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dClskzOdz! detsfls*) j tdsojrddr . Mo j HJ ded W ts da(
B dzj cOdzdL Oydd o [diesoatsdz ¢ J Odzj BN dz
tcjLbld OO dL z2yd dzd w dIB jstst€ ¢ ©OEZ2E)§ I 6 Ists fif Iist
(Francheteawt al, 1979; Spieset al, 1980) d | OdzOff Oc =M< 1
al, 1979;f dfpdyd dzHtc.1987) . 10 ftetslswy jdzdd
Gz B sC 59 SH dz' n mMikzdz2 WdHdz A tclz H fted sB tc
dzO Iz y dz' 2 ~n Ot OC Is] to, dzs  d, sMmtsB j dzdats @
fteOCIsdyd MS ks L dzOyd dssfmis+ .

1 0yddzOw fp 2006 GEtHO, d3t ByJ dedcjso fois dzj
dZOyj dzj des dzO B Oty jded] §Jjtemti j Cisdo de
fls ts dz’ Btsdz! 852 ftesd3j yklstssS otcjd3jded s
Br dzd tsB dzOtclzy J dzr Ctolzf dzr | tokzHdzr j tsBA j 6
ftetso jH] dets MlzHdA C OB BHdsmse) d 11 R
( G. 4 Qi I®BZtcG ) . 1 My Hisisd Y J dzd v totsfr
fodzzo j Ctso e dMmssted® dqLEZyjddw cdzkzB S
t smimdd ftcjlsj dzH 59 Ols zO dzdHjteMmisats o
[Jiecsotse s ¢ j Odz0O.

l 20 ¢. [ JyHEZKZOtsHd 2 SkteOd s [ sk
ftocddwdz ftOQoddzO {tsdmitse d t©wOLejHCd
PlsazOdzlsd S J, o BINHERZOCBHdER ©O22 sd dBis
B' ZO fSHOMRO LOY9CO dz0 t©OL 9 j HIsYddAB 4L
. ., ftod dgw s OW ) 2012 GBHLE. S sdzlstc O
Mzd! WdHtse &ixHk [[fr d [dddhlsjhlse sd
tAn Brdz LOCadz6 yjdz 29 tClswptew 2012 GfSH
tcOMmMf sz jdz © yYj destcOdz! dzts?2 Odg®@ b d sHhis €26
vicj HddEEROdIsd yj MStsets RtcjBlSO o2 QA4 'cd @'t
[dz2 9 Cdzs yojls © Mmjew 100 BdsCBe t©OL d3j tc
158 dMmisj udejdds(dij cltsh s sdzZstcOCIsO Issdzr €5 25
Bselzls BT Is! g LLisdf@ddz” oY teifgzy H Odz' dzj 2 M § @
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75 dzj § jtemy j CIsd o dz = BdztsC 59 BzHEkls oL
(t 53 HJ Mide jHdeiPc0AW4 | ¢ OEZBIH)Ote ts o

t EHdesy ftsdzy dSBddz 2detsy BT dzs tslksCter Is
SIsCter Isr d3 § tsdzj d3 Codzdids BT O ISfedp hidjfi) e sHEZ ¢
cOLO jHSCE cdzkzBtsiBBoaHM » G Bddd ugjfimse
¢l jMiste [ scOyjee, dMmftdddls] gokd ¢
Tty 10 "I1RRJC]OdU]"SRIAsE M I"A VR YL T R
d Jokdo @ jsscdy dzj SOraddzd L @&d &) Gpsd 6
st j dzdetsMisj 2 Mezdzr WdHdzr = telzH §tsdzw 5B
stsdz! S8 fsdzeyd dzdé detseo '™ - L dzOded?2 5 f ey,
foLotsdzdls ffto]j Hdzsy dIs! Ctedlsjtedd tsyd dz¢
(BdizsC ssMdyaes f jes dr Mot dedw.

A4 dz2 tcQIB'Wsy dzj dzed § 3 dejrtgf@afzgtine dn Mt
EmMzso d2 Wstedidtetseo Odedw Mmizdz! Y dHdzr = telzH
LOSBdesdizj edesMmisj 2 dr tOmMYf totsls tc @dzj Had Jv dzte
fijtemMf jSCIlsdodesmisd jcets Mmeots ded Vv .

1 @nyd dMmimdzj Hise Odzd 2 :

-dL Ezydls! Mt j dedetsMmisd dddzj cOdz dgse s s
smdesodzr § dem Isdf ' ;

- BROOCIsjtcdL 59 Ols! smtse § dzdetsmis d tcOMY te
mMef zlsmiseze hdr Jteddsd Mdzr = { dzj d3gd dzlstseo o fi
-f tetsOdzOdzd L ( to wofifdy] diSifEBdidded® yd d d3d dzj tc O dz
sdf s tkH o Ctdlsktc] tkzHdsect Isj d&zO;
-orwodlsty obOWsdr | € dzlstctsuzidzlzdzd J J ) licd@m
tcH ftsdzv bSBddzj 2 detsj ;

- Byd dzd Is fJjtemf j Clsdo dzsmls! tcHdtse s s

sfme tsj ded v .
ANAOCIsdyj MSd?2 (dbEsgldc@ OtkMmMdzseo OdzO0 dzO0 d L
sBtcOL Yytso , f ted dzOH dzj ¥ OF d = A lU "l11R

ftcj HilsOo dzj dz' Gdzz B sC 59 tSH dzr Bd Mz d Wdr
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Btej Sudwakd d Mmide WdHMEBH |ty O ddi3d § stetsH
sjtctcdlsBwsdatbce tic f sdzw S Bd dzj 2 dats fts dlstsg
cl totsW | Mmtste [ seOyjoe@da] 2012 cCJ1REBELCEO
def "1 f4t06".

[iBHdSCO  d i dejsoiyedt) dedxiz 2 O dzO dzd L
mMedzt Y dHdz" = tkH ffodw OSBddzj2detsjy L OC dzt y
sflsdud mSdn, ~didud S dn d B teBL S
ltcjHOOtedlIsj dz detsy dqrLEyddedy MmMedz WdHdz" 7t
BdCtoetsME s-BagL § sletso dzj dzdz" J o hdzdW tseo Odz' d
"lda[ L [R" HAdgljtdizbls) Od dzdWr dL kz ypldz
P (uDgeBlfteBlztcecME d2?2 ¢ ig/df 9 dzuzadsdjodg’ tatsffvls j Hs
dB3d dzj e Odzts 9 0O IsOC Y J dL zyd dzd § dn d
sfmizh j Mise dzv dzd iy dzO 1 dzj § Istets dz@BB (50 d3 ©id2®fd
. J . JtekzL 59 O, 1J8M-6451R0) LA J(EGO20 dzdAsdgGrdzS [
RLILT to1,-1dglsiec0tzils) .

Cdzy A3 dzlsdzr 2 @ OdzOdzdL Mkzdzr YdHdzr = telzH
OB MmtsteB ydd ) k@B P OISHGRER [ ¢ J Odze | Bdzis G
" joL Of ¢gj(sazsc# Pizy lwB Ztc MB(ICRFAEISGP o dzOB st
AlJ1uv "IR[Iu" (cd3shtsfycoabl jPafnEf mer ") -d C
4300 DV.ICP-MS BT dz o' ff sSdzdzj dz H d¥, MO Ab@s,fikd@ts o dz
CaO, TiQ,MnO,Fe0;, Cu, Zn d 9 ftwddi mMde" = 1 dzj d
Cd,Ba, Pb; ICRAES-H dzv 47 ftedd3j mMdzr 7 { dzGazAsiers o :
Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sn, Sb, Te, Cs, Ba, REE, Hf, Ta, W, Re, Au, TI,
Pb, Bi, Th, UmOdz: € sf dqtedls dL MmMkdz WdHde" = thkH
BilssHESRE WHjtodkses 30 ¢ Qauls dzts(6ce™C uty j L tsizD
Besetsd BYf zdz! Mdesdz MY J ¢ BEeonmgRjeldisit o ¢ t /(O
[ Olszrnddz 1. [ ., l setstej dz yJj o d. R. , ] O
SOLOdMCd?2 emMikzHOMIse j dzdz" 2 L dzjtccjIsd yd f
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1 Oz ydzOw dztse dL dzO:
-kbsydzj dz2 B dzj e Odzr dzr 2 @ MMmis©e MmMkdz W dHC
SBddzj 2 dzts § ;
-EmMlsOdets s g Bz dedzesmisd twOMftej H dzj ded W s dat
Ldzj 34 dzls s@MfftsfydPyd?2) ¢ OC utfftdss & "Sdrjdgtpdssiz]
mMzdz WdHdzr = tekZHOR fYdzw bSBddzj 2 dzts ;
-2Mmils Odets 9 dzj dzO dzdz@efs 1 @& Grtses GE@RY  J fipfdnls ' L odzGids
tclzH dztsG 5 Is j dzO fsdzvslstb®@g @ Pa@ws Mmiskzy j dz
tczHtstslsdztsy j dad v ;
-9 " Wodzjdgr WOGCItster , tsi teg jHtg Az dsd wfjjm Sozffjdz] e
mMzdzr WdHdz A tc iz H d fsLeotsdzws hdj d dals §
Wistedzdtocseo Odedw telzHdzr 7 Isjdz f sdzv 5B  dzj 2 dzt

1 6OCIsd yjuniSdadzts fijlss dzlz y j dedetlzli | H ®dz dzd-dzd to
GitsmnddiBdud MEdr tMe j ddzsMmisw s MmMEzdz W dHdz
HOIs! syjdSlkz joet fijtmfjSisde dsmisd, dzd
fjtcostsyjteJ HdesMmisd Mo sy dzd W Bl jCIsso
(ttt).

100 dh Of 3" § f sdztsy j ded W
1 jteoth dh O d3tsy ff tsdztsy § dad § :
J Gz tsC tso tsH dz' R mMzdzt WdHD R tczH OR t
fJtcdlstsar 2, ~nOdz CsfdJedlstsar 2 d Mm% Odzj
ttOL HJ dzvehdjRsdigpH OFgERdzs @BEday H Oddize R ¢
yd dzS-&stzyj H Ozdf ) (&Zjns 2 d BEfuj Sy j & filds 52 1
OmMMsydOydw ddd twkzHsBLOL ZE M R 1 dzj d3j dzls ts¢
I s dh 0j Bsj § sdztsy j dd J :
J Mezdz? W dHdz" Adzv tc EHBORdz] § thes | L OW df § foafidt § o

MtsH § to) Oded Vv - tc dzglzgzin gzld s oC o , Ni |, Se, Sb,
sBteOLEENd] Isted ¢ J ts5nd EHW OCEI e OdEhZEn d O
Hg-Pb-A u , Cstetej dzdtelzs M d j fi mlsOdzts o dzj d

CIBrnd@dUI MEdB3d d¥ Odd .
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vted LIQNh dM Of Bsj f sdztsy § ded § :
[ Mdets o dzOW s jdizny ey dMsilod@e © fxa WideHddEzjn? d
slstcOy O h OW  f OH j dzd | Is j o3t jitctDts tz figdsnids Gic jz dzdz(
mMdzsd 20 HBPECPsgEr d ~nO0Odz Csfdtedistsar -
MH j 6y Odzd W d3d Ni Co, Se 9o CtOjoras vy
ez OB3d M oH jiusC@dRH™ dfps €g , d ABb & uyj dalste
tczH dzse s Isj dzO.

bftesB OYdW ttgQBHANE "Isdiffip so Odzd v i 218 dzd €
fJyobds n, cOEBEEGRDY 8 MHMEOHROEZOR dL ]t
fBddS Oy &BOjtedO®kO: tsmMmd2MSdes d L
tdLEd sOIsr dmMmdzi Hise OdzdwY ftcoj HMIsOo dzj dz
X X1 [ i HEZdZOttSH dZOVY dzOEZz ydzOw CsdaW j toj dzyd
([ smCo O, 2015) ; V tsimimhd2 ¢ ow Bts dzts H |
Eyomdcl sotsy o YL dzOddd ftesyd Msy tok
1 Oz ydzOw CodeW j toj dzydw dpj s @de®RiE ts@ dh§ SBE @
(stcOCtsa, 1 drROCs2MATY,JEziRl dsdzsH 7 kY
CtstcdzOW S OHJBIJW, | jtoddOdedw, &0dé) (1 P

LjtegOddY, 2017); Goldschmidt 2017 C
Seddzj2dzr 2 Ml jLH (sMMd2mMSsets dsd dzj toOdzts ¢
(tO&Jls | tBZEC, 2017) ; VI { sfmd2me

By N HERZOtSHdZr d@3 EZyOMmisdj d3 jcM fiigmets j tc oH iftsts Lied
(fsMCo O, 2017).

[ dydz 2 9 C dzOHlI odifdiigiGels Oydd o HMIsO
dimmdzj Hs9 Odzd 2, o' fsdzdzj dzdz" = MOBI B Oo Ists
tczC so sH MiIso 5. [ dydz 2 9 C dzOH QolststcO® fr
BOIsj ted ©dzO dzOr  odnfigffdzi H OO G 2, sBtcOB fSls
OB stOIststed?2 fjtwwoadyds' = OdzOdzdL BB SOSBBE
Wstedgz dzdtetso €] o' 9asHSO .
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1l ZOGsH Otcliaslistd . o™ tcOY OJ Is B izOG tsH Ote dzts
tczCtsotsHdIsj dz¢ tfdetsdd.j Migsiclz HOtddzz L OH f ts
HdMMJ tlsOydj 2. ¢ flstiz@ls jadrpine 5§ &) (N BOOE
COWjHter dBddzj cOdzsedd, CtodmMlsOzdztecttOW dd
CtedlsdSlz d ftdzjLrd 4§ tjitd dziOydd. [ MG
H .-d§.. dz. 4. R. bogzHdE | J Jo.2¢ .z HY -Btc BON Ho A . 1 O
sO¢Y 4 MlteHddcOod ¢ clrfi1tCe RrR. . [ &
t BYHJjMise j dzMC 2 L O ftcj HisMIs Qo dzj dzdzlz
WOCIsduj Métsets BOLjtcdOdzO HAzvw f§HESItse €
sctotsdidziz s f to d Ltdis@ddigddg’ Cddts fipls|'a v ¢ 1 | RERW &£ j UO.d4

dlsjf Odztse 52, R. [ . ] stetsh d dats 2, d. 1. A
Csdzdzj SIsdolz tslsHj d&zO ¢ jtsdzsedd d d3ddzj teOd
YyJdedzr | BOIsjtedOdzr, SCtdzmkzdzr sOydd d oftstL

bolststc o' tcOERdlzsRIEZO L O ¢ OL Odzdzlz © f s
ZOB st Oltsteds 1 dMimdzj Hse Odzd2 4 . ¢. [ dzj 2 dz
{-J. 100 dds2 (R4 e ds?2 (] »{ &),
1. [ . [ Ols&z@J@zEzMS d 2 ¢ s kzeHjOdefiusjofij Sdzft 21z dzdimj,
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) zOMmilstsw h 2 BB dzls dzOmydils 9 ©4 Ismw
tclzHdz n ts Bl QfsfilsdgIstcd © OW iy ) ¢ OQ deDtidzs g
Ctsdzls d dzj dzls Odz' dz' - Ctsdzud v Odzslatzdf j dzdkp Bls s gt
tej L Jtco dzOV -fddz) je@» dzB OL © d3d H d © € yyid daAE ‘O
fsfklsder = SCStdiYf tsdzj dzlstso .

| ZBtsC s tsH dz" j mMzdz WdHdze § tclzHT (
sd Clssded W MEdri fisejiHsePRAEBRICUQ NS d- -6 BISO,
LOMjor n okdzfOdzOn, L 5 dz@-0 Mifplg 8 12O y d(dR o«
Rona, Scott, 1993 Beaulieuet al, 2013 ( ted Mz dzts G sy h d dzfls o 5
sBl JCIsse B dzOtclz )-fp SakPude@) ¢ H B | Hdedpdztds O R (
ofMmistc] YO lsaomvdzCodix(fdet j M dr HEZG (12%) d o
(Hanningtoretal, 2011).

t dMztdsE OMf toj Hj dzj dedj G dHtetslsj tod3Odz' dgr = fyd Mmisj
sBl jCIstso o [ dotso =B, 28K3)] Odzj ( Beaul i e
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t OL dzd ydz J Isji Clstsded yud MS 4, CIOF dztshgdfjvH M
B A Odzd L B W SEHEPE S o @dmY 20 d3d dzj tc O dz!
o Otced Olsdo detslsd MtsMlsOo tso Gz tsC s BH dz" -
MeMisOe MmMikzdzt WduHdzr = toisK j 0dzdzQ N - MBEH ¢
ftcj HMIsOo dzj dz - Odd St § Oz Isaisady ) Edzts fn i
fqetecslsddzsds d olststedyde d3d Mkzdz YW dH O ¢
sBl jSCItses HtwwdosHdIls € L d&Oydlsj d detsdzz s
ftc] 5B ZOHOdd jd&3 o MtsMisOe j tkH djHJ dzOH
LOHEZetsoar n BOMMj2W0d i ®Okc@Oisizdj thj s tckz
mMsslse j sfitse [j tzjztizdz’ d3 MisH | toff ®ulzad of dgj dgdisiZE Otc b
o IsOCdr Bl jCIOR.

1 sdzr h Ow yofmlis: tclzH dzr ~ sBl JCIsse
zdstsmW § tedz" = f dzd Is, GH] dzOBdzE HOjIsw Isj
CBejvz" @Ay HE BOBOSL Bsd, MJ 2 Mdi3d ydzts i
CGJHteBIs j tedzOdz! dets?2 H j Wlistjallz' daslnis3 ). ((B@ladzj
sBi jJCIsse 9o 0Ot! qelzs smw ©ls f jtcor n d&j stets;
BBdzl hdj (§Blsjdydod dFf §j ©kzHdr § MdsjnisloOn tery:
Hts dzgi Métsdzr $dr Mslsjdz d3d stetse ©® HJdO] Is
tc Oo dztbt didzdz. Istsdzdetall 20E0phni ngt on

lfjtcor j GdHtIs ] tedzOdz! dzOW @& Il§ Patafmfy 1y
~tcjBlstse BT ZO BB dOWKEY jdZO o 1977 cindl
9" Wodzj dz dzi sB " Ydz' | BddzsedyJ MSdyJ Mt
Wdzte dH Oded f(l TMteOo dzj ded & M Is j oY | s PColtids ts 2

et al, 1979) . ) 1978 GtSH Iz sB dzZOtclzy J dzf
fmMzdzr WdHdz A tc iz H dzO s-p B SicOtmA sl
(Francheteatet al, 1979) . 1 jtoar j OCIkdoeds j "Gzt

1979 @6BHE d2O Istsdz d3d Misy , GH] CBHBW f
BZOMMdo dz" § t@tAah2980). Spi es s

1 dzOdzts 3 tc dz" dmMmdzj Hise Odzed v , dzOff tc O¢
CdHteBIs | tcti@ulazdst ~f sdzj 2 © ¢lsdzOdelsd yj ML sd3
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GSHOR &Y HE IstcOdzMW sted3dzr d3d tcOL dzts BO A3
dplsdzOdzlsdfp ( 30A86M.d3F.. a 1198 ©O2dzj 1
G4 sassjeusy L dud MEdJ dmmdzj Hise Oded v mhq
@D Issdtsd3dzr = 5B s 0] B3-Wnts sBtBtOEsts a5,.¢ , Is fndz ik
SBLBO d or MsCtslksyd » { ndzslstse, B Iz¢ 1
(dz2¢), zOQ@dBe (AtOdydw) d cCcdizzBtSEBO SH(
Cr¥s2HiMm tjLtdhde (udfgoy)tcdq e PpGe (6 dzl
2015) . l twjLlkzd sOIsj BT dzd tslsCterdsu ¢ 4 tol
(26A08' m.h.) d MARK dm 3dNmedprdsd 984;)
Klinkhammeretal, 1985;Ronaetal, 1986).

I sdydmlse jdeder § dMMdzy H B89 Odzd Vs fipjdalABAUS CLES
dtcj HdEEROdzIsd yj MSse s RtcjBISO dzOyOdzd iy ¢
tc 5 dz ) L Is dGdzd ¢ By ddfj eifsdzOH dzf ydes @ f 1 vg
Cl1RRJCJOdz@] SdzSGAIWH J Bdzts e sy d Mdzj dzdz’ - w
A J e d30 dze , 1 R & cujosstce j sdzseadw e d
slstcOB OlIs™ 9 OdzO My B IssHdSC O ftsdmMEser o df
B &z tslsCterls tWH GcdHteBISjtodzOdzt dz" » tolkzH dz
dmMmdzj Hise Odzd W dzO zy d slsCter Isr A G dHtot
ftctseo sH d dzd My d WHBSHR BtecOddL Oydqdrt ¢ms OH
RICf®1 1RO HEs. ) . R Hts Mdms Bt ¢ dkzkze !
gL zyoOsIlsimw Ctsdzdzj SlIsdo Odsd R dzMIsdlszls© &d d

R.S., [Ofmdzjdeded S tse 1. 1., [ OfMmdzj dzgdzd € 59 O
([ Jdd ¢. 5., 1 teadSte Jskled,d ytsqH QdztJod i
ALJUL "IR[wH®" (| sdzj o O . 1., r ze d dzylz €
(1 Belsdzd S s 1 . . , [BLESO O 1.1 ., dodztl dz
I .5.), IRrR1T 161 (10BdZddO R. A).
AlzdzH Od3d dzls Odz! dz" | tcOB silsT ftotso j ® j da
s5Cj Odap s kS B9 Bm ndgd @& ¢ O v ¢ § tafdrdiys od®
1 Oskzteddz | . 1., [ ERtGHBOO R. [., 10Lddzj oM

{ 3 dzt wdetse . f. d Ht.), djcecdzd o tshmdztse
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_ FEONOrO-TEKTOHUYECKASA KAPTA
POCCUUCKOIO PA3BEJOYHOIO PAMOHA (PPP-ITIC)
MacwTa6 1:2 500 000
Pepaktop: C.1. AHapeeB

O630pHasi kapma
e

MuHepareHus

PyaHbie 06bekTbl ITIC

PyaHble yansi: - - 5
Mo6eaa — 2 pyaHsix nons (1, 2),
1 pynonpossnexue (3); —
Torayes — 2 pyaHbIx nons (1, 2), Ciopnpua Fe-S

2 PYRCTPORCHONAD (3.9) Mow-ae-dons | Cu-Fe | 11,89
CemeHos — 5 pyaHbIx noneit (1,2, 3, 4, 5); )

Awapgse - 2 pyaHsix nona (1, 2), lO6uneiiHoe | Cu-Fe | 2,73

2 pynonposBnexus (3, 4) Benut-Buktopusi | Cu-Fe | 15,18
@ Pyaubie nons @ Pynonp Netepbyp Cu-Fe | 2,90
Xonmuctoe Fe-S —

MNo6ena Cu-Fe | 9,07
KpacHos Cu-Fe | 12,79
Noraues gﬂjEﬁ 1,88

CemeHos Cu-Fe | 38,97

I:I Pa3ssepouHbie 6nokn

Mpumeyanue K Tabnuue:
1* - Ha3BaHWe pyaHbIX 0GbEKTOB

Jlucm 2> g: — rec Kasi cnet ws WpuHoeckoe | Cu-Fe | 0,25
— NPOTHO3HbIE PecypCel Awanse gu-;ﬁ 522
< Jluem 1 (MNH T cyxoit pyaHoin Macchl) U-
mgpo KOPKM W UX T Kan u
M Cu1,0-10%; Zn<0,12% B Cu>10%; Zn<0,12%
MeTannoHoCHsIe 0Cafik1 U WX reo: m uua

0 PypoHocHble: (Cu+Zn) 0,1-0,25%; (Fe+Mn)>10%
@ Pyansie: (CutZn)>0,25%; (Fe+Mn)>10%

v FeopuHammka

Tennosoii noTok (MBT/M?) B3emneTpacexns
rny6uHa OT ANULEHTPa, KM
4 <100 4 100-200 {fryOn MyEHTPaZ M)

. >200 * <10 * 210

18°C

Mop¢oCTPYKTYpHBIE U TEKTOHUYECKUE 3NEMEHTbI

[DOuuuie pucToBOH AONUHBI,
orpal HWXHel rpaHuueit Gopta

B np Axvwa

HeotekToHuvyeckne BynKaHuyeckue
NOAHATUA

Boprt pupToBOI AONUHBI

Haropbs:
a-

puGopTOBHIE, 6 - b

Jla

14°C

PudTosble ropbi:
a - nepBoit Kynucsl, 6 — BTOPOA Kynucel

14°C

Tpance " Apyrue p

nepaor;) nopsaka

F no Tam:
a - hparMeHTapHoO Npocnexusaembie
6 - npor: CTPYKTYp

Yrnosas ropa Ha CTbIKe TPaHC(OPMHOTo
pasnoma 1 pucToBOM [ONUHLI

 ®
(I 2noce s neenens reance

lFeonoruyeckoe cTpoeHune

a - ocafjouHbie oTnoxeHuAa(QuQiv)

6 — okeaHuyeckue 6a3ansThi(QuQiv) 3

B — OKeaHuyeckue 6azansTel (QuQun) g — Eynublﬁﬁ.yaen
e O

r- P - Awansers

6a3nT-yneTpabasnuToBoro coctasa o

13°C

BynKkaHuueckue KOHyCbl | & ‘

tdmMz2dsf j sddspgBlstsdzd yj M OY Mo j BO ( sMimd2 ME e s
1: 500000, MmMtsMmlsOo dzj dzdzOW S tsdzdzj SIsdotsds A4 1L ¢
4. R. ¢dzHtc]j j OO
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tsls dats i d dejddtIsds® 52  H 5 dzd dz' CR&O ol
G dzz B d dzJ . 1l d&zd L sfis 1 Isdn GdHtetsls j tc 3O dz
ftoj Hf sdztsy d Is! mMkh j Mo so Odla| | BPW dslats J dzf (&
fomszf dzjdzgdj &3 d tOLGtelkzL 852 CcdHEsls | ted3O«
tc OL dzts 30 3.

3. 1 sdzy dBddzj2desy dzixdls o Ltsdej €t
f stesH, lsdegsmwh d Hlsfigfvf ¢ MBOGRLBO dz' slas@izls ZNs  to z H
Mmd o-ptstyls sydats Pdztff 5 1s M sdptis O OW ! 5 9.CAd" Qs . d3
tcHdsdz ftsdzy bkMlsOdetseo dzj dzr Isted tekzHdzr = Is
dqdzls jtco Odz] @d&bOdddg, 2P jIs ttOL d&3j ter 420
i s dzdzlz © ddeW¥W stedzsOyd® tsB sMmtsB § dzdets s w d
MeMisOeatse Mkzdzr WdHdzr = thkzH.
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vlzdz? WdHzs] BtwlkHjdzj dedd dzO ¢ ts9 j ton dats
Mdztsy j des dBBOMMdo dz" d3d Mk dzr W dH dz" d3d telzdh O d3¢
H tg 1992). 1 Odzj M dz' FAfmfiglef Fdz" Bz H 9 te d
ftcj HMIsOo dzv & Is Mt 52 L Oyomlskzs gL sd3j
dej f 6Oo dadz' dets?2 Wisted3  CdzommMduimédd cu
fidtedsHduimecd sBtlkzhOosIlsmy o fetsyj My
fsLHded d3d Mizdz' W dH AHf,dz" 5B @ jEWJ hz dr? yt
fsmistets ¢ d( gi@®ndps sdzj § Stk der §j tokHdz j
Hdzw tedWistser a L tsdz { toj ol dzQ dglis ¢ | JAdAsts cutste
~teijBlsO CCMf dzBhte s ydipjve J O Mmls sdr G
d3d M ¢ sdzls d dzj dBPM Halkztteo B( dzOf tod d3J to, s Odzd ¥
ddL SdBd MEtstetsMiswdizd Mt Hddzc O. stolz{ dz
o] HddAO dzIsd yJ ME tsE ts ~tcjBIsO Bsc kzls
stcd jdzsdtetseo Odzedz’ | §tsH hlster @3 e dzsda ¢
ch dztse 5 i t5dzvdztmedd 1118923 tc O i

lted sSfdmMOddd t¢jijoO0odkdy MSdr tkzHd A
fesdviIsd] ctokzHdets] (fitgdajdedz 21 bH desite Wiistndsjtc iz ¢
dzsC Odz! dzf 2 whkHBdsMhmder 2 EZyoOomstsd dBstths e
B dzd X § dzdz" 3 telz H dz" g™ LA dsdf’ deffozdfy 3 H dlals
CdHEBISj ted3Odz! dg" &3 MmdMmlisj BOKJ .

wlzdz? W dHdats stelzH § dzj dzd J tcOL dz' n to C
ftcj HMIsOo dzj dzts SctcOded YJ dede’ d3 dzOB Stetsdy
9 Otc! s Ols! Mw s SBEKLGOL YO ¢ BtOL YylIz,
tcH dzrdgddilzj tOZOBd wodzwe Isw fdedls, BOtc ¢
dLsCEBOdd s, § dtctetslsddz, .4IBPR;AM7gteisal, 19961 O
1999; Gablinaet al, 2000: Fouquetet al, 2010) . moOdzt € st 0
ofmistcj yoe smw o Btsd h ddzfmlse jj o QO LHYEY . tc
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f sdzj 2, Oommsyddekze hdra M BOL Od SOM], f
Mo w L Odzdz" ~ff Jitc CHOBIBAdISS o F df S BBY dzj S Mtsdz. 1 d
Yofmsts LOGI "OjIs { ditaletslsd 0() F o ulgtsives dzj dac
CsBOdz Istso™ n  d dzd CH teA) ls OIS ts Wiz O dztpdets ¢
fMzdz! WdHOR, dzO §fitg doplsjdad dzH ftsg O d/Es O dz! Is dtdz,

al, 1995; Mozgovaet al, 1996, 1999; Fouquett al, 2010) . 1 sd3d oz
sCjoOddyi MSdmas MEzdz WdHOR lsdj yo,jlsmw B s
WO 0Odzj dzd Is, OS¢ Odzlsd Is, Ote j dzssf Jtedls d O
OlsOC OB Is, FtcOdzed dzd Iset d, H2W@IEQA)j. ((\FioWutslate!
B dzj tOdzso OMMtsyddokzels ) olststed ydzr d3d Ml
HdGJ dzd Is, ¢ tso jellaiz@@R); Foudekebal, 20i®.4 ydIs O h (|
C sdzls d dzj dzls Odz! dzr dzd O dzO dzts ¢ © d3d ¢4 Oded ud
ftcj 5BtcOL 59 Oqafiaizy-SElgwjoaO dzdz | 2B MisStetsy H |
Mty jd" fdedlssd, ~0d (s ddlsamd, “io®d
CzOo dgd dgj e Odzts a3 (1 dH1Gsj2dRlsd O)) o, mMedzr WdH"™ yc
ZzOH MEzd WdHORRd dBiHI, rOttOCIsjtodats? MBE
B dzj tOdztso ctkzf fr BdzjT di & tckdzlz B HA ts st Hf d

[ ddzj cOdzt dzr 2 mMsmilsOo ¢4 Oded yd MS dn f
CdHEIsgete 230 @< Isd o desis d Isj SIstsdzed yd ME sGE s
fsdzj 2 d Htotkzedrmr WOCIkBtse, o ¢ dzs yow Isj o
md ", Msdzj dzs s d Mmehissw dz | ¢ dMmdz,
(Hanningtonet al, 1986; HanningtonScott, 1988; Halbachtal, 198, 1998; Von
Damm, 1990; Fouquet al, 1991; Krasnowetal, 1995).

[ ddzj tOdzt dz" J Isdfr mMzdz W dHdzr A tclz H
ftcj sBdZOH O h j ¢t -dedor v (st W dzt§ dO§ B ddz B Q@G (
2017; wbknQdto®@f tc RBILtE,) J Mdzd MEzEAs W o H Gigb |
mMemMisOe y ~rOdz CSsfdtedls BtsdZj 4 50 %, Ists d3d
CzOo des Bz B dzj tOdzz. | MmMkdz Ydudzr = thkHO
ofmilstej yd d@ g dtedlstseor 2, " O0dz € Y d tedflsHsdz™ 22,,
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MY Odzj edlssor 2 d fduwEsddssdf' . &d e
TOd CEf JuEEEo T vodwy sMY o] 5B d&ZOH O¥ h ( dic

3 8 8 ~ = 7 7 ~ 7 V4 ] ~ ~A 2 1 ] 2 VA - 2 ~ ASY ] ~
p (9 A
O kd
1 AN AN AN o n AN

[ Bd&zOMIs! wkHBIsdksY jddYy fodv SBddzj 2 d
~dzdz fsylsd dL tsd3j Isted Wndetsl2 Widtsitelziz'n. torzHEZ W
O tkHdasds g uzjtcy O j &3 Shdetseo degzte BOMME f
spddzj 2detsy . [ ObjtedOdz ftsazkyd dz M f sdsh + ¢
11 MisOdzyd 2 ftcsBtstslsB 56O, tcOMmY sdztsy 4 dzd
GJ sdztse d yJ MCsdmdzldddarts ondfiQz 6 d = tkzHdZr = Isj dz
mMowrd M fJitoj CteOBBHj2Z Bjc ] ©O0GB sdzOIs dz" d3qd

] JHtcsIls j ted3Odz! da" | sBtcOL ts9 Odad W o) f to
SBddzj 2 dzts § tc OL dzd yde' i Motsddz dmstW s
o Cdzt yos Is dpindydodiai g jJ tebkzH, Btej SydJj-oadH
o CtcOlf dzj dzdztsy tStkzHjdzj dzgd] ots o d3gd P O h dn
Codzsztctse twhkHdzr » ftsdzj?2 LOWdEMdtse OdzO
BsteW sMistezC sktedzse s s O.

] oty d o= Gste &Y dzj dzdzts § StelzH j dzj ad&ftg O dzjcdezd
Bdzj cOdzdL Oydj2 MW Odzj tedlsO, -3 dets tisdOIs tp ™ -
s OdzdL dJtetseo Odzdg' =« WtcOGd3j dz2lsOr o d3j h O h d Q-
ofiste] YO  Ismw ) odH|j dH J B d3ts EMde des d3ts t6 ¥ ¢
t ZHdzOW 9 CtcOff dzj dzdzts s ,j Is &-400%. § tcO> wf dizts E
gqdzj v Is BRPtJIc@usdls r 2 MtsMlsOe M ttOL Bj esd3 &
fsfJted yded € 4 , Wisted3® tsB datsd3C tso teOL dzd y dacC
Kjd3dd dzls MmMkzdz WdHdz-8Y Gaiado mk.dz' W dH dzts

J]dHteBIsj tdzOdzr dz" | CteC d, h  tfedjtH | dz2@
tcHdte s f tsdzw SB ddzj 2 dets 3O tc if ®Pzey Mds'Odgdizj
S Odzso " d@3d w©WOL dzgtso dH dzetsilsw d3d . vd SMiskzcO
fwisdd mMlsOw, Misdikds® 'k dkzyighdz®lr ¢ s ts® ¢ 59 d H da
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szd WdHdz j tkH' sl dzd Wosstdei§us Ldgdzsc Hsty B
flowL Odets ) twOLdJyYdjds Emsed?2 WsttRdtso
s j dz. J ftej Hj OR SHASES SBteOL YO
MCter ktsC ted Mls Odzdzd yj MS d 7 qd L j dsdzd Mls ' ~
B dzj tOdz! dz' © OcCtjcOltoe. 1 & ) o lsqopfiglzlz jj Hst
fstedMistsfylsd fMkd! Y¥dHdzr 2 tekH, KOC COC L
f slsdzsisdz | S OEOCIjtedmisdSd k. 1 td
(BBdzj § 1 &BB)-1 BB BES (G te ( di3j daj J

] 209 dzr d3d telkzH dz@ d3d d3ddlaAkjeOodEOd3d v o devdzv s
"o0dz S dtedls, JLsSCEBOddls d iftkOzs @dH |
nOdzt € tsL d dg, ¢ tso j dzdzd dz, Btstedzd Is. 1 © M
COSHABES HGzHMdsEs HBJdj OO tkr' f tsdzw
G zOo dz' & Bd dzj fefOdis dids ol & s s lstsor 2

wkzd WdHdz | tkH' fdtedlstsetets o&ddz teO
tOLodlsT dz@ MisOdzyd W 05 df 1B 2158, t5 1700 d8' K d=St
sdf O ftswe djdr dz0@ MbsOdzydw s 35d59,
i Odzj tedlstso’ jj jozBOL dpp@ezgdz® = 35dz120 d
3.1). 10 dzgjCtlstster & MkOdydwn o' Hj d&v jc
sBtOLEZY §oMmisjtijdde § GJiteJmtsHT M dL d3gj dz
GdzOo dz' 7 whHdF 7 HBJdaj GOdse BjyHE MsBE2.
fdtedlssor n d NOd Ssfdtedlstser & tekH dzOB dzs
35dz121, 35122, 35ddzl24, 5-@z0f dnytsddlstsjaf™ o
35d&z121.

glzdz W dHdz j telzH T MlsOdzyd d 35dz59 f
nOd Ssfdedlssd M f sHUddzj dadg teig] e L oudjisSdf I
BOMMdo dOW, ted X d v is3zd MG o st i st

dzj 600 dzsBj odzsL j tedzd s OW ) t©OL dBjtetsds L e
Bd ez B5j S@ WsEs. 11 sH 0 BISCtsMSsfsd od
CtedMlsOzdzscwOW duj MSdj W stsdy tc®g dajj dia & O
d dzjsbyjldzder &5 SOROLOG fesdmisHdls ko,
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TOwOS s itz .

( to d M BdztbH sj Mdzes MeOMIsOJ Ismw mM ~0dz C1
ftoj ddslzh j misoe j dedzts i lsdgjOdeMmjlstoddsly. ¥ O3 f tets
v OB dizd ypPpd &) 8 Odz dzOwvw F OtOCIsjtedMIsds O tot
SBddzj 2 dats g
[ d dzj tOdz' dz {8l ddd | ZOo dz' § tokHde §
fls O dz ftetsyy o
MOdz C st dte 90 Mmiisiﬁﬁﬂﬁﬁlisf
3 5 dz5
l e lstsor 10 3 lq&q?’ %Om€OL

N f% odzjtedls, N =7

3 5 az6 ldedlstse 100 1 dtedls, ®OwBSOLJIs,
W Odzj ted s 60 uWOdzj tedls, fdtedls
Dt w1 ldedlste 30 1 dtedls, ®OwSOLJIs,
MmOdz § st dts 10 Mongsqqmgmgmmmm

B s tc dzdslg ,dztsNs d Is
D 5 w1 W Odzj ted s 60 uWOdzj tedls, fdtedls
ldedltse 40 1 dtedls, ®OwSOLJIs,

1 dedls, OC OL dlIs,

bdedbse! o0 ’ % :oilgsqqlq|
35 dzl
mOdz €t dte 40 ~MO&JQ§ﬂd&qbi '
Nd LStz B OBzd fg ¥ O dzj te ¢
35 dzl l e lstsor 100 iqmqb, QOQ?GLqB’

N olststedydz § MmMkd

D5 w1 ldedlte 90 1 dtedls, ®OwBSOLJIs,
mOdz €ty dts 10 MmOdz Ssfdtedls, fdte
35 dzl l dtedlstsor 100 iqmqb, BOLLOL gk,

N "od ¢sfdtedls, «
35kl mOd S dts 100 MmOdz Ssfdtedls, fdte
35 dzl ldedlstse 100 1 dtedls, ®BO®BSOLdIs
364 mOd St dts 100 mOodz Csfdedls, 4

I SOyjfnlsej olttesmisjfjddr = d3ddzj teOd
Ctso jdzdzddz, LOBjNOshdj "Od Csfdtdls, O

C fzd de& 5 y dzize
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dzj cHdzr 7 BIdzj cOdzso h qtetsCts tOMf tetsMisteC
ftcj SBEZOHOE N j sz tcOL o -BO %) = G € i I @ dz
B dzj e OZOR] fkdz W dHdz j Gz H T MmisOdzyd d
nOdz Csfdicdlstsotsdiz s dzj cOdz! dets Bz s f k2.

: R, 4 J % S S ~ B
B e MRS sooum PEAREERT i8 GE B nE  Shoum
t AL CtetsMistezCskzter Mz ¥ dH dik yBtinls S s d&OL »

fJefBdz Ssf Jtedlsso 82 d3OMMJd o desiX g ke d3tgdath dhidsd2@iz
nOd S dtedlsO o tol4e-GO diy € @sdgyded] sISHIE'9 (ke O L
dzj {600 ddz' dzs?2 Wistedd  dzjtolzH dzs? MisflsOo d
slzdz WdHdzr j] tekH™ MlsOdzydd 35dz6 0 fdztsy

l fsHyddzgj dzdz" ds tcOL o dlsdj &3 BOWLLS OL IO d |,
MW Odzj cdIls©. 1 dtedls eMmlstcj yojlsmw o Mmdatse
tcOL BJtesdz Ljteid HtS 0,5 Bd3. 52 ¢ cfiplg jo O jsc
s¢Co0Otcyj 8 Oded v . RdZSGHO ofmlstcj yojlsmw d H
Ckedyj M¢ 52 BsteW sdzsedj 2. [ jdz€ 5L j teded M
dzj f tOQo ddz! dets? Wtstedsr L jtojdz SBtOLEZjIs Isj
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tHOdB fwikddmlsky IsjSCMsktck OL aldts d sy tojfts
mMezdz WdHdz" | tkH'™ MMmis@egdydsdd 3X5 df tsoctdstisio detslz izt

| ZOo dz B C3gdzj ©OEOB] Mkd WdHdz & tok
fdiedls d MYOdjtedls f §Hydds dede" o5 tcOL ¢
ftoj HiMisOo dzv ¥ Is-MiB@ezfs@ d Iff Hac'd 4 ddtc dfips®@ dzjj te dUs to
Cbkste' 5 fdtedls d&jjls $OS dzj f cOa g dej iz
CkeduimMSdn CtodmsOdkzdzOr §dtedlksO f tetsfdzj
ldedlssar j Ljttdz® d OCtkjcOlsr s OddL |
ZCOL" 90OW dzgO §YtsLHdzjj ©WOLBEBdFo Qizdz] g ¢
kH (el Mt o] 5B ZOAWOs dIgdz figh Odzj ted Is ©
352120 sy dats slsdzgj Msd € MW Odzj edlstso 5Bl

i dMdsf 8@ MistekS skt fMEd ¥ dH dz-8T tot & A3 1f) tztizy
sBtOMIsOdzd J§ WOdzj edlstsdg Ljtejdz d OGtj GOIstse
slzdz WdHdzr § ytglfH "3 5 @de f tcj HMIsOo dzj dz

MsOdydd  35@HOde] fdeys’ &d 44l d b ey

tcOL dzgtso JH detslsw @d 3 Ated MirdeEA W d H dz" | tczHT

fwilsdzed mists? sji CMskztets?, sftcjHJ dv] Bs?2 tc

d3d dzj e Odztso M s HsdyssX | igisisstinisdr’'dsd dnte O ls © dzd W

l Hikzets2. Il sstetsmis § j dedz" d3d  d3d dzd tc O dzO d3c

d3d dzj tc O dzr . v 4 mdzr § MtcOMls ©Odad W fdtedlsO

f sdzsfiyOlts? IsjCMiskzter |, MW stcdi3d tots 9 Odadats 2

BOtS OL dIst=ig@ COH disdIlsso " n Odte ] f OB dzOH O
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tcOLodlsds MWOdzjtdlsO d §fdtedlsO MmMEzd W dH
slsdzj Misd ¢ MW Odzjtcdlssoatsd@®Bz d §dtedlstse a3k
Csdzd yj Mlso j degdes a3 Mssilsdesh j dad § o3, dzd B 5 T
fJtcotsG 5.

t  MEzBsE S tesMmiste S skter Mkd WdHd-EyBhs s oL b
fsYS scBtcOL Zscts ROKSC OL dls Oz g OfglkE O - Gls Odds df
B ZE BCtedMisOdzdzd yj M ts2 fdicdSsg phseR0OL OO dzi)t
COLodlsdv § dtdsftises o9 Rt LA CIPSIOdndid BHdle@, fgd
ROMdjo dz yOmisS d tkHr MsOdzydd 35 dzl 2
tEHr MlsOdzydd 35d&z122 ftojHMmlsOs dzj dzr
fdted s tBOH dBOsss ' &3 MsMsDo-DIsd (©OdMHE
MzOeOs h 2 (stedidsh Qj Isdpn ' 9 ldzPfgdr & s tsdz
Bstedzflssd3 d ROd CtsLddsd. 1 dtedls, o fists
Lisdzy ftej qagkzh jMlse jdedesets t6OLodlsdw ff tsf)dzj
OCtj Ol ddzd lHjd d'j Ljttdd djftos
fSHOWKECAL ysee f dtedls MdzOcOjls f sdshr .
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glzdz WdHdz j tclzHT MisOdzydd 3 &HBELELDL ]
fdtcdlstsar 2 MtsM3s.0hp.( cliztdasffls j §f j dzedz” d3 tolz
weodzw jlsfpw MW Odzj ted Is. | ZOo dzts?2 tsfMtsB j dadetsfr
wodw jlsfpw L dzOydlsj dg' dettgj Sta@Li o ofls dfigs 2 tc sh € fi
BOMMde d&' d&3q telzH OB . s sdzd ud Mise j dede" j
olsstesMmisy §f jdzdz" = tWhkzHdzr » Bddzj cOdzse dzO M
G izO9o dz' - tclzH dz' ~ d3d dzj tc O dzts © ddzj ¢ Is dz
sMisteskzetsdz! dzgz M toj d3F td'd3d 5 & detOdiA t54D dzaf O tc 'f d
B dzdzd 3 steso HEBs f jteor n MOdsd B Istctso . ;
ssdC 5L jteded M52 Mkd W dHdzs?2 &OMMEs2, dzd e
dz telzH dzr d3d d3d dzj tc © dzO B . 1JtejHSES oMmistej
Mz j &z0 & (OB, tc HHGds § W s dzd lskzs sj S Misk

10 MkOdzydd 35d123 fsHdVls oO0dkkzdz tc0O
ftocj HMIsOQodzw jIs MtsBs?2 cdHEctslsj tedzOdz! dalzs ff t
dL Bt SydjodHdzr = tBEt®REte (tls 2 HB 1
BOIs j ted Odzts d3, ff sYtO ds'dd: dd dzO dz3d . 10 fjtoar
ftej HMMIsOo dzv j IsMw dBsdatsdzd Is dzts 2 fmdztsy § dzdats 2
SlsHjdz dz = BEyoOmlsCOr &OB&Z* HOjIsMW sBtsSMiS]
o d Mtslse jIsfise j dzdats, tcOL dzd ydz' & tc dzts dz
MstczClskztedzr i3 HtodL &OUQPdz ( tcd iy dats &, fts
HdMEzdz WdHtso 4 dzjL O tclzHT MisOdzyd d 35
Btoj SuydjodHudz j, Bbdsfmwismw ¢ fdtedlstse sk

sbkzdz WdHdz" | tkzH' MlsOdzydd 35dz124 ftst
l BBdds tcOLoadlsdjdd tf Odzeots?2 diddzj tcOdzd L
COyJ Mo j olststetsmisj §f j dzdz’ - dz gl tizg & © dits o d3Cetc
[ So sdz! detif MO BsStY sL T fdtedlsO 5 BIC e
35dz124 ftOCIsdud Méd dzO 100 % ¢ tzf dgdH ldzg tff £

ldtedlstseor §j twkHr MIsOdydd 35dz125 ftejH
d ®&BOLEOLdkO, sBtOL Iz h dj tdcio[HTy Iz d2tf % 1B dzd
[IsH jdz2 dz" j BdCtesL Jtodzd MisT | fdtcdlstser j
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fsorh jdedets?2 Istcjh dqdztseo Olstsmis! 8 G dtfists tdf dfs Iof ot
sStej N JdzOd3 ddzlsj delmMdo dets Jtesf JlsOdzr ECMdHO
dzOB dz¢ H OB IsfpWw jJHddzedyds" § L JtedzO MW Odzj ted Is
HdgMEedz Y dHtse N JjdzjLO o MmMezd WdHd = t©kHO
Slsdesmw ismw ¢ f d tejtisdsia f &5z dBd dzj tc O dz

355123511

t I MedAsGzdz W dH dzOY ftsistes?2 SO fMisOdzydd
] Bdz: 5 d20 RBOMMdo difdrc qase Cisded® H GOBMd o dzr 7
BOtS Bl stso -Rts & HB tc BC WPHE Puldelfstso -Rtsd@ H; ¢
cdHtessCdMmde - ¥ J dzj L ¢ itz@RO deoBLic®Ddix®,@dsd d ; § By d
ddeC tcemisdtotso Odede” | S Odetsdsy Istgdf Qdzin© d stf o3 fif tiidin 18 §f 7
BOMMd o dzOW-B6 % O Efls 50 O3 teHndyd ofdzOY G kfmistse
W Odzj3Odel OL d Is 5 3B d3@fipfg Pg dzP V- 3D ¢ CuSm HGAE O [
BOMMmde dzOv-f HY Oz P tckH O M GY-OIzB ] § ud ged dm da
BOteC Pl stso OV wkHO ) Miz2D 8 dH Y ds] ald eBdzas sdgO
fdedstso@PW s folpzip ¥ d H dz" d3 yJ d3j dzls 5 .
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t 2HT MisOdzyd d 35dz126 i tc jOHsfIs O & dfvcid |
~nO0dz CsfdedlsO d MW Odzj edlsO iy tOL dzd ydzg
Bd dzj O dzts o . l1dtedls BOLEZjIs &) d&z¢ € tcd Ml
f zOMilsd dzyOlsr @5 BOwLE OL dlstsdz, fsyStsoadHddz &
By ZEdr C0O0dz0dzOr o Mistejaydy Jsmwr j & @didn IS sd d
dHdmRsteW dzr = CtodMmlsOdzdzse Mo d3j Misdes M
Med WdHdz & tekHOR fMlsOdeydd 35d&126 =C
tcOLodIlsdjds BstedzdIs©O d oltsted yder = Mkdzr ¥ d+r

{ LS tisMistekClskter fbdr % drH dzri® ¢t s dzv
CtodmisOdkdr §dedsO d §BUSEEBGOL A j OCEGcOls’
fodzdejddz | OctjcOl’ §ddksO f ksdssHdmny jhd
SlHjd df | Mosd doLitstsdps? (oo OSjisjdas? stoj " d daso O
35d125.

sbd Wander j tkr' fllsOdeyd df qassdeisd7 24 dit
polststsflsj §j ddz &3 MW Odzj tedlstsds d daj lzH dz
BjSdj (Hs 0,5 k) GHjd dj Sksduy
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s dzC SL jtodzd MlsT | Ockisg @Ry, GOBHEE gl dzd W
OctejcOlkss d GlHjd dj kOsBddlsyOlsr j ¢
ofMistej YOs Isw jHdddude §j L jtedzO fM¥ Odzjtedls
fdtedlsO thkur 1 Ists2C iyl dotOtitzedsoitzi s d § |

sbd WdHdr j] ©kHT MlsOdydd 36d43 sy
t Hddzd ydzr § dzOBdz¥ Hj dzdwWw Mtsslse jlsMmilsolkze s
BOwLSOLdls d MYOodjwdls o SOYjMmkej OS]
MlsOdzydd 36dz43 Wo dzwe Isinwdwbdzdf§ Ok Uz dgds,O
d3ts dets d3q dzj te O dz! dz' | tcOL dzsMis d dzj 1€ Coddz! detdsd tf to
fezd WdHdZ & thkH.

3 2 S ? 1 ? ~ 1 v 2 o 1 ~ 1 ] 4 ~ ? 1 A ~ ] AN ~ AN - ?
. .
-

4 2 4
- w o] ~ [] n 1 n ~ ~ ~ AN ~

Il fmMezdz WdHdzr 7 tkzHOR f§tsdzv bSBddzj 2 dats
ofMistej YO BMgr~ o w3ddaj tOdz dz" ) ORBEzYyY Ot
BOwC OLdIstsds o i) W@ jdidsd Istdsedis s B dzj dzdzj R SC ke
fdtcdlsser d @ity dzr - ts B tel£DB sl @ d2q As W L C
fdssd fdweslsddo J OwiCur sy ¢imdsseq Yo
Cdzdzs s te W datzf misd = L jste torOWL s ak@ dedcx 4y tod dzj iy j 2
sls d3j yJ detsls ef dejd fdzds e € isldzd6y J ds)sfipHj86.00. . 1N i &3O ).
1 0380 d%EWS-1.3Kk0M. % ( HBAPB dzd y O

l Btdz hddemlse ] MzEyojoe L jtedzO fdtedlsO
Ljtejdz dsB 200t o dzzlstcj dzdzj j Mtetsj dzd jd3 = O
Csdzdud Msotsdz stej "z . f sB@MEBdHgtzEl dzO:-
MeOMisOdzdd M CoOtyj i3 oH @GS &zQ b @e3d O lg gy L
(ted nB.6Es S

1dd0 §ddlO, O fn) fints \Pofizf) wotr{sidhdsfly,  dndsy ©
CkBdyj MCzs Wiste&lz 7) (. o d ) i dzezO slsdzd YO Is
Csdzd yd Mseoatsdy Stejhddz d Yste. 1My L JtedzO
sls jJHddzd yde" = Ljtejdz Hts tsBddz' dgf =« 9 ¢ dz¥ yd
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v OB dzd yOJd &I A4 MEd2 MeMisOs fdwdl

- sB G md B3diydi M MsmisOe, dBOM.
S Fe Co Ni Se Cu
350d45-9 | 53.02 | 46.80 0.16 0.02
35df5-8 | 5229 | 47.71
35df5-6 | 53.66 | 46.34
350220 -2' | 53.26 | 46.59 0.15
35220 -5' | 53.30 | 46.24 0.17 0.29
35 dz1-2-3' | 53.73 | 46.06 0.12 0.09
3 5 g 52.71 | 47.29
53.22 | 46.78
35 dzq 215| 53.75 | 46.25
3 5 dog 21 52.73 | 44.44 1.56 1.28
52.55 | 45.16 1.50 0.79
35 dzf 514| 53.18 | 46.33 0.32 0.18
53.92 | 46.08
53.88 | 46.12
35 dz1-2-7 | 53.87 | 46.13
53.71 | 46.29
54.07 | 45.93
53.96 | 46.04
3 5 dog 213 53.54 | 46.46
53.83 | 46.17
54.02 | 45.98

1 ted o3y yOHzOgedzr §  sdzzyd dz" o :
2300;2THOdzdzr | fBdzEyj dz@r o &OBBOIStedd RL LT [ ¢

BdC s iEARISM6 510 LA f) 4 dzgj ecs5Hd MY j tof@O0ZIEOS. M |
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BEC 20kV

BEC 20kV

BEC 20kV

t MzABSET jtedz® §dtedlsO dL L tsdyd 0L odRISH tc @ jcdids™
(MS Odzdtelzs W 2 1 dzj Clstots-dsae B 1 Gq Lats s ts5izj LEGK d i)
My d ClstetsBI-RWSEOLR EDT 1 61 )

BEC 20kV x BEC 20kV x BEC 20kV

BEC 20kV x350 S0pm  S— BEC 20kV 100pm  — BEC 20kV x55 200pm  —

{ dMEAmSEj 6dz0 JUed@ t©OL o dlsEl HfiBEEdr tsd s®s) 7 Hzd
(MS Odzqdtelzs M g2 + dzj Stots-dsia6 B 1 5q Lats MS & fizj BEGK d iy
M J Cstesdi-Bx®BEe JEOL, RLLT t 01)
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Mstesh s ftojHMsOodzj dzr o Mizde W dH A
nod CufdiEts Odzdls. | ROd Ssfdtdlsj MGH,
ficjHj ZOG3 83.04 87,6 1037.86j &4 L @6 rgPdgd Yo MS 2
LS OddlsO B aif)&e ks | HEOSksd fcke] ©y
Ctsdzj Bz sfw o 24 H4 OF 432 .09 &KOM. % Mk
(OB @Y Stesftddijmd (o'hj foEscO B d
OdzOd&dL O) o ~Od Ssfdtedlsj d dLsSks Odedls ]

v 0B dZd WO &I A MS 2 MEemisOs SOd Csfdis

_ mdBdud M d2 MsMmisOe,
SBtOL ]
S Fe Cu
mOodz Csfdtedls
3 5 df5-9" 34.70 31.67 33.63
3 5 dF5-8" 33.66 27.86 38.48
37.34 31.90 30.76
3 5 df5-6'
35.37 29.37 35.26
35 dzd 22 34.48 34.36 31.16
35 dzq 233 35.24 30.98 33.78
35 dzq 216 34.55 31.46 33.98
122 -1° 34.78 34.04 31.18
35.02 33.63 31.35
35.53 33.67 30.80
RLEBCEZBOd]Is
3 5 dF5-2" 35.40 43.70 20.90
35.71 40.54 23.75
3 5 df5-8
35.52 41.62 22.87
3 5 df5-9" 34.17 41.42 24.41
3 5 df5-6" 35.08 41.40 23.52
35dz1 F 22° 35.13 42.57 22.31
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J] S tsdzyOdzd j

34.57 41.10 24.33
35 dzf 214 34.43 41.23 24.34
34.71 41.03 24.26
36.34 42.51 21.15
35.99 42.68 21.34
R 36.01 42.45 21.54
35.49 40.15 24.36
35.58 41.25 23.16
35.90 40.68 23.42

) 6d i3] UDHD Qe Bjdz j d27 © OBGwOB®Ldd Ju[i[ R dzO
23002THOdzdz" | ftsdzzyj dzr o dzOBwteOlststedd RL LT t §7

BIStotsMS SJSMEEEOL LA ) { dzj ectsH d MY j tcf)ROALAEOH. M

1l sz yjdz fjteor j toj L kzdacoOtlytsse dfipdz &
CuFeS dL ¢ jOddyuyjmMSdr Mkzd WduHd 7 tkH
toj L sdBatemo( ccu) ([ Obkadd d HKB., 2017
BjssHdSd foLotddds ftsdazydl: H Odzdz" |
BOGdedIsdz’ » fsdvn o BSUESHizNEEOHT & dzif i zd@gw
nOdz € ti[diade@zr | Mt | dsidty P ufj i letists on
(ted MBdzBSB ) MisMistswls o MdzjHks " jd: §dt
feOCIdui MSd Mo Odd M owhlsSis @B dzj v
nOdz S dtedlsPD 8 ajod MisdeADC 5 d dzls § dzfd o dets iy ls
5CjOdzduj MSdR BKOLYOR L OB Isdts dgj dz' h
chdzts ) elzlz ¥ 1S to iz . 1 Z20ydlsj dzt dzOw h o to d dzO
ModHjlsjd Mlsoakjls © Bod "t twOMftcj Hj
Ldzj Slstedyj MSdn fdeddzjm? toB tofon iyddjnH b OB Y | s
LOMB) lsdzis @ ts sls ¢ dzts dzj dad W Msls @ O d ff
fMsjrddj stedyj MSsets. mOd Stsfdtedls 1§ tsdzw
MsmlsOe j, dzj sk S@&B'™ B i3 € Ghj Szl s 5 S
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1,0+ : 1,0+ :
a 9)

| |

> =

g l & g ;

20,5 ; ® 0,5t i

z ﬂ. l | z

= J'- =

2 i | r g | ,

— | .1 J‘ — i 1A
00 ldILn ,.:‘.lk‘ L .‘.L J 00 L \ 4 J
' 16 18 20 22 ’ 18 20 22

f. MHz f. MHz

t dMzdzs@d BSBte™Cp[ p dzsCOdz detsds fsdzj © dBEOL \
v OdzdzOR ME 5 B Missetsy Hig Haddes { ¢ 5 dzj tedofteiye g aiats p
dlsdzOdzas d yj MSd2 ntejBjls)

[lsdzdydlsj dz dets?2 yjtelsts?2 € jOdedyj MS dn
Bisdzl "tsj] t©OL o dlIs{[ ts5udatssHREDD2007IsSMdzgova et al,
2008; 1.4 d©Ota2d4kltss Mosddz Mo ts2MmMlse Odz dL
Cke Rk dzs lsdzd yojlshmoOdi St E s MisBHwe.OL
(zOd3j dzdzd) o tGhdsodes? dLSCEZBOdedlstsa 52

Hiekebk f &zOfflsidedgifj SPded dm M BOL k€ kst 6 §

MstezCIskzter (PmMEIBO 10) , ModHJIs] dz Mise Lk
Iso jtcHBWOLdzZr » o] otcOn jdehDdzo C B fteg g ( o
H t62015).

)5 dzdlsj tOktedyr &3 HOdzdz o5 Iz ) lswOedaiewo jdi fi
dzi Misd ndBI stedud MSdd3 Mt Hddi ddd ds. o s
fiod dzOH dzj 3 desfylsd  dL € & 5D dafiigf@z) &0 do'sRs 2 d d
(sOoB@&dygp. 1 OMmsydOoydds Mt b Ols € dsd djed Isd
OmMmMsydoydd M T fPditeiyg s ldsqdizts @ si teldbe \§ jozizla)s
RLESCEBOddls fsdw SBddzj2desj Wodwjlsfw ¢
fejHf EkOCOjl jets OMmsydoydd dzj ksd €t
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SEM MAG: 400 kx DET: BSE Detector EM MAG: 1.29 kx DET: BSE Detector
| DATE: 11121) 2 V: 200 kV DATE: 11112113

t dmkzAsEstckzC skzter - @M § GEIP)E d Ktz B OtAHl® B LOL YJ
35z 220 Op dEBtcOL Yi-1(3eBERJ2A s B tc Of BAA e 5 O dzOdzd L Ols ts
MV-2300, Jld[rJ][R)

BEC 20kV - x120 100pm  —

d
25 (o
t gz stczC Iszter tOMY QGh®i drLOE! K kebigdfddslddzs dz" -

L J dzOAd. L BBSEOY 4 dizf ¥ Is ] dzdztsH ¢ &IBMEBIFEIOQL LA, RYL LT

20 (i
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v OB dB4y@OsMIsOs dLBSCEZBOdRIISO 5 ddlkjttOlk
tclzH On 4 i jswiapdiakzt T joff) & ts O

mda&dud M d2 Msmisos, b MfsYC
S Fe Cu Co Zn
1t 35.56 43.05 20.78 0.57 | 0.06 Po, S
2 35.83 41.39 21.44 2.24 Sph
3 35.83 42.60 21.54 0.78 Po, S
4 38.29 39.41 21.23 Fe.O,
5° 35.89 38.57 25.56 Py, Cip
7 35.53 41.49 23.14 Chp
ltod i3 yoOdedj: uvOBdZdyO Mgk @ 5 dzP dz® * i MBZgaV®D 82620 |
etal,2008°i [ sLets9® d HE., 2007

W Odzjtedls ftej HMIsOodzj dz o tclzH On ) )
Cted MisOdzdztso, MY dztsh dz' AnddigPldm- d 5 B usQiz dfspds i
3.11). utHJtyOddj Zn d Fe 9o MW Odzj tedIs g
i61l. 45 &GOMIAB dqiz3Gm.9%8Is s & s dzdzt3.5). Is OB dzd Yy O

EM MAG: 242 x DET: BSE Detector SEM MAG: 775 x DET: BSE Detector
V: 200kV DATE: 1112113 200 um 1 MY DATE: 11121

it dMEzMELO) L | todzts ) {SPHR] tcdfGOMEOL f{detcd s PY Beltc | ¢ Ols |
35 d&zIV250; T Y Odzj tc (Shdpifalrsh dzOw BEOINA@GBR2BOBSE B tc
JdL B O BAL s OdZOdzd L O-B&80 Cambapn MY
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5 0B d&zd yOd & §j MSd2 MehmisOs Mt Odzj t

i mdBdud M d2 MsmisOe,
SBlcOL
S Zn Fe
3 5 df5-8 31.75 58.18 10.06
32.57 57.90 9.53
32.01 60.63 7.36
350220 -2
32.48 56.48 11.04
32.58 61.45 5.97
35 dzd 250 36.84 48.99 14.17
[ S tsdzyOdzed
35 dzq 214 34.80 50.73 14.48
3 5 dzq 514 33.92 55.85 10.23
lteddzj yodedj: HOdzdzr | sdzzyjdz@ o dOBGOItstedd
2300
0808 N“‘v“_“N""vl"“"l o

2> —

- _—
1 t ~ ] n v WA v ~ ~ - o 1] AN ~

l_

[ddzj cOdzstsBtcOL 59 Oded § ¢ J Odzd yud M dn
yd S dzd ydetsfls: s | sBEkfmdse dj dds?2 HJIMStejls
tcOflso stetso o Bj flsts tekHtlsdksy jddy. [B
tcOL detso sSL tcOMisdz” n dB3q dzj tc Odzt dzf 7 30 fiif ftets{y o
HdMCtej Isdesmisd tkzHtstsBOL 59 Odad v . v O¢, f
tczHOR odzvw JdSBddzj 2 detsy BEOLEZEIS dzj ME
SBEOL siB@afilso j dzdzr & CtodMlsOdzdztso By jls
LOGj "o d2 fdetesisddg d 5§ PdigjdsOf dote difis O dz
Octejd®lsiz dr MOMs Pz @ HKOBQE OOd3G.149) dzj

1 dtedls | sBr ydets ftoj HiNlsOoadzj dz S oz da
~Btesh 5 or tcOy J dzgdesd Gisie QA BddEIcE i - Od
(td MBisst. | @x@Ok0lsj dzjd MsMisOs O fddlst
CtsB OdatEs G %) . Sedfdaildz jIlsl d3j dzS 5L j wded Mlsr j
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BOtS OL  Is tiwdf,lsts gy OdzjOtc Istsd3 o 3.1f)Qdztsz ¢ @Y
BfCtesfteddimMi2 o fdwedlsy |1 fwodmizlsmiselze

MmOdz! Ctsf dodilslz josL stgg s @®d ydz' j L RBzD § &
2O ddeitt  t OMY tots ipdyd@sdgiddadgs(df f  fdtedlstsd
Mzdz? ¥JHOBBd &BjHd. 1 O0ttdOydd MtsmMisOa O 7 O
dqLdi3d dzgj dedj 3 J et OMMsydoOyd? o teandg)~dzj def
jets Msjrndodjtedd. [Isdetsh jdzedj wu/ Fe €t
ftosHEZCIstse wOMIOHO o joHSEt ©OMsotsO
d LStz B Odzd Is Of.  tewd@sdz! ISIs MdzOG Oj Is d3gj dz€ s jdte dzd
Gdzj LHOR d B tdfa@hkdsOdys stz§ §glssdz 31lde ) .( t
MmOdz Ssfdtedls |1 i HMisOo dzj dzfn s palz) el
du/ Fe Bl 0Ll @BC AWV . ®AQALodIls o Isjn YJ I
Colststsidals 5B Ydats dzOR tsH sy dg dzh P bifls @ decfiaf]
SBOL IZj sdzBdsjzj § " whl @izgz®d f cd MkzlsmMisakzjls o
Bddzj eOdzt dzr 7 OMMsydOyd?2 Mo &3j fnls dz® dzfndzck
(tod MB.iAsg .

[MsB j dzdzts My ls d Wsted3d tots o Odzad W slsH j dz' d
Lotsdz yde n¥fdgd g S dn EmMdzsed?2 tkzdgsts j) |
9 GdHEBI]jtedOd dZ@ » tOMlss sttOR sy jls ]
FE" d Fe€" d ndzstedH dzr 7 latgek] dtjos7iye. (S S MY j to
HOdzdz" | fts¢COL" 90¢Ils (Hel geson, 1969) ,
Mzdz WdHdr 7 thkHORY tc flasigli®o dzg dals ' O td df st
fdetoslsddtsds d mEFREUMS s zdz' ¥ dH Z2OvY ¥ sted
Fmiss2ydets?2 o 1lkdn Emasedwn d tj ¢lzdzd ek

FE" + 2H,S + 1/2Q = FeS (f d t9 & BH" + H,O.

[jH!, OdOdtsedydzts Y jdzjL bk, dzOBEswdBm:
ndztsted H dzr 7 CRA (aige MOE977) . [BOL 59 Odzd
CHdpstsdzdtelzj sw toj OCydj 2 :

CuCl + F&* + 1/40, + 2H,S= CuFe$ (n O dz! & &) ¥ 1/2H,0 + 3H" + 3Cl.
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1 0dzdydy ROd C5L ddz®, ¢ 5o jotrdzd 4z d dzjB A
ModHjlsj dzdzAize il ®EdEzOBt o' tcOy j dzdz' 7 L sdz
sCdMmdzi dzgdw, OdzOdzscdyder = o € tsdalsd dzj dzls Odz
I stedzdls LOBJNOjIs ~O0dz Ssfdtcdls |, tcOL ©
EyoOfmksSOf o FROd Csfdtedlstser o f tcigl@ izhor
fMse di3j Misdzts ) B tsteded Is ts d3; C tso j tizfzd fipdzj vze
nOdz Cfdied s @B1B)ed Mz dz®D dzr j] W OCIsste’ Wt
¢ dMmdzj dechd ai3d yd M¢ s d Bdiscj dzdesjso tUd
Ldzd SIstetsm d di3d ud MeteiiL zfdm us\ilsiph@ € Hilsi s = O dz
fllsjd MmdjHizehdn toff DY T fiaizp i ddg HelOmr

A CuFeS (R Odz' € B #f 4CQefds(SQ) + Fe(SQ);

A CuFe$S+ CuSQ=2CuS ¢ 59 j JizoEd(8R);

A 2CuFe$S+ 3CuSQ + 3FeSQ= CuFeS (B ts tc da02Ee(SQy)s;

A CuFeS + Cu?=2CuS E Odz' 9 52CHSIHzFe?

lted SdMmdzjddd fdtedlsO BteOL k8 Isw
| SotsBicOL 59 Odzdz’ j] olststed yde j di3ddzj cOdzr ¢
Isted " dd2Od3 d o BdOB dqd dzj O zO~ ( g dziz ¥atb § dz3 =

t dMEzBARCO)C 5o j P dzts Bt OL Yj-2 3bBHA Q) to Iptpo © 2
B &2Z¢ 5L jtedd s 2 § 5YS 5o dH dzf 25 ¢ tayBeEOlEs ¢ j@Ba O LA
BSEqL sBtcOY j dzgdW ( 3 € tots O dzO3;UAQ ,Olsisde LamM)SC a |
RL dgjtekzHder = d3ddzj eOdztse o 1 fsteiag fr) IsiesOfiz
CoQeyos O ORIdS . (Bdkzdsss Oted Is . { B dz@zO ¥

o 5EZOMS dsdlsO d W RMEdY dlsO (tedmkdsC
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DET: BSE Detector

{ MEAABIO) o 5 ZOM VBB ] k5B s OL Wj-3 3 bR @&JAhes SBELOL Y
35 &4 217BSEq L 5Bt Oy j dzdV ( BJ S tots O dZ30RY wPlgtste ) Ca mS

HORStecsHds] Lisdkzslsts tsBdzOtelzy j dats o  dzj f

f ~SOsifdedistsd |1 d( o fIppigp@iEls stetsd3 B " dzd
dL z yjWds tc d3" dzO n B YsHZisdEBOY 9 telzH dz" ~ sBI ¢
tcOL 9 JHBYdSE s ted?2 B206)d( ¢isidsij |y Jpds=izisstyls)ds
o Mistey Yyols! mw n @zf3ts stsHidzEAss W@ s gH d dzj dzd W =~
(fj dzj ded H'™ L sdzists0daits ois@idagjcts L 8 tzidls i € ld
RS dgsdets ' MsC S5 toipdggsiy’ M fifjiac j B 6O 3.6. d3j Hd (
v OB dzd y@d &dqj MSd2 MmO L szl

_ mddBdud MEd2 MmMsmisos,
sBtOL
Au Ag Cu
234-M-3/1 86.18 5.94 7.89
234 -1 86.49 11.03 2.47
97.39 2.61
90.27 6.87 2.86
1354[ -4
89.23 7.01 3.76
86.23 10.08 3.59
1320f -1/2 97.95 2.05

ltodd3j yoOdad j : H Odd@Bjts tefOusdsltoyfjddz'] ey | [ R dz20 3 € tots G
2300
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] Odzj dzd Is dzOB dz¥ H Og lUsHn,W  fig dztEeO)L ddets fds Wi O dz.
3.149) . 1JJHEBS oaMmiste] yoes smw o thkHOAR
oCdzgdgd?2 o Jjteodyds = dgflErj)tdO dz® @ dLORMEB Mz «
MtejHdz) J MSHJKYOdzd] BkZteOdzO o tGkHOA { t5dzv
Msd HJddz] dzd 2 FtcOdzO foLotsdzwjls ftsosHdIls
(B IsEHEB-HDBQws DdzdY ) Mizdz YdHde" » telzH
o o d3j dzdz" | GteOdzd Y- OC Is 8 d LHAYWls]j dzg dizstts|
SIsH J dzt dz" = telzH dzr ~etals 8990 LOG3OIDI5;( Stueet ab 2000;
Kuznetsowetal, 2006, 2007, 2008, 2011; Kuznetsov, Maksimov, 2012).

I tjLbkzd OO dmmdzj Hise Odzd 2 ¢ &zO o dz
Mrd BO  sMdzj HdZ3P @St ExztdAis Bnils G 10AS & @ aledizr -~ o tcfgH
SBddzj 2 dets § .

1.1 0detsdzy J t©Odgdedy MmMlzdzr WdHder § tkH"
(Po), dzjtejHEC ) jidudichifds' §# JtadissdssE MY H Od
Nd &z LB)JeHe" qesC sd3 WOL o(dtsdlff 3. U8 O 7D ts Y IO gl
f sH BB dz" j§ Mtc OMmlis O dad W slstcOy O6 Is tej L zc
CdHEtSIs ] e BOdz! dzts 2 OCIsde detsmisd, dz4 Mo w L
tczHBBEBOL 59 Odzd j d3.

2. RL ¢ z RCdrf I stff d{ted{listso ™ OmmMsydoydd
MstczCIskte tOMYf @6 @' Cduf s QpsfHtOmX 6 - OtcPK s fi)
olststetsMisj f jdedzg" d©5 wOLodIsdjd3 Btstcdz@ls® (@EBm
l94s dz§ d - ftotsy d dzC &bB ) ( tcddndzdasslStcd s B teW dzr |
~nOdz SsLddZzO0 d Ctso j dzdzd dzO, L Off sdzdgv s h dj |
dn fsLHdz] i3 Ge®@OPMHEsyPOddw s I ~O0dzr S5 d
o' MsCsftetsBdzts] MOBSHdES] L sdslst.

3. mOdzr SsfdqiedIlstsa ™ j tc OL dztsdgBtd ¢ Ofg df Jsdzo ¥ |
fdeigbOdz) odlssh) " o dprfpdgd L § edzOBd & @ gzgzdz
5 Odzse 52 3d dzf o Poplf Bz8E))d.d 1 dedls Jdzd P
~nO0dz CSsfdtcdlp | Y Pylal + 41 Odzgdz" n OmMmMsyd Oyc
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MCter ksStdMmsOdddyj MSddd Ock]jcOkody o s
Y dzsh dglz ¢ tobkh gz é . WMOMME (ttdmkzdesS 3

100 um 100 um
t Mz ddzj cOdz! dz" | OMMsydoOydd mMEzdzRodH dz" -
f d totc SRy dfdaf tc GhpT ~ O dz! € ts Wi itedd@sts ¢ CBYhd g W O dzjldbrils ;
d L t5¢ Iz BB@idedtdsts ditfnis iz tc O dzdQpd s if G3lzf ¢ Odzj dzd Is .

] sfdzj Hiso Ols j dz' dzsfls! ©BtOL 5o OdzdW flzd
dL B dzgj ded j &5 IsJ BY j e Ols zte datshigjts  teolg b tH[tsiFOle O L
I " MsCtslsj B j wOztcds d3d dBddej eOdzOBBd (o1 h
fdtedls, ROd Stsfidtedls, dLCEB OBRD0Amk]
fdtedls, ROd Stsfdtedls, MY Odj tedls; idscLeSdtsls
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BOLC OL dls 3( BPe dzdjte@ists g seiso Bsckls or § s
MlstekSbkzter ©OMFOHO ko jtH' 7 t©OMlso stess
MstezS bzt wo dv-§ sdn® dz§ IO daf € & GdeuR] s J &€ Pls
Ctsojdedzddz sBtOLEjIsMY ftod dedL Sdn Isj o3 jt

5 0B d&zd YO, K. WOktedz | § OteOcjdzjlsdujmSdj C
Bddej cOdse fodv 5S8ddyj 2 dets

[ ddej e©d 400300 300200 200-10C0%

] Jetetsls d

Y JtedIs

RLBSCEBO

MOdz S 1 d

W Odzj tod E—

1 stedzd Is

mOdzt € tsL

s 5o j dzdzg

Vted d3j wOded § @ N d ot dzjutg @ectzO' ts ezl cfizellj syw o f to
MsOHdd, Mtcj H dM“se jusiBteld@vO jdsd ddg®’ H O dzdzis ) isfigls @O 6 fr
tcJ HEG S

dtsfipls iz dzr WdHdz" 7 tolz HH tWfatstslzir! dats dedgj H2 jdzts.
d ddSCigpzd YdHdzr = tkHRFKIs Odgtisdz] dff s dBOOC
fteddi M o §dtedtsppdidugceozd @Ydw ¢CtBOdz
sCjoOddyd MSdms Mkdz WdHdzr = tkHOR dBsyils
i J delsdzOdzH d Is s of (Hltef2C0] OdBls) -] joblzts @20 dzH t§ Is wetzal, ( Mo
1996) , CsBOdz sdqdesds d OBy zdzs© 3t oy G
2003), dddedzi distsdz d dizdg te &z Gz 3. ( 1 ts 6k dzdz
dzsC Odzd L s Odzdz’ ) L tsdzd tcOL o dIlsdw z dz! Is
C 5B Ofdg dzls dzO dzigd I sdgtg e Nz MY H dz” - dodziHifdsRe jo
50% (Fouquetet al, 2010). [ Hd2OSC 8 MdzjHEjJIs L OM Isdls!
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tcbHtsBBGOL B Odzd] O Hdzj BECjOdZO ~OtOCIs
LO Mudlb yjet ddsedj { dzj d3j dz2lst dzj My smt
iB3d dzj tc @fdzd,L O Mis O OW fy! tcOMMmJ W dzdzr dzd 9
Bd dzj te O dzts of j(dpjC2jSBEAR). 0 O,

lrwedzj dgdzOW ff sfydzj His9 Olsj dz' dats s d3d dzg
tkHOR fdv SBddzjlds] Stttjddtkzjls
¥ stodsd tots o Odzd W B Cadmediidz & dezz 2 dzr BRAOL o f
[ scOyYjo, @sSOddLBo Oddescts o lsddyd,
Md e J delsd dzd L d tetso Odzdz" A fjtedHislsdIstse, t
fsdzdatsfls: 5 L O®RNjd MmMezd WdHOKRd jdzjtL
ftjHiMlsOo dzj dz20 OMfMsyd Oy derkdgidzd 1§ @,dz! ChY G
fsLHdY Y fosWodvjlsmw o §jtojCtodflsOdzdzdL
fmissls &ddj OO dL deser °d fisteRd25 ).
Med WdHde ° tkHOR fdddilstedydss-] oo st
fteOCIlsduj MSd sk kifflss) dejoszd Y@ as s.0 OV s ) d:
SBOLSo Odgd Y tolH 1t # iR O o dBjCdPs o P s te)EY d
fjcots?2 ) GBLOLG)OwIBdy CEPYLGisdls ' & d
fdedbstser » tkH d obtHBEDichHP @ BEHEEE] I
BOLS OL dss®gI20MMEsyd
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1. dkzdz WdHBRBOY &Jdzj cOdzdL Oydvw o o]
ftjHMisOo dzj dzgO BOMMd o dz" i3 tc NTzda] J af dfi elaiz'd3af d
ftotsy d deCSe@Of dzj dzdz” 03 tokzH jdzj dzgd j &3 ots o d3gj h
CstcC Odz] . [ Ofmfmd o dzr | mMizdz W dHdz j tclzH T
ftcOCIsduyuj MSd2 ddzlsj toj M, ifedz@®cdid® W] filzjddz@Y. d H C

2. wtejHd Mizd YdHd 7 tkH ' Hodtcd b
~nOdz Csfdtedlstsar 2 d MmMWOodz tcdlstsar 2 d3d dzd
3d dzj tc O dz' Cslstster n nOtcOCIsjtedL z8 Isfmw fn
TdBJUjMS e MsMsOeO® J dGsteWsdsedd.
mMzdz WdHdzr = tkzHOR odzv fdtodisdzd B Odzj Czft

Yls ts sy j Is B' Is! sB kzMmdzts o dzj dzts Hd MG toj k
tcOMmlso stetso .
3. 1 s tcjLEzdz sOIsOd3 dmMmdzj Hise Odzd 2

fojHdsY ] 20 Moj kO §shdjHse Olj d dsflsd
tkHOS fosdv. | 0detdjj HEOdadfls shisd §d:
fdoteslsd dz0, dajtejHSt §sddshls!' s L Odjhjd
jdzjiL 0., RrRIG&LSEffHislsser j OMMsydoydd
©cOMYy OH O 1l B& LS Ofiaftsd Is T O OIS tstg tshyfls. izt s
©OLodlsdj B B steded s QzdzdidA@z! Sl ts LOfrHEAs ydf OSyts(er jn
oflstej YOjlsMv o' S st das] MOBSLEH dats
fd3d dz¥ & Is MO tf Y B dSIs 5 0 igydO dfj W dldawfols” dsd ) toj
COdzj dzdls©. [Bhtedj ddshls! t©OL ddyd & «
By jlsf ke Ols: J- seshsse dj ddsils! o 1§t
f s dzw .
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| ZOo dz" i3 tkzHBtsBtOL Iz h ddisd 1 dzj d3j dzls O«
tkH WwWodwslsiw Fiej,H Ay dLZK,slsEEME ftodo
o ded BOdzd j, MowL Odedlesj M di §©OSkdyj MSts
syd dz dL &34 deudoe s, ofdzj Hipsadd uwdets o
Med WdHde & kv 20 GftejHj dzjddr j ¢jad
G dzOo dz' W) ¥ OOy d tsdzdz’ dzd + dzj d3j dEls OB 6
sdf cos wiso sH A 7 Mbkd W@d)dy & tekH (ted Mk d

Cu, % | Cui/ Cug.m.
50.0 \Semenov-2 I
400 .
A 500k Aﬁ ! ALogatchev-2
i TR O o - - -
1ok B B Solwara 1 Cu-Zn
cDD = —
10.0F
gl O Cu-Zn I A
9.0 :.'_1 o m O Explorer Ridge =
8.0 ©Og B !
A m] =
7.0 A m| O 1
6.0f Gala agos Rift o o = I .Sunrise
5-0—Aﬁ~lu leynoye - LR “ @ pJade B
40 g2 o _0 = f. 9 mOkinawa
30 g O . d | Zn-Cu g lauBasin
” .\ Zenith-Victoria _— 1 y ]
2.0 7.8 m O
A i i m 0 WSowam2 5,70

Zn, %

Fe-S Zn-Fe
i Mz4dsE ZzOMMdW¥W dE Oydw ¢ JjO0ddyi mMcdres Mkzdz? WdHA -
G dzOo dz' » tclzH dzr TudZis(Bsthasz$ultlarewva2017)) tod d3j yOdzd | :
btcj zEtsdz dzd C OB tBESL dgOYj dz' tebkHdz j §tdzv, onts
02 sdzgO; Mo j Isdzi i dz¢ 0o Ote BPIstOaBE Y j dedz™ | o L s5dzO~R
Isj d3dz" 3 Ca PBEOISOBPMY sdztsy j dzde | © L sdzgOR L
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ZdqetsC s J Injf sy -G jetkmi dlalgsd yj M S Ow , € dz(
tcOL tcOB tsls OdzdzOwW C tsdzdzj S Isd o tsd3 (AdpjdaHute j"J 191, R R2,
fsd3tsh 1 8 Cslststes?2 of Hjdzws Isfqw  fdzj Hize b d
- J Udsdzy j H O dBdgCuXx 1%, Zre< 2%);

-d3d H-fizts dzy j H O dEez(Cl > 19 Zn ¥%);

-y d dzC-6s tky J H O dedz(ZRA > 29/ Cu < 1%);

-d3j H-Tgth dzC ts © tZR (Cu >Cllo, Zn > 2%, Cu/2.6 > Zn/7.8);
-y d dzC-tg p s dz’ Lu (CZ>A1%, Zn > 2%, Cu/2.6 < Zn/7.8).

HBSHjtyOddj Cu = 2.6% d Zn = 7.8%
MH j oy OdafjvlsOdedtsso © MEkzdz WdHdzr = tekzHOR |
2014) d dmftsd Lk Ismw 9 COyj mse j - sy
GdBrndBdUd MEs2 MY jydoddL Oydd Mmizdz v dHdz

1 toj sB dzOH O h dd3 H dzw Btsdz! h ddzmise O { tsd
6O 5dzO W o dz€ jsSlefmy H @gakizz® B3d ud M ERIL) . Is O Y
oMy HOdz dzgj 2h dj dmMmdzj Hise OdedWw MEkdz W dHd
LIssdz sdtfidco Fts Bdz dzOdeBdzj j r t5tcohldss tdf t6a,
n BjHEEEyj HOdzdzr i3 MEzdz YJHOBd wdm fmow.L
ftosdzr " dzjdetodgsf i3" = C R sdzj dzglsse, IsOCdrm CO

glzdz W dHdz j tclzHT i ts dzw dBddzj 2 dz
ftoj ddsizh j Mise j dadetts dzy j HNQ dediats? - ts dzy §dd CHaez
M j ydodzdL 0ydw dzd . R L 6 0 ftosOdzOdzd L ot
Gd 5ndBdud ME S 58 % HeC )i J Ch-He (48 ®)s 4
sBOL YO ftedmatHWISMWw dadee (Y .c~dd3d yud MSd2 K

stojHdzd J MBHJ o) Odzed § Cu Ho&W tokzHdasct
A473%,Zni 0. 73 %. wtej H dzjCiio MO gztc§ ©ffaf g dCs-Beo © 1
CiBrdBdyud MSsets Isdf O fsiflsdDeedzv i 0O dij Ae 7
tcOL detZinBee] snd a3 Y MfEsd® sdf B L dzgOyJ ded W
L dzOyd ded Vv d3d ) tclzH dzr R f sdzv A, zts € Odzd L
MH jtey Oded?2 o tlkHdgr 7 fsdzZvi”, OMMsyddkzs
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IrHjdzjdeder j] &j 7 dygdi figGidiy F s deten s
Bsckls Brls! MefshlsOodjd M kilsOdss dj

B dzj . Odz' dz" B (Hplhgevaed & P14 etk ~ Odzso O ¢ H &
Sukhanovatal, 2019 ( Is OB dzt).y ©

v OB dzd yOBBIsa jIsflse dj ¢J s@ddgdw dSdgnr Isisd
Bddzj tOdz dzr B OMisydOyd?2 o fMmizd % dHd

lisrdddyifm [ ddzj cOdz’ dzr 2 { ddzj tOdz dzOW O

fdcdlsse OW
FeS ldtedlstsar 2 BOteC PiJdely Istso OW
nO0dz' € s ditedlists o O

fJedBd CSsfqedls
Cu-Fe MOdz St dted| B S tc @Pskz! ¢AsQ df'dE s d
GO PIERH B § s dt

fJefbod) cdlsse

Zn-Fe gw Odzj ted Ists¢ _
n Odz' € tstff off tisifisO dzj tc d |

Clsd Mtstslse j IsMmise W fsLotdzv e Is dL zyc

Seddzj 2 detsi S s dzj S fydets, b fyls @ gz® &, dpizaf @Y
M j dedesisd (wbk-Odgsoa ©, 2017) .

v 2 1 ? ~ ¢ v 2 ~ A 1 N A ~ n n AN I ] ?
18¢8
AN -

ssf zZlsmiselzs h dd3gd H dzw mMizdz W dHdzr - tclz+
slsd3j yj dedz" &sd L OyOMmlskzs o Hwsor h jdader 7 € 54
Pb, Co, Ni , MKotlinsk§ 2001; Fouguetdt al, 2&LO; Hefn et al,
2013; ddzHtcj j o, 2014) . 1 Jd SBlsster j dL
dqdzsjtejm. 1 IsOBdzdyy 4.2. Htwde jHjdr Mt
Mo zlsmiseze hdr { dzj d3d dzstse Mmkzdz? ¥ dHdz" = 6
MtsH j oy Odzad W L dz@y jlaBfVY jMIsOdzH Otclsdzse s  s5Is € ¢
GitaddBdyjmMSdr Isdftse tkH §tsdzvw bBddzj 2 dat

t OMmY tcj HQudZgnd®Rp, JjCd, Ag, Au, Ni, Coes Mmizdzr WdHdz =
M dkzOMEz j My M dtsedtstcdzOdz! dzts?2 d3ts HFEgiddH ©
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dets te 3O dz! dzts 2 . [ dzv LIz fPls Odgisy kidg dzd vozj dgb dzls O d3
mMzdzr WdHdzr = tlkH BT dzd tOMMydlsOdzr CBtctc] C
1 twjLbkzdz SOOd3 WOCIktsttdtets 0O0dzOdzd L
SBddzj 2detsy BSYtjHJOzdr EmMlss2ydesr § OmMmtsy
fjtcosetts d ol dy Of jsfistecdgo 5™ % o7 H J
dzOdBtsdzj § (Yo dnddsi OommsUd@®Idd 4.2z) o34

FeS-SbNi, Zn-CdAg-Hg-Pb-Au, CuCo-Se slseo j yos h dj
s tcd HJ dzj dzdzts 2 GJBrddBduy ME s2 OmMMmtsyd Oyc
sdf sd3 Mkdz W dHdz" = tclzH. OS¢ O t&Q SHs jdtatgidi

dzOdzd ud § 3 OfMmMmsy FOHSPNi, Cu-Brje dsjsdisfsipd | 4 -iEC-d 2
Co-Se Zn-FeG j s~ d d3d y J- Br-Gf-Ag-Hg-dPlFAU.

0.8
Si02
°
06|
Hg 8d Zn
%o e 0.4
Pb Ag
°
A 0.2] sg
u
F2 |—°
-0.8 -0.6 -0.4 -0.2 M 0 02 Ag 04 0.6 0.8
o o ecCa0
-0.2
g g‘i Se ¢
0.4 | o o
S Ee = Cu e
) ©
<06 |
Mo©
-0.8 | F1=40%
F2=17% cuUnbHas KoppensLMoHHas cBsA3b
cpeaHsas KoppensLMoHHas cBasb
F cnabas koppensuMoHHas CBsa3b

t Mz4BAsE jL Edz SO MOl d fls diEjdEWicts YORRCsdxfa dd :
Hdzw o' BtsteCd tojLizdz sOse "ddidyj MEsets Odz@dzd L C
MRj BO ojlowhdifmw fMmeweL j2 HdAV kB2

10 Majdd ojlboawhdafdh 2ho W LfisMis (ctsd gkt
Ce1 WWdydj dzsse Cstetej dzv ydd, odHdzr BEM
L dzg 3 dzlstse, yYlsts HBCOLM 90jIs dOdzdydy Ists

tezH Mt Mo tsd d3 dzdfscwE{te’g dy ji2dzj d3j dzls s o



58

006 |GSE |98E |€9'0(2C0|€E0E|EET 89T |6VT |L'GE |€8C|99T [¥9°¢C |¥80|Z2L8|.LTE |0SV |T6°C R "9 ly
00'G|6TT |S9¢ |[CTE VL 0|69C|0EG|2SYV|EVI|GE6|006|5YC [¢6'L|2G5C|C95|9¢8 |C0E|67¢C€E Xew , -
€8'C|GET |/9T |€LT|TC0|T0C|0CC|0LL|¥VOE|CTT|00G|LOT|9€C |90 |CLE|TLT |CTC|CLC ulw
00°2|00Z |66T |St'C |67°0|2€Z |0V |T6C |¥'SY |82 |00°L|82T |9T'S|9S°T |L L |TSE |[T9¢|662Pp H Faly
T0V |69 |29G|TL0|6T0|CVT|€CS|EST|90T |26€|SCT |L0T|.L20|SE6|6€T|98S (VST |95 Bl "9 ly
6'LT|9TT |0T¢C |8€C |80 (679 (2S¢ |08T |LLV |EST |TOV |L0V|8L°0|C9C |8V, ¥622|C6€E |9.LE Xewl vz
L'0T|T/LC |87'8|€00|700|0LT|OV'E|0TY|09C|0L6|0VT |6LT |¥00|8V'T |VEL|6CT |6€C|GCC ulw SERLY
¥'0¢ |22 |0GL |0S0|ST0|96Z|86'8 |V TT VLT |97V |S¥6|¥0E|6E0|LET |¥6 BYOT|8TE |[v62Pp H Faly
08 |vE€L |9GL|TOT |VL0|8TT |LV'T |08 |¥8T |0LS|6TT|60C|6€E0|EC0|6CC|S9¢C |CEL|1799 R "9 ly
0S'T|STT |66¢ |VV'E|8LC | V.V V28 |6T7E|9€6|06T STV |08L|TY'T |.80|0VT B8ET |9V |18 Xew -
6°0¢|€ST |[0ET|TO0|200|¥T0|09T|820|08°¢C|0V'E|00G|0ST|TO0|TO0|029|09€|T0C|S0C ulw o4
2'82|.22 |62T |.8°0|GL°0|S6T|80'G|6E£'8|69T|9T9|8TZ|282|280|6E0(L9%|€6T |2ve|ccep H Paly
v |l V| v| vl Vv|wv|lv|lV|WV| V| wvWw|wv v | v
I R P R R N ,%,%,fo%:ngmﬂMmngm
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1 O0dzd ud 4 slsted yoOIlsj dz dzr = meowrL j2 a3
Coi3f sdzy dzsOBBd R OtOCIsjtedL 8 ls OdzlsOG tsdzd L
sBtsMmtse dzj dzdzts s tcOLodIlsdw ) ftesyj My
SB ddzj 2MBAS, Mn, Sndzj tBKOL EZ¥Is L dzOyddir » € ste
smdzso dzr d3d +{ dzj o3y delsOBd dL zyd dede" = telzH.
1 tcjLizdz IsOIsOd; OdzOdzd L O MisOIsd Mmis d

fejHfsdsydls', ysts fjtter2 WOCktst, 6o,
fsCOL" 00jls Msldsh j ddj @tedd ¥ dgpdds? o
plststets? ¥ OCjlitg ©Obztdy 2, Sdteydy dzvstdpp,

tczHBStSBOL 59 Oded Mz dz! (WQ@[LHHAG" B dztf [z H tcOL dzs Gt
B dzj cOdz! detsets MisMisOo O sl tsBYOAYsjsdsaHs o dz® day

9" B distalz = twhkzH  devd mReBpsk] 2 dzts

1,5

1,0 ‘
(|
0,5 ¢ ¢ “ m
v AeRjlet gdp U
;o_ 0,0 .'_. ® Fe-S
:FE 05 “ o L 4 .! B B Cu-Fe
' A ‘ A /n-Fe
-1,0

1,5
2,5 -1,5 0,5 0,5 1,5 2,5

Factor 1

t MBS LteOW dC L dOyj dzd?2 W OCIktsteses HdhY BN j2
5B ddzj 2 dzts g

tdLkzd sOIsT dL zyd ded w tczHdzse 5 ff 5dzw

ofmMdzj HiMlseadj dzOdzdydw HOdzdzr » cdkzkzBtsC tso tsSH

C Otlsd dlz 1o O ey d'j izj drf i dz'cR  d f e 3 Mz R

H tg 2015) . Il " MsCtslsj i3 j eOlsztcdz j d3d o

M dydodzdL OyddCuy, t€8 cS@N jdef L S tslsj B j OISz te
yddet so 52 MY j20,CHAnJAY RsicSH
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py8eg8v8 77T h TR Tt T

g4 B@BIH'E¥ 9o Mkd YdHdzr = ttkHOR XBdESE] 2 d
(r(Cui Co) = 0.70; r(Cui Sé = 0.80). dtso gy Misdes M d3gj H! &
slsdzsmw sfypw € o @ls intsdetsds | 6l fi) & ytsOdzs if d Is figwis B O
fMdrjtesW ddz d" = 1 dzj PO twds s fodrdzl] daie ts Gap M3
o ®BYHE tQfashiyletc Oba i3d ud MSACG2 9%Jzj dij |dasd
Ctodzh 5 2008) 1 MwQoddpddls j dz' dzts tej HE 2 1 dzj d3g
L j Bdzts?2 Ctstej ™ is(QoteafUdsdzrasg D 8 . u j dzj dz
~n Odz' € W d dz'dafz'd3lz dzls s d3, Isj Mdzts Culns K | ©xz@l o3
Ctsdzyd HOdzdzr d3d thkzH Od3] . l 5 9o M JSB dz@ tOFBE" h «
MowLOdz i fdedlstsdz o7 % Ofgas € iy @ dzd tisdslsds d3.H U
tcOHdEMr &BjHd d CSBBOd SO ttBERZMdZOS dzd o O |
COud Msepi dsdkfteddj Md o dddzj tOdz" d3j H(].

1 sorh jdade" | MBHjtoy Odedw CtsB Odz) ls@zr §
tcOL dzsfisj 2 Mkd ¥WdHde 7 tekect] tsdvd A3 pyg dgf Asc
mMdz WdHrdzr = tkH Miclo defeH sipis] o tOX @Rz ¢ b
LdzOyj dzdwv s 1@48/ @6/ Idnsdsls® Alsmlso j dzdzts. I
1 dzj Bj-tlasdfsdgd My 2 o tSlsH | dz dffteds o ©BAc O LH YD R CLt
sBtcOL Yi -B50BB94 ¢/ 8)i, 400 whkbk fgj ddpade@®L 1
dtcj Hdz] | MEBoio] olFedfj scddi3d yj MEsets Isdf O f
O o ®EkhRe®HY351 c/SBMmejHrj J MSHjtd Odzp
tcweSIsdf © d 7 @6/ Is Hddv MmadzSWshpH " - tc OQalx
dBddzj 2 dets § .

1 O B d dzOte dats o3 fredtaiidsifiplsSdj ¢ Ls@PpOUdz tols @Ay afizfsdl)] H
drsd MdzOwW §tsdzsy dlsj dz2 dzOv Cstetej dzvw ydw. I (
MemMisOe j Mizd WdHd » tokH {fisszay] tdOysQ@ddgjv? ditst
BH&RZOCtS LOoadMmMdditsmis! &BiyHE L Isdd3d 1 dzj d3j
YjIsEBB 9" tcOy J dz Ho ] B &OMIsJ: sB &zZOMIs
st dzj dzdj IkiyJ ¢, fnEetS s gj jsis: figflepd g Mindk s ¢ t
ded L SdBd MH] B Qe RO dzeB @ ( dME dz¥ uJ dzd § ¢
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o' M ddsd ¢ tsdaCpdzls tc @ g drOdRdS - MftcO©o © dzO
sBMtsBdzy dzgd j &3 Istsyd &, slseo J yos h drn tlzH O
sBtsdn { dzj d3j dzlstse CU-Fefcty deda@fHdsdjwi) O Cds=d3lz - Is d
tcOL dzesis @dztbtE®@s Is dz0O ctOWdSC ] fHtotsd3d ) kzlssy:!
ctolzf § O3] .

10000

®Fe-5

E Cu-Fe

A Zn-Fe

0,01 0,10 1,00 10,00 100,00

Cu, %

t { Miz4Ast Oo dffd BsMmis! MsHjtey Odd? CtBOM KO d &Bj H
fsdv SBddzj 2 dztsj

t Odzaj j Ooltstetsd3 o' Wodzj dz"@n s Jj dedetsfyls d
o 3 HEskzzy j H Hdzdzr % d H dzf Babawveta 20150 OB O 9 O,
dlzn Odztse O, 2015) ZO0 ftedd3jtcjl, 6 ¢ &RH O]
SBddzj 2 dets § , 1 JjIsjteB-Rkicc ff SEIOU] @ F d3H dz6 g -
t sihmd2 MEsE s tcOL 9 JHBBYydzts G 5 tc 02 t5dzO. L f
1L dzj di3j dzlstseo tOL dzdydets o L Op d ) d dits fiylg fizj &5 1©
(ted ME.Bes ¢

[ O¢CMd &30 dz' dzr | fMisH j toy Oded W CsBOdz IsO
ZMmls Odzts 9 dzj dz’ o tkzHOr BS5MSH Y Oded j 3 MBJ
10002000 G/ Is RO®LOCIjwdy © tOo dats?2 CuliFes j 1
GdBrnddBduj MEsets kdJfO M ©OL dzdyd' &3 Mt
mMzdze WdHddz A tczH OR t sihmd2 MC G s tcOL 9§
MsH ] ey Odedw CBOdZ SO Bijdzjj 1000 @G/ Is.
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Cu1-10%
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YacroTa, %

n
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34 %

Co
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16 %

[_—"10-1000 ppm

[ 1000 — 2000 ppm

| I 2000 — 7000 ppm

Cu 25-50 %

t dmMz4EsE d Of OL tsdz'
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Yacrora, %
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o
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Cu1-10 %
34 %

Se

Cu10-25%

16 %

[]0-200 ppm

"1 200 - 600 ppm

I 600 - 1000 ppm

Cu 25-50 %

Ctsdzyd delstcOyd 2

9 LOsadmddismisd ls MESHJ ey Oded 2
Seddzj 2 datsy

CopepxaHua Co, ppm

CopepxaHua Se, ppm

<

1

10

B )

d yomlstslsO o Mmlst
B4 HI, o¢ MERHiz! W d
1 Jlsj o2k to d isSBjy,j o1 J d3j dzts ©
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2000,0

1600,0 4
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30
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0

Cu, %

t dMb4BsE Mse j dedzsiis wOOGSES | i Hdeilzg v v OF 4,65 dj 2
dh OnA,] 5B ddzj 2aBEZitg ¢ M Cjtdsii2 ,
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tej czdzdtclzj Ismw, O ted B B8, EZHteso Y Hats fiflds tas
mMedzr WdHdzr = telzH fted or MsCda Isj dffw tetOdztizs
9 dzd -~ uefefalb201D).

1 sdz' h Jdzinlse s Gz tsC tso tsH dz' ~ tclzH dzr R
Cstete ] dzv ydj 2 LbdzslsO d yddz 0O. 1 Sdztsils s
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