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Mineralogy, petrography, geochemistry of magnetite ore and
sulfide minerals and the possible model of mineralization at
Anomaly#3, Gol- e- Gohar, iron mine, Sirjan (Kerman)
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Abstract

The Gol-e-Gohar anomaly#3 of Sirjan was initially formed by synchronous submarine
basaltic volcanism and sedimentary rocks (basalt, shale, dolomite, sandstone, marl, chert-
iron hydroxide-oxides) during Neoproterozoic (Ediacaran) and subsequently
metamorphosed to greenschist facies during Cimmerian orogeny. The anomaly contains
643 million tons iron ore with an average grade of 52.70% Fe, 0.76% S and 0.11% P
and is enclosed by alternation of quartzite, sericite schist, chlorite schist, talc schist, biotite
schist, actinolite schist. Magnetite occurs as massive, banded, cataclastic and
disseminated ore and is associated with pyrite, minor chalcopyrite and bornite. Pyrite as
magnetite, occurs as layered, banded, folded and cataclastic within the magnetite crystals.
Minor minerals are tourmaline, apatite, zircon and garnet. Geochemical data demonstrate
that enrichment of Cu, Pb, Co, Sn, As and Sb in magnetite ore is 2-10 times higher than
the crustal abundance. The enrichment of Cu, Mo, Pb, Zn, Cr, Ni, Co, As and Sb in
sulfide minerals is 3-67 magnitudes higher than the crustal abundance. The
alternation of different schist bands with banded magnetite-pyrite ores, the presence of
dropstones and Al-Fe-Mn, V-Ti as well as the V/Ti-Ni/Ti diagrams indicate that the iron
mineralization in anomaly#3 is similar to the Ediacaran-type banded iron formation.
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Elements Si02 Ti02 Ales FEQO3* MgO CaO Na,O K>O MnO ons S
Sample No.
D.L. - -Y - Y ) - f ) ) ) RR ceY )
Min - 0.02 0.19 3533 0.17 0.28 0.1 0.09 0.01 0.02 4.12
Sulfide minerals Max - 0.05 0.3 62.87 2.95 1.78 0.1 0.09 0.04 0.57 2535
Mean - 0.03 022 5638 1.24 0.89 0.1 0.9 0.02 0.09 19.52
Sd - 0.01 0.04 6.96 0.97 0.48 0.0 0.0 0.01 0.15 5.74
Min - 0.03 0.43  53.05 2.12 0.39 0.1 0.09 0.03 0.05 0.77
Magnetite ores Max - 0.15 325 7145 1146 6.18 0.26 1.07 0.09 3.34 443
Mean - 0.08 121  63.67 527 2.54 0.15 0.23 0.05 0.92 22
Sd - 0.04 0.97 6.62 3.12 2.33 0.06 0.37 0.02 1.22 1.3
Min - 0.02 0.19 2.51 0.17 0.14 0.1 0.09 0.01 0.02 0.08
Gossanized zone Max - 0.08 1.98  70.69 0.17 0.28 0.1 0.39 0.04 0.85 0.51
Mean - 0.44 0.99 4736 0.17 0.21 0.1 0.19 0.03 0.42 0.27
Sd - 0.35 091 38.85 0.0 0.07 0.0 0.17 0.01 0.41 0.22
Min - 0.22 5.87 6.31 0.17 0.55 0.1 0.75 0.03 0.09 0.08
Host rocks Max - 2.14 1464 1233 4.89 5.29 4.97 3.74 0.14 0.48 1.68
(schist) - 0.65 10.69 9.63 3.03 1.75 2.57 2.31 0.06 0.23 0.9
- 0.83 3.35 2.25 1.93 2 1.76 1.13 0.05 0.15 0.74
- 095 15.36 7.18 3.46 5.08 3.81 3.12 0.12 0.27 0.05
- 0.27 3.18 409 1.24 1.79 0.28 0.45 0.23 0.35 -
Mean - 0.3 042 61.81 0.09 0.14 0.3 0.13 0.02 2.834 -
- 0.04 1.5 12.17 1.93 224 0.13 0.2 0.49 0.08 0.2
Algoma: - 0.12 37 14.84 2 1.87 0.43 0.62 0.19 0.23 1.75
= Crust - 0.08 0.08 8.87 1.52 0.50 0.04 0.07 0.42 341 44.00
€ Magnetite Rapitan - 0.30 0.38 1.56 4.25 1.42 0.54 0.51 0.22 2.63 -
5 ores Ediacaran - 0.27 2.88 1.03 5856 18.14 0.50 1.77 2.50 0.32 -
= Superior - 2.00 0.81 5.23 2.73 1.13 1.15 1.15 0.10 11.50 11.00
w Algoma - 0.67 0.33 4.29 2.64 1.36 0.35 0.37 0.26 4.00 1.26
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Sulfide minerals Crust - 0.03 0.01 7.85 0.36 0.18 0.03 0.29 0.17 0.33  390.40

=

“Levinson (1980); Gross and Mcleod (1987), Yeo (1981), Maynard (1983); ™ Atapour and Aftabi (2017)



g

L5s pte (s, ludls g dngy oS 5 plpyd (S0l S8 Sal 9 (5 0 )5 Bl ) (258 Gl paie jLae I Bl g Ol ss (S0l -V Jga

| Elements Cu Mo Pb Zn Cr Ni Co Sn V
SdimipleiNg: DL \ \ 3 3 \ \ \ \ o
Min 200.7 1.56 51.14 37.48 238.4 132.6 278.1 0.75 8.81
Sulfide minerals Max 2645 10.7 1219 7291 400.5 1369 3105 16.54 138.3
Mean 871.65 5.67 190.51 781.84 31834  600.4 1503.4 3.29 56.11
Sd 624.1 3.08 31738 1985.45 56.75 444.4 709.6 4.21 49.05
Min 104 1.15 48.97 58.23 1 19.3 30.9 2.7 16.31
Magnetite ores Max 405.8 5.65 71.52 136.4 28.05 202.2 262.3 8.54 641
4 Mean 241.64 2.83 60.56 106.34 8.27 94.8 131.6 5.18 306.25
Sd 120.95 1.56 7.85 31.49 9.45 67.18 80.5 248  246.82
Min 33 0.75 5 5 1 1 4.44 5.24 24.61
Gossanized zone Max 90.3 332 56.96 82.09 23.8 133.7 31.25 7.74 809.9
Mean 61 2.22 39.17 47.44 13.94 84.33 21.7 6.25 459.07
Sd 49.97 1.32 29.6 39.13 11.71 72.6 15.03 132 399.27
Min 597 2.99 13.31 35.65 9.85 7.04 9.62 2.52 39.82
Host rocks Max 70.25 10.79 40.15 76.9 146.4 72.7 112.2 4.54 183.8
Mean 31.32 4.93 26.18 57.68 90.72 38.6 54.8 3.55 84.16
Sd 23.73 3.29 10.45 15.58 50.87 26.6 45.2 0.95 59.35
Crusts 55 1.5 12.5 70 100 75 25 2 135
Rapitan 436 34 - 18 - 6 1.8 4 38
Mean Ediacaran s 59 - - 26 27 8 8 - 38
Superiors:s 14 - - 40 112 37 28 - 42
Algomas:s 149 - - 330 118 103 41 - 109
_ Crust 439 1.89 4.84 1.52 0.08 1.26 53 259 227
S - Rapitan 0.55 0.08 - 591 - 15.8 73.1 1.30 8.06
E S Magnetite ores  Ediacaran 4.10 - - 4.09 0.31 11.8 16.45 - 8.06
£ § Superior 17.26 - - 2.66 0.07 2.56 4.70 - 7.29
S Algoma 1.62 - - 0.32 0.07 0.92 3.21 - 2.81
Sulfide minerals Crust 15.85 3.78 15.24 11.17 3.18 8.01 60.14 1.65 0.42

“Levinson (1980); "Gross and Mcleod (1987), Yeo (1981), Maynard (1983); " Atapour and Aftabi (2017)
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Elements As Sh Ga La Ce Pr Nd Sm Gd Dy Er Yb
Sample No. D.L. ) ) \ ) ) \ \ \ \ \ \ \
Min 19.63 1.49 1 0.8 0.8 - 0.8 - 0.8 0.8 - -
Sulfide Max 439.2 14.59  13.78 1.9 3.8 - 2.3 - 1.5 1.3 - -
minerals Mean 121.35 4.41 4.69 0.9 1.7 - 09 - 0.8 0.8 - -
Sd 109.45 3.73 3.73 0.4 1 - 0.5 - 0.2 0.2 - -
Min 7.64 1.44 4.51 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Magnetite Max 114.2 272 4638 10 20 3.6 21 7.4 8.6 6.3 34 2.1
ores Mean 31.15 2.16 257 4.1 11 1.7 7.5 2.6 29 2.3 1.4 1.1
Sd 37.5 0.54 14.1 3.8 8 1.2 8.1 2.6 3.2 2.3 1.1 0.6
Min 15.82 1.09 294 0.8 1.1 0.8 0.8 0.8 - - - -
Gossanized Max 91.99 273 588 6.7 19 2.1 6.9 1.4 - - - -
zone Mean 43.44 1.75 475 34 9.3 1.3 4.4 1 - - - -
Sd 42.18 087 15.84 3 8.8 0.7 32 0.4 - - - -
Min 6.03 1.15 7.39 - 41 1.2 4.7 1 0.8 1.1 0.8 0.8
Host rocks Max 55.66 2.6 16.42 - 137 8.9 35 8.5 9.2 8.4 4.6 3.8
Mean 18.26 1.67 1293 - 85 59 23 5.3 52 49 2.7 2.3
Sd 21.25 0.55 3.74 - 35 3.1 13 2.8 3 2.7 1.4 1.2
Crusts: 1.8 0.2 15 30 60 8.2 28 6 54 3 2.8 3
Rapitan s - - 16 22 27 2.1 54 08 1.1 07 05 0.4
Mean - - - - - - - - - - - -
Algomases - - - - - - - - - - - -
Crust 17.31 10.80 1.71 0.14 0.18 0.21 0.27 0.43 0.54 0.77 0.50 0.37
= Magnetite Rapitan - - 1.61 0.19 0.40 0.81 1.39 3.25 2.64 3.29 2.80 2.75
g sores Ediacaran - - - - - - - - - - - -
£ 05 Superior - - - - - - - - - - - -
S8 P
E L . Algoma - - - - - - - - - - - -
Sulfide Crust 6742 2205 031 003 003 - 003 - 015 027 - -

minerals
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volcanism and
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Sericite schist 30 10 5 40 5 <10
Talc schist 10 75 - - <10
Muscovite schist 55 5 25 - - - 5 <10
Biotite- sericite schist 35 25 10 10 - - 15 - - - <5
Biotite- chlorite schist 30 - 15 30 10 - - - 10 <5
Muscovite- chlorite schist 20 40 10 5 - 5 - - - <5
Biotite schist 30 15 35 6 2 5 3 <10
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Actinolte schist 25 8 12 6 40 - - 5 - <10
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Proximity Matrix
Fe p ) Cu Mo Pb Zn Ni Cr Co Sn \ As Sb Ga Ce
Fe 1.000 .333 573 509 439 087 034 .098 .620 .616 301 .267 .089 .178 .321 .265

p 1.000 -202 -.010 .056 .473 .200 -370 .460 .019 295 -084 172 .338 .128 .141
S 1.000 .200 -055 -236 -190 .657 .069 .610 -253 -229 460 -330 -347 .049
Cu 1.000 406 .030 -059 .284 434 257 .114 -151 -360 .223 .012 -064
Mo . 1.000 -.019 -042 -493 367 .470 121 420 -548 109 .394 -178
Pb 1.000 .929 -460 .212 -065 .865 -165 .161 .829 -143 .025
Zn 1.000 -438 .066 -084 .763 -015 .231 .597 -046 -.062
Ni 1.000 -129 086 -441 -469 .355 -.391 -441 .059
Cr 1.000 .269 .313 .247 -165 .419 .250 .083
Co 1.000 -.021 -077 -114 -086 -003 .017
Sn 1.000 .027 .099 .864 .137 .088
v 1.000 -277 -207 .855 -005
As 1.000 -.017 -333 .348
Sb 1.000 -071 .148
Ga 1.000 .211
Ce 1.000
B
Proximity Matrix

Fe p S Cu Mo Pb Zn Ni Cr Co &n V As Sh Ga Ce
Fe 1.000 -325 456 .442 -269 -025 -037 .031 -019 102 .236 479 .001 .026 -230 -012

p 1.000 -.002 -141 310 -229 -229 .0356 -267 -091 -163 442 -231 -270 348 .370
S 1.000 111 213 511 494 218 469 .945 467 -534 .658 .530 -693 -471
Cu 1.000 -.029 -025 -040 .092 -071 .304 .067 -028 .020 .003 .044 -251
Mo 1.000 289 287 211 231 247 301 136 .250 .266 019 .101
Pb 1.000 0.889 335 -495 .675 .866 -340 .974 .995 -442 -337
Zn 1.000 .340 .497 .658 .859 -323 .969 .993 -424 -331
Ni 1.000 .348 .333 -058 .062 .240 .302 .143 -241
Cr 1.000 .332 .446 -310 .363 .286 -.402 -.351
Co 1.000 .621 -539 488 .295 -655 -505
Sn 1.000 -494 .895 .887 -575 -112
v 1.000 -422 -423 447 352
As 1.000 .977 -550 -.401
Sb 1.000 -514 -359
Ga 1.000 .377
Ce 1.000
C

Proximity Matrix
Fe P S Cu Mo Pb Zn Ni Cr Co Sn \% As Sb Ga Ce
Fe 1.000 .119 .740 399 254 .599 .931 497 350 .759 -975 .934 .586 -976 .286 .205

P 1.000 192 237 153 -245 272 169 -257 201 -925 170 .015 -925 .203 .323
S 1.000 .762 .307 .771 .935 .682 -313 .720 -870 .331 -111 -870 .341 .295
Cu 1.000 .264 .767 .942 .593 260 .398 -982 245 .560 -982 .191 .324
Mo 1.000 468 .297 427 .353 .445 -997 .398 .318 -997 491 .245
Pb 1.000 .947 492 .264 497 -985 .250 .547 -985 .193 .232
Zn 1.000 .398 .298 419 -988 443 250 -988 .278 .266
Ni 1.000 .221 .599 -954 202 351 -954 .369 .153
Cr 1.000 240 -996 .399 .305 -995 .289 .350
Co 1.000 -968 223 611 -969 .281 .286
Sn 1.000 -990 -394 -.998 -598 -216
v 1.000 .259 -.990 .280 .364
As 1.000 -394 444 -219
Sb 1.000 -998 -915
Ga . 1.000 .392
Ce 1.000
D
Proximity Matrix

Fe P S Cu Mo Pb Zn Ni Cr Co Sn \ As Sb Ga Ce
Fe 1.000 246 514 354 -171 561 445 397 -412 -132 283 .952 .604 -458 114 -525

P 1.000 037 .244 -046 274 341 262 .075 .162 -045 .593 .039 -600 .260 -.178
S 1.000 .044 053 .206 .213 .149 .156 .577 -515 -176 -468 .214 -422 .056
Cu 1.000 -.064 .575 .545 .345 -365 -110 121 .249 477 -226 .243 -382
Mo 1.000 004 260 .169 .458 227 -698 -144 -157 -228 -312 .101
Pb 1.000 .616 451 -364 -100 037 .364 .558 -414 237 -304
Zn 1.000 .354 .344 431 -515 201 .022 -540 .163 .008
Ni 1.000 -051 302 .011 .369 460 -470 249 -476
Cr 1.000 132 -780 -310 -594 -070 -601 .113
Co 1.000 -.544 -070 -300 -085 -202 .028
Sn 1.000 235 .332 .381 .359 -734
\J 1.000 .389 -523 .209 -479
As 1.000 -381 .362 -379
Sb 1.000 -.339 -229
Ga 1.000 -.704

Ce 1.000
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Dendrogram using Average Linkage (Within Groups)

A Rescaled Distance Cluster Combine DendrogRr:sr:;:?gg;:?g?f&:::rggm:m Sraups