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Introduction

The Himalayan-Tibetan and Zagros Mountain ranges which are the
youngest and most extensive continental-collision orogens in Tethyan
domain host many important sediment-hosted Pb-Zn deposits, including the
world-class Jinding, Huoshaoyun, Mehdiabad, and Angouran deposits
(Reynolds and Large, 2010; Rajabi et al., 2012; Rajabi et al., 2015; Hou
and Zhang, 2015; Song et al., 2017). More than 300 sediment-hosted Pb-
Zn deposits and occurrences have been identified in Iran (Rajabi et al.,
2013). Cretaceous and Triassic carbonate successions are the most
common host rocks for these deposits, which are largely distributed in
both the Malayer-Esfahan metallogenic belt (MEMB) and the Yazd-
Anarak metallogenic belt (YAMB) (Rajabi et al., 2012). The YAMB is
located at the Yazd Block, northern margin of the Central Iranian Plate.
Several Pb-Zn deposits and occurrences such as Mehdiabad, Nakhlak,
Hovz-e-Sefid, Darreh-Zanjir, Mansurabad, Chah-Kharboze and Chah-
Mileh have been identified distinguished at YAMB. The Chah-Mileh
deposit is in 30 km northeast Anarak, 220 km northeast of Isfahan,
YAMB. The Chah-Mileh Pb-Zn district is located in the Anarak
Metamorphic Complex (AMC). There are three Pb-Zn deposits that
have been recognized at the Chah-Mileh district, including Kuh-e Mileh,
Mazra-e Deraz, and Seilacho. In this paper, we investigate geology,
texture, mineralogy, alterations, fluid inclusions and genesis of the Chah-
Mileh Pb-Zn deposit. The present research study provides more insight
into understanding of geology and mineralization conditions in the study
area with an implication for future exploration.
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Materials and methods

A total of 120 samples were collected from the host
rocks and ore deposit. They were studied by a
transmitted/reflected polarizing microscope, X-ray
Diffraction (XRD) and Scanning Electron
Microscope-Energy Dispersive X-ray analyzer
(SEM-EDS). Thin sections were stained to
differentiate calcite and dolomite according to the
method of Dickson (1966). Fluid inclusion
microthermometry was performed using a Linkam
THMS600 heating-freezing stage (-190 °C to +600 °C)
mounted on a ZEISS Axioplan2 microscope at the
Kharazmi University (Tehran). Fluid salinity (wt.%
NaCl eq.) and density (g/cm?®) were calculated using the
FLINCOR v.1.4 (Brown, 1989) and FLUIDS (Bakker,
2012).

Results and discussion

The Chah-Mileh Pb-Zn is a stratabound and
epigenetic deposit hosted in dolomitic marble of the
Chah-Gorbeh Complex with Middle Triassic age.
Mineralization is composed of sulfide minerals (e.g.,
galena, sphalerite, chalcopyrite and minor pyrite)
and non-sulfide minerals (e.g., cerussite, mimetite,
wulfenite, litharge, hemimorphite, smithsonite,
malachite, hematite, goethite). The gangue minerals
are mainly composed of quartz, dolomite, calcite, and

barite. Silicification and dolomitization are the two
main types of hydrothermal alterations. Three
mineralization stages were recognized in the Chah-
Mile deposit: 1) pre mineralization stage characterized
by fine-grained disseminated pyrite, 2) main
hydrothermal stage characterized by galena, sphalerite
and chalcopyrite and 3) post-ore mineralization
consisting of secondary sulfides and non-sulfide. Four
types of fluid inclusions including two-phase liquid-
rich (LV), two-phase vapor-rich (VL), monophase
liquid (L), and monophase vapor (V) were observed in
the dolomite, quartz and calcite. Microthermometric
measurements show that ore minerals were precipitated
from low-temperature (81 to 167 °C) and moderate
salinity fluids (7.02-22.2 wt.% NaCl eq.). Basinal
hydrothermal fluids were responsible for ore
mineralization at the Chah-Mileh deposit. Ore
mineralization at the Chah-Mileh deposit has been
formed as a result of fluid mixing. The formation of
large siliceous zones in an area is a sign of
hydrothermal fluid rising to the surface and mixing and
diluting with low-temperature meteoric waters.
Considering all the geological evidence, mineralization
style, orebody texture and structure, alterations and
fluid inclusion microthermometry, it may be inferred
that the Chah-Mileh deposit is similar to the Mississippi
Valley-type deposits.
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Fig. 1. Simplified structural map of Iran (modified after Aghanabati, 1998; Rajabi et al., 2015) and location of major metallogenic
belts of the sediment-hosted Zn- Pb (Ag+Cu+Ba) deposits of Iran. Location of the Chah-Mileh deposit is shown by yellow star.
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Fig. 2. Distribution of sediment hosted Pb-Zn (Ag+Cu+Ba) deposits in the Malayer-Esfahan and Yazd-Anarak metallogenic
belts (modified after Rajabi et al., 2012). Location of the Chah-Mileh deposit is shown by yellow star.
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Fig. 4. Simplified geologic map of the Chah-Mileh Pb-Zn deposit showing Kuh-e Mileh, Mazra-e Deraz and Seilacho
index hosted in dolomitic marble of the Chah-Gorbeh Complex (modified after Kan-Azin Co., 2014).
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Fig. 5. Field photographs of rock unites and faults in the Chah-Mileh deposit. A: Serpentinite outcrop in the south of Mazra-
e Draze (looking to north), B: Muscovite schist unite (Te™") and its contact with the dolomitic marble unit (T™) at Chah-
Gorbeh Complex (looking to east), C: Dolomitic marble outcrop (Te™) of the Chah-Gorbeh Complex (looking to east), and
D: Parallel faults with northwest-southeast and northeast-southwest trend in dolomitic marble unit (Te™) (looking to north)
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Fig. 6. Rose diagrams of the Chah-Mileh deposit faults. A: Normal fault, B: Strike slip fault
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Fig. 7. Photograph showing mineralization, ore texture and alterations at Chah-Mileh deposit. A: View of exploitation tunnel
entrance and normal fault surface with northwest-southeast trend at Kuh-e Mileh, B: Vein-type galena mineralization with minor
malachite at Kuh-e Mileh exploitation tunnel entrance, C: Silicification at Mazra-e Deraz, D: View of the exploration trench at
Mazra-e Deraze, E: Mosaic breccia texture with dolomite and galena cement and calcite replacement by dolomite, F: Rubble
breccia with galena+quartz cement and vuggy texture, G: Rubble breccia with dolomite cement, H: replacement texture in
chalcopyite by chalcocite, covellite and malachite, and I: Open space filling texture with galena veinlet in dolomitic host rock.
Abbreviations after Whitney and Evans (2010) (Cal: Calcite, Ccp: Chalcopyrite, Cct: Chalcocite, Cv: Covellite, Dol: Dolomite,
Gn: Galena, Mic: Malachite, Qz: Quartz).
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Fig. 8. Photomicrographs of sulfide and non-sulfide minerals at Chah-Mileh deposit. A: Galena (Gn-3)-quartz veinlet within
dolomitic marble (Dol-2) (XPL), B: Galena (Gn-1) atoll texture in cerussite (Crt-1) (PPL), C: Simultaneous occurrence
chalcopyrite and galena (Gn-1) and chalcocite replacing chalcopyrite (PPL), D: chalcocite, covellite and malachite replacing on
rims chalcopyrite (PPL), E: Disseminated pyrite accompanied by subhedral galena (Gn-1) and its replacement by cerussite (Crt-1)
(PPL), F: Covellite bladed crystals and cerussite (Crt-1) replacing galena (Gn-2) (PPL), G: Wulfenite automorph crystals (XPL),
H: Pyramidal malachite with open space filling texture (XPL), and I: Needle shape radial malachite and calcite (Cal-3) (XPL).
Abbreviations after Whitney and Evans (2010) (Cal: Calcite, Ccp: Chalcopyrite, Cct: Chalcocite, Crt: Cerussite, Cv: Covellite, Dol:
Dolomite, Gn: Galena, Gth: Goethite, Mlc: Malachite, Py: Pyrite, Qz: Quartz, Wul: Wulfenite).
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Fig. 9. Photomicrographs of oxide-hydroxide and gangue minerals at Chah-Mileh deposit. A: Banded hematite+goethite and
association calcite (Cal-1) and malachite (XPL), B: Scaffold hematite (PPL), C: Reticulate texture hematite and its replacement by
goethite (PPL), D: Dogtooth quartz and comb texture (XPL), E: Bladed quartz (XPL), F: Acicular quartz associated with calcite
(Cal-2) (XPL), G: Chalcedony microcrystalline quartz (XPL), H: Quartz veinlet as open space filling associated with Dolomite
(Dol-2) (XPL), and I: Acicular barite with quartz as open space filling in the stained calcite (Cal-2) (XPL). Abbreviations after
Whitney and Evans (2010) (Brt: Barite, Cal: Calcite, Dol: Dolomite, Gth: Goethite, Hem: Hematite, Mlc: Malachite, Qz: Quartz).
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Fig. 10. BSE images of sulfide and non-sulfide minerals at Chah-Mileh deposit. A: Galena (Gn-1) boundary remplacement by
cerussite (Crt-1), B: Sphalerite inclusions within galena (Gn-2) and replacement of cerussite (Crt-1) on galena rims, C: Mimetite
with open space filling texture within dolomitic marble (Dol-3), D: Energy-dispersive spectroscopy of mimetite, E: Chalcopyrite
with platy hemimorphite and disseminated cerussite (Crt-2), F: Energy-dispersive spectroscopy of hemimorphite, G:
Hemimorphite inclusions within galena veinlet (Gn-3), H: Needle shape radial hematite, and I: Atacamite inclusions within
linarite. Abbreviations after Whitney and Evans (2010) (Acm: Atacamite, Ccp: Chalcopyrite, Crt: Cerussite, Dol: Dolomite, Gn:
Galena, Hem: Hematite, Hm: Hemimorphite, Lnr: Linarite, Mmt: Mimetite, Qz: Quartz, Sph: Sphalerite, As: Arsenic, Cl:
Chlorine, O: Oxygen, Pb: Lead, Si: Silicium, Zn: Zinc).
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Fig. 11. X-ray diffraction spectroscopy of non-sulfide minerals at Chah-Mileh deposit
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Fig. 12. Photomicrographs of various alterations at Chah-Mileh deposit. A: Type | (Dol-1) and IV dolomite (Dol-4) (XPL), B:
Type | (Dol-1) and Il dolomite (Dol-2) (PPL), C: Type IlI dolomite (Dol-3) (PPL), D: Type Il dolomite (Dol-3) and
stained calcite (Cal-2) (PPL), E: Association of type Il dolomite (Dol-2) with galena (Gn-3) and quartz (XPL), F:
Remnants of type | dolomite (Dol-1) alteration within silicic alteration (XPL), G: Silicification alteration with quartz (XPL),
H: Silicification with polycrystalline quartz (XPL), and I: Sparry calcite veinlet (Cal-3) (PPL). Abbreviation after Whitney and

Evans (2010) (Cal: Calcite, Dol: Dolomite, Gn: Galena, Qz: Quartz).
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Fig. 13. Paragenetic sequence of minerals in Chah-Mileh deposit, thickness of line representing the minerals frequency.
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Fig. 14. Fluid inclusions photomicrographs in the Chah-Mileh deposit. A: Primary cluster of fluid inclusions relative to the quartz
grain boundary, B: A row of secondary fluid inclusions hosted by calcite, C: Liquid-rich two-phase fluid inclusions (LV) with
rectangule and elliptical shapes, D: Circular fluid inclusion, E: Rod and elongated fluid inclusion, F: Triangular fluid inclusion, G:
Irregular fluid inclusion, and H: Association of liquid-rich two-phase fluid inclusions (LV) with liquid monophase (L) hosted by
quartz
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inclusions at Chah-Mileh deposit
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Table 1. Microthermometric measurements of fluid inclusions from the Chah-Mileh deposit
Salinity .
. TMice Thev Density
Sample no. Minerals Type o o (Wt.% g
C C 9 : /cm
(°C) (°C)  (wt.% NaCleq.) Nacl+CaCleq.) (9/cm’)
S Dolomite LV -11.00to -13.50 102-114 14.97-17.34 1.05-1.08
m_
Calcite LV -5.00t0 -7.00  98-102 6.00-10.49 0.97-1.03
Dolomite LV -10.20to -15.20 115-156 14.15-18.80 1.03-1.08
B3-emaz-5 .
Calcite LV -4.40t0-8.00 115-146 7.02-11.70 0.97-1.03
Quartz LV -14.00 to -15.70 137-146 17.79-19.21 1.05-1.06
T-wmaz-5
Quartz LV -14.00 to -15.60 125-128 17.80-18.63
Dolomite LV -10.50to -17.50 98-150 14.46-20.60 1.04-1.09
T-wmaz-6 .
Calcite LV -3.50t0-8.00  80-93 5.71-11.70 1.00-1.02
B3-emaz-2  Quartz LV -10.00to -17.00 81-138 13.94-20.20 1.03-1.09
B3-emaz-4 Dolomite LV -11.00 to -15.00 113-156 14.00-18.20 1.04-1.08

Tmice: final ice melting temperature, Thyy: homogenization temperature, LV: liquid-rich two-phase fluid inclusions.
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Fig. 16. Binary diagram of homogenization temperature versus salinity (Ahmad and Rose, 1980) for determining the vapor
pressure of trapping fluids at Chah-Mileh deposit
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Fig. 17. Binary diagram of homogenization temperature versus salinity (Kesler, 2005), showing that fluid inclusion in the Chah-

Mileh deposit plotted in the basinal brines field.
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Chah-Mileh deposit (Boiron et al., 2010)
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