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Mineralogy, the nature of magmatic and
tectonic setting of amphibolite protolith from
Gol Gohar iron ore deposit (No. 1) Sirjan, Kerman
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Abstract

The Golgohar iron mine is located at 55 km southwest of Sirjan in the Sanandaj-Sirjan
structural zone. The host rocks of the ore deposit include metamorphosed rocks in green
schist and amphibolite facies. The mineralization is.massive or disseminated in adjacent
rocks. The metabasic rocks are classified into amphibolite, epidote amphibolite,
epidote-biotite amphibolite and biotite amphibolite types. Base on major, trace, and rare
earth elements, the protoliths of these rocks are basic igneous rocks varying from basalt,
basaltic andesite, trachy basalt, basaltic trachy andesite compositions. The trace
elements pattern shows enrichment in large-ion lithophile elements and depletion in
high field strength elements, suggesting their island arc signatures. LREES enrichment
and relatively flat HREEs patterns further support this interpretation. According to
geochemical data these rocks were derived from depleted mantle that was contaminated
by the melts of subducted sediments. The relative age of these rocks does not match
with the tectonic setting. It seems that the Neo-Tethyan subduction along the northern
subduction zone caused the emplacement of the study rocks in the Upper Triassic time.
In this case, geochronological data may be helpful.
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amphibolite 50-55 40-45 2-3 - 2-3 - Tur, Spn, Ep sericite granoblastic,
nematobalstic,
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Element [ Ep-Btamphibolite [ Ep amphibolite | Bt amphibolite [ amphibolite
Sample No. P-273 P-10B P-250 P-163 P-240 P-282 P-215 P-157A P-195A P-58
SiO, 52.08 49.41 53.06 58.09 51.23 49.09 53.22 47.34 48.00 51.15
TiO, 1.81 1.84 1.17 0.51 1.29 1.58 1.07 0.81 0.49 1.56
Al,O4 14.49 14.78 17.59 17.71 16.12 14.03 17.19 11.32 11.19 14.55
FeO 11.13 11.75 8.18 5.44 8.85 12.88 8.86 17.72 14.16 11.72
MnO 0.11 0.11 0.08 0.03 0.08 0.11 0.08 0.19 0.14 0.13
MgO 6.33 7.28 6.53 3.09 9.35 10.66 7.34 15.47 15.94 8.15
CaO 6.75 9.10 6.17 0.60 5.34 4.23 3.19 1.22 451 6.74
Na,O 3.10 3.03 4.07 7.42 3.71 341 453 1.90 1.48 3.91
K,O 1.69 0.60 141 1.46 1.26 121 2.04 2.35 2.23 0.94
P,Os 0.25 0.25 0.14 0.09 0.16 0.16 0.14 0.14 0.09 0.18
V,0s 0.04 0.05 0.03 0.01 0.05 0.06 0.03 0.04 0.02 0.05
S <0.05 <0.05 0.09 1.54 <0.05 0.15 0.20 0.08 0.22 0.08
LOI 2.01 1.38 1.38 1.88 1.95 2.62 1.74 3.25 2.89 1.53
Total 99.79 99.58 99.90 97.87 99.39 100.19 99.63 101.82 101.37 100.69
Be 3.05 35 2.25 1.85 245 3.85 2.3 2.65 2.65 2.95
Sc 38.3 40.8 295 135 324 42 28.3 125 11.3 39.7
Ti 9443 9932 5188 2068 3412 7118 4248 3850 2752 8331
\Y% 221 256 142 95 159 210 142 166 102 221
Cr 111 107 82 101 212 207 100 129 63 182
Co 29.8 10.1 16.5 38.8 22.3 216 29.1 8.9 27.3 39.7
Ni 16 11 28 38 49 26 35 25 35 29
Cu 54 13 4 33 3 5 32 65 1 11
Zn 49 43 30 14 33 57 38 54 60 51
Rb 48 15 46 36 54 39 70 97 75 41
Sr 208.8 188.8 1714 44.3 127.2 54.9 97.1 45.5 21.6 79
Y 17.6 36.4 23.6 6.1 23.1 17.6 21.4 6.3 20.1 22.2
Zr 13 19 9 <5 15 9 28 7 8 13
Nb 24 6.3 5.6 41 2.9 5.3 34 9.8 5 5.5
Cd <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1
In <0.5 0.64 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Sn 1.1 8.6 2.7 12 2.3 8 8.3 35 4.7 15
Sb 0.6 0.9 0.8 0.5 0.6 <0.5 <0.5 <0.5 0.5 0.7
Te <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.14 <0.1 0.11
Cs 0.9 <0.5 0.9 0.8 0.8 0.9 1.1 14 11 0.6
Ba 147 49 230 366 118 155 250 159 252 138
La 15 20 10 47 15 35 16 17 30 9
Ce 35 45 27 60 37 47 48 26 55 26
Pr 3.7 5.94 331 7.33 3.82 5.3 3.27 3.15 7.01 2.79
Nd 16.1 23.8 13.8 24 15.6 20.9 125 10 24.9 125
Sm 3.88 5.71 3.56 3.57 3.91 473 3.13 1.62 4.55 3.44
Eu 1.42 2.58 1.44 0.48 147 2.26 1.59 0.31 1.23 1.37
Gd 4.99 6.69 4.97 2.98 51 6.04 4,52 2.3 5.19 4.86
Tb 0.79 111 0.83 0.29 0.82 0.92 0.73 0.27 0.79 0.81
Dy 4.99 6.92 5.52 1.98 5.21 5.44 4.87 2.02 4.9 5.28
Er 3.57 4.8 418 16 3.8 3.65 3.56 155 3.36 3.75
Tm 0.49 0.66 0.58 0.28 0.53 0.51 0.5 0.28 0.48 0.53
Yb 2.6 41 3.6 0.7 3 2.7 2.8 0.7 25 2.9
Lu 0.36 0.5 0.46 0.14 04 0.36 0.38 0.16 0.37 0.41
Hf 0.55 0.97 0.54 <0.5 0.69 <0.5 1.07 <0.5 <0.5 0.67
Ta 0.33 0.45 0.62 0.51 0.43 0.66 0.53 0.77 0.5 0.62
w <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Tl 0.16 <0.1 0.13 <0.1 <0.1 <0.1 0.17 0.2 0.15 <0.1
Pb 4 6 6 4 6 6 6 4 9 5
Bi 0.4 0.7 0.6 04 0.3 04 0.6 0.2 0.4 0.7
Th 433 5.12 5.61 8.82 4,99 3.56 6.68 5.97 10.43 3.61
U 0.6 1 1 2.6 0.7 1.35 1 0.8 1.9 0.4
Niggli values

si 135.71 116.93 138.81 206.17 125.62 113.43 142.39 96.82 96.66 122.02
al 22.25 20.61 27.11 37.04 23.29 19.10 27.10 13.64 13.28 20.45
fm 48.27 48.46 42.92 31.85 51.89 61.01 48.53 76.85 71.24 51.85
[« 18.84 23.07 17.29 2.28 14.03 10.47 9.14 2.67 9.73 17.23
alk 10.64 7.86 12.67 28.83 10.79 9.42 15.23 6.83 5.75 10.47
k 0.26 0.12 0.19 0.11 0.18 0.19 0.23 0.45 0.50 0.14
mg 051 0.53 0.59 0.51 0.66 0.60 0.60 0.61 0.67 0.56
ti 0.28 0.25 0.16 0.14 0.17 0.16 0.16 0.12 0.08 0.18

p 0.39 0.48 0.40 0.07 0.27 0.17 0.19 0.03 0.14 0.33
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Sample No. P-232 P-268 P-264 P-63 P-70 P-242 P-38 p-272 P-41 P-301A
SiO, 54.41 50.76 46.23 39.56 42.22 43.96 41.24 32.00 39.40 48.25
TiO, 2.58 1.22 1.61 1.80 091 1.00 1.47 233 3.10 0.45
Al,O3 13.71 14.60 16.90 13.80 12.28 12.23 8.38 14.89 17.24 6.61
FeO 12.04 10.03 7.59 19.55 10.60 13.37 13.68 15.94 15.37 14.11
MnO 0.12 0.12 0.09 0.16 0.09 0.14 0.12 0.17 0.09 0.15
MgO 5.69 11.01 7.87 12.06 19.99 15.84 26.46 27.34 11.16 18.08
CaO 5.45 6.77 14.71 7.46 6.86 9.35 6.23 1.90 8.15 8.77
Na,O 471 2.69 0.74 1.14 0.62 1.24 <0.1 <0.1 1.44 0.43
KO 0.52 0.56 041 2.18 3.86 0.58 0.02 0.03 0.60 0.73
P,0s 0.39 0.16 0.25 0.16 0.18 0.18 021 0.34 0.44 0.11
V,0s 0.09 0.05 0.06 0.06 0.04 0.03 0.02 0.05 0.10 0.04
S 0.36 <0.05 <0.05 0.10 0.09 <0.05 0.41 <0.05 0.11 <0.05
LOI 0.77 2.27 2.83 2.01 2.60 2.56 5.93 10.22 212 271
total 100.84  100.25 99.29 100.05 100.34 10048 104.16 105.21 99.32 100.45
Be 3.75 2.45 4.15 5.55 3.7 2.45 1.75 2.6 4.95 4.2
Sc 37.6 29.5 50.3 45.7 23.8 26.7 23.3 37.2 355 58.4
Ti 13055 2889 9468 9307 4935 4028 7442 11411 12543 2590
\Y 278 156 294 275 186 161 92 215 253 190
Cr 27 173 69 217 186 144 104 120 116 37
Co 26.5 24.1 30.1 324 275 23.1 23.4 150.3 28.2 24
Ni 4 42 9 39 33 33 37 90 26 17
Cu 64 16 2 24 5 2 10 54 12 48
Zn 46 34 43 83 96 35 60 61 87 61
Rb 12 22 17 94 165 19 3 7 20 29
Sr 44.8 97.3 516.2 21.2 22.2 16 8.4 24.5 89.5 14.2
Y 29.5 24.7 40.3 42.8 19.6 15.6 251 13.9 57.6 33.6
Zr 11 78 21 10 14 12 9 20 78 51
Nb 3.9 2.8 8.9 9 6.8 35 221 7.2 4.3 25
Cd 0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 0.2
In <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Sn 2.6 2.6 27.6 20.7 11.6 7.2 5.4 24 12.6 16.9
Sb <0.5 0.6 12 0.6 0.7 0.6 <0.5 <0.5 0.7 <0.5
Te <0.1 <0.1 0.14 <0.1 0.12 <0.1 0.11 <0.1 0.14 <0.1
Cs <0.5 0.5 0.6 1.2 2 0.6 <0.5 <0.5 05 0.7
Ba 56 116 88 273 378 35 <1 79 137 77
La 20 31 53 35 8 5 4 26 40 17
Ce 42 112 97 56 23 15 12 55 120 66
Pr 6.01 4.13 11.85 8.31 2.05 1.74 1.23 453 7.33 1.16
Nd 24.9 12.8 40.5 33.2 8.5 8.4 5.8 16.7 28 31
Sm 5.77 3.26 8.07 7.99 2.4 25 225 2.95 7.77 1.46
Eu 1.67 1.25 4.33 3.4 1.2 1.61 0.28 0.26 433 1.08
Gd 6.81 4.72 8.99 9.2 3.7 3.75 411 3.85 10.18 3.96
Th 111 0.72 1.49 1.56 0.61 0.57 0.72 0.51 1.77 0.92
Dy 6.9 4.71 8.91 9.34 4.22 3.9 494 3.42 10.77 7.76
Er 4.78 3.42 6.32 6.33 3.26 2.87 3.79 2.54 7.37 7.22
Tm 0.64 0.48 0.83 0.84 0.49 0.42 0.55 0.38 0.94 1.05
Yb 41 2.6 5.9 6.1 2.8 2 34 15 7 8.3
Lu 0.5 0.34 0.74 0.82 041 0.28 0.49 021 0.88 1.03
Hf 0.53 26 1.13 0.56 0.58 0.62 <0.5 <0.5 2.75 1.54
Ta 0.4 0.59 0.74 0.76 0.63 0.48 0.9 0.81 0.38 0.44
w <1 <1 <1 <1 15 <1 <1 <1 <1 <1
TI <0.1 <0.1 <0.1 0.2 0.31 <0.1 <0.1 <0.1 <0.1 <0.1
Pb 7 4 11 13 5 4 5 4 26 5
Bi 0.5 0.2 8.3 0.4 0.4 0.2 0.2 0.2 1.8 0.8
Th 5.94 4.6 5.64 371 421 3.7 4.2 5.01 461 2.82
U 0.6 0.6 10.21 4.1 1.2 0.7 0.4 0.4 8.16 0.1
Niggli values
Si* 146.60 116.73 103.40 75.15 75.24 82.26 66.05 49.33 78.91 91.40
al 21.77 19.78 22.27 15.45 12.89 13.49 791 13.52 20.34 7.38
fm 49.31 56.72 40.29 64.63 68.55 64.83 81.30 83.23 58.61 73.15
c 15.73 16.68 35.25 15.18 13.10 18.75 10.69 3.14 17.49 17.80
alk 13.19 6.82 2.19 4.74 5.46 2.94 0.10 0.10 3.56 1.67
k 0.07 0.12 0.27 0.56 0.80 0.24 0.21 0.28 0.22 0.53
mg 0.46 0.67 0.65 0.53 0.77 0.68 0.78 0.75 0.57 0.70
ti 0.44 0.16 0.24 0.13 0.14 0.14 0.14 0.22 0.37 0.09
0.32 0.29 0.87 0.23 0.19 0.29 0.13 0.04 0.30 0.24

p
*si= mol% SiO,*x100/c, al= mol% Al,03%100/c, fm= mol% (Fe,O3+FeO+MnO+Mg0)*100/c, c= mol% CaOx100/c, alk= mol%

(Na,0+K,0)x100/c, k= mol%o K,0/(Na,0+K;0), mg= mol%o. MgO/(2F,03+FeO+MnO+Mg), ti= = mol% TiO,*x100/c, p== mol% P,05x100/c
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