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Fig. 1. A: Location of Godar sorkh area in 20 km southwest of Muteh, and B: Location of Godar Sorkh exploration area

(red star) in Sanandaj-Sirjan zone
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Fig. 2. Geological Map of Godar Sorkh area, taken from Golpayegan area exploration report modifided after (Iran

minerals production company, 2016)
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Fig. 3. A: Outcrop of mica schist and calc schist units, B: Folded in the Permian crystallized limestone, C: Diorite dyke

intruded in Permian carbonate units, D: Normal fault in the Permian carbonate, and E: Mineralization zone in the the
Godar Sorkh area
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Fig. 4. Thin section and polish section (A-E) shows the common altered minerals in XPL in the Godar Sorkh area. A:
Silicification alteration in the background, B: Carbonate alteration (calcite and dolomite), C: Conversion of mafic
minerals such as amphiboles and sometimes pyroxene to chlorite, D: Sericite occurs as fine-grained in plagioclase, E:
Conversion of pyrite to Fe-Oxide, and F: Mineralization zone associated with Fe—oxides and hydroxides in the Godar

Sorkh area. Abbreviations after Whitney and Evans (2010) (Qz: Quartz, Ca: Calcite, Chl: Chlorit, PI: Plagioclase, Ser:
Sericite, Py: Pyrite).
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Fig. 5. A: First generation pyrite in the metamorphic rocks in Godar sorkh area, B: Second generation pyrite in

greenschist, C: Native gold associated with Fe-oxide-hydroxide mineral (Goethite, Hematite), D: Second generation of
quartz vein and Third generation of quartz veins that cut schistosity (XPL), E: Chalcopyrite that has converted to
covellite, and F: Mineralization zone associated with Fe oxide-hydroxide in the Godar Sorkh area. Abbreviations after
Whitney and Evans (2010) (Py: Pyrite, Au: Gold, Qz: Quartz, Ccp: Chalcopyrite, Cv: Covellite).
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Table 1. Electron microscope analysis of Sulfide minerals and native gold in the Godar Sorkh area

Grade% Fe Cu S Ti As Ag Sb Te Hg Au Se Zr Bi Total
Nativegold | 0.36 0.12 005 004 0 748 O 0 0 89.8 001 0 0.28 98.29
Native gold | 2.25 0.06 0 0 0 204 0 065 O 952 0 0 044 1008
Nativegold | 1.37 0.05 002 005 0 021 0 006 O 947 001 0 046 97.07
Native gold | 1.48 0.01 0 003 0 019 003 003 O 956 0 0.03 0.53 98.11
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Fig. 6. Electron microscope (BSE) images are available in the samples. A and B: Native gold, C: Pyrite involved
0.13wt.% Au, D: Chalcopyrite involved 0.08wt.% Au, E: Galen has grown in fracture of pyrite, and F: REE in the

feldspar mineral in the Godar Sorkh area. Abbreviations after Whitney and Evans (2010) (Au: gold, Py: Pyrite, Ccp:

Chalcopyrite, REE: Rare earth element, Gn: Galena).
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Fig. 7. Paragenetic sequence of observed minerals in the Godar Sorkh area
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Table 2. Results of Fire Assay and XRD analysis in mineralization zones and host rocks of the Godar Sorkh

X Y METHOD- CO Au(ppm) XRD
462145 3712575 GM_1 0.05
458606 3712813 GM_2 1.03
459302 3713672 GM_3 0.02
459119 3714495 GM_4 0.01
458834 3714154 GM_5 0.03 Quartz, Dolomite, Albite low, Chabazite
458601 3712812 GM_6 2.53
459119 3714495 GM_7 0.03 Quartz, Albite low, Clinochlore, Dickite, Muscovite
458593 3712828 GM_8 0.02
458813 3713055 GM_9 0.04
459266 3712447 GM_10 0.02
459119 3714495 GM_11 0.05
458588 3712810 GM_12 0.68 Goethite, Quartz, Calcite, Hematite
460469 3713711 GM_13 0.03
458834 3714154 GM_14 0.09
458601 3712812 GM_15 6.6 Goethite, Calcite, Gypsum
458589 3712811 GM_16 0.36 Goethite, Dolomite, Calcite, Quartz
458594 3712822 GM_17 0.76
459272 3712383 GM_18 0.07 Calcite, Goethite
458592 3712807 GM_19 1.06 Goethite, Calcite, Quartz, Goethite
461684 3713139 GM_20 0.07 Dolomite, Calcite, Quartz, Goethite
461491 3713232 GM_21 0.03 Calcite, Dolomite,
459286 3714402 GM_22 0.1
458597 3712823 GM_23 2.8 Calcite, Goethite
458581 3712824 GM_24 33
459286 3714402 GM_25 0.01
458525 3712840 GM_26 5.9
459709 3712190 GM_27 0.05
459259 3712422 GM_28 7.5
459275 3712391 GM_29 0.06
459230 3712439 GM_30 1.8
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Fig. 8. Correlations diagram of elements vs gold in the Godar Sorkh area
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Table 3. Major geochemical results based on weight percentage for the intrusive rocks in the Godar Sorkh area

Sample | SiO2 AlO3 FeO: CaO Na:O KO MgO TiO; MnO P:0s LOI Total

GM-5 | 7238 1575 119 113 37 25 0.64 024 0.029 0.044 2 99.603

GM-16 | 514 1988 6.76 6.41 314 084 54 1.7 013 0312 388 99.852

GM-19 | 50.05 18.22 817 6.62 3.28 043 472 1863 0.149 0.335 568 99.517

93-D4 | 7472 1388 1.03 1.01 584 225 0 0 0 0 1.27 100

94-D12 | 46.35 1829 9.16 9.29 558 029 6.13 1.17 0 0.5 31 99.86

93-D2 |42.38 1692 862 6.92 519 043 6.67 124 0 049 1114 100
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Table 4. REE (ppm) and trace element (ppm) data in Godar Sorkh area

Element | GM-4 GM-6 GM-27 GM-10 GM-11 GM-13 Gm-18 Gm-5 GM-16 GM-19
La 1252 1204 2168 5442 1181 2774 1310 443 2344 1593
Ce 2566 2423 3765 10009 2003 5061 2560 24.16 4426  29.87
Pr 310 318 444 1195 223 637 326 416 531 385
Nd 12.14 1261 1673 4405 739 2420 1240 1548 21.23 1550
sm 275 250 301 837 131 481 227 182 464 342
Eu 137 075 100 210 075 125 075 045 177 131
Gd 268 192 292 671 109 429 176 109 529 395
Th 075 075 067 118 065 070 069 016 121 075
Dy 260 126 261 371 075 326 075 093 542 425
Ho 070 071 076 068 062 080 044 07 157 122
Er 154 075 165 222 078 201 075 024 323 261
m 018 019 016 020 019 018 061 018 023 021
Yb 198 074 176 109 077 194 075 07 308 247
Lu 030 016 029 018 008 029 008 007 045 034
Y 986 387 1438 957 37 1374 144 341 264 1844
Sr 121.7 4884 1017 60.39 2603 7605 56.19 2686 368.7 257.3
Rb 433 5396 63.67 6043 378 4543 9077 1846 2311 19.44
Ba 2722 9414 3166 5968 0.7 1867 1190 4309 106  21.67
Th 472 3 251 363 174 445 268 286 154 075
Ta 025 023 022 025 021 023 022 032 03 0.35
Nb 1333 1389 423 1014 15 1064 11.88 447 1657 16.62
Ce 2566 2423 3765 1001 2003 50.61 2564 24.16 4426  29.87
zr 2741 4557 1997 2745 839 2357 3683 27.16 2203 2431
Hf 255 326 155 188 076 168 259 294 173 167
YREE | 781 657 1097 2465 521 1422 776 580 1475 1041
LREE | 562 546 835 2189 428 1137 566 501 989 686
HREE | 220 111 262 276 9.4 285 210 285 487 356

(La/Yb)N | 43 108 83 337 106 9.7 118 42 5.2 44

(La/LuN | 45 81 8.0 324 169 103 187 6.8 55 5.0

EwEuw* | 15 1.0 1.0 0.9 1.7 08 1.1 1.0 1.1 1.1

N: normalized values, Eu/Eu*: Europium anomaly: (Eun/~[(Smn)(Gmn)])
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Table 5. Comparison of geological and mineralization characteristics of Godar Sorkh with orogenic gold deposits

Characteristic

Orogenic gold deposit

Godar sorkh deposit

Increasing orogenic environments caused by

Subduction of the Neo-Tethys oceanic

Tectonic convergence and subduction of the oceanic crust .
. . . crust beneath the plate of the Iranian
setting and eventually plate-continental margin .
.. continental plat
collision
Structural metamorphic belts and deformation of the the central of metamorphic belt of
Position continental margin Sanandaj-Sirjan

The age range

Middle Archean to Tertiary

Paleozoic

Different, but in the Phanerozoic deposits in the

Deformed schist with, intercalations of

Host rock volcanic-sedimentary sequences are more .
. sediment layer
widespread
Degree of host . . . . . . . .
rock regional metamorphism with green schist facies  Regional metamorphism with degree of

metamorphism

to lower amphibolite

green schist facies

Relation to
intrusive mass

they are associated with intrusive masses. But
don’t observed the genetic relationship. the
intrusive masses play the role of thermal source

Evidence suggests that don’t have any

genetic relationship. But they play the

role of thermal gradient in the transfer
and concentration of ore fluids

Mineralization

Strong structural controller such as faults and

controle folds in the ductile- brittle zone Fault and folds in shear zones
Alteration sericitization, carbonization, Albitization, mainly sericitization, carbonization,
tourmalinization, chloritization, argilization, chloritization, argilization, silicification
silicification and sulphidization and sulphidization
Type of Replacement of iron rich vein in

mineralization

the ductile- brittle one

metamorphosed and deformed unite

Mineralization
time

Evidence indicates later mineralization to
coincide with the peak of metamorphism.

Concurrent and late tectonic stages
associated with Green schist facies

Mineralization

Au, Ag

Au

Fabric and
texture

showing mylonitic fabric, cataclastic and
ductile- brittle zone

Microscopic studies showing mylonitic
and cataclastic fabric, shear zone in
fracture section

Para genesis

Stage One: Quartz, Albite Iron- magnesium
Carbonate, Chlorite, sericite, Pyrite (Gold),
Quartz, Arsenic-Pyrite, Sphalerite, pyrrhotite,
chalcopyrite, tourmaline, Tetrahydrite, stibnite,
sheltie
Stage Two: Gold, Galen, Sphalerite, Tellurides

Stage One: Quartz, Albite, Iron —
magnesium Carbonate, Chlorite, sericite,
Pyrite (Gold), Quartz, Stage Two: Pyrite

(Gold), Arsenic-Pyrite, Galen,
Sphalerite,

Au, Ag, Bi ,Sn, W, Mo, As, Cu, Pb, Zn

Au, Cu, Ag, Bi, Sn, As, Zn Mo, Pb

Metals Au>Ag average=5 Au>Ag
Groves and Santosh, 2016, Goldfarb and
Reference Groves, 2015« Goldfarb et al., 2005, Groves et this study

al.,2003, Robert et al.,1995
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Introduction

Gold deposits formed during mountain-building
processes in Phanerozoic terranes that formed in
metamorphic ~ environment have a  great
dispensation in the world (Goldfarb et al., 2001).
They constitute an economically important type of
gold mineralization called orogenic gold deposits
(Groves et al., 2003). The Sanandaj-Sirjan zone is
one of the most important areas for orogenic gold
exploration and it hosts several orogenic gold
deposits (Aliyari et al., 2012). This zone is
characterized by regionally metamorphosed and
deformed Paleozoic and Mesozoic sedimentary,
volcanic and volcanoclastic rocks under green
schist and amphibolite facies conditions.
(Rashidnejad-Omran, 2001; Abdollahi et al., 2009;
Koubhestani et al., 2014). The Godar Sorkh area is
locatedin the central part of the Sanandaj-Sirjan
zone, 20km southwest of the Muteh region. The
rocks sequence of the Godar Sorkh area comprise
of the volcano-sedimentary rocks of the
greenschist complex with Paleozoic age rock units
intruded by basic and felsic dikes. These country
rocks are affected by a NW-SE-trending shear zone
and are highly deformed. Rock units illustrate
ductile-brittle to brittle shear zones and had been
under poly-phase metamorphism. In other words,
Godar Sorkh has the most similarity with orogenic
gold.

Methods

In this study after field observations, rock samples
were collected from mineralized and altered zones
that included 26 thin sections, 47 polished sections
and 10 polished thin sections which were prepared
for petrography, mineralization and alteration
studies, 10 samples were prepared for XRD
analyses, 21 samples were analyzed for Au content
by the Fire Assay method and 21 samples were
analyzed by the ICP-MS method for REE and trace
element amounts in the Iran Minerals Research and
Processing Center, and 9 samples were selected
for XRF analyses in the Kansaran Binaloud
laboratory. According to the petrographic studies
and the results of chemical analysis 7 polished
double sections were selected to determine the
amount of gold and other elements by electron-
microprobe analysis.

Discussion and Results

The rocks sequence of the Godar Sorkh area
comprise of greenschists complexes including
limestone, dolomitic, marbles, micaschists, black
schist, greenschist, intercalations of quartzite, calc
schist, phyllites and slate, metamorphosed under
greenschist facies grade. These units are
considered to belong to the Paleozoic age. Rock
unites have been intruded by basic and felsic dikes.
Rock assemblages are characterized by several
phases of deformation and generation of various
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fabrics and structures. Gold mineralization occurs
in ductile and brittle shear zones, along N45W
trending and controlled by structures. The main
alterations are sericitization, carbonization,
chloritization, silicification and sulphidization.
Ore-mineralogical paragenesis mainly includes
pyrite and locally chalcopyrite, arsenopyrite,
covellite, sphalerite, galena and Fe Oxide-
Hydroxide secondary minerals such as goethite,
hematite and limonite. The results show that the
maximum grade of gold in the mineralization zone
has been reported to be 9.9 ppm and the average
value of gold in the area is about 0.3 ppm. The
microscopic studies show native gold minerals in
the range of 15 to 30 micrometers. Also, electron-
microprobe analysis indicates Au in the lattice of
sulfide minerals. Based on geochemical studies,
rocks have characteristics peraluminous range and
the granodiorite intrusion belongs to S type
granitoids. LREE are enriched. Controlling
parameters for mineral concentration in Godar
Sorkh area are shear zone. Therefore, regarding the
development  of  Paleozoic  metavolcanic-
sedimentary sequences and the formation of
multistage extensional structures including the
normal faults, and fractures, texture and structure
investigation, mineral paragenesis, alteration and
geochemistry, gold mineralization in the Godar
Sorkh area can be classified as orogenic gold
mineralization.
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