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1- Introduction

Muteh gold mining district is located 60 km southwest of Delijan in the central part of the Sanandaj-Sirjan Zone
(SSZ). Historically, Muteh is the most productive gold deposit in Iran and contains more than 1,200,000 tons of
reserves at 4 g/tons Au (BHP, 1992), consists of two main ore deposits, including the Chah Khatoon and Senjedeh
open pits, and several smaller occurrences. Rock units exposing in the area underwent greenschist to lower
amphibolite metamorphism. They consist of NW-SE trending deformed and metamorphosed volcano-sedimentary
and acidic volcanic rocks. These units are characterized by several phases of intense deformation that lead to the
generation of different fabrics and structures.

The gold mineralization in the study area occurred as quartz - sulfide veins and veinlets along N40W tending, NE
dipping normal faults in metarhyolite host rock. Both macroscopic and microscopic scales that transect all
metamorphosed and deformed country rocks. The most important hydrothermal alteration types are sericitization,
kaolinitization, silicification and soulfidization, which silicified and sulfide alterations are developed in the inner
parts of the fault zones adjacent to the mineralized zones. Mineralogical paragenesis includes magnetite, hematite,
ilmenite, pyrite, chalcopyrite, galena, and gold.

In recent years, this area has been studied in detail including petrography, petrology, deformation analysis,
geochemistry and genesis of gold mineralization, however the genetic type of the Muteh gold deposit are still
controversial various genetic interpretations have been suggested, including a metamorphogenic origin, a relationship
to granitic intrusions of assumed Precambrian age (Thiele et al., 1968), an exhalative hot-spring origin related to
Paleozoic rhyolitic-acidic tuffs (Rashidnejad Omran, 2002), ductile to brittle shear zone hosted gold mineralization
(Kouhestani et al., 2014), intrusion-related gold deposits (Moritz et al., 2006) and an orogenic gold deposit
(Rashidnejad Omran, 2002; Abdollahi et al., 2009). Consequently, the characteristics of ore fluids and ore genesis
still need to be further constrained. In this study, we have performed a combined petrographic, microthermometric of
fluid inclusions to constrain the nature and evolution of the ore fluids and discuss the important processes in
precipitation of gold. Finally, we propose a genetic type for the Senjedeh gold deposit.

2- Methodology

To determine the nature of the ore-bearing fluids and fluid inclusion studies, nineteen samples were selected for from
the quartz veins. Microthermometric measurements were made on 100-um-thick doubly polished wafers.

3-Results and discussion

According to the nature of the phase relationships at room temperature and the phase transitions during heating and
cooling, five types of fluid inclusions were recognized in the studied quartz samples: aqueous + vapor ( liquid rich,
type 1), H,O-CO; + NaCl (type II), L + VV + Ha + S? (Poly phase, type I1l), monophase aqueous inclusions (type 1V)
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and monophase gaseous inclusions (type V). Type | inclusions display homogenization temperatures (Th) of 105—
200°C, with salinities of 2.5-17.6 wt.% NaCl equivalent, type Il inclusions show Th of 195-340°C, but salinity
values with 5-21 wt.% NaCl equivalent and type 1l inclusions yield Th of 195-337°C and salinities of 31-41 wt.%
NaCl equivalent. Type Il inclusions related to barren quartz veins.

Petrographic evidence reveals that type | and Il fluid inclusions coexist in the gold-bearing quartz veins. They show
different homogenization temperature ranges and salinity values.

The behaviors during the heating process demonstrated that inclusions homogenized to the liquid phase and low
frequency of type (V) indicate that mixing process has taken place during the main ore stage. Also according to the
wide range of homogenization temperatures, perhaps cooling is one of the important factors in gold precipitation
from the ore solutions. Fluid-inclusion studies showed that the ore fluids in the Senjedeh gold deposit were H,O-CO,-
NaCl-CHy, solutions. These fluid compositions are similar to many orogenic gold deposits.

4- Conclusions

Evidence from fluid inclusion microthermometry studies indicating the CO. bearing ore-forming fluids with
characterized by the mean homogenization temperature of 280°C, low salinity (average salinity of 11 wt. % NacCl).
Furthermore, results from petrography, temperature and fluid inclusion homogenization (homogenization to fluid)
indicates that the main factor for complexes instability and finally gold precipitation along with sulfides, is the fluid
mixing, one of which a high-temperature fluid of low to moderate salinity and the other a low-temperature and low
salinity fluid.

Based on field studies, mineralogical studies, microthermometry and fluid inclusion microanalysis, Senjedeh gold
deposit can be classified as orogenic gold mineralization. Therefore, at the Senjedeh and Muteh mining district, gold
mineralization occurred during the final stages of Zagros orogeny commenced with the development of extensional
tectonics regime, accompanied by the uplift, prograde metamorphism and multistage normal faulting of the study
area.
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Fig. 1. Geological map of the Muteh mining district; 1 Chah Khatoun, 2 Darreh Ashki, 3 Cheshmeh Gowhar, 4 Sekolop,
5 Tangeh Zar, 6 ChahAllumeh, 7 Senjedeh, 8 Ghorom Ghorom, 9 Cheshmeh Dastar, 10 Chah Bagh (Kouhestani et al.,

2014). The study area is marked with a black rectangle.
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Fig. 2. (a) Photograph of the Senjedeh gold deposit, green schists, metarhyiolithic units and a view of the Yokhlu Mount
(Permian dolomite), looking towards the south (showing the various types of rock unit), (b) A close-up view of the mine
and the main normal fault function, argillitization clearly seen in white, (c) Silicic alteration and gold-bearing quartz
veins with budding formation, (d) Microscopic image of quartz vein and pyrite, (e) BSE image of pyrite and free gold
accumulation at the boundary between pyrite grains, (f) Microscopic image of carbonate vein (Car) - chalcopyrite (Cp),
with quartz (Qz), chlorite (Chl) and hematite (Hem), (Gangue minerals studied in transmitted light), and (g) BSE image
of pyrite with galena inclusions (Gn).
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Fig. 3. Photomicrographs of different types of fluid inclusions observed in quartz samples from Senjedeh gold deposit.
Secondary fluid inclusion showing () liner and (b) planar array, (c) type Il fluid inclusion with liquid, vapour CO, and
liquid CO», and (d) type Il fluid inclusion with solid phase (Halite), liquid and vapour.
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inclusions (LVHa) consist of three phases (liquid, solid and vapour).
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Table 1. Summary results of the microthermometric data of fluid inclusions in the Senjedeh deposit.

Sample no  Size Type Origin  V/L Te Tmclath  Tmcoz  Tmice Th Ha Th wt% CO, Bulk
No/ (um) ratio (°C) (°C) (°C) (°C) (°C) (°C) NacCl Density Density
SN-21/2 19 7-12 LV P L>VvV  -21to -10to -58/1to -4 to 105-336 6/62- 0/6-0/89 0/93-
-30 3/5 -58/5  -12/6 21/44 1/04
SN-20 16  8-12 -2to -57/2to 240-338 5/51- 0/52-0/8 0/7-1
71 -58/6 17/48
SN-23 15 10 LV P 170-470 35/44-40 -0/190
Ha >0/500
4 10 LV -30 -57/6to - 170-370 14/49- 0/67-0/88 0/77-
SN-30/2 -58/1  10/5 21/44 1/03
to -
12/5
SN-18 15 8-14 P -1/7to -57to-  -5/4 127-350 5/15-17/6 0/75-0/9 0/85-
713 58/8 to - 1/05
13/9
SN-19 4 7-10 -10to  -57/5to 195-279 /YV6/37-  0/62-0/86 0/89-
6/6 -58/9 21/44 0/97
SN-19/2 1 8 -10to -58/6 296 21/44 0/81 0/91
4/2
SN-08/2 6 6-12 LV P nv -58/2 -7/5 165-335 10/18- 0/56 0/71
to - 14/49
10/5
SN-18-2 15 7-14 LV+ P -41 -9/5 -59/1 -3to 183- 89-335 2/5-40/26 0/92 1/08
LVHa -12 337

No = number; Th = homogenization temperature, Tmciat = Clatrite melting temperature, Tmco2 = CO, melting
temperature, Tmice = ice melting temperature L = liquid; V = Vapor; Ha=Halite, P=Primary

Mean =11.3226 Mean =155.0303
10.04 = =
Std. Dev. =4 05288 Std. Dev. =41 17075
a N =31 b N=33

b
o
1

Frequency
Frequency

.
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Fig. 5. Microthermometric data of type | fluid inclusion; (a) histograms of salinity and (b) histograms of homogenization
temperature.
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Fig. 6. Microthermometric data of type II fluid inclusion; (a) Histograms of CO; clathrate melting temperatures (T meiath),
(b) CO, melting temperatures, (c) CO2 homogenization temperatures, (d) homogenization temperatures and (e) salinity.
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Fig. 9. Schematic diagram showing (a) Homogenization temperature — salinity diagram illustrating ranges for
fluid inclusion from Senjedeh gold deposit located in orogenic gold deposit(dashed rectangle) (Wilkinson,
2001), the origin of ore-forming fluids in this study was made using diagram of Kesler (2005), range 1
(Meteoritic water), 2 (metamorphic water) and 3 (magmatic water) and (b) Typical trends in Tr— salinity space
due to various diagram fluid evolution processes (Wilkinson, 2001).
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