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EXTENDED ABSTRACT

Introduction

The Urumieh-Dokhtar magmatic arc is a significant
metalliferous province in Iran that hosts numerous
Cu-Mo (Au) porphyry deposits (i.e., Sar Cheshmeh,
Meiduk, Darreh-Zar, Chah-Firouzeh, Sarkuh, lju,
Aliabad, Kahang, and Dalli; Mclnnes et al., 2003;
Zarasvandi et al., 2005; Taghipour et al., 2008; Ayati
et al., 2013; Mirnejad et al., 2013; Aghazadeh et al.,
2015; Alirezaei et al., 2017; Mohammaddoost et al.,
2017; Golestani et al., 2018; Aliyari et al., 2020;
Shafiei Bafti et al., 2022; Mohammaddoost et al.,
2023) and epithermal precious and base metal (e.g.,
Sari Gunay, Touzlar, Chah Zard, Ay Qalasi,
Milajerd, Chah-Mesi, and Govin; Richards et al.,
2006; Kouhestani et al., 2012; Heidari et al., 2015;
Kouhestani et al., 2015; Mohammadi Niaei et al.,
2015; Kouhestani et al., 2017; Alipour-Asll, 2019;
Zamanian et al., 2020; Altenberger et al., 2022)
deposits. The Mardabad-Bouinzahra volcanic belt is
located on the northern margin of the Urumieh-
Dokhtar magmatic arc. This volcanic belt hosts
several Manto-type Cu, and epithermal Au and Pb-
Zn-Cu polymetallic deposits/occurrences like as
Atash-Anbar, Lak, Deh-Bala, Ipak, Kuh-e Jarou,
Rudak, Ghomoshlou, Ghomoshdash, Qezel-Ahmad,
Bidestan, Afshar-Abad, Boujafar, Guilan-Darreh,
Ramand, Hajib, Chalambar, and Kourcheshmeh
(Habibi, 2007; Goodarzi, 2012; Ebrahimi, 2016;
Yousefi et al., 2017; Tale Fazel et al., 2022a; Tale
Fazel et al., 2022b; Khanahmadlou, 2023). Eocene
volcanic and volcaniclastic rocks generally host
these deposits and are temporally/spatially
associated with middle Eocene intrusions (Kazemi et
al., 2022).

Kourcheshmeh Pb-Zn-Cu deposit is 40 km
southwest of Takestan, Qazvin province, and part of
the Mardabad-Bouinzahra volcanic belt. Despite the
presence of ancient and new mining activities in the
Kourcheshmeh area, no comprehensive studies have
been conducted on the geology, mineralogy,
geochemistry, and genesis of the Kourcheshmeh
deposit. In this contribution, we investigate the
detailed geology, mineralogy, structure and texture,
geochemistry, and alteration styles of the
Kourcheshmeh deposit to constrain its ore genesis
and mineralization evolution. These outcomes might
be useful for the regional exploration of epithermal

base and precious metal deposits in the Mardabad-
Bouinzahra volcanic belt and other parts of the
Urumieh-Dokhtar magmatic arc.

Materials and Methods

During the fieldwork conducted on the
Kourcheshmeh deposit, the following activities were
carried out:

- Preparation of a geological map, scale 1:5000, of
the Kourcheshmeh deposit.

- Collect approximately fifty samples from rock
units, ore veins, and breccias.

- Examination of seven thin sections and eighteen
polished thin sections using a transmitted and
reflected polarized light microscope in the
University of Zanjan, Zanjan, Iran, laboratory.

- Analysis of the chemical composition of ore
samples (n = 28) and fresh and barren host rocks (n
= 2) at the Zarazma Analytical Laboratories, Tehran,
Iran, using XRF and ICP—MS methods.

Results and Discussion

The rock units outcropped in the Kourcheshmeh
deposit  comprise  the  Fajan  Formation
(conglomerate), Zyarat Formation (nummulitic
limestone), Eocene volcanic (basalt, andesitic basalt,
basaltic andesite, and megaporphyritic andesite) and
volcaniclastic (intermediate crystal lithic tuff, and
acidic crystal to lithic crystal tuff) strata, and Eocene-
Oligocene (dacite, rhyodacite, rhyolite, and acidic
tuff) sequence. The intrusive rock in the
Kourcheshmeh area includes the middle Eocene
(Kazemi et al., 2022) pyroxene quartz monzodiorite
that cut the Eocene volcanic sequences.
Mineralization at Kourcheshmeh occurred as Pb-Zn-
Cu-bearing quartz veins within the Eocene tuff and
lava sequence and is covered by a 3 m thickness of
intermediate argillic alteration. The main ore vein
has an N100E/70-80NE trend, 70 to 200 meters long,
and 0.5 to 2 meters thick. Hydrothermal alteration
includes silicification, intermediate  argillic,
carbonate, and propylitic alteration; the first three are
directly linked to base metal mineralization. Pyrite,
chalcopyrite, galena, sphalerite, tennantite-
tetrahedrite, minor pyrolusite, and psilomelane, are
the main ore minerals at Kourcheshmeh. Quartz,
calcite, siderite, barite, and sericite-illite are gangue
minerals. Goethite, cerussite, smithsonite, malachite,
and covellite are formed by supergene processes. The
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ore minerals formed as disseminated, vein-veinlets,
brecciated, comb, crustiform, colloform, plumose,
and vug-infill textures. The mineralization processes
at the Kourcheshmeh deposit can be divided into six
stages, as follows:

Stage 1: Silicification of host rocks with negligible
disseminated pyrite.

Stage 2: Quartz vein-veinlets and breccias that
comprise mutable volumes of disseminated pyrite,
chalcopyrite, galena, sphalerite, and minor
tennantite-tetrahedrite. This stage is where Pb-Zn-Cu
mineralization occurs.

Stage 3: Barite vein-veinlets.

Stage 4. Carbonate (calcite and siderite) and minor
manganese ores (psilomelane, pyrolusite, braunite)
as veinlets and vug-infill.

Stage 5: Barren post-ore stage represented by calcite
vein-veinlets.

Stage 6: Supergene processes

The Chondrite—normalized trace elements and REE
patterns of ore samples, pyroxene quartz
monzodiorite body, and fresh host acidic crystal tuff
are comparable and show that host rocks are possibly
engaged in mineralization. These patterns are almost
similar for different ore samples, which can indicate
the same mineralization system formed them.
Characteristics of the Kourcheshmeh Pb-Zn-Cu
deposit are similar to the intermediate-sulfidation
type of epithermal deposits.
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Fig. 3. A: A view of the alternation of the tuff, tuffite, and shale layers (E* unit) covered by the basic to acidic lavas and
intermediate tuffs (E** unit), looking southwest, B: A view of alternation of the tuff, tuffite, and shale layers (E" unit),
lithic tuff and sandy tuff (E® unit), and andesite lavas (E*" unit), looking northeast, and C: A view of the location of the
pyroxene quartz monzodiorite intrusion (qmz) within the basic to acidic lavas and intermediate tuffs (E** unit), looking to
the north
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Fig. 4. Photomicrographs (transmitted crossed—polarized light, XPL) of mineralogy and texture of the rock units in the
Kourcheshmeh deposit. A: Fractured and angular crystals of plagioclase, quartz, and alkali feldspar within the calcite matrix in
the acidic crystal tuff to lithic crystal tuff unit, B: Plagioclase phenocrysts along with vugs infilled by chlorite and quartz form
an amygdaloidal texture in the andesite lavas, C: Chloritized clinopyroxene phenocryst within the fine-grained matrix in the
basaltic andesite lavas, D and E: Porphyry texture comprises plagioclase and clinopyroxene phenocrysts within the fine-grained
matrix in the andesitic basalt lavas, F: Porphyry texture composed of clinopyroxene and plagioclase phenocrysts within the fine-
grained matrix in the basalt lavas, G: Lava fragments along with plagioclase phenocrysts within the calcitic and fine-grained
matrix in the intermediate crystal lithic tuffs, H: Chloritized clinopyroxene phenocryst within the pyroxene quartz monzodiorite
body, and I: Quartz, alkali feldspar, and plagioclase phenocrysts within the pyroxene quartz monzodiorite body. Abbreviations
after Whitney and Evans (2010) (Afs: alkali feldspar, Cal: calcite, Chl: chlorite, Cpx: clinopyroxene, L: rock fragments, Opg:
opaque mineral, Pl: plagioclase, Qz: quartz).
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Fig. 5. Field and hand specimen photographs of the mineralized vein in the Kourcheshmeh deposit. A: A view of the main ore
vein that cut its host Eocene tuff-lava sequence and is covered by intermediate argillic alteration (Int. Arg. Alt.) halo, looking to
the east, B: View of breccia texture with silica-sulfide cement of the ore in hand specimen, C: View of crustiform texture of the
ore comprised of silica, barite, and carbonate parts in hand specimen, D and E: Views of galena (D and E) and smithsonite (E)
mineralization in hand specimen. Abbreviations after Whitney and Evans (2010) (Car carbonate, Brt: barite, Gn: galena, Lith:
rock fragment, Qz: quartz, Smt: smithsonite).
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Fig. 6. Photomicrographs (transmitted crossed—polarized light, XPL) of hydrothermal alteration types in the Kourcheshmeh
deposit. A and B: Silica alteration as vein-veinlets (A) and hydrothermal breccia cement (B), C and D: Intermediate argillic
alteration as alteration of plagioclase to sericite-illite in the lava units, E-G: Carbonate alteration as calcite-quartz hydrothermal
breccia cement (E), vug infill (F) and late calcite veinlets (G), H and I: Alteration of plagioclase and mafic minerals to calcite
and chlorite in the propylitic alteration in the lava units. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Chl:
chlorite, Gn: galena, Qz: quartz, Ser: sericite, Vug: open space).
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Fig. 7. Photomicrographs (I in transmitted crossed—polarized light, XPL, and the rest in reflected light) of the ore
mineralogy and texture in the Kourcheshmeh deposit. A: Subhedral pyrite crystal with alteration to goethite, B: Pyrite
inclusions within chalcopyrite, C: Intergrowth of pyrite and chalcopyrite. Chalcopyrite shows alteration to goethite, D
and E: Intergrowth of galena and sphalerite. Alteration of galena to cerussite and sphalerite to smithsonite are also
observed,

F: Sphalerite and chalcopyrite inclusions within galena, G: Tennantite-tetrahedrite inclusions within galena, H:
Intergrowth of pyrolusite and psilomelane along with goethite with colloform texture, and I: Smithsonite with vug infill
texture. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Ccp: chalcopyrite, Cer: cerussite, Gn: galena, Gth:
goethite, Ps: psilomelane, Py: pyrite, Pyr: pyrolusite, Qz: quartz, Smt: smithsonite, Sp: sphalerite, Tnt-Ttr: tennantite-
tetrahedrite).
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Fig. 8. Photomicrographs (transmitted crossed—polarized light, XPL) of gangue minerals and textures in the Kourcheshmeh
deposit. A: Quartz with comb texture, B: Cockade texture of quartz developed around the tuff fragment, C: Crustiform
texture of quartz, D and E: Plumose texture of coarse-grained quartz crystals, F and G: Radial crystals of barite. H and I:
Siderite with vug infill texture that is cut by late calcite veinlets. Abbreviations after Whitney and Evans (2010) (Brt: barite,
Cal: calcite, Lith: rock fragment, Gn: galena, Qz: quartz, Sd: siderite, Vug: open space).
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Fig. 9. Mineralization stages in the Kourcheshmeh deposit. A: Stage 1 mineralization as silicification of the host rock, B:
Stage 1 breccia clasts (dark parts) within the stage 2 silica-sulfide cement. Stage 3 veinlet that crosscut stage 2
mineralization, is also observed, C: Stage 3 barite veinlets, D: Breccia clasts of stage 2 (dark parts) within barite veins of
stage 3 mineralization, E: Brecciation of barite veinlets of stage 3 mineralization by stage 4 calcite-siderite veinlets, F and
G: Stage 4 calcite-siderite veinlets crosscut stage 2 quartz-sulfide and stage 3 barite veinlets, and, in turn, cut by stage 5
calcite veinlets. Abbreviations after Whitney and Evans (2010) (Brt: barite, Gn: galena).
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Fig. 10. Paragenetic sequences showing the structure and texture of ore at the Kourcheshmeh deposit
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Table 1. ICP-MS data (ppm) of ore samples and host rocks from the Kourcheshmeh deposit.

Ag As Ba Cd Ce Cs Cu Dy Er Eu
D.L. 0.1 0.5 1 0.1 0.5 0.5 1 0.1 0.1 0.1
K-3 1.6 8.4 1307 2.2 42 15 23 4.2 2.6 1.43
K-7 0.9 25 663 1.9 46 2.1 28 3.2 1.6 11
K-20 198.3 69.9 1081 496.4 8 1.2 3732 0.9 0.5 0.55
K-31 275 12.7 186 216.4 23 35 812 3.1 1.6 0.72
K-32 197.3 78.7 522 269.2 7 1.3 2784 0.9 0.4 0.21
K-33a 82.7 15.3 2506 10.6 11 11 694 1.6 0.7 0.66
K-33b 20.1 5.8 8881 5.2 9 0.7 264 11 0.6 0.5
K-34 1.1 12.6 898 11 11 0.6 1005 29 1.7 2.38
K-35 44 314 734 2.8 6 1 2369 1 0.4 6.12
K-36 1058  40.9 1811 60.1 20 2.3 500 1.6 1 1.07
Gd Hf La Lu Mn Mo Nb Nd P Pb
D.L. 0.05 0.5 1 0.1 5 0.5 1 0.5 10 1
K-3 3.72 3.4 20 0.4 633 0.9 7.2 20.1 588 614
K-7 3.58 1.8 25 0.2 500 <0.5 10 23.6 816 612
K-20 1.09 0.6 2 <0.1 369 112.7 11 2.6 162 >30000
K-31 2.74 14 10 0.2 1919 10.3 2 13.8 380 10884
K-32 1.08 <0.5 2 <0.1 379 37 <1 2 141 >30000
K-33a 1.75 <0.5 5 <0.1 740 47 13 5.7 109 536
K-33b 1.4 <0.5 4 <0.1 389 19.2 1 4 77 6247
K-34 2.2 <0.5 5 0.2 5018 1.2 <1 7.6 93 329
K-35 1.12 <0.5 2 <0.1 1198 1.1 <1 2.3 96 970
K-36 1.73 15 10 0.2 175 11.9 1.3 7.4 422 >30000
Pr Rb S Sb Sc Sm Sr Ta Th Th
D.L. 0.05 1 50 0.5 0.5 0.1 1 0.1 0.1 0.1
K-3 5.16 116 684 3.8 11.3 4.9 373.1 0.8 0.3 14.4
K-7 5.76 56 1292 5.7 5.4 3.9 3375 11 0.2 7.6
K-20 0.44 23 21024 74.5 2 0.9 187.6 0.3 <0.1 1.6
K-31 2.96 64 2503 18.8 6 24 55 0.3 0.2 4.4
K-32 0.35 24 16635 83.7 14 0.2 231.3 0.3 <0.1 1.4
K-33a 1.21 15 7627 324 1.9 1.4 3892.7 0.3 <0.1 1.3
K-33b 0.8 13 4780 16.8 0.6 1 4763.2 0.3 <0.1 1
K-34 1.57 12 2379 8.6 9.7 41 1707.8 0.3 0.1 1
K-35 0.41 15 3114 5.2 4.6 9.6 227 0.3 <0.1 1
K-36 1.81 54 6223 334 4.3 2.2 140.3 0.3 <0.1 4
Ti Tl Tm U \Y W Y Yb Zn Zr
D.L. 10 0.1 0.1 0.1 1 1 0.5 0.5 1 5
K-3 3029 0.6 0.4 44 93 24 19.7 231 462 84
K-7 2530 0.3 0.2 1.6 54 2.8 11.2 1.39 253 55
K-20 333 0.2 <0.1 1 15 <1 1.3 0.18 >30000 14
K-31 1908 0.4 0.2 2.1 56 <1 13.3 1.16 4782 43
K-32 162 0.2 <0.1 0.9 28 <1 0.7 0.08 >30000 8
K-33a 185 0.2 0.1 0.6 9 8.2 45 0.37 776 7
K-33b <10 <0.1 <0.1 0.4 2 2.1 2.7 0.2 358 <5
K-34 <10 0.1 0.3 1.9 45 1.2 10.1 1.74 379 <5
K-35 78 0.1 <0.1 0.9 22 <1 1.4 0.29 840 <5
K-36 1774 0.3 0.2 2.2 48 <1 4.7 0.82 >30000 50

K-3: Px-Qz monzodiorite; K-7: Acidic crystal tuff, K-31: Silicified acidic crystal tuff (Stage 1); K-20, K-32,
K-35 and K-36: Qz-sulfide veins (Stage 2); K-33a and K-33b: Brt veins (Stage 3); K-34: Car-Mn veins (Stage 4)
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Table 2. ICP-MS data (ppm) of ore samples from the Kourcheshmeh deposit

Ag Al As Cu Fe P Pb S Sb Zn
K-40 7.1 23787 10.9 16398 39494 387 16 584 24.7 140
K-41 25.6 1085 301 6817 39246 106 11945 1352 361 7054
K-42 69.4 2498 109 6869 22667 258 1814 822 438 412
K-43 135 1231 1398 8445 11341 201 24444 1467 923 1251
K-44 23.1 1935 164 2360 24811 169 8465 731 448 4048
K-45 47.1 58011 35 20557 43644 269 16 803 0.87 188
K-46 0.5 4386 245 1774 62719 119 107 2755 1.48 301
K-47 0.88 3273 3.2 439 32617 232 1142 888 1.22 2827
K-48 0.47 1069 275 3678 72488 158 129 961 15.6 164
K-49 0.51 27288 2.2 4230 23459 334 4 68 0.76 86
K-40 to K-45: Qz-sulfide veins (Stage 2); K-46 to K-49: Brt veins (Stage 3)
acdi ) S 5Ll s &S Sad ged (559 42 3) XRF 4 25 slaosls ¥ Ju
Table 3. XRF data (wt.%) of ore samples from the Kourcheshmeh deposit
Si02 TiO2 FeOt MnO MgO CaO BaO K20 POs SO:3 Cu Pb Zn
DL. 005 005 005 005 005 005 005 005 005 005 005 0.05 0.05
K-50 4271 0.17 35 0.2 034 1082 301 09 012 727 035 1473 045
K-51 4189 0.18 093 0.06 022 953 401 104 0.08 72 0.06 956 345
K-52 5696 053 479 012 239 436 <005 167 005 0.07 0.75 <0.05 <0.05
K-53 68.34 0.16 327 033 016 1272 <0.05 094 <005 022 037 162 0.13
K-54 7078 0.05 201 021 <005 776 009 04 <005 039 017 27 0.18
K-55 59.43 0.12 111 0.1 0.18 1558 177 066 <0.05 132 024 19 0.05
K-56 9037 009 314 01 <005 118 025 057 <005 041 083 015 0.06
K-57 19.07 <0.05 319 0.29 011 16.15 1576 028 <0.05 879 035 946 0.06
K-58 2827 008 055 <0.05 <0.05 168 1358 053 <0.05 11.01 0.06 242 479
K-59 2734 01 274 021 026 1922 95 067 <005 735 054 1201 0.24

K-50 to K-56: Qz-sulfide veins (Stage 2); K-57 to K-59: Brt veins (Stage 3)

a5 S LS s &JK&&&,& G oY) sladsd t;tg}ie&wbu)ﬂu@%‘y £ Jyv
Table 4. Elemental correlation coefficient (calculated based on Tables 1, 2 and 3) for ore samples at the Kourcheshmeh

deposit.
Ag As Ba Cu Mn Pb S Sh Zn
Ag 1
As 0.35 1
Ba -0.30 -0.02 1
Cu 0.06 0.21 0.07 1
Mn -0.41 -0.36 0.07 0.12 1
Pb 0.87 0.33 0.79 -0.19 -0.12 1
S 0.83 0.02 0.84 -0.20 -0.16 0.92 1
Sh 0.32 0.88 -0.33 0.20 -0.35 0.27 -0.13 1
Zn 0.79 -0.05 0.27 -0.25 -0.41 0.59 0.63 -0.06 1
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Fig. 11. Correlation chart of ore-forming elements for ore samples at the Kourcheshmeh deposit
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Fig. 12. A: Chondrite—normalized (Thompson, 1982) rare elements pattern for the ore samples, pyroxene quartz monzonite
body, and barren host acidic crystal tuff in the Kourcheshmeh deposit, and B: Chondrite—normalized (Boynton, 1984)
REE pattern for the ore samples, pyroxene quartz monzonite body, and barren host acidic crystal tuff in the Kourcheshmeh

deposit.
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Fig. 13. A: Loss and gain histogram of rare elements of ore samples in the Kourcheshmeh deposit that normalized against
pyroxene quartz monzonite body (sample K-3, Table 1), and B: Loss and gain histogram of rare elements of ore samples
in the Kourcheshmeh deposit that normalized against host acidic crystal tuff (sample K-7, Table 1).
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Fig. 14. A: Loss and gain histogram of rare earth elements of ore samples in the Kourcheshmeh deposit that normalized
against pyroxene quartz monzonite body (sample K-3, Table 1), and B: Loss and gain histogram of rare earth elements of
ore samples in the Kourcheshmeh deposit that normalized against host acidic crystal tuff (sample K-7, Table 1).
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Comparison of main characteristics of the Kourcheshmeh deposit with epithermal deposits.

Kourcheshmeh

Epithermal deposits

Low-sulfidation

Intermediate-
sulfidation

High-sulfidation

Host rock

Ore controls

Key
minerals

ore

Gangue
minerals

Hydrothermal
alteration

Ore textures

Metal
associations

References

Intermediate tuff and
lava units

Faults and fractures

Py, Ccp, Gn, Sp, Tnt-
Ttr

Qz, Cal, Sd, Brt, Ser,
11l

Silicification,
intermediate  argillic,
carbonatization,

propylitic
Vein-veinlet,
brecciated, comb,
crustiform, plumose,
colloform,  cockade,
vug infill

Pb, Zn, Cu (Ag)

Khanahmadlou
(2023), This study

Basalt-rhyolite

Andesite-rhyodacite

Extensional to strike-slip faults

Sp, Gn, Tnt-Ttr,
Ccp, Apy, Prg, Acn

Qz, Adl, non-Mn
bladed Cal, Brt, Clt,
FI

Argillic,
silicification,
carbonatization

Vein-veinlet,
colloform,
replacement,
brecciated, bladed,
crustiform

comb,

Au, Ag (Zn, Pb, Cu,
Mo, As, Sh, Hg)

Fe-poor Sp, Gn, Tnt-Ttr,
Ccp, Stb

Qz, Mn Cal, Brt

Sericitization,
intermediate,  argillic,
silicification, propylitic

Vein-veinlet, comb, vug
infill, crustiform,
cockade

Au, Ag, Pb, Zn, Cu (Mo,
As, Sb)

Arc parallel faults,
diatreme, hydrothermal
breccias

Eng, Lzn, Fmt, Cv, Dg

Qz, Alu, Anh, Brt

Sericitization,
advanced argillic,
silicification, propylitic

Vuggy Qz, vein-
veinlet, cockade, vug
infill, comb,
brecciated,

replacement

Au, Ag, Cu, As, Sb
(Zn, Pb, Bi, W, Mo, Sn,
Hg)

White and Hedenquist (1990), Cooke and Simmons (2000), Hedenquist et
al. (2000), Albinson et al. (2001), Sillitoe and Hedenquist (2003), Gemmell
(2004), Simmons et al. (2005), Andreeva et al. (2013), Saunders et al.
(2014), Wang et al. (2019)

Abbreviations: Acn: acanthite, Adl: adularia, Alu: alunite, Anh: anhydrite, Apy: arsenopyrite, Brt: barite, Cal: calcite, Ccp:
chalcopyrite, Clt: celestine, Cv: covellite, Dg: digenite, Eng: enargite, Fl: fluorite, Fmt: famatinite, Gn: galena, Ill: illite, Lzn:
luzonite, Prg: pyrargyrite, Py: pyrite, Qz: quartz, Sd: siderite, Ser: sericite, Sp: sphalerite, Sth: stibnite, Tnt: tennantite, Ttr:
tetrahedrite. Abbreviations follow Whitney and Evans (2010).
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Table 6. Comparison of main characteristics of the Kourcheshmeh deposit with some intermediate-sulfidation type of
epithermal deposits in Iran

Deposit Kourcheshmeh Atash Anbar Varmazyar Qebchaq Qomoush Tappeh
(location) (SW Takestan)  (SW Danesfahan) (N Zanjan) (NW Qarachaman) (SW Zanjan)
Strzu(;:rgléral Mardabad-Bouinzahra Tarom-Hashtjin Western Alborz Urumieh-Dokhtar

Intermediate Dacite, rhyolite Intermediate to  Tuff, lava, diorite-
Host rock tuff and lava ’ h y idic tuff uni ' bt; Acidic tuff, dacite
units porphyry acidic tuff units gabbro
Faults and Faults and Faults and Faults and
Ore controls Faults and fractures
fractures fractures fractures fractures
. Py, Ccp, Apy, Bn,
Ore minerals/ Py, Ccp, Gn, Py, Ccp, Gn, Sp, Gn, Sp, Py, Ps, Py, Ccp, Gn, Sp, Gn, Sp, Tnt-Ttr
metals Sp, Tnt-Ttr Ttr, Au, El Pyr Au
Gangue Qz, Cal, Sd, Brt,
minerals Ser, 1l Qz, Brt, Cal, Dol Qz, Ser, Cal Qz, Ser, Chl, Cal Qz, Ser, I, Cal
S S Silicification,
Silicification,  g;iiification,  Slicification, intermediate Silicification,
intermediate . intermediate i .,
Hydrothermal i argillic, L argillic, argillic,
: argillic, STIT, argillic, o S
alteration L sericitization, L carbonatization, carbonatization,
carbonatization, liti carbonatization, hloritizati liti
ropylitic propylitic oropylitic c orltlza}t!on, propylitic
P propylitic
Vein-veinlet Vein-veinlet,
. ' brecciated, Vein-veinlet,
brecciated, . . .
. . . comb, brecciated, comb, Vein-veinlet,
comb, vug infill Vein-veinlet, . : .
. . crustiform, crustiform, brecciated,
Ore textures crustiform, brecciated, .
. ; cockade, colloform, vug crustiform, vug
plumose, disseminated g Ay
plumose, vug infill, cockade, infill
colloform, R
infill, colloform, plumose
cockade
bladed
Metal Zn, Pb (As, Sb,
associations Pb, Zn,Cu (Ag) Pb, Zn, Cu (Ag) Au) Pb, Zn, Cu, Au Pb, Zn (Ag)

Sulfidation Intermediate- Intermediate- Intermediate- Intermediate- Intermediate-
state sulfidation sulfidation sulfidation sulfidation sulfidation
Khanahmadlou Tale Fazel et al. Gho(r2b§;2|)et al. Sohbatloo et al Salehi et al.
References (2023), This (2022a), Tale . ' (2011), Salehi et
study Fazel et al. (2023) Kouhestani et (2022) al. (2015)
' al. (2022) '
Abbreviations: Apy: arsenopyrite, Au: gold, Brt: barite, Cal: calcite, Ccp: chalcopyrite, Chl: chlorite, Dol: dolomite, El:
electrum, Gn: galena, IlI: illite, Ps: psilomelane, Py: pyrite, Pyr: pyrolusite, Qz: quartz, Sd: siderite, Ser: sericite, Sp:

sphalerite, Tnt: tennantite, Ttr: tetrahedrite. Abbreviations follow Whitney and Evans (2010)
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Fig. 15. A-C: Schematic representation of mineralization evolution stages at Kourcheshmeh deposit. See text for details.
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