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Geology map of the Gharehkand area
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Fig. 1. A: Location of the Gharehkand in Iran, and B: Geological map and cross section of the Gharehkand area, which

are shown the location of gold-bearing quartz veins, barite vein, and travertine mounds (modified from Alavi and
Shahrabi, 1980).
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Fig. 2. Field picture showing the position of sedimentary rock units (limestone and shale) and ore-bearing quartz veins in

the Gharehkand area (view toward northeast).
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Fig. 3. The microscopic images (XPL) of rock units in the Gharehkand area. A: Veinlets containing dolomite hosted in

the limestone, B: Marl unit with cavities filled by quartz, C: Decomposition of feldspars into clay minerals in the sandstone
unit, and D: Conversion of pyroxene from margin to chlorite in the diorite unit. Abbreviations after Whitney and Evans
(2010) (Clay: clay minerals, Dol: dolomite, Cal: calcite, Qz: quartz, Chl: chlorite, Px: pyroxene, Amp: amphibole, Bt:
biotite, Pl: plagioclase, Ser: sericite, Fsp: feldspar, Opq: opaque mineral).
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Fig. 4. Field images of Neogene and Quaternary units in the Gharehkand area. A: Field view of the Neogene detrital

sedimentary units (conglomerate and red marl) in the north of Gharehkand (view toward southeast), and B: A close-up
view of the travertine layers
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Fig. 5. Field pictures of the quartz veins in the Gharehkand area. A: quartz vein with brecciated texture, and B: Boxwork
and massive textures in quartz veins
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Fig. 6. Mesoscopic images of the quartz veins and sulfide ore mineral in quartz veins in the Gharehkand area. A: Boxwork

texture in hand specimen, and B: Galena mineralization in quartz veins. Abbreviation after Whitney and Evans (2010)
(Gn: galena).
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Fig. 7. Field picture of barite vein-veinlets in the Gharehkand area. A: Distant view of major barite vein, and B: Close
view of barite veinlets
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Fig. 8. Microscopic images (XPL) of the veinlets and micro-veinlets related to stage-1 mineralization in the Gharehkand
area. A: Early, middle, and late sub-stages quartz veinlets and micro-veinlets and crosscutting of early sub-stage quartz
veinlets and micro-veinlets by middle sub-stage quartz veinlets and micro-veinlets, B: Middle sub-stage quartz veinlets
and micro-veinlets crosscut by late sub-stage quartz veinlets and micro-veinlets, C: Drusy texture in late sub-stage quartz
veinlets and micro-veinlets, and D: Sericite micro-veinlet which is crosscutting the middle and late sub-stages quartz
veinlets and micro-veinlets, Abbreviations after Whitney and Evans (2010) (Qz: quartz, Ser: sericite).
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Fig. 9. Mesoscopic and microscopic (XPL) pictures of barite in the Gharehkand area. A: Hand specimen of barite
containing micro-veinlets of iron oxide, and B: Crushing of coarse barite crystals from the margin. Abbreviations after

Whitney and Evans (2010) (Brt: barite, Opq: opaque mineral).
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Fig. 10. Microscopic images of the ore mineralsin the late sub-stage quartz veinlets and micro-veinlets in the Gharehkand
area. A: Presence of galena replacing sphalerite (PPL), B: Pyrite crystals altered to goethite and presence of chalcopyrite
crystals of replaced by covellite (PPL), C: Fine particle of gold within quartz crystals (PPL), D: Jarosite in the quartz

crystals (XPL), and E: Malachite and azurite within the quartz crystals (XPL). Abbreviations after Whitney and Evans

(2010) (Gn: galena, Sp: sphalerite, Py: pyrite, Ccp: chalcopyrite, Gth: goethite, Cv: covellite, Au: gold, Jrs: jarosite, Mlc:
malachite, Az: azurite, Qz: quartz).
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Fig. 11. Paragenetic sequence of ore and gangue minerals in the Gharehkand area
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Fig. 12. Photomicrographs of types of fluid inclusions in the late sub-stage quartz and barite crystals at Gharehkand. A:

The secondary fluid inclusions in barite crystal, B: Square-shaped two-phase fluid inclusion in the quartz crystal, C:
Necking-down of fluid inclusion in the quartz crystal, D: Liquid-rich two-phase fluid inclusions with irregular to sub—
regular shapes in the quartz crystal, E: Coexisting liquid-rich two-phase and vapor mono-phase fluid inclusion in quartz
crystal, and F: Vapor-rich two-phase fluid inclusion in quartz crystal (L: liquid phase, V: vapor phase (Diamond, 2003))
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Table 1. Microthermometric data of fluid inclusions in quartz veinlets at the Gharehkand

Number Sl?;“nll’;e ;Iy‘;i;l Fltype Tmic (°C) Tuwv (°C) wﬁf;‘/t“;;ya
1 M-14 Quartz L+V -4.2 80 6.7
2 M-14 Quartz L+V -4 87 6.5
3 M-14  Quartz L+V -3.8 152 6.2
4 M-14 Quartz L+V -6.6 131 10
5 M-14  Quartz L+V -5.1 92 8
6 M-14  Quartz L+V -5.7 110 8.8
7 M-14  Quartz L+V -6.2 104 9.5
8 M-23 Quartz L+V 9.1 149 12.9
9 M-23 Quartz L+V -8.3 136 12
10 M-23 Quartz L+V -6.1 145 9.3
11 M-23 Quartz L+V -9 173 12.8
12 M-23 Quartz L+V -5 169 7.9
13 M-23 Quartz L+V -6.7 146 10.1
14 M-23 Quartz L+V -3.9 149 6.3
15 M-23 Quartz L+V -6.4 132 9.7
16 M-23 Quartz L+V -5.2 157 8.1
17 M-23 Quartz L+V -6.1 135 9.3
18 M-23 Quartz L+V -6 191 9.2
19 M-23 Quartz L+V -5.6 177 8.7

20 M-23 Quartz L+V -3.8 151 6.2
21 M-23 Quartz L+V -5.2 169 8.1
22 M-23 Quartz L+V -3.7 177 6
23 M-23 Quartz L+V -4.1 182 6.6
24 M-23 Quartz L+V -7.5 149 11.1
25 M-23 Quartz L+V -53 181 8.3
26 M-23 Quartz L+V -3.7 156 6
27 M-23 Quartz L+V 4.2 206 6.7
28 M-23 Quartz L+V -4 160 6.5
29 M-23 Quartz L+V -6.7 137 10.1
30 M-23 Quartz L+V -4.5 141 7.7
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Fig. 13. Histograms of homogenization temperature, Tmi. values, and salinity related to liquid-rich two-phase fluid
inclusions in the quartz crystals at Gharehkand. A: Histogram of homogenization temperature (the highest frequency
distribution belongs to the range of 140-160°C), B: Histogram of Tmic. values (the highest frequency distribution belongs
to the range of -4.6 to -3.7°C), and C: Histogram of salinity (the highest abundance belongs to the range of 6-7 wt.% NaCl
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Fig. 14. Diagram of homogenization temperature (Ty) versus salinity (Shepherd et al., 1985) displaying the distribution

pattern of the Gharehkand fluid inclusions data in relation to the critical and halite saturation curves.
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Fig. 15. Diagram of homogenization temperature versus salinity (Wilkinson, 2001) on which the Gharehkand fluid

inclusion data show densities ranging from 0.9 to 1g/cm?.
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Fig. 16. Diagram of homogenization temperature versus salinity (Shepherd et al., 1985; Wilkinson, 2001) on which the
evolutionary trends of ore-forming fluids at Gharehkand were shown. According to this diagram, processes of boiling
along with simple cooling were the most effective mechanisms in deposition of ores at Gharehkand.
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Fig. 17. Diagram of homogenization temperature versus salinity of the Gharehkand fluid inclusions for determining the
possible genesis of hydrothermal fluids (Wilkinson, 2001). As shown in this figure, almost all of the Gharehkand

microthermometric data points lie within the epithermal zone.
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complexing ligands in hydrothermal fluids. According to this diagram, the bisulfide complexing ligands did in most
likelihood play an important role in transporting of the base metals and gold at Gharehkand.
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Introduction

The Gharehkand area is located in the southeast of
Maragheh city and in Takab metallogenic district.
According to the structural divisions of Iran, this
area is situated south of the volcanic Mount Sahand
in the Central Iran zone (Stocklin, 1968). This
paper aims to investigate the characteristics of
gold-bearing vein-veinlets and physicochemical
conditions of ore-forming fluids in the Gharehkand
area.

Materials and methods

About 40 rock samples were collected from
mineralized zones and host rocks. The thin and
thin-polished sample sections were studied in the
geology department of the Mohaghegh Ardebili
University, Ardebil. Microthermometric data were
obtained from fluid inclusions using the Linkam
THMS600 stage at the Payame Noor University of
Tabriz.

Results

1) The mineralization in the Gharehkand area took
place principally as vein-veinlets within the host
sedimentary rocks during two main stages.
Mineralization occurred in quartz vein-veinlets
during the first stage. The quartz crystals within the
quartz vein-veinlets display brecciated, boxwork,
drusy, and comb textures. During the second stage
barite mineralization occurred as vein-veinlets.
The mineralization of sulfides (galena, sphalerite,
pyrite, and chalcopyrite) and gold occurred within

the quartz vein-veinlets of the first stage.

2) The values of homogenization temperature (Th)
and salinity of fluid inclusions vary from 80°C to
220°C and 6 to 13 wt.% NaCl eq., respectively.

3) The study of fluid inclusions demonstrated that
boiling and simple cooling were the most important
mechanisms in the ore deposition at Gharehkand,
and the sulfide complexing ligands played an
effective role in transporting metals within the ore-
forming hydrothermal fluids.

4) The quartz crystals textures (brecciated,
boxwork, and comb) in quartz vein-veinlets and
microthermometric data (low salinity and Th) of
the ore-forming fluids indicate that mineralization
at Gharehkand is of epithermal type with low-
sulfidation style.

Discussion

The mineralization in the Gharehkand area took
place principally as vein-veinlets within the host
sedimentary rocks. Two main stages of
mineralization  were  distinguished at the
Gharehkand area. Stage-1 mineralization is
represented by the quartz vein-veinlets. The quartz
crystals within the quartz vein-veinlets display
brecciated, boxwork, drusy, and comb textures.
The formation of quartz crystals in quartz veinlets
and micro-veinlets were temporally divided into
three sub-stages: early, middle, and late. Stage-2
mineralization is represented by barite vein-
veinlets. The hypogene alteration is mainly
observed as the development of silicic halos around
quartz vein-veinlets within the host sedimentary

*Corresponding author Email: f. hassanisoughi@gmail.com

DOI: https://dx.doi.org/10.22067/econg.v13i2.87317



Journal of Economic Geology

Hassani Soughi et al. 30

rocks. The mineralization of sulfides (galena,
sphalerite, pyrite, and chalcopyrite) and gold have
occurred within the late sub-stage quartz veinlets
and micro-veinlets. Oxidized processes have
caused formation of goethite, hematite, jarosite,
malachite, and azurite. Copper sulfides (covellite,
chalcocite, and digenite) are formed in the
supergene zone. Based upon phase content, the
studied fluid inclusions in late sub-stage quartz
crystals may be classified into three types: liquid-
rich two-phase (L+V), mono-phase vapor (V), and
vapor-rich two-phase (V+L). The values of
homogenization temperature (Th) and salinity of
the analyzed liquid-rich two-phase fluid inclusions
vary from 80°C to 220°C and 6 to 13 wt.% NaCl
eq., respectively (Fig. 11A, C). Given the Th and
salinity values of the fluid inclusions, ore-forming
hydrothermal fluids during development of the
quartz vein-veinlets at Gharehkand experienced
hydrostatic pressures within the range of 20-25
bars. This is almost equivalent to depths of 200-250
meters below the underground water table level. It
is consistent with the estimated depths of most
epithermal deposits (Bodnar et al., 2014). The
Gharehkand microthermometric data points on the
bivariate plot of Th versus salinity (Wilkinson,
2001) show that the densities of fluid inclusions
vary from 0.9 to 1 g/cm’. The occurrence of boiling
and simple cooling are the most effective
mechanisms in deposition of ore and gangue
minerals at Gharehkand. The Gharehkand
microthermometric data points on the bivariate plot
of Th versus salinity (Pirajno, 2009) indicate that
the bisulfide complexing ligand most likely played
the important role in transporting ore metals
(particularly gold).
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