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Graphics: (Bookmark1)
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Position [*2Theta] (Copper (Cu))
Identified Patterns List: (Bookmark2)
Visible Ref. Code Score  Compound  Displaceme Scale Factor Chemical
Name nt [°2Th.] Formula
* 00-033- 73 Silicon 0.000 0.891 Si 02
1161 Oxide
* 00-029- 81 Iron 0.000 0.787 (Mg, Fe)o
0701 Magnesium (Si, Al )4
Aluminum Ol10(OH
Silicate )8
Hydroxide
* 00-005- 26 Lead 0.000 0.234 PbC O3
0417 Carbonate
Plot of Identified Phases: (Bookmark 3)
Peak List
00-033-1161,; Quartz, syn| S102
I L | | i
{ Th #IEN roar I i
00-005-041 7, Cerussitg, syn, Pb C O3
| | \ L]
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Position [°2Theta] (Copper (Cu))
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Barite+silicatsulfide breccia
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Massive Sulfide
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"R R Console (32-bit)
File Edit Misc Packages Windows Help GCDkit Datahandling Plot settings Calculations Plots Plot editing Plugins

Patching.... please wait

Windows version: Windows 10 x64 (build 15063)

R version: i386-w64-mingw323.5.0

Geochemical Data Toolkit (GCDkit) 4.1,

built R 3.2.1; ; 2016-02-10 19:31:26 UTC; windows

Please support our efforts and cite the package 'GCDkit' in publications
using the reference below. Type 'citation("GCDkit")' for BibTex version.

Vojtech Janousek, Colin M. Farrow and Vojtech Erban (2006).
Interpretation of whole-rock geochemical data in igneous geochemistry:
introducing Geochemical Data Toolkit (GCDkit).

Journal of Petrology 47(6): 1255-1259.

doi: 10.1093/petrology/egl0l3

Ready 2 Go - Enjoy!

Attaching package: ‘GCDkit’

The following object is masked from ‘package:graphics’:
plot.default

Warning messages:

1l: package ‘RODBC’ was built under R version 3.5.2

2: package ‘RZHTML’ was built under R version 3.5.3

3: package ‘sp’ was built under R version 3.5.3

GCDkit->loadData()
Excel file...loading...
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S HLaslS oails glao L, 51 (PPM) (ST ,0b 5 laS yolis o ol jolic clale yolie F-F Joox

Stri-1 | Stri-2 = Mass- Mass- | Mass- | Mass- | Mass- Brt-1 Brt-2 Bed-1 Bed-1 Exh-1 | Exh-2
1 2 3 4 5

Ag | 173 1 377 | 476 | 505 | 798 | 505 | 546 | 232 | 401 | 628 | 2334 | 1138 | 427
Al 6115 | 1331 | 1428 | 1263 | 0.13 1263 77 70 303 7847 | 0.16 1819 | 047
As 60 15 159 102 | 1188 | 102 37 72 16 14 51.6 156 | 71.79
Ba | 7316 | 8736 | 2339 | 1976 | 2021 | 1976 | 2691 | 7505 | 4606 | 2579 | 559.01 | 2003 | 999.23
Be 119 0.07 0.11 0.20 0.07 0.20 0.07 0.07 0.11 0.43 0.1 0.21 0.36
Bi 0.75 | 419 | 353 575 | 429 | 575 | 628 308 | 1527 | 6184 | 4027 | 3089 | 5533
Ca 741 552 713 997 0.76 997 387 308 1264 | 1065 | 025 | 23995 | 045
cd 35 48 170.7 | 3603 | 311.6 | 360.3 | 43.7 23 2.6 | 8413 | 4822 | 2816 | 1554
Ce 430 | 239 2.73 6.20 075 | 620 198 | 224 2.94 6.47 0.75 | 1482 | 1534
Co 82 |37 5.9 5.7 268 | 57 3.6 45 5.2 6.7 3.6 8.8 3.72
Cr | 2869 9.1 32.7 14.1 14 14.1 12.0 74 458 1583 | 4051 319 | 4885
Cs 0.75 0.75 0.75 0.75 | 4.74 0.75 0.75 0.75 0.75 0.75 7.1 0.75 54
Cu 168 | 33 1020 | 1210 | 3454 | 1210 | 2126 | 238 285 3881 | 4618 | 300 374.4
Dy | 92 o010 010 010 075 | 010 | 010 | 010 | 010 | 030 075 | 051 | 075
Er 015 | 0.10 0.10 0.10 0.75 0.10 0.10 0.10 0.10 0.10 0.75 0.21 0.75
Eu 0.66 0.55 0.12 0.22 0.75 0.22 0.19 0.48 0.28 0.27 0.75 0.50 0.75
Fe | 14136 | 872 | 36393 | 21813 | 2.1 | 21813 | 8270 | 4464 | 1006 | 15028 12 18249 | 0.87
Ga 0.98 0.21 1.28 283 | 3337 | 283 5.12 0.32 042 | 486 | 17.02 | 535 152
Gd | %75 | 075 075 075 | 075 | 075 | 075 | 075 | 075 | 075 L1 | 075 1.76
Hf 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Hg | 1357 | 2832 | 1349 | 1339 | 356 | 1339 | 3416 @ 1172 | 17.00 | 426 969 | 2827 | 185
K 2319 164 159 203 0.1 203 64 131 87 2794 0.1 411 0.1
La 0.75 1.04 | 097 | 345 | 075 | 345 | 084 153 145 | 270 | 075 911 | 1132
Li 3075 | 137 7.54 4.12 245 4.12 0.60 0.43 420 | 3056 | 1121 | 1653 | 21.85
Lu 010 | 0.10 0.10 0.10 0.75 0.10 0.10 0.10 0.10 0.10 0.75 0.10 0.75
Mg 194 111 169 104 0.1 104 69 47 106 253 0.1 327 0.1
Mn | 493 6.3 62.8 429 | 4961 | 429 | 437 45 123 | 1088 | 96.61 @ 488 48
Mo | 407 | 314 | 1289 | 1435 | 1672 | 1435 | 4351 | 961 894 | 407 | 1895 | 986 | 53.12
Na 121 951 1191 690 0.14 690 591 203 794 829 0.19 612 0.17

YO




Nb | 281 | 075 | 075 | 075 | 075 | 075 | 075 | 075 | 075 | 163 | 114 | 614 | 297
Nd | 097 | 028 | 019 | 069 113 | 069 | 022 | 018 | 053 | 255 152 | 591 | 13.97
Ni | 6195 | 131 | 726 | 355 | 106 | 355 | 154 | 125 | 1080 | 3764 | 1662 | 443 = 7.07
P 2151 122 | 196 | 202 | 001 | 202 | 2258 | 113 | 352 | 3788 | 0.01 | 923 | 0.01
Pb | 1829 | 10424 | 5303 | 14045 | 9731 | 14045 | 33865 | 7079 | 25657 | 3947 | 15541 | 7179 | 6903
Rb 916 | 122 | 144 | 142 | 1109 | 142 | 021 | 033 | 046 | 491 | 1518 | 283 | 1883
S 5029 | 619 | 9055 | 10220 | 10.2 | 10229 | 1218 | 466 | 3732 | 12190 | 2052 | 4614 | 063
Sh o 151 | 604 | 677 | 5263 | 677 | 649 | 239 | 233 | 525 | 56890 | 676 | 1409
Sc 33 0.5 0.5 04 0.75 04 04 04 0.4 15 075 09 1.89
Se 075 ' 075 | 075 | 075 | 075 | 075 | 075 | 075 | 075 | 075 | 075 50 0.75
Sm | 939 | 012 | 010 | 021 | 075 | 021 | 010 | 010 | 013 | 062 | 1.02 1.23 1.5
Sn 075 075 | 075 | 075 | 139 | 075 | 075 | 075 | 075 | 075 | 139 | 075 | 485
Sr | 3872 | 5281 | 2492 | 1742 | 5579 | 1742 | 8486 | 590.5 | 5784 | 2554 | 33.02 | 1543 @ 368.1
Tb 100 | 100 | 1.00 | 100 | 075 | 1.00 | 1.00 | 1.00 | 100 & 100 | 075 | 100 = 075
Te 075 1 075 | 075 | 075 | 611 | 075 | 075 | 075 | 075 | 075 | 1902 | 075 | 1019
Th 07 075 | 075 | 075 | 075 | 075 | 075 | 075 | 075 | 075 | 075 | 075 | 199
Ti 285 10 39 25 0.01 25 3 16 18 198 0.02 776 0.08
Tl 075 1 075 | 075 | 075 | 2541 | 075 | 075 | 075 | 075 | 075 | 792 | 075 13
U 075 1 075 | 075 | 075 | 075 | 075 | 075 | 075 | 075 | 075 | 075 oS 2.06
302 08 | 110 | 72 | 521 | 72 12 14 45 | £28 | 392 13_3 9.95
Y LO7 | 030 | 027 | 044 | 075 | 044 | 009 | 0.11 020 | 093 200 | 166
Zn 657 130 | 34577 | 10028 | 58982 | 10028 | 12668 | 370 | 462 | 21339 | 13358 | 88405 | 18151
0 59 0 0 0 62 13
Zr 6.3 18 38 29 354 29 1.0 14 1.0 73 896 | 265 | 2813
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5 HLslS e Ko 3 (PPM) S0l 5 oS yolic o Lol jobic clale olin D5 Jso

Ag Al As Ba Be Bi Ca cd Ce Co Cr Cs Cu Dy
(ppm) (%) (ppm) | (ppm) | (ppm) | (ppm) (%) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (pPm)

VP 3-73 3.05 7.79 9.7 114036 | 221 <1 435 2.85 54.77 37.22 123.58 721 53.77 285
VP 1-4 1.03 6.29 9.58 690.93 1.06 <1 324 13.46 2234 4995 161.86 7.57 835 211
VP 3-24 1.88 7.64 10.27 | 1836.38 1.8 <1 3.84 2.01 39.94 54.37 131.99 8.12 79.51 2.82
VP 3-12 3.46 6.7 10.02 | 2486.06 | 2.01 <1 041 7.74 30.87 3041 125.72 6.68 919 1.54
VP 2-10 1.25 5.76 11.18 | 74549 212 <1 3.17 6.63 12.31 34.12 | 233.52 5.21 53.92 143
OH-2 5.37 1.23 55.74 | 770.81 1.22 <1 1.68 10.28 10.92 3.39 27428 6.11 2855 <1

OH-3 4.29 0.54 58.02 | 814.46 034 498 0.53 29.19 6.44 1.75 1942 4.98 452.46 <1

Er Eu Fe Ga Gd Hf Hg Ho In K La Li Lu Mg
(ppm) (ppm) (%) (ppm) (ppm) (ppm) | (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (%)

VP 3-73 1.66 <1 3.44 100.16 341 3.99 <1 <1 <1 142 10.9 13.29 <1 0.76
VP14 117 <1 4.8 61.63 2.53 158 <1 <l <1 0.4 3.61 25.02 <1 312
VP 3-24 1.67 <1 3.55 174.99 3.08 29 <1 <1 <1 1.77 7.73 15.01 <1 1.26
VP 3-12 <1 <1 4.82 223.08 223 1.25 <1 <1 <1 1.71 6.55 15.92 <1 299
VP 2-10 <1 <1 3 66.58 1.3 <1 <1 <1 <1 0.51 2.14 22.8 <1 0.84
OH-2 <1 <1 2.29 92.17 128 <1 12 <1 <1 0.44 4.72 17.09 <1 0.12
OH-3 <1 <1 2.92 101.53 <1 <1 <1 <1 <1 <0.1 3.55 11.57 <1 <0.1
Mn Mo Na Nb Nd Ni P Pb Pr Rb s Sb Sc Sm
(ppm) (ppm) (%) (ppm) (ppm) (ppm) (%0) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm)
VP 3-73 | 2795.65 1.63 1" 21.81 16.36 37.54 0.11 427.2 15.29 45.24 0.27 2.9 14.36 2.56
VP 1-4 978.35 <1 1.34 895 B8.28 95.95 0.18 131.32 6.71 17.37 031 3.69 12.47 1.59
VP 3-24 | 995.54 1.12 235 14.96 14.64 55.46 0.12 140.41 13.34 57.65 0.36 1.26 18.01 2.95
VP 312 | 2180.56 =1 0.83 13.54 11.28 43.8 0.09 360.63 10.49 55.75 0.1 1.12 10.22 2.19
VP 2-10 | 1123.79 =1 1.32 324 4.39 30.77 0.07 355.73 4.58 19.99 0.28 3.96 13.75 1.45
OH-2 133.56 4.61 0.13 =1 8.38 8.77 0.06 92.62 7.45 31.52 1.05 4.84 2.43 1.24
OH- 3 43.51 9.49 0.13 <1 3.85 5.07 0.03 1382.64 3.41 T 0.9 9.97 1.4 <1
Sn Sr Ta b Te Th T T Tm u v w Y Yb Zn Zr
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
VP 373 3:2) 204.67 <1 =1 14.26 4.96 0.61 =1 <1 <1 129.81 <1 5.05 <1 1849 | 241.02
VP 1-4 2.38 199.52 =1 =1 19.7 1.37 0.67 =1 =1 =1 150.16 =1 3.56 =1 3878.19 1049
VP 3-24| 3.14 430.19 <1 <1 12.9 3.51 0.65 <1 <1 <1 123.32 <1 4.57 <1 455.96 | 190.01
VP 312 279 | 16147 =1 =1 12.22 1.8 0.45 =1 <1 <1 114.84 | 2.71 2.56 =1 10202.7| 187.79
VP 2-10 1.52 316.79 =1 =1 8.15 =1 0.49 =1 <1 <1 152:05 2.74 2.39 <1 4117.04 46.44
OH-2 1.01 | 221.13 <1 =1 8.83 1.2 0.04 8.84 <1 <1 50.24 <1 1.06 <1 848.97 | 9.21
OH-3 1.11 163.95 =1 =1 4.75 =1 0.02 =1 =1 =1 16.06 =1 =1 =1 1006.71 Lo
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Spider plot- Primitive mantle (McDonough and Sun, 1995)

10000

@® Thrachy andesite

Andesite

T T T TTTIT

Diorite

) Gabbro

1000
|

T T T 11T

100
|

T T TTTTTIT

Sample/ Primitive mantle

10
|

T T T TTTTT]

adgl aigS s 4 5g adlaie 4o e JIg 6348 SlaiaisT slacKiw ;o LS g o8 polic jloges ¥-F JSo

Kleas o 3Jle 5 (McDonough and Sun, 1995)

Y 9V olGg )il Gaxe 0ol jo S OleoS g CloS pole oK1 -V-F-F

Sl g0l 08 ba)lsls 535 5 hSaS azdu )b eeds gl SBOLeS 5 CleS polie (65l
@i so a5l digai VY (59, » (S LS 5 oleS polic 6651 o,y s (LOttermoser, 1992)

‘59..\.:9).) TSR 6)‘9.) O)LM»}‘) 9 ‘5‘4)1.3 Sowsls o)l.w.&) 6‘55\.6.0.]3».») 6)‘34 —LghuU O)L».w?') ‘6“"533
PSS Al (6999 b SouilS sladiges don ;o ) () lS5g LS o SBClweS polie SuuST, o5
35 izmen (F-F JS0) aib oo aline 5 LSs Jlow 5l gyl o a8 5 celias ailis o5 situn
oaipslis a8 Cunl ool slacall sllo VlGy Lusls 6oL Y ()SSy yo S 0l yole Sausly,
Sob a5 onl a5 sl Lo 0 Ti sol> la Sl g 00isS oSaie Wlgs oo TH syl Sos 5 (F
2l oo 0,8 ail> HleS yo 595 e Slaaas] glaSiiw LSis b s po T SIS slaleSle ooumo yLis
UL S 25 b jaie LTLE jole wluly 50 K RD aie Sol 5 (-7 JS&) (Peter et al., 1999)

Aol ol )T Sl Fo saims lis wilgi oo a5 wiiis

V)



Spider plot- Chondrites (Thompson, 1982)
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Spider plot- Chondrites (Sun et al, 1980)
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Ba (ppm) | Zn(ppm) | Pb(ppm) | Cu (ppm) | Fe (ppm) | Mg (ppm | Mn(ppm) | Ag (ppm) | Ca (ppm) | Sb (ppm) | Sr (ppm) | Ti(ppm) | V(ppm) | Al (ppm) | P(ppm) | Li (ppm)
Ba (ppm) Pearson 1
Correlation
Zn (ppm) Pearson 599" 1
Correlation '
Pb (ppm) Peason | - 001 063 1
Correlation
Cu (ppm) Pearson | - 552\ 750" 042 1
Correlation
Fe (ppm) Pearson -209] 212 -.330] -.147 1
Correlation
Mg (ppm- Pearson A1) 232 -335| -228| 580" 1
Correlation
Mn(ppm) Peason | g2zl 7777 -333| 7777 .248| 203 1
Correlation
Ag(ppm) Pearson | 544|475 069 74 -.195| -.136| 574" 1
Correlation
Ca (ppm) Pearson -153)  .101] -174| -239| .224] 767|007 229 1
Correlation
Sb(ppm) Pearson | zen™| 52| -105( .112| 070 -216| .322| .160| .095 1
Correlation
Stopm) Peason | 548 321 BgL| -442| -258 -004 .51 -S4 -221f -251 1
orrelation
Ti(ppm) zea“l"tﬂ -032| .136] -.371 -209| 284 g0"| 154 .136] 9257| -.025| -.229 1
orrelation
Vo) Pewson | 025 405 .5og'| 187 322 gs7| 07| -A17) 132 -038) 234 459 1
orrelation
Al (ppm) zeafletU 197|364 -499| .118| .329| 6737 .481] -.206| .050| -.263] -.118| .389| 954 1
orrelation
Peom) Peasn | 060\ g57' -073 265 166 552 477 -153 085 -150] 2400 320 76”| 811" 1
orrelation
Li (ppm) zeafslotﬂ -093 234 .g22"| 096 .118| .485| 589" .027| 171 .180| -.247| 472 890™| .786"| .608" 1
orrelation

*. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).
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10 4 Primary 1/5 L+V -52 -8 186 11.12
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3 Primary | 1/3 L+V -30 -3 140 5.22
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Abstract

The Vanakan (Sokan) barite-zinc-lead-copper deposit is located in 23 km northeast of Semnan,
in the North Central Iran magmatic belt, and occurred within the Eocene volcanic-sedimentary
sequence. The host sequence in the Vanakan deposit involves three rock units, from bottom to
top: Unitl: conglomerate, limestone, sandstone; Unit2: andesitic to dacitic lava-rich, and unit3:
acidic tuff-rich. Mineralization occurred as Vanakan 1 and 2 deposits at top of the unit 2 and
within the unit 3. The entire of the Vanakan area involves a local syncline with northeast-
southwest axial trend, in which the vanakan 1 and Vanakan 2 deposits located in the northern
and southern limbs of the syncline, respectively. Ore host rocks are tuff, shaly tuff, and andesitic
and trachyandesitic lava. Mineralization in the VVankan deposit occurred as three ore horizons,
which include: first horizon (OH-1): involving the Vankan 1 and 2 deposits hosted by tuff, shaly
tuff and andesite, the second horizon (OH-2): observed in the northwest of the area hosted by
siliceous tuff, and third horizon (OH-3): located at near the axis of the syncline within tuff.
Based on structural, textural and mineralogical studies, five different ore facieses were
distinguished in Vanakan 1, from bottom to: 1) vein-veinlet and breccia: involving barite-
pyrite-quartz vein-veinlets, 2) massive sulfide: composed of massive sphalerite, galena, barite,
chalcopyrite and pyrite, 3) layered-banded sulfide ore: involving alternations of ore and sericite
altered tuff-rich bands, 4) baritic ore: comprising of mainly barite and little sulfides, and 5)
banded-exhalative cherty sediments. The ore facieses in the Vanakan 2 from bottom to top are
1) barite - (galena)-rich vein-veinlets and 2) banded cherty iron oxide-hydroxides -rich red
exhalative sediment. Mineralogicaly, the ores in the Vanakn 1 consist mainly barite, sphalerite,
galena, pyrite, chalcopyrite and marcasite accompanied with secondary minerals such as
malachite, chrysocolla, smithsonite, cerussite, hematite, limonite, goethite. The major wallrock
alterations of the Vankan deposit are chloritic and sericitic, and minor argillic, silicic, carbonatic
and epidotic. Geochemical studies on the ore-bearing facies of Vankan 1 indicate lead (up to
33865 ppm) and copper (up to 9808 ppm) enrichment in the massive sulfide ore. Zinc and silver
were enriched in the in the layered-banded sulfide ore up to 213390 and 233 ppm, respectively.
The associated lava and intrusions show clalc alkaline nature, formed in a volcanic arc basin.
According to microthermometery study, fluid inclusions are dominated by two phase liquid-
vapor (L+V) with an average salinity of 12.64 (3.65-21.49) wt% equivalent to NaCl, and an
average homogenization temperature of 160 (110-195) °C. According to these studies and basic
ore mineralization characteristics, the Vanakan deposit could be classified as a bimodal- felsic
or Kuroko-type volcanogenic massive sulfide (VMS) deposit.

Keywords: Barite- base metals, volcanogenic massive sulfide, Kuroko, Vankan, Sokan,
Semnan
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