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1-Introduction

Fluid inclusion geochemistry is commonly studied on hydrothermal deposits for more than 40 years (Roedder,
1984). Fluid inclusions are unique indications that can determine temperature, salinity, fluid chemical
composition and the pressure governing the system due to their entrapment during millions of years. Fluid
inclusion studies can give us data on mineral forming temperature, pressure and mineralizing fluid chemical
composition (Roedder, 1992). Accordingly, trapped fluid inclusions within hydrothermal veins and veinlets can
indicate the situation of mineralizing fluids and the nature of these fluids that how ore deposits were formed.
(Wilkinson, 2001). Microthermometry of fluid inclusions can serve as an indicator of the physicochemical
environment of copper mineralization (e.g., Zarasvandi et al., 2014). The Chah Mousa mining area consists of
three copper mines; including Chah Musa, Derakhshanieh and Qoleh Sookhteh mines, which are located in the
Toroud-Chah Shirin magmatic belt. The NE-SW trending Toroud-Chah Shirin magmatic belt lies in the eastern
part of the Alborz magmatic belt forming an uplifted block north of the Central Iran zone (Hushmandzadeh et
al., 1978). The major epithermal ore deposits in the Toroud-Chah Shirin magmatic belt includes Gandy,
Abolhassani, Cheshmeh Hafez, Ghole-Kaftaran, Posideh, Darestan, Chalou, Ghole-Sokhteh, Pirmardan,
Astaneh, Baba Ahmad, Chah Musa and Derakhshanieh. The present study reports on detailed investigations,
including textural, mineralogical and microthermometrical studies; it can be finally concluded that fluid
evolution of the ore-forming hydrothermal fluids.

2-Methodology

Sampling was carried out in the spring of 2016. The geological map at a scale of 1: 25,000, based on the
geological map of 1: 100,000 (Eshraghi, 2003), was compiled using Arc GIS software. After fieldwork, 41
samples were selected for petrographical studies. The petrographical and mineralogical studies, using 16 thin
sections and 15 polished sections and ten thin polished sections from surrounding and host rocks and ores, were
performed in the microscopy laboratory of Damghan University. The fluid-inclusion microthermometric studies
were done on 15 (5 samples from each studied mines) double-polished thin section from quartz and calcite
minerals using standard techniques. The measured parameters include salinity (Wt. %NaCl equivalent) and
homogenization temperature (Th). The measurements were performed on a Linkam THMS 600 combined
heating/freezing stage installed on an Olympus microscope at the Damghan University. The temperature range
for the device is from -196 to +600 °C.

3- Results and discussion

Copper deposits of Chah Mousa, Derakhshanieh and Qoleh Sookhteh are located in the south of Shahroud and
northwest of Toroud village in Semnan Province, between northern latitudes of 35°24' to 35°29' and eastern
longitude of 54°39' to 54°57'. The studied area is situated in the northern part of central Iran's structural zone
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(Nabavi, 1976). The mineralization in the studied deposits is a vein-type controlled by lineaments structures in
this district. In the studied area, rock units can be divided into Eocene volcanic-pyroclastic units and Eocene-
Oligocene intrusions (Eshraghi, 2003). It is believed that the magmatism of the Eocene-Oligocene Toroud-Chah
Shirin belt, in the periphery of the continent and with the mechanism of subduction which has caused the
occurrence of numerous intrusive igneous and the output of the calc-alkaline in this belt (Khalaj, 2012). The
Toroid-Chah Shirin magmatic belt is structurally affected by two main faults, the Anjilu fault in the north and
the Toroud fault in the south. The main units in the area contain pyroclastics, including tuff and andesitic
breccia, dacitic breccia, altered andesitic breccia, andesite-dacites, basalt-andesites, biotite-hornblende porphyry
dacite, micro-quartz diorite and gabbroic dykes.

Copper mineralization is the most crucial mineralization in the Chah Musa, Derakhshanieh and Qoleh Sookhteh
areas. The mineralization in this region is related to the structural lines as open space filling having stockwork
texture. Chalcopyrite, specularite, sphalerite, bornite and galena, tetrahedrite, enargite with gangue minerals,
such as calcite, quartz and barite as primary minerals have formed the region's veins at different times.
Secondary minerals have formed in the oxidation and supergene conditions, include malachite, azurite,
cerussite, hematite, goethite, natural copper, covellite, chalcocite and digenite.

Based on the petrographic studies, primary fluid inclusions distribution within the crystal is random, while
secondary and pseudo secondary fluid inclusions were developed along microfractures. In terms of the fluid
inclusions morphology (Van den Kerkhof and Hein, 2001; Shepherd et al., 1985; Roedder, 1984), these samples
were observed as the negative crystal or anhedral in shape, but spherical, bar-like, ovoidal, rectangular and
irregular inclusions. Based on the petrographic, microthermometry and the phases present in the room
temperature on the quartz and calcite minerals as a host of fluid inclusions at these deposits were studied as
follows:

1- Single-phase of liquid-rich fluid inclusions (L), 2- Single-phase of vapour-rich fluid inclusions (V) and 3-
two-phase vapour-liquid fluid inclusions (L+V). Based on the petrographic studies, the size of fluid inclusions
in the studied deposits change from 5 to 27 microns. Two hundred twenty fluid inclusions from Chah Mousa
(140), Derakhshanieh (40) and Qoleh Sookhteh (40) deposits were chosen for freezing and heating
microphotometry. Two data sets were recorded during cooling studies, first (eutectic point) and last melting
temperatures of ice pieces. The obtained eutectic data can be divided into three groups as -23.6 to -23.7, -33 and
-45 to -50 °C. Based on Shepherd et al. (1985), these three temperature ranges were compared with three soluble
systems, including H.O-NaCI-KCI, H,O- MgCl, and H,O — CaCl,, respectively, that have been active during
mineralization in this district, but the H,O-NaCl-KCI system is dominant. The last ice melting temperatures at
the Chah Mousa deposit, the fluid's salinity were calculated in two ranges, from 3 to 16 and 23 to 26 wt.% NaCl
equivalent. Furthermore, homogenization temperatures (Th) for this deposit changing from 150 to 475 °C; by
the way, this data on the frequency diagrams were distributed in two populations. Microthermometry studies at
the Derakhshanieh and Qoleh Sookhteh deposits indicate that the salinity of the fluids changes from 6 to 14 and
6 to 11.5 wt.% NaCl equivalent, likewise homogenization temperatures change from 100 to 210 °C and from
130 to 180 °C, respectively.

4-Conclusions

1- According to the homogenization temperature (Th), melting temperature (Tm) and salinity, the ore-forming
processes of the Chah Mousa area were formed into the condition of the epithermal system. Although a small
number of fluid inclusions data has a trend to porphyry, there is not enough evidence of porphyry mineralization
in this area until this stage of studies.

2- Based on the evidence obtained, cooling with boiling conditions and mixing with atmospheric waters can be
highly probable for fluid evolution of this area.

3- Eutectic data show that there are two soluble systems probably active in the region, consistent with the H,O-
NaCl-KCl and H.0-CaCl,-MgCl, systems.

4- In general, unstable chloride compound is the leading carriers in the hydrothermal fluids up to about 100m
below the surface, the metals have been separated from these complexes and then deposited as sulfide minerals
in the different stages this district.
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Fig. 3. Microscopic and hand specimen images of ore minerals in the Chah Musa area; (a) Replacing of
chalcopyrite by bornite, (b) Specularite (primary hematite) with boxwork texture, (c) Depositing of bornite with
calcite (cogenetic minerals) on quartz minerals in the center of a veinlet, (d) Replacing of bornite by galena with
evidence of island texture (bornite islands within the galena), (e) Replacing of bornite by sphalerite, (f) Replacing
of galena by covellite and bornite by enargite from the rim, (g) A hand specimen malachite veinlet with galena
breccia pieces, (h) Galena that replaced from the rim by covellite, and (i) Replacing of bornite by chalcocite.
Abbreviations: Bn = Bornite, Ccp = Chalcopyrite, Hem = Hematite, Ccl = Calcite, Qz = Quartz, Gn = Galena, Sp =
Sphalerite, Eng = Enargite, Cv = Covellite and Cct = Chalcocite. Mineral abbreviations based on Whitney and
Evans (2010).
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Fig. 4. Microscopic images of fluid inclusion in three groups of Chah Musa deposit; (a) Single phase of vapor-rich
fluid inclusion with regular shape, (b) Two phase of vapor-liquid fluid inclusions with blade shape, (c) Primary and
secondary fluid inclusions were developed along microfractures, and (d) Placing fluid inclusions with different
phases and filling degree which can indicate the boiling process.
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Table 1. Statistics descriptive of microthermometric data in three deposits at the Chah Musa area.

Regions name FI1 type No. FI Statistical parameter TH(°C) | Tm(°C) Salinity
Minimum 100 45 3.387
Maximum 457 -19.5 28.996
Chah Musa LV
125 Mean 210 -12 16.053
Standard Deviation 73.601 | 5.662 4.030
Minimum - -6.4 9.726
Maximum - -19.1 21.733
Chah Musa L
15 Mean - -13 16.893
Standard Deviation - 4,222 4117
Minimum 104 45 6.44
Maximum 202 -9.7 13.615
Derakhshanieh LV
40 Mean 119 -8.3 12.047
Standard Deviation 33.69 2.809 1.264
Minimum 130 -4.1 6.593
40 Maximum 181 -7.6 11.219
Qoleh Sookhteh LV
Mean 146 -7.1 10.609
Standard Deviation 15.461 | 1.209 1.597
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Fig. 5. Histogram diagrams of microthermometric data in samples from Chah Musa mine; (a) Homogenization
temperatures and (b) Salinity based on wt.% NaCl equivalent.

Fig. 6. Calculated density for studied samples in three different deposits of Chah Musa mine.
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Table 2. Three obtained regions the first melting point in the Chah Musa area.

Domain 1 2 3
No.FI 16 2 5
Ttm -23.6 t0 -23.7 -33 -45t0-50
Salt- water system | H,O-NaCl-KCI H,O-MgCl; H20-CaCl:
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Fig. 7. Salinity and the last melting point of the fluid diagram with the salt curve (Shepherd et al., 1985) in the
Chah Musa deposit. The drop temperature in pure water melting as a function of the weight percentage of salt in

solution NaCl, KCI, CaCl, and MgCl..
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Fig. 8. Microscopic images of fluid inclusion in three groups of Derakhshanieh deposit; (a) Single phase of vapor-

rich fluid inclusion with regular shape, (b) Single phase of liquid-rich fluid inclusion with blade shape, and (c) Two
phase of vapor+liquid fluid inclusion with irregular shape.
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Fig. 9. Frequency diagrams of microthermometric data from Derakhshanieh deposit; (a) Frequency diagram of the
size of the studied fluid inclusions, (b) Frequency diagram of Tmie, (c) Frequency diagram of salinity, and (d)

Frequency diagram of homogenization temperatures.
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