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Table 1. Whole rock major elements (wt.%) composition of the igneous and metamorphic host rocks of Gol-Gohr Iron

ore. gr (Ore host granite), Msh (Mica schist), Am (Ore host Amphibolite), Ma (Ore) and Sp (Serpentinite). (<DL~=
Bellow detection limit)

Sample AGI11 AG41 AG49 AGS9 AG61 AG74 AG80 AG84 AG85 AG86 GN18 GN32
Rock gr Msh  Msh Am Msh  Msh  Msh Ma Ma Ma gr Ma

Si0, 38.83 25.27 2798 5329 28.06 2149 1833 1.81 4.16 1.21 2983 1.96

TiO, 0.65 1.87 4.13 0.19 386 <DL 288 <DL 0.08 <DL 3.14 0.08
Al 04 7.59 558 10.25 0.89 8.61 3.01 7.93 0.39 092  0.60 9.05 1.27
Fe,0O; 1936 16.01 27.69 7.02 2548 43.68 20.08 80.85 7532 86.16 28.00 78.57
MnO, 0.27  0.87 0.23 059 035 <DL 059 <DL <DL <DL 037 <DL
MgO 3.07 808 10.76 5.12 1052 1.31 11.4 930 1255 6.52 9.56 8.65
CaO 1583 3475 233 2943 9.71 288 246 1.71 3.96 1.83 1092 591
Na,0 <DL <DL 139 <DL 204 <DL <DL <DL <DL <DL 7.53 <DL
K,O 1266 723 12.65 0.99 788 <DL 1136 <DL 027 <DL 133 <DL
P,0s <DL  0.21 0.41 0.07 <DL 1.04 <DL 0.50 0.07 045 <DL 226
LOI 1.74 013 2.18 241 349 2659 283 544  2.67 3.23 0.27 1.3

Total  98.26 99.87 97.82 97.59 96.51 7341 97.17 94.56 9733 96.77 99.73  98.7

Sample GN34 GN36 GZ2 GZ24 GZ26 GZ32 GZ36 GZ39 GZ41 GZ42 GZA43

Rock Ma Ma gr Sp Msh gr gr Ma Ma gr Ma

Si0, 0.91 1.29  60.77 5541 2236 3436 61.65 6.66 1.53  13.92  0.75
TiO, <DL <DL 128 <DL 2.17 3.04 0.55 022 <DL 245 <DL
Al 04 0.69 043 11.69 9.80 546 10.15 874 227 0.42 3.86 0.59
Fe,0O; 8936 85.02 794 10.50 20.23 2159 639 6952 8632 20.15 89.99
MnO, <DL <DL <DL <DL 0.77 023 <DL <DL <DL 0.69 <DL
MgO 3.80 6.20 <DL 4.79 858 1031 285 1471 8.53 8.16 7.31
CaO 2.12 4.75 1.50 441 30.15 9.19 4.16 4.54 047 41.63 0.15
Na,O <DL <DL  8.03 1.14 <DL 7.06 <DL <DL <DL 057 <DL
K,O <DL <DL 7.26 1221 799 <DL 1326 066 <DL 624 <DL
P,0s 082 <DL <DL <DL <DL <DL <DL 043 <DL 0.26 <DL
L.O.I 23 2.31 1.53 1.74  2.29 4.07 24 0.99 2.73 2.07 1.21

Total 977 97.69 9847 9826 9771 9593 976 99.01 9727 9793 98.79
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Table 2. Whole rock minor and rare elements composition of the igneous and metamorphic host rocks and magnetite
ore (ppm) in Gol-Gohr Iron depositdeposit

S.N AGI1 AG41 AG49 AGS9 AG61 AGT74

AG80 AG84 AGS85 AG86 GN18 GN32 GN34 GN36GZ2

Rocks  gr Msh  Msh  Am  Msh Msh  Msh Ma Ma Ma  gr Ma Ma Ma gr
Ag <1 <1 <1 <1 2 <1 <1 2 2 2 <1 2 2 2 <l
As 10 <10 <10 <10 <10 22 <10 <10 <10 15 <10 <10 <10 <10 <10
Be 1.4 1.2 1.8 <1 <1 1.6 1.9 <1 <1 <1 <1 <1 <1 <l <l
Bi <10 <10 <10 <10 <10 <10 <I0 <10 <10 <10 <10 <10 <10 <10 <10
Cd <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <l <l
Ce 59 24 28 25 26 939 73 21 10 11 31 20 17 10 100
Co 19 17 55 8 50 410 33 149 41 213 55 20 28 176 12
Cr 43 210 151 241 129 193 342 28 18 8 119 6 7 9 112
Cu 7 <5 <5 <5 13 39 <5 477 153 71 86 10 <5 39 26
La 40 24 13 22 17 471 47 12 7 <5 20 15 9 8 50
Li <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <S5 <5 <
Mn 677 1948 755 1117 961 398 1363 691 898 680 1220 697 788 760 106
Mo 1.3 <1 <1 <1 <1 12 <1 <1 <1 <1 <1 <1 <1 <l <l
Ni 17 40 63 <5 48 72 139 257 159 248 50 175 182 282 <5
Pb <10 <10 <10 <10 <10 30 <10 73 66 67 <10 74 73 73 <10
Sb 12 <10 12 <10 22 11 21 <10 <10 12 <10 22 <10 <10 <10
Sc 14 19 31 8 29 6 19 <5 <5 <5 31 <5 <S5 <5 14
Sr 54 128 <10 46 166 21 54 <10 198 27 14 14 29 20 102
A" 38 121 309 20 294 22 166 48 278 171 306 682 368 622 50
Y 20 37 29 69 28 149 26 <5 <5 <5 33 6 6 <5 32
Zn 21 33 81 <10 71 30 24 99 105 81 64 105 108 92 11
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Table 2 (Continued). Whole rock minor and rare elements composition of the igneous and metamorphic host rocks and
magnetite ore (ppm) in Gol-Gohr Iron depositdeposit

S.N GZ24 GZ26 GZ32 GZ36 GZ39 GZ41 GZA42

GZ43 AGS83 292 A GM22D GM22A GK19 GZ7

Rocks Sp Msh gr gr Ma Ma gr Ma Ma Ma Ma Ma Ma Msh
Ag 2 2 <1 <1 3 2 <1 <1 2 2 <1 <1 3 <1
As <10 <10 <10 <10 11 <10 <10 <10 <10 <10 <10 <10 <10 <10
Be 1.1 <1 1.2 2.6 <1 <1 <1 <1 <1 <1 1.1 <1 <1 3
Bi <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Cd <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1l <1
Ce 39 13 55 76 15 10 247 10 9 10 32 20 13 272
Co 8 20 36 6 67 43 56 70 26 28 42 45 16 9
Cr 25 270 91 71 23 23 172 11 10 10 307 216 12 32
Cu <5 <5 <5 <5 7 163 <5 10 23 161 43 15 <5 <5
La 20 17 32 39 10 <5 150 <5 9 <5 22 16 11 131
Li <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Mn 157 1694 631 252 638 710 1567 735 873 790 888 621 440 595
Mo <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1.1 11 <1l <l
Ni <5 138 25 <5 144 223 72 203 183 176 192 72 59 174
Pb <10 <10 <10 <10 50 69 <10 76 62 65 77 12 <10 80
Sb <10 <10 15 <10 <10 <10 <10 <10 <10 11 <10 21 <10 <10
Sc 17 16 30 16 <5 <5 24 <5 <5 <5 <5 22 31 <5
Sr 65 21 18 <10 151 <10 37 <10 37 <10 16 152 159 59
v 17 121 209 16 163 93 170 366 34 394 415 229 234 49
Y 43 34 24 30 <5 <5 40 <5 <5 <5 <5 22 20 <5
Zn <10 38 37 <10 64 84 35 85 75 276 597 37 42 84



£V ASSS ool JLdls Lise s 10 olearsly 5 5,5 Logy, amly AT Jlo) ¥ oyl A al

4 e SG gl (akais Vo) AG86 diges 5 cuiiRe g0 4 5l (ahais 0) AG84 wiges jo cuiife SIS slabais 4508 s ¥ Jeus
a> 5l y1eS <DL ¢l oais plil (Andersen and Lindsley, 1985) _wadd 5 ¢ysm a0l (s ,a0 cuiife 5,65 Jso 8 S55515 Slole
oK e A

Table 3. EPMA analysis of magnetite in sample AG84 (5 points) andsamples AG86(10 points). Magnetite cationic
structural formula calculations by (Andersen and Lindsley,1985) method. (<DL= Bellow detection limit)

AG84
Formula 1 2 3 4 5
SiO, <DL <DL <DL 0.06 <DL
TiO, 0.06 <DL 0.06 <DL <DL
AlLO; 0.07 <DL <DL 0.02 <DL
FeO 93.66 92.76  93.65 93.86 91.82
MgO 0.24 0.31 0.39 0.27 0.33
NiO <DL <DL <DL 0.01 <DL
K,0 <DL 0.01 0.01 <DL <DL
CuO <DL 0.09 <DL <DL <DL
ZnO 0.10 <DL <DL 0.19 <DL
V,05 <DL <DL 0.01 <DL 0.01

L.OlI 5.84 6.81 5.86 5.56 7.8
Total 94.16 93.19 94.14 94.44 92.2
Si <DL <DL <DL 0.1 <DL
Ti 0.04 <DL 0.04 <DL <DL
Al 0.04 <DL <DL 0.01 <DL

Fe 70.15 69.05 71.18  71.25 67.04
Mg 0.15 0.28 0.32 0.17 0.22

Ni <DL <DL <DL <DL <DL
K <DL 0.025 0.021 <DL <DL
Cu <DL 0.05 <DL <DL <DL
Zn 0.07 <DL <DL 0.2 <DL
A" <DL <DL 0.01 <DL 0.01
Total 70.47  69.4 71.57  71.75 67.3
Sit <DL <DL <DL  0.0023 <DL

Ti" 0.0017 <DL 0.0017 <DL <DL
Al? 0.0031 <DL <DL 0.0009 <DL
Fe" 1.9934 19999 1.9961 1.9944 1.9997
Fe™ 0.9843 0.9815 0.9789 0.9806 0.9796
Mg?  0.0136 0.0178 0.0221 0.0153  0.0191

K" <DL  0.0005 0.0005 <DL <DL
Zn"? 0.0028 <DL <DL 0.0053 <DL
v <DL <DL  0.0003 <DL  0.0003
Ni'"2 <DL <DL <DL 0.0003 <DL

3.0001 3.0003 3.0003 3.0001 3.0000
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Table 3 (Continued). EPMA analysis of magnetite in sample AG84 (5 points) andsamples AG86(10 points). Magnetite
cationic structural formula calculations by (Andersen and Lindsley,1985) method. (<DL= Bellow detection limit)

AGS86
Formula 1 2 3 4 5 6 7 8 9 10

SiO, 0.12 <DL <DL 0.02 006 <DL <DL <DL 0.06 <DL
TiO, <DL <DL 0.03 0.02 <DL 0.06 <DL 0.06 <DL <DL
Al,O4 0.14 0.11 0.19 0.18 0.2 0.07 <DL <DL 0.02 <DL
FeO 92.42 93.11 9245 92.06 91.42 94.66 93.76 94.65 94.86 91.82
MnO 0.03 004 004 002 0.02 0.03 002 002 002 0.04
MgO 1.18 1.26 1.31 1.3 233 024 031 039 027 033
CaO 0.01 001 001 001 002 <DL <DL <DL 0.01 <DL
NiO <DL 0.05 0.01 0.02 0.04 <DL 0.02 <DL 0.01 <DL
K,O >bL >DL 0.01 0.01 <DL <DL 0.01 0.01 <DL <DL
CuO <DL 0.07 0.04 0.04 <DL <DL 0.09 <DL <DL <DL
ZnO 034 022 022 <DL <DL 0.1 <DL <DL 0.19 <DL
V,05 0.01 001 002 0.01 003 <DL <DL 0.01 <DL 0.01
Cr,03 001 <DL <DL 001 <DL <DL <DL <DL <DL <DL
L.O.I 574 512 567 597 588 484 579 486 4.56 7.8
Total 9426 94.88 9433 94.03 94.12 95.16 9421 95.14 9544 922
Si 006 <DL <DL 001 003 <p <DL <pp 003 p
Ti <DL <DL 0.0l 0.0l <pL. 004 <DL (03 <DL —pL
Al 008 006 011 01 11 o004 <DL —pL 001 pL
Fe 69.23 70 69.65 69.97 6956 7224 7125 7127 69.97 683
Mn 002 003 003 002 o1 o002 002 g2 00l (03

Ca 001 001 00l 00l (g <p. <DL -p. <DL -pL
Ni  >DL 004 001 00l g3 <DL o7 <pr 00l <pL
K <DL <DL 001 001 <DL <DL 001 001 <DL <DL
Cu  >DL 005 003 003 <DL <DL 007 <DL >DL <DL
Zn 026 017 017 <DL <DL 007 -p. <pL 015 <pL
\% 001 001 001 001 002 <DL -p. 00l -pL. <pL

Cr 001 <«pr <pL 00l <pI. <DL <DL <DL <DL <DL
Total  70.44 71.18 70.88 71.24 7127 72.56 71.56 71.59 7035 67.08
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Table 3 (Continued). EPMA analysis of magnetite in sample AG84 (5 points) andsamples AG86(10 points). Magnetite
cationic structural formula calculations by (Andersen and Lindsley,1985) method. (<DL= Bellow detection limit)

Formula 1 ) 3 4 5 6 7 8 9 10
Si'*  0.0045 _p;. <DL 0.0008 0.0022 <DL .p;. <DL 0.0023 pL
Ti” <DL pr, 0.0008 0.0006 <DL 0.0017 -pp 0.0017 <pL.  <pL
AI® 0.0062 0.0049 0.0084 0.0080 0.0088 0.0031 .p;. <DL 0.0009 pL
Fe” 19841 1.9941 1.9890 1.9884 1.9852 1.9935 1.9996 1.9962 1.9945 1.9997
Fe” 09274 0.9215 0.9195 0.9086 0.8708 0.9845 0.9816 0.9791 0.9808 0.9796
Mn*”  0.0010 0.0013 0.0013 0.0006 0.0006 0.0010 0.0006 0.0006 0.0006 0.0013
Mg?  0.0663 0.0703 0.0735 0.0914 0.1298 0.0135 0.0176 0.0219 0.0151 0.0191
Ca”  0.0004 0.0004 0.0004 0.0004 0.0008 -p. <pL <pL 00004 _pL.
K" <DL <pL  0.0005 0.0005 pp  <pr. 0.0005 0.0005 <DL  pL.

Cr? 00003 <pp  <prL 0.0003 <pI  <pL <DL <DL <DL <DL
Zn?  0.0095 0.0061 0.0061 -p; <pL 0.0028 _pL  <pL 0.0053 pL

v 0.0003 0.0003 0.0006 0.0003 0.0009 <pr, <pL. 0.0003 <DL 0.0003
Ni <DL 0.0015 0.0003 0.0006 0.0012 <DL 0.0006 <DL 0.0003 <DL
3.0000 3.0004 3.0004 3.0005 3.0003 3.0000 3.0005 3.0003 3.0001 3.0000
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Fig. 6. A: Magmatic series classification of Gol-e-Gohar mine plutonic rocks (Peccerillo and Taylor, 1976), and B:

ACF and A’KF diagram showing the metamorphic protolith of Gol Gohr metamorphic rocks (Winkler, 1976) .(A based
on current research data and B based on current research and mine unpublished data)
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magnetite in Sample AG86 (1-10 points) and Sample AG84 (Triangle sample AG86, and circle sample, AG84)
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Introduction

The Gol-Gohar iron ore deposit located in 55 km
South West of the city of Sirjan, in the Sanandaj-
Sirjan structural zone. Sanandaj-Sirjan zone (SSZ)
is part of the Alpian-Hymalian orogenic belt and it
is located in the west of the central Iran
microplate. SSZ represented the metamorphic belt
of the Zagros orogeny, that extends for 1500 km
from Sirjan in the southeast to Sanandaj in the
northwest of Iran (Mohajjel et al, 2003). The Gol-
Gohar iron ore deposit is surrounded by a
complex of igneous and metamorphic rocks
mainly consisting of pelitic schists, basic schists,
gneiss, amphibolite, marble, granodiorit, granite
and mylonitic granite.

In the early studies on the genesis of Gol-Gohr
iron deposits, it was considered that sedimentary
and tectonic processes were more effective in iron
ore deposition. Later studies mainly confirmed a
magmatic genesis for Gol-Gohar iron ore (Mucke
and  Golestaneh, 1982). Although some
researchers argued that skarnisation process was
the main cause of mineralisation (Hallaj and
Jacobpor, 1991 ¢Torabian, 2007), still some
discussions on Gol-Gohr genesis are underway.

Materials and methods —

Gol-Gohar mine is divided into three blocks and
several exploratory boreholes have been drilled
down to 200 to 1400m depths in the third block.
The representative samples were taken from
exploration drill holes and outcrops around the

mine. Microscopic observation (Zeiss
Aksioscope) in thin and polish sections show that
the main ore mineral in the Gol-Gohar deposit is
magnetite formed into two types with distinctive
optical properties; the milky-gray magnetite
(typel) named also “upper ore” and blue to brown
magnetite (type2) named also “lower ore” (Mucke
and Golestaneh, 1982). Mineralogy and
microtectonic study were carried out on 100 thin
and 30 polished sections using Zeiss research
microscope. For geochemical analyses 20 samples
were selected from 3 major exploration drill holes.
After whole rock chemical analyses (XRF), four
sample from two ore types and metamorphic host
rock were examined by EPMA. The analytical
examination were carried out in the Iranian
Mineral Processing Research Center (IMPRC)
using PW2404 Philips XRF and Cameca X-100
EPMA.

Discussion

Based on microstructural observations of the
metamorphic host rocks of the Gol-Gohar deposit,
two main deformation phases were recognized
which caused two distinctive foliations, S; and S,.
S, is a continuous foliation with N18W to N24W
general trend and average of 45 to 60 degrees
slope toward the East. S, is with 15-30 © deviation
from S; and NY9E to NI7E general trend
overprinted on the S;. Granite emplacement has
caused deformation phases and magnetite crystals
(Which Type) just oriented within the first
deformation phase (S;). The second deformation
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phase (S,) is recognized by fish shapes and
pressure shadows around the minerals. The
preferred orientation of magnetite in S; and
growth with biotite and garnet in the biotite,
garnet and staurolite zones suggests that the early
stage of mineralization in Gol-Gohar is
contemporaneous with progressive
metamorphism. Typel magnetite does not show
any margin thermal reactions.

EPMA analysis of type 2 magnetite indicates a
distinctive enrichment of high mobile elements.
The distribution and frequency diagram (Celine
and Beaudoin, 2011; Tong et al., 2011) shows that
skarnisation is the main process in the genesis of
the Gol-Gohar iron ore. Also, a comparison of the
chemical composition of type 1 and 2 magnetite
shows similar values of Ti, Cu, Si and Mg while
metamorphic magnetite (type2) specifically show
higher concentrations of Al and Mg.

The metamorphism-related deformation history of
the study area based on magnetite fabrics,
mineralogy and metamorphic evolution implies a
new model for the Gol-Gohar mineralization.
Penetrative NS- to NW/SE dipping fabric is
represented by S; foliation hosted typel
magnetite, which was formed in the prevailing
NW-SE shortening event during the first stage of
regional metamorphism during the late
Carboniferous— early Permian time. This
shortening event is interpreted to be associated
with the collisional event between the Sanandaj-
Sirjan and central Iran blocks. The S, fabric
probably is related to the intrusion of Jurassic or

younger granite in the area. Type 2 magnetite has
been formed during the Skarnification process.
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