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Abstract: In order to reveal the role of major metallogenic structures within Changchengling ore district 

during ore - forming processes and thereby support future mineral prospecting , this paper surveys their 

characteristics, makes a tectonic - stage analysis and stress analysis, and then carries out tectonogeochemistry 

work mainly involved with R - Type cluster analysis and factor analysis. All these lead to the following 

conclusions : ( 1 ) Lead - zinc ore bodies, magmatic rocks and silicified rock units within this area all are subject 

to the occurrence of major structures; ( 2) The complex structural features have resulted from multiple stages of 

tectonic movement, Hercynian, lndosinian, Y anshanian and Himalayan; ( 3 ) Early Y anshanian is the 

metallogenic epoch , and metallogenesis is closely related to magma emplacement during this period , and ( 4 ) 

Fracture F 101 formed during the early Y anshanian is the main ore - conducting and - distributing structure, while 

fractures F 102 and F 103 , which have experienced stages of tectonic activities since the Hercynian, are the major ore 

- hosting structures. And fracture F104 took form during Late Yanshanian after the metallogenic epoch. Fracture 

F 201 and F 202 formed in the lndosinian relives during Himalayan and takes the role as the ore - breaking 

structures. 
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7tJ1mi!f#M·MmE:~!i-*~r11tm<f¥~~JM1tfvtdizrmr11t¥J~1W~~~t~,JJ..~~1*1¥1JR~if!!19J:~1tflr 

j:. ~ W1tf JR tG: IE *:it!: Hit* ~iE1sW.1¥1 if!!.19J:WJ~ , £filfl if!!19J:f01tttz:if!!.19J: MJ'l~~~ , 1tt ilHfL5Gif!!l9J:Affi. I f'F , 
*1ttl¥1~~~!R.1tt*1tt ,*1YI*i*~'~,f*t[j~~~. ~~~tm~if!!if!!l9J:ift11~#~1t1WAif'F~*'?t;fff 
MJ'EIR i*J~1tt¥9~R.Jtt£1ttf'Fffl, $:mB~~:ttt-~1¥11tftz:WJ~~ ERW !J}Jci ,zi. 

1 :iif ll :t-t!!i Jm: 4~ 1iE 

:tmoo 1 ERffi ,1tf/Riliiiit!!~t[j~failP-,±~~~~~~mf¥mgli( Dzq) ,_t~~~~EBmgli( D3s) R.~ 

1tfJl.rgli( 03x) ,*tlk*mWiliiir~~~< cl>, ~~~~~r~~~it!!~±~~rwaf~tb::E~gru~m:~Ht 
~,Jt~ Dzq ~lBxtM"*El~:ER.8~19J:!J(:E; IDf®,~tWiliiir1*~~(Jl) ,:E'11:±~~1t9:E,~19J:~1t9 

:E~;1£-ff~r11t,~:1JC~if!!te&mim* < Q) 11tt~_wJ~±,*~±[3 ]. 

1YIR¥9~v.JltJT~~.±,iX~*!§lt. $T~f1J~tt(Jt)i;fffjf [i3]PJ ?t~~t*gli( F101, F102, F1m, F104) ,~tWW 
g_[ ( F201 'F202) fllfilm~tgli. rX~:it!:Ht¥-giu1iJFJt:. 

1tflRl*J:E~:E?t;ffl)¥£,:E'l1:±~~ttM~:E ,Jm$2t~Y:i:~~:Efll•-ff:E. tt(P.~:EJM<~1$:1Jri3J, PI 
:k3&?t~~t* ri3J ,~tWW ri3J R.Jlim~t ri3J ~gli, ~JHB¥:$T~¥9~!£~J. 

JRP-J±~i!k1t~IDr'E2m~tt,f.t~tt,::nfM.~1t,s~:E1t,~iiiR~tb:1t~. Jt~~1t?t;fff-et.~r-rz, 

H~1tt1t**-Ht.~WtJJ ,~-HJ.£~-HJ.1U~1¥1~1ttfffi~. ~1t-~nf~t*ri3JltJT~~*1*~Jm~?t;ffl. 

!!Im 
[QJ~im.¥ 

[LJT-i*~;1f, 

(SJ1'E73:1:;1r, 

ln,xlt. 5ft ~ ;1r, m ;pt L.U tll _t f.11: 

ln1x'l_t5ft~;1f,m;pr-L.U tll q:i f.11: 

ln,x'l_t 5ft~;1f, m;pr-L.U tll l' $.It 

I n,s I _t 5ft ~ ;unE f1f tll 

ln,qlq:i 5ft~;UH$f1Ftll 

[])"f.:iit* J1 

Du1tf.t 

[Z]~ij¥* 

1 -- lit!!mi:~h~ 

l~ .. Jim &. :& ~ ~ 
EJit~;~ 

l---1~~;~ 

0 250m -
2 :iif ll :iif 1*-* 1iE 

t2W?t~*irliiit!!19J:iftil~R.1tfilr~tz:~~it!!19J:~*'2t~1tflR1tf1*%~,~,f*_t±~~JM<~,~il~tz: 

ili ,~!Jffe%~~~~5t, 1P-1'-1tf1*1sW.ml!ffM1!~1J\. )}7jc~1tf1*-~nf~t* ri3J WT~ F102, F1mhlJt~t~it!!1W1¥JWT 
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~~W1Wtz:ili, t~:tmtff F103ff~)t;(Jli¥.J.ftUi~ N.*~~1'ti-~1Y°1*; :i!tl~1f1*!1)\±~tff F102, F103N.;il:*~ 
jtg1fr1¥.Jff~~W1Wtz:ili, $?tm-mraJ~~1Wtz:m. *$?t1Y"1*£~JftW%~~5t,1ELii11tW~~1*r ,1f1-tJft 
W~1'J!Yfm,mraJ~~OO!!X:~~Mi:W-00 ,1ff*pgf$HJ£:1f~~Mc~1f1-t,X:Jff!W#c~--~~~1f1-t,JIP.7R;il:~J{. 

Jt::Il~x1-t 2 #mt1Y"f'FJtJ:JrA:. 

3 {it [l~{it¥J1l 

JKpgf1J~%~:itJtWT~f1J~~ff. f1J~%~~:ft*rP1'1±,iX1'J:ftWWrPJ~m:ft[P) ,:ftWWrPJf1J~x 

-~Hf ff:f t* rP1 f1J ~ft IK pg f1J ~£~~~~;(fl. '17 xt1Y" !Kmt1Y"f1J~:lt!:H £ f*Al¥.J1Vf Jt: , ~i!r JW1£i*l!!li:ltt 
H7itMIBl¥.JJfjf-jtg,J9ixJl~~i9!!1:1:[ 4 ] 'IP]at£a-ft!jWJf*¥~, 11ltl* 7~-1'-*jfg~&!rJ!tlf*mJOOOO. 00 2 '1ni1YIK 
E3 ~~ E5 ~ ( 00 1) JW#.OCl¥.J*jfg~&!~tlf*mJOOOO 'iitlOO:AE rPJ _t*fi* 1(jfg*:ft*!li!Yf~. ii;limJOO 00 'PT 
~~J,m!Kpg:ft*!Jilff~:(£f*f$1¥.J[i~,Jt,~,f*f~[P]tl51'JWJ*_§.f~fiBtl5~~*· 

3.1 ~~~@ 

1VFJt:IK mrxrJ~ -1Jl-~~A:=w~~m*•, ±~ ~1f.1Jl-~rx~w~. 
xrJ~ -f~~A:'W#4~~:ft:ft*rP1, rPJWJWf~1*,*~ 13 km, w;Jf(jtgm£xtf*iliJ,m. W.i*f(jtgm, HP 

1fJKjfgm ,f~rP1m* - m** ,f~fiB 30° -50°, m-Jt,~,f*f~rP1~1f15W.m1J\_§.~1'J.1Jl-~1¥.Jrx~w~, ftU$PT 
JJls!l?.f!U~aa. rx~m~~Jt~rP1x PT ?t'12 !Ji =-!1i~rPJ~jfgm:AErP11Jl-~-T ,1'Jlffe:~A:'W#J1.1¥.J.=:.~m~f1J~, 
51-!Ji~[P)~jtgm:AErP1¥1r,A!Wi~A:fm~!liit*ffil. 

3.2 IT~~@ 

~ti& IK pg lff ~f1J ~ 1¥.J '.5! faJ ~;(fl , PT}j4j lffe: IK 1¥.J Wf ~f1J ~*fi?t1'J:f t* rP1 !Ji ,:ft WW rP1 !Ji~ Jli: m :ft rP1 !Ji. 
1 ):ft*rP1ItJT~. rtt!11ItJT~f£1Kpg:fi:j;~1f ,~f$*lm:i:*,lir:tt*rP1~~ -mfM - liw JR~ItlT~* 

1¥.J!Jin\t$?t[5] '~ mt1Y~*:G:1'l~tJJ. 
a) F101· lffe:WT~firr1Y"IKW$,~m-1Y"IK,,~,f*f~[P]m* ,f~fiij 60° -75° ,,~,f**~j;~~~~fjt;f$1'f 

!Ji ~r 1*~ ~jfgm 1¥.JttfD!l!W~. m-lff m~w*, 1*~ *~Yr~ m:Jff fiB if-~?t;fJJ , JJl~~~1-t, ~w* 111 ~ :1f 
1!11-t,~~1:t1-t,~~~1-tlJil~. PT JJi!.1111-t1*tfflffe:WT~1ir£$3*~?t;fJJ. 

b) F102· lffe:ff~1irr F101 im~*19!tl, ~m-1YIK, ±~?t;fJJ1£~~~~mf*m:!Jijfgm, -~~j!gm:AE rP1£ 
1]\fiij~~x. ,~,f*f~[P] SE110° -120° ,f~fiij 75° -85° '~~]!~. tfflffm~W1WN.Jt~19!tl ,mf¥m:!Jijfgm~ 

11t:Jff fiB if-!R~?t ;(fl , ill 1lt JJl fi*11.Mi :Jrfrl¥1:t Me£a 1¥.J~fiB ~, iX ~fiB ~!R~fiB if-~, ~W1W pg if!Hf~Jtjtg~ PT JJl 
1111-tfiBif-~. tffff~~W1fpgf$N.JtiX~lff~,JJM~m~~l¥.J1111-t1*£$3*~lff~?t;fJJ ,JJl:/rfrl¥1:tMc1E:fl 
».1Y-<*E9tm ,JJl ttmW!l --~1-tm1~m-iffe:Im~1f?t;fJJ ,JJl~fi~~~1-t~ s~~f-tJ,m~, ill 11r JJlMe£af'klft, • 
oo ~ff j~m~BtJT 1¥1 im~ oo. 
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c) F103· ~WT~tl-T F102!V.* .~m-W'"IR' ±~~1fiE~tlB~~m;f$fJHll:l'ff!.fil,-Ai13:1'ff!.fil:JE tnl~Jj\jg 
llffi3t. ,~,f*f~inJ 110° -130° ,f~J8 > 75°.ft~HllHli:-'¥1f1l.. filWTfil1!lW1!f lkJt:~-OJ!U ,flt;f$fJF!ll:l'ff!.fil1it:ff J8~ 
Jfi.1£ ,1!lW1!fr*J$?t:l'ff!.N:PJ .fil~1tJ8~1if. PT .fil~~~~~W'" ,Bt%~~~1Y Jil~W'"~~5.!ilJXL1t%~1¥J~ 
~~~- filWT~1!lW1!f r*J$2kJt:1X~WT~, .fil~1ti*~ $3*~fif;lf~?t;ffl, .filif f*~tl, .fil5.!il?.1!~*511¥J~J11!1-t 
1W, :ffitfiHfnL ~1-tmWtJfil~fif;lf~1W?t;ffl , -tlL 1it .filJtt~t'k~, ~ 00 ~11, IH!{~l!W 1¥1WT~00. 

d) F104· ~WTm~m-~g, m-T1YIR*$, ±~~1£_t tJB~~~ m~Hll~~W'" ill m:l'ff!.m ~, :l'ff!.fil:JE inJ 13 
fif;/ffill¥J:JEinJZ.fSJl¥J3tJ8!€lt1J\. ,~,f*f~rn11¥i* .1~J81£ 65° -85°2.f'a]. filWTfil1!lW1WlkJt:~-OJ!U, PJ .filj;':lt~ 
~iR~1ili:1t~~' *.9l~1t~1Y {t~~-

2) ~tIDfgsinJ WT~. Jlt!llWT~3ttJJ~WT~t*!llWT~, ~WJt:%~.~,f*II! -T~t*!llfif;/f~. 
a) F201· ~WT~m-~~g .f~inJmW .f~jg 40° -70° .~1£~1Jwt13~#CZfSJ' ,~,f*:tltitEtJJ!IJili:~t* tnJ 

fif;IT~1!lW1!flkW'"iRW-OJru:m~rn11£1£f*.1£~trwtwm$ F102~ F100WT~1!frSJ1!lW1!fl:3 F201WT~3ttn$m:ff 

R~~j'.;1£ Jj\1if~~tf:\. 

b)F202. ~WT~m-~~iR.1~inJmw .1~J8 30° -65° .~1£~w0 - ~!%ill-1W ,,~,f*:tl1i!EtntiJ~t*rn1 

fif;IT~1!lW1W' 13 F101 WT~3ttJJ$tl:ff Jj\;ftM'-E1if1iff*fitf:\ 
3) m:m~tinJ WT~- JJt!llWT~~1flill11£, 1ifilm1J\, ±~?t;ffl-T1iffJ'liRm$, ~:<f>:_t1Jt:mM'-E1if Mn'E:IJ{, 

1'-JJIJ13~t*rn1fif;lf~3ttJJ ,,~,f*ti:1i!EtJJ!U~t*rn1WT~1!lW1W. 

4 ¥J :!! 1-A *-Jl Etr JJ 
;fiHmiR~:l'ff!.mt1MJISl..:JJo.m*M, mwt~N:¥J~~mffixtmwc. tt~-Tl3il$I%1*•it ,:l'ff!.fil:l!~r--rz 

1¥JIR~1!':193:3f~~5.!il?.'!Hlll§it1!':%;~1NM¥J~~m;fEJx;J~~.¥J~,1if?Jilffl~~~;G!J.XMWll*-Tffl~~ 

m.GIJ.X~~J&~IR~*1~5!':%5.!ll?.!~.%~::k~.N.m~JiID!fSl§!t13 NNE tn1~±1¥J~?IPWT~.fE!.1if?Jilffl~5.!llll 

!€ltfl£. ~illlf!.M¥J~ffl~5Jll:iisJ!JW!~, IR~*1~%~:W:-~£~1t, IPJM1if?Jilffl~5.!ll?.'!~ ;~ill II!M¥J~ffl 
~5Jll?mJG~SJ .%~WT~illfaJ~:l'ff!.. IJ!El~i!tlI!M2Ja, IR~:l'ff!.%ffl~·l1:~~~11£[s-izi. 

~it!R~¥J~lr~,if!Rr*J*!ll¥J~zfaJl¥J3ttJ1**1V.lkf1J~l:31if?Jil1ifl¥J**, PJ~W'"IR¥J~ffl~:ff 

a]~l¥J~M·11:. 

1) ~WM. filif!R F102~ F103fif;/f~-TtlB~*:l'ff!.fil$?tfil1ftPJ _fil!P]~jg~1jf( 00 3) 'PJ~~WMtJURft 

Jtl:W:Hl¥JIPJatJlt 2 fif;IT~-tlL*-Tffl~~~- Jiuif~~If'F,~~ 2 WT~_t~1¥JtJU~JJllffixtr~JJ~~~.~ 
a] WT m _t~1£7J:U~Mli ~ ffixt r ~:IF WTr ~, tt PJ~J ~~ iEWT m, FPJ at¥J ~ OO*f{IE m71'JJ< ~:tr inJ _t~ti:titE 
*#'i1:fif;/ffil. ~Jlt.~gg:JtljjRr*J¥J~JJlljJ~1¥J:Q::k_±JJlljJ CT1 jfinJJJll~ NNE - SSW. 

2) fP.XM. ~MiE NW - SE tn11¥JIR~ttfffihf'Ffflr ,1f!.M%~1¥J~t*rn1 F102~ F1oofif;lf~~J!Jffi#'l1:Bll 

hf'Fffl, tf:\m'iftU$illbJ81l~WTfil,5.!ll?.'!~1¥J~itlt1£1t~filfaJ~§Jtm'i~C 00 4) ; IPJat%~T IR r*J:JE tn1~t*l¥J:XIJ 
*-~~£:ctlr~. ~~~. ~ffillllhm~~~~ 2-t-::trrn1!¥J*jgJJlZJJ%~~t1N1Ntn1 F201~ F202WT~!V.lkili:m 

~tinJWT~.Jlt 2 !llfif;/f~~:ff~trJ~illlf!.M~:l:1£~1tM1ifl¥J~tf:\ ,-tlLG!JID:TJt:%~-TG!J.XM 1¥11tWT. JltM 
¥J~JJlljJ~l¥J:ai::k_±JJlljJ CT 1 jfinJ~ NW-SE. 

3 )~illM. ~illlf!.M¥J~ffl~5.!illl:iisJtJ~~. mJJt%~Tti:1itE&#·l1:~WTm F101 ,Jt:_t~;fEJxt _tff-f£ 
JXL1tffe!Ji!ktf:!Jit1B~*:l'ff!.fil.~m1~1*~*1tP1if13_t1*~tJB~~ml$m!ll1fi.1if~:lf'mit~ffi!l!C oo 5), FPJat. 
5fafrJ%~1¥Jf1J~%~:1!~5.!il?.'!l~~.Jt;ft-T F102~ F100~~ T *flf'ffijy"•j1:1](~¥J~.%~T et~f 1¥J~W'":2: 
l'al. Jlt:J00¥J~JJlljJ~:Q::k_±JJlljJ CT1 jf inJ1J}~ NW - SE. ~ ~~, ~ illlf!.:JOO 1if?Jilffl~5j~~, IR r*J tf:\ ji1¥J1if?Jil1if 
JL-¥~-rJJtM~A. 1if?JilMm~~m~tfiYi~, ~~~1W-T1if?Jil~1Wtf:\ 1¥J~1Y5G*fillf!.5fa%~1¥J F101, F102, 
F103WT~1!f~A.~#Mli~:1FWT~ltitmi1£~1¥J~W'"itmmt .3f1£:ff~U-rif mtm~•~1¥J$tl%~1ff*. ~JJt 

~illlf!.ME!P~1iffJEIRl¥J~W'"M ,F101 ,F102~ F103~~1ffrJ;f1J~. 
~illli!Mf1J~ffl~5.!illl?mlG~ ,JJlljJjf inJ-fiL!gt~illlf!.M:ff-~{ift~, NNW - SSE tnJ 1¥1 IR~ttf ffiiJx;J!R 
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l*Jlf9~:0!%~uH-TT!!Jt:ai. FPJat. i*M~:ffimtY ff:JY·l1:fl9T~ F104· .IitMl*J%mtlf9~:ait~~mtrMm~:ai.~ 
QX:~QX:d;'!t!ti~n[ftjlf1f1*%~. ~IlJII!M~:OimzJJ~lf9:ft:k±mzJJ 0"1 jj"[P]l&~ NNW - SSE. 

F103 J:(r!J~$t.JJtt- m 5 1*-7 ~$')-j;l=; Tf ilt,]tiiC.;flt.#=:#f-

iJL~ .. ii 1l:1'~-$--;fH!k 

4 rs:wm. •wM~:aiffl~5!1t~:X.&mzl3:rLK±~~ F201 fit F202~J~rm~ .~WTT~~*IPJWT~.&r 
1*.~$7W'"1*Jffi~:Jfi~.1(JRJ:tfi!!~:Oi%~J:t~~JIJ~~lf9jftfj~f'Fffl. 

5 ¥g :I~J~ J;j<_ 1t ~ 4# 1IE 

~:Oi~-ft~~~ey~JA~-ft~~lt~JRl*J~:OifnmtW'"~---~~ll9***fi~•Alf9~~. 

rOOxtm F 101 'F 102 'F 103.& F 104fl9T~~~1ir**1}9~ :Oi~-ft~# £ *fi R ~ ~~?t;flf fn m -T?t;flf' IP] M 
~it~•1-t~:g:uoot~1LE*fi?t;flf~it3f ,~,~~~$[l3J. 

5. 1 R m':-~~~ 
xt~~*IPJ 4 ~±~fl9T~_tlf9~:0!~•1-t~#£ .?tJJU*qf;f§*~-lf9~~?t;flf .~~JIJOO 6 EH1Rif9~ 

~oo. 

xtr F101 , m 00 6a ey~, TFe203 - Mn ~~;fB*.1-t*i*Wf~_tl}9.fkif~~~{t;Al2 03 - K1 0 ~~;f§ 

*·X~ La,Li ;fB*.1-t*tt~~~;f§*~•gJi{t;Na20 -Sb ~lt;f§*, WJRl*Jtt~~~fl*J{t5!?.!t iiJcill~ 
Sb ~tt~~~**WtJJ ,Pb -Sn - w ~~;f§*.1t*~~mmtr~•gli{t ,.lit 2 ~MX~lf~~ll9;f§* 

1t. ill~~ ~1l!immtr~•?t#~ltAfi ·*~~tt~~~WtJJ;fB*. ~it.I1tWf~_tJR.~1t*JR.rlf9•~. fl 
~tl.IltWf~eyf3~~~r -JIBW'"~:Oi;:J3)'j-,Ca0 -Sr-Ba -Zn -As -MgO ~lf~~ll9;f§*1t.1t*~m~•gli 
it .Jt~ Zn ~~m~-~~-~, ill~ Zn ey13~m-=r~m[ 14 i _ 

xtr F102 , mOO 6b ey~ ,K20 -Li -Al203 ~~;fB*.~tt~~~~·gli{t;CaO -Sr ~lt;f§*.~~m 
~-gli{t;As -Cu -Zn ;fB*.1-t*~1l!immtr~•gJi{t;Na20 -W -Sb ~~;fB*·*~mtr~•eyf3~~fl*J 
1-ttt~~~~*;Ba -Pb -TFe203 - MgO -Mn ;fB*lt~~ ,f-t*SE~ftfn.fkif~~~1-t,Pb lf9M"•ey 
13~~.Ilt;fB*· ~it.IltWf~_tJR.~ftFPJat JR.W'"lf9~1!ffe·tfl5L. ,~,lf9*ill.mtr~•~~FPJ if9gliit. *~mtr~• 
13:* §~5f!Jlf9~fttra•mtr; FPJat ~ F101_t!f9·tfl5Ltlj~rro-g .mtr~•~ Na20 lf9;f§*1tr~. ill~mtr 
~•eyf3~~**m-=r~~~.~*~~~~~JA~moo~~EH'ffl'te. 

xtr F103 , mOO 6c ey~ ,Mn -Cu ~~;f§*#~ As ;fB*, m-T"Wf~~i!I~~~~iliii,#lJ:Jt~i!Inf 
i*Wf~~~.fk~if1({t~,&~~1}9f#Jil}1({tlj.~,fl~tli*!li~·eyf3~*mtr~~~;TFe203 - Pb -Zn~ 
1t;f§*,1t*~mmtr~• .~ Na20 ;fB*,ill~Jt~tt~~~~*;Sb ~~m~• CaO,Sr,Ba ~-JE;f§* 
lt. ey@*lR sb r!R~~••mtr, l*Wf~_t~~-tfL~m!T~r~r¥r!R~~- ,~A~*lr • .IltWf~_t·tftR. 
~ F102~fP..t.mtr~•~ Na20 ;f§*1t~~+?t~~.*~*m~~&-=r~~.:J3)'rmtr~•~~FPJ!liit .?t 
#~~-

xtr F104 , m 00 6d ey~ ,As - Ba - Na20 - Zn - W -Al203 - K20 - Li - Pb ~~;f§*J!J;f§*, .Iit!li~· 
~~m~•~~~~~~-lf9~1t. rrol*~~_t*JR.~~~~1il--*JR.~1tfnmtr~•••. telJil~flft~ 

•!1iitlf9Jffifmq&eyf3~~f51~13:WT~%mtoo~m~¥1JT ~~~~lf9~nfftJ ;TFe203 - Mn ~lt;f§*.1-t*-fkii 
~~~1-t;Sb ~ MgO ;f§*,fl~tl.IitWT~_t Sb ~SE~**WtJJ. 



TFe203~--------~ 

Mn 
Al203 ~--~ 
K20 >----
La >---~ 

Li 
Ph 
Sn 
w 
Na20 
Sb 
CaO 
Sr 
Ba 
Zn 
As 
Mgo 
Cu 

1thl::tl ----------+---------+---------+---------+---------+ 

t~*;f;i/& l.O 0.8 0.6 0.4 0.2 

Mn 
Cu 
As 
Li 
w 
Al203 -----.------------, 
K20 
TFe203--~ 

Pb 
Zn 
Na20 
Ba 
Sr 
CaO 
Sh 
MgO 
La 
Sn 

~:hl::g +---------+---------+---------+---------+---------+ 

t§:*;f;i/& 1.0 0.8 0.6 0.4 0.2 0 

(c) F103 , 34 {ljo¥f~ 

5.2 ~T-~HJT 

K20 
Li 
Al203 
La ---------~ 
Cao 
Sr 
Sn 
As 
Cu 
Zn 
Na 20 
w 
Sh 
Ba 
Ph 
TFe203----~ 
Mgo 
Mn 

~iil~ ·---------+---------+---------+---------+---------+ 

t§:*;f;i/& l.O 0.8 0.6 0.4 0.2 0 

As 
Ba 
Na20 
Zn 
w 

( b) F102 , 31 {ljo¥f ~ 

Al203 --~ 
K20 t---~ 
Li 
Ph 
TFe203--~-----
Mn 
Cu 
La 
Sn 
Cao 
Sr 
MgO 
Sh 

'.3tiilil +---------+---------+---------+---------+---------+ 

t§*;f;i/& l.O 0.8 0.6 0.4 0.2 0 
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ttx>f F101 -F104ltJT~_tff9~~:liMt1t$¥-F£ .~*irmff95G#f'FjJ1t:l:?tjJU:ittfi R ~123-T?ttJf' ~ 1 

~HT ?ttJf£a=*, Jf:-fttili T t§l&f9¥ii. 

Fl N320,Pb,Sb,Sn, W 

F2 CaO,MgO,As,Ba,Sr,Zn 

F3 Al2 03,K2 0,La,Li, -CaO 

F4 TFe2 0 3 , Mn 

Fl Al2 0 3 ,K2 0,Li 

F2 CaO,Sn,Sr, -TFe2 0 3 , - La 

F3 As,Cu,Zn, - Sn 

F4 MgO,TFe2 0 3 ,Mn,Ba 

F5 Pb,W 

F6 MgO,N320,Sb 

Fl TFe2 0 3 ,Na2 0,Pb,Zn 

F2 Al2 0 3 ,K2 0, -CaO 

F3 As,Ba,Sr, - Sn 

F4 Mn,Cu,As 

F5 La,-Sb 

F6 Li, -MgO 

F7 w 

Fl Al2 0 3 ,K2 0,Na2 0,As,Ba,Li, W ,Zn 

F2 Al2 0 3 , TFe2 0 3 ,Mn,Pb, - Sr, - CaO 

F3 Cu, -Sn 

F4 MgO,Sb 

JJX:1ii:ft:~U[-ft, ~;m~~;'tf ( ~1t5.1il?.!~) W-Wffi.=* 
fWf!!Ul.::!l!!~:ft#gli-ft, As, Zn ey~~lt 'f":!I!!~ 

:m~m;'tf:JG#mit,;'tf*~~~~g~~ 

t!ktirwtD1il.:1t 

:m~m;'tf:JG#m-ft 

:!l!!~:ft#gli-ft 

q:t{l£mJ.JJX:1ii:ft#gli-ft, ~i'tlim Sn ffiJ'f 
t!ktirwtD1il.:1tfll El ~;'tfft 
q:i , jl]fj mi.:JG# ~>!§ • r:u~~ aff JJX:1ii'.5! rBJ ~ ~1rrn:m~ 
~,;m~mg, E!~;'tfft:fit.Llt.=**W-W 

q:imi.JJX:1ii:JG#m-ft.~:m~mg:X:*W-W 

:m~m;'tf:JG# ,g*~~~~g~~ 

;ift~;'tf*~~~Jt!!~qot~:ft# 

mt§~~;'tf:JG#m-ft<~~~~ili~~~gma) 

;'tf*~~~ Sb ~'&;E 

;'tf*~~~ MgO ~'&)E 

jl]fjmJ.JJX:1ii:ft# 

Jt!!~fll;'tf*~~:ft~( ~~lf!j:!f!!~~;'tf*~~~Plfij) 

i!ktirwtD1il.:1t, Sr fl! Ca ~'&;E 

qotmi.:JG# Cu ~jl]fjmJ.:ft#fftffi.=* 

Sb, E!~;'tf.=**W-W 

82.52 

84.25 

84.89 

88.24 
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£ait4H!1f~_tB Tf9¥¥1Jl¥.J~~·lfi5[.,,~M~*~' IZSl-=f?Hff£a*~~~)t;fJT£a:~dc~ffi~:Xtr F101,.± 
~JVt1(5G$~qtf*Jj.:(£-1'-12SJ-=f,]f~{t~f)f~**WtJ1;F102fllF103!¥.J'lfi5L:k~~{J;1,~~gllitmt1t5G$ 

EE~~l2Sl-=f1*Jm,]f~{t~f)f~ffi*; F104Ll2SJ-=f:S:9" ,:JG$~*' Jiml.T~l$ff~_t:lfft!9i'lfi5L:S:~M $. 51 
7r ,*JtlT~_ttis:ff~~Wltl¥.J~ii~~1ar:1t. 
5. 3 tt!!J>J<~~=tf1JifiPlW'5C:*~~ 

~~1t~~WOO%~£H~~liml.5G$~~~$.~£*#±~1t1T~~~~±~mt1Y5G$M~l¥.1* 

*, 12SJW~J!RT¥H±~JtlT~~~l¥.J~~~W 11~fll28 ~( 00 1) ,:i:A%;fJTJVt1f5G$ Pb,Zn,Sb, W ,Sn 
m~w % ;fJJ 1¥.J·lf ?£. 

007~ill-JRl*J11 lk28 %W1*~~11f!Jl¥.J~1tfUWJVt1f5G$%;fJJfai00. Ei:J007 %~:11 ~_t·lf£~1:1ifa,ij 
T ,5 #mt1Y5G$:(£ F101 ,F102 ,F1mffli!I*:ltt!S:ff~~filt~fr, ITiftE F104lkJt~fY!tltiS1.$6{~. 28 ~_t,,bA F101 
~ F102 ffli!!,Sb,Sn, W *-~~ ,jtJt:(£ F102 ffli!!,Sb,Zn, W )tJJUJtJU~Ul;tE F103 i1(~'&ffli!!,Sb,Pb,Zn, 

W *A~ ,]f:Jt¥!JJ1-~Ul; W:tE F104ffli!!,JiH:ff mt1f5G$*At!Sffixt~f~;{t~f)£~5tt,Sn, W *:lta,ij~1.$6 

~.-~A~*~, IW~~Wliml.!¥.J'lfl£~*-~,F101 ,F102 ,F1mffli!!Ei:Jr:ff ~9J(W(;~91HM1t~nfiij ,mt1t5G$t!S 
tB><tM~, F1047GWt~~9"~~9Jt~nfiilmt1f5G$t!StBxt-771JJl; :tE+t~f)f~fll~1tf*q=r, mt1f5G$tB><tM~· 

(a) 

w 

Sn 

Zn 

Pb 

Sb 

5. 4 ~@tt!!J>J<~~it~ 

~it~_t~~~~1t~%;f)T£a*,2t3f. F101_tmt1(5G~~+trx1f)£~~5G~!ll1t**~W ,li%#Wlt 
1~, £aitll-JtlT~JR.~1t*lR.1Yl¥.J~~·lf£, fl7.mtlJitWT~~%1f, WC1f~~; F102fll F1mLJVt1f5G~.bA!Wim.¥1J 
1~m:ff~~!llit 'liml.T~~~~mt1Y5G$1JL?)EM~PF1J 1¥.J ~#'11:' ~+t ~ f)£~~5G$!ll1t**=ff ?Hr 
~, i~a,ijT mt1f5G$~-0t:ffl{-T+t~f)f~l¥.J$% ,Bi:ff rlll~qt~JIRl¥.J$%, £aitll-JtlT~JR.~1tJR.1f 1¥.J~ 
~~·lf£,1A.~Jlt21$ff~~~1f~~;F104L~~5G~f0~9Jt~71t5G~WtJJffi*,£a1till-JtlT~*JR.~91l~1ir, 

*lR.~1t*lR.mt1f5G~'M~1¥.J·lft£,1t7.mtl%ft~~Ei:Jr1$ff~%mtfir~~~¥1J~9Jt~71t1¥.J~nfiiJ?Jr~,Jitlt1T~mz 

~mt1Y"Mm~~;mt1f:JG~Jt.:ff~m·11:,±~* § -r+t~f)f~fll~~, sh~ s-R~1t**Wtn ,~mrt~IZSI 

~s-R~1t~~1ib:~:fLM1t~:fffUrmt1fmt1*1¥.Jjg#fllmt1f5G~1¥.JmtE'M~. 

6 ~1i-

1) 1f JR~y~JETmWM ,i;iJJtM ,~ilJMfll•wM lmik~~Wlt1¥.J~~g~. mwM ':fJO£*M HP 
B :ff tE 1¥.J F 102 fO F 1m JtlT~ ili 3f. fa] ~·[j:ffl~ ; i;iJ 3tM ~ ~ ffl ~ 5!il ?f!t NW - SE rPJ JR ~1Ji ffij] % mt T ~ ~* rPJ :XU * -ffll~:A:'W#-!1-,~~WWloJ F201 fO F202lt1T~~lki!!lt~~gllJtJf~, F102fll F1milBl:5!il?.!~i:!J(~,rz:~ T *#ffi 
~·11:?X#J1~~ ;~wlf!.M~~m~s!illtJtJU~~, ±mzJJ:JrloJ~i;n>tM~1t, JR l*J~~%~t£&~·11:f'Fm 
r-N?XJl~j;!Jl~Jt:%mt F101 ,~mt1Yf'Fffl~1~T Ef!tlfl¥.1%1Y ,~1f~~,zm~91tm~s!il?f,Q, ~91t~71tm~ 
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iPJJ!~ .~~mtiffFffl ,%n\tW'°i*;~ilJl!tWH~:ll!i:~!ll?m!G~~, NWW - SEE rPJ JR~£t&JJ%mt FuJ4 ,-lJilJ:Jtij F201 
;fn F 202 ffl~iftlHI~ '~ Wfj~* rPJ WT~bl 1Y f*. 

2)~ilJ1f!.AA7'1mtifAA. JRl*Jmt1Y5C*1¥Jm~~1*AAii~~l¥JgJJHMflffl~~bllRl*J.lftf!J%nltl¥J$M'l¥J 

4HlkWT~bl~~**~W. g9Jl:Jtijfil~r1lll4fmt1Y5C*1A::ttMM,a-f*9=t1!fte ,m- F101.F102 ,F103~~.~~i't 
fi9=tX/FWTJA:tmm9=t~llkmt1Y5C~ .li~mt1Y5C~fil" F102 ,F103Wf~~~1Wbl;t't{X~Wf~fflm:,5tmr:ff~J 
Jil':~lrffEIJ~m~,Pb,Zn,Sb ]!~M'~mtif. mt1Y5C~±~l{"f:f:tMM,a-;fn:tmmJt±~M'~mt1Y"f:ff~J~ 

:ll!!:iffH1rfflm:1¥Jl'Bit*~lt1ik:tmm9=t ,;tt9=t sb ~s~,a-**~F#W-W .±~l)lji\:ffrs~,a-1t~tt1ik,a-:tmm 
~9=t. 

3) JRl*Jj~*IPJJll;JT~-Jg_±~¥-lif~:Jl!i:, F1017'1 JR l*J ±~1¥J%1f, lfeif~:Jl!i:, F102, F1037'1±~1¥J~if~:Jl!i:, 
F104%mtrmt1YAAfil ,xt1Yf*%~:ff-J;E1¥J~~(iiJ ;j~rJ!fiffl!PJWT~ F201,F202~tf-T1Yf*1¥JW-:ff%~.7'11YJR± 
~1¥J~1Y~:ll!!:.xt1Yf*%~:ff¥-ltrJfFffl. 

4) JRl*Jfa-<f¥.m1Y1t±~~9=t:f£ F102 ,F103Wi"~~~1Wbl;t't~19!U, fH"<f¥.m1Y1¥J:lZ!:-tl11JGW'"IfFllilfil" F102, 
F 103 WT~:ll!:ti', !B)t~ xtr.mif, mz:m:.~ 'TM* s ~ ,a-;fn s ~ 1~JR,a- 1¥19=t l'Bit~mt:$:t;F!JI:tmm 9=t 7f .lit!G 1Y 
IfF. 
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