńĺŀĵƞŅĚĪňŗěŃĬņĴŅĻŉĔļŅĴňėĺŅĴĶŅĭŏĶňĵĭȮŏľĴŅŃĽņľĶńĭĔŅĶĽƞŀĚŒĬĔĸƟŀĚ
ěŋĸĪĶĶĻĬƢȮěŉĚěņŏĮƦĬĨƟŀĚĴňĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚĔƞŀĬĔŅĶĻŉĔļŅȮĮĶŃĔŀĭħƟĺĵĔŅĶĨńħŐĨƞĚĨńĺŀĵƞŅĚȮĔŅĶ
ľĸƞŀľĶŊŀĕŉŘĬŏĶŊŀĬŐĸŃĔŅĶĕńħįŇĺȮĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘ 
             3,0,0,/,/ȮĔŅĶĨńħĨńĺŀĵƞŅĚȮŏĶŇŗĴěŅĔĔŅĶŏĸŊŀĔĨŃĔĶńĬĪňŗěŃĬņĴŅĻŉĔļŅěŅĔĬńŘĬĪņ
ĔŅĶĪŋĭľĶŊŀĨńħħƟĺĵŏėĶŊŗŀĚĨńħĔĶŃŏĭŊŘŀĚŒľƟœħƟĕĬŅħœĴƞĨŗņĔĺƞŅȮ1ȮŏĞĬĨŇŏĴĨĶȮěŅĔĬńŘĬĪņĔŅĶĸĭėĺŅĴėĴ
ĕŀĚıŊŘĬįŇĺĨńĺŀĵƞŅĚŀŀĔĔƞŀĬħƟĺĵĔĶŃħŅļĪĶŅĵŏıŊŗŀĮƚŀĚĔńĬėĺŅĴŏĽňĵľŅĵĨƞŀĺńĽħŋĪňŗĪņĔŅĶĕńħŒĬĕńŘĬĨŀĬ
ĨƞŀœĮȮŒĬĕńŘĬĨŀĬĬňŘįŇĺĨńĺŀĵƞŅĚěŃĴňėĺŅĴĶŅĭŏĶňĵĭŒĬĶŃħńĭľĬŉŗĚȮŏıŊŗŀŒľƟĽŅĴŅĶĩħņŏĬŇĬĔŅĶĨƞŀŒĬ
ĕńŘĬĨŀĬĔŅĶľĸƞŀľĶŊŀĕŉŘĬŏĶŊŀĬ 
             3,0,0,/,0ȮĔŅĶľĸƞŀľĶŊŀĕŉŘĬŏĶŊŀĬŏĮƦĬĔŅĶĪņŒľƟĵŉħĨńĺŀĵƞŅĚŒľƟŀĵŌƞŒĬĽŅĶŏėĴňŐĕŖĚ
ŐĸŃŒĽȮŏıŊŗŀėĺŅĴĽŃħĺĔŒĬĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚŒĬĕńŘĬĨŀĬĕŀĚĔŅĶĕńħįŇĺŐĸŃŒĬĕńŘĬĨŀĬĔŅĶĽƞŀĚĔĸƟŀĚ
ěŋĸĪĶĶĻĬƢȮŒĬĚŅĬĺŇěńĵĝŇŘĬĬňŘŒĝƟĺńĽħŋıŀĸŇŏĴŀĶƢȮĮĶŃŏĳĪȮŴEpoxy ResinŵȮŏĮƦĬĺńĽħŋŒĬĔŅĶĵŉħĨńĺŀĵƞŅĚőħĵ
ĔĶĶĴĺŇīňľĸƞŀŏĵŖĬȮ&Cold Monting'ȮőħĵĺŅĚĨńĺŀĵƞŅĚħƟŅĬĪňŗĕńħĴńĬœĺƟŏĭŊŘŀĚĨƟĬŐĸƟĺĸĚȮŒĬŐĴƞıŇĴıƢĵŅĚĶŌĮ
ĺĚĔĸĴȮěŅĔĬńŘĬįĽĴĽŅĶŏėĴňŏĶĞŇŗĬȮ&EpoxiCureƃ 2 Epoxy'ȮŐĸŃĽŅĶĝƞĺĵŐĕŖĚȮ&EpoxiCureƃ 2 
EpoxyȮHardener'ȮŒĬŀńĨĶŅĽƞĺĬȮ/Ȯ: 35 ĔĶńĴȮŏĪĸĚŒĬŐĴƞıŇĴıƢěĬĪƞĺĴĨńĺŀĵƞŅĚȮěŅĔĬńŘĬĪŇŘĚŒľƟŐĕŖĚĨńĺ
ŏĮƦĬĶŃĵŃŏĺĸŅȮ/ȮĺńĬ 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ39ȮȮĔŅĶľĸƞŀĕŉŘĬŏĶŊŀĬĕŀĚĨńĺŀĵƞŅĚľĸńĔģŅĬĮĶŃŏĳĪĨŃĔĶńĬŏľĸŖĔ 
 

            3,0,0,/,1ȮĔŅĶĕńħįŇĺȮŏĮƦĬĔŅĶĕńħĨńĺŀĵƞŅĚĪňŗľĸƞŀŏĶĞŇĬŐĸƟĺŒĬħƟŅĬĪňŗĴňĔŅĶĕńħįŇĺ
ĴŅŐĸƟĺŏĭŊŘŀĚĨƟĬȮĴňėĺŅĴĸŃŏŀňĵħėĴĝńħȮŏľĴŅŃŐĔƞĔŅĶĽƞŀĚĔĸƟŀĚěŋĸĪĶĶĻĬƢȮőħĵŐĭƞĚĔŅĶĕńħįŇĺœħƟȮ0Ȯ
ĶŃħńĭȮėŊŀ 
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               /) ĔŅĶĕńħŐĭĭľĵŅĭȮ&Griding'ȮŏĮƦĬĔŅĶĕńħįŇĺŐĭĭŏĮƖĵĔħƟĺĵĔĶŃħŅļĪĶŅĵ
ĪňŗĴňėĺŅĴĸŃŏŀňĵħěŅĔĬƟŀĵœĮľŅĴŅĔȮĪņĔŅĶĕńħįŇĺőħĵŒĝƟĬŘņŏĮƦĬĨńĺĝƞĺĵŒĬĔŅĶĕńħȮĪńŘĚĬňŘȮĔĶŃħŅļĪĶŅĵĪňŗ
ŒĝƟěŃŏĶŇŗĴĨƟĬěŅĔŏĭŀĶƢȮ/6.Ȯ02.Ȯ6..Ȯ/,0..ȮőħĵĪńŘĚȮ2ȮŏĭŀĶƢȮŒĝƟĔŅĶĕńħŐĭĭŏĮĸňŗĵĬĪŇĻĪŅĚœĮĪŅĚĕĺŅȮ
7.ȮŀĚĻŅĪŋĔėĶńŘĚĪňŗŏĮĸňŗĵĬŏĭŀĶƢĔĶŃħŅļĪĶŅĵȮŏıŊŗŀŏĮƦĬĔŅĶĪņŒľƟĶŀĵĕńħŏħŇĴĔƞŀĬľĬƟŅĩŌĔŐĪĬĪňŗħƟĺĵĶŀĵ
ĕńħŒľĴƞĪňŗĴňėĺŅĴĸŃŏŀňĵħĴŅĔĔĺƞŅȮĪņŒľƟĴňĨńĺŀĵƞŅĚĪňŗĕńħėĺŅĴĶŅĭŏĶňĵĭĕŉŘĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮěŅĔĬńŘĬĕńħįŇĺ
ħƟĺĵĔĶŃħŅļĪĶŅĵŏĭŀĶƢȮ0,2..ȮŐĸŃȮ2,...ȮőħĵŒĝƟŏėĶŊŗŀĚĕńħŐĭĭěŅĬľĴŋĬȮ&Polishing Machine'ȮĞŉŗĚ
ěŃĪņŒľƟĨńĺŀĵƞŅĚĴňėĺŅĴĸŃŏŀňĵħĶŅĭŏĶňĵĭŏıňĵĚıŀĽņľĶńĭĔŅĶĕńħŐĭĭĸŃŏŀňĵħľĶŊŀĔŅĶĕńħĴńĬĨƞŀœĮȮ 
               0) ĔŅĶĕńħŐĭĭĸŃŏŀňĵħľĶŊŀĔŅĶĕńħĴńĬȮ&Polishing'ȮŏĮƦĬĔŅĶĕńħįŇĺőħĵŒĝƟŒĵ
ĽńĚŏėĶŅŃľƢĶƞĺĴĔńĭĽŅĶŐĕĺĬĸŀĵįĚŏıĝĶŏĮƦĬĽŅĶĕńħŏĚŅŐĸŃľĸƞŀħƟĺĵĬŘņĴńĬľĸƞŀĸŊŗĬȮőħĵŏĶŇŗĴěŅĔĔŅĶĪņ
ėĺŅĴĽŃŀŅħĨńĺŀĵƞŅĚħƟĺĵȮŴAcetoneŵȮěŅĔĬńŘĬĬņœĮĕńħĔńĭįƟŅŐĸŃįĚŏıĝĶĪňŗŀĬŋĳŅėȮ1ȮœĴėĶŀĬȮŐĸŃȮ
/ȮœĴėĶŀĬȮĭĬěŅĬľĴŋĬįĚŏıĝĶȮ&Diamond Paste'ȮĶƞĺĴĔńĭĔŅĶŒĝƟĽŅĶľĸƞŀĸŊŗĬĝĬŇħĬŘņȮ&Water-
based Lubricating Fluid'ȮĔŅĶĕńħŐĭĭĸŃŏŀňĵħľĶŊŀĔŅĶĕńħĴńĬěŃĪņŒľƟĨńĺŀĵƞŅĚĴňėĺŅĴĶŅĭŏĶňĵĭŐĸŃ
ĳŅıĪňŗĽƞŀĚŒĬĔĸƟŀĚěŋĸĪĶĶĻĬƢĴňėĴĝńħėĺŅĴĸŃŏŀňĵħĽŌĚ 

         3,0,0,0ȮĔŅĶĺŇŏėĶŅŃľƢőėĶĚĽĶƟŅĚĶŃħńĭěŋĸĳŅėľĶŊŀĶŃħńĭőėĶĚĽĶƟŅĚįĸŉĔȮ
&Microstructure Analysis'ȮŏĮƦĬĔŅĶĻŉĔļŅĸńĔļĦŃőėĶĚĽĶƟŅĚľĶŊŀįĸŉĔĕŀĚĺńĨĩŋĪňŗĩŌĔĕńħŒľƟŏĶňĵĭŐĸƟĺȮ
őħĵőėĶĚĽĶƟŅĚĕŀĚįĸŉĔěŃĴňėĺŅĴŏĸŖĔĴŅĔȮœĴƞĽŅĴŅĶĩĴŀĚŏľŖĬħƟĺĵĨŅŏĮĸƞŅœħƟȮĪńŘĚĬňŘĽŅĴŅĶĩĴŀĚŏľŖĬœħƟ
ħƟĺĵĔŅĶŏĨĶňĵĴĨńĺŀĵƞŅĚŐĸŃĽƞŀĚįƞŅĬĔĸƟŀĚěŋĸĪĶĶĻĬƢĪňŗĴňĔņĸńĚĕĵŅĵĴŅĔĔĺƞŅȮ03ȮŏĪƞŅȮŒĬĔŅĶĻŉĔļŅ
őėĶĚĽĶƟŅĚįĸŉĔĕŀĚŏľĸŖĔěŃĮĶŃĔŀĭħƟĺĵȮŏĔĶĬȮ&Grian'ȮŐĸŃȮŏĲĽȮ&Phase'ȮőėĶĚĽĶƟŅĚįĸŉĔȮ&Crystal 
Orientations of a Metal'ȮĞŉŗĚĽŅĴŅĶĩĻŉĔļŅœħƟěŅĔĔĸƟŀĚěŋĸĪĶĶĻĬƢľĸŅĵĮĶŃŏĳĪȮŏĝƞĬȮĔĸƟŀĚ
ěŋĸĪĶĶĻĬƢŐĽĚȮ&Optical Microscopy'ȮĔĸƟŀĚěŋĸĪĶĶĻĬƢŐĭĭĽŃĪƟŀĬŐĽĚȮ&Reflective Light 
Optical Microscopy'ȮŒĬĪŅĚőĭĶŅĦőĸľĺŇĪĵŅĔŅĶĻŉĔļŅőėĶĚĽĶƟŅĚįĸŉĔĪņŒľƟĪĶŅĭŀĚėƢĮĶŃĔŀĭȮ
ĽƞĺĬĮĶŃĔŀĭĕŀĚőėĶĚĽĶƟŅĚįĸŉĔȮĕŀĭŏĕĨĕŀĚĔŅĶįŋĔĶƞŀĬȮľĶŊŀĸńĔļĦŃĔŅĶŏĔŇħįĸŉĔŐĸŃŏĮƦĬľĬŉŗĚŒĬĺŇīň
ĪňŗĽŅĴŅĶĩŒĝƟŒĬĔŅĶĻŉĔļŅŏĪėőĬőĸĵňĔŅĶĩĸŋĚŏľĸŖĔœħƟěŅĔĨŃĔĶńĬŏľĸŖĔœħƟŏĝƞĬĔńĬ140ĽņľĶńĭĔŅĶĺŇŏėĶŅŃľƢ
ĨŃĔĶńĬŏľĸŖĔĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮŏĮƦĬĔŅĶĻŉĔļŅŏĲĽĕŀĚįĸŉĔĪňŗĮĶŅĔĢŒĬĨŃĔĶńĬŏľĸŖĔȮŏıŊŗŀ
ŒĝƟŀīŇĭŅĵĵƟŀĵĔĸńĭœĮĵńĚĕńŘĬĨŀĬĔŅĶĩĸŋĚŏľĸŖĔĔƞŀĬĪňŗěŃœħƟĨŃĔĶńĬŏľĸŖĔŀŀĔĴŅȮőħĵŏĲĽĪňŗĮĶŅĔĢ
ŐĨĔĨƞŅĚĔńĬĝƞĺĵĪņŒľƟĪĶŅĭĩŉĚĮĶŇĴŅĦŐĶƞȮĝĬŇħĕŀĚĺńĨĩŋħŇĭĪňŗĬņĴŅŒĝƟȮĺńĨĩŋįĽĴȮ&Flux'ȮľĶŊŀŐĴƟĔĶŃĪńŗĚ
ŏĝŊŘŀŏıĸŇĚŐĸŃĵńĚĽŅĴŅĶĩĽńĬĬŇļģŅĬĽĳŅĺŃĳŅĵŒĬľƟŀĚŏĨŅĩĸŋĚȮŀŋĦĳŌĴŇŒĬĔŅĶĩĸŋĚȮĶĺĴĩŉĚĔŅĶŏĵŖĬĨńĺ
ĕŀĚĨĶŃĔńĬŀňĔħƟĺĵ 
         5,0,0,1ȮȮĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňȮŏĮƦĬĔŅĶĻŉĔļŅŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĪňŗ
ŏĔňŗĵĺĕƟŀĚĔńĭĽƞĺĬĮĶŃĔŀĭȮėŋĦĳŅıŐĸŃėŋĦĽĴĭńĨŇĪŅĚŏėĴňŀŊŗĬŕȮĕŀĚĨŃĔĶńĬŏľĸŖĔȮĝŇŘĬĽƞĺĬľĸńĔģŅĬ
ŀŊŗĬŕȮĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĨŅĩĸŋĚŏľĸŖĔŐĸŃĔƟŀĬŐĶƞŏľĸŖĔĪňŗĽņĶĺěŐĸŃĕŋħėƟĬıĭȮőħĵěŃœħƟĕƟŀĴŌĸĪňŗĝƞĺĵ

 
140 Roberts, Benjamin W. and others, 2014, Archaeometallurgy in Global Perspective : 

Methods and Syntheses &NewYork : Springer',Ȯ45, 
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ĽĬńĭĽĬŋĬŒĬĔŅĶĺŇŏėĶŅŃľƢĸńĔļĦŃĔŅĵĳŅıŐĸŃőėĶĚĽĶƟŅĚĶŃħńĭěŋĸĳŅėœħƟȮĬŀĔěŅĔĬňŘĵńĚĽŅĴŅĶĩĬņœĮ
ĺŇŏėĶŅŃľƢŐĸŃĨňėĺŅĴĶƞĺĴĔńĭĕƟŀĴŌĸĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢŐĸŃőĭĶŅĦėħňȮŒĬĮĶŃŏħŖĬŕȮĨƞŅĚŕȮŏĝƞĬȮŏĪėĬŇė
ĔŅĶįĸŇĨȮĕńŘĬĨŀĬŐĸŃĔĶŃĭĺĬĔŅĶĔŅĶįĸŇĨȮĶĺĴœĮĩŉĚĔŅĶěņĸŀĚĳŅıĔŇěĔĶĶĴĔŅĶĩĸŋĚŏľĸŖĔŒĬŀħňĨȮ
ŏĮƦĬĨƟĬȮĽņľĶńĭŏėĶŊŗŀĚĴŊŀŒĬĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĴňľĸŅĵĝĬŇħĕŉŘĬŀĵŌƞĔńĭĺńĨĩŋĮĶŃĽĚėƢŒĬ
ĔŅĶŒĝƟȮŏĺĸŅȮŐĸŃĚĭĮĶŃĴŅĦȮŒĬĚŅĬĺŇěńĵĝńŘĬĬňŘŏĸŊŀĔŒĝƟŏėĶŊŗŀĚŏŀĔĞŏĶĵƢĲĸŌŀŀŏĶĽŏĞĬĨƢŐĭĭıĔıŅȮ
&Handheld x-ray Fluorescence: HHXRF) ĵňŗľƟŀȮOLYMPUS ĶŋƞĬȮDelta Professional őľĴħ 
Geochem ĮĶŃěņľƟŀĚĮĢŇĭńĨŇĔŅĶĳŅėĺŇĝŅőĭĶŅĦėħňȮėĦŃőĭĶŅĦėħňȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ40ȮȮŏėĶŊŗŀĚŏŀĔĞŏĶĵƢĲĸŌŀŀŏĶĽŏĞĬĨƢŐĭĭıĔıŅȮ&Handheld x-ray Fluorescence: HHXRF) ĵňŗľƟŀȮ
OLYMPUS ĶŋƞĬȮDelta Professional őľĴħȮGeochem 
 
            ľĸńĔĔŅĶĪņĚŅĬĕŀĚȮHandheld x-ray Fluorescence : HHXRFȮĴňĸńĔļĦŃ
ėĸƟŅĵėĸŉĚĔńĭŏėĶŊŗŀĚȮX-rayȮľŅĔŐĨƞĴňĕĬŅħŏĸŖĔŐĸŃĴňĕƟŀĔņěńħŒĬĔŅĶŒĝƟĚŅĬĴŅĔĔĺƞŅŏĬŊŗŀĚěŅĔœĴƞ
ĽŅĴŅĶĩĶŃĭŋŀĚėƢĮĶŃĔŀĭĕŀĚīŅĨŋĪňŗĴňĮĶŇĴŅĦĬƟŀĵĴŅĔŐĸŃœĴƞĽŅĴŅĶĩĺŇŏėĶŅŃľƢīŅĨŋĪňŗĴňŏĸĕŀŃĨŀĴ
ĬƟŀĵĔĺƞŅȮ11 ĮĶŃĔŀĭħƟĺĵȮœŁőħĶŏěĬȮŁňŏĸňĵĴĸŇŏĪňĵĴȮŏĭĶŇĸŏĸňĵĴȮőĭĶŀĬȮėŅĶƢĭŀĬȮœĬőĨĶŏěĬȮ
ŀŀĔĞŇŏěĬȮĲĸŌŀŀœĶħƢĬňŀŀĬȮŐĸŃőĞŏħňĵĴȮĽƞĚįĸĕƟŀĴŌĸĪňŗœħƟěŅĔŏėĶŊŗŀĚȮHHXRF ŏĮƦĬŏıňĵĚįĸĔŅĶ
ĺŇŏėĶŅŃľƢŏĭŊŘŀĚĨƟĬĞŉŗĚŀŅěĴňėĺŅĴėĸŅħŏėĸŊŗŀĬĽŌĚĔĺƞŅĕƟŀĴŌĸĪňŗœħƟěŅĔŏėĶŊŗŀĚȮXRF ŐĨƞŀĵƞŅĚœĶĔŖĨŅĴȮ
ŏėĶŊŗŀĚĴŊŀĝĬŇħĬňŘĵńĚėĚŏĮƦĬĪňŗĬŇĵĴŒĬĔŅĶŒĝƟĚŅĬŏĬŊŗŀĚěŅĔŏĮƦĬĺŇīňĪňŗœĴƞĪņĸŅĵĨńĺŀĵƞŅĚŐĸŃĽŅĴŅĶĩ
ĺŇŏėĶŅŃľƢœħƟľĸŅĔľĸŅĵīŅĨŋıĶƟŀĴĔńĬȮŐĨƞĪńŘĚĬňŘėĺĶĴňĔŅĶĕńħıŊŘĬįŇĺŒľƟŏĶňĵĭĔƞŀĬĪňŗěŃĪņĔŅĶĵŇĚħƟĺĵŏėĶŊŗŀĚȮ
HHXRFŏıŊŗŀŒľƟĶńĚĽňŏŀĔĞƢĪŃĸŋıŊŘĬįŇĺĕŀĚĨńĺŀĵƞŅĚœħƟĴŅĔĪňŗĽŋħŐĸŃĪņŒľƟŏėĶŊŗŀĚĴŊŀėņĬĺĦœħƟŀĵƞŅĚĴň
ĮĶŃĽŇĪīŇĳŅıȮľĸńĔĔŅĶĪņĚŅĬĕŀĚŏėĶŊŗŀĚȮHHXRF ĕŉŘĬŀĵŌƞĔńĭĶńĚĽňŏŀĔĞƢĨńŘĚĨƟĬȮ&Primary X-ray) ĪňŗĮĸƞŀĵ
ŀŀĔĴŅěŅĔľĸŀħĶńĚĽňŏŀĔĞƢŏĶĵƢĴňėŋĦĽĴĭńĨŇŏĮƦĬėĸŊŗĬŐĴƞŏľĸŖĔœĲĲƚŅŐĸŃĴňėĺŅĴĵŅĺėĸŊŗĬĽńŘĬĮĶŃĴŅĦȮ
0.1ĩŉĚȮ100 A (ŀńĚĽĨĶŀĴ'ȮŏĴŊŗŀĶńĚĽňŏŀĔĞƢĨĔĔĶŃĪĭĔńĭĨńĺŀĵƞŅĚĺńĨĩŋȮĽƞĚįĸŒľƟŏĔŇħĔŅĶŏĮĸňŗĵĬŐĮĸĚĪňŗĺƞŅĚ
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ŒĬĝńŘĬįŇĺĕŀĚŀŃĨŀĴȮ&K, L, M) ŒĬĶŃħńĭőĴŏĸĔŋĸěŅĔĽĳŅĺŃĮĔĨŇȮ&Ground state) œĮĽŌƞĔŅĶħŌħĔĸŊĬ
ıĸńĚĚŅĬȮ&Absorb)ȮĪņŒľƟŀŃĨŀĴŏĔŇħĽĳŅĺŃœĶƟėĺŅĴŏĽĩňĵĶěŉĚĴňĔŅĶĮĸƞŀĵıĸńĚĚŅĬĽŃĪƟŀĬĔĸńĭȮ
&Scattering) őħĵĔŅĶĪņŒľƟŀŇŏĸŖĔĨĶŀĬĪňŗŀĵŌƞĶŀĭŀŃĨŀĴĕŀĚĨńĺŀĵƞŅĚŏėĸŊŗŀĬĵƟŅĵĨņŐľĬƞĚŐĸŃėŅĵ
ıĸńĚĚŅĬŀŀĔĴŅȮĨņŐľĬƞĚĪňŗĺƞŅĚŏľĸƞŅĬňŘěŃĩŌĔŐĪĬĪňŗěŅĔıĸńĚĚŅĬĳŅĵĬŀĔőħĵĔŅĶįĸŇĨŏŀĔĞŏĶĵƢĪŋĨŇĵĳŌĴŇȮ
ľĶŊŀĪňŗŏĶňĵĔĺƞŅȮŏŀĔĞŏĶĵƢĲĸŌŀŀŏĶĽŏĞĬĨƢ 70 ĶńĚĽňŏŀĔĞƢĪňŗĮĸƞŀĵŀŀĔĴŅěŅĔŀĚėƢĮĶŃĔŀĭŒĬĨńĺŀĵƞŅĚěŃ
ĩŌĔĨĶĺěĺńħőħĵŏėĶŊŗŀĚĨĶĺěȮX-RayȮĔŅĶŏĮĶňĵĭŏĪňĵĭıĸńĚĚŅĬĪňŗĮĸħĮĸƞŀĵŀŀĔĴŅŏľĸƞŅĬňŘĪņŒľƟĽŅĴŅĶĩ
ĶŃĭŋĝĬŇħĕŀĚīŅĨŋŐĸŃľŅĮĶŇĴŅĦŀĚėƢĮĶŃĔŀĭĪňŗĴňŀĵŌƞŒĬĨńĺŀĵƞŅĚœħƟ141ȮįŌƟĺŇěńĵŏĸŊŀĔŐĮĸėĺŅĴěŅĔ
ŀĚėƢĮĶŃĔŀĭŏėĴňĪňŗŏėĶŊŗŀĚȮHHXRF ĽŅĴŅĶĩĨĶĺěıĭœħƟĴŅĔĔĺƞŅȮ0.1%ȮĮĶŃĔŀĭħƟĺĵĽŅĶĮĶŃĔŀĭ
ěņĬĺĬȮ7ȮĝĬŇħȮœħƟŐĔƞȮMgO Al2O3 SiO2 K2O CaO MnO ŐĸŃȮFeO ĞŉŗĚŏĮƦĬĕƟŀĴŌĸĪňŗŏıňĵĚıŀĨƞŀĔŅĶ
ŐĮĸėĺŅĴĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅŏĭŊŘŀĚĨƟĬŏĔňŗĵĺĔńĭĔĶŃĭĺĬĔŅĶĩĸŋĚŏľĸŖĔĽĴńĵőĭĶŅĦőħĵėƞŅĮĶŇĴŅĦ
ĽŅĶĮĶŃĔŀĭĪňŗĬņĴŅŒĝƟŏĮƦĬĕƟŀĴŌĸėƞŅŏĜĸňŗĵįĸĔŅĶĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭŏėĴňěņĬĺĬȮ3ȮėĶńŘĚȮĨƞŀȮ1 
ĨńĺŀĵƞŅĚŐĸŃĪņĔŅĶȮnormalized ĪŋĔĝŇŘĬŒľƟŀĚėƢĮĶŃĔŀĭŏėĴňĴňėƞŅŏĪƞŅĔńĭȮ100% ŏıŊŗŀŒľƟĽŅĴŅĶĩ
ŏĮĶňĵĭŏĪňĵĭĶŃľĺƞŅĚĨńĺŀĵƞŅĚœħƟŐĸŃŏĮƦĬĔŅĶĺŇŏėĶŅŃľƢŏĝŇĚĔŉŗĚĮĶŇĴŅĦȮ&Semi-Quantitative)  

3,1ȮĔŅĶĪħĸŀĚĪŅĚőĭĶŅĦėħň 

ěŅĔĔŅĶħņŏĬŇĬĔŅĶĪŅĚőĭĶŅĦėħňŒĬŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮĨņĭĸĭƞŀŏľĸŖĔĸŀĚȮŀņŏĳŀ
ĸŀĚȮěńĚľĺńħŐıĶƞȮŐĴƟěŃĪĶŅĭĸńĔļĦŃőėĶĚĽĶƟŅĚŏĨŅȮĔĶŃĭĺĬĔŅĶĩĸŋĚŏľĸŖĔŐĭĭĪŅĚĨĶĚȮ&Direct 
Process'ȮŀŋĦľĳŌĴŇŒĬĔŅĶĩĸŋĚȮ&ĮĶŃĴŅĦȮ/,/53ȮĩŉĚȮ/,0..ȮŀĚĻŅŏĞĸŏĞňĵĽ'ȮŐĸŃŀŅĵŋĽĴńĵŏĭŊŘŀĚĨƟĬĕŀĚ
ŏĨŅĩĸŋĚŐĸƟĺȮ&ıŋĪīĻĨĺĶĶļĪňŗȮ01ȮĩŉĚȮ03'ȮľŅĔŐĨƞŀĚėƢėĺŅĴĶŌƟħńĚĔĸƞŅĺĩŊŀŏĮƦĬĕƟŀĽńĬĬŇļģŅĬŏĭŊŘŀĚĨƟĬĪňŗĴň
ėĺŅĴěņŏĮƦĬĨƟŀĚĨĶĺěĽŀĭȮěŉĚĔƞŀŒľƟŏĔŇħŐĬĺėŇħĔŅĶĮĶŃĵŋĔĨƢŒĝƟĔŅĶĪħĸŀĚĪŅĚőĭĶŅĦėħňĴŅĝƞĺĵŒĬ
ĔŅĶĨĶĺěĽŀĭĕƟŀĽńĬĬŇļģŅĬħńĚĔĸƞŅĺȮőħĵŀŀĔŐĭĭĚŅĬĪħĸŀĚĪŅĚőĭĶŅĦėħňĪňŗŀŅĻńĵĕƟŀĴŌĸľĸńĔģŅĬ
ĪŅĚőĭĶŅĦėħňŏĮƦĬıŊŘĬģŅĬŒĬĔŅĶěņĸŀĚŏĨŅĩĸŋĚŏľĸŖĔŐĸŃĔĶŃĭĺĬĔŅĶĩĸŋĚŏľĸŖĔȮĶƞĺĴĔńĭŀĚėƢėĺŅĴĶŌƟ
ħƟŅĬĔŅĶĩĸŋĚŏľĸŖĔőĭĶŅĦĕŀĚĔĸŋƞĴĝƞŅĚİƖĴŊŀĪňŗĴňĮĶŃĽĭĔŅĶĦƢĔŅĶĩĸŋĚĪňŗőħĵĔŅĶĪħĸŀĚĪŅĚőĭĶŅĦėħň
ħņŏĬŇĬĔŅĶŒĬĶŃľĺƞŅĚĺńĬĪňŗȮ/2ȮĩŉĚȮ/4ȮĔńĬĵŅĵĬȮ0343ȮĪňŗőĶĚĚŅĬĩĸŋĚŏľĸŖĔŐĸŃĨňħŅĭŏľĸŖĔĕŀĚėŋĦ
ĮĶŃıěĬƢȮŏĶŊŀĚĶńĴĵƢȮĨņĭĸĬŘņıňŘȮŀņŏĳŀĪŀĚŐĽĬĕńĬȮěńĚľĺńħŀŋĨĶħŇĨĩƢȮ 

ĔĸƞŅĺőħĵĽĶŋĮĺŇīňĺŇĪĵŅĮĶŃĵŋĔĨƢĕƟŅĚĨƟĬĬŀĔěŅĔĔƞŀŒľƟŏĔŇħĽńĚŏėĶŅŃľƢŀĚėƢėĺŅĴĶŌƟħƟŅĬĔŅĶĩĸŋĚ
ŏľĸŖĔĽĴńĵőĭĶŅĦĕŀĚŏŏľĸƞĚőĭĶŅĦėħňĭƟŅĬŅĬĨŋƟĴœħƟŐĸƟĺȮĵńĚĽŅĴŅĶĩŒĝƟŏĮƦĬĕƟŀĴŌĸŒĬĔŅĶĻŉĔļŅĭĶŇĭĪ
ĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢȮŏĻŅļģĔŇěȮĽńĚėĴŐĸŃĺńĥĬīĶĶĴŒĬŀħňĨĕŀĚŏĴŊŀĚĸŀĚőĭĶŅĦœħƟŀňĔĪŅĚľĬŉŗĚħƟĺĵĪņ
ŒľƟĔŅĶĻŉĔļĪŅĚőĭĶŅĦőĸľŃĺŇĪĵŅŒĬĚŅĬĺŇěńĵĝŇŘĬĬňŘĴňĔŅĶĻŉĔļŅŒĬĴŇĨŇĕŀĚıķĨŇĔĶĶĴŐĸŃĽńĚėĴŒĬŀħňĨ
ĕŀĚĴĬŋļĵƢįƞŅĬŏĪėőĬőĸĵňĞŉŗĚŏĮƦĬĔĶŃĭĺĬĚŅĬĪňŗĵńĚœĴƞŐıĶƞľĸŅĵŒĬĚŅĬĺŇĝŅĔŅĶőĭĶŅĦėħňœĪĵ 

 
 

 
141 ŀŋĶŅĺĶĶĦȮŀŋƞĬŐĔƟĺ*ȮŴėĺŅĴĶŌƟĪńŗĺœĮŏĔňŗĵĺĔńĭŏėĶŊŗŀĚŏŀĔĞŏĶĵƢĲĸŌŀŀŏĶĽŏĞĬĞƢȮĽŏĮĔőĨĶĴŇŏĨŀĶƢ*ŵȮŒĬȮĔĶĴ

ĺŇĪĵŅĻŅĽĨĶƢĭĶŇĔŅĶ, 44, 140 (2539), 29. 



  
 

 

5. 

ĭĪĪňŗȮ4 
įĸĔŅĶĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħň 

 

ŒĬĭĪĬňŘįŌƟĺŇěńĵěŃĬņŏĽĬŀĕƟŀĴŌĸĔŅĶĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħňŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮȮȮȮȮȮ
ĨņĭĸĭƞŀŏľĸŖĔĸŀĚȮŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞȮĞŉŗĚĩŊŀŏĮƦĬĕńŘĬĨŀĬĪňŗĽņėńĠŒĬĔĶŃĭĺĬĚŅĬĺŇěńĵĪŅĚőĭĶŅĦ
őĸľŃĺŇĪĵŅȮőħĵĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀĶĺĭĶĺĴľĸńĔģŅĬĪŅĚőĭĶŅĦėħňŐĸŃĭĶŇĭĪĕŀĚľĸńĔģŅĬĪŅĚ
őĭĶŅĦėħňȮĬņœĮŒĝƟŒĬĕńŘĬĨŀĬĔŅĶĺŇŏėĶŅŃľƢŐĸŃĨňėĺŅĴľĸńĔģŅĬĪŅĚőĭĶŅĦėħňȮĪńŘĚĬňŘœħƟħņŏĬŇĬĚŅĬ
ĽņĶĺěŐĸŃĕŋħėƟĬĪŅĚőĭĶŅĦėħňĨƞŅĚĝƞĺĚĶŃĵŃŏĺĸŅĔńĬőħĵœħƟĽņĶĺěĪŅĚőĭĶŅĦėħňŒĬĝƞĺĚŏħŊŀĬīńĬĺŅėĴȮ
ı,Ļ,034/ȮŏıŊŗŀĮĶŃŏĴŇĬĻńĔĵĳŅıŐĸŃĺŅĚŐįĬĕŋħėƟĬŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴŐĸŃħņŏĬŇĬĚŅĬĕŋħėƟĬ
ĪŅĚőĭĶŅĦėħňŒĬĝƞĺĚŏħŊŀĬĴĔĶŅėĴĩŉĚĴŇĩŋĬŅĵĬȮı,Ļ,0340Ȯ 

4,/ȮĮƤĠľŅĔŅĶĔņľĬħŀŅĵŋĽĴńĵŐľĸƞĚőĭĶŅĦėħň 

 ŒĬŏĭŊŘŀĚĨƟĬįŌƟĺŇěńĵœħƟĬņĽƞĚĨńĺŀĵƞŅĚįĬńĚŏĨŅĩĸŋĚŏľĸŖĔŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴĪňŗœħƟěŅĔĔŅĶ
ĽņĶĺěĪŅĚőĭĶŅĦėħňȮœĮľŅėƞŅŀŅĵŋħƟĺĵĺŇīňŏĶŊŀĚŐĽĚėĺŅĴĶƟŀĬȮ&TL Dating'ȮœħƟėƞŅŀŅĵŋĪňŗȮŴ21.±/4ȮĮƖ
ĴŅŐĸƟĺŵȮľĶŊŀȮı,Ļ,Ȯ0.25ȮĩŉĚȮ0.57ȮŀĵƞŅĚœĶĔŖĨŅĴėƞŅŀŅĵŋĕƟŅĚĨƟĬĵńĚĴňėĺŅĴėĸŅħŏėĸŊŗŀĬŏĬŊŗŀĚěŅĔĔŅĶ
ĔņľĬħŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢħƟĺĵĺŇīňħńĚĔĸƞŅĺŀŅěœĴƞŏľĴŅŃŒĬĔŅĶĬņĴŅĔņľĬħŀŅĵŋŏĨŅĩĸŋĚŏľĸŖĔ
őħĵĨĶĚŏĬŊŗŀĚěŅĔŀŅěŏĔŇħėĺŅĴėĸŅħŏėĸŊŗŀĬĕŀĚėƞŅŀŅĵŋĪňŗœħƟĽŌĚěŅĔėĺŅĴĶƟŀĬĪňŗįĬńĚŏĨŅĩĸŋĚœħƟĶńĭŒĬĝƞĺĚ
ĔŅĶĩĸŋĚŒĬŀħňĨĪňŗįƞŅĬĴŅ142ȮĞŉŗĚėƞŅŀŅĵŋœĴƞĽŀħėĸƟŀĚĔńĭľĸńĔģŅĬĮĶŃŏĳĪŏėĶŊŗŀĚĩƟĺĵĪňŗĽņĶĺěŐĸŃĕŋħ
ėƟĬıĭȮįŌƟĺŇěńĵěŉĚœħƟĬņĨńĺŀĵƞŅĚĩƞŅĬĪňŗŀĵŌƞŒĬĔƟŀĬĨŃĔĶńĬĔƟĬŏĨŅĪňŗĕŋħėƟĬıĭœĮľŅėƞŅŀŅĵŋħƟĺĵĺŇīňŏŀŏŀŖĴŏŀĽȮ
&AMS Dating' œħƟėƞŅŀŅĵŋȮ0.0±/4ȮĮƖĴŅŐĸƟĺȮľĶŊŀĶŅĺȮı,Ļ,Ȯ0125ȮĩŉĚȮ0157ȮĨĶĚĔńĭĶńĝĽĴńĵĶŅĝĺĚĻƢ
ŏěƟŅŏěŖħĨĬėĶŀĚŀŅĦŅěńĔĶĸƟŅĬĬŅĞŉŗĚėƞŅŀŅĵŋħńĚĔĸƞŅĺĴňėĺŅĴĽŀħėĸƟŀĚĔńĭŏĻļŏėĶŊŗŀĚĩƟĺĵĪňŗĕŋħėƟĬıĭ
őħĵŏĜıŅŃŏėĶŊŗŀĚĩƟĺĵěňĬȮŏĬŊŘŀŐĔĶƞĚȮŏĕňĵĬĽňĬŘņŏĚŇĬŒĨƟŏėĸŊŀĭěŅĔŐľĸƞĚŏĨŅĴĦĤĸİŌƚŏěňŗĵĬȮĔņľĬħŀŅĵŋŀĵŌƞ
ŒĬĮĸŅĵĶńĝĻĔŏěňĵĜŇŘĚĩŉĚĨƟĬĶńĝĻĔŏĨƟŅĔĺĚŐľƞĚĶŅĝĺĚĻƢĝŇĚȮĶŅĺĮĸŅĵıŋĪīĻĨĺĶĶļĪňŗȮ02ȮŏĴŊŗŀıŇěŅĶĦŅ
ĶƞĺĴĔńĭŏŀĔĽŅĶĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĪňŗĔĸƞŅĺĩŉĚĔŅĶŏĶňĵĔĽƞĺĵŏľĸŖĔěŅĔŏĴŊŀĚĸŀĚŒĬĝƞĺĚĽĵŅĴĮĔėĶŀĚ
ĸƟŅĬĬŅőħĵŏĜıŅŃŒĬĽĴńĵĶńĝĔŅĸĪňŗȮ3ȮŐĸŃŏŀĔĽŅĶĕŀĚĝŅĺĨƞŅĺĝŅĨŇĪňŗĔĸƞŅĺĩŉĚĔŅĶĩĸŋĚŏľĸŖĔŐĸŃĭƞŀ
ŏľĸŖĔĕŀĚŏĴŊŀĚĸŀĚȮĶĺĴĪńŘĚŏĻļŏėĶŊŗŀĚĩƟĺĵěňĬŐĸŃĠňŗĮŋƙĬĪňŗįĸŇĨĕŉŘĬŒĬĝƞĺĚıŋĪīĻĨĺĶĶļĪňŗȮ03ȮĪňŗĕŋħėƟĬıĭ 
ěŉĚĔņľĬħĔŇěĔĶĶĴĔŅĶĩĸŋĚŏľĸŖĔĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴœĺƟĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ02ȮĩŉĚȮ03Ȯ 
 
 
 
 

 

 142 Peter Kresten, Chirstian Godicke ,and Ana Manzano, ŴTL-DATING of verified materail*ŵJournal 
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ĳŅıĪňŗȮ41  ŏėĶŊŗŀĚĩƟĺĵěňĬŏĬŊŘŀŐĔĶƞĚȮŏĕňĵĬĽňĬŘņŏĚŇĬŒĨƟŏėĸŊŀĭěŅĔŐľĸƞĚŏĨŅĴĦĤĸİŌƚŏěňŗĵĬȮĔņľĬħŀŅĵŋŀĵŌƞŒĬĮĸŅĵ
ĶńĝĻĔŏěňĵĜŇŘĚĩŉĚĨƟĬĶńĝĻĔŏĨƟŅĔĺĚŐľƞĚĶŅĝĺĚĻƢĝŇĚȮĶŅĺĮĸŅĵıŋĪīĻĨĺĶĶļĪňŗȮ02 
 

 

 

 

 

 

 

 

 

ĳŅıĪňŗȮ20ȮŏĻļŏėĶŊŗŀĚĩƟĺĵŏĞňŗĵĚœŁƟȮĮĶŃŏĪĻěňĬȮ&ĞƟŅĵ'ȮŐĸŃŏĻļŏėĶŊŗŀĚĩƟĺĵıŇĴıƢĸŅĵěŅĔĮĶŃŏĪĻĠňŗĮŋƙĬȮ&ĕĺŅ' 
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ĳŅıĪňŗȮ43ȮȮįĸĔŅĶľŅėƞŅŀŅĵŋĪŅĚĺŇĪĵŅĻŅĽĨĶƢħƟĺĵĺŇīňȮŴAccelerator Mass Spectrometry-?KQŵȮ 
   ĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮěŅĔľƟŀĚĮĢŇĭńĨŇĔŅĶȮĦȮĴľŅĺŇĪĵŅœĺĔŅőĨƟȮĬŇĺĞňŏŏĸĬħƢ 
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4,0ȮȮįĸĔŅĶĽņĶĺěĪŅĚőĭĶŅĦėħň 

4,0,/ȮŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮ&@_lȮL_Ȯrsk' 
  4,0,/,/ȮĶľńĽŐľĸƞĚ8ȮNPŲ/6-JU../QQȮ&Dc'  

4,0,/,0ȮĝŊŗŀĪŅĚĶŅĝĔŅĶ8ȮŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴ 
4,0,/,1 ĪňŗĨńŘĚŐľĸƞĚ8ȮľĴŌƞĪňŗȮ0ȮĭƟŅĬĬŅĨŋƟĴȮĨņĭĸĭƞŀŏľĸŖĔĸŀĚȮŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞ 

  4,0,/,2ȮŀŅĦŅŏĕĨ8ȮȮ ĪŇĻŏľĬŊŀȮľƟĺĵŐĴƞĸŀĚ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ĪŇĻŒĨƟ őĶĚıĵŅĭŅĸĽƞĚŏĽĶŇĴĽŋĕĳŅıĨņĭĸĭƟŅĬĬŅĨŋƟĴ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ĪŇĻĨŃĺńĬŀŀĔȮĸņŏľĴŊŀĚŐĸŃĪňŗħŇĬĶŅļġĶ 

ȮȮȮ ĪŇĻĨŃĺńĬĨĔȮőĶĚıĵŅĭŅĸĽƞĚŏĽĶŇĴĽŋĕĳŅıĨņĭĸĭƟŅĬĬŅÖù­â 

  4,0,/,3ȮŐįĬĪňŗĪŅĚĪľŅĶ8Ȯ ĴŅĨĶŅĽƞĺĬȮ/8Ȯ3.....ȮĸņħńĭĝŋħȮJ5./6Ȯ 
ıŇĴıƢėĶńŘĚĪňŗȮ/-PRQBȮĶŃĺŅĚȮŀņŏĳŀĸŀĚȮ2723GG  

4,0,/,4ȮıŇĔńħĔĶŇħ8ȮSRKȮUEQȮ/762Ȯ25OȮ360037ȮCȮ/7735/1ȮL 
4,0,/,5ȮıŇĔńħĳŌĴŇĻŅĽĨĶƢ8ȮJ_r,Ȯ/6°Ȯ0%Ȯ32,01 ȮLȮJmle,Ȯ77°Ȯ24%Ȯ16,.0 ȮC 
4,0,/,6ȮĶŃħńĭėĺŅĴĽŌĚ8 /11ȮŏĴĨĶȮěŅĔĶŃħńĭĬŘņĪŃŏĸĮŅĬĔĸŅĚ 
4,0,/,7ȮĸńĔļĦŃĪŅĚĮģıňĺŇĪĵŅŏĭŊŘŀĚĨƟĬ8 

ĝŋħħŇĬȮ25ȮĝŋħħŇĬĸňŘȮ&Jg'ȮĝŋħħŇĬĴĺĔŏľĸŖĔȮ&Kj'ȮĝŋħħŇĬĬėĶĽĺĶĶėƢȮ&Lq'ȮȮȮȮȮȮ
ĝŋħħŇĬőĮƙĚĬŘņĶƟŀĬȮ&Nml'ȮĝŋħħŇĬĽĭĮĶŅĭȮ&Qm'ȮŐĸŃĝŋħħŇĬĪƞŅĸňŗȮ&Rj'ȮŏĮƦĬħŇĬĨŊŘĬľĶŊŀĨŊŘĬĴŅĔĩŉĚĝńŘĬŏĻļ
ľŇĬľĬŅŐĬƞĬȮĭŅĚĭĶŇŏĺĦŀŅěıĭĝńŘĬľŇĬıŊŘĬŒĬĶŃħńĭĨŊŘĬȮħŇĬĭĬŏĮƦĬħŇĬĶƞĺĬȮħŇĬĶƞĺĬĮĬĪĶŅĵŐĮƚĚľĶŊŀ
ħŇĬĶƞĺĬĮĬħŇĬŏľĬňĵĺĮĬŏĻļľŇĬȮĽňĬŘņĨŅĸŏĕƟĴľĶŊŀĽňĬŘņĨŅĸĮĬŐħĚŏĕƟĴȮĮĢŇĔŇĶŇĵŅħŇĬŏĮƦĬĔĶħĮŅĬĔĸŅĚ
ĩŉĚŏĮƦĬĔĸŅĚȮ&nFȮ4,.-5,.'ȮħŇĬĸƞŅĚŏĮƦĬħŇĬŏľĬňĵĺĮĬŏĻļľŇĬľĬŅŐĬƞĬĴŅĔȮĽňŐħĚľĶŊŀĽňŐħĚĮĬŏľĸŊŀĚȮ
ĮĢŇĔŇĶŇĵŅħŇĬŏĮƦĬĔĶħěńħĩŉĚŏĮƦĬĔĶħŏĸŖĔĬƟŀĵȮ&nFȮ3,3-4,3'ȮėĺŅĴĸŅħĝńĬȮ2-/1Ȯ#ȮĸńĔļĦŃŏĮƦĬĸŌĔėĸŊŗĬ
ĸŀĬĸŅħŏĸŖĔĬƟŀĵĩŉĚŏĮƦĬŏĬŇĬŏĕŅ 

4,0,/,/.ȮĸńĔļĦŃĕŀĚľĴĺħľŇĬ8 
ľĬƞĺĵĪňŗȮ/0ȮľŇĬŀńėĬňŀŋĸĨĶŅŏĭĽŇĔĝĬŇħľŇĬĭŃĞŀĸĨƢȮľŇĬœıĶŀĔĞňœĬĨƢ

ĮĶŃĔŀĭħĺĵľŇĬĭŃĞŀĸĨȮľŇĬœıĶŀĔĞŇœĬĨȮľŇĬŏıŀĶŇőħœĪĨŐĸŃľŇĬŐĮĶĝĬŇħȮľŇĬŏĞŀŏıĬĪňĬœĬĨȮĴńĔĴň
ĽňħŜŅŏĕĴȮŏĕňĵĺŏĕƟĴįŋĔĶŀĬĚŅĵȮĪŜŅŒľĳŌĴŇĮĶŃŏĪĻŒĬĭĶŇŏĺĦĬňŘœĴėĚĽĳŅıŏĮĬĳŌŏĕŅĽŌĚȮľŇĬŏľĸƞŅĬňŘŏĮĬȮȮȮȮȮȮ
ĨĬĔŜŅŏĬŇħĕŀĚŐĶőĸľŃľĸŅĵĝĬŇħȮŏĝĬȮŏľĸŖĔȮĬŇĔŏĔŇĸȮőėĭŀĸĨŐĴĔĬňŏĞňĵĴȮŐĸŃȮĪŀĚŐħĚȮŏĮƦĬĨƟĬȮȮȮȮȮ
ľĬĺĵľŇĬĬňŘőįĸŒľŏľŖĬĪŅĚĪŇĻĨŃĺńĬĨĔĕŀĚĭŅĬĮĚľńĺľŅħȮĭŅĬĬŅĨŋĴȮŀŜŅŏĳŀĸŀĚȮľĺĵŐĴĮŅĬȮŐĸŃ
ŀŜŅŏĳŀŏħĬĝńĵȮěńĚľĺńħŐıĶƞ 

4,0,/,//ȮĔĶĶĴĽŇĪīŇśĪňŗħŇĬ:  
ȮȮȮȮȮȮȮ   ĪňŗħŇĬĶŅĝıńĽħŋĕŀĚőĶĚıĵŅĭŅĸĽƞĚŏĽĶŇĴĽŋĕĳŅıĭƟŅĬĬŅĨŋƟĴȮľĴŌƞĪňŗȮ0ȮĭƟŅĬĬŅĨŋƟĴȮĨņĭĸĭƞŀŏľĸŖĔ
ĸŀĚȮŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞȮ 
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4,0,/,/0ȮŏĽƟĬĪŅĚŏĕƟŅĽŌƞŐľĸƞĚ 
ȮȮȮȮȮȮ   ěŅĔĪňŗĺƞŅĔŅĶŀņŏĳŀĸŀĚŒĝƟĪŅĚľĸĺĚľĴŅĵŏĸĕȮ/.01Ȯ&ŐıĶƞȮůȮĸņĮŅĚ'ȮȮȮȮȮȮĴŋƞĚľĬƟŅœĮĵńĚĽňŗ
ŐĵĔŐĴƞŐĕĴȮįƞŅĬľĴŌƞĭƟŅĬħŀĬĪĶŅĵȮľĴŌƞĭƟŅĬœįƞĸƟŀĴȮľĴŌƞĭƟŅĬĬŅĴĬȮľĴŌƞĭƟŅĬľńĺĪŋƞĚȮľĴŌƞĭƟŅĬŏĝĨĺńĬȮ
ěŅĔĬńŘĬŏĸňŘĵĺĞƟŅĵŏĕƟŅĽŌƞĪŅĚŏĕƟŅľĴŌƞĭƟŅĬĬŅĨŋƟĴȮįƞŅĬĪňŗĪņĔŅĶŏĪĻĭŅĸĨņĭĸĭƞŀŏľĸŖĔĸŀĚȮŏĴŊŗŀįƞŅĬ
őĶĚŏĶňĵĬĭƟŅĬĬŅĨŋƟĴŒľƟŏĸňŘĵĺĞƟŅĵȮĨĶĚœĮěĬĔĶŃĪńŗĚĩŉĚĽŃıŅĬĕƟŅĴľƟĺĵĮŅĔĔŅĚĭĶŇŏĺĦħƟŅĬľĬƟŅĺńħĬŅĨŋƟĴȮ
ŒľƟŏĸňŘĵĺĕĺŅŏĕƟŅœĮĵńĚőĶĚıĵŅĭŅĸĽƞĚŏĽĶŇĴĽŋĕĳŅıĨņĭĸĭƟŅĬŅĨŋƟĴȮŐľĸƞĚőĭĶŅĦėħňŀĵŌƞħƟŅĬľĸńĚĭƟŅĬıńĔ
ĕƟŅĶŅĝĔŅĶȮőĶĚıĵŅĭŅĸĽƞĚŏĽĶŇĴĽŋĕĳŅıĨņĭĸĭƟŅĬĬŅĨŋƟĴȮĶŇĴľƟĺĵĮŅĔĔŅĚȮ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ44ȮȮĨņŐľĬƞĚĪňŗĨńŘĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴĭĬŐįĬĪňŗĪŅĚĪľŅĶĸņħńĭĝŋħȮL5./6ȮĶŃĺŅĚȮŀņŏĳŀĸŀĚȮ
2723 II  ŐĽħĚĨņŐľĬƞĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮĴŅĨĶŅĽƞĺĬȮ/8Ȯ3.....ȮȮȮȮȮȮ 
ĪňŗĴŅȮȮȮȮȮȮȮȮȮĔĶĴŐįĬĪňŗĪľŅĶȮĔĶŃĪĶĺĚĔĸŅőľĴ 
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ĳŅıĪňŗȮ45ȮȮŐįĬĪňŗĳŌĴŇĮĶŃŏĪĻŐĽħĚĨņŐľĬƞĚĪňŗĨńŘĚĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮĨņĭĸĭƞŀŏľĸŖĔĸŀĚȮȮŀņŏĳŀĸŀĚȮ
ěńĚľĺńħŐıĶƞ 
ĪňŗĴŅ ĔĸŋƞĴőĭĶŅĦėħňȮĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ5ȮŏĝňĵĚŒľĴƞȮĔĶĴĻŇĸĮŅĔĶ 
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ĳŅıĪňŗȮ46ȮȮŐįĬĪňŗĳŅıĩƞŅĵĪŅĚħŅĺŏĪňĵĴŐĽħĚĨņŐľĬƞĚĪňŗĨńŘĚĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴȮĨņĭĸĭƞŀŏľĸŖĔĸŀĚȮ
ŀņŏĳŀĸŀĚȮěńĚľĺńħŐıĶƞ 
ĪňŗĴŅ ȮȮȮĔĸŋƞĴőĭĶŅĦėħňȮĽņĬńĔĻŇĸĮŅĔĶĪňŗȮ5ȮŏĝňĵĚŒľĴƞȮĔĶĴĻŇĸĮŅĔĶ 
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4,0,/,/1ȮŀŅĵŋĽĴńĵ: ıŋĪīĻĨĺĶĶļĪňŗȮ02ȮĩŉĚȮ03 
4,0,/,/2ȮĽŅĶŃĽņėńĠĪŅĚŀĚėƢėĺŅĴĶŌƟőĭĶŅĦėħňŐĸŃőĭĶŅĦőĸľŃĺŇĪĵŅ: 

ȮȮȮȮȮȮ   ȮįŌƟĺŇěńĵŒĝƟĔŅĶĽņĶĺěĪŅĚőĭĶŅĦėħňŐĭĭĸŃŏŀňĵħȮ&Intensive Survey) ŒĬŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴŏıŊŗŀ
ĶŃĭŋĕŀĭŏĕĨŐĸŃĔŅĶĔĶŃěŅĵĨńĺĕŀĚľĸńĔģŅĬĭĶŇŏĺĦŏĬŇĬħŇĬȮıĶƟŀĴĪńŘĚŏĔŖĭĨńĺŀĵƞŅĚőĭĶŅĦĺńĨĩŋȮěńħĪņŐįĬįńĚĭĶŇŏĺĦ
ĕŀĚŐľĸƞĚőĭĶŅĦėħňœĮıĶƟŀĴĔńĬȮĽŅĴŅĶĩėņĬĺĦĕƟŀĴŌĸėŋĦĸńĔļĦŃĕŀĚŏĬŇĬħŇĬĩĸŋĚŏľĸŖĔŐĸŃĽŌĨĶėņĬĺĦȮħńĚĨŅĶŅĚ
ĪňŗȮ/ 
 

ĨŅĶŅĚĪňŗȮ1 ŐĽħĚėŋĦĸńĔļĦŃŐĸŃĔŅĶĮĶŃĴŅĦĔŅĶĮĶŇĴŅĨĶĨŃĔĶńĬĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ47ȮȮĳŅıĩƞŅĵĪŅĚŀŅĔŅĻŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴőħĵŀŅĔŅĻĵŅĬœĶƟėĬĕńĭȮ&Drone'ȮŏĴŊŗŀĮƖȮı,Ļ,Ȯ0343Ȯ 
 
 

ėŋĦĸńĔļŃĕŀĚŏĬŇĬħŇĬĩĸŋĚŏľĸŖĔ 
ŐľĸƞĚőĭĶŅĦėħň ĔĺƟŅĚ &ŏĴĨĶ' ĵŅĺ &ŏĴĨĶ' ĽŌĚ &ŏĴĨĶ' 
ĭƟŅĬĬŅĨŋƟĴ 24 33 1 

ĕŀĭŏĕĨĕŀĚŏĬŇĬħŇĬĩĸŋĚŏľĸŖĔŐĸŃĮĶŇĴŅĨĶĨŃĔĶńĬŏľĸŖĔ 
ĶŅĵĔŅĶ ĽŌĨĶėņĬĺĦ ĔŅĶėņĬĺĦ įĸĔŅĶėņĬĺĦ 

ıŊŘĬĪňŗĕŀĚŏĬŇĬħŇĬĩĸŋĚ
ŏľĸŖĔ 

ıŊŘĬĪňŗȮ= ĔĺƟŅĚȮx ĵŅĺ 24 x 33 792ȮĨŅĶŅĚŏĴĨĶ 

ĮĶŇĴŅĨĶĨŃĔĶńĬŏľĸŖĔ ĮĶŇĴŅĨĶȮ= 3.14 x 
ıŊŘĬĪňŗģŅĬȮx ĽŌĚ 

3.14 x 729 x 1 2*486.88ȮĸŌĔĭŅĻĔƢŏĴĨĶ 
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ěŅĔĔŅĶĽņĶĺěĪŅĚőĭĶŅĦėħňıĭľĸńĔģŅĬĪŅĚőĭĶŅĦėħňĪňŗĽņėńĠħńĚĬňŘ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ   /,ȮőėĶĚĽĶƟŅĚįĬńĚŏĨŅĩĸŋĚěŅĔĔŅĶĽņĶĺěıĭŏĨŅĩĸŋĚŏľĸŖĔěņĬĺĬȮ2 ŏĨŅȮŏĨŅĔƞŀħƟĺĵ
ħŇĬŏįŅĴňĕĬŅħŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚĮĶŃĴŅĦȮ1.ȮŐĸŃȮ4.ȮŏĞĬĨŇŏĴĨĶȮĽŌĚȮ20 ŐĸŃȮ30 ŏĞĬĨŇŏĴĨĶȮ
ĨŅĴĸņħńĭȮįĬńĚŏĨŅĴňėĺŅĴľĬŅĮĶŃĴŅĦȮ10 ĩŉĚȮ15 ŏĞĬĨŇŏĴĨĶȮĸńĔļĦŃįĬńĚŏĨŅĴňėĺŅĴőėƟĚȮŏĬŊŘŀ
ĳŅĵŒĬŏĮƦĬŏĬŊŘŀħŇĬŏįŅĽňĕŅĺĴňŏĻļĔĶĺħȮŏĴŖħŐĸĚŐĸŃŐĔĸĭĕƟŅĺĮŃĮĬȮįŇĺįĬńĚŏĨŅĳŅĵŒĬėƞŀĬĕƟŅĚ
ĶŅĭŏĶňĵĭįŇĺĬŀĔėƞŀĬĕƟŅĚĕĶŋĕĶŃȮœħƟŏĔŖĭĨńĺŀĵƞŅĚįĬńĚŏĨŅĩĸŋĚ ěņĬĺĬȮ1 ĨńĺŀĵƞŅĚŏıŊŗŀĬņœĮľŅėƞŅŀŅĵŋ
ĪŅĚĺŇĪĵŅĻŅĽĨĶƢħƟĺĵĺŇīňŏĶŊŀĚŐĽĚėĺŅĴĶƟŀĬȮ&TL Dating' 

 
Ȯ 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ48  ĝŇŘĬĽƞĺĬįĬńĚŏĨŅĩĸŋĚŏľĸŖĔĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴĪňŗįŌƟĺŇěńĵĬņœĮĔņľĬħėƞŅŀŅĵŋĪŅĚĺŇĪĵŅ
ĻŅĽĨĶħƟĺĵĺŇīňŏĶŊŀĚŐĽĚėĺŅĴĶƟŀĬȮ&TL Dating' 
 
 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ49ȮȮőėĶĚĽĶƟŅĚŏĨŅĩĸŋĚŏľĸŖĔȮBNT#007 ĪňŗıĭěŅĔĔŅĶĽņĶĺěĪŅĚőĭĶŅĦėħň 
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ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ  0,ȮŏĻļĨŃĔĶńĬŐĶƞŏľĸŖĔȮĽņĶĺěıĭľĸŅĵĕĬŅħŐĸŃľĸŅĵĮĶŃŏĳĪĪńŘĚŏĻļĨŃĔĶńĬŐįƞĬȮ
ŏĻļĨĶŃĔńĬľĵħĬŘņŐĸŃŏĻļĨŃĔĶńĬĔƟĬŏĨŅȮ&Slag Cake'ȮőħĵĨŃĔĶńĬŏľĸŖĔĝĬŇħľĸńĚĬńŘĬĴňĸńĔļĦŃŏħƞĬ
ėŊŀĔƟĬĔĸĴŐĸŃįŇĺĭĬĴňĸńĔļĦŃŐįƞĔĺƟŅĚŀŀĔȮĩŊŀŏĮƦĬĨńĺĝňŘĺńħĺƞŅėŊŀĔƟĬŏĨŅĩĸŋĚŏľĸŖĔŏĬŊŗŀĚěŅĔĨŃĔĶńĬ
ŏľĸŖĔŏľĸƞŅĬňŘěŃĕńĚŀĵŌƞĔƟĬŏĨŅŒĨƟĝńŘĬĕŀĚĔƟŀĬŏľĸŖĔĔŉŗĚŐĕŖĚĔŉŗĚŏľĸĺȮ&Bloom'ȮőħĵįŇĺĭĬĽŋħĪňŗıĭĴńĔěŃĴň
ĶƞŀĚĶŀĵĕŀĚĽĬŇĴŏľĸŖĔĽňĽƟĴĨŇħŀĵŌƞŏĬŊŗŀĚěŅĔŏĮƦĬıŊŘĬįŇĺĪňŗŏėĵŀĵŌƞĨŇħĔńĭĔƟŀĬŏľĸŖĔĔŉŗĚŐĕŖĚĔŉŗĚŏľĸĺȮĭŅĚ
ĔƟŀĬĮĶŅĔĢŏĻļĩƞŅĬŀňĔħƟĺĵ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ50  ĸńĔļĦŃĪŅĚĔŅĵĳŅıĕŀĚĨŃĔĶńĬĔƟĬŏĨŅĪňŗĽņĶĺěıĭŒĬŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴőħĵįŇĺħƟŅĬĭĬ
ĮĶŅĔĢėĶŅĭĽĬŇĴŏľĸŖĔĭĶŇŏĺĦıŊŘĬįŇĺĪňŗŏėĵĽńĴįńĽĔńĭĔƟŀĬŏľĸŖĔĔŉŗĚŐĕŖĚĔŉŗĚŏľĸĺȮ&Bloom) ŐĸŃŏĻļĩƞŅĬ 
 

 

 

 



  
 

 

6. 

3. ĝŇŘĬĽƞĺĬĮĸŅĵľŋƟĴĪƞŀĸĴħŇĬŏįŅȮ&Clay nozzle or Tuyère'Ȯıĭ 2 
ĮĶŃŏĳĪėŊŀȮĮĶŃŏĳĪŐĶĔĴňĶŌĮĪĶĚĔĶŃĭŀĔĮĸŅĵĴĬĨĶĚĔĸŅĚĪƞŀĔĸĺĚȮŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚħƟŅĬŒĬȮ1Ȯ
ŏĞĬĨŇŏĴĨĶȮŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚħƟŅĬĬŀĔȮ/1ȮŏĞĬĨŇŏĴĨĶȮĸńĔļĦŃŏĬŊŘŀħŇĬŏįŅŐĭĭīĶĶĴħŅȮ
&Earthenware'ȮȮĴňŏĻļĔƟŀĬĔĶĺħȮŏĴŖħŐĸĚĮŃĮĬȮĽƞĺĬŒľĠƞĪňŗĽƞĺĬĮĸŅĵĴňėĶŅĭĞŇĸŇĔŅľĸŀĴĸŃĸŅĵ
ŐĸŃėĶŅĭĨŃĔĶńĬŏľĸŖĔĨŇħŀĵŌƞȮĽƞĺĬĮĶŃŏĳĪĪňŗĽŀĚĴňĸńĔļĦŃĪĶĚĔĶŃĭŀĔĮĸŅĵĴĬħƟŅĬľĬŉŗĚŀňĔħƟŅĬĴň
ĸńĔļĦŃĮŅĔįŅĵŀŀĔĨĶĚĔĸŅĚĪƞŀĔĸĺĚȮȮŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚħƟŅĬŒĬȮ3 - 4 ŏĞĬĨŇŏĴĨĶȮŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚ
ħƟŅĬĬŀĔȮ13 ů 18 ŏĞĬĨŇŏĴĨĶȮȮĸńĔļĦŃŏĬŊŘŀħŇĬŏįŅŐĭĭīĶĶĴħŅȮ&Earthenware)  ĴňŏĻļĔƟŀĬĔĶĺħȮ
ŏĴŖħŐĸĚĮŃĮĬȮĽƞĺĬŒľĠƞĪňŗĽƞĺĬĮĸŅĵĴňėĶŅĭĞŇĸŇĔŅľĸŀĴĸŃĸŅĵŐĸŃėĶŅĭĨŃĔĶńĬŏľĸŖĔĨŇħŀĵŌƞ 

 

 
 

 
 
 
 
 

ĳŅıĪňŗȮ3/ȮȮĝŇŘĬĽƞĺĬĮĸŅĵľŋƟĴĪƞŀĸĴħŇĬŏįŅȮ&Aj_wȮlmxxjcȮmpȮRswèpc'ȮĮĶŃŏĳĪĪňŗȮ/ 
 
 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ30ȮȮĝŇŘĬĽƞĺĬĮĸŅĵľŋƟĴĪƞŀĸĴħŇĬŏįŅȮ&Aj_wȮlmxxjcȮmpȮRswèpc'ȮĮĶŃŏĳĪĪňŗȮ0 

 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ  Ȯ2,ȮĪńŗĚľŇĬŐĸŃıŃŏĬŇĬȮĽņĶĺěıĭħƟŅĬľĸńĚŏĨŅĩĸŋĚŏľĸŖĔȮ!@LR..0ȮŏĮƦĬľŇĬĔĶĺħ
ŐĴƞĬŘņĽňŐħĚȮĪńŗĚľŇĬĴňĕĬŅħĔĺƟŅĚĮĶŃĴŅĦȮ/.ȮĩŉĚȮ/1ȮŏĞĬĨŇŏĴĨĶȮĵŅĺĮĶŃĴŅĦȮ0.ȮŏĞĬĨŇŏĴĨĶȮĪňŗįŇĺĴň
ĶŀĵĽŉĔľĶŀŀńĬŏĔŇħĔŅĶŒĝƟŏĮƦĬıŊŘĬįŇĺĶŀĚĶńĭĔŅĶĪŋĭĭħŏĮƦĬŏĺĸŅĬŅĬȮĽƞĺĬıŃŏĬŇĬȮĕĬŅħĔĺƟŅĚĮĶŃĴŅĦȮ
//ȮŏĞĬĨŇŏĴĨĶȮĵŅĺȮ/1ȮŏĞĬĨŇŏĴĨĶȮĴňĸńĔļĦŃėĸƟŅĵĽŅĔĮĸŅĵħƟŅĬľĬŉŗĚĔĸĴĴĬĴňĶŀĵĽŉĔľĶŀŀńĬŏĔŇħ
ěŅĔŒĝƟĭħľĶŊŀĪŋĭĺńĨĩŋŏĮƦĬĶŃĵŃŏĺĸŅĬŅĬ 
 



  
 

 

6/ 

 
 
 
 
 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ31ȮȮĪńŗĚľŇĬŐĸŃıŃŏĬŇĬľŇĬĕŀĚŐľĸƞĚőĭĶŅĦėħňĭƟŅĬĬŅĨŋƟĴ 
 

                    5. ŏĻļŏėĶŊŗŀĚĩƟĺĵŏĬŊŘŀŐĔĶƞĚȮıŇĴıƢĸŅĵıńĬīŋƢıķĔļŅĽňĬŘņŏĚŇĬȮıĭĭĶŇŏĺĦħƟŅĬľĸńĚŏĨŅ
ĩĸŋĚŏľĸŖĔȮ#BNT001 ŏĬŊŘŀĳŅĝĬŃħŇĬŏįŅŐĭĭŏĬŊŘŀŐĔĶƞĚȮľĬŅĮĶŃĴŅĦȮ1ȮĴŇĸĸŇŏĴĨĶȮĨĔŐĨƞĚħƟĺĵĔŅĶ
ıŇĴıƢĸŅĵıńĬīƢıķĔļŅĽňĬŘņŏĚŇĬȮŏĪėĬŇėĔŅĶįĸŇĨŏėĶŊŗŀĚĩƟĺĵŐĭĭıŇĴıƢĸŅĵŏĮƦĬĪňŗĬŇĵĴŒĬĮĶŃŏĪĻěňĬŐĸŃ
ĮĶŃŏĪĻĠňŗĮŋƙĬȮŒĬıŋĪīĻĨĺĶĶļĪňŗȮ03143ȮĬŀĔěŅĔĬňŘĵńĚıĭŏĻļŏėĶŊŗŀĚĩƟĺĵŏĞňŗĵĚœŁȮĮĶŃŏĪĻěňĬȮĞŉŗĚĴň
ĸńĔļĦŃĔŅĶĨĔŐĨƞĚħƟĺĵĔŅĶıŇĴıƢĸŅĵȮĔņľĬħŀŅĵŋıŋĪīĻĨĺĶĶļĪňŗȮ03ȮěņĬĺĬŀňĔȮ/ȮĝŇŘĬħƟĺĵ  

 

 
 
 
 
 
 
 
 

ĳŅıĪňŗȮ32ȮȮŏĻļŏėĶŊŗŀĚĩƟĺĵŏĬŊŘŀŐĔĶƞĚȮıŇĴıƢĸŅĵıńĬīŋƢıķĔļŅĽňĬŘņŏĚŇĬěŅĔŏŏľĸƞĚŏĨŅŒĬĮĶŃŏĪĻěňĬľĶŊŀĠňŗĮŋƙĬ 
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