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1- Introduction
The Hesar gold mining area is located in southwest Mianeh, within the Alborz-Azerbaijan structural
zone of northwestern Iran. Based on geological and geodynamic models, the Tethys belt has a high
potential for metallic ores, especially epithermal-porphyry gold and copper (Richards, 2015; Richards
and Sholeh, 2016). Due to its location in the Tethys orogenic belt, Iran hosts many gold and copper
resources, most of which related to magmatism associated with calc-alkaline volcanic arcs. The
Alborz-Azerbaijan and Urumieh-Dokhtar zones, as part of the Neotethys belt, comprise many of these
deposits. Compositional analysis of brines within minerals deposited from hydrothermal fluids is an
effective technigue to obtain the physicochemical properties of the mineralizing fluids (Giles and
Marshall, 2004). The study of fluid inclusions as residues of paleo-brines provides comprehensive
information on density, pressure, temperature, depth, salinity, and type of mineralization, as well as
the volume of solutes in the fluid (Roedder, 1984; Shepherd et al., 1985). This study aims to constrain
the mineralogical composition of the deposit and the host rocks, to classify fluid inclusion generations
in quartz, to specify the temperature and salinity of the hydrothermal solution effective in the formation
of the deposit, and to determine its genesis.

Geochemistry of light stable isotopes which are among the main constituents of geological fluids
is an efficient way in the study of fluid systems and the effects of rock-fluid interaction (Sharp, 2006).
In economic geology, stable isotope studies help to identify the origin and composition of the
mineralizing fluids, recognizing the origin of ores, and determining the temperature and other
conditions of the ore deposition. Variations in temperature, reduction conditions, pH, and isotopic
composition of the primary source of sulfur can cause changes in sulfur isotope values (Ohmoto, 1972;
Hoefs, 2004).

2- Results and Discussion

According to the field and microscopic studies, it can be clearly said that in the study area, there are both
an alkaline rhyolite dome and a subvolcanic granophyre intrusion, both of which can be the origin of
siliceous solutions involved in the mineralization. The presence of textures such as open space-filling, vein,
disseminated and replacement in the host rock of the mineral zone of the Hesar mining area indicates an
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epigenetic origin for mineralization. Alteration types observed in the area include epidote, biotite,
intermediate argillic, advanced argillic, and silicification. Through studying the samples from the area, five
types were identified based on the phases at room temperature and the homogenization method in the quartz
host mineral: Type A- Mono-phase liquid (L), Type B- Mono-phase gas (V), Type C- Two-phase liquid-
rich (L+V), Type D- Two-phase gas-rich (V+L), Type E- Three-phase liquid-rich with solid phase
(V+L+S).

Microthermometric study was performed on 108 primary fluid inclusions in quartz with almost no
fracture or necking-down as far as possible. The melting temperature of the first ice crystal in the quartz at
the Hesar mining area range from -21 to -61°C. The melting temperature range for the last ice crystal was
between -9 and -1.1°C and the homogenization temperature (Tr) was from 140 to 260°C. The salinity was
between 0.18 and 14 wt.% NaCl equivalent, the highest frequency was in the range of 2 to 6. The 5*S
values in the pyrite specimens were from -5.77 to -1 %o. Placing the results of these analyses in the reference
diagrams and comparing them with those of other types of mineralization, suggest that gold mineralization
in the Hesar area is of epithermal type. The 6*®0 values in the quartz from this mining area vary between -
1.8 and -3.7 %o which is mainly in the range of meteoric waters.

3- Conclusions

The information obtained from fluid inclusion and stable isotope studies in the Hesar mining area shows
that mineralization occurred at low temperature and salinity, which is characteristic of epithermal deposits.
The microthermometric data indicate the infiltration of the ore-forming fluids in the spaces provided by
fractures in the rhyolitic and rhyodacitic host rocks, resulting from tension in the area.

Due to the variations in density, it is evident that two processes of cooling and boiling have caused the
deposition and concentration of ores. Comparing sulfur isotope values obtained from the Hesar area with
those of the world's largest deposits suggests that the ore-forming fluids in the area were epithermal
consistent with the results obtained from fluid inclusion data. Also, the oxygen isotope ratios from the
Hesar area imply that the fluid in equilibrium with the ore-forming quartz vein was in the range for meteoric
waters. This finding is completely consistent with the results obtained from the homogenized fluid
inclusions.
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Fig. 4: (a) Pyrite microscopic image, altered to goethite. (b) magnetite microscopic image, convert to martite. (c)
The gold microscopic image. (d) arsenopyrite microscopic image that convert to goethite. Abbreviations: Gt:
Goethite. Py: Pyrite. Mar: Martite. Mt: Magnetite. Au: Gold. Apy: Arsenopyrite



%

f a)Lo..i: AY 0)55 s\f’ \ ulMM) 4\4..9).“:..: Lgé).g)ls ‘SMJLM&J ua.o) j,‘,"j‘uf/\"&.‘f,é.b
i
Y

e polie (S g Ub saie lp o aiged ICP Tl =) Jyoer
Table 1- The results of ICP analysis for gold elements and some heavy elements

Au Ag As Cu Mn Mo Pb Sb Zn Zr
Row Sample X Y
ppb ppm ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm
1 SK-I-1 733491 4143974 2097 25 19 133 184 14 44 - 31 1
2 SK-1-2 733300 4144200 34 - 5 14 108 16 12 - 9
3 SK-1-3 733134 4144527 181 - 14 17 69 23 17 - 7
4 SK-I-4 733273 4144127 219 - 8 28 62 17 13 - 8
5 SK-1-5 732837 4142423 35 - 15
6 SK-1-6 732718 4143870 4 - 14
7 SK-I-7 733102 4143525 68
8 SK-I-8 733158 4143873 38
9 SK-I-9 733255 4143878 1300 - 36 230 207 33 19 - 40
10 SK-1-10 733375 4143888 58
11 SK-I-11 732560 4145021 14 - 23 37 - 7 - - 50
12 SK-I-12 733398 4143091 263
13 SK-I-13 733376 4143020 319 - - 75 78 - 14 15 28
14 SK-I-14 733343 4142952 35

£

AccV SpotMagn Det WD Exp pP——— Acc.V Spo‘l"ﬂ;’\ Det' WD Exp |—| 5ﬁm
260kV 43 5000x BSE 124 0 Au 26.0kv 7.0 6000x EDX 124 0 Au

S 50 25750 Ub EDX (slacils jlogei pglas (0) .5)l58 S5 50 U SEM) (g, (Jg S 58ng S g @) -0 S

FlsS
Fig. 5. (a) Scanning electron microscopy (SEM) image of gold in quartz mineral. (b) Diagram images of EDX
gold spectra found in quartz minerals.
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Fig. 7- Paragenesis of mineral association in the Hesar area
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Fig. 8. Photomicrographs of fluid inclusions in Quartz mineralization Hesar deposit. (a) Only Liquid phase. (b)

Only Vapor phase by Liquid-rich fluid inclusion. (c) Liquid-rich fluid inclusion. (d) Vapor -rich fluid inclusion.
(e) Solid-bearing fluid inclusion. Abbreviations: L: Liquid. V: vapor. S: Solid
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Table 3- Sulfur(8%S) isotope data of Hesar area are located
Sample Mineral %S cDT T(°C) 1000In o | §%*SHSfluid(%o)
no. (%o)

MH1 Pyrite -1 200 18 28

MH2 Pyrite -1.1 200 18 -2.9

MH3 Pyrite 2.4 200 1.8 4.2

MH4 Pyr|te 577 200 1.8 -1.57

MH5 Pyr|te 4.7 200 1.8 -6.5

MH6 Pyrite 53 200 1.8 -7.1

epithermal gold of sahinli (Yilmaz, 2010)
sulfides of hydrothermal origin (Allere, 2008)

epithermal gold af bergama (Yilmaz, 2007)

lubin-zardeh gold deposit
epithermal gold of mexico (jesus, 2010)

igneous rocks (Rollinson, 1993)

magnetic -series granites (Robert, 2006)

ilmenite -series granites (Robert, 2006)

volcanic gases (Allegre, 2008) [
biogenic sulfur (Allegre, 2008) =
modern and ancient sedimentary pyrite (Barnes, 1979) S

sulfate of hydrothermal origin (Alleger, 2003) NN

sedimentary sulfides (Allegre, 2008)

meteoric water (Barnes, 1979) |
meteorite (Rollinson, 1993) =

-50 -40 -30 20 -10 0 10 20 30 40 50

.(Zamanian et al., 2019) cul 48,5 )13 Jlo 5 ol 00900 ;0 45 La> ailate (§%4S) 5,565 Cgignl slaesls -V IS
Fig. 11. Sulfur(5*S) isotope data of Hesar area are located in the epithermal range (Zamanian et al., 2019)
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Table: 4 Oxygen (8*0) isotope data of Hesar area are located

Sample name Mineral 818 O (%0)VSMOW T(C) 518 O H20 (%o)
ske062c Quartz 6.5 200 -2.3
ske063c Quartz 5.9 200 -2.9
ske064c Quartz 7.1 200 -1.8
ske065c¢ Quartz 5.1 200 -3.7
ske066¢ Quartz 6.5 200 -2.3
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Fig. 11. 880 level of important geological reserves and Hesar deposit location (Hoefs, 2009)
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Table 5 Comparison of Hesar area with similar types in Iran and the World
America(Goldfield) | Indonesia(Kelian) | Romania(Rosia | Se-bandoon Hesar The name of
Montana) the deposit
Calc Alkaline Calc Alkaline Calc Alkaline | Calc Alkaline Calc Type of
Alkaline magmatism
Andesite Andesite, Dacite Trachyte- Rhyolite, Host rock
Rhyolite trachy rhyodacite
andesite
Quartz, Albite, Quartz, Adularia, Quiartz, Quiartz, Quartz, Alteration
Barite Carbonate, Adularia, Adularia, Adularia, minerals
Sericite, Carbonate, Kaolinite Carbonate,
Elite Chlorite, Sericite,
Sericite, Kaolinite
Kaolinite
Pyrite, Marcasite, | Pyrite, Sphalerite, Pyrite, Pyrite, Pyrite, Paragenesis
Tennantite, Galena, Sphalerite, Sphalerite, | Arsenopyrite,
Bismuthite, Chalcopyrite, Galena, Chalcopyrite, | Magnetite,
Goldfieldite, Tetrahedrite, Chalcopyrite, Bornite, Gold
Telluride, Tennantite, Tennantite, Arsenopyrite,
Gold Gold Gold Galena,
Gold
Cavity quartz, Stock work, Stock work, Stock work, Outspread Texture
Bulk quartz Breccia, Breccia, Breccia Breccia,
Veins Veins Veins
High sulfidation Intermediate Low to Low to Low to Mineralization
sulphidation Intermediate Intermediate | Intermediate type
sulfidation sulfidation sulfidation
Ashley (1979); Van Leeuwen et Lexa (1999); | Homamipoor | Current study Reference
Vikre (1989) al. (1990) Wallier et al. et al. 2019
(2006)
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