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Tikmehdash 2 gold (Au) deposit is part of the Miyaneh-Bostan Abad
metallogenic subzone. Au mineralization occurs in Mn- and Au-bearing
guartz veins hosted by Eocene and Miocene volcanic-sedimentary
sequences. The ore veins trend northeast-southwest have NE-SW trends
and dip approximately 65-80° northwestward. They range from 30 to
500 meters in length, with thicknesses between 0.1 and 3 meters. Au
grades vary from less than 1 g/t up to 88 g/t. Pyrite, chalcopyrite, galena,
sphalerite (Fe-rich), native gold, arsenopyrite, tennantite-tetrahedrite,
psilomelane, and primary pyrolusite are ore assemblages; quartz, calcite,
and barite are gangue minerals. Supergene minerals include goethite,
malachite, secondary pyrolusite, and braunite. The ores display various
textures, such as vein-veinlets, brecciated, comb, cockade, plumose,
disseminated, crustiform, colloform, bladed, and vug infills. The
mineralization at Tikmehdash 2 can be divided into six stages, with gold
occurring predominantly during the second stage. Hydrothermal
alterations include silicification, carbonate, intermediate argillic, and
propylitic alteration. Geochemical investigations of ore samples show
weak positive correlation between base metals and Au, as well as weak
to moderate positive correlation between Au and As, Sb, and Ag. Fluid
inclusion microthermometry indicates that ore-forming fluids belong to
the high- to moderate-temperature (224-292 °C), and low- to moderate-
salinity (0.7-13.4 wt.% NaCl equiv.) H,O-NaCl system. These data
suggest that boiling and mixing processes played a key role in the
evolution of the ore-forming fluids. The characteristics of the Au
mineralization align with those of low-sulfidation epithermal deposits in
the Tikmehdash 2 deposit.
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EXTENDED ABSTRACT

Introduction

Tikmehdash 2 Au deposit is located in the Western
Alborz-Azerbaijan zone (Nabavi, 1976), forming
part of the Miyaneh-Bostan Abad metallogenic
subzone. This subzone is a prominent regional
metallogenic area in northwest Iran, hosting
numerous deposits of metallic (Cu, Mo, Pb-Zn, Au,
Mn), and non-metallic (pumice and perlite) deposits
and occurrences (see Nabatian et al., 2017; Alizadeh
et al., 2021; Sohbatloo, 2021; Hassani Soughi et al.,
2021; Jafari et al., 2002; Sohbatloo et al., 2023;
Hassani Soughi et al., 2023; Barati et al., 2023;
Jahangiryar et al., 2023). Located approximately 20
km southwest of Bostan Abad, the Tikmehdash 2 Au
deposit, is a relatively recent discovery in this
district. Despite the presence of ancient mining
activities such as filled trenches and collapsed
tunnels on Au-bearing wveins, and ongoing
exploration of Fe skarn mineralization and Au-
bearing veins in the area, the genesis of Tikmehdash
2 Au deposit remains poorly understood. This study
investigated the  geological, mineralization,
alteration, geochemical, and fluid inclusion
characteristics of the Tikmehdash 2 Au deposit to
constrain its ore genesis and mineralization style.
The results are intended to aid regional exploration
programs within the Miyaneh-Bostan Abad
metallogenic subzone and elsewhere in northwest
Iran.

Materials and methods

This research combines fieldwork and laboratory
analyses. During investigations, a geological map, at
a 1:5000 scale of the Tikmehdash 2 area was
prepared. Fifty samples were collected from various
ore veins, host rocks, and intrusive bodies. Among
these, eighteen thin and twenty-five polished-thin
sections were prepared and examined under
transmitted and reflected polarized light microscopes
at the mineralogy laboratory of the University of
Zanjan, Zanjan, lran. Additionally, 105 samples
from ore veins were analyzed for Au and other metal
contents using Fire Assay and ICP—MS techniques at
Zarazma and Novin Shimyar Analytical Laboratories
in Tehran. Fluid inclusion studies were conducted on
four doubly polished thick sections (~150 um)
containing quartz crystals from the second, and

fourth ore stages. Microthermometric measurements
were performed using a Linkam THMS600 heating—
freezing stage attached to an Olympus BX60
microscope in the fluid inclusion laboratory of
Payam-e Noor University, Tabriz, Iran.

Results and Discussion

The geological units in the Tikmehdash 2 area belong
to the Eocene and the Miocene volcano-sedimentary
strata that were intruded by early Miocene
(Kouhestani, 2025) gabbro-gabbro diorite, and
guartz diorite intrusions. The mineralization at the
Tikmehdash 2 Au deposit is predominantly hosted in
NE-SW to NW-SE trending Mn- and Au-bearing
quartz veins, which dip steeply (65-80°) to the
northwest. These veins extend from 30 to 500 meters
in length, with thicknesses ranging from 0.1 to 3
meters, and Au grades ranging from <1 to 88 g/t.
Hydrothermal alterations include silicification,
carbonate, intermediate argillic, and propylitic
alteration; among these, the first three are intimately
associate with the ore veins, whereas propylitic
alterations affect the surrounding host rocks. Mineral
assemblages include pyrite, chalcopyrite, galena, Fe-
rich sphalerite, native gold, arsenopyrite, tennantite-
tetrahedrite, psilomelane, and primary pyrolusite.
Gangue minerals are quartz, calcite, and barite.
Goethite, malachite, secondary pyrolusite, and
braunite are supergene minerals. The ores display a
variety of textures, such as vein-veinlets, brecciated,
comb, cockade, plumose, disseminated, crustiform,
colloform, bladed, and vug infillings.

Ore formation can be divided into six stages. Stage 1
is signified by the silicification of host rocks
containing minor disseminated pyrite. Stage 2 is
considered by Au-bearing quartz veins-veinlets, and
hydrothermal breccias with quartz-sulfide (pyrite,
chalcopyrite, arsenopyrite) cements with minor
barite. Stage 3 is marked by pyrite, galena, sphalerite,
and tennantite-tetrahedrite-bearing calcite veins.
Stage 4 is marked by veinlets or vug infill textures of
manganese ores (pyrolusite and psilomelane) and
quartz. Stage 5 is represented by quartz and calcite
with vein-veinlets and vug infill textures. Stage 6
corresponds to supergene processes, forming
goethite, malachite, secondary pyrolusite, and
braunite with vug infill, replacement, and residual
textures. Geochemical investigations of ore samples
reveal weak positive correlation between base metals
(Pb, Zn, and Cu) and Au, as well as weak to moderate
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positive correlations between Au and As, Sb, and Ag.
Notably, silver correlates moderately with lead,
while cadmium and zinc show positive relationships,
and gold and manganese exhibit weak correlations.

Fluid inclusion microthermometry suggests ore-
forming fluids at Tikmehdash 2 Au deposit belong to
high- to moderate-temperature (224-292 °C), and
low- to moderate-salinity (0.7-13.4 wt.% NaCl
equiv.) HxO-NaCl system. Fluid inclusion data
shows that fluid boiling and mixing were key factors
in the evolution of the ore-forming fluids at
Tikmehdash 2 Au deposit. These data specify that
estimated trapping pressure of the fluids varies from

45 to 71 bars, which corresponds to entrapment
depths of 460 to 730 m beneath the paleowater table.
Characteristics of the Tikmehdash 2 Au deposit are
similar to the low-sulfidation type of epithermal
deposits. The close spatial association between late
Miocene dacite-rhyodacite domes, and epithermal
mineralization in the Miyaneh-Bostan Abad
metallogenic subzone suggests the role of magmatic-
hydrothermal activities during late Miocene
magmatism in providing metals and ore-forming
hydrothermal fluids for this type of mineralization in
NW Iran, which should be considered in exploration
programs.
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Fig. 2. Filed photographs of rock units in the Tikmehdash 2 Au deposit. A: A view of the alternation of the tuff, and lava
layers (EY unit), looking northwest, B: A close view of contact metamorphism and skarn unit with magnetite lenses (SK
unit), C: A view of thin-bedded acidic tuff strata (M" unit), looking to the west, D: A view of ash tuff layers (PI' unit),
looking northwest, and E: A view of quartz diorite intrusion (qd unit) in the north part of the area, looking to the north.
Abbreviation after Whitney and Evans (2010) (Mag: magnetite).
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Fig. 3. Photomicrographs (transmitted crossed-polarized light, XPL) of mineralogy and texture of the rock units in the
Tikmehdash 2 Au deposit. A: Clustering of plagioclase phenocrysts in a fine-grained matrix and formation of glomeroporphyric
texture in andesitic lavas, B: Anisotropic altered garnet crystals in garnet skarns that are cut by late calcite veinlets, C: Epidote
crystals with lamellar and acicular opaque minerals within a calcite matrix in calc-silicate hornfels, D: Anisotropic garnet
crystals with some epidote in a calcite matrix in calc-silicate hornfels, E: Sericitized alkali feldspar crystals with small amounts
of plagioclase and secondary quartzes in matrix in acidic tuffs, and F: Clustering of lenticular secondary quartz crystals in a
sericitic and silicified fine-grained matrix in acidic tuffs. Abbreviations after Whitney and Evans (2010) (Afs: alkali feldspar,
Cal: calcite, Ep: epidote, Grt: garnet, Opqg: opaque mineral, Pl: plagioclase, Qz: quartz, Ser: sericite).
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Fig. 4. Photomicrographs (transmitted crossed-polarized light, XPL) of mineralogy and texture of the intrusions in the
Tikmehdash 2 Au deposit. A-D: Plagioclase and hornblende phenocrysts in a fine-grained matrix of quartz and plagioclase in
quartz diorite. In A, hornblende crystals are altered to actinolite and, in D, fresh hornblende crystals with double twinning are
also observed. E and F: Plagioclase and hornblende phenocrysts in a fine-grained matrix of quartz and alkali feldspar in quartz
diorite. In E, coarse-grained clinopyroxene crystal within hornblende, and in F, alteration of hornblende to epidote is also

observed. Abbreviations after Whitney and Evans (2010) (Act: actinolite, Cpx: clinopyroxene, Ep: epidote, Hbl: hornblende,
PI: plagioclase, Qz: quartz).
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Fig. 5. Photomicrographs (transmitted crossed-polarized light, XPL) of mineralogy and texture of the intrusions in the
Tikmehdash 2 Au deposit. A: Granular texture consisting of plagioclase crystals and hornblendes replaced by calcite in pyroxene
quartz diorite, B: Coarse-grained clinopyroxene crystals among plagioclase crystals and hornblende replaced by calcite in
pyroxene quartz diorite. Quartz crystals are found among other minerals, C: Coarse-grained clinopyroxene crystals altered to
actinolite, along with plagioclase and hornblende crystals that altered to chlorite and calcite in the pyroxene quartz monzodiorite.
Some small quartz and alkali feldspar crystals are also observed, D: Coarse-grained clinopyroxene crystals with plagioclase and
hornblendes that altered to calcite in pyroxene quartz monzodiorite. Some small quartz and alkali feldspar crystals are also
observed, E and F: Granular texture consisting of actinolitic clinopyroxene and plagioclase crystals in pyroxene quartz
monzogabbro. Fine-grained quartz crystals are observed among them. In F, ophitic texture is also observed. Abbreviations after
Whitney and Evans (2010) (Act: actinolite, Afs: alkali feldspar, Cal: calcite, Cpx: clinopyroxene, Hbl: hornblende, PI:
plagioclase, Qz: quartz).
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Fig. 6. Satellite image and field photographs of the location and condition of ore veins in the Tikmehdash 2 Au deposit. A:
Location of Au-bearing silica veins (yellow lines) on the Satellite image, B: A view of Mn- and Au-bearing silica veins and
their intermediate argillic alteration halos within exploration-extraction trenches of iron skarn mineralization of the Block A in
the northern part of the area, looking to the west-northwest, C: A Close view of fragments of Au-bearing silica veins with
manganese oxides of the Block A in the northern part of the area, D and E: Views of ancient mining activities (yellow arrows)
on the number 1 Au-bearing vein in the Block B in the southern part of the area, looking to the south, northeast, respectively,

and F: A view of number 4 Au-bearing vein in the Block B in the southern part of the area, looking to the south. Abbreviations
after Whitney and Evans (2010) (Mn ore: manganese ore, Qz: quartz).
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Fig. 7. Photomicrographs (transmitted crossed-polarized light, XPL) of hydrothermal alteration types in the Tikmehdash 2 Au
deposit. A and B: Quartz with vein-veinlets (A) and hydrothermal breccia cement (B) textures in silica alteration, C and D:
Calcite with bladed (C), and colloform (D) textures in type 1 carbonate alteration, E: Calcite with vug infill texture in type 2
carbonate alteration, F and G: Sericite in intermediate argillic alteration, H and I: Alteration of plagioclase to epidote (H), and
calcite (1) in propylitic alteration. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Ep: epidote, L: lithic fragment,
PI: plagioclase, Qz: quartz, Ser: sericite, Vug: open space).
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Fig. 8. Photomicrographs (reflected light) of the ore mineralogy and texture in the Tikmehdash 2 Au deposit. A: Subhedral
fine-grained disseminated pyrite crystals, B: Coarse-grained anhedral pyrite crystal altered to goethite, C: Fine-grained
anhedral chalcopyrite crystal, D: Coarse-grained anhedral galena crystal with chalcopyrite, and tennantite-tetrahedrite
inclusions, E: Fine-grained chalcopyrite inclusions within sphalerite, and F—H: Intergrowth of pyrite, galena, and
sphalerite. In G, tennantite-tetrahedrite inclusions within galena are also observed. Abbreviations after Whitney and Evans
(2010) (Ccp: chalcopyrite, Gn: galena, Gth: goethite, Py: pyrite, Sp: sphalerite, Tnt-Ttr: tennantite-tetrahedrite).
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Fig. 9. Photomicrographs (H in transmitted crossed-polarized light, XPL, and the rest in reflected light) of the ore
mineralogy and texture in the Tikmehdash 2 Au deposit. A and B: Free Au inclusions within quartz, C: Fine-grained
arsenopyrite crystals, D and E: Primary pyrolusite and psilomelane with colloform and banded textures. Alteration to
braunite is observed in both photos, F: Alteration of primary pyrolusite and psilomelane crystals into braunite and
secondary pyrolusite, G: Secondary pyrolusite veinlet, and H: Malachite with vug infill texture. Abbreviations after
Whitney and Evans (2010) (Apy: arsenopyrite, Au: free gold, Br: braunite, Mlc: malachite, Ps: psilomelane, Pyrl: primary
pyrolusite, Pyr2: secondary pyrolusite, Qz: quartz, Vug: open space).
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Fig. 10. Photomicrographs (transmitted crossed-polarized light, XPL) of gangue minerals and textures in the Tikmehdash
2 Au deposit. A: Quartz with comb texture, B: Coarse-grained quartz crystals with vug infill and cockade textures, C and
D: Cockade texture of quartz developed around the tuff fragments, E: Colloform texture of quartz, F and G: Plumose
texture of coarse-grained quartz crystals. In F, colloform texture is also observed, H and I: Coarse-grained euhedral barite

crystals. Abbreviations after Whitney and Evans (2010) (Brt: barite, Cal: calcite, L: tuff fragment, Qz: quartz, Vug: open
space).
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Fig. 11. Hand specimen and microscopic (transmitted crossed-polarized light, XPL) photographs of mineralization stages
in the Tikmehdash 2 Au deposit. A and B: Stage 1 mineralization as silicification of the host rock that crosscut by stage 2
quartz-sulfide veinlets. In A, stage 2 quartz-sulfide veinlets are, in turn, cut by stage 4 quartz-Mn oxide veinlets (yellow
arrows), C: Stage 3 sulfide-bearing calcite vein that crosscut the stage 2 quartz-sulfide vein, D-H: Stage 4 quartz-Mn
oxide veinlets that crosscut stage 1 silicified rock, and stage 2 quartz-sulfide veinlets. In E, stage 2 breccia fragments can
be observed within the stage 3 hydrothermal breccia cements, and I: Stage 5 quartz veinlets that crosscut stage 2 quartz-
sulfide veinlets. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Qz: quartz, Sp: sphalerite, \Vug: open space).
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Fig. 12. Mineralization stages and paragenetic sequences of ore and minerals at the Tikmehdash 2 Au deposit
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Table 1. Fire-Assay data (ppm) of ore samples from the Tikmehdash 2 Au deposit

Sample Number Au Sample Number Au Sample Number Au
Zarazma Labs Novin Shimyar Labs
TK-01-ZA 0.35 TK-27-ZA 2.48 TK-04-NSH 12.14
TK-02-ZA 3.36 TK-28-ZA 84.98 TK-05-NSH 1.65
TK-03-ZA 0.98 TK-29-ZA 2.20 TK-07-NSH 4.26
TK-04-ZA 18.52 TK-31-ZA 0.94 TK-08-NSH 0.68
TK-05-ZA 2.33 TK-32-ZA 291 TK-10-NSH 0.69
TK-06-ZA 1.79 TK-34-ZA 0.06 TK-11-NSH 0.11
TK-07-ZA 5.40 TK-35-ZA 0.46 TK-12-NSH 0.23
TK-08-ZA 1.06 TK-36-ZA 0.05 TK-13-NSH 9.83
TK-09-ZA 0.26 TK-37-ZA 0.21 TK-21-NSH 0.05
TK-10-ZA 0.66 TK-41-ZA 0.03 TK-25-NSH 0.05
TK-11-ZA 0.16 TK-52-ZA 0.41 TK-26-NSH 1.12
TK-12-ZA 0.28 TK-53-ZA 3.63 TK-28a-NSH 3.51
TK-13-ZA 9.62 TK-51-ZA 0.68 TK-28b-NSH 88.35
TK-21-ZA 0.09 TK-54-ZA 1.53 TK-32-NSH 2.23
TK-23-ZA 2.46 TK-50-ZA 0.56 TK-34-NSH 0.03
TK-25-ZA 0.05 TK-36-NSH 0.09
TK-26-ZA 141 TK-37-NSH 0.19

13485 M HLlS s LsalS e ses (5 s (‘Jf ole sL)ICP-OES ;5 (5 ,» CJ?JT‘ Olb) Fire Assay 4« s gbesls ¥ Jyue
Y
Table 2. Fire-Assay (Au, ppb), and ICP-OES (other elements, ppm) data of ore samples from the Tikmehdash 2 Au deposit

Au Ag As Ba Cd Cu Mn Mo Pb S Sh Zn
Detection Limit 5 5 0.5 5 010 1 5 0.50 1 50 0.50 1

01-TKD-100 305 195 265 232 036 501 432 4181 2389 832 14 91
01-TKD-D-1 2216 608 58.2 233 357 1970 >20000 17.4 >30000 683 >100 5680
01-TKD-D-2 3624 89.3 96.2 2034 276 514 >20000 236.1 8046 593 >100 6917
01-TKD-D-3 8744 462 60 590 41 280 >20000 16.2 4759 685 >100 6401
01-TKD-D'-1 558 127 829 839 89 104 >20000 13.1 2853 545 657 2187
01-TKD-D”-2 15834 5 193 629 039 34 8716 1.3 230 360 356 118
01-TKD-TRA1-1 180 5 323 426 08 347 5857 9.8 1597 464 46.3 507
01-TKD-TRA1-2 123 5 15 439 048 191 1272 3.2 388 578 123 312
01-TKD-TRA2-1 1688 224 183 409 29.2 3728 >20000 158.9 15887 438 11.2 5793
01-TKD-TRA3-1 1604 31.8 17.2 153 9 4166 >20000 26.7 18924 388 18.1 1412
01-TKD-TRA3-2 6120 117 275 128 15 1120 17303 254 16627 431 21.7 1050
01-TKD-TRA5-1 2131 572 33 529 1.2 1680 4549 331 12606 998 22,5 2048
01-TKD-TRAB-2 3578 339 96.1 3142 19.3 1120 >20000 195 2537 690 >100 4952
01-TKD-TRB2-1 470 134 714 907 88 1920 18814 239 4677 573 >100 3101
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Table 2 (Continued). Fire-Assay (Au, ppb), and ICP-OES (other elements, ppm) data of ore samples from the
Tikmehdash 2 Au deposit
Au  Ag As Ba Cd Cu Mn Mo Pb S Sb Zn
Detection Limit 5 5 0.5 5 01 1 5 0.5 1 50 0.5 1
01-TKD-TRC1-2 896 51 443 193 0.7 309 8017 34. 13029 548 62. 256
01-TKD-TRC3-1 1790 32. 69.3 105 33. 481 >20000 8.8 14855 475 40. 6599
01-TKD-TRC3-1 2422 36. >10 175 23. 509 >20000 9.5 12681 640 36. 5434
01-TKD-TRC4-1 6130 15. >10 118 17. 154 >20000 27. 3943 682 100 4946
01-TKD-TRC4-2 3079 65. >10 128 32. 421 >20000 5.7 3516 519 100 8367
01-TKD-TRC5-2 4281 26. >10 193 19. 184 >20000 31. 9450 818 100 6170
01-TRC6-TKD1 6022 27. >10 992 16. 251 >20000 30 5206 444 100 3646
01-TKD-TRC6-1 663 23 139 796 11 157 5258 4.2 320 420 70. 455
01-TKD-TRC6-3 4461 55. 100 684 13. 258 >20000 29. 6857 660 100 3192
01-TKD-TRC7-2 6098 33. 544 188 34 269 6300 23. 3760 462 100 455
01-TKD-TRC8-2 38 2 26 631 04 103 1815 15 436 238 10. 123
01-TKD-TRC9-1 7579 8 523 115 0.2 182 14371 3.8 19 420 10. 107
01-TKD-TRC9-5 156 24 100 923 0.3 401 15416 2.7 21 456 7.7 139
01-TKD-TR-D1 986 59 259 163 04 87 5056 11 495 664 83. 169
01-TKD-TRD1-3 778 71. >10 366 8.1 656 >20000 13. 1702 514 100 2473
01-TKD-TRD2-2 23 68 197 313 37 372 6330 06 542 287 25. 258
01-TKD-TRD2-5 3173 29 139 696 04 83 6487 0.7 301 351 1.0 306
01-TKD-TRD3-2 213 12. 49 505 04 161 3006 3 284 345 20. 130
01-TKD-TRD4-1 117 36 129 874 04 105 4687 4.1 186 489 57. 200
01-TKD-TRE1-2 737 64. 100 719 17. 831 >20000 20. =>30000 647 100 1889
01-TKD-TRE1-1 7136 10. 100 744 6.1 125 >20000 54 390 410 100 155
01-TK-A1-27.5-28 50 4.9 327 729 18 494 2853 53 441 775 18. 318
01-TK-C5-1-53.3- 1597 15 392 485 05 104 1773 34 5536 2220 32. 291
01-TK-C6-41.8-42 47 48 223 153 5 75 17622 8.9 382 582 1.3 1877
01-TK-C7-235-24.8 9658 71. 747 727 29. 730 >20000 12. 5829 408 100 2230
01-TKD-TRE2-5 4601 14. 100 688 3 139 10757 6.8 6405 434 100 827
01-TKD-TRE3-3/1 4728 38 100 808 3.2 760 12131 15 2638 465 100 583
01-TK-D1-15.2-158 151 46 614 165 49 162 >20000 8.2 4145 625 22. 3000
01-TK-D1-16.9-18.3 4679 61. 83.7 401 12. 792 >20000 34 1082 534 100 5353
01-TK-D1-20.4-20.8 954 6.8 243 545 19 70 8502 54 231 319 35. 1330
01-TK-D2-63.5-64.3 5436 18. 456 446 11 113 4079 49 105 722 54. 421
01-TK-D2-82.7-83.5 232 28 58 919 03 25 14447 93 136 831 11 581
01-TK-D3-41.2-43.7 976 33. 77.7 977 25 247 >20000 14. 514 614 100 471
01-TK-D4-63.8-64.8 1496 59. >10 153 49 502 16522 14. 5794 918 99. 915
01-TK-D4-64.8-65.2 3547 65. >10 188 11. 640 >20000 19. 9373 515 100 2357
01-TK-D1-2-77.1- 121 42 201 117 22 159 1745 1.7 781 19912 36 841
01-TK-D1-2-109.8- 82 27 399 128 93 413 253 25. 1185 >20000 1.0 2213
01-TK-D1-2-151- 377 26. 378 629 40. 416 >20000 1.8 5213 11476 100 1451
01-TK-D2-3-74.1- 209 63 233 789 09 692 1526 5.6 478 3073 1.0 824
01-TK-D2-3-95.5- 931 51. 504 703 55. 493 >20000 4.8 6215 12242 100 1402
01-TKD-TREO0-3 16 07 375 878 03 16 2090 05 5 478 1.0 91
01-TKD-TREO-7 23 05 422 123 03 26 1014 1.3 339 286 09 177
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Table 3. Elemental correlation coefficient (calculated based on Table 2) for ore samples at the Tikmehdash 2 Au deposit

Au Cu Pb Zn As Sh Mn Ba Cd Mo Ag S
Au 1.00
Cu 0.11 1.00
Pb 0.05 0.77 1.00
Zn 0.02 0.28 0.29 1.00
As 0.26 0.35 0.23 0.30 1.00
Sh 0.27 0.17 0.18 0.38 0.70 1.00
Mn 0.18 0.44 0.44 0.59 0.66 0.54 1.00
Ba -0.03 0.03 -0.13  0.25 0.42 0.27 0.35 1.00
Cd 0.08 0.39 0.42 0.91 0.35 0.43 0.64 0.14 1.00
Mo  -0.02 0.04 0.12 0.06 0.02 -0.09 -0.01 -0.02 0.07 1.00
Ag 0.24 0.40 0.47 0.48 0.60 0.65 0.58 027 059 0.19 1.00
S -0.10 -0.12  -0.06 0.40 -0.16 009 -007 -0.01 028 -008 -0.02 1.00
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Fig. 13. Correlation chart of ore-forming elements for ore samples at the Tikmehdash 2 Au deposit
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Fig. 14. Photomicrographs (at room temperature, plane-polarized light) of fluid inclusion types from Tikmehdash 2 Au
deposit. A-C: Elliptical, polyhedral, anhedral, and negative-shaped primary two-phase LV fluid inclusions coexisting
with VL, and one-phase V fluid inclusions in stage 2 quartz as evidence of boiling, and D—F: Anhedral, and polyhedral
primary two-phase LV fluid inclusions in stage 4 quartz. Fluid inclusions enclosed in the rectangles are from different
depths and were brought to focus as insets (L: liquid, V: vapor, S: solid).
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Table 4. Microthermometric data summary for primary LV fluid inclusions from Tikmehdash 2 Au deposit. The digit in
the parenthesis is the mean value of inclusion measured.

Mineral Size (um)  Tfm (°C) Tm-ice (°C) wt.% NaCl Th(tota) (°C) Density (g/cm?®)
Stage 2 Qz (n =57) 5-25 -21t0-30 -7.0t0-4.3 6.9-13.4(9.1) 227-292 (269) 0.75-0.91
Stage 4 Qz (n =73) 1-43 -21t0-30 -3.7t0-04 0.7-6.0(4.6) 153-250 (224) 0.81-0.96
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Fig. 15. Total homogenization temperatures vs. equivalent salinity diagram for primary LV fluid inclusions from
Tikmehdash 2 Au deposit. Typical ranges of fluid inclusions in porphyry, epithermal, and MVT deposits worldwide are
modified after Wilkinson (2001). Diagonal contours show fluid densities of H,O—-NaCl fluids in g/cm? for pressures along

the L-V curve (Haas, 1971).
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Table 5. Comparison of main characteristics of the Tikmehdash 2 Au deposit with different types of epithermal deposits

Tikmehdash 2

Epithermal deposits

Low-sulfidation

Intermediate-

sulfidation

High-sulfidation

Host rock

Ore controls

Key ore
minerals

Gangue
minerals

Hydrothermal
alteration

Ore textures

Metal
associations
Ag/Au ratio

Temperature
and salinity

Depth of
formation

Fluid
characteristics

References

Volcano-sedimentary
units

Faults and fractures

Py, Ccp, Gn, Fe-rich
Sp, Au, Apy, Tnt-Ttr

Qz, Cal, Brt

Silicification,
intermediate argillic,
carbonatization,
propylitic

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

Pb, Zn, Cu (Ag, As,
Sbh)

0.1-5

153-292 °C, 0.13-74
wt.% NaCl equ.

460-730 m

Meteoric > magmatic

Hashempour (2025),
This study

Basalt-rhyolite

Andesite-rhyodacite

Extensional to strike-slip faults

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

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

Anrgillic,
silicification,
carbonatization

Vein-veinlet, comb,

bladed, replacement,

colloform, crustiform
brecciated

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

0.2-5

150-300 °C, < 2 wt.%
NaCl equ.

<300 m

Meteoric > magmatic

Fe-poor Sp, Gn, Tnt-Ttr,

Ccp, Stb

Qz, Mn Cal, Brt

Sericitization,
intermediate, argillic,

silicification, propylitic

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

Au, Ag, Pb, Zn, Cu (Mo,

As, Sb)

10-1500

200-300 °C, 0-23 wt.%

NaCl equ.

300-800 m, rarely >1000

m

Magmatic-meteoric

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, brecciated,
comb, replacement

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

1-10 (often > 20)

180-320 °C, <5to
~10 wt.% NaCl equ.

< 500-1000 m

Magmatic > meteoric

White and Hedenquist (1990); Cooke and Simmons (2000); Hedenquist et
al. (2000); Albinson et al. (2001); Sillitoe and Hedenquist (2005);
Simmons et al. (2005); 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, IlI:
illite, Lzn: luzonite, Prg: pyrargyrite, Py: pyrite, Qz: quartz, Sd: siderite, Ser: sericite, Sp: sphalerite, Stb: stibnite, Tnt:
tennantite, Ttr: tetrahedrite. Abbreviations after Whitney and Evans (2010).
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