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1-Introduction

Orogenic gold deposits are one of the most important types of gold resources in metamorphic belts that are
formed by orogenic processes and contain more than half of the world's gold production. The folded and
orogenic belts, which occur on the active continental margins, are suitable geological environments for the
formation of these deposits (Groves et al., 1998, 2003; Goldfarb et al., 2005; Goldfarb and Groves, 2015). The
Sanandaj-Sirjan metamorphic Zone, which conforms to the accretionary prism in convergent margin, has
provided a favorable location for orogenic gold deposits.

Mineral exploration studies conducted by the Geological Survey of Iran in the northwest of the Sanandaj-Sirjan
area in the last 20 years have led to the discovery of 10 gold deposits in the Saqgez-Piranshahr area, which
among them we can mention the orogenic gold deposits of Kervian (Heidari, 2004; Aliyari et al., 2009; Heidari
et al., 2016), Qolgoleh (Aliyari et al., 2009; Heidari et al., 2016), Kasnazan (Tajeddin, 2011) and Kharapeh
(Niroomand, 2010; Niroumand et al., 2011).

South Ghabagloujeh gold deposit is located 28 km southwest of Saqgez in the northwestern Sanandaj—Sirjan
Zone. The deposit was discovered in 2008 during a regional gold exploration campaign carried out by the
Geological Survey of Iran (Tajeddin, 2008). Herein we present the geology, deformation, alteration, mineralogy
and fluid inclusion petrography and microthermometry to constrain ore genesis of South Ghabagloujeh area and
help to exploration of this type of gold deposit in northwestern Sanandaj-Sirjan Zone.

2-Methodology

A field campaign and sampling were done during this study. Field studies include sampling of alteration and ore
zones in the deposit, which more than 60 rock samples were taken from outcrops and trenches. Documentation
of the mineralogy, textures and paragenesis of the South Ghabagloujeh deposit is based on field observations
and petrographic study of over 15 thin and 18 polished thin sections, supplemented by electron probe
microanalysis (EPMA) at the Iranian Mineral Processing Research Center using a Cameca SX-100 electron
microprobe (Table 4). To assess the geochemical characteristics of mineralization zone, 9 samples were chosen
for major and trace-elements analysis. These samples selected from trenches and were determined for all
samples by inductively coupled plasma-optical emission spectrometry (ICP-AES) at the Iranian Mineral
Processing Research Center. Studies of fluid inclusions have been performed on 4 samples of siliceous ores.
Micro-measurements were performed using Linkam THMSG600 model coupled to ZEISS microscope equipped
with TMS94 thermal controller and LNP cooler at Iranian Mineral Processing Research Center.

3- Discussion and conclusion

The rocks in the deposit area predominantly consist of Precambrian and Cretaceous volcanosedimentary
sequences of schist, phyllite and marble which intruded by granitoid bodies. The main gold reservoir in the
deposit is hosted inside a lens-shaped granitic body that is intruded along a Northeast - Southwest shear zone.
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The high-grade gold ores belong to highly deformed mylonitic and ultramylonitic granitoid rocks which
occurred as quartz-sulfide veins and veinlets at thicknesses less than 2 cm and associated with quartz, sericite-
muscovite, carbonate and sulfide alteration minerals. Ore mineral assemblages of the deposit are simple and
consist of pyrite, chalcopyrite, galena, sphalerite, magnetite, electrum, bismothinite and sylvanite. Electrum
grains with less of than 50 microns in size has been found as intergrowth with quartz, carbonite and biotite and
also in the form of inclusion and veinlet in pyrites. Fluid inclusion studies indicate homogenization temperatures
between 162 and 255°C and salinity between 0.6 to 17.08 wt% NaCl eq. The study shows the mixing of a
hydrothermal fluid with moderate temperature and low salinity (metamorphic fluid-containing CO;) with
another isothermal and lower salinity fluid which can be consistent with a combination of dilution and mixing
processes. The study indicates that main characteristics of the geology and mineralization of the South
Ghabagloujeh gold deposit is similar to orogenic gold deposits.
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Fig. 3. Geological map of the South Ghabagloujeh gold deposit. Outlined blue rectangle is the South Ghabagloujeh

gold deposit.
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Fig. 4. Landview of gold-bearing quartz-carbonate-sericite altered sample which associated with sulfide ores (mainly pyrite).
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Table 1. Geochemical data of gold-bearing ore samples from the South Ghabagloujeh deposit. All data in ppm.
Gold analyzed by fire assay and other elements by ICP-OES method.

Sa,\'ﬂf'e Ag  As  Au Bi Cu Hg Mo Pb S Sb Zn  Au/Ag
GH-101 008 74 033 007 19 01 008 77 165 2 150 41
GH-103 005 136 042 006 31 01 007 79 271 5 183 88
GH-104 007 33 321 007 11 02 100 45  1.06 1 82 452
GH-105 006 62 022 006 18 01 045 2768 098 10 184 37
GH-106 0.14 48 0.21 0.07 18 0.1 0.41 75 0.76 1 292 15
T21S1 015 26 060 005 20 01 033 97 028 2 166 42
T21-S4 020 56 040 005 103 02 068 132 028 3 160 20
T21-S6 021 58 139 007 15 02 002 48 018 1 67 6.8
T21-QC 023 44 021 010 17 02 005 41  0.89 1 253 0.9
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Table 2. Chemical compositions of pyrite, electrum, bismuthinite and sylvanite in Southern Ghabaghloujeh deposit
(all elements given in wt. %.). The minerals were analyzed by electron microprobe.

Elements )
] Ag As Au Bi Cu Fe Hg S Te Zn | Total
Mineral
Pyrite 0.02 | 0.07 | 000 | 0.02 | 0.01 | 46.17 | 0.03 | 53.63 | 0.08 | 0.03 | 100.1
Electrum 16.88 | 0.00 | 75.38 | 0.59 | 0.00 | 0.27 | 0.00 | 0.29 | 0.04 | 0.00 | 97.02
Bismuthinite 0.00 | 0.03 | 000 | 768 | 1.77 | 2.16 | 0.10 | 16.56 | 0.07 | 0.00 | 98.18
Sylvanite 53.78 | 0.00 | 090 | 0.01 | 0.00 | 6.49 | 0.34 | 6.45 | 28.82 | 0.04 98.6
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Fig. 5. Photomicrographs (transmitted light, XPL) of some gold-bearing samples of South Ghabagloujeh deposit; (a-€)
Highly deformed and altered granitoid which is the gold-bearing hostrock. The deformation is evidenced by the
development of mylonitic-ultramylonite fabrics, dynamic recrystallization in quartz crystals and twining displacement in
plagioclases. Alterations are characterized by the occurrence of quartz, muscovite (and sericite), carbonate and opaque
minerals (most sulfides), and (f) Same image as "e" in reflective light. Mineral abbreviations follow Whitney and Evans
(2010). (Cb: Carbonate, Fsp: Feldspar, Ms: Muscovite, Pl: Plagioclase, and Py: Pyrite).

£5)



N

Foylads Vv 090 AR ylines; 8yt &) (ol (e AN
v

S @) sy Aol Sl 5 (5308 a5 55 51 15 ) g AU S Sn 5 (€ 5 8) (ol i sl S sl 5 S
5 OIS oy sadyen (@) iy 5SS 5 Sy (g0 o (©) )l 2o 1y SIS 51 oy ilio ey (0) ccsuiilns IS (5 Lol e
425 5 lils O g0t oS g yiSI )3 IBSE g (F) oo 00 1) oSS 51 ol lolin ey 0t 5 Sy (5D o (€) 2y Jli]
BSE ,sai () i)l jgi> o s 0 jLilie ©)500 5 g 5,055 50 olil & j90a 4 (g xSl )3 51 BSE a5 (@) g oo oamline 2oy 5o
o3 yga> I BSE e (1) 4 Vg oo oddliin Sy 40 A5, O g0 cudlghow 5 (655,155 SO 10 ol & jg0ds 45w gomn 1,3 5
i goms Bl ol 00 Lulzdl (Whitney and Evans, 2010) il g g 5l o SIS s lais] o5 635,155 S 0 pg 801§ codlghows

(Elgbns SYI 5 2o Jansl :SP oy o PY cciiSle MAG (IS BN (g 28U El oy 10 55015CP

Fig. 6. Photomicrographs (reflected light and SEM) of ore mineralogy at the South Ghabagloujeh deposit; (a) Pyrite as
the main sulphide ore, (b) Pyrite contains an inclusion of chalcopyrite, (c) Pyrite is intergrowth with chalcopyrite, (d)
Pyrite is intergrowth with galena and sphalerite, (€) Pyrite is intergrowth with magnetite; Pyrite also contains inclusions
of chalcopyrite; Backscattered electron images of electrum particles as inclusion and microveinlet in pyrite (f),
Electrum particles as inclusions in pyrite and quartz (g), Bismuthinite particles in quartz (black) and sylvanite
microveinlet in pyrite (h), Sylvanite and electrum particles in quartz (i). Mineral abbreviations follow Whitney and
Evans (2010). (Bi: Bismutite, Ccp: Chalcopyrite, El: Electrum, Gn: Galena, Mag: Magnetite, Py: Pyrite, Sp:
Sphalerite and Syl: Sylvanite).
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Fig. 7. Paragenetic sequence of mineralization at the South Ghabagloujeh deposit.

VAL 0 esgame ;5 (LV) wlo 5l (8 36 50 Jlw slojlilee
Vgors glo 8 o bislos 5l g5 ol 50 ol 00 (5 pFojlil (g, Ke
JSi ) Sile JS pn o, p YO LY 0 5B 5 000 40 B 7O
5 00wiS TS 5 phinels JICEI L ol b ble 51 g5 ol el o0l
L s BB gl bogame wloaiSly hies 555 5o 555
Y BT edgasme 5o e Jhw laylile o (TE) Sl
Gilgs Y>3l als (Kes ol odd (5,5 o5l o 8 ol ax o
a0 YOO B VFY oogase jo 5 58 SO b 4 58 - b
5 (TMice) o axkad 1,31 Cod sgamma el o0ls &, ol 5 Sl
WIN B 15 550 Jolas 8wt oo 0,5 cles azjn =+ /0 b -V ¥I¥
(Y Jgaz) anab o NACH 59 woys Jolas (FIA (nSiles L)
BV oyl b s CO2 Jluw slojlilee & slass canlllas oyl 4o
8,5 )18 addllas 590 55 LBl Hea> g leS )3 45 (49,800 VY
o 5ol BBy e 6 5 55 5 5 laseb IS5 b op55iko sl ol
deS1ss g a3gams axily o (LHL(CO)HV) 55 Cl> ol yon
S5 il az 5 OAID B -0Al+ 31 daliles 5l g5 ol 4o (TM) o8
a0 VY B Y s Tm clah 90 8dgamme Cuwl ol (5503l
SaioFen sles wadllas cnl 5l a5, Soill o F il
ol F il az ;0 YVIV UVIT 5l mlo 56 4 CO, | (Thv-ICOy)
GF Sy 36 4 bl adS ud (Ken cles el se] ooy
5 £ ol G5 5 0092 ywicie o, T ilis az )3 YAV B Y-V osgame 4
delcassay plb Ko ol 55 voys VEIF B OIS ) b Lol
(¥ Jsuz)
@5 azakid Ll esgame 0 Jlow la)lilee slaosls
oy 5 a5 Lusie slos 5 el 695 b (Wl oaimo i

Zal

Jbw sla,bple addllae

(V) Jlow Jgo5 Kg) 9 (oaloondisSo b Cutle Ll polateds
9o ahis ¥ g axglid LilS owdew sl Susls 5l loals
28518 les gy 9 (BT ey Slalllas 9)50 5 0D 4y Jio
Ly, blxday a5 (55,155 sla Sl 59, » Jbw sl Lilee lalllas
—oad oS M 5 sadlgn SbalS b lopen 5 (o yen 3 28
JlS 555 slasisai jo 5rse Sl slaloles 2y plovl i
Roedder, ) w5 agl 5 agl w@lgl JSo aw 4 ogi> d>glid
Esie US4 39350 slaybile ax ST aigh o cvalin (1984
Shepherd et al., ) soiS 5 (59,5 cphaiols slo JSi Lol i jlo ;g
S8 sl bbs el Jhiie ous aslllae Jlow (sba bbes 5o (1985
slp adlle (pl 0 9doo ond ladigel 5l (S p 0 55 ek e
S9y » B pSojluil coles conn] Cawsds gl (g S yd 5l yliebsl
adgl lajbole sl Y slajlre Sls a5 ol plnil o)Ll
2 ey JB Jlw slabobe o5l o (ROedder, 1984)
el jeiie (5,50 VA B0 s oadalllae sladigas

sl 4z 50 YO) Gl by o o KK o Ty wlel
s Roedder (1984) Liug oo @il slo,las 4 a5 b g (oI5
Jlw sla,bole glgsl Goldstein and Reynolds (1994)
SlolP ceiia @ axslid Ll 5l SI 5 ssz e adsl
slo)liln 5 (V) 55 538 5 (LV) e 51 o s 50 ol
o>l 5 s (LHL(CO2)+V) s CO2 wlo 56 5o Jlow
95 Jm sl 0 5 il 31 (o (558 99 Sl Jlokeo A) casllins
009 i, g adel bl 4 58 Ol ol ey Jlo CO, bl
-5l a0 YB) b1 sles o ,s5ie sla,bibe it asdlas
oyl oz (01555 sl SI) awle 5B e g aule 1 LE s (o5



f’ °)L0-ﬂ.;) N 0)50 A4 OL;—MM}

Va

Dyt 5o ol e ) s

P CO2 gl 536 33 5 LV o) mlo 51 (28 636 50 4yl Jlows
ol oa ools plas Ve JSE [ gk azalid (Olb Ll sl
90 WVl Sy 50 (Te) Syl b o gd abais (gl eogame
oads (5 ,Soslail o5 ile az 0 -Ye B (LV) mle 5l 22 5516
S Sygo 4 Lpamie (Yl 5l gg5 onl was e Glas a5 ol
S3b s 30,5 5 edle el (Sew aSb o395 NACI o5
55 55 5 o8] S oy e aloz Sl 6,500 slases

(Valenza et al., 2000) wsb

bl sogaze o (Wilkinson, 2001) guiShy loges
Josas ol 5 Ve US55 01+ US8) 55 o 15 insS S
2 lealS Jlw J5o55 9, 05558 pln 0 (B Sen sles Sl pss
LM 5l sy, Sloges ol el oo ob)5—| 5> axglad Ll
Lugie sleo L (CO2 s9l> 5 0l5065 50 cliio L) olo )5 Jlow S5
L 5omb gt b s sledps Jlow b 1) lawgie -0l 5505 5
LYusl g Sai 38, sleaulb sl oS 5L ailg oo a5 sas oo olis
sla,lile 6l 658 loges (Wilkinson, 2001) wst L1550,

€ 6B 5o Jhow sla,Lils (C b .a) 29> axglid LS odlb Sils’ sloisjleS ;o adgl Jlow sla,biyls 51 095wy, S pglas A S
5 @l 6L (LHL(CO)HV) 55 ol oo 4 gliiel JBy mle 556 58 5 (LV) gle 5l (22 (556 55 Jlows sloylilee (@) 5 (LV) Lo |

)l:;u )‘Lé Vv

Fig. 8. Photomicrographs of primary fluid inclusion types in quartz from South Ghabagloujeh deposit; (a, b and c)
L+V fluid inclusions and (d) L+V and L+L (CO,) +V fluid inclusions.
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Table 3. Microthermometry data of primery fluid inclusions (L+V and (L+L (CO2) +V) in quartz at the South

Ghabagloujeh deposit.

; ° o Tm-Clath o Salinity :
Incl. Type Size (um) Te (°C) Tm-ice (°C) °C) Th (°C) (. % NaCl equiv.) Mineral
L+V 5-18 -30to-21  -0.5t0-13.3 - 162-225 0.6-17.1 Quartz
(n=81)
L+l 712 -58510-58 171 307-397 5.5-14.4 Quartz
(CO2)+V ' ) ' e
(n=5)

Th: Hemogenization temperature; Tm-clath: Clathrate melting temperature; Tm-ice: Final ice melting temperature; Te: Eutectic temperature
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Fig. 9. Histogram of homogenization temperatures (Th) and (b) Histogram of salinities for primary liquid- rich fluid
inclusions (LV) in quartz from South Ghabagloujeh deposit.
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Fig. 10. The homogenization temperature versus salinity plot (Wilkinson, 2001) for fluid inclusions data of South
Ghabagloujeh deposit. Trends indicate the process of mixing two fluids with same temperature and different salinity.
Liquid-rich two phase (LV) fluid inclusions were shown with solid black circles and the other circles are CO»- bearing

fluid inclusions.
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Table 4. Comparison of main characteristics of the South Ghabagloujeh gold deposit with index features in

Orogenic gold deposits.

Main characterstics

Southern Ghabagloujeh

Orogenic gold deposits

Tectonic setting

In complexly deformation subzone of
the Sanandaj-Sirjan metamorphic
Zone, which is part of the Zagros

orogenic belt

In orogenic setting on the continental margin,
especially in structures close to convergen
margins, which are associated with complex
deformation

Regional
metamorphism facies

Green schist facies

Low green schist facies to granolite; mainly
in green schist facies

Host rock (s)

Mineralization occured mainly in
granit-granodiorite and slighty in the
contact of the granitoid and phyllite

Predominantly metamorphosed volcano-
sedimentary sequences at the accretionary
prism; grevack- slate sequences

Assocciation with
intrusions

Granite-granodiorite is main host
rock

Granitoid intrusions are common before,
during, and post mineralization; sometimes
the intrusives are host rock of mineralization

Alteration minerals
(type)

Quartz, carbonate, cericite-
muscovite, sulfide. The sulfide
content varies from 1% to 5%. Pyrite
comprises more than 90% of the
sulfide minerals

Quartz, carbonate, sulfides, muscovite,
chlorite, potassium feldspar, biotite,
tourmaline and albite. The abundance of
sulfides is less than 3 to 5%. Pyrite and
arsenopyrite are the most abundant sulfide
minerals

Fluid inclusion

Homogenization temperatures
between 162 and 255°C and salinity
between 0.6 to 17.08 wt% NaCl eq.

CO; was observed in some fluid

The homogenization temperature is in the

range of 150 to 700 ° C. Fluid salinity is

usually less than 12% eq. wt% NaCl. The
fluids are associated with significant amounts

inclusions of CO;
AuU/Ag ratio ~8 (average) 5-10
References Nemati (2017) Groves et al. (1998); Goldfarb et al. (2005);

Goldfarb et al. (2015)
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