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PPM e ) ICP-MS 5, 4 piie ailane slasigns 9 oleaS 5 o3 yolic gl polio Y-0 Jour

Br-A 7 0.02 §5.5 11 0z 0.z 039 225 =l 121 10 =05 144 042
Er-B 221 0.04 216 | [} 0.z 0.04 37 | 73 9 05 o2 058
Fi- 1l L7 958 4.8 324 33 0l 245 7 144 17.1 158 B3 4 7.06
Ei-1 0.8 951 4.5 425 3 01 412 0.8 148 0.3 123 13 10 5.78
Ei- 3 12 10.33 4.0 0040 4 01 18 04 121 134 144 ] 10 48
Fi- 4 1 B8.74 =01 0.59% 3 <01 i7 03 155 255 11 67 57 1052
Fi 5 0.3 291 =01 0.08% 34 <01 284 0.z 147 4 3 k] 12 774
Fi-d 1 247 17 521 31 <01 289 01 144 0.1 a 51 4 878
EBEDDED-A a1e 007 41.2 M 02 03 0.06 420 <l Bs g =05 4l 038
BEDDED-E 185 005 Bl <=1 [} 02 0.13 1157 <=1 1] 1] L5 112 043
BEEDDED.C 119 0,03 17.5 1 [V 0z 0.06 580 =1 55 ] =05 53 036
MASSIVE A 687 0004 354 1 [} 0z s 225 <1 133 1] 5 142 045
MASSIVE- 818 0,03 244 17 [V 03 o7 24 =1 133 T =05 173 044
M&E;‘il{: 213 005 E] 0-20%40 0z 0z 175 o83 <1 51 4 =05 85 052
SHALE-1 17 .21 4.4 357 17 0z 086 10 102 EN 3 EX] 11 413
SHALE-? o7 465 3 480 7 0z 135 0e &4 104 4 40 124 366
SHALE-3 0.6 538 12.3 285 X 0l L7 1 o3 ] 45 121 2z 4.06
STRINGER 289 312 11.1 722 0o 0.z 0.04 0.7 31 <l 23 05 15 Loy
Dis- 1 0.z 247 3 319 13 0.3 194 11 421 313 16 34 145 378
Dis-2 <01 895 3 207 L7 03 443 2 42 M3 15 ED 48 452
Dis- 3 <01 B8535 11 444 17 03 589 06 44 208 11 4.5 ag .01
Dis- 4 01 BoR 3 0040 11 <01 205 03 153 4.4 16 10 14 692
Dis- & <01 035 =01 B4 17 <01 565 0l 45 257 13 03 15 482
Dis- 6 <01 04 =01 608 17 <01 578 01 48 2 14 o7 147 4.7
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Br-A 0.26 =01 40.57 =0.03 <5 0352 <100 <] <] =01 1474 202 =01 100
Br-B 024 =1 s =0.03 <5 17 <100 <l <1 =(.1 259 98 =1 197
ERi-1 376 347 TE3 2.03 791 <03 14833 s 40 04 17473 1261 1 40482
Fi-1 176 314 755 T7.78 461 <5 14244 83 i) 0.27 16353 1178 03 42623
Fi-3 441 4.09 743 10.7 954 <03 20674 106 41 043 17111 1223 24 39340
Fi- 4 461 .00 567 138 10.65 =05 25430 ] 3% 052 12349 1641 1.8 33291
Fi-£ 19 374 407 10.74 5.08 <05 15193 &0 19 039 7395 808 2 46754
Fi- 6 395 4.02 582 101 282 <5 12430 Th 7 | 047 18267 1117 L& 37484
EEDDED-A 0.24 =0.1 3323 =0.03 =3 1.06 <100 =] =] =0.1 152 43 =0.1 238
BEDDED-B 029 =01 15.51 =005 <5 <05 <100 =] =] =0.1 430 Pl =01 116
BEDDED.C 024 =01 3501 =0.03 <3 <05 <100 <] <l =0.1 <100 44 =(.1 150
MASSIVE.A 031 <01 3637 =0.05 <5 <05 <100 <] <] ={.1 2441 354 =1 259
EIAS]';'I‘.’E- 0.27 =01 3545 =0.03 <5 0.66 <100 =] =] =0.1 2774 454 =0.1 248
MASSIVE.C 032 =1 15.12 =0.03 <5 <05 <100 <l <1 =(.1 740 279 =1 210
SHALE-1 2139 1.49 1.34 334 415 =03 38203 271 =] 039 12786 T8 =0.1 15233
SHALE-2 119 1.14 1.46 471 439 <05 2456 1508 =] 0.3% 13688 96 =01 158327
SHALE-3 2136 1.12 0.7 5.03 3.96 <03 40509 26.67 1 04 2.30% 128 =(.1 dad%
STRINGER 0.77 039 099 0.87 L.59 =05 14834 16 =] =0.1 1514 23 =01 750
ia= 1 204 1.73 7.62 388 1.4 =05 19570 20 17 0.2 2.63% 265 =0.1 33505
Dia- 2 114 151 6.69 4391 1 <05 34647 n 16 0.17 17433 854 =01 23525
Dia- 3 3134 79 T.04 615 1.22 =03 22301 16 14 0.27 2.05% a7l =0.1 22830
Dia- 4 133 322 6.48 14.21 2 =] 32030 T3 i) 0.21 2.35% 406 =0.1 18343
Dia- 5 21 273 6.51 553 1.17 =03 18524 13 19 019 2.16% 863 =01 15414
Dia- 6 208 268 6.5 551 115 <05 28529 4 28 0.18 2.18% 873 =1 15444
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Er-A <=1 =05 7 19 477 <0.05 =] 47.34% 575 <05 15.3% =002 03
Br-B <=1 =5 7 32 1470 <0.05 =] 37.18% 141 <05 36.61 0.11 =002 (13
ERi-1 129 38 24 3883 157 15.69 &7 2113 L% 6.3 1.97 2422 9.78 26
Fi-21 101 316 11 3916 118 15.62 61 51% L1 T3 173 2332 9.03 21
Ri-3 145 669 18 4185 63 182 71 k¥ L3 71 1.8 23.63 11.51 28
Fi- 4 163 959 3 2594 L] 26.43 15% T L3 il 2166 25.69 16.26 32
ERi- £ 153 803 2 1443 38 2288 77 Bl 11 1k 273 2303 15.22 3
Fi- & 149 802 & 3448 0 2148 6 &7 1.3 6.1 326 1518 13.36 ig
BEDDED-A =1 =05 3 4 8.35% <0.03 =] 41.03% 635 =05 16.56 0.48 =002 2
BEDDED-B <=1 =5 3 il 119T% <0.05 =] 28.43% 145 <05 35.01 0.13 =002 8
BEDDED.C =1 =05 2 15 2.02% <0035 =] 41.04% 8.3 =05 16.59 =002 2
MASSIVE.A =1 =05 3 19 324% <0035 =] 40.71% 519 =05 12 68 0.12 =002 03
h-iASgIVE- <1 =05 T 17 6.17% 0.05 <] 41.41% 0 =0.5 10.71 =002 03
MASSIVE.C <1 =05 3 36 21132% 0.16 <] 2842% 11% <05 3383 1.07 =002 4
SHALE-1 171 437 18 7253 1265 11.71 136 10789 33 183 1.58 2887 801 28
SHALE-1 163 ¥z ] E1E ) | 985 11% 383 L& 171 216 ils4 6.6 23
SHALE-3 154 363 35 200 31 982 144 452 22 17 1.34 Il45 6.57 23
STRINGER 32 119 3 144 330 342 47 2628 23 T 112 43.74 206 0¥
ia= 1 77 19.8 15 2500 95 493 T8 1351 (13 185 1.59 2453 &3 1.3
Dia- 2 T4 216 15 1834 237 i 154 1438 7 143 1.41 208 513 ()
Dia- 3 6.7 26.1 11 2132 4 6.35 4 334 13 157 212 2132 582 L5
Dia-4 i g84 20 1907 i 215 248 141 <05 157 264 23.08 1534 18
Dia- & L& 188 13 1712 T T.08 183 98 =05 15 204 2212 6.56 o7
Dia-6 I 06 12 1621 & T.98 154 142 <05 151 209 221% 5135 Q.77
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Br-A 35 0.1 =01 =01 =1 =10 27 =01 13 11 <] 6.2 28 7.84% 12
Er-B 74 0.1 =01 =01 =01 =10 218 =01 07 11 <l 6 1.1 24 48% T
FRi-1 6l 11.54 1.18 =01 825 11783 035 0.44 il 6 1 333 43 846 404
Fi-2 714 765 1.01 0.14 816 13014 0.3% 034 25 a7 <l 05 g 365 341
Fi-3 a7 1287 141 0.14 g1z 12856 0.36 0.54 42 B4 <=1 393 il 246 471
Fi-4 13 581 1.84 0.13 12.86 5604 0.78 (.65 25 30 <l L] 7 259 312
Fi-= 303 6.52 142 0.21 13.85 5983 0.31 0.51 27 18 <=1 IR L& &5 150
Fi-6 336 113 1.58 0.13 1044 11225 (.38 0.59 312 79 <l 288 28 162 334
EEDDED-A 109 0.13 =1 =1 =01 =110 334 =01 0.79 11 <l 6.1 14 1128% 12
EEDDED-B 26.1 0.11 =1 =1 =1 =10 374 =1 12 11 <l 6.2 1.6 24.78% 3
BEDDED.C g 012 =1 011 =1 =11 3.08 =01 11 11 <l ] 23 11.68% 11
MASSIVE.A 181 0.13 =1 =1 =1 =10 231 <=1 07 11 <l 6.3 16 T64% 11
I'L-IAS];.:'I‘.’E- 184 012 =01 =01 =1 =10 345 =01 03 11 <] 6.3 23 8.05% 11
MASSIVE.C 421 0.11 <=1 <=1 =1 =10 304 =1 05 11 <l 6.6 03 26.13% 3
SHALE-1 68.6 1.78 069 =1 291 3098 0.36 0.33 33 132 23 184 18 2961 139
SHALE-2 469 162 (.63 011 1087 4636 0.21 034 33 121 23 174 13 573 136
SHALE-3 7 L3 067 017 103 4788 (.46 0.32 3T 116 22 193 13 417 141
STRINGER 734 041 02 =1 411 1162 0.21 Q.11 21 35 <1 g =0.03 152 Tl
ia=1 178 0.36 0.62 =01 154 2.05% 042 0.24 13 157 <=1 17.8 22 433 ]
Dia-2 301 035 0.78 0.28 231 12279 052 0.25 0.7 132 <l 199 L& 385 45
Dia- 3 671 045 1 0.17 3134 12880 0.56 04 1.27 1534 <=1 4.5 3 136 64
Dia- 4 418 0.29 1.58 0.14 484 205% 1.17 0.35 1 131 <l 175 L& 38 38
Dia- 5 03 (i3 0981 =01 348 GE835 1.16 0.36 0.7 11% <=1 174 L& i) 49
Dia-6 439 0.36 091 =01 352 127593 0.58 0.26 03 12% <l 176 L& ] 47
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XRF Jig, ) PPM e 3 ClaS yolie cdale 5 59 0oy can 1 lie S § Sl jo Lol slaansT cdale oliae V-0 Jgox

HTX1 55.18 13.97 5.68 5.67 1.38 4.12 3.44 0.556 0.08 0.169
HTX4 42.58 14.62 1.55 13.01 3.16 4.7 2.26 0.496 0.001 0.07
HTX5 49.95 14.6 4.6 3.01 1.35 4.75 7.89 0.652 0.544 0.221
HTX6 60.01 17.07 1.8 1.57 151 4.69 2.38 0.715 0.021 0.107
HTX7 59.98 11.62 1258 0.01 0.06 4.2 1.14 0.486 0.001 0.014
HTU1 3.64 0.43 32.6 0.465 0.255 0.021 0.562 0.14 0.004 0.035

sample S L.O.l Cl Ba Sr Cu Zn Pb Ni Cr

(%) (%) (ppm) (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (Ppm)

HTX1 2.927 11.04 194 155 50 239 352 16 101 49
HTX4 0.946 13.03 19070 131 232 17 85 14 55 33
HTX5 0.139 11.68 209 264 1213 29 235 28 63 58
HTX6 0.005 8.82 10456 164 89 107 634 97 97 65
HTX7 11.745 11.57 187 380 22 14 148 424 36 13
HTU1 43.8 25.4 6.23% 10.7%
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(Bhatia, 1983) Suwamwlo (g lod &b Hlog05 —V-0-0
lior Cassdy b Sianle gl (3o Candye Sz 65550l Sligw b annlio (bl 5
Sl ol 3l oad (5 jslan (5590l Dligw, b aS 395 oo o3 e Hlez Ay
Soged ol o ppaae LS 5l eadciils Gl S grdiges .l ool aslie cosaslis
@l Jld ail> b 5o (e S JIg loged (ol ulowlyy o Wilazd ) 515 ) 20590

(V-0 JS8) ol oo oS5

8 - M black- Shale

t Function 11

iscriminan

D

Discriminant Function 1

Discrimination Function 1: -0.0447Si102-0.972 TiO2+0.008
Al203-0.267 Fe203+0.208Fe0-3.082Mn0O+0. 140MgO+0.
195Ca0+0.719 Na20-0.032 K20+7.510 P205+0.303
Discrimination Function 2:-0.421 SiO2+1.988 Ti02-0.526
Al203-0.551 Fe203-1.610 FeO+2.720 MnO+0.881 MgO-
0.907 Ca0-0.177 Na20-1.840 K20-7.244 P205+43.57

»ly> A (Bhatia, 1983) Siwawls g pled al jloges 10 wian JLilS b S sladiges Cundge V-0 i
Glo,B Jad e ail> D slo,B Jled ail> C (glo,8 LS'L"S =B ‘wyl..ﬂ @LoS
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(Crook, 1986
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slo &
(Roser & Korsch, 1986) SowdS - Sowwdmwlo 0 lod gld log0e -Y-0-0
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(Korsch, 1986

21545 e o 55 Ko Licw 70

5l e« So5lsp b 5l ame (slaass )b oasmoylid da ol ;o 0990 polie Slgls olhue
(i il (Paikaray et al., 2008) coul 35565 5 Sliga, Caniias bass 4y Lie slackn
sleo b jlal slaglome jo ol pl oSy 0ue 5 o ST oS cll> cle 4 puiog]
a4y, (Hayashi et al., 1997) w8 oo )3 oo 00 pal sloan]d 130 cov jiaS (b
30 obiee brpgeg e Live Ky (6l (2295 S0l Wlgs oo by ot 0 AI203/TIO3 o
Paikaray et al., ) wib w5 oo 518 4l slaanTp 5t cov a5 Lol olie o b auslis
Al Gliee sl s Lo a5 Q0 oo Hlid pias odgasme | eadcils p (sladises (2008
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i Ll (Led liee Siw sladiges Cusdye 5 (SCheiber, 1992) Lo Lace s jloges 0-0 S
0b5me 157 3> SlaoS polic @l pupis V-0
50 s iz ool gl GlaS jolie 5l (golasd Bl ot Cad ol o
i S5, el oy SadlS T S5 e S 22 by e iy il 45,513
(F-0 US8) cwl ouls asrice 30,8 SO,L sl Seils” sladigad 50,5 S5,L (slovgy sl
SoilS oyl 4w 2 0AQ, As, Cd, Cu, Pb, Zn, , slic wod o, slopl SLo uluwly
o ledy A j2 38F jaie 5 (Sad S8 (lime S Cand sl g sloogs (b gty
A oo sl Sl sf slesgs o lus, 0 i Ba paie aws o plis Sol 5
S 5oL polie (oorbigds -A-0
S ol yolie wylo I VY U OV aslooe o polic o9ld Jgu> j0 a5 (s olic dcgomme 4
s (HREE) \.Jw S 0l olie g, pl o Ub ol sae b ,olic 598 o a5 (REE)
yole plo )5 Jdo 4 &gl oo 00l (LREE) S S yolie 5ol cailooe b olie

oo (S yolie (p Faske laiwe (pl (595,50 9 (pewy p 8 b Kiw cSlb o
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lanthanum cerfum samarium europlum gadolinium terblum dysprosium holmium erblum thulum yiterblum Iutetium
13891 14012 14091 14424 160 36(2) 151.96 157.25(3) 15393 162.50 164.93 167 26 168 93 173.05 17497
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S92y wiboad Sl Soly (S95,50 )lrs oS (i degerme 10 30 yolic S o0 i o0 SIS
(Eu, Pb, Ba, Rb, K, Sr, Cs) LFS 05,5 4 aiwils )55l ol IS Jol S olacas o)l
Ta,Nb, Ti, Hf, Zr, Th, Y, Sc, REE, La, P, Ce, U,)) HFS ,_slic a5 Jl> s aii s S >t
iz Jelse 5t cov Slgw, 4o S —obe cdale (Piercey, 2010) s pdy S0
ol ooy solatets Lide 450 5 gy (S92 5300 F33lg 5l Wl L 4GS o i
5 L logas ol 5o 09— oo oaliil oa i Jloxige (FesSae slajloges Sl So3els ik slaan] b
el 3 jlaibiul diges (6w S 5l polie (nl (Slgl S Cons DleS polie Jlgl5 (o5l jlnie

(Rollinson, 1993) 4.5 o oolazuwl

Olgw 5l 0 NASC (gjlw jlowge -V-A-D
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Dgesy ol i S0 an b il yd g, S slaas x5l (56 (Sl S 4 lex
oolatnl o9y S Sow )0 LS (S olie clile (g5l gy Hlaie (lgiedy el Sl
oddpog polia o (NASC) Jloods oIS ol oS 5o Jds 0550 0ol sl Jgomo S 5 095 00
(Nakamura, 1974) az yo oaids 105 Co 0S4y o 45 el Gromet et al, (1984) L
9 2l Voo dgus o yuiS 4 Ceed NASC S CloS (S olie cond el ouds lowigs
ool aolidin (6 lomigy ol ool e Loy EU (g i g g il Vo Sgu (e liaS ,olic
5 S OlFer Silwlmiae (il g riren el S o3Il 4z B g 4SS
Slo lad |y ol 5l S S 5
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5L ol o Sl by glacdile |5 5 &5 ,53,6 JUsul REE 1,5 (1984; McLennan, 1989
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Abstract

The Hafthar Zinc-Lead ore deposit is located in the 32 km southwest of Aghda and 1.8
km west of Hafthar village in the sedimentary sequence of the lower- middle Cambrian
occurred in central Iran. The host rock ore is black shale and sandstone. Mineralization
in the host sequence has occurred in the form of mass, laminated and vein- veinlets. Based
on the nature of primary mineralogy and mineral fabrication, it is possible to distinguish
between three ore-bearing facies, which are based on their location relative to the outlet
of irrigation fluid from below-up are as follows: A) Vein- veinlets less ore facies located
below the massive deposits of the ore and Include silicification and calcite veins with a
small amount of chalcopyrite, galena, sphalerite and pyrite. In parts of this facies, barite
crystals have also been observed. The vein-veinlets of this facies have interrupted the
layering of the host rock and the shear effects of this facies are also observed.
Disseminated mineralization is also seen. B) Vent- complex ore facies (massive ore) that
forms the major part of the deposit and Includes massive sulfide mineralization and slope
with sedimentation. The main feature of this facies is a large replacement of the host rock
by pyrite, galena and sphalerite. The dominant minerals of this facies include first-
generation pyrites, replaced by second generation galena and sphalerite. The dominant
process in this facies is the reaction between ore forming fluid and first generation of
pyrite and the result is the formation of vein-veinlets, massive and replacement and C)
Bedded ore facies which has less thickness than massive ore facies And includes
alternating laminates of siltstone of host rock and sulfide ore that is also consistent with
the layering process and syndepositional (stratiform) is formed. Also sulfide deposition
dispersed may form pyrite rich laminates (Pyl) and organic materials, as well as pyrite
(Py), galena (Gn) and sphalerite (Sph) rich in laminates (so that the composition of the
host's rock is not recognizable). Pyrite is the main mineral of this facies. The main textures
of this facies including laminated, disseminated and banded and the processes of
metamorphism and deformation have led to the folding of this facies. The main alteration
associated with mineralization, silicification, carbonate, chlorite and minor sericitization.
Geochemical studies in the Hafthar area indicate that the origin of the host rock of
mineralization is the granodiorite and the tectonic environment forms the continental
active margin. Ba, Ag, Cu and Sr elements in massive ore facies and Sh, As and Cd in
bedded ore facies are enriched. In order to change from massive ore facies to the bedded

ore facies of enrichment, the elements As, Cd, Zn and Sb are visible.



Sulfur isotopic studies conducted over the sulfide minerals of galena and pyrite
represents & * 34 S ranges between 16/6 to 18/6 %o. According to the available evidence,
it can be attributed to the source of ore-contaminated sulfur to bacterial reduction of
seawater sulfate (BSR).

According to the basic characteristics of mineralization in the Hafhar ore deposit,
including tectonic setting, host rock, ore facies, geometric shape of mineral, mineralogy,
metallic content, metal zonation and mineralogy in ore deposit, geochemical and isotopic
characteristics, alteration and comparison with basic properties with sulfur deposit
reservoirs with sedimentary host, Hafthar deposit can be classified in the category of
SEDEX Selwyn- type.

Key words Zinc- lead, Sulfur isotope, Lower- middle Cambrian, Hafthar, Yazd block,

sedimentary- exhalative.
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