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1. Introduction

The Saryazd Cu-Pb-Zn deposit, 5 km south of Mehriz, 35 km southeast of Yazd, in the middle part of Iran's
Urumieh-Dokhtar magmatic arc (UDMA), is part of the 1:250,000 geological map of Yazd square (Nabavi,
1972) and the 1:100,000 geological map of the Fahraj sheet (Jalali & Gharib, 2004). Based on the
geological-structural zoning map of Iran, the Fahraj sheet is part of the Central Iranian microcontinent
(Nabavi, 1972), also known as the Yazd Block. The location of the middle part of the Yazd Block above
the Neotethys subduction zone has caused tension in the position behind the magmatic arc. The Mesozoic-
Cenozoic orogeny of the Neotethys provided a suitable environment for metallogenic and tectonomagmatic
processes that formed during the subduction of the Neotethys oceanic crust beneath the Iranian plate in pre-
, syn-, and post-collisional geodynamic settings (Richards, 2015). The Saryazd exploration prospect was
first reported by Harati in 2014 during exploration operations in the Eocene volcanic rocks and intrusive
masses exposed in the Saryazd region (Yousefifar, 2016). The Saryazd prospecting area consists of two
parts, A and B. In these two parts, alteration zones have expanded significantly, and therefore, to achieve
metal mineralization at subsurface depths, in addition to geophysical studies (using the IP/RS inductive
polarization method), over 2000 meters of trenches and 46 core drilling holes with a total length of about
7500 meters have been drilled.

2. Materials and methods

This research consists of two parts: field and laboratory studies. Field studies include preparing a geological
map at a 1:1000 scale, studying alteration and mineralization zones, and investigating the structure and
texture of ores. More than 300 rock samples were collected from outcrops, trenches, and drilling cores and
were sent to the relevant laboratories. After preliminary investigations, 100 thin and 150 thin-polished
sections from the collected samples were subjected to petrographic and mineralogical studies. Twenty
samples collected from volcanic units and intrusive masses were analyzed at the Zar-Azma Mineral Studies
Laboratory to determine the abundance of their major oxides and trace elements using Lithium Fusion
(XRF) and ICP-MS methods. Twenty samples were sent to the XRD Laboratory of Tarbiat Modares
University. Also, for petrographic and microthermometric studies of fluid inclusions, 12 double-polished
sections were prepared and studied.

3. Results and discussions
Based on geological maps with a scale of 1:1000, the rock units exposed in the A part include: 1. The
volcanic breccia unit with interlayers of tuff and lava (Etb), 2. Green tuff unit (Et), 3. White tuff unit (Etw),
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4. Lava unit of basalt-trachybasalt and trachyandesite composition (Eba), 5. Diorite-monzodiorite porphyry
mass (Omd), 6. Monzogranite porphyry mass (Omg), and 7. Quaternary alluvial deposits. Rock units
exposed in the B part exhibit similar characteristics to units described in the A part, although some units
defined in the A part do not outcrop in this area. Using major oxide analytical results for volcanic rocks
from the area and the TAS diagram (Le Bas et al., 1986), these rocks are classified as subalkaline and range
from basaltic andesite to trachyandesite, dacite, and rhyolite. According to the Middlemost (1994) diagram,
the subvolcanic rocks range from quartz-monzonite to monzonite, monzodiorite, granodiorite, and granite.
According to the Si02 vs. K20 plot (Peccerillo & Taylor, 1976), these rocks belong to the calc-alkaline to
high-potassium calc-alkaline magmatic series. On the Th/Yb vs. Nb/YDb plot (Pearce et al., 2008), the range
of volcanic rocks is related to continental arc tectonic settings. Mixing with crustal materials increases K,
Ba, and Rb and decreases Zr, Ti, Nb, and Y (Pugliese et al., 2021). Based on spider diagrams (Thompson
et al., 1982; Bouzari & Clark, 2006), in which minor element abundances are normalized to chondrite, all
samples are enriched in Large Ion Lithophile Elements (LILE) and Light Rare Earth Elements (LREE) and
depleted in High Field Strength Elements (HFSE) and Heavy Rare Earth Elements (HREE).

To determine the geometry, structure, texture, and mineralogy of the ore and investigate their
relationship with the host rock units and associated hydrothermal alteration features, mineralized outcrops,
trenches, and core boreholes in the A and B areas were studied, and appropriate samples were collected.
Based on samples collected from drilling holes in the A area, Cu mineralization occurs as chalcopyrite,
bornite, covellite, tetrahedrite-tennantite, malachite, azurite, and Pb and Zn mineralization occurs as galena
and sphalerite. In the B area, mineralization is observed as chalcopyrite, bornite, covellite, malachite,
azurite, hematite (oligist), and, to a lesser extent, galena and sphalerite. Metal mineralization occurs in both
areas (A and B) of Saryazd as veinlets and hydrothermal breccias. Copper, lead, and zinc sulfide
mineralization, associated with quartz = carbonate (mainly calcite), fills veinlet spaces and hydrothermal
breccias. The host rocks to mineralization in surface outcrops are volcanic breccia units and Eocene tuffs,
and in the subsurface parts, in addition to Eocene volcanic units, the subvolcanic massif (porphyry
monzodiorite) also hosts a small portion of mineralization. Hydrothermal alteration is widely visible in
surface outcrops, trenches, and drill cores in areas A and B, observed in host rocks near the subvolcanic
monzodiorite porphyry masses. However, since Quaternary deposits cover a large part of the area, it is not
easy to separate the alteration zones at the surface. Argillaceous, sericitic, siliceous, carbonate, and
propylitic alteration types have affected the rocks in the mineralized sections. In the study areas, the most
observed structures are stockwork and vein-veinlets up to 1 m thick. Hydrothermal sections are
characterized by quartz-carbonate cement, clay minerals, base-metal sulfides, and sulfosalts, with
fragments of altered host rocks. Most mineralization has occurred in the alteration zones and faults of the
exploration areas. In terms of structural geology, mineralization is closely associated with fault zones.
Based on petrographic and mineralogical studies of microscopic sections, the observed textures include
void-filling, comb-like, dispersed-grained, colloform-cruciform, and replacement textures. According to
the field observations and petrographic and mineralogical analyses of ore samples, the initial mineralization
process in areas A and B has been divided into four stages: 1. The stage before the main mineralization
stage, following the hydrothermal process in which the host rocks (Eocene volcanic) were brecciated and
pyrite-bearing quartz veins (first-stage pyrite Py1) were formed. 2. Early sulfide mineralization stage, where
chalcopyrite + sphalerite formed with quartz in veins. Chalcopyrite replaced early pyrite. 3. The next
mineralization stage is associated with forming Fe-poor sphalerite, galena, and chalcopyrite + carbonate
and pyrite (second stage Py2), which in some cases has replaced the original chalcopyrite. 4. Post-
mineralization stage where quartz and iron-oxide veins (oligist) + pyrite & carbonate formed, and the pyrites
are automorphic and occasionally framboidal.

In the Saryazd area, samples from ore-bearing veins (sulfide-bearing) were selected to study fluid
inclusions. The current study investigated the petrography and microthermometry of fluid inclusions in
transparent quartz and sphalerite grains, as well as in ores. Liquid-rich two-phase samples were identified
as suitable for study due to their abundance, size, and primary nature. The size of fluid inclusions observed
in ores of the Saryazd area varies from very fine (less than 2 microns) to relatively coarse (20 microns).
The results of cooling studies show that the salinity of the fluid inclusions present in quartz and sphalerite
in the A area is between 4.49 and 17.26, and the quartz fluid inclusions in area B are between 4.18 and 18.9

) ISSN: 2717-0764



aVa

shahid Chamran Adv. Appl. Geol. Autumn 2025, Vol. 15(3): 241 - 269

University of Ahvaz

wt% NaCl equivalent. The highest frequency in the salinity diagram is in area A, with an average salinity
of 10-11, and in area B, with a salinity of 10-13 wt% NaCl equivalent. The results of the inclusion-heating
studies show that the fluids in both areas have homogenization temperatures ranging from 130 to 300 °C.
In area A, the sphalerite suggests temperatures between 166 and 291 °C. The highest frequency of the
histogram of area A is between 175 and 200 °C, and region B is between 190 and 210 °C. Based on the
fluid inclusion study results in both areas, fluid salinity and temperature increase with depth. The abundant
presence of liquid-rich two-phase and liquid-vapor single-phase fluid inclusions indicates that the boiling
process occurred during mineral growth (Pugliese et al., 2021). According to the diagrams (Lattanzi, 1991;
Wilkinson, 2001), the studied fluid inclusions are plotted within the epithermal deposits. The cooling of
magmatic fluids, reaction with wall rock, mixing of magmatic and meteoric fluids, and boiling are important
factors in the precipitation of metals. Mineralization in the Saryazd area is observed as veinlets and
hydrothermal fractures. Hydrothermal fractures are formed due to hydrothermal fluids' boiling and
hydrostatic pressure. Fluid processes are essential for understanding the transport and concentration of
metals in hydrothermal systems (Li et al., 2021). Additionally, based on mineral paragenesis, Cu
mineralization is most common in the B area, and as one moves towards the A area, Pb and Zn
mineralization become more abundant. Fluid temperatures range from around 300 °C, due to magmatic
fluids, to 130 °C, suggesting mixing with meteoric waters. Based on geological studies, the results of
microthermometric studies of fluid inclusions in the Saryazd polymetallic deposit are comparable and
consistent with the characteristics of mineralizing fluids described for intermediate-sulfidation epithermal
deposits (Wilkinson, 2001). Important evidence for this comparison is: 1. Mineralization is controlled by
fault structure. 2. Hydrothermal alteration, including argillaceous, sericite, and siliceous-carbonaceous, is
mostly visible in the vicinity of mineralized vein-veinlets as well as breccia ores (hydrothermal). 3.
Mineralization consists of a complex of chalcopyrite, galena, sphalerite, pyrite, bornite, covellite, and
tetrahedrite-tennantite, along with quartz and calcite (+chlorite and sericite) gangue minerals. 4. Epithermal
mineralization structures and textures such as vein-veinlet, breccia, comb, crustal, colloform, and void-
filling are developed in the studied areas.

4. Conclusion

The proposed model for the formation of the Saryazd deposit is that the ore-host rocks are associated with
a sequence of volcanic rocks of Eocene-Oligocene age. Based on geological, petrological, and fluid-
inclusion studies, the deposit falls within the range of intermediate-sulfidation epithermal deposits. The
fault trend in the area correlates with the mineralization trend. Mineralization has formed as breccia and
vein-veinlets along the faults with an NE-SW trend. In the B area, more Cu mineralization is formed; Pb
and Zn mineralization increase towards the A area. The salinity-temperature diagram shows boiling and
mixing with meteoric waters at various stages of mineralization. Mineralization has occurred as irregular
veinlets and hydrothermal breccias. The hydrothermal ore-forming fluids are similar to those originating
from post-Eocene magmatism in the Urumieh-Dokhtar magmatic arc, mixing with meteoric waters at
shallower depths. The origin of base-metal deposition from the hydrothermal fluid is boiling, mixing, and
reaction with wall rocks, forming the intermediate-sulfidation epithermal deposit.
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Fig. 1. (a) The location of the Saryazd exploration area, which is located on the geological-structural zoning map of Iran
(Ghasemi et al., 2015) and in the position of the Urumieh-Dokhtar magmatic arc, and (b) The location of the studied areas
and the spread of Eocene volcanic rocks on the 1:250,000 geological map of Yazd (Nabavi, 1972).
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Fig. 2. The distribution of rock units in the two areas (a) A, and (b) B of Saryazd based on geological maps in a scale of
1:1000.
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Fig. 3. (a) Outcrop of a volcanic breccia unit (Etb) with fragments up to 10 cm in size (photo view towards south), (b)
Outcrop of green volcanic tuff unit (Et) (photo view towards northeast), (c) Image of a hand sample of white tuff unit
(Etw) associated with manganese oxide on the surface, (d) Distant view of basaltic units (Eba) and green tuff (Et) in the
B area (view of photo towards south), (e) Distant view of basaltic lava to trachybasalt (Eba) in dark gray to black outcrop
color and the position of trenches in the A area (photo view towards southwest), (f) Outcrop image of monzodiorite

porphyry mass (Omd) with a cream to pale brown color (view of the photo to the north), and (g) A sample of porphyry
monzogranite mass (Omg) that contains xenoliths of green tuff.
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Fig. 4. Microscopic images (transmitted light with crossed nicols (XPL)) of volcanic and subvolcanic units exposed in
the exploration area: (a) Volcanic breccia unit (Etb) consisting of rock fragments (siliceous tuff) and amorphous quartz
crystals with quartz-calcite cement, (b) Green vitric tuff unit (Et) is associated with silicic, carbonate, argillic, and epidote
alteration, and parts of the background have also undergone devitrification, (¢) White tuff (Etw) containing fragments of
disseminated pyrite, quartz, and plagioclase with siliceous-calcite cement, (d) The trachy-basalt unit (Eba) consists of
coarse plagioclase and clino-pyroxene crystals in a fine-grained background of plagioclase and pyroxene. Opaque
minerals (pyrites) are scattered in the background of the rock, (¢) Monzodiorite mass (Omd) exhibits a porphyritic texture,
characterized by plagioclase macrocrystals that have been altered to calcite and clay minerals within a microcrystalline
background, and (f) The porphyry monzogranite mass (Omg) comprises large plagioclase and quartz crystals in a
microcrystalline background. It is associated with carbonate, epidote, and argillic alteration types. Quartz: Qz,
Plagioclase: Pl, Pyrite: Py, Clinopyroxene: Cpx, Epidote: Ep, Calcite: Cal (abbreviations based on Whitney and Evans,
2010).
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Fig. 5. (a) The TAS diagram for volcanic rocks from the exploration areas (Le Bas et al., 1986), (b) The Middlemost
diagram for subvolcanic rocks from the same areas (Middlemost, 1994), (c) The graph of SiO2 versus K20 (Peccerillo
and Taylor, 1976), and (d) Tectonic setting diagram for the rocks from the studied areas (Pearce et al., 2008).
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Table 1. Major element chemical analytical data (in weight percent or wt%) for the volcanic and subvolcanic host rocks

Element Rocktype SiO2 ALO; BaO CaO FexOs
A-01 el S5 5965 1613 < 579 5.10
A-02 SomdsFe 5259 1758 < 822 7.86
A-08 it 53.02 1756 < 951 507
A-09 Sy 7640 12.06 007 089  0.84
A-11 comesls 6911 1498 0.07 087  2.72
A-13 comssls 6797 1499 < 173 2.90
B-03 oyl 5920 1596 <  6.62  4.65
B-04 Syl 56.69 1597 < 823 475

B4-54.60 <weriseilsS 5969 1562 0.07  3.07 481

B5-77.5  Seisreils 6228 1489 0.06 1.90  4.09

A4-245 S SF 7460 1227 019 090 113

A4-42 Sy 7561 12,66 0.06 057 114
13-160.3  <wmslS 6136 1536 0.09 328  4.48
13-202 Swigise 56,67 1635 < 506  5.39
13-229.7 <SS 6229 1547 < 461 330
13-331.5 <ol S15 6063 1580 < 416 422
13-245 Somesls 6287 1600 < 321 341
14-39 Sl 66.18 14.12 100 028 284
14-51  SodsesslsS 5997 1561 0.09 1.88  4.84
14-143  SwispsedllsS 6212 1493 0.06 3.37  3.87

YOY

K20 MgO MnO NaO P:0Os SOs TiO2 LOI
310 241 012 374 023 0.14 092 267
1.73 385 0.14 378 023 0.08 121 2.64
229 226 008 3.07 017 0.09 0.89 5091
425 0.60 024 1.58 < < 0.06 3.01
413 136 008 344 009 0.05 029 2381
325 087 0.08 378 012 0.09 029 394
227 326 010 290 0.16 0.05 0.70 4.15
231 301 0.08 283 0.16 < 0.81 5.16
7.15 163 020 077 018 0.12 0.50 6.19
4.04 283 017 376 0.12 140 050 3.96
424 076 0.16 254 < 0.10 0.07 3.04
486 056 005 217 < 0.16 0.06 2.11
328 275 020 3.07 0.13 < 0.54 5.46
196 382 024 437 037 019 098 455
233 262 013 397 015 0.12 050 453
230 287 013 429 0.18 0.08 0.58 4.77
231 311 0.09 436 013 0.08 048 3.91
727 079 013 1.8 0.09 1.61 026 3.36
378 355 030 3,60 0.16 0.60 0.63 4.85
353 233 044 380 0.13 0.12 048 482
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Table 2. Trace element chemical analytical data (in grams per ton or ppm) for the volcanic and subvolcanic host rocks

Element 13-160.3 13-202 13-229.7 13-245

Ag

Al
As
Ba
Be
Bi
Ca
Cd
Ce
Co
Cr
Cs
Cu
Dy
Er
Eu
Fe
Gd
Hf

In

Pb
Pr

Rb

Sb
Sc
Se
Sm
Sn
Sr

0.5

78185

4.6

882

0.9

0.5

0.7

78873

8.8

338

1

0.4

0.3

76633

3.2

292

1.1

0.4

23214 32328 30317

1.4

39

12.3

42

44

28

3.25

1.59

1.03

32977

3.36

3.63

<0.5

25587

26

0.25

14828

1259

21559

5.5

17.4

32

643

4.26

83

195

9.3

<0.5

3.37

208

1.2

39

18.4

82

3.2

164

2.85

1.03

1.14

36300

3.44

<0.5

14838

27

0.17

18906

1509

28833

9.6

58

1465

56

4.56

32

709

0.9

11.9

<0.5

3.71

1.7

531

1.1

26

11.6

49

4.7

86

2.19

0.7

0.71

23400

2.58

<0.5

17637

29

0.13

13779

766

26706

39

14.3

52

560

3.04

55

171

0.5

7.5

0.4

79011

1.4

301

1.1

0.4

13-331

0.4

75922

4.1

290

1

0.4

14-143

0.4

74822

3.8

550

0.9

0.4

21255 27154 22725

1.3

26

12.9

49

3.8

47

2.26

0.79

0.74

25042

2.49

<0.5

18172

26

0.13

16367

536

1.4

29096

3.9

55

563

2.95

54

121

<0.5

7.6

<0.5

2.44

1.5

455

3.1

28

15.1

51

4.5

93

2.18

0.81

0.84

30015

2.66

2.17

<0.5

17492

25

0.13

14874

824

0.79

27877

4.5

52

741

3.45

52

330

<0.5

2.77

1.3

491

13.8

36

123

21

4.3

39

2.69

1.19

0.89

29316

2.83

2.7

<0.5

23159

17

23

0.2

13039

2919

2.1

24559

4.5

16.2

20

583

20

3.88

69

108

<0.5

8.8

14-39

0.4

69776

7

449

0.8

0.5

2002

18

31

6.9

1.7

2.23

0.93

0.71

20982

2.18

2.33

<0.5

56389

0.23

4725

850

1.9

12520

4.6

12

361

3.39

142

4325

2.6

<0.5

2.68

1.6

283

14-51

0.4

73359

25

696

0.8

0.6

11603

6.2

29

13.6

89

3.1

2.81

1.22

0.98

32635

2.99

3.26

<0.5

27392

25

0.21

17670

1841

0.75

22792

4.5

83

618

26

3.68

90

1702

0.9

114

<0.5

3.28

239

4-24.5

0.2

57470

3.9

1658

0.5

5793

1.2

30

2.6

42

4.1

2.24

0.89

0.56

8245

2.18

1.88

<0.5

31191

982

0.72

16879

7.3

13.2

109

3.42

107

316

0.5

1.6

<0.5

2.48

2.2

146

A4-42

0.3

A-01

0.7

A-02

0.6

54664 75860 81583

37
443
13
2.9
3362
0.1
29

24

4.7

2.18
0.85
0.44
8101
2.2
2.17
<0.5
28970
16
20
0.19
3183
303
1.5
13323
7.2

12.8

103

3.32

114

0.6

1.3

2.22

2.8

127

YOY

5.7

263

1.3

1

35403

0.2

46

15.8

69

30

4.21

2.24

111

32813

4.21

<0.5

20743

12

0.33

12037

539

2.8

23818

12.7

204

38

839

4.83

55

218

0.5

<0.5

4.04

2.1

347

1.7

288

0.9

0.8

49705

0.3

32

26.4

24

1.6

57

4.41

2.12

1.28

49056

4.16

3.33

<0.5

12731

0.35

17854

748

0.79

24702

7.1

32

860

20

3.8

27

287

0.6

19.2

<0.5

3.91

802

A-08

0.4

77690

3.1

298

0.7

0.5

54723

0.2

27

18.2

36

5.4

50

33

1.44

0.99

32318

3.31

2.81

<0.5

16142

20

0.25

10918

19100

5.9

14.6

678

27

3.32

43

189

13.2

<0.5

31
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(Thompson, 1982; Boynton, 1984)

Fig. 6. Spider diagrams: (a) minor elements, and (b) Rare Earth Elements (REE) of the rocks from the area normalized to

chondrite (Thompson, 1982; Boynton, 1984).
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Fig. 7. (a,b) Vein-veinlet mineralization structure in the A area, characterized by chalcopyrite, sphalerite, and galena
mineralization with quartz-calcite gangue, within a green tuff host rock, and (¢) Hydrothermal breccia in which the space
between host rock fragments (altered tuff) is filled with hematite (oligist) and quartz. Chalcopyrite: Ccp, Galena: Gn,
Sphalerite: Sp, Calcite: Cal, Quartz: Qz (abbreviations based on Whitney and Evans, 2010).
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Fig. 8. (a) An outcrop of ore mineralization in the trench wall of the mineralized area A, with mineralization of galena,
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argillic alteration (looking north), and (b) Outcrop of the ore zone with chalcopyrite mineralization in area B; argillic
alteration is observed in the vicinity of the ore-bearing zone (looking south).
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Fig. 9. Microscopic images (transmitted light with crossed nicols (XPL)): (a) Tuff in the ground that has undergone

carbonate and chlorite alteration, and (b) Basalt, in which plagioclases are altered to chlorite and calcite-epidote,
pyroxenes are altered to chlorite-epidote. Chlorite: Chl, Epidote: Ep, Calcite: Cal, Pyrite: Py, Plagioclase: Pl

(abbreviations based on Whitney and Evans, 2010).
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(Whitney and Evans, 2010 Ll lacaise) Py oy PLIS 5500

Fig. 10. Microscopic images (transmitted and reflected light (XPL)): (a) Quartz of radial, cortical, and comb texture, (b)
The cavities in the green tuff are filled by silica, carbonate, and quartz, and a combed texture is observed, (c) The
crustiform texture of quartz crystallized on the edge of the wall, followed by calcite deposition in the center, (d) Colloform
texture is created in siliceous and carbonate veins, (e) The bedrock is tuff that has been cut by barren first-stage quartz
veins, breaking the rock fragments, and (f) Chalcopyrite with quartz formed in the veins and replaced the primary pyrites.
Quartz: Qz, Calcite: Cal, Chalcopyrite: Ccp, Plagioclase: Pl, Pyrite: Py (abbreviations based on Whitney and Evans,
2010).
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Fig. 11. (a) Sample from well A4-140 (140 m depth): Volcanic breccia that is initially cut by pyrite-bearing quartz veinlets
(Py1), then these veinlets are cut by quartz-carbonate veinlets with chalcopyrite and pyrite mineralization (Py2), (b) A12-
45: Green tuff unit with mineralized quartz veins (galena + chalcopyrite), which cut through previous quartz veins with
chalcopyrite mineralization, and (c) A13-298: Trachy-andesite with delayed-phase, in barren calcite veinlets cut by
mineralized quartz veinlets. Quartz: Qz, Pyrite: Py, Chalcopyrite: Ccp, Galena: Gn, Calcite: Cal (abbreviations based on
Whitney and Evans, 2010).
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Fig. 12. Microscopic images with reflected light (XPL): (a) Chalcopyrite with quartz replaces primary pyrite, then cut by

carbonate veins along with galena, sphalerite, and the replaced chalcopyrite, (b) Sphalerite mineralized veins with calcite
replaced the chalcopyrite of the previous phase. Additionally, chalcopyrite has transformed into covellite and tetrahedrite;
small, scattered chalcopyrite is observed within sphalerite, (¢) The presence of bornite, tetrahedrite, and tennantite
complex in the chalcopyrite margin, (d) Co-growth of bornite, chalcocite, and chalcopyrite with a quartz phase, where
late-formed pyrites with a carbonate phase have replaced chalcopyrite, () Late-phase automorphic pyrites with carbonate
replacing the previous-phase sphalerite, and (f) The transmitted light image shows that at first, the siliceous veins with
pyrite cut the host rock, which is green tuff, and some pieces of tuff are observed inside the silica (hydrothermal breccia
texture). It was cut by the carbonate veins with pyrite. Quartz: Qz, Pyrite: Py, Galena: Gn, Calcite: Cal, Chalcopyrite:
Ccp, Sphalerite: Sp, Tetrahedrite: Ttr, Covellite: Cv, Bornite: Bn, Chalcocite: Cct (abbreviations based on Whitney and
Evans, 2010).
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Fig. 13. Paragenetic sequence of minerals in the Saryazd exploration area.
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Table 3. Results of studies on fluid inclusions from the Saryazd A area

Q).:)M:A o.)sm )| JL.MJ ‘5LD)LA)LA.A R CJL.J -Y Jj»

No | Fluid inclusion Host Size S Phaoses Lif)luid \iip (gzi) ({;n;tl) (viz:/?;g]a (VTL)
ID area A mineral (nm) (30°C) (%) %) ©C) C) cein) ©C)
1 13.216 Qz 5 s L-V 80 20 2.7 4.49 175
2 13.216 Qz 5 olatels L-V 80 20 9.7 13.62 265
3 13.216 Qz 15 plaels L-V 90 10 8.4 12.16 197
4 13.216 Qz 10 plaels L-V 80 20 11.4 15.37 237
5 13.216 Qz 10 Jesy L-V 60 40 5.4 8.41 198
6 13.216 Qz 12 plaels L-V 80 20 3.7 6.01 238
7 13.216 Qz 10 plaels L-V 80 20 5.7 8.81 210
8 13.216 Qz 5 Syan L-V 90 10 12.4 16.34 196
9 13.216 Qz 5 Sy L-V 80 20 8 11.70 199
10 13.216 Qz 10 plaels L-V 80 20 10.4 14.36 207
11 13.216 Qz 10 olatels L-V 70 30 10.9 14.87 230
12 13.216 Qz 10 (XW.A3 L-Vv 80 20 4.6 7.31 250
13 13.216 Qz 10 plaels L-V 70 30 13.4 17.26 176
14 13.216 Qz 10 olatels L-V 70 30 4.4 7.02 234
15 13.216 Qz 10 plaels L-V 80 20 6.7 10.11 249
16 13-98-5 Sp 30 oa. S L-V 80 20 4.5 7.17 198
17 13-98-5 Sp 10 oa.iS L-v 80 20 5 7.86 183
18 13-98-5 Sp 15 plaels L-V 80 20 7.9 11.58 235
19 13-98-5 Sp 15 plaels L-V 70 30 -53 4.2 6.74 166
20 13-98-5 Sp 12 Sy L-V 80 20 8.1 11.81 242
21 13-98-5 Sp 10 Syan L-V 80 20 7.1 10.61 168
22 13-98-5 Sp 20 sl abs L-V 90 10 9.7 13.62 203
23 13-98-5 Sp 10 olaels L-vV 80 20 5.1 8.00 180
24 13-98-5 Sp 10 sl e L-V 70 30 6.2 9.47 237.4
25 13-98-5 Sp 10 plaels L-V 85 15 73 10.86 178.4
26 13-98-5 Sp 15 olaels L-V 70 30 9.1 12.96 204.3
27 13-98-5 Sp 15 Sl L-V 80 20 6.1 9.34 220.4
28 13-98-5 Sp 10 plaels L-V 80 20 6.5 9.86 235
29 13-98-5 Sp 10 plaels L-V 80 20 5.1 8.00 167
30 13-98-5 Sp 10 plaels L-V 80 20 5.7 8.81 200
31 13-98-5 Sp 10 plaels L-V 80 20 7.3 10.86 243
32 13-98-5 Sp 10 olaels L-V 80 20 11.4 15.37 165
33 13-98-5 Sp 10 oS L-V 80 20 56 6.7 10.11 223
34 13-98-5 Sp 30 sl L-vV 80 20 8 11.70 180
35 13-98-5 Sp 25 plaels L-V 80 20 3.7 6.01 169
36 13-98-5 Sp 10 plaels L-V 90 10 5.6 8.68 198
37 13-98-5 Sp 10 olaels L-vV 80 20 7.1 10.61 240
38 13-98-5 Sp 10 olaels L-V 80 20 35 5.71 235
39 13-98-5 Sp 10 plaels L-V 80 20 2.7 4.49 209
40 13-98-5 Sp 10 olatels L-V 80 20 8.1 11.81 185
41 13-98-5 Sp 10 ou S L-v 90 10 4.8 7.59 291
42 13-98-5 Sp 10 plaels L-V 80 20 5.1 8.00 177
43 13-98-5 Sp 25 olatels L-V 80 20 -50 6.4 9.73 212
44 13-98-5 Sp 10 olaels L-v 75 25 5.1 8.00 193
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Table 4. Results of studies on fluid inclusions from the Saryazd B area
Fluid . .| Salinity
No inclusion | Host Size Shave Phases | Liquid | Vapor (gIrI;) (ﬁnsli) (Wt% (VT_I)IL)
" | IDarea | mineral | (um) P 30°C) | (%) (%) ©C) | ¢C) NaCl ©C)
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Fig. 14. Microscopic images at room temperature and transmitted light with parallel nicols: (a) Fluid inclusions in

sphalerite show the presence of two-phase liquid-rich fluid (eye-shaped) and single-phase vapor fluid, (b) Primary (liquid-
rich two-phase and vapor single-phase) and secondary fluid inclusions in sphalerite, (c) liquid-rich two-phase and vapor-

liquid single-phase in quartz.
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Fig. 15. (a,b) Homogenization temperature against the frequency of fluid inclusions in the Saryazd A and B areas, (c,d)
Diagrams of salinity versus the abundance of fluid inclusions in the Saryazd A and B areas, (¢) Scatter plot of
homogenization temperature and salinity of fluid inclusions in quartz and sphalerite minerals, where the studied samples
fall within the range of epithermal mineralization (Lattanzi, 1991; Hedenquist et al., 1998), (f) The density diagram
(Wilkinson, 2001), which is the degree of homogenization versus salinity of the primary inclusions in quartz and sphalerite
and the range of fluids, shows the process of boiling, cooling, and mixing with meteoric waters, (g) homogenization
temperature against salinity, in which the fluids suggest mixing magmatic and meteoric waters (Beane, 1983), (h) Pressure
diagram of fluid inclusions trapping (Bouzari and Clark, 2006), and (i) Depth estimation (Haas, 1971).
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