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fltl1~l-J1 n ~uurul'l'Jltl-1'nUl'I t.I~ IJIl'Ifl-1 LLCiI~L'ntl~Utl~ fl'l13J P'ltl-1n1'LLn1Jl-J'JlUl'I L"lI~1'It 

.. ... ~ t'" '\' '\'''' , t"0 1'_Cl-1I1t:;l-Jn1,,,,n'tt1 UL1fl-1 ~U'1tuL~'VI'l1'ltl1l-J1tltl1~tl1'lU1U1'I1 'VI~1)J1'Cl~:r 1-3111'n LL~:; 

(;IflU fi1Cl13J L~tI'lnU ~tl~~-1n~1'l1.;(l-J1n LL"iltl~tJ't:;L~U'VIti~~~~1.~ fiifltl{ltLlltu1!n Pitl LL'VI~-1 
LU'1 rufl~~iln1'tH{~11£i1LL,,1JJil LL'VI~~l'Ifl~ LLIt~ LilU'JIfl~ IJIU \11t ~il fl'l1l-JIIt:;Lilui.tJi.Ii'~1LL'VI~-1 
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n·l1An'.t!t1~'W~LL'Mfl-:J ~iIJlYltl-:J LL"-:J L;'W L'MSjtl-:JLL:~Jl'tI~flritl'Wtl1~.jjifll1~l'If~1JLS'W 'Mffi~th'W'2tJ 
.... ..../... • ~ ... ../../ 11'" .... .... ~ ... •

L'lI1tN"n~"t'WYl1 'Vl~ LL'M~-:J ~tJl1Nfl"'Vlmm'1ltl-:J n11~fi lJI'Vltl-:JLL"-:Jn1~"t1t1IJ1'ltl1ij tln'Vl-:J"ntJ L'M~tl-:J LL1 

, 'l..r../ ~. I'" ~ , ~ ... ../ .... ''l ........ ... 

n1~o'lt1t1"''l~~tJL''lIJl'l-:J1 'W"n'WYl 1'l~ LuCl-:Jn'l1P'1mnLL'Mfi-:J ~tJ1'lNflf'l'Vl"t t'ltl'J 'W~~tI~'l1"'M1tl 

LL'Mfl-:JLtJfiNfl~~ijm~'l.Jfth~", LLj;jii'Wijm~lJItltJ~'lCl'l~'l;ttl!J'l-:JLLUi(;l'l~~'lLL'Mfl-3LtJ~'lNfl~'Mffi 

'~''WL'MfhttU'l Ltl'l'VltN LL(;I-3~'l"t'l n LL'Mfl-:J ~i IJI LL'Mfl-3 'l'M'W'Mltl~'Wmt'l "t ~ijL~tI-3 LLj;jn'l~l'ItltJ'l~~'l• 

..r.../ .~ .... .¥. ... '1'" '" , '.oJ ~.., • ../.../ '" 

"n'WYl L'Mfi'l'W'W'l"t~'Mffi;t'W'W1t31'W (,t'I"t'ln'tl"'~1'l~1JI'l-31 L"lI'W ~~tI~'Vl1-:J ~tJ~'lN'lI'l'l1'l~'VlLntl'l'tl-:J 

ri'W 

n 'l ~i'Wil 'Ml'l'WIJI'l ~ I'l'l'l ~ LU'W'l1J'l;t'tl-:J~'W~'Mltl n 'l1~ LI'l~'l ~'"LmtltJ L ;itltJ'Vl'l-3 . 	 ~ 

tl-3",tl~~	ntltJ'lItl-3LtJ~1NtJIJI 'ltlf~Ul'Vlth11'l'Mltl'Vltl-:J LLf'I-3;J"ntJ'l'WLL'M@-3LtJ1'l Nfl ~'I!'W1 ritJ LL'M@-3 

../ ''l 1:'''' ....¥.... '1l:' ' .!*I ~. I~ 1:" .., .r .../ ~ '.l! .., ~ - !"''l'Vltl-3LLt'I-3'Vltl'J n't4 Lfltl-3 'lI-3't4'W'W'Ml'l'W (,~'l'ltl'l"t"t~Lu'W LlJ (,""'l1ru~1"t'ln"n'W'Vl'W'W1 LLlJlrltI-3 ~~ fl~ 
... ...... . ......... . ../ , , ~ ..., ~ .... 

fitl-3L'VltltJ Lfltl-:J'M1tllJl1'l/"'~tltJtltl1-3"tN"t-:J L"ntl'M1 fl'll'ltltJ'Vl'l1 LL'M~-3 ~tJ1'lNflI'lLL'M-3'W'W11J~1"t1 n 

..r ' 
"n'W;i'l1'l 

11 .¥. 'I. .. '!!I .. , ../... 11:1· ... ''1.!'" " .!*I
'1Itl~-:Jf4t1 L'WLffi-:J m~P'ln');'lL"ntl'M1'l'l'~"II'WYl~m1 '1l~'l1(;1LLIJI ~~ LL'M~-3 LL1'V1tl-:JLLCM Lu'W'tl-3 

lJI'WLtl-3'l;t1tJ Ltl'l 'Vltl-3 LLI'l-3~1"t'l n ~'lI'l,r'W LO I'l~1"t 'l n tl1~L~'W~~tl~ ~ 'l LL'M@-3tJlJI 'l~tJCitl'l~~1 LU'W 

."'f .... " .... 0 ~.. ../II.! ... .r ~ 1:' ~ 'l.oJ.... ..... .. ... 
u"t"ttl~1flClJ~1'M;ru'~''W'Vl ~~'l~11Cl~~lJI'Vltl-:J~-3"11'W I.~Ltl-3 Ll'lm~"n'l~ 'W1l'l-3~~tI~11t'1'lI-3~n11 

'l.Jf~111'lri'Wtl!J'l-1n~1-:J"II'l'l-3 ,j1'l,tm~1Nfl'l 'l~ Iftl-1 n1ntl~'Vltl-3 LL"'-3 ~-1f'WlJI1~Ltl ~'l tI LL'M@-:J ~i lJI 

'Vltl-:JLL"'-:J~-1CitlL;t~'lLu'W'M;1-3'l'W'~"II'W~~'l~ClJtl!J1-:J~'lnj;jtl'~"II'W~ijm1'l;{~'1~'" t'lni-1n'l1An'M'l 

LL'Mfl-1 ~i I'ItJ,,'l~tJ Ltl-1 ~'l~11CltJtlnL11'ltli11-1m 1~(;Ij;jtli~li'W€ritJ'~"II'W~ ~tl-1n111'1'1 'l~tJ LL~::ti-1 
~1~11Cl~71-111'l"n n'l1'tl1t1 ~'l"lltl-:J'2J"II'W~~ I'l j;jtl LLfi~ij fl'l1~i2Jli'W€ri'Wriu LL'Mfl~1'1'1 'l~tJ,i'W1 
;t'ltl L ;1tl-1"t'ln~1'Vltl-1 LLt'I-1 LU'W~~tl-:Jn11'l'Wn11~i1'I~1it'l 

~-1,r'W~-1U1"t::,j1'l,tLL'Mfl-3tJi lJI'Vltl-1LLt'I-1L~1tJm1~"'~tl"t'l n'2J"II'W~'W1tl~ lJI~tl t'I L'l~'l LL~~ 
... I J 	 II I 

tJ'l-1 fl1-3tl'l"t"t dh'l-«'~"II'Wti'W;iij fl'l'l2J ~tl-3 n1'tJ1JI'l ;itJ~'l ~-:Jn'Wl1'W'l'WtJ1L'l NL~tI'l ri'W'Mltl .. 	 .,~ 

'lnt\'Lfltl-1 L"ntl~::(;I'lnj;jtln'l1~"'''tl1~'M~1-3'2J''II'WLL~~LL'Mfl~~i 1J11'IJI 'l;itJ t'ln";-1'l'WtJ'l-:Jfl1-1tl'l"t"t~ij 

n11LL~n Ltl~tI'W~-:J d1t1tJNJ'Wfi1UJ"t'l ntJ1L 'l N~'W12J1ti~tJ1L'lNLL'Mfl-:J ~i IJI LLft ~'2J"II'W'lnt\'L;;tI-1'l~ 
L;'W'l'Wn1N"lItHLL'M@-1LtJfiNfl~U1'WLtJ-12J~'W1'l LU'WcII'W 

LL'M@-1LtJ1'lNflilu1'WLtl-12J~'W1'l tl.liNJ'W'lilfl2J "t.fi"n1.J1 (~m~ 'W1Cl~\;'W~ 2545 ; ~mfi 
.... 	 ....!*I 'i' ..., .. ../... 1"'0....!*1•

'W'lCl~"n'W~ 2546n; ~mft 'W1Cl~"n'W~ 2546"l1) L1J'WLL'M~-3 LtJ11 Nfl t'lLL'M-1'M'W-1'Vl2Jn11 "lI~1't'lLu'W 

• .... .. '1'" ~ ..... 1 0_ ~~ ..... 1 .. ../.../.... 'i'
tltl1-12J1 n I'l-1L'M'W 1.t'I"t1n LtJ11N'lIJl'lu1~Ul'Vl~1~(;I '1'l2J'Vl-:J ~tJ1'lN'lIJl'lu1~Ul'Vltl'W'Vl Lntl'lntJ-:J1'WL~ 

., 
"t1nn'l1~1fi"tLL~::n1"j1-11'!..lJl'lfil~'W12J"lItl-1flN::LtJfiNflil 2J'M1~'Vltl1itl~~tl'ln~i-1LLj;j 

t1"n.fII. 2543 (~'''nft 'W1Cl::\;'W~ 2545 ; ~'''nfi 'W1Cl~\;'W~ 2546n ; ~m~ 'W1Cl~\;'W~ 2546') LU'W 

 
 
 
 

 
 
 
 

 
 

http:t.fi"n1.J1


3 

" .. II " ,''' I ~ ... .:II.!... I ...I...... !"I II. III .1' I

1JI'U~1Y11 L~Y1111J"l11J1L"lCUU.~fi~ ~1J11CUI'l"''U ~~U.~fi~Y1tl~U.'MYltJfiIJlLtl~ ~~LlJ'U LlJ L"""l1tl1~~:: 

... .... ... .. .\'"'!!l" II ':iI .1' .I ...IIJftl~~ m111J~1nll1tJ'Utln ~~Y111.l!I ~ 1"1 n'tr'"lLn '";l"l1~~'U L~"l1'~"JI'U'U Lll'lYltl~ LL"'~~1~1n'W'UYl1.", 

• I !"I '!!l .... 1 ",........1 I ~ ... " ~.~ 

"jJIIlJ1::~~fl L'Um1I"1m~t1tl~;llJ1::ntl1J'IItl~"lIJl'.!~11"'Y1U~fi~ ~1J11 CUl'ljJll1J1'U ~lJ~~::'U1"l tl. 

,"1iJ'U1ill'l~ ~. fi'W'41 ;itl L~tl~tl~n1~1u.~"~t!lJIq~1JYltl~U"'~'IItl~'~"JI'ULll~~::'U1"l ~~'Utln~1n 
~1~11CllJltl1J,:)1m~L~tJ"ln1Ju~fi~tjlJl'l~1JUi"l6~~1~11Cl~fl~1l1'WO~m1ii",,jtli~,"'Ufi1::~~1~ 

'~"JI'U~irfJL1Jl1CU1.ItIt"ltJ Ufi::tl1~~::LtJ'U;tl~fiL~tl~Jf'UdTl.,fum1~n~Mtl1.tJ1.'Utl'U1I'lfi 
;tl~~~;;31'U;tl~~~~iiL~tJ"ln1JU~"~~~1'11tl~t!IJI'.!~1JYI'f)~U"'~'IItl-3LL~"~L1J11CUI'l;;~1U 

~t'1 ...... !"I II. Iii .1'..1 .I ..I I '!!l....... ...

L ~~::'U1"l I'ltl ~1'l"l1~ LlJU LlJ L""Y1~::~1"1n'WUYltJ1'U~1JL'II1"l~'W1::~'UYlfL'W11::L~tll"ln'M'1Cl~ 

I ~ ... " ~.'I "Ji! II .1' I ... ...III I , I 

1::tJ::Y11~"JI'f)~ LL~fi~ L1J11CUI'l "'1J1U LlJ-3~::'U1"lUfi"l ~::\'I~Lnfl L"""l1~1::tJ::Y11~Y1 L~~1~~1mL~fi~ 

tJ~IJIYltl~U",~1.U1J1L"lCUL'II1IH'W1::('UYlf tJ1::~1CU 30 fiLfiL~(;I1 ~~LrJU1::tJ::Y11~~~'Lf'M'ff~irtJ 
L1J11CU~1~11Cl~~::;;",,jtlO~nuUI1.titJ1n iln~~~in11UYl1~L1J11CUfl;;~'W1JU~"~L1Jl1CUfl;;~1'U 

. , 
I" 0 ., ... 4 I'" IV 

1988. 132 ; Bennett 1989. 337) U1Y1~::'U1~1"1m'll1"l~'W1::~UYlU LUtl~~1n'W1J'J1"l(;lClfin'M'CU::• 
dtJ~ (;I~ LL~,,~ tJ~ IJIYltl~ LL",~1.'Uti1'UL"JI1"l~'W1::~'UYlf~~~1.It'W1J~U~,,~L1J11 cuflilL'U'U~~1nfi1Ufi:: 

L1J11CUI'l;;~1'ULt'I~~::'U1"liim1fuLtl1tjfl'.!~1JYltl~LL"'~~1n~'U~1.'" iln~~tJfi~L;l11::,""JItl~tA''Jtlth~ 
tjfl'.!Y1tl~U",~~1tld11"'~1nu~"~L1Jl1CU;lil~1'ULll~~::u1"l6~~1~11Cltl1~~::1.;LU'U11U;tl~fi~ 
~1~11ml11.tJ~n'M'1 ,jtltJtl{;l1.A1'Utl'U1fl fI 1"l~~~1.Un1N~1.~tJfim1~n~~1U~,,~L1J11CUfl ;;~1'U 
~t'1 iI.!iI "'" ...... .... .. f '" " ':iI. I 
~ ~~::'U1"l ~ L"'11JLtl1'J1JI'.!"'1JYltl~LL"'~~1~1n1J1L'JCUtJ1'U~1JL'II1"l~'W1::~UYI ntl1~~::Ltl1'11tlU LlJ 

'!!l ,... ,'''''' • ...... .. 1I."~.1" I ~ ... "~.'I ... 
I"In~fltlL'Wtl~1LL~fi~"lIJl'.!"'1JU~fi~tlU1 ~1tltl1~~::Y11 L~iL"""l1LL~fi~ L1J11CUfl"'1J1ULlJ~1l::U1"l~ 

I • II' 

n11fuLtl1tjlJl'.!~1J~1~1n~fi1tJViUJ1."lIL~'W1::1J1L'Jcu1."'1J1L"lCU~U~LvlTJu 
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!WI .J... r , ... I AlII::' ...J 
'VItN LLtlN LlJULfl"':::'VI2J1l,.:::LtJ"llUlJltl2J'lf'M'mUUtltJ'N2J1 n tln'VI-:j LUULfl"':::"llU(;l LLtn1 'VI \l n 

U12J1tf~'ltJ L ;ltl-:j'"t1 nij f'lr:u~2J'~Lll'n1::: iK'l ~12J11flU12J1t .j{~fl '" LUUa-:j'Utl-:jt~iuiltU11l'Utl-:j
• ti 

... .. ...J'I J! • .. • 'I. I ., 'i' • I ...
'VItl-:jLL(;l-:jfit,.2J"ll11J1 "'''tl'VItl-:j LL(;l-:j'VI LP'I'"t1 nn11flf!-:j LL''VItl-:jLL(;l-:j ,..7tlU1 LlJ~~2JmJ Lfl"':::lJ':::Ul'VItlU1 

nfl1mUULfl"':::~~2J (Alloy) ~ijf'l'l12JLL;J-3LL'-:j 'VIU'VI1U L'IIU ft11(;l1 fl17(;ltl1iL'lIUfl
2 

Luuliu 

.... .¥., ...,. .:II .,. .. .,. 

'VItl-:jLL(;l-:j (Copper) 2J\'tqjfln'M'r:uLf'l2J f'ltl Cu 2Jf'l'l12JLL'U-:j1Jl12J Mohs' Scale 2.5-3.0 2J'i(;l 

•...l 0 ......l o..,...l 0 .,. .... 
,..fltl2.IL,..fl'ltl'..!'VI 1,083 C 'i(;lL(;ltl(;l'VI 2,595 C tltlUIJI'l'VI 20 C 2Jf'l'l12J,..U1LLUU 8.89 2JfI'l12J 

"'in.s1U'VI1.:JLtJ"r:ufl~LL~(;l-:jt"'L-aU~12J'lf'tl1iL12JU1'V1tl.:JLL(;l.:J2J1t.~.:JLLeill':::2J1r:u 9000 tI 

.!:' '1 ••1.\1
I'I1U'VI1U Ln111 1.73 ...J 0'" '1 ••1.\1 "I t 'i' r ... ...J.,. 3'" S ¥.0

'VI 20 C 2.1 f'l'l12JU1 Ll1111 LULLU'lIJl.:J LLfl::: LfilltJU1,..Un'VI(;l2J1 n (t1'l"ll"ll \'t2J 

illJllJI:::'lU"ll 2518) . " 

2.11 LL~'lt ULLfltJlJI:::tJUtltl n nfl1-:j 'ntJ~1LUUn11U1 Ltl1 LL1vltN LL(;l-:j2.11ih LUULfl1tl-:j,J':::~tJritlUl*itl2J1 

~-:jtrKci2Jiln1'U1Ltl1'V1tl.:JLL(;l.:Jfin2J"ll1~ (Native copper) ~~12J11fl'ntJt;t1Jl1tJ1:::~tJ~'l~U'Utl.:J 
.. .r .1.1' .,. .. ... ...... 

LL,..fl-3 LL''VItl.:J LL(;l-3tJ1'UUllJ P'I'ltJ n111J1'U r:u:::LtJU (Cold hammering) LUtl-3'"t1 n ~r:u~tJtJlJI'Utl.:J 

... .,..r _l'l!"i' 'I.!'" "I" "4. ...,.. ... 
'VItl-3LL(;l.:Jfi"tJ"ll11J1~1tJ11fllJl'UUt. u L(;l,,(;ltJ IJ..IlJltl-3~1Un1' L14f'l'l1tJ7tlU IJItl2J1'"t-3tJn11U1 Ltl1 L'VIf'lUfI 

1 ~'1;I1I'IIIJ.l'1tl t1.:1 L~'III~~~J.J'!lfJ.:I'VlfJ.:I u.l1I.:I~ d:ll.iri'Jl.i'lllfln LL~~~'lJ n;8.:1 Lih..lri'Jl.ir.JtUJ1fJ.:I 'II'1.:1"1~"I.:Ittlu~J.J~.:I 

'bJJ.J'1 nn~'1 1 LUfJ fL'!Il.i~l.i'I.u Ll1Itli'J'I.ut1l.ift'1;I1I~ilO'11t n l.i~iitlfifJl.iU1::;1'~ rI'1~ ,,1'!1fJ.:IU1~ L'Vl rI'I.'Vltlii 

... t .... ~- ....:.... ..t 'I.
ri'Jl.ir.J1'IJ.J AfJ 'VlfJ.:ILL(iN 85-90% ~fJliI'lJn 10-15% l.ifJn"l'1nl.itl.:lJ.JO'11L~J.JtI1J.J'1tulil'lJnU1::;J.J'1tu 20-25% '!Il.i U 

L~fJ";'1t \ttrnti'tu~'!lfJ.:Ift17I11iiA'J '1 J.J Afl'1wi'IJ'Vl fJ.:IJ.J '1 n~ .:I~l.iL~fJA'J '1 J.J~'J tl.:l '1 J.J L'III J.J'1 ::;u.ri 0'11'11'1'I.u r.Jfl" LUl.i 

LA1fJ.:I1J1::;~'IJ (High tin bronze) iuilti'3'1l.i~'1t.i'1"1::;iiO'111;rJ.J'1K.:ILLtJiu1::;J.J'1tu 6000-5700 nJ.J'1u.fl'JtuL~n 
1JI::;1'UfJfJnn~'1.:11l.i'!ltu:::mul'Vltliuil1!t3'1U~'1t.i'1"1:GJ.Jl;r1'1'J 4500-4000 nJ.J'1u.fl'l ( i1i~~ U'1t1::;~l.ift 2533 ; 

i1~~ U'1t1;JUft 2541'111ll'1 92 ; i1~~ U'1t1::;Tll.i~ UJU1'1n{]tl~Tlm' 'IIIll'1 69-82) 

2 ft'1;l1IfJ'11L'!IilA (Arsenical bronze) t1fJ~'1LUU~'III::;~1'IJ.J'!IU",u.:m LliltI'II'1.:1"1.:11"1~"I:;~~J.JfJ'1fL'!IilFt~.:IlU 

~'ltl L~fJ L~J.JFt'J'1J.J u.;i.:l 1.1.1.:1 u.n'VlfJ.:I LLIiI.:I L'IIIJ.J'1:::u.rl 0'11t;r.:l'1uJ.J'1n~l.i L~J.J LL1nt.i'1"1:::Ln"'~'1n"l'1 O'11i.:lLn~1'1 1.1.1 

V1fJ.:I u.liI.:I~iifJ'1 fL'!IilFt Ln",11J.J;('Jtl"l:::ilf'l'J'1 J.J u.;i.:l IJ.1.:1n1'1 IJ.lVIfJ.:I LLII\.:I~UJil 
3 O'1rn'1'I.~"h!lfJ.:IVlfJ.:I u.liI.:I"I::;1fJ.:I~.:IJ.J'1"1'1 m~u~:;fJ~ijLiltlJ.J ('VlfJ.:IIJ.IiI.:I) Lliltlluil"l,Ul.iVlfJ.:ILLI1I.:I\ln";'1 

LiJu~'1t1'1.~rhL~fJ.:I"I'1m1'11~rh~ (i1il'!l'1f iJ.Jilllllll:;'lu'!I 2518'111ll'11) 

4 lI'ltli)jjO'11;i LUUL~fJ~upJa.:l'!lfJ.:I"I::;v'ht~~'1J.J'11t1~fllll LUUa~'IlfJ~'IlU'1 iii Lfln'1.;(IJ.PiUJ1'1'1 J.J'11tmflIII Lilu 

..I .. ..I~J:I.I .. ~.!~ l' ..I '!I ...:i. ..11k'" J!'.ILf1I1fJ.:IJ.JfJ'Vl ~"II.:I'1Uu1:::U1'VlYJ'IJ'III1fJ III UJ WI LUfJ.:I"I'1n"l~~CULntlFt'J'1J.J L'IIIUtI'l n.:l'llfl~'Vl ,,"I:::J.Jf1I'J'1J.J u."II~ IJ.lJI"I:;Lu1'1~ 

 
 
 
 

 
 
 
 

 
 

http:IIIJ.J'1:::u.rl


5 

n.:J"lI'J.:J1.J1~2.l'HlA 6000 t12.l1 LLt\'J~.:J Li2.l'Yi1 tflVl~~~2.l ~tl ~11~ L;1tl.:J~1 nil flru~2.l'illl~• 
LVl2.l1~~2.lLLtiL;.:J1U2.l1nn~1V1tl.:JLL~.:Jtllf!V1f (f!1Vifi U1f1~?iU~ 1.~.hJ11n!Ju~i;2.llf WW1 76 ; 

Knauth 1974) 

IIJIUftu..::t1nU1\'1'!1i1~\'I'iHII.Lft~YI"''lll.utlnL\'I flfL\'I!I 

V1tl.:JLL~.:J ~12.l11mL,j.:Jtltln1.rA'tltlmuu 3 nQ2.lLVI'lJi fltl V1tl.:JLL~.:Jfi112.l"ll1;j V1tl.:JLL~.:J 

'ifl1.~'"' LLfI~V1tl.:JLL~.:Jtltln1."Il,", fl1:rutlLU(;1 ;~Ln(;1 ~11111nr tlftl~U1fl 2548 VI~1 33-35 ; Pellant 
,lot" If II 

1992, 52,76 ; Clark 1979, 14-15) t~fJ~~Il2.lIA'.:JLLlJi'iUfih.:Jf!~fltl 'iu~1mL1i.:JL~2.l (unaltered 

ore) ~~~Luu-iU~UVlil~iu,j1Lm~1mL:f~U2.l1 Lu-iu~1l1~ntltlrA''JtlLL'llt!2.ll1ijLunfl2.leftfl1.~'"'... .
". ., 

(primary sulphide ores) L"lIU t1tlf1.uCf1 fl1f1tfl1.Vi1.1Cf11.Vi1.1Cf1 LUUiJfU 'iUlJitl2.l1 ~tl eftULLfrJ;1tliJij 

(zone of secondary sulphide enrichment) Ltlu-iu~~2.l\l1ru'1lrA''JmL:f.Jfl1.~'"'lJi1.:Ji lJitl2.l1~~ 
LUU1~itl~1L~~U L~tlLfltl-iu~1L~~u~u1.11~~Vitl-iulItl.:JLL:fnQ2.ltltln1."Il,", (zone of oxide 

~ ;. ..j I 'I.... ~... ..J 'I" It .. ~I

enrichment) ~~L1JU'1IU'Vl~~VitlLL1n~2.ltltln LttI~ fl11t1tlLU(;1 "lIflLn(;1 L'1IU 2.l1f11 Lfl(;1 tl~1! L1lJl L1JU 

~U 1'J2.l~.:JVltl.:JLL~.:Jfi112.l"ll1 ;jtl1.:J~'JU LVliltl~U1.1J~~LtlU-iU~\l nll~t\1.:J (zone of leaching) lItl.:J 

" ... ... '\' 0 ... ....: '1.1 ~:::. ... 
LL1fi1~(;11.:Ji~1m.j'J~UfI.:J2.l1 L~fJm1m:::V1111tl.:Jfi112.l1l1(;1 LVlUtl'!lU L1J~~L1JU"IlU gossan Vl1tl 

" ... :" __ 4:'': _Ieii''' 5 
ironhat LLfI~f!~V11fJfltl "IlU~'J~U ttI.:J 2 "IlUU~~VitlVltl.:JLL~.:Jfi1:r2.l"ll1lJl LL1LVlfln LLfI~~ULVlfII 

gossan or ironhat 

zone of leaching 

.,. ........ zone of oxide enrichment 
"r.!6IIU\I'l L6II6II\I . -­

\1......~i!:I~1- zone of secondary sulphide 
enrichment 

unaltered ore 

mYi~ 1 i'Um1LiiJiil"1lfl~LL1LLPi~::'IIilJiil 
.J 
Vl3-l1 Clark. 1979, 15 

5 .. , .!'II .J. 'I" ... .. '1.!f ' .. 
t./j1nm1LnJiil'Dfl~LL1fl1t./jt./j::Lu'U~1L'\I1IJ.1VlVl1 ~'\I13-1'ltMEJ'U1Lfl1Vlfl~LLJiiI~fi113-1'111Jii13-11 ~'1I~1'Unfl'U L3-IflL'l~1 

~.h 'U'hJVlfl~ LLJiiI~n13-1'111 ~tl'l ~'UL13-l'\l13-1Jii1 3-I'ltM6~3-I1l JiiI~~ltl1~~'U~nf'UL~flEJ1 L~fl'\l11 LL 1Pi1~1f'U3-I11.;r~1'U t./j'U 

.t' .oil ".!'II .... X 
~1'I'Y11EJt.Ij"lLnI'lLu'Um1Vl1L'\I13-1fl"l'D'U 
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hj ~'eHl ~1'Wnl:i't;1 ~'l Lti'el'l'"l1 n'el~1'W~111~t~VI :::'Vl'el'l LL~'l ~1a..!1 :i't;1~'llL~(;J1a..!~ 'J ~'W1'W'll1L'J (1J~ dJ'W 

LLVI~'lLLi'Vl'el'l LL~'l i'WU'it~I'W~1 n1:i'1-if'Vl'el'l LL~'l L1a..!a..! 1'"l1 n n1:i'Ltl'll'Vl'el'l LL~'lDna..!"ll1 ~a..!1H ri'el'W LL~'J 
JJI 

~'l~[?J.J'W1hJ~ n1:i'YiI L Vli1'el'l Ld'Vl'el'l LL~'lVi ~'l'"l1 n'Vl'el'l LL~'lD:i':i'a..!"ll1 ~1'Wi'W'll'W~ ~"1J'el'l LLVI~'l LLit;1 n Ltl'll 
~ q ~ 

In'l'fYl 2 Vlt:l~u.(9l'ajj'j'm,~ 


Yll-JI : Knauth 1974 p.18 


~ ~ 

rlla..!:::t;l'W ~~ dJ'WLLi"llU~U~a..!J.Jij (Primary Ore) Ld"llU~tjLn ~'"l1 n nl:i'n:i':::YiI"1J'el'l"j1 ~1:i'~:::~It1 

'el1n1fi1 LL~:::ril"llU:i':::\J1'Vlr;i1'l1 LLi-n~LyJr;f~~lfi'1!L~LLri rl1~tfOlL"l!'Yl fOll~tfOlL~Ln' 'll'elfl'WlPltfOlL'J~ 

L~lPl L'el'W'"llfl'WlPl LL~:::L~hlPl (~:i'I11nW 'elftl:::'WlfOl 2548 Vlill 33-34 ; Pellant 1992. 52 ; Clark 

1979,14-15) 

'Vl'el'l LL~'lU:i':::\J1'Vli~LyJ r;f~~'lla..!ln1'WU:i':::L'Vl filL'Vltl ~'el fOll~ tfOlL"l! r;f LL~:::fOll~tfOlL~h'Vl 

fOll~tfOlL"lllPl (Chalcocite) ~~f?l:i''VlI'lLfOl~ ~'el (Cu2S) ~~L'VlI~'l~1 ~ma..!I(1J'Vl'el'lLL~'l'el~ 
, ~ 

79.9% ~fOl'JIa..!~'J'l~IL~I:::'elU~ 5.5-5.8 ,:rmn ~1'W-n'W~'W'Vl:i'It1i'Ja..!n'llLLi'Vl'el'lLL~'l"llU~'Vl ~tll1ij t~tI 
~ q ~ 

'"l :::~'ll m:::'"lIt1lPl 'J'elu1 'WLLt;1'll~'l VI.r~~'lVl.r~ L~"ll :i''llnw ~ t "lJ'vltl L~tI'l :i'1t1 ~1UI'l (~:i'I11 nw 'elftl::: 
~ ~ q 

'WlfOl 2548 Vlill 33 ; Pellant 1992, 56) 

fOll~tfOlL~h'Vl (Chalcopyrite) ~~f?l:i''VlI'lLfOl~ ~'el (CuFeS2) Vl1'el Fool gold ~~LVI~'el'l 
~ 

Vla..!'el'l L~'el Lun :::i'J'W ~ t:J'l ~1'ela..! L~tI'J ,:rn~ e.J ~ n ~ LVI~'el'l LL'J'J'J 1'J fOl ~1t1'Vl'el'l"1J'W1 ~ L~ n U'W'elU 
~ 
~ 

 
 
 
 

 
 
 
 

 
 



• • 

7 

" I I I 

~11h~ ~'J~~~Vl b~i1!l~bdtlrlri!lklU~:;~Pll~ (;\fVlJ1b~kl !lIUl!li~rI~ 4'~wr(?l~kl!l~mtl bb~:;Vl b"lJl 
• 'IJ 

16-45 ; Pellant 1992, 24) 

.J 
Vll-Jl : Knauth 1974 p.19 

'Vl!l~ bb(?l~!l!l n1"1i (;) rll f'U!l b kl(;\ bb~:;;n~ bn (;\ (Oxide\ Carbonate\ Silicate copper) bijklbbi 

U~:;Ul'Vl'VJ ~tlJJii (Secondary ore) iTn bn (?l1n~n'U~'J ~kl~1-!l~~n~I~:;~'J~1Hl~kl;kl~1 b(?ltl bUkl 

bbi~ bbU~~J11Yl ~lfOjl n bbi'Vl!l~ bb(?l~U~~.1J ii (;]!l~ n~kl~~~ b(?ltl ~lkln1 m~:;vh"lJ!l~fi~~~"1il~ iTnYl 'U 

mjn'U~klm"lJl1yJ bbiu~:;Ul'Vl~~~I~ru1~bbri ~h1Yl~~ ~1~11r1~ !l:;"1ih~ rI~b"1irl!l~~~1 b'Unb'Vlkl 
ClJ <tI GI ClJ 

Pellant 1992, 76 ) 

'Vl!l~ bb(?l~U~:;Ul'VlU~:;Ul'Vl!l!l n 1"11 (;)~Yl'U~1 n 1 klU~:; b'Vl Pl1'Vltl ~!l ~1~11r1~ !l:;"1ih~ bb~ :;~h
'IJ 

~1~11r1~ (Malachite) iJ~(;\~'Vll~brliJ ~!l (CuC03.Cu(OH)2) bUkl~klbd~ml~~(?l1~ 

~'JtI~l~ iTniJ~b~m ~'J"lJ!l~bbibtlkliTkl'Jl'J b~!lbb'llkl iJm~lru'Vl!l~bb(?l~u~:;wm.l 58% ~1~11r1~ 
iTmn(?li'J~n'U!l:;"Jlh~ ~'J1Yl~~ bb~:;'Vl!l~bb(?l~fi~~~"1il~ ~~IJ1nW !It'tI:;kllr1 2548 mJl 34-35 ;

'IJ 

Pellant 1992, 105 ; Clark 1979,61) ~1~11r1~~!lbUklbbi'Vl!l~bb(?l~~~I~lnm'U1~~ln(;\l~bb~~~ 

bbi'Vl!l~bb(?l~1klU~:;b'VlPl1'Vltl (~';J"1i-n i~iJ(;\(;\:;'JU"1i 2518 ~tJl 16) ~'J~~~b~i1!l~bbi'Vlt:l~bb(?l~tlrlri!lkl 
U~:;~Pll~ (;\flklU~:;b'Vl Pl1'Vltl~'JU 
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8 

... 
Vl:J.J1 : Knauth 1974 p.19 

'el:;1h~ (Azurite) ;:j~I?l~'VI1"lbl"1;:j ~'el (2CuC03.Cu(OH)2) ;:j~~lb~'W~C;)~"l~~lb~'Wb-if~ 
b~'el 'l'tJi"l bb~"l~"l'l'tJi"l1~ ;:j 1"1'J1~'J1'J l"1~ltlbbn'J ;:jm~l nJ'VI'el"l bbC;)"l'tJ~:;~lnJ 55.3% ~1~1~Cl~1J1~ 
-i'J1'tJ 1?l1 ~ bbVI 'Ci"l bLi'VI'el"l bbC;)"l-i'J,J~:; b'VI Pl1'VIm"ll'Wb~tJ 'J nwi1J~ 1~'l111"1 ~ (~~lJlH"W 'elftJ :;'W11"1 2548 

VI'lJ1 35 ; Pellant 1992,105; Clark 1979, 61) 

, 

VIm : Knauth 1974 p.19 


 
 
 
 

 
 
 
 

 
 



~~t~1-rt~U~~11~@lA~1mlJmc,~~Ln.:::~11 (~SS '686 ~ H8UU88 ~ 9 ~ ~ '886 ~ nlu!d8l8N ~ v' L86 ~ 

H8uu88)n~nIJ1 ~nt~l~L~~@C, ~~1t1@1 L~~@lel!lOl~-tlel ~gtM.t~gt~:::@ (~~~ULrtn.M.) ~leltL~Lrt 

np'-1 ~!IOtu@@rt~u~Lm~iA.~~11~@lA~1mM.ULrtnc,~ (9 ~ ~ '886 ~ nlu!d8l8N : 6L-LL L~k1. ~rtt1~1;l 

(iULgfl.:et gnt1:::IJLn ~M.g~) r1@~lALn.:::gM.LIT.1 ~~11LI':lLIT.1-rtL~:::gM.LIT.1 r1LC,leln.~LIT.1 LlelMLIT.1 np'-1 
.. 

JlAn}:::gM.~c,LIT.1ruC,1-tn.~~11~@lA~11~@~k1.1:::~11 r1Ll!! ~@nk1.~~k1.~} rtlel~~@Ln L~ n~lV~@~k1.mIJ1:::~ 

L~:et r1lAtlellA1:::gfl.~@IT.J~ ~LIel ~:::gfl.n@~ lel fl~11 ~@~k1.m'lJftn.M.lJgLrtL~~~~11~@lA~1m~k1.L~ 

(SG ~ '6L6 ~ >jJ8IJ: 69 ~ 'G66 ~ lU8118d : 9S Lnk1. 8v9G 
" 

lelLn:::r1~@ !1jgVLg~) nJtlnIJ1 ~gt~:::@ ~leltL~Lrt np'-1 Ln~~~11~@lA~1mL~n.,Vrtc,~n.M.:::~U,tt r1C,~ 

nlT.~ U1 LU~!IOrt:::~m~~11 ~@lAg11 ~@1!.n!lO~1 !IOU@@rtlAruC,1gn.@gk1. ~M.~gLUrtlAruC,1gn.@gk1. g1mL~rtL~
S7 'I:::P 'O''O'F='' I ~ '10' f='f=' -=:. Fi="""" p:::rp:::r '0' Ii=" ' 
" I I I 

~tn.M. %G ~r1~m@~~~11~@lAruLrtW»\UL~~@t:mL~~\LrtL!\.rtr1u:etn~u!fo~11 n~r1L~l!!:::ru~u~ 
, ,. 

.. 6"P 

~n~u!fo?1mM.~!ygun'lJft~Vrt~fl.?1mIJ1 IJgLrtL~n~u!fo?11 1'1.111mLrt~@t:1 C,r1~1 rt@nt1L!\.@tk1. 
'ti I 'ti"" 

C,r1~1rt@Ltf@tk1. L~~~ (OGHGo£OlsnJ ) @~ ~lel1 ~LlAg~ ~~ (81108 0SA..JLjJ) L~~@lel!lOl ~-tlel 

8 ~ °d 17L6 ~ 41neu>l : ll'tlA. 
F" 

YJbM\('~~" 9 ~MW 

(LS '6L6~ >jJ81J : 8L 'G66~ lU8118d : vS Lnk1. 8v9G lelLn:::r1g@ rugVLg~ ~ 9v-9~ Lnk1. 8~9G 
1'& -.II '0' 1'& 

!fouc,:::~~Lm~ ffi>!fo~~) r1lAtlellA1:::gfl.n'lJftn.M.lJgLrtL~~Ln~~Lm~iA.?1m,Vn.r1~1@~1L~UULrtULr1~t 

n.M.lJgLrtL~n.~U~lALn :::gfl.?11 ~11 L~UULrtn~C,~~U\~@::: ~11 ~~ ~~11 ~@lAru LrtW~~?1mIJ1~11 rtL~ ~ 

gt~L~@ ~!IOtU@@U ~k1.1 ~!IOt lel1 ~Llel ~gt~:::@ ~l!!tL~Lrt ~L!fortUg~~11 ~@lAn.,Vnll rtc,?n.M.u,tt %8°68 

~~11~@lAruLrtW~ L~n.@~1~~L~lel~~11~~ (OGnJ ) @~ ~lel1~LlAg~~~ (8l!JdnJ) ~gM.tc,~,. 

6 
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\ 

to 

. ~ 

m1tJ~ PI'L~~~'VI'fl-:l LLCiI-:I {Metallic copper} LihJn1::1JIJ'l..m'lriitJ1~n'fl1J Ii'lJtl~~'ltlf'l.lPlfl'l.l 

~24LCiltlmrii'lL~ilfl-:lLL~'l.lc;-:ln'l1tlq-:lLLfvlfl-:lLLCiI-:lL~'flLtJ~t1'l.li'l.lLLfvI'fl-:lLLCiI-:I {Copper ores} "~LiI'l.l 
I It. $I 

L~~~'VIfl-:lLLt'I-:lYlt'4'l24'l1mh'l.tJtJ~\1lLiI'l.lLfi1fl-:lilfl Lfi1fl-:l,,;r Lfi'fl-:ltJ1~~1JlJi'l-:l1'1.1i' "'l.lt'41rll~'l.l€il 

~1-:1ii-:lC;-:I n1~1JIJ'l.ln11tJ~ Pl L~~::'VIfl-:l LLCiI-:I~'l.Ii'41'l nn'l1~n'M1 LL~ft-:lL1J1'l rufll;)"'l.ltJ f::L'VI fII'I.'VItl LiI'l.l 

... .. .....1...... ....... 1 r 
 '!!I 
~~n L'l.lfl-:l24'l~'ln24fllIJ124LntlIJL'l.lfl-:ln'l.ln1JIJPl'llJ1~t'4-:1fll'l'fl-:ln'lff'ln'M1 

of'l.lPl'fl'l.ln'lftJfl Pl'Lfi~::'VI'fl-:l LLCiI-:I~t'4'l2411tlih 'l.tJ,,;r ~1fl,j,'l 'l.tJtJt'424 n1JL~~~"l1UA~'l.l1 L"lI'l.l 

~'l1t'l~'I.II4I'ln'VI'fl-:l LUM tJt'424 ~'4n ~'llCilfl1fL"l1Ufll~'l.Ii'41'l n'VIfl-:l LLt'I-:I tJt'424fl1 1L"l1Ufll '!'l.lJi'l LiI'l.ltA'fl~ tJ'l'l.l .. 
n f~1J'l'l.ln'l1~'l~CU ~~ lJit'l'l.tJilLt'424fl

6 
flt'l 

1. n'ln'hL~ilt'l~LL1 (Mining) 

2. mfLPlffi24LL~::LL';~LLi (Ore preparation and Ore dressing) 

3. n'lftlq-:lLLi (Smelting) 

o 4 • 

m 1'V1'l L~24'fl~ LL1 

o 4 • 4 , J' ..J..J ..... ... 'l' 
m1'V1'l L~24fl-:l LL1 flt'l n'l1LLtlnLt'l'l LLfflfl mJ'l~'ln..,'l.l'VI'Vl LLfLn CiI'flt.! Pl'l24fi1f24"l1'l Pl ~Ciltl' CiI~~ 

'l.tJ"'l.l1J1L'lru~iji'l.lLL~1fl~'ltl LLifl~ Lv1flU'l L'fl1 LL~'l.l241 LL~::U'l'l.tJtJ'l'l.lnf~1J'l'l.ln'l11fit'l L~t'l LLtJfLLi 

"~LiI'l.lL~~ ~~'l~f1J tJ~ Pl LiI'l.li-:l'lt'l~ 1fi1~1 LCiltI"'l.ln'l1''h L ~ilt'l~ LL1ft,j't1L1Jf1ruhj~'l L~ilfl~ LL1 . ~ 

'" X '!I 4 ,4 ...... .... ...... .... II. Q4 I 
'Vlfl~LLt'I-:I L~~n ~~n~", ~fflLLffl'l.l1'l.l'l.l24~n1tru::fll~1t1f1~~n'l.l L'l.lnf~1J'l'l.lm1LL~::t. .uLL1J1J 

mfyj'lL~ilt'l~ft,j't1L1Jf'lrut'4'l2411tlLLU~t'lfln'l.Ii'LiI'l.l 2 tJf~LIl'Vl~in1 flt'l L~ilfl-:l~,t'lLiI'l.l 

~q24'1'l.l'l t'I"~qj~1flL~ilfl~~'l1J LL~~L~il'fl~"M'l.l 

L~ilfl-:l~'l1J (Open cast mining) L.t'ln'l.l~'lLil'l.l':jfimfyj'lL~ilfl~LL1J1JLLfn1~'I.,.jtA't'l-:l,,;r 
L'Vlfllilfll~i1J;rt'l'l.l241mrn tln..r~fl1~~::Lilt'l~Ii''ltln'lfLnt'l'lt'l{lLLfvlfl~LLCiI{ltJf~LIl'VlYJ~t1.1Jij~fl~''nruJ'l .. 
~'l.l"'h"~LiI'l.l1.tJ1."'~'l"'l.l"llIJ~ LLfn'l'fl-:ln1rii'l L ~ilfl~ 24~1ffift124'lftl";rn'l1yj1L~ilfl-:l i m~tru~il'l.Ktt'ltl 

~t<i'lLiI'l.l~~~~t'l~'CiI~~1.tJ1.~IJ~'l.l@n24'lnUn 
L~ilfl{l"tA'~'l.l (Underground mining) n'lfyj1L~il'fl~"JII~'l.l'l..h~::LnCil~i-:l~1m.J1241ru .. . 

i'l.lLLfvlfl{l LLCiI~";-:lYJ ~t1.1Jij LL~ ~tJl24.1JijYlfl~"nruJlJ~'l.l~ t'I~{lyj'l"~24~1ffiJi'l ~t'l~' CiI L~ilfl~@ n ~-:I1.tJ"'l.l 

il'l ~'l.l~1t'llJ L111241 n n ~'l L~24 L~il'fl-:l"~~'l.lLiI'l.ln'lfyj'l L ~ilfl~~t<i1LiI'l.lJllt'l-:lfl'lfltl fll 'l124ilh 'l.llJi1-:1 1 
.. I 

tJf~nfl1J L;)1 Ii''ltln'l.l tlm;-:lij fll'l'l24i1J;fl'l.l LL~~~'l.lPlf1tl241 nn~1L~ilfl{l~'l1J241n L Ufl{lli''ltl 

6 tin L rju 1Un1til'!ltN'Vl~~ U.1i'l~fi11t1"l11;)~ft1t111t1U1'tJ«ultlLilua~'!I~1lffiu"l.tJ'I-1fl~tl1':ltlri1JLfl'l-1::"lIilPi 

~uL~~vi1LiluLfl'l-1::e.lfttl'tA'Lfltl'i:lilt1hilf~~I:,hun1::U'lun1'1'fi'Nlfu 

 
 
 
 

 
 
 
 

 
 

mailto:t<i'lLiI'l.l~~~~t'l~'CiI~~1.tJ1.~IJ~'l.l@n24'lnUn
http:L~~~"l1UA~'l.l1
http:Lfi'fl-:ltJ1~~1JlJi'l-:l1'1.1i


11 

"'1LlluAtl~,'"hI11l1)J~1tJLLniLLVI~n lA''ltl~tuitu 'l~";1t ~)J~tttf"'1LlluAtl.:lil LVI flLULfl~"ll'ltJtum ~ 
~ 	 ~ 

.,;",L'VIijtl~trJI~u L"llU ~:lJlJ~:lJ1tJtl1m fII 1:lJlJ~:lJ1!J'1j1 m ~~1LitJ.:I LfliriuLLfl:ntlULL11'l)J";.:I 

~.:ILfil1.:1 ~ :1.:1ffi.:l1lJL'Vt "'1ULLfl:trU.:I L'VIijtl.:lll'ltJ L"'tJ t Un11yh L 'VIijtl.:l trlf~U~1)J1 ~tlLLU.:l ~LLlJlJ 
.. ..I ... .l~.!I.!*I , .. 

1Itl.:lL'VI)Jtl.:lVlLn",'!lU ~II'ILlJU 3 LLlJlJtJtltJ fltl 
• 

1. 	 L'VIijtl.:lUfttl.:l (Shaft) Lllum11"'~nfl.:l1.uLLU'l~.:I11I1)J~1tJLL1fl.:l1.U"'IULn"'Lf.luUfttl.:l tl1"'1tit: 
~ 

~nU1:)J1W 10-20 L)J11I1 (Henderson 1989. 184) m~";1L'VIijtl.:lLLlJlJiltu~,jtJLL1n1 

tl1tit"'l:'W~1)J11Cl''''fl.:l1.u1.~n)J1n;rn L;1tl.:l~'ltJU"'I4'tJ"'1n"''VIfl1tJtlth.:l L"llU Uqj'VI1m1 

i, 'i" ... ,.. .!I... "",I .. 0!:."I 
1:lJ1tJtl1n1f1i fiI'l1)J)JUfiI.:I'!ltl.:l ~fiI1.:1~11.:1 I1ItlL)Jtlfil'l1)JI LUm1LLrl1Jqj'VI1 rMnfl1'l'!lUtit.:lVl1 

t ... ..I ~ ........ 

'VI~1)J11ClVltit:1"'fl.:l ~l1Iflntln 

2. L'VIijtl.:lfJ~.:I f"l (Adit) LilUL'VIijtl.:l~ilin'ttw:d~IUfJ~.:If'l11l1)JLLU'lUtlUtJ1'l11l1)J~1tJLL11.U 
~ 	 ~ 

3. 	 L'VIijtl.:l~'VI1 (Gallery) LUUL'VIijtl.:l in'ttw:fl«1tJ~1'V11tl~fl.:l1lU1"'t'VIqjtUIJL'!l1 ";jfiil 
..y. ... ....t.. .. .........,1 t'" ~ ......I 

~UU'ttl1U'l1tl1"'1"'1:)J'!lUL)Jfl)J~'tt!J~1)J11Cl~flI1lLfl1tl.:l)JtlL'VIfln'!lU)J1 fJI.:I1U ~"'LLfl'l 

. 	 ~ 

Ltllj!J";'l1.uLL«'l~tu1.II"htun1:";1 L'VIijtl.:lLL1tUIJL'!l1 ~1)J11tl";1t~Ln "'L'VIijtl.:l";.:I 3 fJlij", 

I ... I........ , 'i" ...1'...... ,..I ...J' 
1'l)Jnu '!lUfl~nlJ fl n'ttw:'!l fl.:l ~1 tJ LL1 L"'tJ L'VI)Jfl.:llJ flfl~ Ln '" L Ufl.:ltit1 n ml1'" 11I1)J~1tl LL1V1V1 fllVl1.:1 

LLU'l~.:ILLfl:L~fl~1tJ LL1n~:"'I1tJ 11I1)J LLU'lUtlUn";1t ~Ln", m11'" LilUL'VIijfl.:l~L)J.:If'lLLVIU LLfl:L~fl 
.-d 	 ... ....I... ....t .edt d ....dI 	 I I

)J~'tt!J)J Lfl1tl.:l)JflVl)JU1:aVl fill1'Vt'!lUI/H~1)J11ClVl"'l:,'"LUUL'VI)Jfl.:l ~'VI1'!lU1 '"t'VIqj L'Vtfl Lfl1aULL1 

... ~... J' 
fltln)J1tit1n'VIU~"')J1n'!lU 

a.:l"'1 LUUf)nU1:n1~tun11";1 L'VIijtl.:ltA~u fifl LVI flLULfl~~"ll'ltJtun111"'L'VIijfl.:l L"llU 
~ 	 ~ 
o od Q o",4}''' .. 

1:1JlJ1:lJ1tJfl1mfli 1:1JlJ1:lJ1tJU11:lJlJn11fl1LfltJ.:I'VIU LLfl:1:lJlJfl1tJULflN~11.:1'!lfl.:lL'VIlIfl.:l 

~ ... t. 't..J .1 '!'II.!I ... ......I~ JI ..
tit1nn11",n'tt1'VtlJ'l1L'VIlIfl.:lI1l.:lLLI1I U'1I'l.:llJf:1I1W 3000 lJ1I1LL~'l lIf:1JlJm1titl.'lm1Yl"lllJ"lIflUL'Vtfl 

~fl.:lf1Jm:t~~l1Ituf:~lJfJ{;l~1'V1n:tfllLL«'l (Henderson 1989, 184-186) 

1:lJ1n:lJ1tJtl1n1 fIi 'Vt lJ~1ijn1~ '" nfl.:l1. vJ1..nrJIUfttl.:l1:lJ1tJtl1 n1 fIi L~tl"ll'ltJt~tl1n1 fIi 

l' t ...... .l.!l ... 1'. I .......... ... ... 0 t-~
;rtlU"l1n I1II.'lUflfltJ'!lU1I111'11UlJU LLfl:lIm~71.:1lJ1:~L'VttllJ.:IfllJm1'Vl~UL'ltJUtl1n1f1il.'l'ltJ Vl1 111 

.. 0 t .. II'" J'
1I~'tt!J~1)J1ffiVl1.:11U UL'VIlItl.:l ~I.'lU1U'!lU 

:: ... .. .... t!"l ,:: "'... '" ...1:lJlJ~:lJ1tJU1 lIn111I.'lL'VIlItl.:lfJ~.:I flL'Vttl fJI LUn11tl1tJU1 L"'tlL'fl'Vt1: 'VI1tl~11.:1f:'VI(;l'l1.'l 
~ 	 ~ 

'111 ";1t~~1111~tl1"'L'VIijtl.:l~nfl.:l1.tltrJI1:~lJU1tMu1.lit1n 

. 	 I Sf I 

n11"11uihtJ t11LilUL'VIijtl.:l'!lU1",t'VIqjtl1"l"l:t-iLfilltl.:l~ULLN L"llU uu4'u 1tln LilurJlu 
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f~1J1J ~1tiULfilN ~11.:J L'VIijtNt~~'WLI'I!l~'lU2J1mrn La!l.:jc;iti n1fLn IJl t.n!.:J Clfi2J'VIff1 LTf 1'11'W 

t;!1J i'l'lti.:j L 'VIijti.:J ~LL1J1J Lii 1.:j1~.:j~1 Lu'WLfi'ti.:Jil m fL~l2J fII'l12J~'WfII.:jLM.:J ~71.:j'lti.:J L'VIijti.:j L~tiyht,. 
I ... I 

LL;.:j LLNTftiVl"'~Yi1.:J 1'Wc;itiLtlLI! LIJl!lti 1"''''~ilm rU1 Lti 1 'Vi tiUL,j'LU'WfII1'W'VI1tiL,j'~1ti'WL.wtifti.:Jf1J 

ft't1 ... • I ..01 ..J... IV, "I. 0.... ......0

ti-3 fII f~nti1Jti nlJf~n1 f'VIU-3Yl2J fII'l12J~1 fII t'Uti!l1-32J1 n l.'Wn1 fYl 1 L'VI2Jti-3 fllti 'lfi n1fLL!l n 

.. !t' ... It l' I .... I ~... II ". ~ ..J..J ~ 
'VI fti1 1'1 Lti1f1ULLftitimJ1'"1n'VIU LPlti!l1-32JlJf~i'tYlfiJl1TfLL~~ LlJllJf2J1NYl2J1 nYl~ 1'1 "'1n n1f,mti1 

'Iti-3UnL1J f1 NfII;ltUL'VIijti-3 LLCl tl1'l~.jUtitin n~1-3LL~~t UfJLftJtU1'l-3t;! fII ritiUtlf~~ f111 ~ lJ1f~12J1fCl 

LL'jj-3LYlfIIUflln1f~nl'lLti1iuLLffitin"'1n~UtitinL~d~lu 3 'ilfi (Henderson 1989187 ; f!m~ U1 

C1~;;'W~ ~11Jff!l1!ltlf~nti1Jf1!l~'I1) 
II" ... ".i'''' "I. I .PI ...... ..J , ..J - .PI _..J lI.i'tJ "I

n"lf L"lITf~L'WU'VIffifltiU'VI'W'I'W11'1 L'VIt'U (Mauls) LlJU'lfiYlLmYlf!I'I LL~~LlJU'lfiYlTf1J LPI ti!l I.U 

, ~ .... I .ell 1 ~.PI 0 ...... ..J ...~ I , ... "I.\' 
LL'VI~.:j l.1Jf1 NfIII'IlJf~L1lYl L'VI2Jti-3LLf "I'I!l LlJun1N1 Lti1Tf~L'WU'VJ1J'VIUYl2JflULLfLLY1fnti~ LTfti Ll'ILL(;1n 

... I 

titin LL«'l~-3111"tlt.hu;UlJ1tiun1f{;1n LLLii.:j LL~Liiti"tl 'VI in31Uii LL~IJl.:J ii-3 n1ft~Tf~Lilut un1 fYi1 

.eII.eII ....... "I....J "I.'" .... ...... "I. ,..J ... I "I " 

L'VI2Jti-3 fllti Tf~LUU'VI'W'!lU11'1 1.'VIt'UYlTf1J 1.'W1JfL'lNL'VI2Jfl.:J'VIffiTf~LUU'VI'W'!lU11il 1.'VIt'UYl2Jfti-3ffl!ln1f L"lI 

... , 
-31ULL~~ffi!l;1"'1nn1fnf~Y11J 'VI1flintiN~fti!lLL{;1n'!lfl-3~'W1JU~U-3L'VIijfl-3iififlu~1-3f11JG!l1JL2.1 

'!lrnf~LiI'WL'VI~!l2JfII2J LUULfi''W 

mftf1.~f!2J (Fire-setling) Luu'ilfi~~fl-3mfLm;U~1U'lU2J1ntumff!2J"~ L~flt"~U-3~U 
.. "-cv JII '3 .. t 0", ".. .. I 'Q ct ., fV

Ln 1'1 fII'l12Jffi'W'" I'I"'U'VI'Wn~1!l L1.JUi't LLIil.:j LL~~llJflQOfll'l12J L!lUti!l1-3'il1JTf~'W"'~Yl1"'VI'VIUlJULLfLL1'ln 

flfln2J'"1 LuunflU "'1 nmfYlIil~ti-3'1fl-3UnL1Jf1 NfII~Tf1Jtj1~1Liluiffl-3t.mU~1U'lU2J1ntun1ff!2J"~ 
I t II I 

L.wtit"~U1tiU 4l-3~1LUUVlifti-3il1.h1.2Ji.U1JlL'lNL'VIijti-3LLNuI!'l!l Hl-3ffl!liiLL~Iil-3ii-3mfYi1L'VIijfl-3 
'k .Q.CiII~. .. .. : ~- t ,..; ~ ... J..,I I

LLfPl'l!l'lfiL-n L~f!2J fIIfl ffi-3ffi!l1JU~U-3mYlLf!l1JLL~~ffi!JLLlJ1nti!l1-3lJ1tiLUfl-3LL~::;mULL~::;'!lLmYlYl1J 
... 

C12J Luui'W'VIU1 

... .ell .. .PI _..J. I ..t...; ft' 0 .. "'.PI 
Lfllffi-32JtiL'VI~n (Iron tools) LlJ'W'lfiYllJf1nD'!lUllJfl2J't'tt!J~12J1fClU1Lfl1L'VI~n2J1~~{;1LlJ'W 

... .. ".. jj ...... ..J .... I ~.....J .... ... It.i'''' .........;I

Lfil fti-32Jfl LL~'l Clfl L1 U'lfiYl2JlJf~i'tYlfiJl1Tf2J1nYlf!1il LTff1~~12J1fCl~n 1il'VI'Wflfln2J1 LPlI1In'l1'lfiflU1 
I I I 

I "I..... .ell "IJf.ell.. .. A.eII.eII IV ....... 

fti-3fti!l I.UL'VI2Jti-3Y1 LL~I'I-3C1-3n1f 1."11 LfIIffl-32JflL'VI~ n1 I'ILL. fllti fti!l!l1'l~n'VI~1!lffl!l'!lU1'WnUYI Ln 1'1 

"'1nmft~LfII'k-3ijtiL'VI~n~nl'l~u'VI1fl11'1LLfuU~U-3~1 
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... .. 
n11Lr;tm~LL£1t::LLrMLL1 

iUIJI'tlU~;hL~'tlLLtlnL'tl1a-3~b.itJi'tl-3n1ffi'tln"'1nLL1'L"'~1n~f!(;\ b.i~1",:atluL"t!t~U LFI£1tU 
I I , " " I 

L"~U ~'itJuHil(;\tlu,Vlb.itJi'tl-3n11.-3L1t1n1'l~~1 Gangue 'Vi-3ilL~'tl'L"'~1~11ClClq-3U1U£1t::'l~. . 
'\'...... ...... !... '!t t! • 
"£1t~::Vl~"lcu.n1'W(;\ UJ~'n-3LLVl1n Ut:.I~~'tl~ 

n1W"'tl-3 U1Vl'tl-3LL(;\-3 n~~'tl'tln'l'il ~ n11LIJI'1t1 ~ U£1t ::ul'i-3 U1~1~11Cl L1-~L(;\tI n11rl'tltl~u~ij 

ftULLit!u'L'" Lilun'tlULfln, L ~'tl L~'tln L'tl1 ul'i n'tlUU1'tl'tln"'1n L"t!t~u~1'tli~ uVl1ntlu~u1'l1A' ~1'tl . .
tI ...... tI tI'L tI'" "' .. 'Ltl .., tI'"t'l1"''''::tl(;\n'tlULL1Vl L(;\~1LL£1t'l ~~lIU1(;\L£1tm'W'tl ~'W'tlL~~1::ntl"U1(;\1I'tl-3Ltl1Clq~~ffiLIJI1Clq-3 U£1t:: 

L~'tl,r" Lfl'tln L'tl1a~~'lli ~t'l~n11'tl'tln~f'l Flf~ ~i~"'1 n n11rl'tltl LL1LLfl'l'tl1",ih'l,Ht'lu'LUJ1~'l~£1t 
1JI£1tt'l(;\~nflf-3 L~'tl'L~~~b.itJi'tl-3n11'l~£1t'ltltitlJ1 U«'l~~1fI1n'L"'u"'~i4-3\h'ltl~iUlfI'tlUn11Clq~'l~ 

..l.....t • .., ".J <r' .... ". ~..l'l '.l'
"m::Vl n1m"t'l~ U7Vl'tl~U(;\~nq~'iI£1t L.,," ~£1t~"'1n n11t1t'ltl U1U£1t::L'tl1'n~Vl L~"''tl~n11'tl'tln 

Ufl'l ~1Lilu~"'::~t'l~U1L'tl1U1n~~~'lt!ehuiulfI'tlUn11rl1~ ~1'tl Roasting Lfitlfi'tlU Lrt'tl~"'1n~1n 
jji£1t'l,"~ij'tl~'LULL1"'::vh'L"'Clq~'l~tl1n n11rl1~,ruvh'l~~'ltln11U1L'tl1LLi'ltlflqnLFlfl1ti'lJd1U 
Ufl'l Lt:.I1~~'ltj ~'l tI'tl m~Jlij ~1 Li:!UL'l £1t1U1U"'Un~1i£1t 'l'" ~~~ ,,'ltl ~1'tl L~fl'tlUt'ltl~iJIa (;\7. .. ".; 

(Henderson 1989 188-190 ; f!1'W£1t U1Cl::~U'ij ~1'lJ11t11t1tl1::n'tltl11t1~"lI1: ~11Jl1ru t'lftl:: 

U1F1 2548 ~U1 60) 

~'lUm'W~LLiVl'tl~UIMijL~~nUVl1f'ltlu L"JlU 'l'W'l1~ 'lJ'tl§'J.ul'i t'l~~1Lilu~rA''tl~ijn11rl1~LLi 
...; a l..l '" .., '1 ••1 !'I tI PI .. 'I <r' "1!f' ...; 0 'It! tI ",..l t! • 
L'Wt'lLl.JfltlU"'1m~£1tn'il£1t Ll1" L~L1JUL~£1tn'tl'tln L'iI(;\L'ntin'tlU I1It'lU1 L Clq-3U£1t'lL~£1tnVlUVl1f'l U'tl~"':: 

\lflutimilur;t::nfu'tl'tln"'1nVl'tl-3U(;\~ ~11Jl1ru 'tlftl::U1F1 2548 ~U1 60 : f!1'W£1t U1Cl::~U~ ~1 

'lJ1m1t1tl1::n'tltl11t1~"lI1) 

n11Clq-3ui . ~ ~ 

n11Clq~LLi ~~1t10~ n11LtlfltlU"'1nftuui'L'"n£1t1tlLtluL£1t~:: iU(;I'tlUilCl'tl'l~~1 Lilu 

::. ..l o .... ..l 'I .J '1Jt'i' ...; "" PI ...; .. ...; tI 
" UIJI'tl UVl fI'l1~~1F1'lJVlf! (;\ ~Un11Vl"':: L(;\ 1.£1t~::L'Wt'lt:.l£1tlflL1JULFlffi-3~'tl LFlffi-3'L"lI 

LLU'l iii "~1 ,r'U"'tl-3n11Clq~ ~'tl n11'Wtl1t11~ Lt!~tlUftUU1'L'"n£1t1t1LiluL£1t~::'l~~1n~q" 
L(;\tI~ 'lJ LfitlVlf'Wtl1 n 1 'L"'U'tltl~f!" 'lli~1'"::Li:!UL'l£1t1 L~'tl L'W~-3 U£1t::'WtI1t11 ~~'" ::Ltl~tlUL'tl1 fi11JJ 

UVl1nt!U~b.i~t'l~n11'L"'n£1t1t1Lilur;t::nfu~1n~q" 
n11Clq~LL:fLLtI~t'l'tln'l~Lilu 2 ~fi~u'tl~titln~~lI'tl~uiVl'tl~U(;\~ ~'tl n~~'tl'tln'ltjl~U£1t::n~~ 

i£1t'l,"~ (Q1'W£1t U1Cl::~U~ 2528 : f!1'W£1t U1Cl::~U'ij 2535 ; f!1'Wfl U1Cl::~U~ 'llitl11n!J;j~~~~ 
VlU1 79-80 ; f!1'W£1t U1Cl::~U~ ~1'lJ1m1t1tl1::n'tl'lJ11t1~"lI1) 

7 U,1v1tl-1 u,j;l-1n~~offl'lve rM1-1 ~"t~lh'ltlri"NL~tl,.~j;loffl'lve{;) U,,)tlU1-1bn"t~6-1'N"'fI-1L",fltloffl'lve {;)tl~t'U 

m~1tUL~m!ltlf.J u,,)"ttVht~ft1~11t1t1q-1'lKlj;lf.J~1f.J~'U 
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1. 	 LL;'VItl~LL{MnqlJtltm\"I1 n'1'Clf!~LLivttl~LLIfI~"\mqlJ~m5~~"UJ Atl inLtl'1LL;'VItl~LLIfI~~ 
fJ'1um'Ll'imlJ LLfl::w;i~LLiL1t11J:etl LLfl'l~~lJf'lf!n Lf'lfl'1ritJd'1ULLfl'l'll'1ttl dh LIJl'1 Clf!~ ~tl~ii 

n'11L;}lJL4tlClf!~ (Flux)8 fl~\tl "hm1~tJfllJL~tlL1~~N~lJn"ULIJl'1"-«~~tl'::lJ'1N 1000­

1200 °c L~tl",rn~'IfI~fltlJJ L~fl'l'1ltl~'VItl~ LLI'I~ LLfl::tl1tJ~I1'1Tl"UL"'1Clf!~"-«tl~~I1'1'l:: 
oJ '" .... ..., fI' 'I oJ.... ., ..IfI' 

LLtJtJ reducing "~~lJ'1t1mlJm"f'l'1rutlUlJtlUUtln ~"lfIlJ'1n LlJtlLnlfl~I1'1'l::LL'll'lfltllJ'VI 

Cl n IA'tl~ LLi'VItl~ LLIfI~"'::Cln Ltl~tlULiJUtfl,":: LLfl'l~fltllJ L~fl'l LLfl ::LLtin ~'ltltl n",'1 n LLtfi'1" 
~ 	 ~ . 
LL'VI1ntlu~u1LLfl::"'lJ~'lfl~\tJ~~'lUfh~'1Itl~LIJl'1"U'1IN::~i~LL'VI1ntlU'"I::nfl'1t1Lilu,,::n1U 
fltltltl~lhutJU'1Itl~tfl~::L~fl'l 'h~Clf!~",::'ll'1LLtlmtl'1lJl::nfutltln LLfl::'"I::\~fl~::'VItl~LLI'I~ 

L~tl'll'1\tl~~IJlLilui~'1Itl~~ 
V 	 I 

2. 	 LLivttl~LLI'I~nqlJifl\rll n'11Clf!~"unqlJilritlu-i'1~iif'l'l'1lJ~~tI'1nlJ'1nn~'1 LTl''1::ifl\rllii 

LL'VI1ntl~"ULL1'"1::"h"-«m'Clf!~~'1 'lAtI'1 n~'1"mli''VItl~ LLI'I~ f'JNI1'1Tl ~'1 LLfi::tl'1'"1\;h . .lilJ'1N 

~ ~'1n~'1~lA'tl~n'11 ";'1"-«~'1LilU~tl~ fJ'1um1f.h~IJl'1lJ~ nfh'llJ'1-i'1~ IA'UL~tl";1"-«ifi\rll 

fi l'lfi~ L~tl~'1"-«n'1'Cl f!~";'1\~~'1t1~U LLfl'l~~'ll'1ttl fJ'1UiUlJltlULiitl'lriuritJ LL1"un qlJ 

tltln\..'" 

AIJ1a.aiL1t.4n17e.1i" ... 'il4LL114'Ut!r.:L..... ' ... fI 

"Jb~~ fJ'1UlJ'1 \Ii'il n'11AnM1" U"tl~'1Itl~ttJ1'1 N tfi~::'il'VItl'1'V1'M LLIfI~ LilutiulJ'1n ~n,T~\Ii'ii 

... I I 'i' I.... oJ... t ...I......!:"i' .. 
mmtJL~lJtl~LL1 LL~fi~Clf!~ Lfi~:: LLVlfl~~fiIJlLf'l1tl~lJtl ''llJ'VI~''lJlJ''JIU'VIlJn'1' 10" LfiVl::'VItl~LLI'I~ LUL'1I1Jl 

11'1f'l"::')Utltlmiitl~L~iltl L;U LL~~~LtJ1'1Nf'liiU'1UL;ltI~ (White 1982) U~~~ttJ''1Nfliituuun 

'VI'1 	 (~'Tlfi U'1Cl::~Uf:l hhJ''1n!)iI~~lJ~ ~,j'1 25-28 ; Bayard 1971) LLfi::"ULIUll1'1f1nfi'1~ 
LlfitIL'flTl'1 ::",~wjI'IflTl'li1 tJiL'lNL '1I'1'l~Tl'::"'U'VIniTltJ,T~ LLVI~~ LL1 L~51tl~ LLt LL,"~~Clf!~tfiVl:: LLfl:: 

, 'i' ........ J! .... .. .. .,'" 'i' .... ., '!!!.... oJ .. .,
LL~fi~ LtJ1'1NfllfltJ'L'lN".II'1~Lf'ltl~ 'VI'1 ~~un LtJ1'1NflI'I~'1lJ'1'Cl~''1~11'1Tltl~m'~fl'''VItl~LLIfI~ LTltl L"lI 

.. .J ., .J .. '14 I .... iJ ...... 
~'1U LU"lJlJ"JIULLfl::LTltl~Utl~fI'l'1lJ IJltl~m1'1ltl~ "fi'11'1 LTltlU'1 L'U~filJlL U~'111f1 

:..~ fI' .,...1 .... J' ,J .... fI'_!';!! ....... fI' .,,J
'VI~Utl-3 fI f'l'l'1lJl'VI Ln I'I'1IU LUtl-3 '"1'1 n n'11'l Lf'l11::~ Lu'tltJ L'VItltJ ntJtl-3 fI fill '1 lJ ZL'tl-3ttJ11 N 

'i'''' .. ~ 'i'''' ,J iJ ' ..I.... .. ., .J'" ... t ... 
Iofl~::'l'VItl1'V1tl-3LLIfI-3 lou".IIn Lfin 1Jl::'lUtltlnnfi1-3"1-3 L ULL'"~U1n'VIlJn111o"ll'VItl-3UIMLLfi::¥'i111'1 tln'VI~lJ 

m'AnM1lJ'1 LilUL'lfi1U'1uih"-«~1lJ11Cl'll1Ltl1f1'l1lJflJ'1t;il.um1~'1-3111Tl"U~-3'V1tl~ LLIfI~ LLfl:: 

~1il'l"utl'::L'VI fII\'VIf.J\~ 
v 	 , 

"'1 n n11i-3 Ln IJl Ufl::'il Lf'l11 ::~'1Itl~unttJ1'1 Nfl ~Yi-3 \ 'VIti Ufl::1J!1-3tl 1:: L 'VI filii L~hlJ1Am~t1 

L~tI'l ritJLtJ1'1NLfi~::'il'VI tl1'V1tl-3UCM Ufl::~1ilfl"U;'l~ L'lfl'1~ fJ1UlJ'1ih",",~-itli-3 Ln"i'\~~-3~ 

a L~fltl~..!I(FIUX) Vi1V1u1~Lij'U~'l"lh!.l L:f..!l1.~Ln Cit "~nf'ULi'l;'U Vi11.~~fl..!l u,Cit..!l u,!.In ~'lflfln"t'lnR..!I u,~1O'U'U 
~Lnri..!l;'U~..!I"t~Vi11.~1J1~Vl61i1~Tvi!.l1n11.'Um1tlf!..!I 
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o "" 
n1~'VIll'\.nJ'e'l":! 

n1~fi1 m~n~ m~fl..:!L'lJ~lru~ ~~ dj'WlVl~'e'l":! ldrJ•~ri'e'l'WU~:;~P11~ ~f l"ll'W lVl~'e'l":! ldrJ• ~ ri'e'l'W 

iJ n1~"lll1\i'J~ rl'Wv1'..:! ll'lJ'lJ lVl~'e'l":!'Ll fl'e'l..:! lVl~'e'l":!'e'lL~..:! f>f ~'J~v1''':!'e'lIIOjlOj:;iJ n1~';i1lVl~'e'l":! ~VlI ~'JrJ ~1V1~'lJ 
q q ~ 

l'VI ~U~ n1~ill1\~'Wl~'e'll'e'll ~'Wlli'e'l'e'lnlOjl n~'W,r'W 'e'lIIOjiJ n1~LonYl:; lU'WlVCl:;l~1'e'l":!~'e'llVl~ n Ll1\rJYl:; lU'W 

,r'W1~Yl'lJVI~n1iiI'Wv1'..:!~ lVl~'e'l":! ld'VI'e'l..:! lUMflL~'Wll~:; lVl~'e'l":!'lJ1l'J rul"llI'J..:!Yl~:;~'W'VI~..:!'l.lI1Oj:;iJ n1~Lon 
~ ~ 

~1~..:! llr;) nl~v'illVl~'e'l":!L 'W-n'J..:!llm1 (~~Yl ~ 'WI (1:;~'W~ l'e'ln~I~'Ll~:;n'e'l'lJ~lrJ';j"ll1 VI~1 77-79 ; 

Natapintu 1988. 115) L'W"llru:;~l~1'e'l":!~'e'llVl~ n Yl'lJ~I'l.lI1Oj:;iJn1~H1'W-n'J..:!~iJ lVl~nHll~'J 

(~~Yl~ 'W1(1:;~'W~ hJ'Ll~ln{)tJ~~mf VI~1 37 ; ~~Yl~ 'W1(1:;~'W~ 2535 ; ~~Yl~ 'W1(1:;~'W~ 2538) 

m'Y'l~ 7 L~ij!l~tJ'1'i!l~~LVlij!l~~,rml!l'WtJ'i':;~PlI~l?If~L'1II11L~'W ('iilu) LLfl:;L~ij'El~!lhml~,ruri!l'W 
1i'IEIa1-!17I8 ~fI 

~ q 

1-ln'Yf"R tJ'i':;~Pll~l?If~L'1Il'Y'1rn U1L'lNL'1II'N'Y'I'i':;4''WYlf ('lJ'lI)
q 

~ ~ 
Yll-Jl Natapintu 1988. 111 ("JllU) LLfl:; 118 ('1I'lI) 
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mYl~ 8 ~'W~'l'Wvi''l~tl'll'Wn1~tltlmd'''lln m"ft'lLunru~~L'W'WVl),nn'in u.~:: Yl::Lij'W'lJ~ Ld"'llmVl~'el'l1JL~'W 
Vl).Jl : Bennett 1988. 130 (.jilEJ) LL~:: Natapintu 1988. 111 ('1m) 

"" "nlJ'b(?lJ't1l-J bb'tl::;bb(?l'l bbJ' 

btitl'l'"l1 n ~'Wbbi~'jJ (1)~'W'"l1 n b ~;Jtl'l't,j~1l-J1J'bl'IJ1hJ b -ih.rr'W(?ltl'WnlJ'bl'tl'l Ul'Vl'WYl b titl'l'"l1 niJ . . 

~tl 1-n'W::; bij'W~1tl ~tl'W~'Wbb'tl ::;'*'1 b u'Wb,"dtl'l;Jtl1 'Wn 1J'Utltl bdbb~,) L~tln btl 1 Lll'W1::; bd~ ~tl'l nlJ' 

L'vh~'W Lb'tl::;Utlmd~'t~~iJ'jJ'W1 (1) L~ m ~tl1~'Wtl~ n'U LD1 bl'tl'l 'Wtln'"l1 n~tl1'"l'"l::;iJn'w.yh ~,)1l-J• 

~).Jl Natapintu 1988. 117 

 
 
 
 

 
 
 
 

 
 

http:n~tl1'"l'"l::;iJn'w.yh
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.. 
~1~fun1fth~u1ir1.lt1~'W"'Uifl~1t)tlL1.lU~~~L'Uf1N"~1..h':;LflVlLL~~~Clq~LLiL~tI Anna 

Bennett (1989. 334) L~1.ltlH~"1.~"'U~inl"1.l~L~tI~n'Un"1th~uiL1.lU~~~L'U""NPI~~Lij1.l 
U~~~ CI q~Vlfl~U(ML1.l'U1L~NL'!I1~~" ,.::4'1.lVlf i1.lil'l1'l"1.l1.~~"fl"tiftif ::Li~I1.lL" 11::~1n1,.CIq-1~tif::L~ . .. 
UiVlfl-1 UIM n~tJflfln1.-IIc;fU~::i~1.'YM"ffitJn1.lih L ~~1Li~I1.l;i ~tl-1 ~.h1.ln "::'U~1.lmtU9• 

m1C1q-3U1 

n11~n'l1'1'!1fl-3 Anna Bennett U~:; William Rostoker (f!mfl1.l1C1::-W1.l~ 1.~1..l""n{lil~ 
... .,. lV lV ... • ".1 ~..d J
"tJ" ~1.l1 79) ~1tJ11C1~f1-1n1"'!Ifl-1LVlPl1.lPln11C1q-1LL1V1fl-1LL"'-1 L1.llJ1::LVlrI LVltI -11-3LtJfl 

Lmtl 'U L ;itl'U n 1.l1:;~~1-1PI~1tJf'!ltl~ n11C1 q-3 U1V1fl-1 LL"'-1 ~~tI ri fl1.l1..l1::tj'i1 f111 ~ lJIfl1.lLLCI'U lJI ::tl1.lflfln 

nfl1-1 n'U LVI Plil" L 1.l1..l1:: LVI f111.VIti "'U~1ilPI~1tJ LLlJI ni'i1-1n1.lL1.l11t1 ~::LiltI",ihL~~1tJ11C1'Ufln1.~~1 
~ ......J .... .r" lV": • AI ... • ".I" AI "J(

fl1OijOij::LlJ1.lLVI Pl1.lfilVl" 1iJ1.l1'!11.l L1.lVlfl-1C11.lLfl-3n~1~"fl tJ fil~1tJ UlJI nlJl1-3 L1.llJ1::L"'1.l'fl-3n11L~fln L"JI 

-IIil"''!Ifl-1V1fl-1LL'''-1LVlPlilfiln11C1q~LU1C1q-1LU1.l~1.l .. 
L1.l1..l1::LVI f111.VltI"'U~1L~Vlfl-1LL"'-3i-3n~tJflfln1.-IIc;fLLfl::i~1."c;fi~tJn1.l1(~1.lmfClfl-1 i'i1-11.1..lOij1n 

L1.lUCI'UlJl::tl1.ltlfl n n~1-1~Oij:;LLtIn m1C1q-1flflntif1 n n1.l L&'Itlib LLiVlfl~ LL"-1,r-3 2 nqtJ'U1"'1fl-1 L 1.lLU1 

i1..l~~tlVlNn1:;'Ufln'!l1.l11'1~-11..l1::tJ1N 20 L"JI1.l;JLtJJl1 L«1.l~11.l'!l1.l6n~1~'!Ifl-3LU11..l1::tJ1N 15-25 .. 
L-II1.l~LtJJl1 LU1il"~1tJ,1..l1::tJ1N 200-1200 ~mJ1n~L-II1.l~LtJlJl1 U1Lfl1un;~ 2 nqtJ1~tJn1.le.l~tJ 

"l~ mfll~1 n'Uel11.l ,r-1ttLtt L~flClq-1fl-1'1..lA~tlllLtt~-1L1.lLU1C1q-3 n11C1q-1'tl1Oij:;LU1.ln11f!tJ1." L1~ 

~N~.lJijL~~-111~ 1000-1200
o

C 1..l1'U'Untl1n1r1n1t1L1.lLlJI1C1q-1L~fl~L1.lU'U'U Reducing ~fl 

~n1~::~il f111f'Ufl1.ltJfl1.lfln1.-11 c;l (CO) tJ 1n L~flL~L1..litl1.li1.lU1V1fl~ LLIML~nfl1t1 LU1.lLfl~::Vlfl~LL"'-1 

LLfl::L~a-1 LLVI 1n1..l1.lLLtI n ~~flflntJ1 LU1.llJl::n11.l L"'tlVlfl~ UI'I-3tif::tif tJ ~':lfl-11.1..lfl ~~~1.lLU1 L~fl~Oij1nil 
"':l1tJ rl':l-1~1L"1::tJ1 n n~1 '!I N::~a-1 LLVl1n1..l1.lOij::n~1t1LU1.lJl::n 11.lLL~::flfltl ~':l~1..l1nti':ltl L~fl"JI1-1 .. 
L~1.l~1V1fl-1LL"'-1~flfltJ L~fl':l utln ~':l Lffi'U1fltILL~~ "JI1-1Oij::tln Lfl1LU1flflntif1nnfl-11." Ufl::LVlIJI::nfuii-1 

~.I ~.l"i' • lV lV .. o~. I" lV ~ lV .. 0 ~.I PI......I.J ....
LlJtif:: L~ "fl~::V1tl-1 UI'I-1fl~n1.lL'U1L"fl1.l1 LlJ L-JI-111.l LtJll~1flfl1tiftif::1.l1 LlJ~flfltJ LlJ1.l'lIJlQfl1.l1 L'lI1.l ~'l 

\1nfll1 (f!m~ 1.l1C1::"'1.l~ Ltln~1ru1::nfl'U11t1'lj-JI1 ~U1 80 ; l1""~ 1.l1C1::i;1.lij 2528 ; ~11n1W 

fl1t1::1.l1f11 2548 ~U1 54-60) 

91'1.1m'1t1q~ LI:rft2l'lIri~'I.Ill'1:::t)';i fif1ftlJlfl'l.lLLt1'UIJI:::!j'l.l~~nnfl1~"'I:::LLlInm'1t1q~ LL1n~)..I~~nL"lI~LLfl:::-ifl'hoi ~ 

~~n"'l1nn'l.l 

10 LL~~1fflL-W~"I:::Lij'l.liJCY~1"~m'1t1~~ LL"~,)lI;tHfLLfvI~~LL'Mn~)..I~~nL"lI~1'))..I1'1.1m'1t1~~~~tl1"'1:::vh 
1-«ft1)..11'1t1t1q~LL1LA1l'1l1'bJ41Lth..l~"'~~th'l.li'l.lIJl~'I.Im'1f.h~lJI1)..1~L~n~1'))..IrI1'I.Im'1L~i1lJ)..ILLfl:::LL"~LL1 

11 m~~mi1~LL~~~t1q~Vl~~LLI'I~'U1L')tuL'D1,).:J,"'l:::4''I.IVlf,"'U~1jjn1'11fLL1L~fln L"JI'I.I LL1LlI)..I1LVlI1l 

(Hematite) Lij'l.lL~~t1q.:J <ft.'l'Y4fl '1.11t1:::?4'1.1~ 'bJll'l1n{lu~?4)..1l'f ~U1 80) 

 
 
 
 

 
 
 
 

 
 

http:LlJ1.l'lIJlQfl1.l1
http:LtJll~1flfl1tiftif::1.l1
http:UI'I-1fl~n1.lL'U1L"fl1.l1
http:Vl1n1..l1
http:ni'i1-1n1.lL
http:Li~I1.lL
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1l1'Y'l~ 1 0 LLJJ~~vrYlNn'lmL~~YI:i',m:i''ltJ~'Y'lul'WLL''vIri'lLun rur1~L'W'Wlh"vl'l1tJ 

V1~1 Natapintu 1988, 119(oif1tJ) LL~~ Bennett 1988,131 

1l1'Y'l~ 11 LU11;n'WmnYlL~"vI~L"vI~'l~'l~~vr'Y'lu~Lil'Wr1~'f)'lU1t'l 

V1~1 Natapintu 1988, 122 
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Il1~~ 12 mJril-J;{mJU 2 ~'Wt.J~:;nu (bivalve moulds) 


~m Natapintu 1988, 119 


~ 

q 
, 

."""''-0 cv 'cv ~ 1;0 cv 

Il1~'Vl 13 LLl-J~l-J~~1'V1~U'VI~tl'VI'l~np\~ 3 'D'W~~tll-Jn'W 

~l-J1 Natapintu 1988, 122 
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.. 

'lJ'VI'VI 2 

n1'i'antn,y"Qt.I~LIl'VI'VI'il..!lu."..!Iu.a~ic,;,.
'l 

n'Wf1m~n1'[;IQtll'~IJl'VI'VI'fl~LL(;l~LLft~~'i1(;l ~;hn1l'f1m~n~1~1l'Cl,j11~u 2 ~"'in1 fl'fl 

1. 	 n1'l;(mf1"1.fin1!J1l1Yt ~1~1l'mLti~ti'fltl1Mln 2 ~fi fl'fl 

1) n1l'~Lfl11~'i~'ltl[;l1Ltlth (Visual Examination) Ltlun1l'i~Ln[;l1il1nim~tru~ . 	 ~ 

n1t1U'fIn~'fI~1'[;IQL~'fI[;I'fIU~1Cl1~~~~'fI1t1U 

a) ZtlLLUU (Formal Attributes) f1n'tt1ti~&U'VI1~ ~U1(;l~'fI~1'[;IQ 

b) f»ruin1:!~lJh~1~~'l"'U1~'fI~1'[;IQ (Surface Attributes) LfJlU 2li'fl~1'f1t1n11 
[;ImL~~,..1'f1'W 2lm1Lfi(;l~'fI~~il~,..1'f1'W 2li'fl~ffitl~(;l~itl'fl~1l' LihJ~U 

c) LYlflLULftfi (Technological Attributes) ~1~11ClU'fIn1~~1'~tiJ fl'fl 'VI'fI~LL(;l~ 

~1S'(;l ,..1'fI'VI'fI~L"'~'fI~ LtlU~U LLft~LYlflilflml',j1 LfJlU m1~ n11,..ft'fl~ ,..1'f1 

':',f 	 .!II '" 
n11~'U~tN L1JU[;IU 


... .,. '" '" ....... .1. "'1. ~ '" ...
'i'2) 	 n11'lLfl11~"'(;l'ltlnft'fl~'ftYl11f'1UYl "l:i Un11P'1n1:!1(;l1ULft"'~'l'VItl1 

(Metallographic Microscope) Ltlum1f1n'tt1ti~tflN~71U~r;lU'ftn1fl (Micro 

.... 	 .. ",0 ~ ~~... 'i' 'i' '" 
structure) ~'fI~'l[;lQ~~~1~11ClU'fIn~Yl1n11P'1n'tt1 Ll'ICl~ "J:IU(;l''fI~ Lft,..~ LflN~11~ 

~ 	 • ~ I 

~~n''fI~1'[;IQ LYlflilflLLft~iu[;I'fIUm1~~[;I1'[;IQ;UUU1 Lil'fl~1iI1ntflN~71~1~~U 
~ 	 ~ '" 

,ftn1 fl''fI~tft"'~IiI~LtlU~ft~11i11nm1m~;h1.uiU[;I'fIUj;i1~1 ~'fI1'[;IQtft"'~;UUU 
..J .... 0 1. "''i' "'.... 'i'.!II .... ..

LlIU 	n11[;11i1~'VI1 ,.. LflN~n~1~(;l1.J'ftn1fl''fI~ Lft"'~L1JUftn1:!ru~,..u~ 

... .... _...I.. 1. '" '" 1. 'i' ~. I.!II ... ..0 	 "'. 1..1 .... '" 
,ru~L(;ltl'lnU'lfi'flUnlil~'VI1 ,..~ftn ULflN~l1~L1JfttlUL1JL1JU'fInftn1:!ru~",u~(;l'ltl 

. 
.!II .3'" ........ n/. 	 ...... ....... 

LuUt'i11~Yl1Jt'i'lU~~1J'IItl.:JYltl.:J W'I.:J 85-90% ~1.jn 1 0-12% t:.Ifln"\::;1Jfln~ru::;l.I.1J1J dendrite 

...I 
Yl1J1 www.copper.org 

12 LflNft11.:Jt:.I~n'lltl.:JLfl,"::;1J~Ylf Atl Yltl.:Jl.I.~.:J L~U Yltl.:J Luuifu ,,\::;;:rfln~ru::;LL1J1J polyhedral '"'1t1 
.. ...I ...I.. 'i' ..J 11" ....... .. 'i'

t:.Ifln,"fl1tJL,"fltl1J 'IIn.&...""YIt:.Ifln'lltl.:J ~fl'"::;t:.Ift1J L11'1.1 t'i11~ "\::;1Jfln~ru::;l.I.1J1J dendrite L~1Jtl Ln~1J1,,\1n ~fl'"=~tl.:J 

'il~'Wft11J11"1'l1J~'lnUtla1.:J~1J\l1ru'u1~~1.:Jm1Liiu~'l 
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2. n1"Rn'W1'i14"t.I~n'il1J"14Lfllii 

n11~n~~~~~1~n~u~1~LA~'~~~~Q~~~~~~~~~~11~~n~LAf1~i~1U7~1CU 
...I .. • ..I::'..t..,~ .... ..,.... .. ~ 

'~~1i1IJjU1~1i1IJjL't1~~~1JA1t'l1~~1<11~ ~~,'\J '\In ~1Jf1CUA~~ n'l LA11~WVI11Jf~1CU 
Itl 	 II $I II 

~1Li~I'\JiA'~~~f1U~~1i1IJjL~fhilL~~'Vi1A'l1~n1~r.h~1.'\J~1m~liLntl'l;r~~nU1i11Jj,r'\J1~~il 

1) 	 ~~~~~~ (Cu) L~~1.~~:i'1U~1~U7l.J1CU'~~~~~~~~~~Lvi11.~~1.'\J~~Q ~~~fl1l.J1:i't'l 
'Vi11.lti'\Jil~11'\J'1.1I~1 LU'\J~~~~~~ult1~f ~1fI~11~ ~1fI~~~L~~'~~:i'~fI~~'\J . 	 " . 

2) 	 ;\'1Jn (Sn) L~~1.~~:i'1U~1~~Qil4'~Lu'\J~11~Vi~Vflill~~1~'W~1~Lu'\Jn1:i'L~~~'\J"JI~~ 

~'1Jn1.'\JU7l.J1cu.a~tl ~~dhLu'\J~11~4'~Lu'\J~11~~~ml.J1cu;\'1Jn.a~tl (Low tin 

bronze) ~1fI~11~fl1~'1J ~1fI~11~~~U7l.J1cu;\'4n~~ (High tin bronze) 

3) ~~rt'l (Pb) L~~1.~~:i'1U~1~1.'\Jn1:i'~~~~n11~fll.J~~'1.~~1~'1.a.JII'ltl"lCUfll.Jtii'~~ 
':'..1...1 ". 0 .... ...I" "".....r...l ""I ........1~~n'l~Ll.J~eJfll.J~~ ~~Iil~''ltlL~~~fl1:i'~L~~'l~'\J~~~ ~~~''\JLl.J~L~~~ ~~ ~'\J~'t1l.J't1~ 

" iu;r~'\J LL~~'\J~ nIil1nilti~"lI'ltl'Vi11.~~~~CU~lJij1~~~1~m:i't'lf1~ lI'ltl 

% '!!I ...1"1." • .., ':~PI ... ...,,_! "I .... ..1
4) 	 ~~n~t1 (Zn) L't1~ ~~~:i'1U'l1'l~Q"JI'\J'\JL1J'\J~~~L~~~~(Brass)~1~ IJ.l ~~~ ~'\Jn1CU~'t1U 

LU'\J1i1 L'Jl.J~Vi'\Jfl1l.J11t'l"ll'ltl~ LA11~1fil~ LL~~~LL~~~ ~~~til 

.. ...I "1_" ..... "I J( • .. PI..t ... ". ... PI ....
5) 	 L~~n (Fe) L't1~ LlII~:i'1U'l1l.Jn1"~'1I~:i'L~~m1J'\JL"ll~t:lf1~~:i''fHl.J ~:i'~L1J'\JL't1tl~n11Jj 

~~Vi'\J 

6) 	 i~h,~ (S) L~~1.~~:i'1U~1~i~~~~~~~U1l.J11.;{LU'\Jn~l.Ji~':~~~1~ta.J ihta.J't1u 

~fI~~~1LU'\J~1n~l.J~~nt'JI~ A1fu~L'\J~ ;thn~ 

7) 	 ~1fL'JIilA (As) fl1l.J1:i't:li1A'l1~tIl2 ~:i'~m1 i1l~ 

lh't1u~~~LL~~nu~1fL'JIilALL~~hl't1u;\'4n ~11il1il:i1A'l1l.Jtll~1Lu'\J~11~~1fL"ll 

ilAtli 

fl1l.J1:i't:l1.flLA:i'1~\fLtntluLlitluL~~flvJtl~~~~~~~Q~utll 
8) L~'\J (Ag) ~~~ (Au) ~~~ilLn~ (Ni) LtI'\Jn~l.J1i11Jj~~Vi'\J fl1l.J1:i't:l"ll'ltl1.'\Jn11 

i'\Jil~1'\Jtl~~1~ffi~~~~~~1."l.J11il1n~~~~~11.~ 

n~l.J1i1L'Jl.J~Vi'\J ~lfIn11Jj~~:i'n~'\J LU'\Jn1L'J~~~~1.'\J~1~imLtJi~~"llil~ L"lI'\J ~~~LL~~ L~~n 
~'\J ~~~~1 LU'\J~'\J L~tln1:i'Ln~'~~LLiLLIJi~~"lIil~"'I~Ln~i'll.Jn'\Jnu~1'JIil~~'\J1 L"lI'\J m:i'Lnc;J"JItl~~~ 
~tl~LL'M~11il1il~~~~ ~'\J ~1fL'JIilA ilLn~~1fI~:L~~mn~1'll.JII'ltl 'Vi11.~'\J~~~~~~~1il~~~:~1~ 

... ...I •.!'...1 • ...I 'i' • ~ ..,
n1 L'J"lI'\J~~'\J1 ~Vl,.n~~ I.'I'ltl Ll.J~ L:i'1t'lf1~ LL1~~~ ~~~ L't1~ L~~~Vl~~ ~~~ n1 '1 L~~1'\J~1Iiltl~ A~ 
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VI iN LVI ~tltl~l'1.1LflVl~ LLfl~,Ji''lti flm~tru~n1~Ln {;lLLil'I.ILLlJ1fl~ LLVI fl~LLi", ~tlflm.;-ru~<W LfII~ L'h~n'IJ 

'" tltln1:u nfl1'l~tl",~tlLLiVl1t1fi1".ltJi1~1Ln (;li'l~n'IJLLi-nil{;lVlflnlltl~'lJ1L'lru,:r'l.l 
... .,. _ r.1: ... ... .J 0 .;1...1 •...1 

m1'lLfil11 ~VlVl11J"~1 rufi11JJ~fl'Vl'l.l"'~~1~1~C1"l1'ltllJltl'IJ fil1 C11~ L,.tl~'Vl~111tl~ LL1'VlC1i!~ LLfl~ 

'" 
t.lfl£'l LtI'I.ILflVl~lIil{;l,:r'l.l 

tl~~Lll'Vl';1~1 ~~L"lI'I.I ~1'1.1l1tl~ Anna Bennett (1987,1989) F.C. Thompson (1969) Tamara 

Stech Wheeler and Robert Maddin (1976) Peter Craddock (1980) Hans-Gert Bachmann 

'" (1982) 1'l~";~l'l.l~1~ill1'1.1filltl~ '1.11~~1'l1l1~N flJl'l.lL~1~1I (2545) LLfl~lItl~'1.11~~1'lfiil~"1 y.j~ 

l1~n1 (2546) ~1 LVllJItl1"''''~L;1tl~,Ji''lmtl'l.lL'Vl fililfil~l~t.lfl~ Lfil11~i~~'l{;lLl'l fl,.tl'IJflfl~l'I.Ii~~ 
tJitl~ m1"'~~Lfl"1~i1~t.lfln11'ijLfl11 ~i~L~tl~tl1.,Ji' LVI~1~~~n'IJ ~'ltlth~L'IJ ~1rutjlJI qLLfl~tl fl'l1~ 
LuJ'I.I~111tl~t.lflm~'ijLfil11~i ~"'~"ll'ltll~~1~11C1lJ1fl'IJ;j1m~lIfl~,:rnL'lJl1rufil~1.1i' 

..... ... ... ~ J .!'II ... ...I'!:!
1. 'lfin1"L1fl~N\'iLtln"D (X-ray Fluorescence Spectrometer) L1J'I.IL'Vlfil'l.lfl'Vlrm'tt1 

'" fl~ flftl1~ntl 'lJlIfl~fi1lJ1~1 ~11C1~ Lfil11~Vl11i''';~ L;~ fl rull 111 LLfl ~L;~m~1rullfl~fi1 £'Il'I.I~'lflth.:t 

L'Vlfililfilil~tl1.,Ji'~1l;{n'l.ltlth~LLl1iVlfl1t1~1n~~~il1iVl;1~ L;1tl~"'1mVllJJt.lflIJ11~1 L"lI'I.I LtI'I.I'ij1in11~ 
l~t.lflf'lfl'l.l;1~~"'~LL2.i'l.lihl'l.l~~~'lJfl'l1~L;~;'I.I'~~~1~~'lJfil'l1~L;~~1 LLfl~1.~~~~~'IJ trace 

... t ltl - .,..J a.. 4:111... t .J. :,
analysis (ppm) tln'Vl~~~{;l'ln Vlt.lflm~'lLfl~1~VI'Vl1'l~L~'l ~n11L£'I~t1~IJI'ltltl1~'Vl~1mLfl~1I'1.1£'1fl'l.l 

-Utltl n~1'ij1iLL'IJ'IJ~'1.11 ~1~11ml1 Ltl1 ~'lflth~ L;11.m Lfl~1~Vl1,Jlt~t11.2.i~1 LtI'I.IlA'fl~'Yi1fl1t1 LLfl~ 
'" .

~1~1~C1~LM1~i~'lflth~";.:IlIfl.:lLL;.:IlIfl.:lLVlfl'l (~1V1i1t1 L~nll~~~ 2536 Vlih 3 ; fj'l.ltJLfiifl.:l24fl 

'ij~t1LLfl~'ij'Vltl1f111~lJIf ,'ti1fl.:ln~ru~Vl1~'Vltl1fltl L2.itltl~1n!ltl~<W~'ti) 

Vlt\'nm~m~-vh~1'1.1l1fl.:lm~~Lfl11~illfl.:l~fim1!3fl.:lf.:l~L~ni flfl n,.~IA''I.Il~IK'lflth.:lLn~• 
m,,!3fl~f~~L~nii:~t1fl1Atln1,.,.~~~!j.:lf~aL'rilJlfl'l.lf~aL~ni (X-ray photon) fl.:l'IJ'I.I~'lfl!J1.:1LtI'I.I 

tJflihl~Ln~~'I.IlJ11nm1~~VI~1.:1~'ltl!h~LLfl~L'rilJltl'l.l Ln~tl11n!lm~ru;h~1~'1.1 L"lI'I.I m~Ltlfl.:lLL~.:I 
(emission) n11'!l~n~'1.1 (absorption) n1~n1~L~.:I (scattering) LLfl~n11L;t1'lL'IJ'I.I (diffraction) 

'Yi1l~~ L~nlJl~fl'l.l~fl~l'l.l'l.:lLfil"'"l1tl.:lfl~lJIfl~Vli! ~flfln'Yi1l~Ln ~n11tlfltltlf.:laflfl n~1 • .:1 LtI'I.I 
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.... -J.,J... .,J ..... .... .... .,J II.I-J .... .,J ~ .!II 
"'~~~'lU~'lU'VlLnUIil'l nn'l1LL'VlU'Vl'D'tl~'tl L~nlJlnlUIil'l n:f:::IJl1J"'~~~'lU'Vl'~ ~u~'~"'~~~'lU'VlIJl'l LuU 

~~1.,..LiilJln'l1"'tl~f~~~ulJ'l t'llJ'l1tl'il LfI!1'l:::'If"liilIJlLL~:::mlJ'l CU'D'tl~fi'l "Jt;i'l~1~ij'tl~1.U;l'l'tltl'l~ 
L~~:::~~n~LmlJltJn'lrllJlmlJ'lcum1"'tl~f~~~tJ~lJltJ~'tltJ'tl'tlnlJ'l 

~ I • I 

'ilfiilPl'tlu;h~lil::: LiluiiiltJlJ"1J'tl~,rnL1J1'l cufl!;l1.um1~n~L1J1'l curl'IJI 'l Lil'tl~Iil'l nLilu'ilfiiib-i 

1A''tl~vh~ 'ltJ ;l'l'tltl'l~~il'lLmLfI!1'l:::'If ~~L~lJ'l:::t2.JLLriL1J1'l curl'1JI'J~"'1J,j'tltJ~1'tlij "lCUPl'llJ'ln 

..
_<l 
iJmflllniJuvmn:::" 'I'Ifl 

iJiJflt'lfl1-11ft~ 

WiJli'tM111iwmiia,';u ii~M'I1iJU 

rm4Utl,i'L1'i1;;~'\3.rnU1Uib) lflll'i):;mlJ 

lIIft"H1U1~Llhfil.n'tft-1-11 U'U'Ddu.i«ltl'l '(2) 

tun1'! itwft~-I1uft1uiiull::tJfIl.l?lfltlftiJlJ 
l)iJfl1I'l( 3) 

mVi~ 15 u.~VI~m~~VI'Dtl~tlL~f'ltJl:rtl'Wu.fl~Lihu.Yl'W~'Dtl~tlL~f'ltJlffi'W1'W.fi\..ItJltl'WmfjLf'l:r1~'Dtl~Lf'l~~ 
XRF ~1J EDX U.fl~ SEM :r~1J EDX 
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1:::tJtJmiijLflYI:::~LLU-3L~tltlmil1.l2 1:::tJtJ (~1~htl Lftfl''lI:::~2.I 2536 ~U1 82) ;ttl 

1. 	 LLtJtJ WDX (Wavelength Dispersive X-ray fluorescence) Lil1.I7:::tJtJ~ilfl'l12JfI:::Liltl'" 

L1.In11~ LfI"1:::~'-3 LL,jL).]~12J11ClU1tltlnLtlH1:U1l1 flt\1.I12JL~ fi12J11Cl~ Lfl11:::~fi1 '.j~ 
~ 	 ~ 

Lil1.Itl-!l"'tl1:::ntltJVl1-!1Lflill1-!1L1.IL;-!I~r:wl1T4LLfI:::m2J1WflffitJfI~2J~-!lLL,jfi1'J F n-!l U L1.I 

1:::rA'tJ 0.01-100% 

2. 	 LLtJtJ EDX (Energy Dispersive X-ray fluorescence) ~12J11Cl~Lfl11:::lffi1rJJ~Lij1.l 
~ 	 ~ ~ 

tl-3~tl1:::ntltJVl1-!1Lflill1-!1L1.IL;-3f1r:wl1T4LLfI:::Uffi1Wfl7tltJflfl2J~-!lLL,jfi1(J1 Na n-!l U ~-3LL,j
q 	 •• 

0.01-100% 

.... 	 I ' I .., 	 k 4,44..i11,.._ 0 ... ~ ..... ... ".. __ 

"1ItlP'ltltl"1ltl-!l'lfi1.l fltl 2.1"11 "'''1n "'"11 tl-!ln11'l Lfl71:::'VIVl~12J11m Lfl71:::~fi1 '.jVl2J LfI"1Itl:::(JItl2J 

i-!lLL,j 9 ~1.ILtl;ttl i-3LL,j'ri~tltlru .yhL«t).]~12J11Cl~Lfl11:::~'VI1fi1'.jLtJ1 8 fi1rJJ,jtlLtl~Hl;ttl 
L~L"'"L"1.I iL~tl2.I ihYltl2.I LtJ;'flL~tl1.I LtJ1tl1.l fl1f'Utl1.l tltln;nL"1.I L1.IL(JI1L,,1.I (~1'V1i1t1 Lftn"1l:::~2J 

2. ~fiL; Micro probe L1.I Scanning Electron Microscope ~1tlnt\'tl-!l'flVl11"'U 
... .. ... PI ....J"" " ... "'~ ... " ...; ... ...;
tlLfi fI Vl1tl1.lLL'UtJ~ LLn1.l'VI7tl~tl-!ln11 '" L1J1.I~tln1WVl2J t;! Lfltln 1."II'l LflYI:::'VI"''ltl L'VI rJJVl Lil1.ILVl fl1.IflVl 

L,..tJ fI n11~ Lfl11:::~Lil1.I~tltl2J1tJL~ LLfi :::L).]~1 Lil1.IiJltl-!l";1 fl1t1 ~'ltl!h-!l ~12J11Cl L~tln~1.1~~"::: 
~Lfl11:::~1~ il~fin11";1-311.1~~1t1 1'l"'Li'l fi12J11Cl~",:::L;t1.ln11(J17'l" ~Lfl11:::lf.J'(JI'lL~~fl1t1 

.... 	 ". I 

tl1::: LllVll1-!1ti1.lVl"1J.J'VI 'l LLfI:::tlU1.IVl"1J.J'(JI 'l 1'l2.1 l1-3 ~12J11ClYltClj:::L;t1.In11"11t11t1 LYitl~LfiN ~11-3 

1l1t1L1.I"1Itl-!l.J'VI'lL~n~'ltl . 	 . 
., 0 .4 4 4 ... 0 .. a 	 t 0 4, 

~fI n n 11Vl1-!111.1"11tl-3 Lfl1tl-!l SEM fltl Lfl1tl-3" :::tI-!lfl1tl Lfl flVl1tl1.l"1 nLL'VI fI-!I n1 L1.1'" 

ti Li fI Vl1tl1.lfl-!l'U1.I~'l tlfh-!l Llltl ~12J1 "Cl~tClj :::,j-!l ~tJ"1I1.I1 "'"11 tl-3 ~1i1 Lft fI (JI,.tl1.lL~(JI12J~ iJltl-!ln 1,. 

:aLft fI (JI,.tl1.l~ \lnij-!ltltl n LtltClj:::Ltl";1L~ Lft fllJl1tl1.l~LfltClj,.tl~L1.I~1.I-A'1.Ifi:::"1Itl-3 ~'ltltti1-!1 \lmhtlLtl1.l 

tltln2J1 LLfI:::,ruLitlT4~-!I-311.1Ltl L'VISjtl1.liitJ~Ln",L1.I'VI~nm""1Itl-!l X-ray fluorescence LdtlT4~-3-!111.1 
'!I 'Itl°"''' ... 'I' "" .r ... PI J( "" J ...... .r 'i'0 ,ru Ll'I tltltl n I. Vl11.~tl::: Vltl2.I Ln "'~1l1'l::: 1.2.1 L~Cltl f"1l1.ltClj-3,,1 L1J1.IP'ltl-32Jn1 fLL Vl1.lVl n1.lLn "'"111.1 I.'" tI 

ti Li fllJlftl1.l~LfI"7tltti'l-3i1.l1.ltlntltlnLtl L ~tl1mj1 fI'l12J L~iitl7H L1.In1 fL;hLLVl1.l~.yhL,.. Ln I'In1f 
OJ 

tlfitltlT4 ~-!I-!l11.1tltl nWI LU1.I1-3 i Ltln-n ~'llJlf'l"r.r'U (Detector)" :::";1 'VIU1~ LU1.I~'l VI f'l"r.r'UT4 i~-!l11.1 
~'l1.lLn1.I~tltln2J1 LLt\''l~-!I fil11.1'lw1'i1tltln2J1 LU1.IUffi1W"1l tl-!lfi1lJl'VIffii-!l~iltlttiL1.I~'ltltti1-3 

• OJ 

~1~1'Un1 "LL~ "'-!l1l1T4"11tl-!l~'ltltti1-!1L1.Int\'tl-!l SEM fiLLn1.l L",mdtlti Lft fI fJ11tl1.ltl32J"Jil 

n1:::Vl'U ~'ltltti1-!1 Lnl'ltl1.lfJ11ffitJ1";1L,..Lnlliru qJ1W~1.I'U;L'l Weh~U1 LLfl'li'l.J' "'''':::'';1n17lJlf'l"r.rtJ 
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iC)J C)J1 ru~ Ln c;,UUtl'l,..U1LLt\''lU1I.tJ LL~c;,~UU",U'l'..tl CRT LL~::1.un11ij~tl Lf{filIJl1tlUfN1.tJUU 

..... 0...... '3 S d ... r. Icr l' "I J!'II r .oil 
lJl'ltltJ'N~:'VI1Lnc;,N~ Ltln"JI (;I1JJJJ1,,'ltJ 'H~1JJ11tl ~"JI ~Un11'l Lf111::,..fi1 L'l tl~ fIlu1:: ntlU 'VI1tl 

... 
U1JJ1ru fiJJi~LfIlN~11~1.~~'ltJ 

... 
LLl!~1ijfiu~::ij f1'l1JJ~::"''l n LL~ :~1JJ11tl1.-«~fln11ij Lf111::'VI'~tlth~'VI~1 n'VIfl1tJ LLj;j 

., 
;rtlLitJ'~tl~ L'VI fIlUfilU ~tl 1.unfrlllltl~~'ltlth~Lc;,tlL'U'W1::n 1rlllltl~Lfl'VI:ijmJJ1rulltl~fi1L'ltJf1 niJtl~ 

, 0"1""1.' .... 1.1' ... ~"I ....J .... 1."0:01" .......

1.JJJJ1ntl1~~::'VI1 ~'VILf11tl~ JJ~1JJ1ftllJlf'l~~U " tln'VI~ ~unfru'VI(;l1'l~~U c;,~1LuUl'Itl~JJfil1LnU 

1% ~U1.tJ~~~1JJ1ftl~~::tJtlJJfu~~lItl~n11ij Lf111::,f~1ijfi1L'l,rU,rUtl~1.u~'ltlth-1 (Lc;,LlI 'VItl-1 

tl:hJJ ~'W1 tJ1:YitJL~U 1JC)JL'VIfltl L~1m'l5"'itJ 2542) 

3. ijfi Atomic Absorption Spectrometer (AAS) Luuijfin11ijLf111::,ffi1I'jLc;,tJtl1AtJn1f 

i-1 Ln Wlilltl-1 LtJ~'l1.l1l1tl~~'ltlti1-1~ LLejtltlnJJ1~1n mfL~11.,..l!l'I1JJ'VIfln Atomic Spectroscopy 

L"IiU Lnfltl LLn-1~:1.~illtl-1 L1Jfl'l1.l1 Luui L'VIfltl~ LnfltlL1J LLIJl~ L'tJJJ~:1.-«i,h 1.1.111 ru::~ Ln fltllltl-1 

L~,..:~::1.~tltlnJJ1Luui~ LLIJl n j;j1-1nUtltln 1.tJ ~-1m1i~ Ln (;Iilltl-1 LtJfl'l1.l1~::vh1.~tJ1n Lrltl1.-n~1tJWl1 

JJtl-1~~ijn1fu1 Ltl1m'UJJn1:~1tJ (disperse) LL~-1~tltlnJJ1~1mtJ~'l1.l1 (L~111 4l'::'l-1fftl:h3.J 

2534 ,..U1 1 ; Metcalfe 1991 ; Bernhard 1985) 

. . ., 
1.UL;~'VI q'ft!j~~~1JJ1'tlYi~::nfl1'l1.~~1'VJnfi1 L'l~1JJ1ftlYi~::l'I''l~'VI1fi1 L'l'VJ nfi1 L'l1.~~'ltJijfiu1.~ LLj;j 

tlti1~1.:fn l'I1JJ1.U'VI1~tJlj~,rU fi1 L'l~~:~1JJ1:ftl~~::(;If'l~'VI11.~"'tl~1.-«L«UlItl-1 spectra ~ 
.... .. ..I "I ""'1' 'I' ... s' " ....I 0 "I."

L"'JJ1:~JJnUf1'l1JJtJ1'lf1~U'VI~1JJ1'tl ~"Ji~" (~~111 ~1::'l-1l"1tl'1JJ 2534 ,..1.11 9-11) L'Wtl'VI~::'VI1 ~111 

LL~-1~1n ~'ltlti1~~1JJ1ftl ej1UL-n11.tJir-1 LL'VIfl~~i l'Itl::l'ItlJJ LLt\''l~-1 ej1U1.tJir~,r'l tjc;, LLt\''l~-1 ej 11.11.tJir~ 
... .., ..... .... 1.1' ... r 

WI'l Wlf'l~"'ULLfl::WI'l'l Lfil'1:'VI"'~~: ,,~~m''lLfil'1:,..tltlnJJ1 

ijfidLuuijfi~ijunLU :f1n.1f1liiutJJJ1.-nfi nijfi'VI~-1 tlti1-11.fn Wl1JJijfid~~~ :ij;rtl LitJ WI N~~: 

LUUllltl~'Vi1~1tJ ~'ltlti1~ij Lf1 :f1:;,fL~tl-1~1n1.um:fij LfIl'1 :;,""':LUU"'tl~'Vi11.,"~'ltlti1~tl~1.UitJ"JItl~ 
~1'fl:;~1tJ13 LLj;j~'ltlti1~~"'tl~m'1.um,ijLfIl'1:,f",:1..;IWJJ1n Lyh1.,14 

fi11'j~~1JJ1:ftlijLfil'1:;"'1c;,tJijfi~1.~ ~tl Silver (Ag). Aluminum (AI), Arsenic (As). 

Barium (Ba" Calcium (Ca), Cadmium (Cd). Cobalt (Co). Chromium (Cr). Copper (Cu" 

Iron (Fe), Mecury (Hg), Potassium (K), Magnesium (Mg), Manganese (Mn), Molydenum 

13 ui4~1~fi~":::~'U.J1'1t1~ ~1'l11 :::'"!K'l~f.h.:j·It.l~111Vj'1I~.:j u.;j.:j LL~:::lI~.:j L,"~'l'til U.~Il'ltlfl'l1~ u.).h.lii111~.:j 
~~n1'1ijLfl'11:::*,.:jiltl~~,,:::li~'l~tl1.:j~Li'h.!~1'1~:::~1t1~1nnt)1 

14 "1nn1~~1Jt11~~~U.tUflitl.:j MS ~f!ll.I6Lflitl.:jSj~ij4'tlu.ft:::~V1t11f111~P1f ,'t1'1ft.:jn'1nr~,"1ijVltl1fiti 
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(Mo). Sodium (Na). Nickel (Ni), Lead (Pb), Antimony (Sb), Solenium (Se), Silicon (Si), Tin 
, 

(Sn), Strontium (Sr), Vanadium (V), Zinc (Zn) LL~:Zironium (Zr) (~U6Lf'l"Hl~ijfl,;)4'tJLL~: 

';)'VltJ'1I'1'1~t91f '''''1~~m'N2.J''''1';)'VltJ'1itJ u.hJt'1n!ltl~v.tI'ri) 

4. L'VlflUf'l Inductively Coupled Plasma Emission Spectrometer (ICPS) LiJUL'Vlflilfl~ 

~'1t1'11Cl';) Lfl1'1:"'''''1t1ltl'1 Nfi'1 [;J L~tJfl'1';tJ".in n'11"J1fl~ Atomic Spectroscopy ~'1t1'11Cl 

';)Lf'lt'1:"'~'lfl!h-:J'l~~-:J~fl~tU~Cl'1U:"JItHLL;~ "JIfl-:JL"'~'l LL~:n'1"Ji'l~15 fl!h~'ltnt91'1t1~'lfl!h'l~"t: 
'Il'1tI '1';) Lfl t1:'"fl'l1"t:lffl-:Jfl~tUztJ"JIfl'l~'11~ :~'1tJL~fl ~ ~"JIfl-:Jm t';) Lflt'1:'litvi'll'1 L ~tlatlL"lIUL~tJ'ln1.1 

n'IJ';)fi AAS ,;)fid~~ LiJu~n';)fi~;'1LiJulffl~'ti'1~'1tJ~'ltlEJ'1'1L"lIunu (T.j\1tJ ;;tJ:';)Q'Vltf'l12534 ".,W'1 

1) 
... 

'litinn'11'ti'1'1'1U"JItl'l';)fiil flltl ICP LiJULL'litft~t'\.¥Tti'l'l'1Un1:~U~'1"'f'IJ Atomic emission 

'I ".... If' SfI 'i'.... ..r 'I. •&0> 

spectroscopy ~"JIn'1"J1fl'1tnflUL1JU plasma ~~tJLn~"JIU LU~J1'1Ttf'l'l'1t1~U'lJntJ'1n'1f'1LL~:f'l~fl'.l 

~'ltJn'11f'IJTti~'I'1u~'htJL'Vl"t'1 n~U'1t1LLti L'Iit~n'lyJ~Ln ~"t '1nn'1tL'litrltJ'l'll'1"J1fl~f'l~ULLti L'Iit~n'lyJ~'1 
EJ'1Ufl'l'1t1a';)'VlF,l (Radio Frequency) L~tJ ~tI LL1n"t:'Il'1 n'1"Jitl'1fnflUcJ'1U"JI~~'l ~ri'1 LU~f'l'l'1t1~ 

~'VlF,l LL~'l~~~.hu'ltl~"JI~~'l~'Vltl'lLL~~n~'l~~ij~"I'l".~cJ'1UL~tl~~fl'l'1t1ft1U ~-:JtUm':'J'lum1d"t: 
o 'I" "" tI..J tI I .. ~ ••I_~..r ... 0 'I" "" 'Vl'1 L"'Ln~n'11L ~tJULL ~'I"JItl'l~U'1t1LLtlL'Iit~n Lnn'1"J1U'lJtL'lN1tl'IJ1"J1~~'l~ "t:'Vl'1 L"'Ln~ 
.... ..l ..J 0 cr J.t ~ .J :' ...• 0 

fl L~ f'l t91tflUtl~1:"JIU"t:Q n L "'UtJ'lU'1 L~tJ~U'1t1 LLlJ L"'~ n'Vl'1t". Lf'l~flU'Vl LiJU'l~t ULLU'l t91~'fl'1 nn'IJ 

~U'1t1LLtiL'Iit~n ~L~flt91ffiU"t:Qn L1-:JL~tJ~U'1t1LLtiL".~n'ti'1t '\.¥Ln~mrDUn'IJtl:t91fltl"."HlLtI L~f.l~"JIfl.:J 
... ... 0 'I "."... .... "" 1'..r. I .:II "" n'1"Ji"t:tI e.J~'Vl'1 L'Iit n'1"Ji Ln ~n'1tLLt9In 1*I'l (Ionization) Ln ~f'l'l'1t1;rflU"JIUfltJ'1~tI'1n tI '1tJ n ~'1'l f'ltl Ltltl 

Ln~n'1rDUnU"t:'ti'1t'\.¥n'1"J1tl'1fntlU~fl~tUltl"JIfl~ plasma f'l~~'ltl~'l~ ~~tu~'l"JItl~ plasma lit: 

tlt:nfl'IJ ~'ltJLtl L~f.l~ LL~:/'Iit'itl tl:lJ1tltl"JItl~n'1"J1tl'1 fnflU 'ltltlflU'IJ'l n"JIfl~tl'1fntlULL~:~ L~ f'l t911flU 
... 

~~(itJn~'1 Inductively coupled plasma discharge ijinttN:f'l~'1tJ'littJ~'Il'1I*1'1 ij~"JI'1'l~~'1~ 

'I " " ~n L~LL~:f'l'l'1t1L"JItI"JIU~~ 
... I 

iUl*lflur;itltl'1lftl~'Il'1 Ltl'1 if'lflEJ'1-:J;;tl~tultl"JItl~~'1t~:~'1tJLf'1~ plasma L~tJm1'ti'1 t '\.¥ 

~'ltl!h~ LiJU~:tlfl-:J"JIU'1 ~L~n (nebulization) LL~'ltin'1"Jitl'1 fntlu'Il'1 L fl'1~:fltl~ L f'1 ~t"tn~'1~"JIfl~ 

plasma ~~ plasma t;:LiJu~')'Il'1Ltl'1~'11~:~'1tJtlfln"t'1n plasma t;:Ln~LiJUtlo/l'1fl"JItl~LL;j~ 
... 

"JIU'1 ~L~n LL~,)~~'ti'1t'\.¥~~'1tJ~')n~'1tJ LiJULtl L~f.l~~~1:tultln'1"Ji (vaporization) "t'1m!ULtI L~f.l~ 
., ., , I 

t;:LLt9InI;J') LtlUtl:l*ltltl \1~il plasma t;:ij".,W'1;; excitation LL~: ionization iJ~t;:'ti'1t'\.¥tl:t91tltl".1tl 

LfltltlULtlft~LL~~~ijinttN:L'flTt'1:~')tltlntl'1 L~tJ plasma t;:LiJUTti~~'1ut'\.¥'ltlfltlULL~:fl:l*ltltl 

15 Lu!':i'l~fi~"I::;S'l3J'l1f1~Lfl1'l::;'"IK,)tl~'l.:l\;t,r.:l1uilllltl.:llltl.:l u,~.:1 lItl..:J L'\.tIN') u,1N::;ih!l\~ U,,,lL'Un'l1 

~lfl1'l~lItl..:J'V1'l.:l ~'U6LfI~.:I£Itl,'ti'l ~'lltl'U~"I::;tlftl.:l'ri 'l 1 ""tl~1'UzllS'lffi:::fl'l fJ L~fJntl'U 
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.1 I 'i' ....1 ...I... ~.!... .., II ~ 
L1J~~LL~~tltln2J1 ~"tI emission lines 'Vltltln2J1,,1ntl:::(;ltl2J'Vl2JfiI'l12J ~L~Cltl:t~12J1:tm" L" l."tI 

m:tu;1J:t:::~1J"JItl~..,tr~~11.1t~'1Nn1J emission lines lItl~fi1r;,J~iftl~n1fil11~~LIIIlJ~n1:t~LfiI:t1:::'" 

tltln2J1 
" I • I 

~fii1Ltl1.IVliltl2Jt 1.ImnLfiI:t1:::,xl11fi1 'J t 1.It)'1'l L 1I1.1n1.l Liltl~"1 nll'l~"JItl~fi1 r;,JVI~12J1:tCll11LII 

.CIi ~ ... I -I 41 4 ., SI' .., .... .: .c:J... ... 4 
tl n'Vl~ fiI'l12J ~:::Ltltl" LL~::: fil1'Vl LlItlCltl L" tltl1~ L:tn'112J'l fi1.lLl12J1:::LLn 

I 

n1:tl1 1 fi1 (;l'Vl2JU:t2J1 ru1.ltltll1:ttl• 
fi1 LJl2J ~ii1.l~l1~~Ll1atltl,it1.It)(;lCl2J1n n~1t;l11m2J1rufi1(;ll1trn 

~ ~ ~ q 


~ ~ 


~fii1~12J1:tClU12J1U;1Jt.;tLlli~t1.l~11.1L~l1:::~'Vltl1 nM'Vltl1 Ln'tt'l:tm':t2J tlLJI~1l1nn2J• 

"" 4... tI 0

'lfi'Vlfirl:t 2534 l11.111J'Vl1.l1) 

.:J ... .. .. "" _CII..f ,,_.. .c:J .calI J 

fi1 'J'Vl~12J1:tCl'l LfiI:t1:::l1l11 L""'ltl'lfi1.lLL~:::~12J1:tCltl1 1lJ~ n1:t'l Lfl:t1:::l1 Lij1.l'Vl1.l1..,tlt ,,2Jtl~ 

U:t:::2J1ru 60 -70 fi1r;,J tlmtj1.lfi1r;,Jt1.lnfj2J~1L~L"1.ILL~:::n1CJ1 (fJiti ~tI:::ijfi'Vlfrl12534 l1U11 

'!I1.IJLfiI~~ijtl~{tILL~:::~'Vlmrl1~(;lf ,l1'1fl~n:tr;U2Jl11~'Vltl1trtl1Jju11n!JtJ~~2J~) 

5. ~fi Spark Emission Spectrometer LU1.IL'Vlfililfl~t;a1l1;1Jn1:tijLfl:t1:::l11~l1::: 
'i' .J .. "" ... ... t I...I.!II 'i'
~"tIL'il"'1::: L"II1.I 'Vltl~LL"~Ll1~n tl:::~2JL1.Itl2J l1:ttl 1.Inq2J'VlL1J1.I~~l1:::IlJ~2J 


.. ......I.!11...1.... t..!f'l ... r .,. ... ...

LfiI:ttl~2Jtl'Vl L1J1.I'Vl1.ltl2J "II 1.1.In1:t'l Lfl:t1:::l1l11m2J1 rutl~ flU:t:::ntl1J'Vl1~ Lfil2JlItHL~l1::: fltl 

Emission Spectrometer L"tlLL1J1J~iltl2J;;tl Optical emission spectrometer t;m:t Spark t~ 
I 


I ... ... 


ntl Ln" fiI~1.ILL~~ 
I I " , 

.., 0 ... • A _.., I I ... I 

l1~n m:t'Vl1~11.111tl~ Lfl:ttl~ Emission Spectrometer fltl ":::L:t2J LJI~LL(;lfi1r;,J LJl1~1'Vltl\l 

1J1L'l ru~'l\ln~u1ffl (Spark) LC*ltlt; rJi1.ln1 LU"ttln1:tn:t:::~t1~ij~nJ~~ LL~::: fiI'l12J~~~ LLfl::: 

fl'l1Jfl2Jt~ij~ntl1~rh n:t:::LL~ LLfl:::L'lfl1ttlm:t~U1fflfl~~ L~tltl:::(;ltl2Jttlr;i'ltlti1~Lllru"'i~~1t1 
...I t. ..., 0.......1 


,,::: LU fltl t1'"11 ntl:::LJltl2J t1~Jl1"'lItl~ LLlI~nfl1mUtllItl~Ll1~'l mCJILLfl::: Ltltltltl(;l12Jfl1 "1J flfl1.lLL~~'Vl 

Ln"'"I1nn1:t~U1ffil'"l:::\ln:t:::1J1Jfl'l1Jfl2Jt~e.h1.l gratings Jl1t1t1.l spectrometer LLt\''ln:t:::'"I1t1LL~~ 

tltl n LU1.I~ LU fl LJI;2J (;l12JCJI il"lItl~ fi1 LP.! 'h~1~ijtl~t1.Ir;i'l tl ti1~ L"tI fl'l12J tl1 'llltl~ LL~~,,:::i2J ";1.I1fn1J 

fi1 r;,J LL~fl:::CJIilC*l L~tl L;1,x'lt)"~ LUtll1~tl "1It11t1 ri1i~fl~t1LL~~ (photomultiplier tube) vi1l1U1~ 
1It11t1iqjqj1 ru Intrigrator ,,::::t'l1J:t'l2J L~tlri~;-tl2o!flLUU~L2JLfl:tfltl2J~'l LLJltlf LLt\''l~1t1'lrutltln2J1 

~ 

LU1.Ifl'l12J L;-2J;-t1"J1tl~ fi1 'J1!t11 L"tI Lmtl1J LVI tl1J n1J n:t1~ ~CJIi1 LLt\''l~~ LL~ "~tltln1J1.I"tlJl1'" LLt\''l~~ 

~ I 

~i1iltl~1ijfiI'l12J~1~qjt 1.I~1t1L~l1:::m':t2Jtlti1~2J1n L iltl~"1n~12J1:tCl~Lfl:t1:::",fi1 'J ~1~1 
I " I"II ~ t ...... t ... %. "" f'I _tI'" ...

LP'll1fl1t1fi1j;J 1.IL'l~1 L"tI'lntl 1.I:t:::tI:::L'lfl1'Vl~t12J1 n llJ~n17'lLfl11:::l1 Ll1fl'l12J L'Vltl'l (;lN~~ LLfl :::'lfi1.l 

t;-L'l~1ttlmn Lfl:t1:::iutltl2J1nlhLllrum:ttJ;1JLLr;i~tlti1~ ;lLC*ltlt;L'lfl1U:t:::2J1rul1~~t11V1 ~tll1rt~ 
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~'lfl'.h~ (tjri'tJ UCY'll1LVI'lQ~ 2535 'WU1 2-15 ; ~'!..U1"Lfl~~ilfl~~tJLL~:':5V1tJ1r11~l'If ,\i1~~n1ru 
l-J1-11~VltJ1i'tJ 'WU11 n!ln~Tfl-Jli) 

...... , .,J, "" ... _ ....J.,J 'I !"'I _ .... "".1 
U'tJn4i1 n 'lfi 1'11~1'V1 n~1'll-J1'l11~ IJ1UtJ~l-J'lfiflU1'V1~1l-J11tl L"lI LUn11'l Lfl11:1-1fl~fllJ1:nfltJ 

'VI1~Lflij'llfl~1'l'Itl'L~1-1:1.~n LfJlU 

6. Wet Chemistry Luu':5fi~t;~11~:~1tJ'VI1~ Lflij LUU~'lVi1~:~1tJ~'lfl!h~L~fl,h1.u 
Q ... .:t 0 '11,#0 jIJ II 0 ..... t 

'l Lfl11:1-1 'lI~'VI1 L1-14i1 LlJUlfJfl~'VI1~1tJlJ1'lfltJ1~ 

7. X-ray Diffraction Spectrometer Lilu':5fi~t;tun11':5Lfl11:'1f1-11LflN~11~~11Ll-JL~Q~ 

'lIfl~~'lfl!i1~U1:LJ1'V1 LLt €CYl-Jru ;)'1..1 ~u ~11i~Lfl11:'1f ~'11Lflij~1-111'll-JtI-1~11~ntJl~1n 

fi11l-J'lI1;~'ltJ (,!!U6Lflifl-1ilfl~~tJLL~:~'VItJ1r11~lJ1f ,\i1~-1n1rul-J1-11~'VItJ1i'tJ 'WU11n!ltJ~Tfl-J~) 
8. Neutron Activation 

9. Proton Activation 

10. Proton-Induced Activation 

fl!i1-11.1n 1'1 1 l-Jt Un11~tJlaut4i Liifln~1~Vi1n'11~m~t1 fl'l1~ :t~fittJl~11-1f'J':5 Lfl11:'1f 

fl~ fOl"u1:nfltJ'VI1-1 Lflij'llfl-1IK'lfl!l1-1 LtJ11ru1'f1l 'lU1:1J1'V1L~1-1: 1.11~14i: LUU 'VIfl-1 LLtJl-1 ~11tJl L1-1~n 

....J .J ".... ....1'1 " , .J ... .. 'I .. ,Cf .,J:;' 'I ¥I 
1-11flflU1 LWflt 1-1eJ~'l Lfl11:1-1'V1 LtJlflfl nl-J1U1 L'lIflClfl~1l-J11ClU1 LUlJ1fltJfl1Cl1l-J LLnU1:LtJlU'VII'I-1 L'd L~ 
" .. ~ ...I.. ... ... ."f'" • 1 .., 'I. I':. 1 ... ...... .. .,
eJ'VI1 n11f1 mt1 fl'l1'V1~:fl1U-1 Cl-1lJ~~tJ tJ1-1lJ1:n111M IJIfl LlJUlJ1:nfltJn11L~fl n'lfi~11-11tJn11 
OJ 

~Lfl11:'1f (Metcalfe 1991) L'liU 

" ~Vi1n11~n1!1;rfl~iriflU~1;rfl-1n11'V111tJfl:1.~1nn11~Lfl11:'1fIK'lfl!l1~ 1-1i'~~1nuu~~ 
'" , , 

~n1!1~1LL~~:~UU~1l-J11Cl~Lfl11:1f1-11a-1V1;rfl~n11~:'VI111J~1-11fl'W 

.J 0 ., ...~.J ., Q .JQIJ •.,,,

~1JU1:l-J1ru'VI4i1 ntJlfl1~~: L~fln'lfi'VI L1-1l-J1:~l-J ntJ L-1U'VIl-Jfl~ LtJl 


I.:J!Aa, ... ....r I ..... Q4 .... I ....I... I

L'l~1'V1t"ll LUn11'lLfl11:1-1 'lIUfl~n1JLLlfJ~:'lfi fl'l1l-JW1fll-J'lIfl-1LLIJI~:,!!UtJLfl1fl-1l-Jfl LL~:a-1 

~;rfl-1n1~:'VI111J 

" ,fI " Q ,..IICIII I 0'" 0.... ,cal II 
L1-1eJ~ n11'l Lfl11:1-1'V1 LLl-JUtJ1'V1t'! tJl~11-11tJfi1~'VIlJlfl-1 n1~:'VI111J 

.... , ........... .. tI .J I _..::III 0 1'l .I J! ..... I I .... 


fl'l1l-J L 1-1l-J1 :~l-J(JJ'lfltJ1-1 ntJ'lfi'l Lfl11:1-1 tJl'ltJ'VI LLIJI~ :'lfi4i1 LlJU'VIPlfl~ n11f1l'lfltJ1~f1l1~nU 

LfJlu~fi AAS ~1Lilu;rfl~Vi1t""fl~tUlu~11~:~1tJ LLIJi~11-1f1J~fi SEM 1-11fl X-ray 
" ,

~1l-J11Cl1hLfl11K'lflth-11.mLfl11:1-1'A'L~tJ ;fl\l4i:LUUl-J1n~11-1rutun1ruV1ijLtJ11ru1'I'I'l 
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U,.: IJI'VILft'VI:'VI1tiu,.: LJl'VI~1.I1~"U,jtitl2J1 n"'l1.lhi~12J1 "'I;rI'I'VI1ti LLti n"''l1.lU1 LU 

';jLfl2'1:,n~ 
J:! 0 X 'I ..4 0 ...I 'I.!' 'I........ 'I • 

'1Iti~1 rI 1'1 L1.IL,.ti~"'l11.1'l1.l1lti~fi1 (;,!'VI~12J11C1'V11 LI"I L"11: L1.ILLl'lft:'lfiti1~~: L2J~12J1"CI . . " 
';j Lfl2'1:'VI1A flffiUflq2J1.1.Ii~ii i4fti~n11"'l:'V111ULAi~'VI2J 1'1 

" 0 ... 'I ..4 1<' • ~ .... ...I'IJt'I ... ... ..4 'I'
lIti"'l1n 1'1 L1.ILffi~fiI'l12J ltIti~n12'11ti~u12J1ru;!'ltitl1~'V1 L"JI L1.In11,) Lfil11:'VI L1.Iti~"'l1n L1.ILL;! 

ft:';jfii4fti~n1nr12J1ru;r')tith~1.1.In1fjLfil2'1:'lfLJi1~ri1.ltitinLU ~Yi1n1"An'l3'1fi1'l1"'l:'VI11U 
..4...1 'I.!''' -...I ....... ...I ... 


L"fl'VI~: LI"I Lftti m fi'VI L'VI2J1:~2J nU(;I'lfltl1~'VI2J 
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\J""..a 
3 

... ""A I _... I ~ 

n1'';lLfln~....tl4 fl1J~ntl\J"14LflJ.l,.tl4 M';ltl!l14 ".~ 

~1n~"".4it\Jna&fla~1Uit~4J.1~U1';l~.~."jN.n1'"n~.. 

.. .... . 
n1fLtltlnPl':ltl!l1.:1 

0.... 0 '!'l 0... '" "'. I ..... 'i'.... .,J 'I 
~1V1run1ru1~1,m1fiLLft~Vl1n11,)Lfl11::Vltl-:Jflu7~ntl1JVl1-:JU'U.1 fltl ~1J71W,)lJItlVltl-:JLL"'-:JVl'n1J LU• 
LLVlfl-:JL1J!i'1 WfI;l'lh 1.1Ltl-:Jl-J~U1,) L"'tIL1J11 wtjIJI Qtl1~LllVld1.~'n1J\ULLVlfl-:J L1J11 WfI;l LL"'-:Jd~-:JVll-J '" 

~1U,)U 3 ~U16 \Un11~n1fifli-:Jdel.yhn17~n1fi1.~L~tlnlA'')tlti1-:JL1J71WtjlJltltltln~1~1U,)U 2 ~U 
~ . 

1. L1J71Wtj(;lQVltl-:JLL"'-:JltIVlNi')~nf'iruft1t1~'" 

2. L1J11WtjIJlQ~1i"'VlffiVltl-:JLL"'-:JltlVlNi')~nf'i1 

I I! I!l!t I 

~1 LVlIfJ;'i ~Yhn17~m~1 L~tln ~')tlti1~vr~ 2 ;UULiltl-:J"l1n~1 Lijtl\f~ LnlfJii~ftn~w~ 
..... " ... .,J.,J " ".. JII "t1"". PI ...l'l"JII ....... 0 ....

1l1t1Utln7')~n1J'1Itl\lfttlU'Vl Lntl,)'1Itl~ LLft')~ fI,)1l-J LuU L L"',)1 LuUVltl~ LL"'~Vl L"lI LuU,) 1JI'l"'1J~1V1ru 

.yhtj(;lQ\-n~tltl tin~~6~'n1J~1;jin~W::flfl1t1ri1JL1J71WtjIJlQVltl~LL"'~ltlVlNi')~nf'i1t1ft1t11A'''' ~-:J 
dl .J tI ..; I'" ... 

L"lI 'fl') 1 LilUitlLL1J1J'1Itl~'VItl~ LL"'-:JVl1 '" flU 'n1JVl LL Vlft~L1J71 Wfl '" LUUVll-J1 nft1 \ U1J 1 L,) WL'1I1,)~ 
.... .... JII Ji .J ... • 'I. I 

'n7::"lUVl1"ll~ L1JU'nUVlCJft IJIVltl~ LL"'~ LLVlft~ LViCY 

.. tI ... ... ,,"0 ... ~.... tItln 7::n1mU~fltl Anna Bennett (1989) L"'Vl1n11,)Lfl71~VI~1J71W')(;lQVltl-:JLL"'~l VlN 

.... ~I .... .J " .J I'\''''\' .... '""li'0
VI')~nf'i7lJft1t1(;l"'Vl''''flU'n1JVlLLVlft~ ~1J11WfI'" ~UUVll-J1nft1 LLft~1iU~71l1l-J'n~n1 (2546) n LIl'IVl1 

n1~Lf'l11~Vl11J71Wtj(;lQVltl~LL"'~p.IVlNi')~nf'i1t1ft1t1~"'~UVI;1-:J~1"';(U'n1JLLVlfl~L1J11wfI;lD'1u 

. " 
16 "'1nm'MJ"'''\n·hIlK~LL£4itJ V..,I. 2542 11""u'U L"'tll11JL1J11curr"tJVlfl~LL",~,llVlN\f'J~nl'lnlft1t1 

" " ;r", 2;)'U LLft:;L1J11CUrrl'lqVlfl~U."'~zllVlN\f'l~nI'l11 ;)'U 

17 Lil'UL1J11CUrrl'lqVlfl."u.",~,llVlN\f'l~nl'lnlft1t1;r"'f!'Uft:;~'Un1J~"':;An'tY11'Uf'lf~~ 
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U~~:lJ1DJ 1-2 ij~~b:IJl?l~ Ul'l~1)'WU~lnDbtl'W~U:IJ'Vva,m!?l'l (~b~m) 'J1-b1)DJ~I~1)~1)'W~~!?lnU 

U~ltJbb~ ~U1-b1) DJU~ltJ"iI'el'l.rI?l t;1 bb~[ntJ1'WU'l ~'l bVt~'elbn'elb~Vt~'eltl 
q qJ 

2 "J!:IJ. (bU~!?l!?lIlI~~ 16 U~~n'elu)
qJ 

o • Q ~ I ~.: .dQ ~ c. i.t .d 
j;J1 LL'WlH'VI'W'U 1?l1)'eltJl'l"J!'W'W~U"il DJ~'Vl:IJ n1~"iI!?l b~ml'l b~I'el1 m~un1) DJ:IJ:IJ"lI'el'lVt~:IJ"iI!?l~'W'Vl 1 

q q q q 

, 
~~Vt~I'ln1~ri'el~h'l'ellm~~~:lJVt~:IJ"lI!?l~'WV11 bb~~ 4 

q q q 
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2. ttJ~lrut)l'lfl~11~~1!l'Vl!l'lbb~'l~tJ'Vl~'l~')~mM. ~ ~ 

... .,j 

b~"lI'VI:;b'U!I'U'VI PMN 2002.0003 

~n'Mw:; ~lll~hJ~~\J~ru ~tJ~!ltJD'lJbb~::;'l!ltJ~lnD!l~i') t~m'U~I::;I'lNtJ~ltJ bb~::;tJ~ltJ"1I!l'l 

~1~,)~~!ltJn~ni!l'lJ D'lJ bb~::;~n'l!l ~tJil'lrl~ltJntJ~')~n~~tJ~')tJ~~"1I'lJl~1~ rubb~dh'lJ 'Vl~'l"1l!l'l
~ ~ ., 

t)I'l fltJ1b,) ru~ ') ~,)"1I!l'l ~ n M b~~!l'lJ~ b~~ tJ~ rll'l~~ bb!?\I'lN n~') bb~ ::;tJ~ltJ ~ ~"1I!l'l ~ n ~~~~aJ'lJ 
ct ClJ ClJ q ClJ 

, '" , 
1lItJ'lJ!lnn~U~'Vl!l'l bb~'l~,)~'lt)I'lfl bb~::;n rl~ltJtJ'lJ~"1Il')V1tJ~ltJ ~1~. ~ 

"lI'U1~ rl,)I~tJ1,)I'l~!l~~I~')t)~1~ 5 .8 "JIaJ. ml~nt)I'l"1l!l'l~I~')t)~1~ 1.74 "JIaJ. (ttJ~~~lll~~
~ 

17 tJ~::;n!ltJ) 

~, bb'VIu,:J;1'Vi'U ~~~"11 ~~'lJ~ 1 ~tJtJ1b,) ru~~ b~-W!l~1!l-ifl'l"1l,),)"1I!l'l n::;t~~n~'ht::;"1I!l'ltrlN b~ ~ 
'" ,

"l!ltJ~~lm~"1I 16 i'lJ~'lJ~~~~V1 7 : 110-120 cm.dt 
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AI __ .. 

Lt;flmJ1 2 'lfi flfl 

1. i'5fi X-ray fluorescence (XRF) 

2. i'5fi1.<i' Micro probe "JIfl-:J Scanning electron microscope (SEM) 

I •. Sf 

~LJIII~ (Small finds) 18 YiYiu'l!fl!J2J1n ih1.'ll~1LiI'W~fl-:JL~flnijfiYiUJ~fl-:Jii1t;1!JIK'lfll!.h-:J 19 fini-:Jj!j-:J 

.!"l ... ,0" .J ... 11 .... 1. .1 ... r 
LlJ'WPlr.llil~flUm fl'l12J LUJ'W!J1LLt; ~"JIflflt;1 '" Lflt;fl'W 1'l2Jm"Dflfl'l11~'l-:J 'Wn'l1LLut; ~ t; n1r.1 Lfl11~'VI 

.J _~... ,~ .... , J! 
UJflLuffiUL'VI!JU1~'VI'l1-:J 2 '4fi"'-:Jnt;1'lP'l'l!J 

n11ij Lfl11 ~iflf-:J~1I1ef-:J;\1 L u'Wn 11~~'WtLfl1fl-:Jijflij..f!Jij'VI!J1 J1111~ PlTLLt; ~L 'VI fl 'L'W'Lt;u 

'ili1t;-:J n 1N2J'VI1ij'VI!J1~!Jt\1'V1 fuijfi XRF LLt; ~~ ~'WtLfl1fl-:Jijflij'VI!J1 J1111~ PlTLLt;~L 'VI fl 'L'W'Lt;u fI N~ 

ij'VI!J1J1111~ PIT 2J'VI1ij'VI!J1~!J~t;U1 n1~1'V1fuijfi SEM 

... "., ...
n"'1LA"::""'1!JLflA\lA X-ray fluorescence 

Lfl1fl-:J XRF ~1..n'Wn'l1ijLfll'l~i~'lfll!h-:Jflf-:Jll;lfl Lfl1fl-:J XRF Oxford ED-2000 1~UU 
EDX L~tl-:J1iI1 n ~12J11'l'i:n Ltl1 ~'lflI!J1-:J L';1 Lfl1tl-:Jij Lfl11 ~'VI111L"'!JUJ~1 LiI'Wlltl-:J~'" lK'lflI!J1-:J LYi11 ~ 

'" 
1.'Wn1rll"JItl-:J1~UU WDX "1itl-:J'l1-:J ~'ltlI!J1-:Jij Lfl11 ~'VI1lJYifl;l nU"JI'W1 "'''JItl-:J ~'ltll!h-:J fini-:J li 

OJ 

ii1n11~n~UJ~fl-:Jn1~1iI~1K",~uef'l'WfltlnIil1n~'ltlI!J1-:JLLt;~~tl"JIflA1tJ1n~~1nunij'VI!J1J1111~Plf 
".J .....I_I"!'" _ .... ~" .. 1.11
f;l~LLt;Lflffi-:J LLt;~tl1~1ffi'VIu1n~~1mYi'Wfi~-:JVl"'l'tU ~~ Lt;fln "D1~U EDX 

'VIi n n'l1ii1-:J1'W"JIfl-:J Lfl~-:Jt'Wll ;lfl Lfl~-:Jii1 n'l1ti-:Jf-:J~ 'LoWVlfl'W 1uj!j-:J~'ltlI!J1-:J L~flii11.'ll 
... !if 1. ....../<j', .... II. I 1.-" ... 1I'....t0
fl L~ fl Vl1fl'W U'l-:JYi'Wfi'VI ~fl~1fl'J1tlUtl~Plfl2J LLVln PI'lfltln ~u 'VI1 l'Ifl~Plfl2J Ln "'fl'l12J ~2J L~tl!Jn'W 

tlL~flPlffi'W~'Lfl~ffi~'l-:J,"'Wfi~1flu'WflnLfl;tl'WL';12J1 LL'VI'W~L~flfn~ fl'l12J L~ii!J1H1.'Wn'l1~ii11.'ll 
Ln '" n 11Ufl tl!JYi ~-:J-:J 1'Wef'l'WLn'Wtl tl n 2J "11.UZU"JIfl-:J f-:J ~ ~1 nYi i-:J-:J 1'W~ ~-:J1,J ~Yii-:J-:J 1'W~1'V11tl~ 

"', , 
L'VI2J 1~~ 2J nU'l-:J'Lfl~11.'Wi'WPlflUlJifl1u Lfl1fl-:J~ ~ti-:Jf-:J~ Ltlnitltln2J1 L?ttl Plr.lIiI..fUYi i-:J-:J 1'Wef'lULn'W1.'W 

zU"JIfl-:Jf-:J~ \,~tlLLUt; fi1Yi~-:J-:J1uLilum2J1NLLt; ~f:J tuIl1Yi"JIfl-:J LLffi1 f;J~iitl~1.U~'lfll!J1-:J 

" t " " 

18 tU'11wtflJl Q;iUfiLf'ltt I.UUtU11WtflJl Q.yj"u'l~Utl!JLULl.,.u~~tU'11wfllCilIuu finVf~jjf'l'l11J~"1I~'ty 

19 hl1(;1~U"~ 2 ~~L"f'lOf'ln11An'tt1 
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~ .... ......coI 
"JI'Uj;1'!l'Un1'ii''Jbfil'i1::VlIPI'J!Jbfil'ii''!l.:J XRF Oxford ED-2000 'iJ::tJtJ EDX 

.... ..., . 
n1'ii'bj;1'ii'!JJJ ~'J'!l!J1.:J 

~'dm~i~'el'l XRF ~16J1~~~'"l::'i) L~n:;Vl1.~I?)u1~ ~'d'elU1'l~N1tJ1'W-rl'el'l'dl'l ~'d'elUl'll~L~U 
~ ~ , 
i'W~'el'Wu~'lhiii ~'dI6JU'lUI n6Jl nun Lrim LLriiI?) ~'dVltJl"ll'el'l~'d'elUl'l LVi'el nl{I?)~,hJ ~ntl~'W LL~::• 

I I iI iI 

t1'W~ ll2-J~'l'"l:: LtI'Wni ~'i) L~n:;i~ll~1 LL Vl'WVl'"l::'i) L~~I~ibU'el L~VI:: Viin'"ll nU'W~'lul1tJYh ml2-J 

~::'el1 I?) ~'dU ~~'W ultrasonic ~n ~f'l b~'el"ll{I?):n~ n'el'W2o~'el1'"l'"l~VI~'l bVl~'el'elu1'W~'d'elUl'l 
'IJ 

bb~'d~'lUIhJltJt'W-rl'el'l'dl~ ~'d'elUl~"ll'el~b~~'el~ XRF til?) ~lb~~'el~~~'el2-J~'el ~ LL~:: 

~'el'"l'Wi~bn~~t1~lb~~'el'lbL~ I?)'llyJ~~'el2-JYil~I'Wbb~'d ([n~~ 19) 

2. bri'el b~UtI~'elU~~ b-ifl~hJnLm'2-J'i) L~~I::i 1""nlV1'WI?) ril~i~~1'W1""~~'eltl ~~2-J 
'IJ • 

3. 
I I iI I iI iI 

L~1'el~'"l::';hm~'i) b~~I::iDI ~ ~12-J~:i'::t11tJt'Wi'W~'el'WVl bb~'d ~~"lI'el~i'W~'el'WiJ 

~'W~'lvh1~"I:;'Viu'li~n'1l'WLLYlmfl~~'l1'W~lJl-J'lI'1l'l tJl'l'1lth'l LL~:;Ul'l rl~"I:; LLYlmfl~1'WL~fl 'i:~VI::rJi'lU v111~Ul'l rlf'l 

L~'1l eJ~ m~'lLml::,xtltl nl-Jl ch;:; f'i l'l1tl'lOJi ~nfl'Wflfl n l-Jl~ '1 LL~ ~l'l'hfl1"1"I::hFl Lrl ~1:;Vl1'WU~L'l ru~l1-1HL~tl'i:~VI:: 

LtI'WeJ~1~eJ~'lLml::Vl11-1lh L~flafl 
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..J 4
111V'IVl 18 Lmtl'l XRF Oxford ED-2000 ~:;uu EDX  
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1l1~~ 22 L~!l'y'hn1j'~Lr1'j'1:::~ ·t\.JL1,.mj'mr11!l'l"l:::.yhn1j'~Lr1j'1:::~LnTl'IIX'Wri!l'W 1:-J~~Tl!lmJl"l:::LtI'WmlY'l~'l,U 
~l'W.jhu ~1Tll-J~'lij~!lfh1'lJnll?J'lJ'Wn'j'1Y'l n5'ru~Lj'ltX!l'ln1j"\..11nll?J~'W1L~l-J Lj'l~ll-Jlj'C1nIPlL~Tlnl~l?Ill-JlU 

'Vl1'l~1'W'lI'J1 LL~'J9'li'l1,xLr11!l'l~Lml:::~Tl£h'l~:::LtiUIPI~nr1f'l 

I.'...'.e,,..,..~. ,..,.. ,..... ..-..-I.­..-........ 
....... 
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1]1[;J• 

No.1-001 No.2 

Amount Wf:Ok and 

ppm.,21 

Cu (YlthlUIM) 59.25 81.44 

Sn (;i1.jn) 0.68 344* 

Pb (I/!::rt'l) 

Zn (fl~n::a) 

As (tnfl'OI'l) 67* 0.21 

Fe (l14ftn) 1.12 8.98 

S (;t'!L~flf) 534* 753* 

Ag (~u) 160* 393* 

Ni (Olnt'!) 353* 0.42 

Ca (LLI'lfU;SlI) 23.3 6.85 

Si ~flnt!u) 13.25 0.63 

AI ('ilQi:hiiJ)22 1.52 0.25 

K ('WUYltll;SlI) 0.53 723* 

Cr (tf'l1Lils2.J) 245* 168* 

Mn (LLlI~n1UtI) 105* 199* 

Ti (tYlYl1lUS2.J) 172* 0.19 

V (1l'll'l1lUSlI) 338* 163* 

~'J'\J. 100 100 

21 ppm ~ffi part per millions Lij\l~ti'JlJ~Lftnnthwf.O!bl\1'::rK1J~i'I::L~lJ{;In~1 ,'hdj\lWt%tPllJL~fl\l 

'VlfllilmJ 4 '1Pl LlI\I 3427 ppm =0.3427 Wt% 

22 ~i\nfl\l LLi'I::fl~il1i~ (PlLij\lelll~ n'itll~tJi'lm,i)Lf')'1::..rtl'1n{]fi1L~t'hU~\I~1 u.elPl~~1~'Jtlth~ 
6~f')~s:lelll~~i'I~L~fiflfl~ tJi'I~'lrllfl1~~::s:lf')'J1~fili'l1PlLf')~fl\ltl~U1~ fi1~tl'i1n{]flfln~1'la.lfll'J,~::s:l~1flflth~ 

UflUrib.ifll'J' 1% 
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.. f/ ""_I _ eo; • .. .. ~ .... 0. ­
N'iln1',;)LA'M~'Mtl~fhl~ntl\J'VI1UA"'1ItlUI';)tl!l1':''VI No.1-001 fIItl ~U11W'lIJ'lQf,q111'1 . 

All .. I ito' I - .. I 4IlIII_ .aI ... 
,"1tl'Vltl~ LLI'I~llJ'VlN,"'l~n M ~U'l12-J'Vltl~ LLI'I~lJ1::J..I1W 59.25% LL~::2-JI'I1.Jm'UJ~ 0.68% tJ~'Vl 

~ . 

tltln2-J1 LU'I.lL'II'I.lu'll1'"1::Ln1'12-J1'"I1 n fII'l12-J fII~1 1'1 Lfl~ tl'l.l't'I.ln11~Lfl11::'If ti'1 1'1'"11mH2-J1W"Il tl~~~ntl'l.l... 

LL~::tl~ij;i2-J~tl11n{ltl~'t'l.l~'ltlf.h~ jiltl 13.25% LL~:: 1.52% 1J'112-Jtl1~U '"I::L,"'I.lt~~1ih..rn-2-J1W~ 

~~~ I'Itl1n~ ,"2-J1f.1 fII'l12-J~1U1L'l W~'ri1 n11~ Lfl11::'Ifijf,qU2-J LL~ ::i~ L~tltl'l.ltl~2-J1n'ri1't'IXLiltl Lfdtl~ 
" .... r"". d.,!It ... !'I.......; ,!It.... ..;... r..r '\' 


'Vl1n11'l Lfln::,"IJ'I'ltlf.l1~'"I~ LlJ'I.ln11'l LfII11::," L'I.lU1L'l W'Vl LlJ'I.lf,q'l.l2-J LL'Vl'l.l'Vl'"l::'l LfII11::,"L'I.ltl L~,":: 

.. ttl ff",,1 ....., • .. .. f\' .... 0_ 
N'iln1',;)LA'M~'Mtl':'A1J~ntl\J'VI1':'LA"'1ItlUI';)tl!l1':''VI No.2-001 fltl LU11W'lIJ'lQf,q111'1 

~ ~ , 
,"1tl'Vltl~ LLI'I~ltl'Vl N'Ii'l~n fI11tl~1f.1 ~I'I n11~ Lfl11::'If~'ltl!h~;n'l.lU~U~1ij;n~ ntl'l.lLL~::tl~ijU2-J 
.1':\ " .., ,!It.1':\ 't ..,..; -- ,... • ..; J ,!It 11.1
lJ12-J1W 0.63% LL~:: 0.25% 1J'112-J~11'1U LlJ'I.llJ12-J1W 'I.l1::I'IU'Vl'l.ltlf.ln'l11J'1'ltlf.l1~'Vl,"'I.l~2-J1n LlJ'I.lLlJ 

.... 4QQ _ ~ i'" _ I dI ....r.cJ .., , .J" ~ 
f.I~ fII~2-J"Il~ ntl'l.lLL~::tl ~2-J'I.l2-Jtl11 n{ltl~ LL~ I'I~ Cl~f,q'l.l2-J LL~::~~L '"Itltl'l.l L'I.l~'I.l'VlIJ'I'ltlf.l1~'Vl LI'I'l LfII11::," 

r 

J .... r • ... • ... J __ 
tl'l.l~tJ~"Iltl~n11'lLflln::,"LL~I'I~'l12-J'Vltl~LLjMtl~11'l 81.44% 1'11.Jn 344 ppm "Il~'I.ltlf.l2-J1n 

• ".ell d~I CIt ~ IL,"~n't'l.llli2-J1W 8.98% "Il~Cltl'l1~~ LL~::2-Jlli2-J1WLLfII~L"IIf.l2-Jtl~ 6.85% 't'l.l"llW::'VlLMtl~f,q12-J11Cl 
" 

1J'11'l'"l'nUtl1fL"IlUfil L~'I.l ULn~ 't'l.lm2-J1 w1ltlf.l ~'ri1n11~m!1L,"'I.l~1ij fII'l12-J LiI'I.lttl!~1~'ltlf.h~il 
I I 1\ 

PI • ~ 't-- d. --..... • II '" ......
tl1'"1'"1::LlJ'I.l'Vltl~ LLI'I~2-J1n n'l1 ¥1~"Iltl~ "Ilf,qtltIL 'ntl,"'I.l1'Vltl'l.l tlf.l1~ L1n 1J'112-J tJ~tl1'"1'"1::2-J fII'l12-J tJI'I'n~11'1 

I ~ 

ttl! L 'n11::\.., n LU'I.lfftl'l.l'Vltl~ LLI'I~~1,"fu't;{LiI'I.ll'IJ'IQ~UL;tl~1'll1'"1::ijm2-J1 W"Iltl~'Vltl~ LLI'I~2-J1nn~1il 

'tli~LnlJ'l~1fl'Ytl1::n11,"~~~f,q12-J11Clf,qttlttl!'"I1ntJ~n1fiLfII11::'If"lltl~i~ 2 ~'ltl!h~~jiltl 
J " " 'nUfi1(;Jei~LvJtlf "Il~LL~I'I~'t"vL,"'I.l~11'IJ'IQ 2 ;'I.liltJ~IJ'I'"I1mL;'Vltl~LLIMn~2-Jei~tvJ~ 

... "" 4'.... 1 ... t .., ...,..." At. 

n1',;)LA'1~'M'il':'A1J'~n'il\J'VI1UA),ILL'iI~ A'':''''1':'1I'ilUl,;)'il!l1':'P1';)!IL'VIA'UA Scanning 

electron microscope (SEM) 
" I 

fII'l12-J LLlJ'ln ,h~"Iltl~ L'Vl flUfililriu L'Vl fIIUfl XRF jiltl fII'l12-Jf,q12-J11Cl't'I.ln111J'1 1'l'"I '"1fi1 (;J;iij 

m2-J1w1ltltIL~tl~'"I1nih~~ LfII1tl~ 't'I.ln11~ LfII11::'If'"l::r~h~ ri'l.l Ll'ltlLfllifl~ SEM '"I::'t"vtJ ~~ LfII11 ::'If~ 

~::Liif.ll'lLL~::LuJ'I.lihutlf.ln~1Lflifl~ XRF 't'l.lfi1(;J~i1Utlf.lLl'ltIL~~1::fi1(;J~t{I'ILU'I.lfi1(;J2-J~ii'l.l L'II'I.l 't'l.l 

mcill'IJ'IQ'ri1'"11n'Vltl~LLfMLL~::~111'1 t;'LLfi fi1'ltl1fL"IlUfil ULn~ ~'I.l 'Vltl~ L,"ifmL~::i~n::a LiI'I.li1l'l.l 
" . 

Ll'lf.lti'1m2-J1W"Iltl~fi1(;Jn~2-JilijLL'Vl1ntl~Utlf.ln~1 1% tJ~'"I1mfll1tl~ SEM '"I::'t"vfi1tltln2-J1't'l.l1::~1J 
• I I I I 1 ,.. ......... .. 11--" .1':\ ..... 11--" .., .


'Vl2-JfII'l12-J LUf.I~ L1J'I.lLL~::fII~1"'LfII~tl'l.l Ll'lf,q~ L'I.ltl~'"I1nlJ12-J1W'VlLfllffi-3 SEM '"I::1J'I1'l'"l~U Ll'lflltllJ'l~ LLIJ'I ... . 

..t '1, IlilIII 4, .::II __ (f" .Gill -=- 1/ .... I .J 
1% "Il'l.l L1J LL~::tlntl1::n11,"'I.l~ fII'fJ SEM '"I::'lLfII11::,"L'nf.l~t.!'l,"'I.l1"1ltl~'lIJ'lQIJ'I1~'"I1n XRF 'Vl'"l:: 

~LfII11 ::'\ffin ~~ttl't'I.lL~tll'IJ'I Cl2-J1 n n~1 ti'1 ~ 'lwiJ1"1ltl~1'IJ'IClt2Jf,q::tl1 I'I,"1tliji~ f,q ntl1ntlti~~ Ln I'It.!~ 
• • OJ 
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I I I " tJ 'it I 

L~ n1"11'el'l ~,)'elrh'l1~[1l'1'l'"l'l nbf1l1'el'l XRF Yl'"l::;";j Lf1I~'l::;lh1'l;'W'lTlJ ~nY1'l bf1l1'el'l SEM ~'l~'lH'Yl'"l::; 

LL~ (;1'lJl'l~l'W~::;~tJlf1lN~~'l'l"1l'el'l ~,)'elu'l'l1~~')tJ rh~'l n'l~"1ImtJ~~'l n~'l n~'el'l'"l~'VI~~P1'1!~')hJ'" . 
, ,'" 

Ltj'el'l'"l'l n ~'el'l n'l~LmtJtJLYltJtJf1I,)'l~ C1 n ~'el'l LL~::;f1I,)'l~ f1I~'l (;1Lf1I~'el'W"1I'el'l e.J~ n'l~~ bf1l~'l::;i~')'elu'l'l;'W
'" 

It"" I 

Lf1I1'el'l SEM V1lfl'Wn'l~~Lf1I~'l::;i~,)'elu'l'lf1l~'liJ ~'el Lf1I1'el'l SEM EDAX ECON -4 ~::;tJ'J 

EDX (rn~~ 24) l'h::;tJtJl,jnbn~~ Camsean Maxim 4l'Wn'l~";jbf1ln::;ie.J~ 

Jl1~Vi 24 Lrij-'fl'l SEM EOAX ECON -4 'i'::UU EOX 

cv 0 .J i;ocv 0 4 .d'ili.l I 

VI~ n n'l~'VI'l'l'l'W"1l'el'l bf1l~'el'l SE M f1I~'ltJ ntJn'l~'VI'l'l'l'W"1l'el'l Lm'el'l XRF 'VI n~'l,)"1l'l'l (;I'W LL(;I'"l::; 

LL(;In l'I'l'l n'W(;IN~ Lf1I1'el'l SEM '"l::;vhn'l~U'l~L~f1I (;I~'el'WLL'VI'Wl~(;I'el'WL~'elvhl~~h~f1I(;1~'el'WLL(;I n~') 
I I" I 

'el'eln'"l'l n,)'l~'WfiYllf1l'"l~~'eltJ'el::;(;I'el~ Ln (;1 LtI'W~rn~V1h] b~()m~'W vh1~L~ f1I(;1~'el'WVllf1l'"l ~'elul'W~'eltJ 
'" , '" , 

l'I'el'"l'l n~'eltJ~'l mil') L<ih~'lLL'VI'WVll'Wn'l~iJ~'l~'lLtl'W~'el'l,j~tJ~~'l'l'l'W"1I'el'l (;I'WLYi'elL-if'l ntJ~~'l'l'l'W1'W 

,)'l~'Wfi ~'l mh') Yi'll~iJ~~'l'l'l'W~,)'Wbn'WC1'" n,j~ (;1,J~'eltJ'el'el n~'l LL~::;'el,j. n~ru(;l~,)'"lr.rtJ'lJ'el'l bf1l1'el'l 

SEM '"l::;Yi'l n'l~(;I~')'"l~(;1~~'l'l'l'W~,j~'eltJ'el'el n~'l bL~ ::;~'l'W,) ru'el'el n btl'Wm~'l ru"1l'el'lfi'll'J~,j~'l n!l'el~ 

1'W~,)'elrh'll(;1tJl-ifL,jmn~~ ~'l n~'l,) 

~,)'Wn'l~~ h'lJl'l~lf1lN~ h'lVl~n"1l'el'l Lf1I1'el'l SEM Yi--'l(;1tJl~~'W'l~ LL~ LVI~ niJtJ~'l 

~ L~ f1I(;1~'el'WU'l n~'l (;1~'l1,jtJ'W~')'elU'l'l L~'el~ L~ f1I (;I~'el'Wn~::;'VItJ n~tJ~'liJ'l ~')~tJJl'l~ n'"l ::;LL~ (;1'l'el'el n~'l 
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Lij'W11'nlJU~fl CRT L"'t1m1tJflJf')1J1l.J~~Lfltl"I'''fl~.n1'nt11l.J11tltJflJ1~ 2 Yl1~fifl ~~~tJflJL"'t1 
L;{m 1~~utJflJ~1 LLW\l~'fl~ rKlJfl!h~ nlJ ~lJflJ.n1'nLU,xfl~~1U LL~~fln'ijfififltJflJL"'t1 m 1tJflJ f11 

'!Jfl~t1U1l.JLuJL~~n L~fl~~1f1Lf')1fl~d",~L;{L~U~LijUt1U1l.Ju2-iL~~n ujfltJffl~mruflJf')1J1l.Jf')l.J-i'" 
'fl~.n1'nlJU"'fl CRT vh1~"'t1mruflJrh~lIfl~t1U1l.JLuJL~~m±ULfl~ 

. 	 ~ ~ 

LUmnLf')11~"'~lJmf')1tl~ SEM ~Vi1n1ri"'~IJ~U1;rlJfl!h~L~2-i L"'t1ij-iU"'t1U~~Jifl1tJi1 

n1~"'1'1'fV111 tI 

1. 	 L;{ij '" ~1 ~"''ntl1t11l.Jl'" Lfl1~~t1 ntJ1n L"lIU (Au ~1flf')111.1~h~111Jl.Jti~t1ill.J'VIfl~ LL"'~~ 
.. I 	 Q, tI.... I 41\ ... .cJ 0 Q, cr "'. " 

Lf')~fllJflfJ.n1t1Uflnflfl n"'1 n t.J1J~U1 "'lJflm~ ~UlJ1LIJ N'VI~~'VI1m11J Lf')11 ~~flflnl.J1 ~~l.J1n 

..I 
'VIt1'" 

2. 	 i~ Ln "'~lJtI"'1 LtJih~~1lJ1LIJ N~"'~'ij Lf')11~"'!r~f')~~~~L~~flf')11lJ~~t1ntJ1mL~~t1ill.Jfl~ 
~1tl'W li'1L~~fl~1tlL~flf')1J1l.JLLUL",L1Xt;{~nm L"'m~flnmlJ~1 L~fl~"'1nli'1L;{mlJLfi",~ 
0.1'''.1'<;- 1. 1" o"".t<;- 'I_! ... PI .... """ 'VI1 ~~LUfl ~~~~~q"'flfln1J"'lJmL~~'VI1 L~LUfl L~~~ IJ..IL1t1lJL1JUUUIJf')~U ~1fl~ql.J 'VI1 L~ 

fl1"'Ln"'tf'lJ~1LUmnLf')11~~1.~~f')1J1L;{mlJ~1L~fl'Wt1fl~mtllJ!fl~IJWU1~lJfl!h~ 
"" 	 .r "" PI.r 01:: 1"" .. "".... """ ....3. 	 L"lIn1~"'1'1'fV111mlJflffi~Lfltl'" fl1"''''~L1JULlJfl1 0 ''''''lI1 "'L'nfl'VI1 L~t.JIJ~U1L1t1lJLL~~'!J"'''' 

t1ill.J~~~~L~~flfl~flfln11J24 

23 .J.. .ft{ .. t" .. ... ~ .I.. .....1" I" t"'" .,0 	 CI 0
VI Ln (;\ lJ'1J~1L 'Utl'l"t1 n'.l1 L;Jtltl'lfl1tlLfl fl"1tl'Ufl'llJ'UY4'UVI') Lfll1::;~VI L;J L1t1lJ"t::;'V11 ~Ln (;\n1~nL~ 

• ... .. ~"A!'II oJ':; • t"'" A .... fIIklIfl'lfl1flLflfllJl1tl'UL(;\ L;JflLlJ'ULll'U'U"t:::'Vl1 ~Ln(;\fiI,)1;Jfilfl1,"Lflflfl'UlItl'll:Jfln11')Lfll1::;~ LI'I 

24 fll1lJftil;J LLfl:.:a'lftmJ1ntl1"t"t::;LLl'l1mJ'Ufl~1'UL~fllJl1;J~1,;(nfl1,)H.ff1'1tJf'UlIfl'llJl'l~ LLfl::; f'l')1;J 1lJ 

11lJ L1t1UDfl'l L~fl'Lfl~::;""1;J11t1Lih.!1~"t1n nflfl'l"lfll'l11f'lurhfl'lll tntl~1 111Y4l1fl'1ftil;J"t:.:1.111 n{) LiI'U~ eli1 LLl'l1n 

tl~t'UL~flLfl~::; L~flfil,)1;JLLut"trifl'Uih1mLfl11::;'\f fiI,)1lJl1')"t ~t,"LLtihritl'U 
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" ,~ trcvQj 

n'W,) ~1"I:i''l:;VlI''I:i''lV1M)'l 

-F~~')mNI"I!lf'\J~~~~!lrh~~~'l~mJm~~~:;~U~1J'\Je1,)Vlil'l!l!ln 
, , " , .c:!i 0 IV ..:=:to.:::ll

i~~'l~')tle.J'l!l~ij,r~ (Aluminum powder) "1I'\J'l~ 5 .0 micron ~Yl!l n'l'"l ~ ~'\J~V1!l'l'"l 
'lJ 

" ,
VI~'l ~VI~!l!lu1'\J~il!lt~VI:;!l!ln11n~~'l nVl~ ~Vl1!lVl~ ~l:tl 

'lJ • 

~U~~nVl1!lhJ 

~n1J~,)!lu'l'l1'\Jn~!l'l~1~ Silica gel H :i':;1''l1:w1~~,)!lU'l'l~~er~n1J Silica gel 

1l1'Y'1~ 28 tmln<6I?H1Ylfl..:JLL(;I..:JvJYlN1X'l~nP\j'U~ltl~(;I~~,.:mIJVllrl'lI~~:;m(;lrlf..:J~ 2lUYl1..:J.j(ltJ~!l U~L'lru 
U~ltJftl..:J~hw'!J'l1 LL~:;tUYlI..:J'!J'l1 ~flU~L'lruU~ltJU'W 
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~ ~ ~... ... 
"lI'\.IIWfl'\.ln1'5''JLFt':M~'\II~'JtILFt'5''!l.:J SEM EDAX ECON -4 ~'l..J'l..J EDX 

1. LU~Lfil~''fl'l SEM LL~~~il~~'lJ'lJUll~n1~vl"W1'WiStI'lJ~'fltl 

~m;-ru~LtI'WLLU'WVli(1 ~~nm.j iJi'fl'l ~ n (?\~'I n~I'1 LL'tl ~iJ LL'Vi 'I L~'fl L~ t1'lJ~Wih tl'lJ"l1'fl'l f'lJL'W'tX'fl'l 

'I1'W"lJ'fl'lLfil1-'fl'l SEM ~,)'W Stub L"l1'WL~mtl'lJ Holder LLi?liJ"lJ'WI~L~nn~ILL~~hliJi'fl'l(?\~'In~I'1 

n nll~ ~'J'fltll'1 hJ'Vl'fl ~tl'lJ Holder ~1l.J1 ~C1HIL'VlU n1')~vllr.>:j1 n fil1f'lJ'fl'WL~'fl~ (;l ~')'fltll'1 tl'lJ 

Holder lrJl 

Jl1~V1 31 Holder LL~:; Stub 
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4. 	 '\J~UMl1YiU~~UInI fill'W~tl'l'lI'Wl~tl~l'W~1l1Yi~ ~ ~1 nlfil ritl'Wb~tl~~1 b~tl b~i~tl'l£j'l~1 

~b~ f'I ~~tl'W~'lu'W~'Jtlul'l~:;hjeJl'Wt:I.J b~~~"1.Itl'ltlln1fil t~u bf'l1tl'l~:;.yhnl~'\J~'Jf'I'Jl:I.J ~'Wl~ 

tltJl'W~:;~U 10-4 b~'tlb1-uu~tlm~1tl'l~:;1~~ru rulru~lb~1-U:I.JYi~tl:I.J~I~~UnI~';) bf'l~l:;lfbb~'J
'lI 	 ~ ~ 

" " tI 	 " I

~'l~I~.J1~n b;h~i''W~tl'W!?itll'\Jl~ ~'l~fh~'JtlUI'l~ f'I'JI:I.J~'W:l.J1 n~dh1~bf'l1tl'l'\J~U~1l1Yi 
'lI 

~'JI:I.J ~'W1'W~tl'l'lI'Wn~I'\J n ~ btitl'l~1 n~:;~ f'I'JI:I.J~'W't)tln~ln ~'JtltJl'l 

5. 	 b~1tl'l~:;.yh nI~UU~I~ b~ ~~~tl'Wt~Ul.jf~'WI:I.J bblJ b~~ n£j'l~'lU'W~'J't)tJl'l m:I.J bbn'W X bb~:; Y 

bb~'J~'l bb~ ~'lIlIYi't)'t)n:I.JI'V11'l~tl CRT ~'l~tl.jflmb~ :;"1.1 'J 1 nnll~llJ-n~~I:I.J l~n'\J~U~ bbi1'W~~'l 
~tl'l'lI'W ~1't)'\J~U~'WI:I.JbblJb~~n 1l1Yi~:;-n~~'W (1l1Yi~ 33) 
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, , , 

6. b~hJn'1J1b(H'W"lJ'el'l 1?l'd'eltJi'll1 ~'el'l nI J"~ bl"ln::tf~'dm,"i~''el'l SEM ~r1:l.J1J"[l1li'"l ::"lJtJltJ1~ bn'W 
I I iI iI 

50000 bvil ~1~~lJnnnl1~'el'lnlJ"~bl"lJ"I::Vl1'W'"l~l1a:J"lJ'WI~b~nl-J1n b~tJl?l'd'elth'lVl'l 2 ~'Wvh• 

nlJ""lJtJIWll~~'Wl.J1 500 bvil bb~'db~'eln~mtl~'W~ 2 lJ1b'dru"lJ'el'lbbl?i~::I?l'd'eltil'l25 b~tJ 
~ bl"l J"1 ::tf~'W~ n t) I'll ri 'el'W b~'elVlI ~ 11'W1?l'd'el til'l 't.h'"l::a:J fil (?l1~'elti tll'l ~ 1V1~lJih:: n'ellJ nI J" 

• 'lJ 

, '" , 
1?l~~'Wh~1 ~'el'l nlJ"Vllfil (?l1~ bVil.JVl1'elhJ C.J~ niJ"~ bl"lJ"l::tfYi'Wl1 nt)I'l'"l::bb~ ~'l'el'el nl.J11 'WnJ"lJ'el'l 

• 'lJ 

ml~26 (11 ~'el'l niJ"Vllfil t?J~hhhl n.Db~tJ~ bl"lJ"l::tf~'W~ nt)I'l~Il.JIJ"[l b~l.J1~~tJ niJ"Vl ~~'el'l 

~bl"ln::tfVlI;'el"lJ'el'lfil(?l~'lhJ1'WhJmml.J1~ (JlI~~ 34)• 

25 1'\..mln~!l nu1'L'lru~vhm:i':'J Lf'I :i'1:;'lf~'W ~vh m:i'~mn1~L~!l nu1'L'lru~il1!l'l:i'!l tJ'lI!l'l~iI~ LL~:;~'1 

LL'Vl:i'mJ'Wm~!lil!ltJ~'i'l rn'lJ!l'lu1'L'lru~1~L~!ln1~ 

26 nny.j~LL~rn'l!l!lnmLU'W peak 'lJ!l'lfi11?J1?i1'l1 ill"'fufill?J"'~n'lJ!l'l~'l!lth'l L"ll'W 'Vl!l'lLLrn'l ~1.Jn ,,:;il 

~1 peak ~~'l LL~ rn'l~lilfil~ LWi'h~'W!l~ m.l'W!l'W LLI?iill",fufi1 ~~'W1~ilm~lru!l~il!ltJ,,:; LL~ rn'l!l!l n~l LU'W 

peak ~~1 LL~:;U1'lf'lf'lm",,:;il peak 1'l~ ~'l'1rnnf'l'l:i''':;:i':;,rrn:i':;t)'lLti!l'l''ln~l''ll'l'l'lJ!l'lfil~m:i'l'lfil~~'WU1'l 
"llilrn!l~1'W"ll'l'l L~mri'W vh1~ peak ~ Ln rn~'W1'l~m",,:;dj'W'lJ!l'lfil ~"llilrn1rnn1~~!l~1'W"ll'l'l~'W~'l f'I'l:i'Yl"l:i'rul 

''In peak 'lJ'eNfil~~'W~'W~Lnrn!l~1'W"ll'l'l~'W'lJ!l'lnny.j 

 
 
 
 

 
 
 
 

 
 

http:bl"ln::tfVlI;'el"lJ'el'lfil(?l~'lhJ1'WhJmml.J1
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~M\1t-~"~t-c.. .r-W~LlA.b c..L~t-U1. fl~!flL~~I1k'\.t-~ V113S I,.JUl,.JlAmc..!t'j1.;::\..,&I,.J'Y.LU1'1.BijJ1'1.~MLlf ~1II.'lil.tUI. 
~ ~ 

f1lt-BI1.(J,~Lc..I1.1'1.L!t't-~ (lM%)J11'1.~1}Bf1'L!..l1'1.IJ'U(J,(J,:::f!,,~fl~':::~t-Lfl(J,j1.:::\"'&I,.J'~~1':l S£ ~MLlf 

(c;£ IA.M,LL!) LrtU@@M,rtM,@6k1. >jS!P AddoU 
F' " 10' Pi=" 

t-~U~f1.LL @~ mm G ~V~!,A1j6LrtL~H'@~lel1lJL~U@@~I':IL!b6LU ..lXr 811~ f1.!:'t-~U~f1.Il:!~:!~" 

~LWf1.IA." wdd ;:~" %lM f1.!:'LrtU(~'(~~I':It-~~";:~t-@~lel':!~" ~~~':!~~n.~;:6f1.1..k1.;:L6lel'~6LU 

f1.!:' t-~ ruLrtWLk1.jt;:Ulel, ~6LUf1.U' L~ ~ e..~"Lk1.jt;:L6lel' ~6LU t-@~~~U~6LU ~U~f1.k1.LY@[;f' 'L 
, " 

U~!t'tl1~' 

WLgh.:::.mbLI1L~:::~" .:lClX t-Bbl,.JmU1'1.UW~mp.'1'.1UU1'1.IJ'LI1UG(J,t-~~'mWt-(J,I11k'\.:::Lbl,.J' c..bLUt-(J,I1.~1':l v£ lAMLlfF" ..."..." P=>' l'l,foR ~ r="' 

Lv 
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8. 	 thtl1l1YiLf1 Nel f1~1l1t1h~'!Ifl~ ~,)flth:le112J11't'lLfltln\1i'~1 iJi'fl~n1 :i''!ItI 1t11l1 Yi'!l'l.!'l ",'I.", L"'tI 

n11'~n'tt1 f1f~et~'!Itl1t11l1Yi 'I.U1::~U:i',)2Ji~~ULLfl::'!IU1'" 400 Lyh n11UuVi n1l1Yi'i1 n 

,"U1'ifl CRT li1\Ii'L"'tln11n"'~2J print screen UULLilu L"'tlLf11tl.:J'i::uuVin'l.ulu'!ItN file 

.tiff* 

« 	 I t.- I 

~111{1;12 ~111{1~~mfjLrll1~~'ltl£i1{1~'lmrlffi{l SEM r.:tJU EDX rl1{1;11 

I 

LUl1rut)(;I'l 2 ~u,"~n 

L U 11rut)(;ICl1U'VlN f1@1t1i'lflnfll1... .. LUl1rut)(;I 'lIU'VlN f1@1t1 

fi1(;1 Ufl1t1tR'" i'ltjnfll1• 
%Wt 

~1LL,"'I.i.:J~ 0 .... 
(;I1LL,"U.:J'Vl . . 

o .... 
(;11 LL,"U~'Vl 1 

o .... 
(;I1LL,"U.:J'Vl 2 1 2 

Cu 87.10 85.74 83.78 86.25 

Sn 0.93 1.02 1.36 0.39 

Pb 

Zn 0.79 0.97 1.58 

As 1.31 2.89 

Fe 0.34 0.04 6.19 7.34 

S 1.27 1.28 5.62 1.84 

Ag 0.70 0.31 

Ni 0.05 0.69 0.99 

P 0.22 0.58 

Ca 0.77 0.38 0.25 0:16 

Si 4.43 4.08 1.2 0.63 

AI 1.61 1.36 1.01 0.81 

CI 1.01 

~')U 100 100 100 100 
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I 

LL~~'1"'1::'\.rA''VU.ntJ'1~''D~(;I~il~ LL~::;.:J~ mJ:i'n~Un I"l~~ LL~::lf.:J~~L'I.IL~~"D~.:J ~'J~th.:J LL~'J n 
(;1'1~ "'I'1nt:J~m:i'';jLI"l:n::iLL~(;I.:JL~\~'I.I~'16.:J1"l.:J~1Jii~n~'I.I ~~ij,r~ LL~::I"l~~'\.:i'(;I''I.I~'J'tlth.:J~tl

.. OJ 

I "I 

~'1'1.1'J'I.I~il.:J L~m~~'1::~'J~tl'1.:JLL:i'n i.:J~'1LL~ti.:JYi 1 LL~:: 2 m~'1ru"D~.:Jii~n~'I.I6.:J~~L'I.I:i'::~1JYi~.:J 
,'" , 

~~ ~'JU~'J~tl'1.:JYi 2 ii.:J~'1LL~ti.:JYi 1 LL~:: 2 m~'1ru"D~.:Jii~n~'I.I6.:JI"l.:Ju:i''1n!l~~tJ'1.:JL'I.I~'1'1.1'J'I.I 

9i1LL\nl.:a;l1 ~1J'V1~.:JLL(;I.:J 87.1 0% ~1..Jn 0.93% LL~::~1Jfi'1(;jL'I.In~~ ~'I.I ~'1fL'lIill"l ilLn~ LL~:: 

L~~n L 'I.IUffi'1 ru~,J~tJ ~.:J~(;I '\.rA'~'1 LtI'I.Ifi'1 (;j~~Yi'l.lijL"lI~'J'I.It:J~~~in 

o I .. .CIt! .:tI ~ .&lito

fl1LL\IIU.:aYl 2 ~1J'V1~.:JLL(;I.:J 85.74% (;I1..Jn 1.02% ~1Jfi'1(;j~'I.I1LlJ'I.Ifi'1(;j~~'V1'1.1 
'" '" ,

t:J~ m:i'';j LI"l:i''1::iLL~ (;I.:JL~L~'I.II"l'J'1~ LtI'I.I'\.U'\.rA'~'1tj(;1 Q;'I.Iilti'1"'1:: LiI'I.I'V1~.:J LL(;I.:J L'I.I"D ru::Yi~\In 

il~~,J~tJ~'1 n~.:J LtI'I.I'\.U'\.rA'~'1 LtI'I.I~1..J n~u:nn!l~~L'I.ILLiijL"lI ~'J'I.It:J~~:i'~.:J~ ~ n"'l.:JL"'I t:J~~~.:J '\.UL'I.I 

'" L~~::L(;ItJ'W'\.~~.:JL"'I 

t:J~mnLl"ln::iLL~(;I.:JL~L~'I.I~'1ill"l'J'1~LL(;1n(;h.:J"D~.:J,.h~1Jn ~~ ~'1LL~ti.:J~ 1 il~.:J 1.36%• , , '" 
~'J'I.IL?l'1LL~ti.:JYi 2 ilL~tJ.:J 0.39% ~'J'I.Ifi'1lJli~'\.-n~ ~.:Jn::i LL~::ilLn~ ~1JL'I.I~'1LL~ti.:JYi 2 Lyhir'l.l t:J~ 

m:i'';j LI"l:i''1::ml LLlJln 1Jl'1.:Jn'l.l~'1"'1"'1::Ln (;I"'I'1n~'1 L~(;j~~'1tJU:i'::m:i' L"lI'I.I 

L~~L~~::L'I.I~'J~tl'1.:Jij'\.rA'il~.:J ~U:i'::n~1J L~ij~'I.In'l.l'VJ nU:i'::m :i'i'Ji.:J~'I.I ~.:J LiI'I.Iin'M"ru:: 

U:i'n ~"D~.:Jtj(;1QL~~::~iJtJL1J:i''1 ru 

L~~L~~::"D~.:J' (;I~ LI"l:i''1::iLiI'I.I~il~~ffin :i'::1J'J'I.Imnn (;I~il~ n'1 i.:J ~'1 Lil'l.l'\.U~~ 
1"l'J'1~ Luj'l.lii'1"D~.:JfJUn:i'M LI"l:i''1::iLL~::m:i'(;1:i''J'''Itj(;Ifi'1 (;jLL[;j~::fi'1(;j"D~.:J LI"l1~.:J SEM ~.:JYi'1 

L~~'J~tl'1.:J L~m n'l.l~'1"'1"'1::'\.rA'f'l'1IJl'1.:J n'l.lL'I.ILLlJ1~::"'I (;I';j LI"l:i''1::i• 
~11'1~~'J"D~.:J1JlL'J ru~Yi'1';j LI"l:n ::i~hj L1tJ1J~'1"'1"'1 ::Yi'1L~Ln (;I n'1 :i'in L~"D~.:J~'1~ L~ I"l 

(;1ffi'l.l~.:JLtI'I.It:J~L~f'l')~~n~'1LL(;1nlJ1'1.:Jn'l.l~~n'\.u 
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!l£h'lhfi IWU.J bJ'I!lIIOlIOl~mh')1~r)1 ~,)!l£h'l~'W~ 2 'l.h bU'W'V1!l'l bb~'l b"1l'Wb~mn'Wbti!l'l1Ol1 n 

uh.n ru"1l!l'l'V1!l'lbb~'l~iJ!ltJ~'l ~')'W~uniJ!ltJ ~1l.Jl nlOl'W!l11Ol1Ol ~ bU'WbVim bb~fil ~I b~!l'I.J'W~hJ1~ l:1 nlOl'l 
<u fU q cu q <u 

.... d' a:,..,,\ .... .aI .aI 
n1'i'JLfI'i1::'LllfI'i.:J'VI'&Il'eHI~'nILfI'i·!HI LfI'i'fl.:J SEM EDAX ECON -4 ~'U'U EDX 

" " 
rilWl1Vib~J''l~~I'le.J~ n1~ ~'l1~-n~bb~~.yh~,)Il.J~~!l1 ~~,)!ltJl'llV1~ bb~~-Wl1mbMl~i~l~ n ~f'l 

I1l'Vi~ 36 ~1 LL"'ti'l~yhmj''l Ll"ln:;'l-Iu1L'1 ruU1L ') rutlrntJ~1'1 ~1'W'1J'11'1J'il'l lUj'1 ru1'l?l qltl'Vlj''11''1~1tJ~'1 

f'lnP1j'tlf'l1tJl'i'~
~ 
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"
... ~ .... 
&\I an1'i'J LfI'i1t'all fI'i~'rItI'iI~ 

.. I 

m1~ Ll"ln:t.f1"l1.:1Vi~fl.:l ~y'h n'11~mt'11.trL-if L~fl n~ Ll"ln:t.fLi~I'IJ' (;l (point analysis) 
.. I .. 

1'llJri'IJm1~ LI"I1'1:t.fLi~I'IJ'lJ1L'lCl.! (;\'1.:1"'1'1 n 1"11.:1 LL1nm LI"I1'1:t.f'Vi.:l'J1L'lCl.!L-rltJ.:Iflth.:l L~tJ'l LL~:~.:I1.trL-if 
I .r I ~ .d -=A.cJ .elk .r:J.., .CII Q .::II I 

ri'1i.:l'!ltJ'1tJ'!Ifl.:l LI"I1fl.:l SEM lJ'1n'!l'IJn'l'1I"1N LL1n L-"fl'VI~ m~tJ.:I'lJ1L'lCl.!'VItJ.:II"I.:IlJ~'lJlJ'VI~.:I L'VI~flflt-l 

'i:'lJnCl.!t)lJ1'l~'11(;l'VIffi'VIfl.:lLL(;l.:lIU'VINi'l\'inf'l1 


'lJ1L'lCl.!'!Ifl'IJ'!I'l'1'!1fl.:lI"l't)~'12J 1-ifri'1i.:l'!ltJ'1tJU1:lJ'1Cl.! 6000 LVI'1 


vr'l'IJ1L'lCl.! 1-ifri'1i.:l'!ltJ'1tJU1:lJ'1Cl.! 100 LVI'1 

(1l'1-"'V1 
..I 

38) ~'1LL'VIti.:l~ 11-ifri'1i.:l'!ltJ'1tJU1:lJ'1Cl.! 45000 LVI'1 

~'1LL'VIti.:l~ 21-ifri'1i.:l'!ltJ'1tJU1:lJ'1Cl.! 30000 LVI'1 

'i:'J1'1Cl.!t)lJ1'lzU'VINI"I~'1tJi'l\'inMU~'1tJ~(;l 
I 

'lJ1L'lCl.!'!Ifl'IJ'IJ'IJ (1l'1-"Vi 37) ~'1LL'VIti.:l~ 11-ifri'1i.:l'!ltJ'1tJU1:lJ'1Cl.! 20000 LVI'1 

~'1LL'VIti.:l~ 21-ifri'1i.:l'!ltJ'1tJU1:lJ'1Cl.! 30000 LVI'1 

'lJ1L'l Cl.!U~'1tJ~'1.:1 ~'1'IJ'!I'l'1 ~'1LL'VIti.:l~ 1 1-ifri'1i.:l'!ltJ'1tJU1:lJ'1Cl.! 10000 LVI'1 

(1l'1-"'V1 
..I 

36) ~'1LL'VIti.:l~ 21-ifri'1i.:l'!ltJ'1tJU1:lJ'1Cl.! 17000 LVI'1 
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I 	 I'" I 

IM'l1'NVI 3 l'I'lrl'lLLfttil'lr.lflmnLflrl::ii'lflti'l'lA'llILI'iffi'l SEM 1::1.11.1 EDX fl1'lVl2 

fi'l~ (%Wt) 

Cu Sn Pb Fe Ag Ni S Si AI 

• , ..IIM'l1.l.W'l'Vl 1 80.29 5.82 4.90 3.97 5.02 
1.11L'lW'Jlfl1.1UU 

• 0­
fl'l'ltil'l'U'Jl'l'l 

1.11L'l W'Jlfl1.1'Jl'l1 

'Jlfl'l flfll~h~ 

• • ..IIM'l U'WI..l'l'Vl 2 76.02 . , ... 
IM1LL~'U'l'Vl 

81.60 
1/1 

83.17 
1/2 

77.29 1.01 

>­

Vl..:J1.11L'lW 57.18 
.· , ...

l'I'lLL~'U'lYl 1 77.51 

. 
~'lLL~1l'lVl2 40.56 

5.43 4.50 4.34 9.71 

9.45 1.92 1.46 5.58 

9.60 1.48 5.75 

9.34 6.06 

21.70 

.28 31.88 

2.84 15.90 

6.53 45.04 

... ""AI ... " ..... _I II..... _I ..... 
(!.I.n"'ML""'~"'il~"l..I~n'il\J""~L"JI"'il~J>\Jnan" 'l&"""'011,.•.,11,.11n"'71..1• .,11"" 
U1L'lru1tlUU'I.I 	 ~1LL'WW,:j~ 1 V'4'IJ~1ijV1tl,:jLL"',:j 80.29% L'VIin 5.82% -DflLYltl1 4.90% 

~1LL'VI,j,:j~ 2 'VflJ~1ijV1tl,:jLL"',:j 76.02% L'VIin 5.43% -DflLYltl1 4.50% 
I 

U1L'lrutlfl1!.1~1,:j"h'l.l1'l1 ~1LL'VI,j-:lVl1/1 ~U~1ijV1t'1,:jLL~-:l 81.60% L'VIin 9.45% ~'I.I 1.92% 

ULnfl 1.46% -DflLYltl1 5.58% . 
~1LL'VI,j,:jVl1/2 ~U~1ijV1t'1-:lLLlM 83.17% L'VIin 9.10% ULnfl1.48% 

-DflLYlt'l15.45% 
I 

~1LL'VI,j-:lVl2 	 ~1J~1ijV1tl,:jLLIi'I,:j 84.61% L'VIin 9.34% -DflLYltl1 

6.16% 
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... ... 	 ::'..l ,"'......l , PI.J.I .....l PI ... 
m ~'l LflI~1:'" flI NVI ~fl~VfU 'l1U ~ flI~tJfi1l*JVI'U.1i1l : LlJ'U.l1'l'U.1J ~:nfll.J''el~l.J1L'lruVi LlJ'U.~'U.tJ 

fl~1'U.1.JTL'l ru'fll.Jl.J'U.'fl~ ~'lflth~ 1 'U.' ru:~l.JTL'l ruUfl1U ~1~ 1I1'\.111,)1"2-i\11.J~~ nfl'\.lLLfl :fl~i'h±tJ 
, .. ..; 0 4 !"I .. ! .4 All 1!II.t ~ .. .. ...... 

"'tJ1U flI,)1tJ')1 1.J1L'l ruVlVl1n11,) LflI11:'" lJ.J"'fl~L"'flfl~'U.tJfl~ LlJ'\.IL'\.Ifl bfl"':L(;)tJ eJfl'l LflI~1:"'iIl~tJ 
... 

flI,)1tJLtI'\.I"u1,;ltJ1nn~1eJflm1~LflI11:~flIi~LL1n 
St J 	 Sf I 

'\.Ifl nill1 n ild'~1.2-i \11.J;\1,! n LLfl: (;1:n,)fl n lI'lu ~~LtI'U."u"I1~1 ~,)flth~il'll1V1i1l: LtI'U.Vlfl~ LL(;)~ 
PI ~ ..I~ " 	 " '" ~ •.1 ... .aI '" ••1 l"I. .r ~ " LLfl:LlJ'\.I bfl"':VI b(;)tJ1i1l1 n m1C1ft~ LL1V1fl~ LL(;)~ nfttJllfl m (;) L'U.fl~~1n\1l.Jllfl L nfl1 L'U.L'U.fl Lfl"':(;),)U 

m~'ihfll11:\fl.JTL'lruufl1u~1~1I1'\.111'l1 ~1LL"''ll~~ 1/1 LLfl: 1/2 \11.J~1ij~'U.fl~ ~~(;1Nnl.J 
... , 	 , 

m1~LflI11:\fflIf~LL1nVl\11.J L~'U.L"li'U.L;iU'l n'U.LLIJi\11.J1'U.mtJ1 ruVlUflU n~1 flth~"1ii (;11tJ flIru~"1ti 
q OJ 

LL"liL~'l Un~VlU1f111~(;1f~ceJLLfl LflI1fl~ SEM (itJ.n1~r:U~'l'\.l~,)) L~'U.~1fl1i1l~:LtI'U.n11~fl'U.n'U.1I'el~ 
peak fi1l*J~ij\1i~~1'U.Lvhn'\.l ~~~1tJ11mn(;)~'\.I"IIL~fl.:JiIl1nn11~LflI11:~'fl~LflI~~ SEM fl1~iIl: 
1.2-ifl:LflU (;)tJ1 nunLLfi:tr~1ru'fl~fi1l*JiiijUflULn'U."u LLIJi iiij flI,)1tJ LtI'\.I"U"II~1'll1i1l:ijmtJ1 ru'fl.:J 

~'U.1'U.~'lflth.:JII'lU 

... , , 
flI'l1tJLL(;1nIJi1~'fl.:JeJfln1~~LflI~1:\f 2 flIf~VlL~'\.I"lIi(;)LiIl'U.VI~(;) fifl"2-i\1l.J~~nfl'U.LLfl:• , 	 "', 

fl~iiutJ1'U.~,)flfh.:J L",!ifl'U.flIf.:J LL1n eft.:Jfl1i1lill :Ln (;)iIl1 n m1L(;11utJ ~'lflth.:J1",2-iv'h 1 ~~1tJ11C1'4'(;) 

~iltJflflnill1 n ij')",u1"11 LLlJiflth.:J1.1ii(;11tJd'~ flI~ij1.J1.:Jl.JTL,) ru'fl.:J ~'lflth~~\1l.J~~ nfl'\.lLLfl:fl~ii.jtJ 
..I ... .aI.... ... ~J! ,,~A " .... .01 ... ~.
Vl1.J1L')ru'fll.Jl.J'U. 1I~'U.1i1l:Ln(;)iIl1n~'U.tJ bl'lLLVl1m'1 bUL'\.IflLfl"':LLfi.'l flnU1:n1~"''\.I.:J flIfl btJ\1l.J 

.... ..:t' 	 '!!! r... 1 ... ... ::. ..l • '" ...... •.1 £_ •
(;)1,!n fl~n:fl fl11LII'\.IflI 'U.m~LflI11:"'flINVI~fl~ LL(;1U.:JflI.:J\1l.JL"'flnLLfl:llflLl1flm~ 

... 
Ln(;)tJ1i1l1n~1L"'LJjj;).:JlJifl"uil 

1. 	 LtI'\.IeJfltJ1~1nn1n11 flI,)1tJ~:fl1(;) ~'lflr.i1.:J lI'ltln1110feJ.:Jfl~ii.jtJi(;)ij'l"'U1 

LLfl'l'4'(;) eJ.:Jfl~ii.jtJ"'i.:JiIl1 nn1 ~i(;)flfln "2-i"'tJ (;) L~fl LflI1fl.:J SEM v'h n1~ 
~ LflI11:\f~i'l"'U1~~'Vi11~eJfl~'elflntJ1ijmtJ1rufl~ii,ftJfl~~~ 

... ... ,,~. I '1.r ~ 2. fl1i1l~:Ln(;)tJ1i1l1n~'U.tJL'1 b1JLLVl1nfl~ '\.IL'U.flbfl"': 


" 0 ~ ... r ..J~" %. r.J '" .., ... .....1" " . 

eJVl1m~l'm~LLfl:flIru,)fJ1~U LL"lI b.:J,) (fltJ.n1~rul1')'U.(;1'l) L"''\.I')'"leJfln11'lLflIn:'''YI b(;)'U.1~:
OJ 	 • OJ 

ij flI'l1tJ flIfl1(;) LflI~fl'\.l LLflflr.i1.:J":tii(;11tJd'.:J~1tJ1:tm·:n eJfim:t~ LflI11:~'fl~ flIf.:J LL:tn LLfl:flIf~~ ~fl~tJ1 
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" " , 
LWtJ'IJ LYltJ'lJb'W:i'ltJ~~L~tJ I?l LL~~~'IJ~ll'1'l~'el'l~~'liJ'l~'l~'IJ ~'IJ,n LW~ n LL~~sD~ L~'elf ~'l LL~ l?l'lml:W 

, , " 

~'IJ,n 't.ll1Ol ~L1J'W~'l LL 'Vl:i'mJ'WYlhJ1~ (l nlOl'lbIOl e.J ~:w LL[;]'el11Ol (l n e.J~:WLl?ltJhJ1~~'lbIOl:i'~'VI~1'l n1:i' 


~ ~ 

(l~'lLd'Vl'el'lLLI?l'l 'VI1'el:i'~'VI~1'l n1:i''VI~'elL~'VI~'Vl'el'l LLI?l'l~'l~ mJ~:wvr, 

, 

~ 

" " 

sD~ L~'elf LL~ I?l'lb\\Li~'W~1 'Vl'el'l LLI?l'l YloW l:Wl e.J ~ I;JLU'W1'{;l (l1'Wtjl~:Wl1Ol1 n n1 :i'(l~'l LLi'Vl'el'l LLI?l'l, . 

" " 
b'Wn1:i'~ nttl ~ ~'ltjl~~ nttl~m~tru~"1I'el'l e.J~ nJlltJb'W~,)'elUI'l ~')tJ';)fi SEM LL~ ~~'IJ~llJ 

" " ,
L,",:i''l~~I'lih~n'el'IJ ~')tJ e.J~ mL'IJ'IJ Dendrite LL~ I?l'lb\\L~'W~I1'{;l(l1'WtjLU'WL~'VI~e.J~:W Ltl'el'llOllne.J~ n• 

'" I '" '" 

Dendrite IOl~~'lJb 'WL~'VI~e.J~:W LVl1-W'W -a'WLtl'el'l:W110l1 n n1:i' L~'VI~~'l LL[;] 2 "llUI?l~'WhJhj~l:Wl:i'(l:i',):W 

dJ'WL~'el L~m1~L'VIij'el'WL~'VI~'lJ1-~'Vli, 

" " 
IOllne.J~';)L,",:i'1~il'1'l 2 ~~'l~'lJm:Wlru~'lJn 0.8-1.92% LL~~L,",N~~I'le.J~mL'IJ'IJ Dendrite, 
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JllYiL~J''l~~I'lI:J~n "lJmtl"lJ'Wl~ 200 LVii im~tru::::L~J''l~~I'l!JJi~L'''l'W,rn Lti!l'll-Jl"'lln 

~'JVlihhJ ~tlU .yh1m~~1l-J1J't;l~L~J'I::::Vl1~ 

~ ~ ~ ~ 

n1J'~ L~J'I::::'If1?l'J!ltil'lLUJ'1 rufIn t;l ~ ~'l.w~1l-J1J't;lMU ~'Jll-J L~'Wdj!l'l ~'W1~Ul'lU J'::::n1J'~'l.w 
q q 

q , 

~1Jnl:J~l-J!l~ 

2 . LUJ'1 rufIn t;lJ'U'V1N,x'J~ n M'l..h'"l::::LU'W~1~'~ Lti!l'l"'llnYiU~liJ~U n 1:J~l-J!lti LL3Y~I"'l::::I:J~l-J1'W 
qCU ClJ q IU 

ml-Jl ruil!ltll-Jl n 

3. LLi'V1!l'l LL~'l~-wll-J1H I:J~ InfInm~·'l 2 ~'WLiJ'WLLit'Wn~l-Ji~1vJ (;)Lti!l'l'"l1 nYiU~liJfillnsn~ LvJ!lf 
q q q 

un nfl!l~ 

4 . filf?JLVI~n~UJ'lnfl!l~t'WI?l'J!ltil'l~'l 2 ~'W!lI"'l"'l::::Ln~l-Jl"'lln 2 UJ'::::n1J' ~!l 
o !l1"'l"'l::::LU'Wfilln LVI~ nU'W!lti nu LLiVl!l'lLL~'l LL~::::fhr.r~!l!ln!JJVll-J ~t'Wn1J't;l~'lLLi

q . cu q 
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'"
, 
o tnil Lih.l~'J'WVlfl-:J LVI~t:l'llt:l-:J LL1LVI~nVlHfLiI'WL;t:ltlf1-:JL'Wn11tlf1-:JVlt:l-:J LL(;1-:J 

'" 
'Wt:l n"'l1 niln LiI'W'bJL~~1 n1l'Vf1J LVI~mJhJ1n.llJ1 nt:l1"'1"'1~Ln (;1lJ 1"'1 1 n fl'J1lJ~ (;1~fl1 (;1'l1t:l-:J 

n11ij Lfl11 ~Vl1~L"llwi'W 

5. 	 fi1l'1lJflVi'W'lIil(;1V1~n~~U L~LLri ~'W t:l1fL"JIilfl LLfl~f.f-:Jn~i\• 
, 	 '" 

6. 	 n1mu~~nt:l'W t:l~ijil'lJ LLfl~flflt:lh~t:l~lJ1t1L'W~'Jt:lth-:J LL~(;1-:JL~'L~'W~11l1tlL'WLilt:lLfl'VI~ii 

~illJL'1hILLVlmt:l~lJ1mL~'J 

'" 	 '" ~-:Jt:ltiulL'J n.lL'lI1'J-:J~1~r.r'WVlf L"ll'W LL'VIfl-:JLU11 n.lfl;lL'W'W'VIlJ1 nfl1 LL'VIfl-:JLU11 n.lfl ;lti1-:J Lnutnilfl n1 
OJ 

I II I I 

LLVI-:J 	 LilwJl'W ;-:J LLVlfl-:JLU11 n.lfl;l L Vlfl1 ilLiI'WLLVlfl-:J tlf1-:J LLfl~eJ~ l'IVlt:l-:J LL(;1-:J L~t:l ~-:Jt:lt:l nhJir-:J"lJlJ"JI'WVlii 

n11L'~11(;1 L(;1tl t:l1 "'I LiI'WLL'VIfl-:J eJ~J;lVlt:l-:J LL(;1-:J'lI'W1(;1Lm1JL'W"ll'J-:J L'Jfl111'J 3500-2700 UlJ1 LL~'J 
'" 	 '" 

V1t:l-:J LL(;1-:J "'I 1 nulL'Jn.lil'l.h'"l~~ n~-:Jt:lt:l nbJir-:J"lJlJ"JI'W(;j1-:J1 L"ll'W 1'JlJVI-:J LLVI fl-:JLU 11 n.lfl ;I tl1'WLU-:J 

lJ~'W1'J 

LLVlfl-:J Lun n.lfl ;I,j1'W L,j-:JlJ ~'W1'J LiI'W"lJlJ"JI'W~iJtl LVI~n~ ii n11L'~11(;1 n11~ m~t1~ eJ1'W 

lJ1ir-:Jhiii,t:loD(;1 L'"l'W~ 1"lJlJ"JI'W~L~V1t:l-:J LL(;1-:J lJ 1"'1 1 n~L(;1 ~-:J ll1 lJt:l-:JL'W1l1~'lIt:l-:J~ ~-:J LL~'J"'I~L~'Wtl1 
t:l1'"l"'l~ii n11~ (;1 (;jt:l nu LLVlfl-:J eJ~ (;lVlt:l-:J LL(;1-:J'!/'W1 (;1LVI qj~ulL'J n.lL'lI1'J-:J~1~r.r'WVlfn LiI'WhIL~L~11 ~'el~ 

hiLnfln'WlJ1nil'n 

~-:J~ t:l1 "'I "'I ~~1lJ 11tl"ll 'J tl l'I t:lUL~~ 1"lJ lJ"JI 1.1 LU-:J lJ ~'W1 'J 1UVI t:l-:J LL(;1-:J lJ 1 "'11 n ~L(;1 ~t:l 
, '" , 

eJfl LmtlU LVltlUij Lfln~\ft:l-:J ,",u1~nt:lUVl1-:J Lflii'llt:l-:J.J(;l tlVlt:l-:J LL(;1-:J LLfl~~11(;1Vl LLVlfl-:J LU 11 n.lfl ;lilnuVl • 
~U~ LL Vlfl-:J eJ~ (;lVlt:l-:J LL(;1-:J ~-:J L~t:l n~.JPlt]'lIt:l-:JLLVlfl-:J LU11 n.lfl;ltl1'W LU-:JlJ~'W1'JlJ1ij Lfl11~\f~'Jtl 

t:lUn1r:U XRF 1~UU EDX LLfl~ SEM 1~'UU EDX• 
eJfln11ij Lfl11~\f~m~tn.l~lUVlN'lIt:l-:J.JPIt] LLfl~t:l-:J ,",U1~n'elUVl1-:J Lflii LL~(;1-:J fl'J1lJ LiI'WLUL~ 

~1"lJlJ"JI'WLU-:JlJ~'W1'JL~1UVlt:l-:J LL(;1-:JlJ1"'11 n LLVlfl-:J eJ~ l'IL'WulL'J n.lL'lI1'J-:J~1~r.r'WVlf L~t:l-:J"'I1 n fl'J 1lJ 

'" 
fl~1tlfl~-:J'lIt:l-:JlUVlNLLfl~im~tn.l~t:l-:J,",U1~nt:lUVl1-:JLflii'llt:l-:J.Jl'It]'lIt:l-:JVI-:J 2 LL'VIfl-:J 
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nN• L'VI'Yi"1 

L(;lL"JI 'VItl.:ltli'uJ, ~~'Yi~ tb::Yh.h~'WLL~::'lJryL'\!I~tl L.:l'1m')~-ntJ, (2542), ~t1 ...~n'il'l..ln1"''il'l..l'''JJ 

Ll'il.:J 'UI"rI ...... PlUi L; fit ""''ilU LL'I..I'I..I. LLn'U.1~i''I..I.:J1U-r. "Pl1."7, fII\l6Lf11tl.:l':34'tJ 
• • 'lJ 

.... , ..." ".1 -..., . .....1 ..., .... 
fi'W~~'1 'Yi)J eJ::m, (2546), n1...';1 LfIt"'1~~'il.:JfIt'U ...~n'il'l..l"rl1.:JLfltJJ'II'il.:J"';I'iI!l1.:JLfIt"''il.:J'U'''~'''I..I"r1• 

,'h~1n-r"Cl;liJ"rI'il.:JLL".:JLnU'il.:JAtI~n'il'l..l~.n (Copper - based Objects) ;1"'1..1;1• 
LL~ii.:JL'I..I""Wflt;;,j'1ULtI.:JJJ~U1';1 ".~';I!I'IIU"'1JJ 'il.';a;uU1'UfltJJ ~.'iI"'1..11, ~'1tJ.:l'1'W 

m~~n~ L'il'Yi'1::tJ f'l flI~~::~tJ~~tJ fII'1~ [;I~urueii 111 (LtJ~'1rufll~) )J'vl'1':3'V1m~tJ ~~tJ'1 n~• 
Vi~l LIiI1'ry').:lj(, (2530), JJ ..."n,j'1UL;i!l.:J, n~)J~~tJ'1n~, n~.:lL'VI'Yi"1 

UfltJJ ~. 'iI"'1..11, m~~n~ L'il'Yi'1::tJ flIf1~~::~tJ~'1~il'Yi'W~~tJfII'1~[;I~urueii [;I (LtJ~'1ruf1~) 

)J'\!I'1':3'V1m~tJ ~~tJ'1n~ 

':3't!~6 LL'IIL~,), 'l!n':3'V1tJ'1f11'1~ IJIf~~LL~ LflI1tl.:l Scanning Electron Microscope, ~'W6LflI1tl.:l!ltl 
':3 'VI tJ'1 fII'1~ IJIfLL~:: L'VI flIL'WL~ti f1ru::':3'V1tJ'1 fII'1 ~ IJIf )J'\!I'1':3'V1tJ'1~tJ ~~tJ'1m, i)JJ1'1MnrL~tl 

, .... ... 
,)'W'VI 27 )Jn~'1f1)J 2549 

~h-ntJ ,jn 1"JI~L'VI')n~, (2535), "~ij"JI-n'W~LtJflILIJI~ijLlJltlfl'W.:l'1'WL~'\!In~~)J", AiJ'il~.n.""'LiJJiu .~ q ~ ~ 

n1"'"rI ".'il'l..l"rl1.:Jn1!1111" LL'iI~"rI1.:Jn'il'll'il.:JL'iI~~, ~'W6Lf11tl.:l!ltl':34'tJ':3'V1tJ'1 fII'1~ IJIfLL~:: 
L'VIf1L'WL~ti ,'ri'1~.:ln~nr)J'\!I'1':3'V1m~tJ, nt.:l L'VI'Yi"1 

fII'W6Lf11tl.:l!ltl':34'tJ':3'V1tJ'1 fII'1~ IJIfU.~::L'VIflIL'WL~ti 1iI'ri'1~.:l mnr)J'VI'1':3'V1tJ'1~tJ, ()J. tJ. tJ.), "u.~'W~tJ LL'W::'Il'1 
'lJ • 

fI".::::I 
, 

.::::I 4'" c;', c;' ~ 

~'Wmfll~tl.:l)Jtl,)liItJLL~::L'VI f1 ~'W ~~tJ". 


~'W6LflI1tl.:l!ltl':34'tJ':3'V1mfll'1~ [;IfLL~::L'VI f1L'WL~ti ,'ri'1~.:l mnr)J'\!I'1':3'V1tJ'1~tJ, ()J. tJ. tJ.), "Ltln~'1~tJ~::ntltJ 

, , 
.. ~ A A ... A ... ",.:::1 ...:::I .:::I A'" 

~)J\!~ru L'VI~tJryIJ)Jm~nlil, 'Wm'VItJ'1 fII'1~IJI~~~LL~ Lf1~tl.:l X-ray fluorescence, ~'Wmf1~tl.:l)Jtl,)liItJ 

':3'V1mfll'1~[;IfLL~::L'VIf'lL'WL~ti 1iI'ri'1~.:lmnr)J'VI'1':3'V1m~tJ, i)JJ1'1Mnr~tltj'W~ 16 )Jn~f1)J 2549• 
I til I ..,.,., - ~iI."""


~'1'\!1~'1tJ L~n"JI::~)J, (2536), ~1m,!""'L'IIJJ'IIUn1"'';ILfIt''''~~''''!I 'liLfIt...'il.:J X-ray fluorescence 


spectrometer, ~'W6Lf11tl.:l':34'tJ':3'V1mfll'1~lJIfLL~::L'VIflIL'WL~ti ,'ri'1~.:lmnr)J'\!I'1':3'V1m~tJ 
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~';)"lIof ilJiff1lf1l~'lil"ll, (2518), YI',HILL''':I, n'el~LPlmsfi1MVlm m'lJVln,mm'fi1ru., n\~LVI~"1 

~1~f'l U1 Cl~~Ufi, hhJ11 nl1;j~~lJ,.{, l'AJ'Ufi'i'UI LLiI~fhn..l~.Jr!lri'innJ'i~~Pl1."n 'U• • d.J 

t1'i~LYlPI'YI!I, Ltln~11tJ1~ntl1J11U';)"lI1 ritlUtJ1~1iiPl1~(;IflutJ1~LVlPlLVlU 311211 

Prehistoric Archaeology in Thailand, 11U';)"lI11~~1J~f'ltJPl1~(;Ifuru.;j(;l flru~ 
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