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No Cu (ppm) | Zn (ppm) | Pb (ppm) | Ag (ppm) | Sb (ppm)
s1 68 74 2 1 3
s2 49 89 1 1 3
S3 50 57 2 1 4
s4 139 249 2 1 3
S5 99 186 2 0 4
S6 69 410 2 1 4
S7 194 423 5 1 4
S8 251 4459 49 012 215
s9 3417 50/9 550/1 0/4 215
S10 48/8 55/3 38 058 18
s11 55/8 62 32 112 117
S12 8912 197 45 0/2 411
S13 91 184 10 0
S14 133 139 40

S15 54 124 40

S16 208 133 29

S17 207/6 132/6 2912 <1
S18 99/4 65/6 25/4 <1
519 108/2 22216 35/9 <1
S20 1011 263/7 3317 <1 ---
S21 167 171/4 24/4 <1 ---
S22 75/1 19218 3512 <1
$23 45/1 58/7 37 05 1/69
S24 3714 64 171 0/7 1/5
$25 78/4 93/8 4 06 117
s27 97/5 201/3 15 012 117
$28 4419 90/6 017 019 1/6
29 45/6 66/8 019 058 2
S30 75 4619 017 013 19
S31 107/6 73 1 0/2 1/4
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SAMPIE | Cu(ppm) | zn (ppm) | Pb (ppm) | Ag (ppm) | Sb (ppm)
R5 0 123 1 0 3
R6 201 404 1 0 4
R7 25 25 1 1 2
R8 50 84 1 1 7
R9 267 87 1 0 6
R10 1 9 0 0 3
R11 220 400 2 1 9
R12 155 267 1 0 7
R13 2 27 0 0 5
R14 15/4 52/9 219 0/4 215
R15 71 5/6 1/4 0/5 1/8
R16 215 5/8 17 on 17
R17 175/9 78/2 39 0/8 4/1
R18 718 75 212 0r7 32
R19 18/4 75 1/5 0/4 212
R20 25 9/4 212 0/6 1/8
R21 59/5 119 17 0/6 12
R22 2419 102/4 1/9 0/5 1/9
R23 6/4 85 211 0/4 211
R24 23/5 2416 41/8 6 0
R25 58/4 30/3 10 6 0
R26 45/5 1417 10 1 0
R27 14/4 140/6 66/8 4 0
R28 19/5 418/8 5711 4 0
R29 39/8 7419 10 4 0
R30 84/1 5/8 10 1 0
R31 2 26/9 0 417 013
R32 109/3 54 10 1 0
R33 595/9 55 63/9 1 0
R34 37/5 186/8 10 1 0
R35 122/9 618 10 5 0
R36 7312 94/3 10 5 0
R37 100/5 56/2 10 5 0
R38 38/6 92/9 10 1 0
R39 19/9 22/8 10 5 0
R40 97/6 960 71917 13 0
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Sample

No. Cu(ppm) | Zn(ppm) | Pb(ppm) | Ag(ppm) | Sb(ppm)
R41 19/3 4019 42/8 1 0
R42 53/1 155/6 91/1 28/2 0
R43 14/6 513 68/4 10 0
R44 17/5 517 70/5 10 0
R45 35/7 7216 10 1 0
R46 432/4 179/9 10 1 0
R47 40/3 2507 10 1 0
R48 23/8 101 4017 1 0
R49 35/5 3011 10 1 0
R50 16/1 53/1 10 1 0
R51 105/4 60 10 1 0
R52 150/9 166/8 10 1 0
R53 383/7 216/9 10 1 0
R54 58/4 48/6 71/6 5 0
R55 2 48/8 2 1 2/1
R56 2 9/5 2/5 1 211
R57 20/1 29/1 312 1 216
R58 68/6 38/8 312 1 2/4
R59 2 3/8 2 1 219
R60 2912 167/6 25 1 2/1
R61 119/3 2719 312 1 213
R62 2 8/5 2/5 1 213
R63 2 101 3 1 2
R64 2 712 2/8 1 2/5
R65 2 30/6 312 1 2/8
R66 2 12/4 4 1 211
R67 2 8 4 1 0/5
R68 3212 1277 312 1 0/5
R1 1 3 1 1 2
R2 1 57 2 1 4
R3 66 62 1 0 4
R4 103 132 2 0 4
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2FCSQ +7.502 + 4H20 = F6203 + 4SO4_2 + SHJr

Sd=siderite and Wo=wollastonite.
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P.O. = massive pyrite ore

Time

52[22 5 21] (oll o (0ml) oo aglsss Jlo g joep SVl ()l azu,b 5 (Vi) Sj sy sdlsms Ll JoSs oo 11 JSi
ey Ll S ol e o el b ol it T 805 b Jos ol SKlS by Sekate dS0 L Sl o S 5V

cJl



J?r.‘?bo ‘)yu}a.u ‘.)tl...ul) ‘L)J,\.ch

110

Sk O 5l (28 sl o055 ailps JLdls 3 Mo (15alS ((F93150 b iy L lojon) aliaesy 555 5 St Jol 02 Sy

olas, g5 sy L oo S5
odg)hy (S5 S50 b dxgg obxl Sy G55
iyl (593 Sadls slaails saze jols 5 piu s L IS s slaas, sla s SSlsa
(b ez RV LS 28 el = Jbs
slagtn
lasels’ Jses JB Db S 505 5 JoSas
b gy . . | 8) eSS g oanlin 35 aelt
paalpos |l s | s g, | 98 i" ¥ ~ “LLM 5 (o iz b 2 25)lpn (slosilym
3 A S oanls
Mo o5l " bl (ol 5 (Jlassls caigs m ’i:b' N 5 lacdlogilyw b ol en
Sk gy JB e Db P S 5 oSSl 5, slad
lagilyw )0 la 5 )lgS
b (Sigken sl S lgS
Ao cslodgs e sbmldacedly by | o sl gan)ls LSy = initil
iy el xS, 5 s, 5150 s)ls eslesss 5 0)kgs ks« S5 (S AEGO9 « 5,85 sl T S oSt g 5
Olojen sla KiSs | alfaw glodl cdbobul | s ledale ((Sui sb e
S5, b losilgw 5 SR ) (ST
S5 slaasls Py,Sph,Gn>Te | Py>>Ss>Sth>Sp Au(electrom) Ss>>Py>Sth+Sph+ 5 Jols slaails
t-Tn+Cpy+Au h>,Gn tAu Gn+Au(electrom) TRRTIE NN
Selse
S5 Jolye D1 D2 D3 D4
obes
e > ol ol
Do o el Yl gleiaSly Bl o pgo doye o gm
S Vo sregeyg,See Olllae  ululy Jsas Lals o B3 a5 LLsls L (T=280- 350°C)

slosg g Sn el (g) ek et laSanls
S ot Jpame Sl LS oo anz (i @y
Sy 4 45 ALBln ol 5555 b Lo SV 51l
a wloas anigs (1o )lus ) olow Sl ailogy, o lus
Srialin; 95 3T AL Sl a5 Sl o8 sles e
ax 0 200 dga> slos 5l Jlow &yl yiol3dl pilivse as
@ ol SilS A5 L wbl oo ax o 280 ;I YL «
il iy ol 1) o e Kasls Molae 5,5 Sausls
ale & G0 LSy 4,00 ) (11 JSW:) Cewl oolad
S 09) SlaSusls Sas Gl oSl 095 994
59,5 Al JolSS sl lsls o a5 asl ailes ol
ol SiilS isu 0 1A ol aila 5939 ool sualive

el oaiid oayd il slezdl 5l samlss

SUslS @ adsl cbals Siegulie jsbas widgs ond
0,5 SiwdlS e ‘(Zo)LMo'-) L) Sy ol Sils
e SadlS 403V 5 (o), L) SIS 51 22
Ngdoe o Sop

5 Foml Ol Gadlse laasgene Pl wil
05 Olsie 4 VL Ol lanilsn by il il
Jb odsl Gl a5 cenl g ,ee (zOne refining) oYU
Sloog sudlgw sla,luils sl Eldridge etal lawgs
ol Jpazme jlse el o [28]ay08 hos S8
Zn-Pb le Sl 51 @58 oy (95 b LS S JolSS
[24] el s 5 15 Cu-Fe Sosls (g9, a5 o

Mo o Kiislay, (95 sul,® ,0 a5 wake Huston et.al
slodgi dedlgw SouilS (npj sleisu 1 sg) b oolyen
oSheS SO Oyt JEnl e AU Gl g ool el
iy JLls cosl I (8 S s o)bes il o




1 w S 2955 9 S5 Sl

2ul> L o les 1389 L.

Jhw (Sab 38, 5 wadlyn el Cutgd Dlidg 4
G0 Ll 8 s aYlew (55050 59,500 iladllas L]
aS Sl Sy ol b g ue Jhw b 1 S
o b st g PHO GRS HS gealannST s
ol 00y Mo 5 ddlgus

Sl plo a5 50 meills L Glojon 55l S
dos cgloags wiile pgmy Sleil 5 cle dbml L dSG L
Culgp aastin a5 (gl g 0asSTy Ay (gloogs
Coslosgy olyan sl (aily, oylus) olow Kindls
Mo (s5lo gl 5l alye ol po [27] bl (11 Js)
Bl )0 5 o b e e, BB S Sse
slsls eo 5 PD, As, Sb slacdlogilses b S0
el 4l 38 ye3 Edlagilgur (SlolS 50 0,8 g Gardlgm

il oMb S pe g JldlS g i (65,5072
Al Held oz sasdlgw sladls

A 50§95 50 Jreie (oSS 5l am L)L L
St Loy ool sz el ond (ol jow Cons
5 (D1) (515 n (5 mS doceadlig 0 e (Sdly
sl ol et E IS g C po 9L lgsllS S
sl SloalS sazme 5l j0 2y B b o5 5
955 3 Shes 3)ls g, i8Il )0 4 M S 5e5
(Jabgnal® slo o ok @ AL ardlgn SuilS
FSis g &l aw Bl calb b el ey slacg o ol
Sl 00 5 omie 4l olS Sy sladils 50 )0 pg S
- omly ez e sl Ge 5 5 sledame ;5 (13 i)
Il il a5l e Wb 55,5 gt
=il oMb slacy s s 5l (SOlUtiON transfer)
D yg—o &1 g 09903 S > aldly Hold oo Sy glaals
LoalilS ol 5o Sy ,Seon b oanlive Ll clapsy 2SI
[29] b oo 55 5o

(s 9955 SBSlS 050) 1L Lils” 092 03l
009 Sz g8 eJle gy pan Sullad (o9 sl Al e S
bod 99 omb Jo 4 e ladie (092 Gl 5 Ll
(ol)f ool az 0 200 09») Sl &5 Jloyig,oue Yl
goolsl b oolen (Jloggne cVlw Gnl gles ol
(NaCl 39 00,0906 51 1iaS) @Vl (b (5)ed iils
i 5o aly (1 guz) CUIZN oy o
5 Bi, Te, Tl asls) oSl oVlw Lasls oleS ol
03907 ;3 (53985 (slgigeis, oualin pac 5 (1 Jsuz) (SN
oS> gyl Lice 4 s LS g 590 5l LS
ol

Jhw gl bug (Jlw o Jlsl LB S lade
{17] olaly Sispgbar 2050 JpS Jlosisyaen
2001 50) ool o)l @Yl lawgs b (YU slale
Lo b sl g oamb 4 oy PH L (ol 5 il ax 0
5 $owml PH L (01,5 6l a>,0 300<) YU &) > oYL
oS Jleygyes SYlas, ol 5l cwl JEsh LB oos]
el Vs (o5 il az50 200 51 12e5) 1,50 sleo
@V gla e Uil gy a5 wilosgy oxeb 4 3535 PH L
3 [15 5 12] Ll sslazsls gog BB Jewilo b
Jolis 50 1y 5,0 Lils a5 AU-Zn-Pb-Ag sle,Luils
Cudgg 005 (o0 Jo o puSliaS g5 D0ty Mo 3950
LYW Ly T b lsails ¥l a5 s e &) 285 M
5 [26] PH mlidl 5 grslanS| czge o5 aiiS Jol>
Geb p 005 e [28 3 27 25] H.S Saie o uals
Sl 4 (Jbow gopd 0 0dd bl lpss ) ol
ROLESH PP(1>

4AU(HS)” + 2H,0+4H+>4Au+8H,S (aq) + O,(q)

Yl LS pllaas oy HoS 55,05 a5 e l5s50
H2S gumlannsT Jols wims oo 2olS Lys ST L bals



oLl litipes e Jome syosing ol (it 112

Weilg 5 Co)b ogls 5l Jol 6)ly el (GG pluans 25 50 Sadls S b glojen sleidl 5 colo | plaaiges 12 S
oS oy Jageal 2 S8l (5 el Sgtin g a0 5k BT Wigad pl )0 Sy San eleie 0 by 5 Zo b sl 3l sl sl (o
S5 oo 030 954y sl ail> 10 daze Hels BT

2 eSO gon Ol s ol G S 5o (355,50 Fl s Sl B slacy 4l Hol was sl 5l aleaised 13 Ul
28l 5 BT T S idug Cewl ool jelite «Cupm sdes idu o S 40 el oo LSS aidl Hels laca pm adils g ;e



13 o S 2585 5 oS85 S

2ul> L o les 1389 L.

L s5lye aos U (sjloe jp0ts c0g) (nl (olow oS
oad (BUSe) wlbas 4l cqe (D2) b S lsS
Glils Gl S ool Jlesl pdy IS0 JSUS S
sy SLeilS b aS gloas oyl )5y gl S5l 4o aS
asle ).:d.: Jiw LgLQ)L\}Lw Wl o|)..o..{b Lg).'.aaw
ol A8l dnngd i (S35 p 9 (50,97 0e
g el gl S o LSS g9 leadSs S
Sl 95 omehew sla &5, 5 Olo anz i (Supm
‘Suu.l..u: Lglbd.f) > ‘;.im)fb d)il.o.c ol o0 lico J.:l:é
dodS, (Sab (o2 9 (59,95 Oex p oe Sl g5
50 0ads obml oaaS slalad 4 PD 5 odiw saze S
2 BIE el glamaT, LS5 s S5 (b
L B! pdw sloaS ) ol ooy i 1) 5506 slalad
Kg, y Oges ﬂ.:).m @z ) e il 2 Sl Cwlbs
(16 Jss) wiyls (5528 e (g (slaS)
SodlS” adgl gLl jo s g ogdle IS T o Slae
Sdze Sz 50 (S 50 5l Lol gLl g el ol g
Ot 5o Sl iy pd Wi ledls olxl g ol
2 6T S lae g aaled d6,L Ll le s Sauwils
9 JU@ L: o‘)..o.b Pb 9 AS, Ag, Sb )AaL'..C °)Lf5‘> &5).?!.:
s Slas 51 9 5 S 5 gl jseliss Slaals’ LS
Lals aBl, S 20 wass olge a5 o)ls 34y S S
S g adlais 5 Jame slae,Sy (s> 5l 518 Dall
a8 Sdlusdlgw ails o age il 00,58 &S > 4yl
5 55 3y slad jo Clél g onds JSis IS8 5 al> e

Kool pile Wbz S Kol cadilal

oY g aig e Jeld

P4 aBbes Cuby TCohgy «Lad,B iy S el
slelad 0wyl jgas pg Sl 5 clye OIS L olen
Gl g adsl sladils 5l (6,31 o IS Fo avgs ouls olowl
ool Loyl oais ssalie (I o o Jlawl «u )
syl ;o d92g0 LKL S5 5 Sl Jol> laaxS ) n,
aloads Mo g Cllwsdlguw alS lawg dSH,L cwedw

(215 Js)

sy 9 BT leS p slad oMb S 65 g JS5 503
S
ouds Jlasl (15 g sty (555,50 b 5l gl alsye 5o
S5 4 ool liee 00l (LT Sl 5 1,4 LB
9 Yy JS5 (5850 slajlisbo b oolyen 0,0 (o5 aige
ol 00l yamie o] b K 9 LilS 4o (D) L
SHlsSn By b (S25s 5l Jeol> sla 155 W)
ol s (SO)eSin saail 5 (D)5
9 Oxb (5 Jawgl ((Shp dy Wy 9 DD (55
0 S 4S5 gbas el e J S L Sl S ag W,
095 9 5o,k )Ll 028 b JulS jsboty o obp arge 0 Slae
SSETe Sad i 5 Sl bate T e Lo S0
oty o)l cllas (plo anz (i) L LS,
o5 y JS5 cunle e VMS shalts [30]
50 oad ol il b cxliay (slosgs analgus (slae Sy
wilgoe nlply g Wedioo )5l (ol 4l (S35 (Lo
4 Camd o)lgs S g dame el Gl YL Sl e
y i lis | 0dipS ) (ogm; 9 Sy slaais
i Sk LS oad S8 50 sladiges (B1595 ulul
€5 5l ol cnmline IG5 sl wsye 90
el s S5
Ol dpzr Sl idu p BGL S e o Ses
Laals san g asle pd o sla,lisle slwl b Duee
5 Sob o S 5 C gls Sl ol (5 lsS s ol
e g (b g guedlse LSS s (Sose o
3 SEWLE sledly )90 4 LS (JS3 )50 olnl b oS
Sgpeion (gl Sl )0 eSSl 5y hSiS 5 b s
il welsd ol o ytage 51(15 5 14 (lIS) o
Shilse a5 Gl Lol lacdlogalg.
2 Mo b oolyen acdlugilsn 55,05 5 (D) a5 )lss
58 L30T ol il o 35,155 (LSSl 3y, (slaslind
Jyame ailys o osd 5,y sl 4l VMS e, luils
&85 gols, (b o badlsn Seelis saze jsls
Wil oo (glaml
@ Suel e x Bl hp a oSlee
el o (S obul g (Fud oy (50030
el g el oud e S gl (g5 (el ladS)



solaidl ol yna; alxa o proghn il (pallgl 114

2oy calbm amdlen ool (Gl o (59,05 ex &jpot (IS0 ,50 1 Jws digal § (gais) (eleio yo IS5 50 0 Slas 14 Y
0 ‘jlg_.u)f\) (CA.J._MJL» = L.Q(Co)_u B;\.o.c) ..\.\.a.lj..» ‘o)ﬁs 6[.@(4@ '(u**‘ﬁ) 6L‘b u.u;u) ‘S*J)L: ‘_gl.m)ba 0 ;M P (u .6‘0&93 du.a.]j.u.x
S 9 C (SLQ&S))JIS Ql:u‘ ) dqy W ) 6‘0&53 (_gl.@{u@ o (5”)14 Ssls

(4

e
I ‘ -
ke - AL

- ————————

55 (@ ag)lad alo 28l o 5 Gl IS0 Glo diy Sl (15w 50 0ud olmyl (slealSi 5o 5l ol (slzil 5 wsle 15 gsis
i b aS pmnden KinilS leSinsls o s cllugilger 9 Mo (o cmadins Sindls slouFinSs yo (AU) Mo 4 (SS) cdlugilgu
3,18 51,3 (SBr) o pmr 5 (D) o b 51 slara 4o 50 oy SLSBIS il (Feaslosalice b8 mlocs pué



115 S 0555 5 S5 e

200> 1 o )les 1389 L

Vein trend

25508 Sl b (ponslis (slaaa, | (5]t e Lo USE g5 (JS5,8 o Shae Sl 10 48 Kl (95 (gmarbons 45 51 (o 16 J
ol ya (GN) M L Bgons 5 o0 Si5 US55 51 Lol (2iS 5150 w0disS alad oo (slodzsS ) oy alad )l (smmpos 45, s,

A o Lo 45, S5 215 65 So-d
sl

Szl &gty dS5 L odgame ;o (D3) (SIS ,5s al> pe
(flat- lying tensional oo o5 —auiS sl S S
Slels jo S5, auhw  wediw sladd, L a5 veINS)
slaa S ool 4Bl sgei il oad Jiil 50 05 51 S
a8l IS 5o 5l ads e ol o oo LSS cmadins
A5 (G et S5 b g anilb e 4l Ol olie oMb Lljals
I, (D) A3 JSCi)50 5 (Sasls slasges ads cmols g
(17 Jsiz) wilosges alad
L ey el atuocy Jols (D) 5,5 5T alo o
o dix iSlas | LS el lpisu a5 ol 0 el
0dgazme 4o dax ST ailbdges lrals oS ol Sy o
Ol ys53e b 5l (B L ple anr S
LuilS oagaze C)L} o (;9 ‘(18 JS.») sl oy JuSis
b Sl b s 1S, by (Sady w8 Dhoee LS ()l

= lad o cllugilgm sla a5l L ol oo o yio oo
(& 15 Sa) 998 oo osalice laaxs,
LL JS6,50 e pl3d ,0 a5 wis S slpeisHuston et al,
5 Sy B O jgod b wans Lo JSG S
aS I 0 w0, jgax o o gl by oMb Co
po Sl wsilas 1,8 IS S 5h cos aS s e
20, sla o a5 239 [29] sl Mo SISy yiages
L g 0 oo o s ,old (gam IS 5o slaas] b )il
Mo (SmwMSBLS eBl) 99— o AnSd Sy 45 By
Comw Ay S Pzl glo, S g5 3 )b 51 il ja
Glo,b Sy 0 b aS co & yoloe wild e g LSSl
p S el o0 ol3T Goudlg sLelS 5l aslin bg,a0 4
porSdond 3)lg (25 Al bass LSS ) (oSwg Soe
aS (IS asle deilS ;50 Lol e B 0gi o 3] oy 5|
o=l b 50 00,8 el Boses Kgdh oo S e Sy
b oo iyl pg Sl sl o5lasl ansl )
LSo,b LS 5o pgsar ol b uin Gilisee >y
po Sl iy slgsls AL JLuils jo el conline L1
oS gl alS b alen 40 olgen ( o Lo 3 B)
(z 15 JSa) wigs oo odss g co S e Sl



olazdl oulidiyn) alxs

J.?W 5)%5.:5.3.% u)L'l.u.l‘) 5u.l~.$.l|th

T

=

losges alad | b 5 )lseS s 5 oot LSy iaS cleuSinsis 1o a8 Wl (K5 dpis ol cloaS, 17 UK

vl Fo
%

il LS ool 5o slacSilsgbie o oLl s asgly cilalad 51 S (slod ool yome 00 gamme j0 by CS L8 S8

Sygar ol Sy eog Cosal o5 5 mdge L (loogs
s3] eVl GaalS Slas g lusS cedse eSS
GJJ)‘)L ‘5”9‘ 3 Jj"‘? o NS PR oa.aLiw)huiLS

el 00l I5,L slacKinsls’

B, il gobasdl il ()
Sedlgw Ll S KL LS el oldlas Gull
phe Lib o ol 558 g 5l S5 iy ey
‘[22 9 21] U”L“'“"‘ » ol 00 J.:.iw.) U] B oL:.«.u Ssls

Je (1 Joux - 0/3 5! }~<)5) Cu/Zn s OO omb

(S5l =D
CSiuils 5l oletse s jsba anls ()l
oyt Gyl ool asle Sl 1) 10,4 Ll sosilge
slisy o lugd LSes ¢ anld ool o 8ee 5l L5
2 Sosler o Slas ol saudlgw laSiils 5l goguxe
OV 1+ PN (SVPRU JCCREE DY I O EC WV PP
3 WSS e ) Sy s il
Soils oogazme yo Zewl ol i alS il
"y e 2O s BT QLS ()b g sl
B oSt g 550 e 0 Cujeil 5 CaSYL S50
ch.lw )L«.».)Ls » ‘;o)lya u.«du “_slf)}.‘od.g NGO PRV 0



17 W CORK CHRR X PN [0S 2ul> 1 s les 1389 Lo
ISl JLdlS 55 i oo sloais] 3 5 leslS 5500 g 3 Jgor
ety L Oolojon LS
i oy Sl £ o031 O o K ol
(5 39 28 Gl ) 8% ol 13 forls's 1D saig iy Jof* e Mrg ez s Dr-Di} Gof G757
B
- I I I S I B E e EEEs L 1 1 |
e St 8 B B 0 N B 0§ M ESINRIRAEERY!
ol L N _§ A B B N N E'IIRITIIAN O N TN
\, el e S L8 N ¢ ¢ B N § I EREIREIRNIARDERRITR!
3
‘0
b el LB N _§ N ERINTIRNRLR R} N
‘1’ Hy 3 Ag- As- Sbo Phjt 22 Dlogilaw glede I N S
o Ry S b g Rl ol gy 2T ) Y 1 |]
i 9 rgfog K o 33 Sle i | g 00 I BN N O | B N A E——
[CRTTLINICIW o T PRI VUG CIN T EEEEEENR
sl r——
allely ghol sledt”
Fa ﬁ—-- .
el S #
Y
G b 300 _
WAl A g oAl plsd 2 . E—
s AEEEEEER

Ssls o (11 0s) [21] slebae bl 5 Ll
(0,8 5 Mb ) SoaslS odee Lidw 00,5 o Sb3,l SxoS
ClSils 5l g o0g LS o as isu U Gudais
10 090>) j2aS polio 5 )l = gloogs a5 ddlses
RCOU V-0 K % SO VS <O L (KW
sleisy 5l oo il y sladiges LT ol olul 5
Mo o Sile Hladie glodgs Co )b g dudlgmw Sils Calizee
w‘ AW 0)5]).: U"‘ » r:)f 420 9 8/26;4..:;’44 o).m 9
5 Sl sletisn ) 0,8 53 (YL jlude (1 o)
oloaiez Gz 5l LS 51 50 ool glmad ()t
boaz S wleige ndjazg o Golde Sojo)ludls
As, Sb, ) wolpe polie S oYL Bes Jluie 4 angs
5 51 iaS ) b lsls ojlasl 4o 00,53 cals (Hg
2 ke b ol Sl 95 5 (09,5-30006
oS oy oMb Jlazul 5 55508 enlio slody, Sl
oo Juilinl oo g adl 48 pods yg,k0 (golaidl a5l oa

Lace 5 Ll oyxals alols aSenl , ogdle S5 ,L Lusls
BURPRV-X YR R PR S W L JPUE SLI W I S 4
Byl adYe 5 IG,L LS ogr S8
U Sl pase S S L ,Luls1385-1381 sl 5o
slasle b LS plgie 4 16,0 )Lsls (Bym0 5l 092
ol sl g ol sledsu ;0 o) 9 b 4z B
Jlo 5l s €85 )58 azgi 0 90 b LS lsie 4 Ll
2 Lzl a4 6L LS 55, » Mo iLaxST ollee 1386
g5 55 » by ShlE b eolatdl Jouily b)) o]
095 (25 (sl oags cu)ly g aaidsn) Glo ez (1 Sosls
o o B Hlails [0
(losgs )l g dadlgen ) (Lo arz Sinils (1

sloog adlgw JLils S GLL sl 7] el
Sy LS SO 22] Lell » g Au-Zn-Pb-Ag
Sedls 13w s o 0 a5 ablge 5555 £98 5l loog
ol el S 99,5 SlaKanls w3l g ond LSS ol



oo ygemsin bl (pallzl

ek 5043, 15 (100 Zn/(Zn + Pb)) 55, < (3
58 S 251 50l (g JB Ol 4 S0 5l o9
il S99 0 S (508 adly o (sla)Lusls” e
45 Snline (il 4 dadS) ol 50 (59) S 092 b
03] Sgzrgany |y Kl slaas, 4 giluals’ Jhs
ol 13 g el 039 £Ll Coi o pos 5 (59, SIlh 4y Capuns
o5 59y b 9 sl galadl Jruilsy 03l Heals laas
259y 9 2 polis Egerme 5uS0le 45 (5 bty il oo
S9an Kyl (g (o sla 45 ilie sledsu
ol 2,0 0125

Sl a5 Jlss (5,5 5 slod (o3 b @ 4z L (4
2 Eyg 9 S msSI amg JB polie JuSis Lo
e G g Sl (e K il (g5 (el (51045
S (Silae 45 sSde (cucliw SlodS ) 50 S92 ge e
ol = a5 o Buaes el 0o )0 00015 sgus
ol aily 55 50

Sl (050 £559-1) S VL (sl e oSl 4y 4z L
725 (Gl caBse 9 50 i il 095 (oo slaaS
YL lajls (@ 5 sloosi o)l 5 dpdlsms Sadls’ i
S R el g oS (et adllgine jo (S5 598
5 Lapd S an (Suop Jele 99 oo St il on)
b le o3k Jlde @ cpunow sbaS ) (ol )] Coadse
b Sl 095 olow sLodS) )3 9250 SIls K00
odislas Jloyigyime SVl Sl (o atiled (o0 J55S
Gt ) Lo S 4 SLop 50 48 ek oS
Ly 0 T3l syt o b eailous Sl (ploarez
Iy yolie ;S50 9 (6 iy Ce by g lools alol yiiSTy
lassl aigs

Mo jle Gl o (S5 es YL slajly A& L akal) o
Gl a5 Jlo 5y 00 oYl a5 caf Wb olie Ko g
oy Bl SYL slasls )0 @8l GleaSinss an oS
LS Lo g 00gai (2iSTy Sl (6 5t pn> b caslasly
3 b (g5 azyo g PH o iy Sl g oo iy
elie K00 9 M 5l 3VL polie (B S 9e5 YL slasl s
WLES a1,

85 ey Y Cllasde wuled cole, |y asee Ca )

G9) Sad O Ol Sle a4 L L
oog glusl el Sl 353 a5 (100 Zn/(Zn + Ph))
Sl sl LS el 5l el s 5 (59, SIS 51 b
Gl golamdl fwsly a8l 5 00gs plain K939, (sloogs
Eyome oSl &S (5ysbar wlie w9 (g, 51 90
Ol anz Sels Gl Gloisn ;o 59, 5 o polis
el 015 51 Lsls
Jb— 505 9 Led (09— omby oo 4y ;S0 S, L
Jlaiot 13 il 5y Siails” 038 S, LslssLoails
5 el s g (o oSIS Sl 8 Sl Hga>
3 el Sl cnl e (LS Gluaie iou
Boces a8 el oo,0 0 51 aS LS loas iy
el 48 55 a3 o8l ale ¢ Slugal g slaailS o

5 el (395 ol sloas, (L

L) 5 lialins 3 K0l (395 (sl (51245,
2 phtels FaST, L (e c6lw 20-3 Lawgie) e
500 51 ;a8 (sligy 5 5 yreghS 2 090> Jsb a4y glo yiu
Sl Az Kl s0nd Gl Gl yaS o Boee S
A5 il 555 (gl S1085 355 b5 (S0
Sl 55 e 15 5 S 5 ol SIS s
Gl anl g Lesl S 0l 8l e wiz 4 it o
i 1095 Jeud LB solazil
5 5o o 20- 3 bails i l0aS, el cualies
5 3L g 072 s o Ll y5 0,85 9 Mo (nsSileo JLe
Ol w0 o, g b Jlie o toan ol 550
o olyds cpl le 15612 « Yoors ol ool lw,So
b oo oS baS
Sl a4z LileaS, o g3 ol 45 by o> (2
A b g el Szo8 ba Luils Boguse 4o G LL LS
5250 558 lyiome 00,0 00 5l iy S 5k 45l
Olwdaz 5 @l 0398 (i ;0 Gloog iy LS G 0
el Ll g Sgil g5 50 ol 0o, 10 51 S
095 b SLodS ) 0 oy 4l oz 14 22] 555
SL 5 Goilgn SeulS 25 5l teS ol pea S il
gl Sl sl axgs LB o15 AlS g s g ol HLuils
il Wl Sy sl 385 (e (0aS, 0 Ll

118






oo ygmsin bl (pallzl

120

4AU(HS)” + 2H,0 + 4H + > 4Au + 8H,S(aq) +
02(9)
Sl ple anz 25 50 muilsy b plejen (5l
Ao (slodg wile g, Ll 5 cle ol L AL
Culgp daseie a5 Jladbgwld g oaiSTy als (sloses
) ] 00 o‘)a.zb ol (d.;"o 'S o)LM&)) ol Kl
J513 50 Cagy BB e &gt Mo (g3Le SIS 5l Al e
5 Pb, As, Sb slacdlusalgul Soop olpen 10 9 Coym
] 4B 35 03 bl lgils oo
Sloaile )3 M 55 a3 5 LdlS onig i (355 572
o LS,L )Lails laidly (5 Ls aoend sosdlam slesls
Loy wd )5 Gaend (SBL S Loy cnl ol o5
3 o lS 55 el LS5 5 (D) oS 1 e
;i.\_m;l.f)_: ‘5:95;& o)_ila.: ] 00 o‘)_.o.m Syt
Sloul Jladgsl 8 slaca yu ol 4 dSo )L gosdlgu
Sl 0l yoxie &l aws glodl b b ol i yo slacs o
o i 438y ol oy sloals 5 5 0S| LSS
9 LSS, ,Lsls jo o8y g o ,Sles 5l ol ‘;&.‘L})fo-3
= 0ad Jlasl 55 gt (595,50 anlys 5l glad>
S ag ‘QT Ol 0ads (s leSw 9 I5,L ,Luils
5 iy S5 IS5,58 sla o L slan 0L 5 4t
el 00 yoie 1 biee leKiw ¢ 5Ll 4o (D) L
9 SelS Gty SeBL 5o i ogdle (IS8 50 0 Slee
oo e asle) S50 5l el sleasl el ol
cldils sl g polic duze S0 o (bals 30 g (g L
(gt Sla K uwils cogase ;o ol il id oo
S 25 1 6B S Jlae g seled )L (ubiw 9 (250
)_:‘ )d ‘BLIQ l_: o‘)_o.b Pb 5AS, Ag, Sb 6%5 o)l_gsd
S aalgd et 5oyl 0gmg (ASS S0 5, e
a0) Wb slas g Ko 58 ad> e (b yo wa slaails
L ssaliine JoB &g oa o) ails i yo (pg,nsdl &g
3 ads e ol j0 ead sl slalasd o (CJ‘-’““’)*‘ i
wiladly 58 e IS 5
ol £108, LS5 5 0 LS 525 58 55 -4

o, g Wb 5l 8 (sloogs dudlgu Ll S IS LL Ll
ol 6l 00g audlew sl LS Cdel M5, as el
el St 5 s ol 5o Al Sl ggerme e
o3 90 sl LS ol (1< Wt % Zn + Pb + Cu) el
wlazs F gl (KMVD) AT

aS col o5l Ste ragin ol o sad plsl Slalas
e LS SO plails J oSS g adl S 1S4 Llusls’
el oo Sl (G 995 (SoulS sletisn 236
I L0 Hlls jo 0 ,m 99,5 b Sails JSis pae oS
5 Lod cgoni 133 5) slwails Jlow cunle S oo J S
SLailS ol (6395 0395 51 LuslS cyxals alols § (5,9
5 (il s Cmed) (95,59 (omly 42,0 (S5 ) o
sleanl s .coulos, S o |, S S Y Ao
A «S359il8dg mljlS oas Jlesl JASUH 50 5 65,50
S slaasls 5l cunas Sl o Loxdl dyasl ol
S Sils’ Sis oo il oad e SlS
Ao dol Seils LSid 3 as slaslas, 5 Si56ilsds
] RSyl
a 15,0 0,85 g b 5l 8 Sloogs audlgu HLuilS LS5 -1
Sly mslodgs g K il (495 (e Sloetid slaSnlS
Loo o5 OYlow Ctgs Jgamo )L [LuilS Lo ane iso
5l 5eS) oml asd b (o5 (Hle azy0 200 51 )
aloy, oylus, Oygod a5 aib e (NACl 59 0o ,09/6
o o5 Glos cde 4y Lol asl cuigs ol S
pikiae a5 «Kislay ) g5 anl,d A5l Ll o Gleals
280 5| 5YL @ a>,0 200 sg0> sloo 51 e Jlew slos Lial33l
Laleie 5 5,5 KawslS 4y olew Sails ,38 b wil o a0
el 00las C) “))Lm ).:d.: u&n‘ ‘) ‘5..:)...: Soeusls”

S L Ll 2550 SV (555059 S0 Dlalllae
Mo g g ooyl Cuigs g PH L2ol33l H2S gnlans]
ol Bub o (Jlow (gowds j0 00l bl Ol sy csl 00l

00,8 so e AU St s (o3






oo ygmsin bl (pallzl

O.R., Sinclair, W.D., and Thorpe, R.l., eds.,
"Geology of Canadian mineral deposit types",
Geology of Canada, vol, (1996) 183-196.
[2] Hannington M.D., Poulsen K.H., Thompson
J.F.H., Sillitoe R.H. "Volcanogenic gold in
massive sulfide environment: Reviews in
Economic Geology",(1999) 325-356.
[3] Poulsen K.H., Robert F., Dubé B., "Geological
Classification of Canadian Gold Deposits",
Geological Survey of Canada Bulletin.,( 2000)
540, 106 .
[4] Dubé B., Gosselin P., Mercier-Langevin P.,
Hannington M., Galley A,"Gold-rich
volcanogenic massive sulphide deposits, in
Goodfellow", W.D., ed.,"Mineral deposits of
Canada—A synthesis of major deposit-types,
district metallogeny, the evolution of geological
provinces, and exploration methods: Geological
Association of Canada”, Mineral Deposits
Division, Special Publication no,( 2007) 75-94.
Mo wa 0,33 SlassT a5 "z cpall 26 [5]
SBLaST 5 (ol e Hlojlo ( cudopw 55) ()0
(1382) " 55" ues
5 b g CHlo " oy oolid g saazely [6]
oogame o (sl 5 4l Slilhe,d) Mo 5 45 15
x| it S Al ol i g8 DL e
-(1385)‘w)d.n Sy olRils cauly pole oasizils
[7] Large R.R., Huston D.L., McGoldrick P.J.,
Ruxton P.A., "Gold distribution and genesis in
Australian volcanogenic massive sulfide deposits
and their significance for gold transport models.
Econ. Geol. Mon,(1989) 520-563
[8] Huston D.L.™ Gold in volcanic-hosted
massive sulfide deposits; distribution, genesis, and
exploration”, in Hagemann, S.G. ed,” Gold in
2000: Reviews in Economic Geology", ( 2000)
401-426.

Sla ) azp oot ap Joma ol linl) v (goamma,b [9]
3l SHielsly aedlpmganle oo 2l ATIGL O
2o T o)lez g Can OYle 4 lpl o b
2988 (Gome SBLASST 5 (oulid (o) Glojls () pole

(1384)
[10] Mohajjel M., Fergusson C.L., Sahandi M.R.
"Cretaceous—Tertiary convergence and

continental collision, Sanandaj-Sirjan Zone,
western Iran. J. Asian Earth Sci". 21(2003) 397-
412,

ygods D3 (S5 al> e (59,05 JuS 5 als wdl
ek Slo a5, L AT iced o5 (a8 GleeSSil slxl
wiloas Jual e 015 5l e olo culs o K5 aubw
Gl o3 esd B pnnew sladS ) igh o0 e
Ly wdlioe 58 polie [0 9 Mo Slal5 w3l al> s
SS255 5 2Ll lasges 4l wdly 5 0 5o S
ol 03905 alad |, (Dp) L3

Jboy slede aiwos Julis (Dg) S5 50 51 al> 1
aiz Sl 1y Lls Gilises gl a5 ol 0 s b
el 035 el JuS ol gz y0 e
S Sidls moge psbay anlp ol (Sojle -5
s ol BT g el asle il 1) 0,0 SLalS sosdlgw
5lseS olie silo ST 5 plusS (ndge S5 ©)j50
5 SowsSIS ¢ gl SVl (Siaél Sjgo 4 e
el saalie B odgsS

lboriigsy dled § 15 0 Yl Sldllas gl wlul 5
o9 onl wPleS polie (Sp Jls aile) osze
5 e alols s AL LS (CU/ZN) 5 s, slgims
st SzsS sla)lls gz g oad JSis (sdsis Lie
R 50 D990 0585 9 Mb I 5l ek LuslS (pl 00,5 o
iy 15 51 5 ol 055 2 ol cuonl I sz
Egozme 4S5 ebdy (el goladl il w3l 4l ol
Ll S oylsen g)ladls cilizs slotisn ,o aly il

RSV IRV

&l Sl
sla zrb B o Guiow ol (Slassy Jlyal Slles
2985 (Fame SBLAST 5 (owlid Gee) Slojle (SlasST
abre eolbasle ol udige BT 51 1) wionl odms, plaely
e SBLEIST 5 i peg olesle BLEIST p e
SLLaST el pyme e by Sope oonites BT 5 4908
& 53iS dnn SBLES| 5 ol g plosls (hne
) Gl nl ol gz oY (aales 5 (Jlme LIS

oiles o S5 g a5 dilesans il 0,51 pal 3

&=y
[1] Poulsen K.H., Hannington, M.D., "Volcanic-
associated massive sulphide gold", in Eckstrand,

120



121 o S 2555 5 JeS5 o0

2ul> L o les 1389 L.

pressure, burial history, and paleohydrology of
the Les Malines Pb-Zn deposit: reconstruction
from aqueous inclusions in Barite in Econ.
Geol", 83(1988)784-800.

[14] Larson L.T., Miller J.D., Nadeau J.E.,
Roedder E."Two sources of error in low
temperature inclusion homogenization
determination, and corrections on published

[24] Solomon M., Tornos F., Large R.R.
Badham, J.N.P., Both, R.A., and Zaw, K. "Zn-
Pb-Cu  volcanic-hosted  massive  sulphide
deposits: criteria for distinguishing brine pool-
type from black smoker-type sulphide depo sition.
Ore Geology Reviews 25"( 2004) 259-283.

[25] Huston D.L., Large R.R." A chemical model
for the concentration of gold in volcanogenic
massive sulfide deposits. Ore Geol. Rev.4".(1989)
171-200

[26] Hannington M.D., Peter J.M., Scott S.D."
Gold in sea - floor polymetallic sulfides:
Economic Geology", V.81,(1867-1883).

[27] Huston D., Large R, "Genetic and
Exploration Significanco ef the Zinc Ratio (100
Zn/(Zn + Pb)) in Massive Sulfide Systems.
Economic Geology", Vol. 82, (1987) 1521-1539
[28] Huston D., Bottrill R.S., Creelman R., Khin
Zaw Ramsden T., Rand S., Gemmell J.B., Bruce
L., Sie S.H., Large R.R, "Geologic and
Geochemical Controls on the Mineralogy and
Grain Size of Gold-Bearing Phases, Eastern
Australian Volcanic Hosted Massive Sulfide
Deposits". Econ.Geol,( 1992)87:542-563.

[29]Cox D, Rytuba J.J Lihir  Island
gold,"Geological survey Bulletin
1643U.S.Gological survey open-file Reporrt,
(1987)87-272a.

[30] Galley A. G., Jonasson I. R., Franklin J.
M., Gibson H. L., " Volcanogenic Massive
Sulfide Deposits”, in Hedenquist, J. W.,
Thompson, J. F. H., Goldfarb, R. J., and
Richards, J. P., eds., Economic Geology
100th Anniversary Volume", Littleton, CO,
"Society of Economic Geologists™,(2005)523-
560.

[11] Azizi H., Jahangiri A." Cretaceous
subduction-related volcanism in the northern
Sanandaj-Sirjan Zone, Iran. J. Geodyn", 45
(2008) 178-190

[12] Azizi, H., Moinevaziri, H." Review of the
tectonic setting of Cretaceous to Quaternary
volcanism in northwestern Iran. J. Geodyn".
47(2008) 167-179.

[13] Ramboz C, Charef A, ™ Temperature,
temperatures for the East Tennessee and Laisvall
deposits. Economic Geology", 68(1973) 113-116
[15] Ullrich m. R. Bodnar R. J." Systematics of
stretching of fluid inclusions. Il. Barite at one
atmosphere  confining  pressure, Economic
Geology", 83(1988) 1037-1.

[16] Bodnar R. J. Bethke P. M. " Systematics of
stretching of fluid inclusions. | fluorite and
sphalerite at 1 atmosphere confining pressure,
Economic Geology", 79(1984) 141-161
[17] Roedder E," Fluid inclusions. Reviews in
Mineralogy", 12(1984) 644.
[18] Shepherd TJ, Rankin AH, Alderton DHM, "A
Practical Guide to Fluid Inclusion Studies.
Blackie, Glasgow", (1985) 239.
[19] Pisutha — Arnond, V. Ohmoto H. "Thermal
history and chemical and isotopic compositions of
the ore — forming fluids responsible for the
Kuroko massive sulfide deposits in the Hokuroko
district of Japan. Econ. Geol., Monogr", 5(1983)
198-223.
S ez baod wp Joome ol sliwl) w g (swme,b [20]
o Sy wedlpagels oo oy TS L U
o locis 34 oz )5 olKils pgle ales ' o o Mb 5/
-(1387 ).‘60_47 ul}tw ‘1
[21] Ohomot H., Mizukami M., Drummond S.E.,
Eldridge, C.S., Pisutha — Arnond, V. and Lenagh,
T.C. "Chemical processes of Kuroko formation.
Economic Geology, Monogr",5(1983) 570-604
[22] Ohmoto H. ™ Formation of volcanogenic
massive sulfide deposits: the Kuroko perspective.
Ore geology reviews", 10 (1996)135-177.
[23] Eldridge C.S., Barton P. B., Jr. Ohmoto H,"
Mineral textures and their bearing on formation

of the Kuroko ore bodies. Economic Geology.,
Monogr".5(1983) 241-281






2 al> d o)les 1389 L. 130

6.)La.’i§| GmLNuu.a.o) 44).“..: 39 uL> ‘5|).g Jlo pa.‘ﬁ.u Lg'.n.kb‘)
le g azg pj 5900 OIS &
alie §OlaiBl ol ymo) &9yl 41335 slao Loy 10 a5 SYlie 4 395 allie (yie ;o (K6l o> b p yiome (puia 09 oo anogi(l
il 90 ISC o oads aglad loxe (o dloxoe jlitel o YU 10 Wlgs oyl ol sl gpa o los slitwl Cenl onds Gl
sl 5 slese slls ot &l YL (2
sl @ won g on® adlllas 55,0 dodia® S5 @ Olsc®
&= S nie
(Wloas iy a5 aalol ;o lael3 55151 5 £43) 09 culb WOID-XP 13581 0 5 b allis (3
aS Glwte Jlis g el (*F edle L Jots odin g (10,5 asiio g 4l 850 o Sy Basnys L) ot g pb ¢ ylgie ddo jo 4
g aseine i wulats fu )b g (g Sl Cany (S8 (il 6 las o plowil T jo 18
Wb allas glaxas g5, oundS 508> g atig aalS 150 ;s ;iSlas Sl g oyl g 50 jo 4 allis B0S> (5
D aligl roduS> 15 50 allie e b L3I o (KeYWOrds) (souls o5ly ai allie o (8y2e 51, (6
WNgd et I5] Jown g s blolesbewya &=l ‘dJL&AO_';.A)o(7
g atbgin ) sladised o (Y b (o) a2l pe s 0d (8
5 ARl e Gnn 0 53 SV 5 C b8 (Slica oS pla (o sSiS Ll 5 omiled” o oy vz 9 w5 -1
[2] Mohajjel M., Fergusson C. L., Sahandi M. R., "Cretaceous—Tertiary convergence and continental collision,
Sanandaj-Sirjan Zone, western Iran”, Journal of Asian Earth Sciences 21 (2003) 397-412.

o2 aS Y SllS oy 54l g eolatul callisls 25 3550 By lead jiiie 5ls 5l (S5l Allde pudass sBe 09l oo dnogs 9
ojlod 0B L asan lan 30 Y AelS e 09l co aliigl o )b (Dl b 15Y B5lg 4T (60,150 10005 (5 la0e Wijly o)l
Bl (o)l (Sl ()8 SV sla Jgaz 5 e 5 Lapd) pled 358 ails

b i 15 em l Jgam sl .09 o )Lal Jgao 8 leds 4 Jasd allie y2e 10 g (5,080l g iy aillas 35, Lo Joax (10
asls g 15 om i e s ligy ail i 5l o dmas 0 Cla LB O g0 4 b loges o b uSe ol 11

w9 4ty ol Vb Jsar zedg 5 ol w00 IS8 0 edy (12

ik g ¢ o S Jols Ad amin 20 jiSTas allie Olxiw olows (13

gl g 5 10 oydl g ol 5l 16 lalas alols 3 CM sloail> LAL BLlS 54, SO allie | Lol i > (14
a5 5 el (sl i o Gl odlel 850s 9 5 Sl 2,80 sl g Lo 2,25 Sl g 5l glicn B 51 g Allis 2 (15
Ded oo Jbo )l dllie odiug g N

Py

WA asles ol osin s gl Kl g0 4 0ad Ol dllde | ases 3 olass (16
dle s ool 5 slapds 3l (golaiBl  cwlisdpmo) doxo [0 Gl (gl allie ol pln

D s el ol

12 ;556 TimeMed. 9 Aoy

16 olos i3k Time Bold 14 s plgie

13 ol oyl TimeBold 11 ok e

11 b oot Timeltalic 10 g i8I a5 00k g 001
11 sk TimeMed. 10 i )b

12 Ll opsib Timeltalic 11 Sl slaosly

11 ol sk TimeBold 11 G B Ol g dedde
12 53t TimeMed. 11 e e

10 ol 3k TimeBold 10 Lo Jgaz 5 LI5S 8)les
11 sk TimeMed. 10 e goz g oS mgin;
12 53t TimeMed. 11 &l
10 3G TimeMed. 9 )




Journal of Economic Geology Ll (ol (e j alno
2010, No. 1 (Vol. 2) == (7 ale) ) oylad AYAR Jlo
ISSN 2008 7306 A Yo b)Y :axio

Mineralogy and economic geology of Cheshmeh Hafez polymetal deposit,
Semnan Province, Iran

Mehrabi', B., Ghasemi Siani, M.
Department of Geology, Tarbiat Moalem University, Tehran, Iran
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Abstract

The Cheshmeh Hafez polymetal deposit is located in Troud — Chahshirin mountain range in Southeastern
Damghan. In this province, the volcanism and associated mineralization are closely related to major faults Anjilo
and Troud with NW-SE trend. The exposed rocks in the study area consist of volcano clastic sequence of
sandstone, tuff, volcano breccias and mostly andesitic and andesitic- basalt flows at Cheshmeh Hafez district.
Alteration in Cheshmeh Hafez area is consisting of Proplilitization, Sericitization, Argillic alteration and
Silicification. Mineralization occurred in three district stages; 1) quartz, carbonate with early pyrite and
chalcopyrite assemblages; 2) the main stage of sulfide deposition, comprises early cuhedral galena
followed by galena and sphalerite, then galena, chalcopyrite, tetrahedrite, pyrite, bornite and digenite, and
3) quartz and calcite barren veins with minor pyrite and chalcopyrite. The average assays from 12 samples
of Cheshmeh Hafez veins are; 0.15 g/t Au, 3.23 g/t Ag, 4.47 wt % Pb, 2.64 wt % Cu, and 1.73 wt % Zn.
Fluid- inclusion homogenization temperatures (Th) in quartz fall within range of 140°-300° with salinities
ranging from 4.7 to 18 wt. % NaCl equivalent. Comparison of Th versus final ice melting (Tm;.) values
indicates the occurrence of fluid mixing process. In order to evaluate extent of mineralization in depth, IP
and RS techniques were used, which indicate the presence of mineralization in depth.

Keywords: Cheshme Hafez, Altration, Microtermometry, Geochemistry, Geophysics and Epithermal
Mineralization.
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Mineralization and Geochemical Exploration in Volcanic- Plotonic Area of
Halakabad Village (Sabzevar), Regarding to Cu-Porphyry Deposits
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Abstract

The investigated area is located 30 Km south of Sabzevar in Halakabad village. Geological
phenomenons in area follow a trend of NW-SE. Mineralization consists of metallic and non-metallic
(kaolin) mineralization. Disseminated and veinlet mineralization is generally associated with argillic
alteration type. Pyrite is the most widespread type of sulfide mineralization in Halakabad occurrences.
It usually displays a euhedral habit and have occurred at least in two generations. Calcopyrite is
common in veinlets although in minor amounts. Secondary sulfuric acid weathering of the ore has
generated huge surficial amounts of oxide and sulfate minerals which of hematite and jarosite are the
most abundant. Geochemical exploration was conducted over both drainage geochemistry and rock
geochemistry. Results show that some of the stream sediments have higher concentrations of Copper
and Zinc than normal. This anomalies maches with monzonite outcrops in area. The chip rock
geochemical data shows highest values in west of halakabad mine for Cu and Zn respectively 500 and
900 ppm. These data represents that all samples collected from surficial areas of east of area contain
lower concentrations of Copper while sulfide mineralization is more than the other parts. Presence of
favorable alteration system in region, presence of monzonite subvolcanic intrusions and regional
geological criteria indicates a possible Cu-Au porphyry system in Halakabad area.

Keywords: Iran, Halakabad, Cu porphyry, Mineralization, Geochemistry.
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Frequency fraction and spatial distribution of clay minerals
detection by sub-pixel classification of ASTER data,
case study, Esteghlal mine of Abadeh
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Abstract

Esteghlal fireclay mine, northern Abadeh, with dominant composition of kaolinite and pyrophyllite, and
annual production of over a million tons, is one of the largest sedimentary deposits in Iran. Linear Spectral
Unmixing (LSU) and Mixture Tuned Matched Filtering (MTMF) processes were applied on the VNIR +
SWIR dataset of ASTER for identifying the frequency fraction and distribution of clay minerals in this mine.
Sub-pixel frequency assessment of ASTER data showed that distribution of pixels with higher fractions
belong to the kaolinite and pyrophyllite, outcropped in two different parts of the mine. Comparison of LSU
and MTMF output results showed that MTMF is more reliable to determining the relative fraction of clay
minerals at the study area.

Keywords: Sub-pixel classification, ASTER, Linear Spectral Unmixing, Mixture Tuned Matched Filtering.
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The station of modeling the mine resources in economical geology investigations
and determination of mineral deposits genes & reserves
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Abstract

In recent days, computer is becoming one of the most essential instruments in advanced countries for the
researchers and the domain of its application is going to be increased every day. Using the 3D modeling of
the earth, its mine resources and the brilliant details which are given by the models, the researching and
exploring groups will find out the inconspicuous and attractive aspects of the genetic structure and the
geological history of these resources. In this paper which is a result of the researches done as the case study
on a group of aragonite deposits in West Azarbaijan province, modeling of under study mineral deposits and
the genetic approaches obtained from the models lead into explore and discover some other resources of the
same minerals which is widely accepted recently in the market of decorative rocks in Iran. In modeling
procedure of these resources which is a product of the geysers, the profile of these lime generating springs
and their directional order on some specific hidden fracture is determined and approximate location of the
new resources for the next explorations is assigned. At the moment, these assigned locations as new
resources are being explored and even exploited.

Keywords: Modeling of mineral resources, Genetic structure, Hot springs, Decorative stones.
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Petrography and geochemical study of
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Abstract

Nezam-Abad area is located in southwest of Shazand (Arak) which is a part of Sanandaj-Sirjan zone. Major
intrusive rocks of Nezam-Abad are quartz diorite and minor amount of granodiorite. Leucogranitic,
pegmatite dykes and quartz-tourmaline veins were intruded the quartz diorite. Quartz diorites are mainly
composed of plagioclase, hornblende, biotite, quartz and pyroxene as major minerals. Major minerals of
leucogranite are microcline, orthoclase, albite, quartz, biotite and muscovite. Accessory minerals consist of
apatite, zircon, sphene, epidote, allanite, tourmaline and opaque. The presence of hydrous minerals like
hornblende and biotite in these rocks indicate that the corresponding magma initially contained >3 wt% H,O
(wet magma). The occurrences of garnet and andalusite minerals suggest assimilation process. Primary
textures in these rocks are granular, granophyre, and poikilitic. Secondary textures are perthite, myrmekite,
sericitization, chloritization and kaolinitization. Later hydrothermal activities and tectonic strains are factors
for presence of perthite texture in leucogranite. K amount for sericitization of feldspars come from the K-
feldspars and chloritization of biotite. Transformation of biotite to muscovite indicates the act of K rich fluid
in later stages. On the basis of chemical analysis on the intrusive rocks, it is shown that the magma was calc-
alkaline, metaluminous-peraluminous and medium-K to high-K. Study of major elements in Harker diagrams
indicates Al,O;, FeO, Fe,O; and CaO decrease with increasing of SiO, and K,O and Na,O increase
indicating that fractional crystallization may have played an important role in the formation of granitoid
rocks from Nezam-Abad.
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Geology, mineralization, geochemistry and Ground magnetic studies in
iron mineralization Kalateh Shahin region, Razavi Khorasan province
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Abstract

Iron mineralization of Kalate Shahin is located 107 km on the Ghoochan-Neyshaboor road (in Khorasan
Razavi province). Subvolcanic intrusive bodies of quartz monzonite to monzonite porphyry intruded the
Cretacous limestone. Sedimentary units of the area in decreasing age include Cretaceous limestone and

Eocene and Paleocene-Quaternary microconglomerate to sandstone. Mineralization in the region formed in
two stages, hypogene and supergene. Pyrite, magnetite and specularite formed in the hypogene and goethite
and hematite in the later. Investigation of fO, and temperature conditions indicated that temperature of
hydrothermal minerals in the east of the area was less than 350°C. The amount of goethite and hematite in
the west of the area is much less than the east and is frequently present as vein and veinlet associated with
hydrothermal dolomite. The source of mineralization, hydrothermal solution in west of the area had lower
sulfide and temperature but was more oxidized than the east. The result of geochemical analysis using AAS
method for Fe, Mn, Mg and Ca elements indicated the highest amount of iron (30.4%) at the trench on the
east of the area. Iron showed positive correlation with Mg at this location. There is also relation between the
amount of these elements and the distance from the intrusive bodies. Therefore, the intrusive bodies of the
area had no role in the mineralization. Total magnetic intensity (TMI) was measured at 742 stations on 2 grid
of 20x5 meter. Map of TMI colour image along with contour, Reduction To the Pole (RTP) and upward
continued were prepared using ER Mapper. Inspection of magnetic maps indicated distributed anomalies in
the area, maybe related to the covered hornblend diorite porphyry which outcrops at about 40 meter apart.
Due to the presence of hematite in limestone that correlates with anomalies B and C,magnetite
mineralization at depth also may be the causative source of these magnetic anomalies. Therefore, drilling
exploration at location of anomalies B and C is proposed.

Keywords: Kalateh Shahin, Iron Hydrotermal, Vein and Veinlet, Magnetite, Hematite, Goethite,
Magnetometric.
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Formation and evolution stages of gold rich Barika massive sulfide deposit, east
of Sardasht, northern Sanandaj-Sirjan zone:
based on structural, textural and fluid inclusion studies
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Abstract

Barika gold (and silver) rich massive sulfide deposit is located 18 km east of Sardasht, north western part of
Sanandaj-Sirjan metamorphic zone. Rock units outcropped in this area are Cretaceous metamorphosed
volcano-sedimentary rocks in green schist facies, and include association of meta-andesite, meta-tuffite,

phyllite and slate rocks, where the meta-andesitic unit (KmVl) is host rock to the deposit. Barika deposit is
composed of stratiform ore and stringer zone. Stratiform part contains massive and banded sulfide and barite
associated with subordinary silica bands underlain by stringer silicic zone. The massive and banded ore is
surrounded by an extensive zone of silicic stringer veins and disseminated mineralization within strongly
altered and deformed andesitic volcanic rocks. Ore mineral assemblages in stratiform part of the deposit are
quite variable and consist of pyrite, sphalerite, galena, stibnite, a variety of sulfosalt minerals and gold
(electrum). Ore mineral assemblages in silicic veins in the stringer zone are simpler and consist of pyrite,
galena, sphalerite, tetrahedrrite and trace chalcopyrite. Average gold and silver grades in stratiform ore are
8.3 and 420 g/t respectively and in silicic stringer veins are 0.7 and 30 g/t. Base metal content in both parts of
the deposit are less than 1%. Based on our research, Barika is an immature Kuroko type massive sulfide
deposit, which contains only black ore. The Barika deposit underwent low-grade metamorphism and high
grade deformation after the ore deposition event. Geologic processes appear to control the mode of
occurrence of gold in the deposit. In synvolcanism stage, deposition of a gold—bearing low temperature (140-
200°C) and low salinity (1-9.6 w¥s NaCl) hydrothermal fluid formed a Kuroko black ore type deposit. In the
stage of mineralization, invisible gold was concentrated in framboidal pyrite and other sulfide minerals. The
main effect of progressive metamorphism (D1) on gold mineralization is recrystallization of the framboidal
pyrite and migration of submicroscopic gold to the crystal boundary to form electrum under low to moderate
strain. Highly strain and deformation (D2) on the deposit caused the remobilization of gold and accompanied
As, Sb, Ag, and Pb minerals and continued to form coarse-grained electrum (up to 3 mm) in open space

fractures. The formation of barren silica veins (D3) and high angle normal faults (D4) are the results of
retrograde metamorphism.

Keywords: gold rich massive sulfide deposite, Kuroko type black ore, fluid inclusion, metamorphism,
deformation, Barika, Sanandaj — Sirjan Zone.
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