FE B AYD domio 5 A0 i ke 5)lods eo,lez 5 Con Jlo Y

G Jol) poegS (295 o (saikio Cu-Au-Bi il 35150 9 ol B
Sl (215348 sacgomo ((Glws)]

T Jsls G el o 304

O w2yl oD e ol 0uSI o il 09,5 -
b Aoy Bty qpgle oSt ¢ gl nj 09,5 =T
QONIYE : ol azens ATV ND rallas c8l o)
Ergonets ) i oo & il (55 o)l aloanbsSapeb 5 Seralizoge s Vol (glive 1 od plal (slos o Jobo toieSr
2 poesS (2970 sdihie Lagh (pl ;8 oS (scavenging) gl ol b Jolas 5o ole)S so i 51 b 5 YL olie wiy0l8
t Coiloa 5055 53l G s TOCG g5 (oo 3 pl5 5 saigas Glgie 4 (SU 213358 sasgame Jods (25) Gliws )] 5,5 Lo
S5l Sl sled 09,5 osilyes Sla S5 iplon (nl 13 8T 15 g 3590 g Mo om0l ol asgorma b aidlses
b oy o b (ily LSl g (pland oS5 (litwd Baa b g 58Ul g Sy Sl Jod 5D SlaS DIl g Dgomns
BirgsS29 275 U3 b ) Coigenn iJald adlaie 13 M Gyl 55 e Gl S (n et Olye & Sy 095 sla S
Say0 a5 4 daleds ol asiee (CugsBioss 0,25 Jge,8 L) 051 Sgens 5 (CugseFegsBiinSais oy Joo s b) cuiSla]
5 Bi' 4 Bi' o apmmie (s)ls 05emST ST O] cse 4 5 g ol 008 Lol sla IS5l ens ST (slagys S a8
AU (g o5 4y yoe 00 ST (slays S0 lanly 8 5B olie o cotife oluy el 51 ool 00 Laims ) Oogonacy (Sntids
ol 00 Sgomns B alowgs )] Lda g o)l 4o Au’ &

20085 Mb g, (gane thidlyw + Cilon —)J)/})/L;)Lg‘_é_;b/‘wjf) 1olS slaojlg

31655 e oyl o (Anarak Metallogenic Complex) <s,Ul
Fod iy poosS ayza stk ol b selox
5 OVC OF 5 OY° F0' 5,5 Jsb b SU ol sassere
Gk Ve alols o XFC N B YO OF Jlas s
s S )00 8 (Gledal L) sl 30 e
VAVO slaJlo (o pogS dibate (owlidipms) 9 2972 sl
S AN e e lidee; gloazi 5l solinad L VAAY b
ES i gwgy lolid )5 Lawgs [Y] poogs VYo v ee 5 Dl

Lol ouls plol (Jliogsy) &y guanS 19255

Cobwilize Q5 laanyeS o Db @ 5 24l
5 o)lpd Sow b (2Sly 0)lh (cendsSu b sla Sy S
old ole Sl aede gy Sl slaenss JpS
(rre lordgSond Lulyd j0 olps Siw g gl S
9 e g (b Sl (oland —(lB B Sl coge
iz Glajidy (o o)l galiwsy SIS O xloe Coly (o
laolial aymie banl b (pl (sasgemme 25800 0058 So
b 550 —apeg)l wujeS D9l oo dllaie Sy y0 goite (g3l
Oliee 55 oliags (st o Grbogiro g led i,

tale.fazel@gmail.com : i Sl gy e AYFAYANAIYY 2 ples < AYYAYAVES - 250l ¢ Jgtane ot 5%



Olnl owlids G 5 (ool oy almo

Job b ¢ e FYS

liore
o3 Sl oo i 3 S i3 (2dLnn) asgarms
madhie 4 (08 O gy JuS g8 i adlsl a4 Jled
SRl (SoLdlsd 4 g Sl g olyy —oeil Slsedl
23 s Sy b sbps 5l S sadlaie 9d o0 o9z
S Sybge Sl Lol 5SS 5 5l spesilale
plst ol (59, [3-0] b goasite uliiinn; slaism)p
—ailaie [V o] &) nS1giSs 8 18 g,y lolid S ol o
5o p0gS ddhaie a5 W05 i ashaie il 4 |, SUl 6
or 990 sadhio 3p8 o0 )13 asgerme (pl Jled S
G0095 4 039y yi>3-dseg | (6595 — LAk wpeS Sl i
Fo o) (S90S g b Gmwgll (e 4 p0gS ()90 5
g oo Dgme dilate (nl il (n et @ SeskS
LA-ICP-MS s, 5l ool L UPb _xiws Jlos (slo syt
PR b P F s g0t s 155 slossh 53
5 pdosS (5395 (g0 slp (Ypresian stage) Jlw jeuo
i o] edle [N el T @ anily lacsSls
slazly 5 asl S slasal «SlgjepeSgisll 055,50
adlate (S (slaazly 100 5l 5 gl (s3stia0 - Slrassl
sloysl g9, K-Ar sla sl Goll 2 () JS2) s
S W55 s 5 Sl glanxly o Ko g Jomial
o, ] sl (YU ol Jobee) oo (ysmbeos YYY B Y+ A Joles
Olge 4 basly cpl sad coge a5 A wel consa
slasxly Wod Cguime ddhaie (Siw sloaly (n i se0d
(O JS8) ls pgeis; poosS Cdgil 08 o el eSS
2 aliS S5y loged b p)S Y e b s slaSal
SS9 (s394 S5 Slaiy ;3 el (w3590 (sadlate
A 0 el G g plerd oSS s SheRss pdogS
4y 69)l0 50 5 ysk Sol Siw o Sl LS55 e
G ol ouls po0gS Codgil psix ooy (0 ok
I JSene e o oy sl Sdghiaes - Jlaads]
LS gabwgds a5 cwl bl 5 cojul (Sw sloasly
odedyy Alwgnl jobd Cu el 5 By ulog oy
BlasST Sldas 4l 5 po0sS 92 o sadhaie o ol 0ad
el aibie aw NONY] sus sl sloiagy 5 [VY]

Aloads B yre Sy Wl

Sedey Sacloy 5 (owlidime) o)z Wl 2
p30sS )3 el sadlate A (D)5 S19iSS 0S4 Loy
ool polie jl 3 wiz (lacs g Sl o wiad e
Lyl Gl ls o cwl audse 5 0,8 (gam (e b
Ol 3 @ rSopae Silim e Ve v e Sl e Glansz o sl
O eS8 Y e jle UMb (5 00 5l a5 o plox] i
oy et B ab g gz ol o [V a0 gl 0T (sl
b g el Sl K S b Shy 9 il
Colr )3 Sy Slde B g 0)LS ooty la S
D8 oy 3,90 po0gS (sddkaie Cu-Au-Bi Slils jo Mb
2,5

IR O99)
o095 9 B (cord (2l Sy (o jslare 4
cslin i, 5 ol b o)l pisas 5l ey oS
3590 odal Cowdds slaools g ad 5 15 bl 0,9 e
e olass Slaal oyl 4 b gl s 15 oLl
Loas wad culoy as, 5 S5 i sla oy 5l aiges
oS3l g Jao alade Feooslawd canlio gladiged Sl
s el oladls s pFahaie 5,1 3 ladiges (ol
285 )3 sileeskel 3y50 ol (Game Slge (gl Sliios
ookl b Sb5b g syse oy ookl b ablis ]
oiolesl ,o Axioplan2  Joe wl; il gSius,See
e Slse syl Sligi 50 5 G5 ooyl oSl
Sl 6398 Slaemyp 3 o WS 3 () 9)90 O
oz 5l essluooolel 51 g adaiie V0 legams (i 590 sla SIS
Sws slayss, 4 (carbon coating) S s
5 LEO1450 VP Jas (SEM) _ius, (59,SIl oSy Sn
3,50 Cameca SX100 Joo (EMPA) g 2SIl 4S5, 4500
mols s b (g S ol 5y e Galesl a8 18 s )
Pyl 5l Yo g5, iz (KV) CloskS YO Y+ snims
bogio oy Geizmen ol el (9,500 O 95 SlE 5 (MAY)
Gl 0 g adl Fe B Y+ a2 sl gbe 50T
03g )..aL..c 6‘)? wt%) )9 ey oY Sgd=> 4o Ko
el LIS slasl olels Gaa b ey ol el
Fe jolie 4 olotws 9 Vb (2leiS )50 b (S9S olad sas
sl S5 s laisl Gy > .ai plxil Te Sb Ag Au LCu Bi
ol oais eli3l [F] Whitney and Evans i e ;o 08 yab



Yy ... gabhie Cu-Au-Bi Kls 550§ owlin SIS

TR
E Limestone, marl, shale, sandstone

CRETAC
EOUS T o
| S—

LATE EQOCENE

PALL-:UZUlL'- Kuh-e Dom Metamorphites. Greenschist,

phyllite, crystaline limestone

W 2| Homfels

RXXA stam _ - Drinage

-_- Granite porphyry dykes

- Granodirite, granite, diorite,
quartze syenite

% Ignimbrite _Irachﬁ‘dacitc, ryodacite,
tufﬁle.ryollletu 5

vl Sl L) wloais ools ylzs o] 4o S dalaie dw Coadge aS po0sS 92 o (sadlaie o358 - owlidi e gand Y S

Cu-Au-Bi (Kils’ ol Ko 5 omslisis S5

Foolon® Gl b beas, o S cnpulyl 3 plpear 5)lS
o309 9 9509, el § Cuslen of o Cél soe> woyo
Blren iz (S5 Gla S5 L oS euld JSA5 sadlge
aslhie sy leS 10 ouds cdelive lacdl ¢ el Do 0
«(colloform) s,s8lS" «(crustiform) (s,:3 slocdl o folis
G 5w (AT SR8 cl sl -8, g
JSzs S o lgl 8 lgie 4y WauSiul b slans sbocuilen
S T i Sl L 55l ol em 4y Ll aaS ) onins
Red e wgeie ol 536 Al lpear boaS, o seze>
e (Sl g 0aSTn (slajol ©jge 4 Culen 3l SIS
Gl (o ¥ USE) col oolis, psF b sl lsS b
b oledl Ojgots (gomm 003 Vo (o Sl3l3 L sodlgn
e o Coilen gysh sl b oler il (dlaxs,
S SE pyage Wloads LSis condS g 3l sl IS
g g SamssIl ol SlglE o 5 baaS ) o sudlge
E IS a o SWes) 6[@@[5 6A:Muj& B °|)u3f 6[.@4.\[5
ol ol slaslh bjsled 098 lusilyn sla S5
(e V US8) el eosils

p00gS s s lorigu ¢ Jolds el o 5 a4y ol5alS 3blie oyl
Sls) ¥ |n.>o55 ‘()L]aiQJLQ.m—)S)‘; Lg‘Af) Sl Y
¥ p30gS 5 (odge xSty Ol pladl 5 (slanS a5
S DML (g5l S e 5 e o s () SKS) s
V poesS o9 e abhie ;0 (Kged Sy (5 0 05 O
CAM:‘ 425;)‘)5 R 5)94 u,o.&jf w‘ )J aS A )

Sl (ol

Lhéf) ‘SMM

Jodils gadlaie Ve 0529 (sbsS G SIS g (i uabline
O olass yleo ol 5l Iyl ey po0gS olials (g0 S o
e B glas,) Ojo 4 adlgurcailoa 3 leS S 8
Obe 0 NE-SW o glial, L5 g0y, cunle L S
ool Lausis oS oy Lth(;\.l)’AST g b (ST wsedl s
GOLY bas) Saxe goole ddhais cpl jo (Y JSE) 0l
Ve b Pl g 058 — (S e sl b 000 Dl
%)ﬁ'daLﬁadf)w‘w‘oMMufu}oQMbb)b
Cobrs g o Vo oS8 Goc (e Yoo B e 0 Slils sl
eSlee 5l b (o O 5 5kw) 0 10 (gaiin U+ 0 (saieS

A FeOmml M)\b AR



Olpl oolid G g (oulid ol alone Job b (ol e

YA

D Quaternary sediments \ Fault
E Porphyritic granodiorite %
Inferred fault
\
% Microquartz diorite
Hematite-
n L
Kuh-e Dom granitoids "W gyifide veins
Diorite and monzodiorite Bore Hole no.
Trachybasalt and andesite (BH)

[ ] ruyolitic wfFand ignimbrite

133°58'N

i Sl b ailgns £ Coslen - 155 (10.5 5 10.1) Sowe 5510 5] ;3 45 ) poogS (sadlate oot sl gulidpeny (5425 ¥ JSCb

ol ooy 53 S 5o BH) (g ki blis o les [VF] wlowss |Sa5 K00S0 Sljlge 4 0 i Coonw 4 o g

5 CannlSE S sl s 3l JSite (5,43 b (Gl s Jalis poogS (saibaie CU-AU-BI SidlS (585 S 5 (055mgSern ol ¥ IS

Sl jeim (o (US55 6lasilsS b 0l jan Oygo a4y it Coilon 5,5h Slaazs (0 o] ol 5o s cutlen I laciss,

il ;5 oSS tils & ygo olgn i Sl (S g 5)lsS STy sladils 5 slais Coslen ol yen Cupn g Ca SIS (ouilgu
Bn 55,55-Qz wwoslea-Hem y 0Py sSIS-Cop ol [F] 5l 43,55 g lais! Bgo oSS 50, L3 L ol e oty
CondS=Cal i gSIS=Cet «os yg0

RS s SIS Jld 5 S, s sl Slosn b 5zl e & 8 pe Sl g Sgenny D)3
elloysi cla SIS (0 ¥ USE) Col S5 5 S yay] Yo ol b s sl i S, o gyl Sy Sas
e ) Sk ole gyl 5 s, wolS wuiSe 15 09,5 B Lagie goglil b s Mo o1 L3 da s
boaS) 53 a3 ¥ 51 a8 oo S35 e g Cuflipe slaalS (ipte 8 odalie Sutlen 5 Cupm SIS ljes



FYa

oo gadlais Cu-Au-Bi Kl ),)I)L 5 ‘swl-a.w‘s:lf

Y40 uLMu-A) A O)Lo..»:: ¥ JJ.:-

Fire ) Sowe,d1 31 oolicsl b oudsalls aigas Sy (g3, odds
O pS e sga 0 2ljals 5l jisu (pl oMb Le (@ssay
JRYS W INEWORPCHUURIPI < ORI IV R} d IRCH IV TR
ooy (S35 20y B 9 5 o p )5 Vee plp oy 4l )l
oailow Sl 5 5 63b Gailsn sile S bl
Sl S=3)ls (oS0 olyer o eSS 5 Copm dindge
2 Ll 358 Gl Gl asgeme el ead S23 (o l9)
L il cople b agll sla S oliyg (3l Ll
Lo S5 asgarmas oy oo lap)] oz a5 ol JSas

(F USD) 0,5 0 il (a9l cuilod) udjlo 9 S ¢ me

b 5 oows
0 Mo e ool iz pole Sl 2 o)l dez
sy 5 S s wase o s lsartl WOsen
il sy ilea 35S laaS) 0 Gle Gl SIS
Sy SO I gl (nl 50 Cawl 0ud po0gS o920
9 Dgomn 03,5 (6lo ) laS (a5 oy SIS) Lo
9 Ogomn b)) ST Gl oljen 4 (Heled 09,5 (slaces
55 3,50 ] lomrs S 5 4 slis i b (o35
5 Bl ol oS5 4 liws jslite 4 285 5 Glabis
Empirical formula ) ol o265 Jged ool
ol 4y (EMPA) SguSUl lS5, 4325 (recalculation

Sloads oé)5—‘ V Jgus yo ol Cawdds @L..: PLIRW ral?u‘

STAGE 1:
Iron oxide

STAGE 2: Cu-Au-Bi sulfide

Early veins

Jolss Glw 3o g6 aw (opl p oodle Wl coly asls
LS o el asls 5 L) SenlS £ Sy slo b 5
Sl a3l la ST L) Sl ((loals sla @l 5 LaaS
Pl 5 (bS5l lalols o CwldS 5 F)leS ety
SS9 (So3g g 184S, ;5 0aiS1y sobody) wdlgar g SIS
Dl woss ol RS oy 1 0,490 (sadhaie 1 (5l
1546 Jo1

o 5 ablite by, 5 bl ¢ gl oo walsd 4 axgi L
ST sal> o Jolds a5 4 (25 Al po a0 Sas
Mo o (goilgs gdl> o (CuiiKe tiuiler  ol5alS)
5 (3l 5 gl (sandlom salo s 55 5l JS220) Sgmmns
waihio )3 ((Geiilr I (30) Slien Gle Sl el
GonST gl o SIS (8 USE) ol aneis olgi e poosS
oS oslas, oy 5 s @V Lo slaslu S b olyen
) S b ele ol wtiSe iwles gla S
b el oads JSa5 T olen 55 s 5 (Sailise 5 <o
wal B ol dcgee gandlon ilu T sl
5> b REE 5 fandse g )8 5 M) b S
Sdlgw Gl S Al yan) Sl 0ad S5 el pe 0
o sz Glagilu SIS Bl o tege Dlgie 4 4l
9 Ogomn 09,5 S acgaze Jold) 0,8 5 Mo (Dgony
95 SodS ey b olen el (oled 098 slaclugdlg
pbxl ICP-MS  slaay 120 plo sl ools &5 ol jlowald

STAGE 3:

Late veins Supergene minerals

Hematite
Magnetite
K-feldspar
Albite

Quartz
Chlorite
Pyrite

Chalcopyrite
Bi-minerals
Native Bi
Native Au
Electrum
Molybdenite
Fahlore-groups
REE-minerals
Tourmaline
Muscovite
Rutile

Barite

Carbonate
Goethite
Cu-supergene

£055 297 2 a0 b G5 slas, Sl Jolhe o S5l Jl B UK



Olpl oolid G g (oulid ol alone

JEB b ¢ e

PE-

@75 9 b 5 SS9l oo Al (S 5 paaslly
Wt% B YVY G e ol polie jea> 5 Cugosker 005200
polic e b olie 5 5 YY) WI% b YAY o cyal 5 VEO
Mo (A W% B V) S, T (- NE W% B )0 V) Sogonnnss
sl 0,8 ¢ 3K b polie 9 (oA WI% L <0 )

OV Jsoz) 05 0

hol adlgm s S
2 Gl So S el g 5 ey Sl S
poosS sz wadhie aidlse £ Coilea SIS laaS,
O ool Slgime g FeoooSios (028 Jgord b o aiinn
Wi% b - 0) Mo e polic s £V W% b F5f
LS s 502l ppolie 5 (1 A W% b ¢ ) 5iSie o0 A

b poogS (gdibaie SlaS 5 Lol (sastlgw slo SIS oS5 )0 oael Caws 4 polic (W) Sjg doys Sk § aieS s polie ) Jooo
.(63u)m'l pae =ND toals 4 350 blas sloss =n) (EMPA) g xSl oS5, 4520 5l ooliiil

porsIl (b Sgomy | CeiShal | Coidgenn | skl 095 o S S e
(\=n) (b=n) (A=n) (\b=n) () \V=n) () +=n) () +=n) (Y=n) =
\ D Y-any [ arrave | oceveeny [arvvany [y [ viversss | e
/ D) Sha)) V) RIS ) TYAD) | (oeSile)
N N I T O T I 7E A2 A T BN
ND ND ND g
(«0+) ¢rY A+ (Y7 Y0) (UENED) (k)
=YY cdLs
ND ND ND ND ND ND ND _
(CARD) (Skw)
e Nee ¥ TRy osolils
ND ND ND ND ND ND _
¢ G M) (Q—:S-;LM)
RS U V- Y LE
ND ND ND ND ND ND Y Y -
¢+%) ¢ (=Skw)
Vet ¥ 05-V/50 e | S
ND ND ND ND ND _
oY) ((AARD) 0+) (Skw)
I 2 ¥ EO-VFY VoY o i
oY FY ND ND ND 7
YY) ¢rh ) (QEAD) (k)
2 YN FYI-) v gorss]
¥ S S ND ND S ND ND o
0 0) Q)] *YY) (Skw)
SYY-Y N S9)
ND ND ND ND ND ND ND B
Ay (SSk)
N N o pos
ND ND ND ND ND ND ND _
0 0) (Skw)
N ND ND ND ND ND ND ND 5:.>
(S5k)
o \_./.Y‘ UL..:.:
ND ND ND ND ND ND ND _
¢ (Q—:S-;LM)
D D L X-AEY | EYE-FOY | VOYY-AVY | o evoe D Y-\ Sy
@YY+ EYA) MNY) QLD ¢+ (Skw)
AAYY-2Y YT odoe A VoA S
FYYY ND ND ND ND )
AYA+) Y o 0) (L';-:SL:&‘)
N Y Lol
ND ND ND ND ND ND ND ~
0 0) (SSk)
. vt [ eve ey [ eveye s [arraraer [aaeforrry [ avaary [ vavevaye | a5
: ¢ ¢ 0) (\V/f') (\V/Y'\") ARVEED)] Y- 0) AANED) (Q:—QLM)




£ ... ik Cu-Au-Bi Sils 3510 5 wlis S

Y40 uLMu-A) A O)Lmi: ¥ JJ.:-

ool asid daiges ,o Cugss(Fe,Mn)o11Pb; 43Bi33Ss:s
A eols plai ) Jgaz o eyl S 5 aS (- g £ JSE) o
9 UW 50;; ,al...c )Yj.& Sy 64Ml7tn )‘ oolaswl lJ
oy B G ol b o503 cgamns 09,5 slo SIS ;I el
Coizyg «aiShios] (atigomn o S5 o1 jo a5 VAl 0

é‘ji S8 wolc
Sy b owad ol b S g ClS s el
5 Dgama Sl LB 51 olil (g3l polie (g 2SIl 5Smg S
Bad glols adlgutcilan35)lsS slaas, 1o 55 pg xSl
@ et g GaSes P BT (o olal by Sl
oals ua.».?cw.: l.bc\.:}‘u 5o M oljo.m @lf U‘9"'c LY Ago,7Au0,3
o‘ro.b) AU()99 =) J}A)B l) % ol)—\ (_g)Uo (o & Jiw) KW
Sy g Coilen Gla I (lyee ;o 0auSTy by (9,50
o5 Sl b olj] Sgens D13 (7 g & # USE) 0l ssalive
s92> 3 CugiaBioss (225 Jsed b 55 09%ee Vo 5l 5
O ygody ol)—\ O o ‘u;‘ » og)l.c O oddlie )91.9‘5 09;

(E 7 U5 S ol S5 Coiegomn SLLI 5 (558l

@l o, Il ula 53 (g Sl s

qoolaidl pwliliyem) (5039> 10 e locd i alex 3
5L JBeSIE yolie aliwg 4 lie JoSiis pualie 4 olowd
L (Low Melting Chalcophile Elements) ol <sd
Mo Ggons sl ;0 Pb g Te Bi s ;) LMC
Sl Wlgoe 3B daptanas ol o IVVVA] cdl LS
500 lax ole ) o 3l (s3lBua Sl il jo 0lgs S o
Sy 055 stigs bae lomnts 5 ool IS Slynsis o
590 ¢ LMCE i85 Wilgh so ainey cpl jo0 aive Jlsiu
Slopie 3l sl yolie 5 b Ginlix o siboasy yolie
3 e Gpaie B S Gl 4 Ogonn aBb it gle)S
Dgd o 0adlin b ol er 4y S S pld kel o LMCE
Selizoges sloolss ool 48 Oy90 slasildas
2508 Sgomny & Dlie 5 Cannsl Lo YV (¥e] Lawgs
oS oo b Jobes 55 ey Jlow 51, Mo 51 ¥l ol
Aog5 Scavenging b wg,l> oMasl o o 4 a5 oS 75

SleS Gundlgu o S
poosS sabhie 1o CleS udlyes slo I g DloS S alex
K Jeep D ek 0gS Hlusdlsn Gla S el
Jsoys b a5 ol il a5 slzil (gliael 5 (AnBaS,
bl (Cuy78Fer26AL13710,65)12A845b4S 13 )
e ol yolie snds plovl (glablaii slody s plis g
Seatas)] (EOF W% b TYY) ol (YOYY Wi% b 1OFY)
Sloel (VEY W% B YFO) 0,8 (VO W% b F0%)
13 59y 5wy 3 g w2l polie 5 (VoYY WI% YY)
LO) o) wad aloled sled 095 (lugilpm laslS
05,5 Sla gl sasie (58 Al 5 (3 DLS S jga> 4 a4z
Hlogilys oS DIV jael, (slage, stk sl
shoolaal boast caals el lgs go 09,5 (pl 5l gouxise
0085 5y ol Gl e s paie obaw 5 obsd lo,loges
Sb/(Sb+AS) (s paie slocans obss b loges 5,5 S
Ag ) S5 Jseyd o Ag polie Llae o Zn/(FetZn)
@ 4z b a5 Cul bloges ol salox 51 VAl (atoms pfu
S ez copalis iy (llogilin sl ]

(o9 A0 JS0) Wgd oo SIS 505
Cotigomn (shol G aw ja> b Sgon 09,5 S SIS
o Jeed) el (BirgsSao o Joesd)
e Jsed) ol Ssews g (CugseFegosBiioSae
gadhio adlyw toilen-3)lsS glaas, o (CupiaBioss
b Coibgomn G (7 J52) Sad olalid po0sS (0920
olie 5 AV, ¥ Wi% b VATY s Ooganas sho polic g
o b 5 Sl S 55 gn 55U o] 5 e 52
B SYE oy Syamst VYD W% B VY)Y s s ol yolic
lilis (A W% b V) el e polis 5 £OY W%
%4 )li;ﬂ lAQT oS 5,0 3w pgalily b polie a5 Wl
@ e b s Szt Il g oedle () Jou2)
sl s olen 4 2l b a4 CuyeoBigssSin
b (o F JSE) ab ololid aihie ogams (cosilyes
Jsle ol (BSE) 28y gyl pysbas 51 ool
9 Dy 09,5 G S (oo KB 0)S b (S yee 5 Sl
ool (5 USE) wiad lulid sld 05,8 lcdlugilss
Sl (s o, lageyn el L el

e Jdrd b R SheS sl



Olpl oolid G g (oulid ol alone Job b (ol e FYY
7 * 7 *
‘. L @
5 - Freibergite ." 5 - Freibergite .'l =
E 4 ' 2 4 b
5 Vi
@ 3| @ o 3 oL
< . Tetrahedrite <
5 Tetrahedrite O
] o089
(@)
1 - » T.enanntite @C?)@*
L
] | o O (@)
I x O +—= R B —
0 0.1 0.2 0.3 0.4 0.5 0 01 02 03 04 05 06 07 08 09
Zn/(Fe+Zn) Sb/(Sb+As)

Jlie ,o Sb/SbHAS (s pate cod (@ Jols VAl Loy j5led 09,5 (logilom sl SIS Lasis lp oligs slajloges & Jsi
(apfu) S Jso 0 Ag polie Jlie o Zn/FetZn g pais o (o g @pfu) SIS Joo 8 ;0 Ag olic

Pb,Cu,Bi,S, Gold

PbCuBi,S,

_ A
) 6%?% Bi- phaw
v sy,

h\mBngp gr OUI“ ”’ g ;
_ ZI ﬁ
.‘5’ 7 .ﬁf, il |

”

\B%

groups [ERURTY] Ly ¢£-, o 10 pm ‘
55 5° BaS3) CuriTgany (Al ifald j9ld 09,5 9 Digony (ily SIS S SEM) (g, 9750 9 )98 usfwsﬁw okl § JSh
3 35 50 30 Coiigens (& (POCUBL;Ss) <ulSyg,S 3 PHCwBLSe) o jlls slas; (0 (AUs3AZL) pg Sl ol jorr 4 0l (b (& (250
S 5o T b (7 (slis slacslen sl 4o ol (b oz, (& wil> 0 (CusBIS3) coiziyg 5 (CuBISy) cusslal sla SIS
el —554] a0 BiossCuns) o3 Sigamcy 51 Sl JS85 (@ )sled 09,5 5 Sy S8 S (o (oS yoo Sl (2 5 @ Sy
9ld 09,5 § Cuigomn la SIS




SEY ... ik Cu-Au-Bi Sils 3510 5 wlis S

Y40 uLMu-A) A O)Lmi: ¥ JJ.:-

4+

“\ Witchenite /" ™

. h
/ 2
/ /
% / S /
/ /
\ / N /
\ /
| + ! + !
N \
\ £
\ /
\
\

/

gt

Cu+Pb+Fe

25

Bi (mole %)
bl a8 dilaie ogaus GBS 15 e — o — 58] polie Egazme § Ggamns 0,555 ol (MOlE %) Yoo s ps Sbdw joges ¥ JSi

(V) STy
3FeS+0.50,+3H,0-Fe;0,4+3H,S  AV=18vol%
oy VA Jlade 4 STy cpl (b gl oo oslie 4SSl
B slad ol e o g il JalS S 5j5e I o
Cigomn dhate 48 058 gals L wSly opl e [P
SHgpe 4 Ogowms 9 [ J.s..\.u (Bl) Ogommn 4 (BIQS:;)
P AEF IKS) 05i o0 JoSis Koo o G5 Bkl o sl
2 HoS cldled oo )8 Olnss Sbgo gl loged A S
PH &lpss obss Jboges o (@I A JSo) O, o, Jlas
0 aS was all [ve ] (G A J5s) 0 v 8 Jlie o
Jooal Gl IS 4 o Mo ~Sgannn Slie 55l Sy, ]

ol 00 o0l Lz lisle;] Loyl 4o
Pl sleaS) 59, ) o)l Gla oy @ ax s L
Yy. °C G VY- 6‘.@& ﬁoc55 ErE adlaio Ju_AJ?M: iw‘-o.b
G baS, pul (g5, pb Sai Jobs ao > YO L O (555
oS cews AN 5l oass @l slaJow 5o [V0] cudl ool s
YO+ o8 slod ;o Fgemen olie I S 6ly Jow g0
90 ol A USS [0 (60900 Sy s a5 0l ke Y C L

A ool lad Jawe

DAL s 5SS K00S0 511 Sganms 095 slo oS olgs o o

lo 2iSly (ol wadoa &) oy (pl &5 (Slo S Slaptunen ;o
IY] ol atily Jlodgens slo S5 jga> 4 sobj o e o
oo Sl 5 5 KT oo Mo 5y VY
568 oMb s g Lo lid o)l et Jud 5l s 4
Sl il Sl o 45l il (36T 56 50 M 4 e
54z Ve los b (2l g5 b slapiam 2 )+ ]
15b & Sges Mb 5bgd wtan [VV] sl & Joleo pH
ol Mo~ g ilisen lass Lisles (sl conlin JT o]
Sigalle § Siganny Mo gl 5 S 5l &y s )T 0 o5
s § Ggany Fig o, VY SiSSy (galais b (Au,Bi)
3 Sgeme 9 b polie [VF ¥e] 00 o LS5 YEVOC
Bi'" 5 AuTAUT lacd b b oy & oS st
AU 50 4y 5 S 38,5 L JuSis plSan o b oo JUid
J SEAS Lol ogas cnl o g anig > Bi

5l 038 421y (59 580 pnels 5 el g iy
GRS 5 5 Sgem ol (5SSl (S8 ol SO
s Jsloeo oy5emST o) Gpan LYo e °C 5 YO 5l oo
STy a5 CutKe Al ye cnl 4o 45 oad sl sl

D9 oo JaSES 5 Dy Ay Sl



el ol S5 5 ki ol alima Jols s o e S¥F
28 - , . . ;
29 =~ I Hematite<'v> g pH 5.'8 A
a0l — A 4 acCl 0.2
Pyrite | “lag) log a Bi 108
I £ — s log aAu 108
— 32k HI —_— —_— 7
S 8 N @gF | B3
CE)\I -33L 3 ~ @\H@ 1. IN ON 0 < Pyrite 1
— —34F % Magnetlte NSO L Graphlte (/"'/ \’
g 3¢ - i ) I S 8 BF CH, = 1 -0"@/ - T T
- A ~ o~ 7
6l log H2S -2.2 0 sk T 4T J |
arl o _ agnetite 5
& ® 057,575 1 o 5%
38} -38F : 2
_39l Pyrrhotite \300°C]| > _39 { - FeO(aq) Pyl‘l‘ Ot‘l}ﬁ. 300:C
4 5 T 6 7 8 9 6 5 3 2 -1 0 1
Acetate buffer pH Iog a H>S(aq)

Joges (Gl [ygvy] v .©

5 CwiiSe sl S5 039> 10 580 PH b Sgannr b lie (5l o1 jo a5 (G5 fO, o,

C lod 5 oy bl 1o ol sla IS 4 s Mo Ggamny Slie 5l (Ss¥a Sbsd sl loges A JSi
Dlio yo (Jaloro) HoS azy g5 o &

LTS

B Slo IS byt oo S 5 Sl e 4 asnT Sl 3 o Sl S35 a0 i Sy iz 45 jsbilen 4255 5 Cus

Slgme olul a5 log O pH Lbgs Jloges 1o b o ol sla G5 (5 i Pl 5 (g )luly 503> (@ 5 99d00 JyuS Syl CetiSo
D55 50,18 (1) CotiKe g (1) CuSg yy g0 ymeS o HoS

Two step process: Au scavenging by Bi melt

242-300 °C

242-300 °C @

Fluid @

3e”

FeS
substrate

| Au-Bi melt precipitation |

Below solvus

Fe;0,

FeS

Above solvus

242300 °C | Fiui

o8

su bstrate

<

6oL 5 Sgomt 3 b sorgs oo yé kS 1l Joe (5 ATV 510l 1) Sogmnonr Mo lie LS5 (5 5905 (sla e @ S5

90 Joo (& 5 & e liiSe B glad o

Ol St g ST (S9n,5 Gl b Saemn 0o 31 sakis M g il g Sle S

pac 4 4z g b ugglam (ke 2 9 (magdom SYL Al 1o 95 (b Sugrm dhiwg & Ll el 5 Jlw 10 M g Sgennny Slagyg lojen St
Sl 555035 poogS adlaio (63l S5 dasl i b consd Joe Vloi! cdilaze 3 Cudgpm odliv



£50 ... ik Cu-Au-Bi Sils 3510 5 wlis S

Y40 uLMu-A) A O)Lmi: ¥ JJ.:-

e9d gkl Jdo 4 all adls 8 Cotgenny gl ade>
Seelunge i gl s>l 1o Q71 °C) Sigoms uly
Ol 2ol b el (e (550l ol ams o lis (g i
Bl b ail olyen e ileST Gl g 556

g 2l et Sgan Gl 0 GMil> & g0 &) e

&zl
[1] G.S.I (Geological Survey of Iran)., "Geological
map of Iran 1:100,000 series", Sheet 6557, Kuh-e
Dom (1981).
[2] G.S.I (Geological Survey of Iran)., "Geological
map of Iran 1:250,000 series", No.G7, Anarak
(1979).
SblazsT Slelllas’ oo Gne Slge oy g a5, (Y]

OYAR) 0055 dilazo o 5 Mo (slo Mogil i
[4] Whitney D.L., Evans B.W., "Abbreviations for
names of rock-forming minerals". American
Mineralogist (2010) 95, 185-187.
5 la o o> wg.f ooljiedsn e (o (6]
~ S dibie slo K 43T50 (piliiipnj o S hzey
Colidimey STl iy 0 (50 Ole) Gl s
OYET) (Jagih) 0 5nSToiSE &5 5
Ol 5 leoy] dibio iy peaigish o) 6 pinls [#]
3935 ey el ) i) abiobl Vs
AYYY)

oSy « ol il sloc bl g il o Sl [V]

OTVY) )58 (lidinan) lojlo majpsle (lons 5
[8] Bagheri S., Stampfli G.M., "The Anarak, Jandagq
and Posht-e-Badam metamorphic complexes in
central Iran: New geological data, relationships and
tectonic implications", Tectonophysics (2008) 451,
123-155.
[9] Zanchi A., Zanchetta S., Garzanti E., Balini M.,
Berra F., Mattei M., Muttoni G., "The Cimmerian
evolution of the Nakhlak—Anarak area, Central Iran,
and its bearing for the reconstruction of the history of
the Eurasian margin in Brune"t, M.F., Wilmsen, M.
and Granath, J. W. (eds) South Caspian to Central
Iran Basins. The Geological Society, London, Special
Publications (2009) 312, 261-286.
[10] Technoexport, "Integrated Geophysical Studies
in Anarak Area, Central Iran", Ministry of Mines
and Industries Geological and Mineral Survey of Iran
(1979).

5 ey 3 ot ST (slasg S i Jan s
wias g Bi 4 Bi'T o agmie )5 (ST Gl
A B plaie 4 cutiSe S5 b (T 1 ey 90500 Sgomn
P AU G AU Gy s e ol jload ST g S0l
(A S5) 955 o Dgomns 1 gabmsstr o Dz 5 0L
Lol jo Mo 5 Sgemn Slags Glojen jea> pgs Joe 5o
-ails eaiSTy (g3l S5 5l o9 (FES) cusgpm 5 L Ll L
bz, 4 aS ool bl Cudgpm ol o 4y Sgamn 9 b (g
Sgomer b 5l (28 gaY uiiSe JS45 5 (5eaST ol
bz, a ol 5l e g ce JuSiid cunfe JB glas o
ooslle 5 G090 chame 95 (dlyime g Lo ialS
Sgd o JoSid (AmBI) cigalle ol jor 4 Dgomn slasls
5 Dgama «@ils 0aiSTy (g3l S pac @ azgi b (o 4 JSD)
aibhie (o Cuigille (goswlie s 18 g Cuigym ol jes b
Loyt o) S Joao &5 dwjoe 4 poogS
Sl Al 3 g anily p00gS ddlate 10 Dgownn 9 b (g3l SIS
el 00 ploml Dgomny 3B 51,0 dalaie oMb

Sl
do G5 ol >l g (Smli.i.iuj (glyre wlel 4 axg b
M- e Gy sgenST Jolre Jolts olalS al> 5o e
pesS 2oz 4dhie 0 (o9 Gl g Sy
Oolpe 4 (gadlow 5ilw G5 (le (pl jo Al ole aeis
0 9 Mo Dgonn (o Sz polic Blas; a6 (e
rlloygs 6o IS L ol yam Al 5 0555 15,55 Vb Eron]
Oliizes (o) olaal 2 Cansl 001 £ railiy Jlonsald g oS
9 2y Dgomny i G0l 093 E5 L J3SIS polie alize
@ gleS plEd Gl )0 e spaie B SH plpe 4 b
robe Colr ;5 (sope U AT Wgd o Cpmine b ol yen
2 (o 098 polie g 0)i Mo yl) clale oS g Lo S
2485 Ojgo Sgildae wls oge 2 (alo)S Sl
S caolin a5 cudl GlsS Seoliyogey sl ol ol
Jol ;o ole,S Jlw 511 M 51 YL polie &5 )08 Sgans
0diSTy (Gilw S5 de2g pae A axg b oS gzl Ol b
50 Sedgalle odaline pus 58 9 Cudgym o e b g Sgams
Ol 3 Mo sz g D asy oo JS & poogS 9 athaie
syt s il 00 ol Sigamsy 6 (galiasgds dilaie
13 4T 31 it g ey 5 i by Jolas 1o (50,L o ol



Olnl owlids G 5 (ool oy almo

ol Al e ata

[19] Frost B.R., Mavrogenes J.A., Tomkins A.G.,
"Partial melting of sulfide ore deposits during
medium- and high-grade metamorphism", Canadian
Mineralogist (2002) 40, 1-18.

[20] Ciobanu C. L., Cook N. J., Damian F., Damian
G., "Gold scavenged by bismuth melts: an example
from alpine shear remobilisates in the Highis-Massif,
Romania", Mineralogy and Petrology (2006) 87,
351-384.

[21] Tooth B., Ciobanu L.C., Green L., O’Neill B.,
Brugger .1, "Bi-melt formation and gold scavenging
from hydrothermal fluids: An experimental stud)",
Geochimica et Cosmochimica Acta (2011) 75, 5423—
5443,

[22] Skirrow R.G., Walshe J. L., "Reduced and
oxidised Au—Cu—Bi iron oxide deposits of the
Tennant Creek Inlier, Australia: an integrated
geologic model", Economic Geology (2002) 97,
1167-1202.

[23] Acosta-Gngora P., Gleeson S.A., Samson LM.,

Ootes L., Corriveau L., "Gold refining by bismuth
melts in the iron oxide-dominated NICO Au-Co-Bi
(FCuxW) deposit, NWT, Canada", Economic
Geology (2015) 110, 291-314.

[24] Ciobanu C.L., Birch W.D., Cook N.J., Pring A.,
Grundler P.V., "Petrogenetic significance of Au—Bi—
Te—S associations: the example of Maldon, Central
Victorian gold province, Australia", Lithos (2010)
116, 1-17.

[25] Cockerton A.B.D., Tomkins A.G., "Insights into
the liquid bismuth collector model through analysis
of the Bi-Au Stortmont skarn prospect, northwest
Tasmania", Economic Geology (2012) 107,
667-682.

[26] Tooth B., Brugger J., Ciobanu C., Liu W.,
"Modeling of gold scavenging by bismuth melts
coexisting with hydrothermal fluids", Geology (2008)
36, 815-818.

oz obses! d gpie 8l ep oS v ldez e V1]

0 0530 slog)MT g Lo Gl ip0 055 (3547 0097 i Cyur

AD OYAY) oo pole aslibad ooyl oy, 4 of
NOF ) FO

[12] Technoexport, "Report on detailed geological
prospecting in Anarak area (Central Iran), Kuhe
Dom, Rizab-e Maryam, Chah Alikhan Locations",
Ministry of Mines and Industries Geological and
Mineral Survey of Iran, (1981) Report No 9.
55 o 3 p00sS 4l leaciigly lliiST p oy [VY]
il oRails i)l wlid I8 ALl o/ (oM e
oI (OYAD) o)l

S 53 5 ploTlogipiT Coedps’ o S Jb [V
dibio (0,8Cgomar b juns) Q@f olie oz, ledls
olKislo ‘6}'50 dJL.,.:) ‘”Q;[.f/ ‘_é_;L,[s dfg02c0 ;/Ado}f‘_g_gj?-‘ﬁg

02 YYY (WYAY) ol 00,le>
[15] Tale Fazel E., Mehrabi B., Tabbakh Shabani
A.A., "Kuh-e Dom Fe—Cu—Au prospect, Anarak
Metallogenic Complex, Central Iran: a geological,

mineralogical and fluid inclusion study". Mineralogy
and Petrology (2015) 109, 115-141.

e gl Sl Flb ol dlb wo e D5
slo il 5o SKSG 5 addlbe jphise 40 J5 S ondsd]
(50 Sl poesS Olbt) ool iz dilate 2lo)S
VEBOA DY (VFAY) aib iy 60,15 owlids o dlomo
[17] Ramdohr P., "The ore minerals and their
intergrowths", Pergamon Press, (1980) 1205p.
[18] Cook N.J., Spry P.G., Vokes F.M., "Mineralogy
and paragenetic relationships among sulphosalts and
related minerals in the Bleikvassli Zn-Pb-(Cu)

deposit, Nordland, Norway", Mineral Deposita
(1998) 34, 35-56.



