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1. Introduction

The study area is located in the south of Mamouniyeh and is a part
of'the Zaviyeh 1:100000 geological map (Amidi et al., 2004) which
is located in the middle part of Urumieh-Dokhtar Magmatic Arc

ABSTRACT

The study area is located in the central part of Urumieh-Dokhtar Magmatic Arc and south of
Mamouniyeh, Iran. Oligocene-Miocene intrusive rocks have combined domain of gabbro,
diorite and monzonite with calc-alkaline nature which have characteristic features of continental
margin subduction zones. Extensive siliceous, propylitic-chlorite, sericitic, argillic, carbonate and
tourmalinization alteration be seen which mineralization has occurred mainly in siliceous zones in
the sulfide-oxide veins form. Chalcopyrite, pyrite, bornite, magnetite, Specularite and Ti-oxides
are main minerals of the hypogene stage and chalcocite, covellite, azurite, malachite, chrysocolla,
tenorite, hematite, goethite and limonite related to supergene-oxidation stage. The study of 138 fluid
inclusions in ore-bearing silica veins shows homogenization temperature from 80-345°C, salinity
0.88 to 11.40 wt% NaCl and formation depth between roughly 1 km and 500 m compared to the
water table and the hydrostatic pressure is 10 MPa. Evidences such as fluid inclusions with different
liquid-vapor ratios, accompanying vapor-rich fluid inclusions, quartzes with comb-cokade texture,
fine-grained muscovite and illite indicate gentle boiling of fluids which together with other evidences
such as the and partial mixing of fluids and the instability of sulphide complexes have caused the
deposition of copper minerals related to the low sulphidation epithermal mineralization system in the
Mamouniyeh.

(UDMA). The Cenozoic volcanic units in the middle part of the
UDMA around Saveh host several Cu-Au-Ag-Fe deposits, such as
North Narbaghi (Heidari et al., 2022), Narbaghi (Fazli et al., 2019),
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Rangerz (Zamanianetal., 2021), Zarandiyeh (Yousfi and Alipourasl,
2019) and Koh Peng (Rajabpour et al., 2017, 2018). General studies
in the middle part of the UDMA show the importance of mantle
metasomatism in the formation of intrusive rocks. Based on U-Pb
dating, this magmatic complex crystallized in the upper Eocene
(Nouri et al., 2018). Although there are many signs of old mining,
mineral indices and Cu-Au-Ag deposits that are temporally and
spatially related to Eocene magmatism in this area, but compared to
other areas such as Arasbaran and Kerman belts, it has received less
attention from researchers. In this research, based on the evidence
of field geology and petrography, structure and texture, mineralogy
and paragenesis, geochemistry and fluid inclusions, the controlling
factors of mineralization and the occurrence pattern and type of C
mineralization in the south of Mamouniyeh have been investigated
and compared with other epithermal deposits known in UDMA and
the world. This research can be used to improve the exploration
criteria of this type of deposit in the central part of UDMA and other

similar places.

2. Research methodology

The investigations included the preparation of a 1:20000 geological
map and the collection of 40 lithological samples from intrusive
rocks from surface outcrops and drilled boreholes, that after studying
their petrography, 13 samples with the lowest amount alteration
were subjected to whole rock chemical analysis by ICP-MS and
XRF methods. Also, 40 polished section samples were made for
mineralogy and textural study from different mineralized parts in
the area. The study of fluid inclusions was also carried out on 14
two-side polished sections and 138 points on quartz congeners with
mineralization by Linkam equipment (THMS 600 freezing-heating
stage, TP temperature control system and LNP freezing control
system) and ZEISS, Axioplan2 microscope. Micro thermometry
was performed on primary fluids in quartz by the Linkam THMSG
600 device, which is capable of measuring the temperature range
of -196°C to +600°C. Eventually, by combining data and results,
the genesis and pattern of copper mineralization in the area were

investigated.

3. Results and Discussions

3.1. Lithology and petrography of plutonic rocks

The main rock outcrop units in the area based on 1:20000 geological
map from south of Mamouniyeh include a series of intrusive and
volcanic rocks with acidic to basic composition including andesite
tuff, pyroxene andesite-andesite porphyry, dacite-rhyodacite
tuff, acid lava, andesite basalt and diabase, gabbro-diorite and
gabbro, monzonite, granodiorite and monzodiorite. Volcanic and
pyroclastic rock units are related to the Eocene, and the intrusive
units are probably related to Oligocene to Miocene magmatism
(Amidi et al., 2004). The host mineralization rock units are andesite
porphyry, monzonite, granodiorite and gabbro. The pyroxene
andesite-andesite porphyry unit is located in the center of the
range with a northwest-southeast trend, and based on microscopic
studies, it has a porphyritic texture with a trachytic background,

and plagioclase phenocrysts and microphenocrysts are placed in

a dense background of oriented feldspar microliths. Plagioclases
with simple and fluctuating zoning and sieve texture along the
polysynthetic macules and different zones have been sausoritized
and converted to carbonate, and also the margins of some crystals
have become albite. The main outcrop area of the gabbro-gabbro
diorite unit is in the northeastern part of the 1:20000 map of
area which microscopic studies show granular, hetero-granular,
hyp-idiomorphic, microgranular porphyritic, cryptocrystalline,
porphyritic-microcrystalline porphyritic and porphyritic textures
are. Plagioclase, orthoclase, hornblende and pyroxene in different
sizes are the main constituents of the rock. Secondary and alteration
minerals include tourmaline (schorl), epidote, clay mineral,
apatite, zircon, carbonate, iron oxide and hydroxide, and chlorite.
The outcrops of monzonite, granodiorite, monzo-diorite in the
center, west and northeast of study area include parts of the main
elevations. In microscopic studies the main textures are granular,
porphyritic  cryptocrystalline, — porphyritic = microcrystalline,
porphyritic microgranular. The main minerals observed include
plagioclase, feldspar, clinopyroxene, hornblende, quartz, minor
minerals are apatite and small amounts of zircon, clay minerals,

chlorite, epidote, biotite, carbonate, and iron oxides.

3.2. Geochemistry of plutonic rocks

The SiO, values of the samples range from 49.7 to 69.9 weight-%.
Based on the Zr/Y versus Th/Yb and the AFM relations, the
magmatic series is calc-alkaline. Based on the molar ratio A/CNK
versus A/NK, the intrusive rocks are meta-aluminous and
peraluminous, which are mainly found in relation to subduction
zone. The negative slope in the spider plots indicates the enrichment
of LILE elements relative to HFSE elements. Depletion of HREEs
is one of the characteristics of calc-alkaline magmas. The strongly
positive Pb and positive K anomaly in the spider diagram of the
study area is the result of contamination of the magma that formed
these rocks with crustal materials. According to the geotectonic
diagrams, most samples are classified as volcanic arc granitoids,
which shows that the intrusive rocks of the area were affected
by subduction processes and the influence of active continental
margins. It seems that the rocks of related to the magmatism caused
by the subduction of the Neo-Tethys oceanic crust under the central
Iranian plate and the subduction process has been associated with
the release of water and volatile substances from the subducting
lithosphere and eventually, magma resulting from partial melting of

the mantle wedge is contaminated with crustal material.

3.3. Hydrothermal alteration

Based on field evidence, microscopic and X-ray diffraction
studies, extensive alteration as silicification, propylite-chlorite,
sericite, argillic, carbonate and tourmalinization in different scales
is evident. Propylitic alteration is found to large degrees in the
quartz monzonite - monzo-diorite unit as replacement of chlorite,
epidote by hydrothermal processes in plagioclase, potassium
feldspar and mafic minerals. In some cases, sericitization in
different intensities caused the disintegration of the texture of the
rocks. Coarse crystals of plagioclase, hornblende and biotite have

36



Copper mineralization pattern based on mineralogy, alteration, ..../ Mohammad Goudarzi et al./ G.S.J. 2024, 34 (3): 35-62

been altered to sericite, carbonate and quartz, and pyrite is found
in small and scattered form along this alteration. Silicic alteration
be seen in the silica veins with variable thickness forming quartz
with joint and fracture-filling texture as well as disseminate in
the rock texture which mineralization mainly along this sulfide
-oxide siliceous veins-veinlet containing chalcopyrite and pyrite
and breccia veins containing sulfides. Influenced by hydrothermal
magmatic fluids, acidic vapors resulting from boiling and mixing
with meteoric water, argillic alteration has covered a substantial
part of the outcrops in the area. Quartz, kaolinite, montmorillonite,
iron oxide-hydroxides, jarosite, smectite, muscovite and goethite
are products of this alteration, especially in the eastern part of the
area in volcanic rock units. Carbonation in the form of calcite veins
sometimes associated with pyrite-chalcopyrite and amorphous
to regularly among quartz crystals. Albitization is mainly in the
northeast of area under the influence of addition of sodium through
hydrothermal and magmatic fluids in the form of replacement
of feldspar with albite and in some cases muscovitization of
biotites. Under the influence of hypogene processes iron oxides
and hydroxides form minerals such as hematite, and under the
influence of supergene processes, they create limonite and goethite.
Tourmalinization under the influence of fluid with relatively high
temperature containing boron with radial, regularly forms observed

in the gabbro unit in the form of schorl.

3.4. Mineralization

The main manifestation of mineralization is in sulfide -oxide-
silica veins and veins containing chalcopyrite and pyrite and
breccia veins containing sulfide -oxide. Primary ore minerals
include chalcopyrite, pyrite, bornite, Specularite, and secondary
ore minerals include chalcocite, covellite, azurite, malachite,
chrysocolla, goethite, and limonite. Chalcopyrite is the main
copper ore. It is found in amorphous and scattered crystals form in
the rock texture and vein-veinlet, mainly along with bornite, and
is often replacement into chalcocite and covellite in the margins.
Vein mineralization includes quartz-chalcopyrite, quartz-pyrite-
chalcopyrite-Specularite and quartz-chalcopyrite-pyrite-secondary
minerals (chalcocite, covelite, azurite, malachite, chrysocolla)
assemblages. Based on the field study and microscopic evidence,
we can identify two main mineralization stages and 4 sub-stages:
During a hypogene stage oxide and sulfide phases are deposited.
Sulfide minerals of the hypogene stage are pyrite, chalcopyrite and
bornite, and oxide minerals include Specularite, titanomagnetite and
magnetite. In the subsequent supergene stage chalcocite, covellite,
and digenite formed in small quantities at the margins of primary
sulfide s. In the next stage, malachite, azurite, chrysocolla, tenorite,
cuprite, neotocite and iron hydroxides minerals have crystallized

under the oxidizing conditions.

3.5. Fluid inclusions

The study of 138 fluid inclusions in quartz associated with ores
minerals shows that fluids in association with mineralization have
dimensions from a few microns to more than 20 microns and rarely

up to 15 microns. The division of primary inclusions in quartz,
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according to genetic and textural classification (Roedder, 1984) and
modified by (Van den Kherkof and Hein, 2001), shows 5 different
types phases:

- mono phase inclusions consisting of vapor

- mono phase inclusions consisting of liquid

- two-phase liquid + vapor inclusions and rich in liquid

- two-phase liquid + vapor inclusions and rich in vapor

- three phase inclusions with liquid + vapor + solid.

To determine the salinity the formula by (Bodnary and Vityk, 1994)
(weight% = 0.00 +1.78 6 — 0.0442 62 + 0.000557 63) was used.
Quartzs with pyrite + chalcopyrite, chalcopyrite and chalcopyrite +
spicularite + pyrite + chalcocite mineralization type shows similar
density values from 0.8 to 1 g/cm?®. Also, this diagram shows the
density of 0.79 g/em® to 1 g/em® for liquid-rich fluid (L+V) and
the density of 0.385 g/cm’ to 0.395 g/cm’ for vapor-rich fluid
(V+ L). To determine the depth and pressure, based on (Fournier,
1999) diagram was used, which shows that this process probably
occurred at a depth of about 700 meters below the water table
and hydrostatic pressure of about 16 MPa. The graph of salinity
against homogenization temperature shows the influence of sulfide

complexes in the transfer of ore-forming elements in the area.

4. Conclusion

The abundant presence of liquid-rich two-phase fluids and mono-
phase liquid and vapor fluids indicate that boiling process occurred
during the formation and growth of minerals (Carman, 1994;
Yilmaz et al., 2010). The presence of comb and cokade textures of
quartz indicate gentle boiling (Shimizu et al., 2014). The processes
of boiling, isothermal mixing and surface dilution of fluids are
important factors in instability of chloride and sulfide complexes,
which lead to the simultaneous deposition of Fe, Cu and then
deposition of sulfide phases in the final stages of mineralization
which are caused by a sudden decrease in pressure in the fractures
(Tale Fazel et al., 2011). The proximity of multiphase fluids with
vapor-rich indicates that fluids are trapped at the boiling point, that
is, in the state where the vapor is in equilibrium with the liquid. As
a result of this boiling part of the Cu in the fluids were deposited
as chalcopyrite (Afshooni et al., 2013). Worldwide the depth
epithermal deposits vary from 50 to 1500 meters below the level
of underground water under hydrostatic pressure (Simmons et al.,
2005; Christie et al., 2007, Pirajno, 2009) and we used (Fournier,
1999) and it shows this process probably occurred at a depth of
about 700 meters below the paleo-water table level and 10 MPa
hydrostatic pressure. In the study area, boiling, mixing of magmatic
fluids with meteoric fluids and cooling process caused copper
Mineralization by oxide and sulfide complexes that this mixing
process has reduced the temperature and salinity in the system.
Eventually, all available evidence and data such as geological and
tectonic setting, mineralogy and hydrothermal alteration, ores and
waste, texture of veins and minerals, geochemical evidence and fluid
inclusions and comparison with other epithermal deposits in Iran
and the world indicate a low sulfidation epithermal mineralization
system which many cases have been identified in UDMA. However,
we need other data such as O-H-S isotopic data for clarification.
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Figure 2. 1:20000 geological map of south Mamoniyeh area, (Modified after Navid Farayand Alborz, 2016).
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Figure 3- A) A general view of the study area and different outcrops rock units (view to the northeast). B) A view of basaltic andesite lava

outcrops, acid lavas and basaltic dykes (view to the north). C) A close view of lithic andesite tuff unit. D) A close view of mega porphyritic

andesite. E) A close view of dacitic unit. F) Influx of basaltic dykes in acidic units. G) A close view of basalt-andesite unit. H) A close view

of basalt-diabas unit.
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Figure 4. Microscopic images of volcanic rocks in the area. A) Microphenocryst and sericitized plagioclase crystals with porphyric texture

in andesite sample. B) Tourmaline microcrystals with radial aggregate and porphyry microlithic texture in andesite. C) Uralitization

and chloritization of ferromenesine with plagioclase and carbonate minerals in andesite unit. D) Hemimorphous clinopyroxene crystals

with altered porphyry texture and opaque microcrystals on it in basaltic andesite. F) Plagioclase crystals with andesine sieve texture,

alkali feldspar and volcanic rock fragments in andesite lithic tuff. G) Sericitization of plagioclase crystals along polysynthetic macules in

rhyodacite. H) Coarse plagioclase crystals in the trachyte sample show corrosion and altered to epidote.
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Continued from Figure 4. Microscopic images of volcanic rocks in the area. I) Trachyte andesite sample with porphyry texture with

microcrystalline background. J) Coarse clinopyroxene crystals and microcrystals of argillic alkali feldspar and plagioclase in basaltic

andesite. K) Epidotized plagioclase in microcrystalline matrix in andesite basalt. L) Hemimorphous and altered clinopyroxene and

orthopyroxene crystals along with plagioclase crystals in the basalt. (Pl: Plagioclase, Am: Amphibole, Ep: epidote, Cb: Carbonate,

Ser: Sericite, Cpx: Orthopyroxene, Cpx: Clinopyroxene, Fsp: Feldspar, Tur: Tourmaline, Chl: Chlorite, Opq: Opacue minerals),

Abbreviations from (Kretz, 1983).
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Figure 5- A) A general view of monzodiorite-granodiorite rock units (view to the northwest). B) A close view of

monzonite-granodiorite. C) A close view of granodiorite unit. Mineral abbreviations. D) Epidote alteration in monzonitic

unit. E) Aphitic texture and carbonate alteration with zircon inclusions in granodiorite. F) Sericitization of plagioclase

with hornblende in monzodiorite. Abbreviations from Kretz (1983): Pl: plagioclase, Ep: epidote, Cb: carbonate,

Ser: sericite, Hb: hornblende, Zr: zircon, Op: opaque minerals.
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Figure 6-A) A general view of the plutonic outcrops (view to the southwest). B) Coarse crystal of clinopyroxene and plagioclase with
polysynthetic twining and chloritized ferromenesine minerals. C) Altered hornblende microcrystals with antirapakivi texture that caused the
creation of fine and needly actinolites. D) Coarse plagioclase crystals with inclusions of small clinopyroxene crystals where some minerals
have been replaced by carbonate. E) Intersertal texture and sericitization of plagioclase crystals along polysynthetic twining and fracture
filling with carbonate in gabbrodiorite. F) A close view of gabrodiorite. G) Argillized alkali feldspar microcrystals and plagioclase crystals
with epidote alteration. Mineral abbreviations (Kretz, 1983): Pl: plagioclase, Ep: epidote, Cb: carbonate, Ser: sericite, Cpx: clinopyroxene,
Fsp: feldspar, Chl: chlorite, Op: opaq minerals, Act: actinolite, Hbl: hornblende.
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Table 1. The results of Whole rock geochemical composition of the plutonic rocks from the study area (major elements in wt. %, trace and

rare earth elements in ppm).

SampleNo MNG-3 MNG-4 MNG-8 MNG-10 MNG-1 MNG-15 MNG-16 MNG-18 MNG-24 MNG-25 MNG-29 MNG-30 MNG-35
Sio, 56.51 583 53.1 522 60.1 56.4 52.71 53.86 562 56.9 58.6 S11 583
ALO, 16.41 15.28 16.37 17.5 14.24 14.83 17.14 15.1 16.1 14.94 15.1 17.7 143
Ca0 538 3.61 7.6 63 52 6.83 6.81 6.97 6.11 4.64 43 77 5.1
Fe,0, 9.9 9.5 9.8 10.1 92 1021 1035 10.16 9.1 10.36 83 10.7 9.1
K0 0.67 0.8 0.46 0.5 0.67 0.74 0.69 0.5 0.6 0.65 03 0.6 0.8
MgO 2.63 3.1 2.63 32 2.95 3.28 338 31 3.1 2.6 31 33 3
MnO 0.18 021 0.24 0.19 0.26 021 0.3 0.27 0.1 0.16 0.23 0.34 03
Na,0 5.17 5.87 5.64 5.1 4588 494 5.1 4.88 6.18 632 5.43 4.1 5.87
P,0, 0.19 0.18 0.24 0.77 03 045 03 0.6 03 02 05 03 036
TiO, 0.59 091 0.74 1.1 0.8 0.94 0.95 0.9 0.94 0.89 0.96 12 0.9
Lol 2.14 1.96 2.57 2.44 1 1.1 1.7 34 1.23 1.98 2.63 2.53 1.7
Total 99.77 99.72 99.39 99.4 99.6 99.93 99.85 99.74 99.96 99.64 99.45 99.57 99.73
As 15.7 10.1 7.1 1.7 9.1 11.8 42 11.4 132 13.5 104 6.1 11.7
Ba 482 364 412 382 285 311 324 475 321 394 436 483 384
Be 12 1.3 1.1 1.7 13 1.3 0.9 1.3 12 1 14 1.1 12
Ce 27.9 293 283 384 39.5 412 315 434 25 273 40 26.8 38.1
Co 12.7 9.2 243 16.9 165 12.8 254 24.1 152 135 163 203 147
Cr 39 25 19 58 29 14 34 18 42.0 39.0 45.0 36.0 26.0
Cs 1.03 0.7 12 14 14 13 14 1.7 1 12 1.3 1.4 1.1
Dy 6.1 5.6 6.5 49 5.8 48 44 6.6 6.1 5.8 55 5.1 6.1
Er 32 27 27 32 2.4 3.1 2.9 32 26 27 2.9 25 31
Eu 0.84 0.92 0.91 1.23 1.03 1.14 0.98 112 1.26 1.06 1.13 14 1.04
Gd 48 5.1 43 45 444 5.1 3.9 44 52 4.1 49 5 53
Hf 24 22 3.1 25 2.8 3.1 3.5 5.1 3.8 4.6 24 34 41
La 14 17 13 27 18 26 13 19 15 18 24 14 18
Lu 041 047 036 0.39 041 043 0.37 045 041 031 03 04 039
Nb 13.22 102 14.1 132 10.1 11.8 10.6 173 11.8 9.2 11.6 17.2 135
Nd 142 14.9 13.8 214 172 223 135 19.8 162 173 20.6 19.8 21.1
Ni 11 3 3.1 2 7 10 13 11 8 6 7 9 12
P 621 713 654 1297 856 1209 697 1163 793 811 1032 752 1120
Pb 153 8.8 16.4 12.8 163 102 8.6 11.6 13.5 123 16.2 9.8 6.6
Pr 3.59 325 2.86 6.1 49 6.72 42 4.89 3.1 34 5.9 5 42
Rb 17.9 153 135 234 26.8 124 137 17.8 19.6 183 2438 105 94
S 123 45 64 745 128 73 63 56 183 189 310 62 53
Sc 19.4 10.1 294 30.1 185 288 293 313 26.1 219 227 26.4 238
Sm 3.7 33 32 48 5.1 5.1 47 43 34 3.1 46 33 49
Sn 0.7 0.3 1.1 0.9 13 1.1 0.9 0.8 0.9 12 0.8 12 12
Sr 196 157 210.4 215.5 142 194 223 179.4 212.4 169.5 1542 205.8 1843
Ta 1.01 0.3 03 0.82 0.55 0.64 0.65 1.03 0.71 0.86 0.94 1 0.3
Tb 11 0.9 1 0.9 0.67 0.9 0.8 0.9 0.7 0.7 0.8 0.8 0.7
Th 8.1 94 103 9.6 10.1 8.8 9 8.6 9.2 9.5 104 8.1 9.2
Tm 0.38 036 047 041 051 0.39 041 0.48 0.44 039 038 034 041
U 1.7 1.5 14 1.8 1.9 1.8 2 1.9 1.6 1.7 1.6 22 1.9
143 79 198 173 136 311 289 293 158 172 186 273 231
Y 203 227 192 292 27.1 204 19.4 217 234 25.1 234 22.1 29.7
Yb 3.1 274 2.13 272 2.85 332 2.87 2.81 26 2.16 2.72 1.95 31
Zn 21.1 10.9 68.9 69 84.6 73 74 64.2 41.1 492 56.4 65.2 75.4
Zr 192 174 203 217 194 227 174 196 182 215 219 232 187
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Figure 8-A) Primitive mantle-normalized trace-element
spider diagram for intrusive rocks of Mamuniyeh samples.
Normalizing values are from Sun and McDonough (1989).
B) Chondrite-normalized REE patterns of the Mamuniyeh

samples, with chondrite values are from Boynton (1984).
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Figure 9. Determine the tectonic origin and source of the magma in the Mamuniyeh.

A) Th/Yb vs. Nb/YD diagram (Pearce, 2008); B) A plot of Y+Nb (ppm) vs Rb (ppm)
diagram (Pearce et al., 1984) with volcanic arc granite (VAG - I-type), syncollisional
granite (syn-COLG — S-type), and within plate granite (WPG — A-type); C) diagram show
trace element compositions of granites associated with various types of mineralization
and the effect of various processes and source compositions on trace element trends
(modified after Christiansen and Keith, 1996). D) La/Sm vs. Sm/Yb (Shaw, 1970). See
Fig. 11 for symbols.
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Figure 10. Photographs of alteration types recorded in the southern mamoniyeh area. A) Extensive argillic

alteration in the east and northeast of area. B) Strong propylitic and chloritic alteration in the monzodiorite

unit. C) Silicification in andesite with Cu minerals. D) Silica vein with oligist mineralization. e) XRD analysis

of alteration zone showing quartz, albite, jarosite, kaolinite, muscovite, smectite, goethite and tourmaline

minerals. F) Tourmalinization in gabbrodiorite. G) Veins form carbonatization in granodiorite, which can be

seen with chalcopyrite mineralization.
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Figure 11. Photographs of mineralization in the study area. A) Chalcocite and malachite Mineralization along with iron oxide-hydroxides on

the fault surface with N4OW trend. B) A view of the silica specular hematite vein outcrop. C) Silica vein outcrop with chalcopyrite, pyrite,

malachite, and iron oxide-hydroxides mineralization. D) Pyrite-chalcopyrite-quartz vein in monzodiorite. E) Quartz-pyrite-chalcopyrite-

bornite-specular vein in drill core. F) Chalcopyrite mineralization with microcrystalline quartz veins. G) Malachite and azurite mineralization

as fissure filling in the joints of andesite. H) Chrysocolla-chalcocite vein in drill cores. I) Formation of malachite, cuprite and covellite due

to supergene processes on chalcopyrite. J) Specularite and limonite with Cokade texture and microcrystalline quartz.
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Figure 12. Microscopic Photographs of mineralizations and textures in study area. A) First generation of disseminated pyrites and
second generation of pyrites in chalcopyrite matrix. B) Formation of hematite and goethite due to the oxidation of sulphide minerals.
C) Chalcopyrite, which has been transformed into narrow bands of blue chalcocite (digenite) on its edge and supergene alteration
products including malachite and iron oxide-hydroxides in joint and fissure. D) Bornite on the rim of chalcopyrite. E) Substitution
of chalcopyrite by covellite and chalcocite in vein-type mineralization. F) Blade crystals of specular hematite with boxwork texture.
G) Iron oxide-hydroxide mineralization along with radial specular hematite on its edge. H) Chalcopyrite and goethite with rhythmic
and botryoidal textures on its edge. I) Framboidal martitized magnetite crystals which are being replaced by hematite due to alteration.
J) Tenorite, which seen as islandy in cuprite and in the form of substitute and residual textures. K) Oxidation of pyrite with skeletal
texture and formation of iron hydroxides with boxwork texture. L) Complete replacement of sulphide minerals by supergene zone
minerals. Mineral abbreviations (Whitney and Evans, 2010): Ccp: chalcopyrite, Hem: Hematite, Cct: chalcocite, Mal: malachite,
Az: azurite, Py: pyrite, Bn: bornite, Cv: covellite, Tn: tenorite, Cp: cuprite, Mag: Magnetite, Gth: goethite, Fe Ox-Hyd: iron oxides
and hydroxides.



§P—P0 1 () P (1 F ol g j pgle/gl S g (551388 3020/ ... aoibw S oumlidi S laesls gubwl g guo Ll j3LS gSJ!

Texture Gngue Ore Minerals @S
(=] = = $
= 4
P LFFTZFEIT LE | oL |lcozyro=2QrczEz00 w05 |
2 %2z £ 2% » £ 2 | E |EgsE=ES B s8¢ 2 g 2% |
8 2 @ =2 88 5 ¥ g o e 8 |2& 2 &8 5 28 <2 g 38 g we 5 2 5 =2 = L
5 g E g E g B 2 £ 8 |2 E8 28 3 g 2 28 2 3 & 8§ E § & o
g 3 = = 5 &8 5 & &8 85 8§ 38 8 8 zg& 2 F 8 7 3 Eed
E g = 7z = z ° = & g & & E
2= E & @& @ = = =
S g = 7
as
]
E]
S| =z
| =
b
ol @
3 (0]
»w | B
E| o
2
m 2
» 28
Egg
a2
(D(EDQ_
ER
g
v =
52
| =
(=}
=

s gale gz aibate 53 s SIS g 55LL Mg s 5l S e -1 S

Figure 13. Mineralization stages and mineral paragenesis in the south mamoniyeh area.
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Figure 14. Fluid inclusion photomicrographs. A) Primary two-phase liquid-rich (L>V).
B) pseudo-secondary liquid-rich type inclusions. C) Liquid rich three phase inclusion.
D) pseudo-secondary liquid-rich type inclusions with Primary two-phase liquid-rich.
E) Primary two phase liquid-rich (L>=V). F) Mono-phase vapor inclusion with Primary

two-phase liquid-rich (L>V) and pseudo-secondary liquid-rich type inclusions.
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Figure 15-A) Histogram of melting temperature of the last ice crystal in fluid inclusion. B) Histogram of homogenization temperature

in fluid inclusion. C) Histogram of the salinity in fluid inclusion.
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Table 2. Summary of microthermometric data of fluid inclusion based on inclusions type and mineralization type from south of mamoniyeh

area.
Sample . N . Inclusion  Number of P . Salinity (wt%
No Mineralization type Mineral type inclusion Tmice (°C) Th (-C) Avg. NaCl equiv.) Avg.
L+V 6 156-221 186.3 2.45-7,85 4.84
s10 Qtz+Ccp+Py Quartz (-1.3t0-4.9)
V+L 2 186-218 202 2.24-7.80 53
L+V 5 126-212 169.8 2.10-7.80 4.62
s6 Qtz+Ccp+Spec+Py Quartz (-1.1 to -8.0)
V+L 1 201 201 2.9 29
L+V 11 160-270 200.8 1.90-7.80 445
s17 Qtz+Ccp Quartz (-1.2t0-7.1)
V+L 1 219 219 2.07 2.07
L+V 17 116-210 169.4 3.38-9.09 53
s13-1 Qtz+Ccp+Py Quartz (-1.3 t0 -6.0)
V+L 3 198-216 204.6 2.24-7.80 431
L+V 7 128-215 171.4 2.24-7.93 571
bhl6 Qtz+Ccp Quartz (-1.3t0-5.1)
L+V 9 153-218 187.8 2.10-10.43 4.96
s19 Qtz+Ccep Quartz (-1.7 to -5.0)
V+L 2 212-182 197 5.15-8.45 6.8
L+V 7 163-232 197.7 2.92-8.50 5.26
s18 Qtz+Ccp+SpectPy Quartz (-1.2t0-3.2)
V+L 1 195 195 7.3 7.3
L+V 5 126-212 169.8 2.10-7.80 4.62
sl Qtz+Ccep Quartz (-0.5 to -4.3)
V+L 1 201 201 2.9 29
L+V 4 212-280 257.5 4.82-10.87 8.1
bhl Qtz+Ccp+Py Quartz (-2.9t0-7.3)
V+L
L+V 11 142-290 228.6 2.07-11.69 7.39
s13 Qtz+Ccpt+SpectPy+Chal  Quartz (-1.2t0-8.1)
V+L 2 186-239 212.5 8..13-11.68 9.9
L+V 7 120-180 152.4 2.08-5.29 331
bh2 Qtz+Ccp+Py Quartz (-1.0t0 -3.2)
V+L 2 123-138 130.5 1.74-4.69 321
L+V 10 135-217 178.2 2.24-7.80 4.13
s12 Qtz+Ccp+SpectPy Quartz (-1.3t0-5.0)
V+L 3 198-219 210.3 3.06-5.24 431
L+V 7 132-198 173.5 2.24-6.70 4.85
sl4 Qtz+Ccp+Spec+Py Quartz (-1.3t0-4.2)
V+L 1 163 163 4.48 4.48
L+V 9 160-229 195 1.90-7.39 4.15
sl5 Qtz+Ccp+Spec+Py Quartz (-1.1t0 -5.0)
V+L 1 218 218 7.8 7.8
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Figure 16. Diagram for determining the density of fluid inclusion based on (Zhang and Frantz.,

1987). A) Determining the density based on mineralization type. B) determining the density based
on phases type. Qtz, quartz; S Hem, specular hematite; Ccp, chalcopyrite; Py, Pyrite.
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Figure 17-A) Estimation of depth and pressure for fluid based on (Fournier, 1999). B) Determination
of the complex effective in transporting ore-forming elements in the area based on (Pirajno, 2009).

Qtz, quartz; S Hem, specular hematite; Ccp, chalcopyrite; Py, Pyrite.
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Figure 18-A) Homogenization temperature versus salinity diagram for fluid inclusions in the study

area to identify the origin of mineralizing fluids (Beane, 1983). B) Homogenization temperature

(Th) versus salinity for fluid inclusions contained in quartz from South of Mamoniyeh area. Typical

ranges of fluid inclusions from porphyry, epithermal and MVT deposit types (Wilkinson, 2001).

Qtz, quartz; S Hem, specular hematite; Ccp, chalcopyrite; Py, Pyrite.
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Table 4. Comparison of some features of mineralization in the south of Mamoniyeh area with low sulfidation epithermal deposits from Iran

and the world.

Tectonic Cenedeally Metal hypogene ore  Gangue Fluid
eposits ocation assiiication - related igneous 1cal host rocks . eposit style . . eration ) eterences
Deposits  Location  Classificati lated ig pical host rock: Deposit style Y PO% S Alterati Ref
setting rock signature minerals mineral characteristics
Magmatic arc Velcnrsu::i:oel:nm]e‘s‘ Pyrite, Silicification,
South of 8! Quartz Andesitic tuff and ’ chalcopyrite, Quartz, sericitization, 1142-290 °C,
South of . Low related to . N N colloform, N PR Lo .
. Mamoniyeh, . . monzodiorite, andesite, rhyolite, Cu . L bornite, specular  calcite, illite, propylitic, and 0.88-11.52 wt This study
Mamoniyeh sulfidation subduction PP . disseminations, " . s .
Iran Granodiorite, Gabbro and rhyodacite N hematite and tourmaline chloritization, % NaCl equiv
(UDMA) residual, skeletal, N C e .
magnetite kaolinitization
cokade
. . . Pyrite, Silicification,
Magmatic are Quartz Andesitic tuff and Veins or velnlets, . pvrite, sericitization, 134-338 <C, )
Low related to . N . crustiform, . Quartz, e Zamanian et
Rangraz N Saveh, Iran . ; monzodiorite andesite, rhyolite, Cu bornite, specular : i propylitic, and 3.55-16.89 wt
sulfidation subduction . . coL colloform, . calcite, barite Tl . . al, 2021
intrusive rocks and rhyodacite . L hematite and chloritization, % NaCl equiv
(UDMA) disseminations N PN
magnetite Kaolinitization
. e Chalcopyrite,
. Magmaticare .1 ojaline Andesitic tuff, pyrite, bornite, Phyllic, argilic, 1840-385 C, Fazli et al.,
g . Northest Intermediate related to c Andesite, . . . Quartz, o o0 M
Narbaghi . . diorite to . Cu-Ag Vein, veinlet sphalerite, . propylitic, 12.5-28 wt% 2019; Fazli,
Saveh, Iran sulfidation subduction - ite, " calcite e .
(UDMA) ite diorite tennantite, tourmalinisation NaCl equiv 2015
tetrahederite
Pyrite,
N arsenopyrite, Silicic, carbonate,
. Magmatic are High-K calcalkaline . alloclasite, Qu.al:tz, argilic and 148372 C, Rajabpour
Northest High related to L. Andesitie, . " N sericite, -
Kuh-Pang N N shoshonitic N Cu Vein, breccia chalcopyrite, N advanced argilic, 1.1-12.5 wt% etal., 2017,
Saveh, Iran sulfidation subduction N rhyodacite . calcite, clay . e .
series chalcocite, N sericitic, NaCl equiv 2018
(UDMA) P . minerals o
digenite, carollite, propylitic
bornite
Magmatic are Pyroxene andesite. Pyrite 1752-324 C. Mehvari
SW Naein, Low related to - Y o . . ¥ - Quartz, Silicification, o R
Kalchoyeh . . Diorite rocks trachyandesite, Cu-Au Vein, veinlet chalcopyrite, . N .. 0.1-9.1 wt% et al., 2010;
Iran sulfidation subduction s : . calcite, barite propylitic . N
(UDMA) lithic tuff galena, magnetite NaCl equiv Sameti, 2020
Andesite,
Magmatic arc Quar N i Vein, stockwork Propylitization,
Kerman s grano-diorite, and > Chalcopyrite, Pyl N 146°-366 °C, .
. . Low related to . . . and rare N . Quartz, phyllic, and Alipour-Asll,
Govin province, SE Lo N diorite and basaltic andesite Cu-Au . L pyrite, bornite, N N i N 2.47-15.96 wt
sulfidation subduction o disseminatian . calcite, barite argillic associated . 9
Iran quartz-diorite lava and tuff, and galena, sphalerite S N % NaCl equiv
(UDMA) N and replacement with silicification
stocks lesser subvolcanic
dikes and stocks
Galena,
Diorite Open-space (estl:l;zllll:;:i?e Quartz, Calcite, Propylitic, sericite,
-~ Western " High-K porphyry pen-sp L - » Lropyltic, i 2380-345 °C,
Milin . Intermediate . Trachybasalts, veins, tennantite, dolomite, argillic, and o Sabeva et al.,
Srednogorie, . calcalkaline stocks and L Au-Ag-Cu N N N N S o 3.7-6.6 wt%
Kamak . sulfidation . andesitic K, pyrite, . 2017
Bulgaria arc porphyrytic . P - N . NaCl equiv
basalt dykes Dissemination chalcocite, barite argillic

bornite, covellite,
Native gold,

oy
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Continued from Table 4. Comparison of some features of mineralization in the south of Mamoniyeh area with low sulfidation epithermal

deposits from Iran and the world.

Genetically

q q Aoy Tectonic q q Metal o hypogene ore  Gangue q Fluid
Deposits  Location  Classification . related igneous Typical host rocks . Deposit style P .g A S Alteration o] References
setting - signature minerals mineral characteristics
Cristobalite
—smectite—kaolinite
Electrum, zone
. (zone I),
o . naumannite, Ag- .
Extensional . . smectite—quartz—
- . Veins showing Se-Te sulfide N .
structures and Diorite Basaltic N Adularia, kaolinite 2
s Western Java, Low . . N N colloform— minerals, 170--220° C, <1 Harijoko
Cibaliung : . bimodal intrusion & andesite rocks Au-Ag 3 3 quartz, clay  zone (zone II), o .
Indonesia sulfidation . . crustiform chalcopyrite, N . wt% NaCl equiv et al., 2007
volcanism at rhyolite plugs and tuff " minerals mixed layer
. textures pyrite,
magmatic arc ! clay zone (zone
sphalerite and
alena 11I), and
8 Kaolinite—dickite—
nacrite
zone (zone A)
Chalcopyrite,
Lago Low Cretaceous Andesite,basaltic pyrite, galena, Quartz, Adularia-sericite 180°-325° C, 1.7-4.2 Lanfranchini
Font%ma SW Argentina sulfidation calc-alkaline  hypabyssal intrusions andesite rocks Au-Ag-Cu Vein, veinlet hematite, calci lc‘ ropylitic, ar illi:: wt% etal.,
magmatism , tuff and sand stone chalcocite, native propyliic, arg| NaCl equiv 2013
Au-Ag
. Neoproterozoic . ) Clu'alcopyrlte, .  184--3790C,04-7.6
. Low Monzogranite, basement and L. . stratoid,lens, vein, pyrite, galena, Quartz, Adularia-sericite, o, Zhong et al.,
Yueyang SE China . . N . Granitic batholith Ag-Au-Cu " . . N . wt%
sulfidation granite batholite Cretaceous volcanic veinlet bornite, chalcocite, calcite,apatite carbonate NaCl equiv 2017

rocks

native Au-Ag
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