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1-Introduction

The study area is located 65 km northeast of Ardestan city (Isfahan province). This area is located at latitude
'40 33° to '45 33° North and longitude '55 52° to '00 53° East. The host rocks of epithermal deposits
associated with the subduction zone are formed in the tectonic setting of convergent margin magmatic arcs
in both continental and oceanic environments (Du Bray 2014). The Urmia-Dokhtar magmatic zone is a
volcanic zone located in the west and southwest of central Iran and north of the Sanandaj-Sirjan zone. This
zone is more than 1700 km long and 100-150 km wide, parallel to the Zagros uplift zone (Alavi 1994). The
Chah Alikhan deposit is also one of the important deposits of this zone, which has recently been exploited
he exposed rock units in the Chah Alikhan mineral area include Upper Eocene volcanic and pyroclastic
units with a combination of lithic-crystalline tuff and tuffite alternation with andesitic to dacite lavas (Eta),
andesitic to basaltic andesite lava alternation (Eban), brown to purple lithic tuff (Ebtl), rhyodast and shear
tuff lava alternation (Ertb), acid lithic tuff, ignimbrite and agglomerate alternation (Eltai), and basalt to
pyroxene andesite lava (Eba) that are cut by subvolcanic intrusive masses of porphyry dacite (dap) and
rhyodacite to dacite (rda) and related andesitic dykes (dan) of Oligocene age. Old alluvial deposits (Qt1),
sedimentary and covered deposits (Qsc) and recent alluvial deposits (Qal) cover the older units.

2-Material and methods

After field observations, sampling of cores and different rock units in the Chah Alikhan mining area was
carried out. For petrographic studies (37 sections) and mineralogy (95 sections), 28 samples were sent to
the Zar-Azma laboratory for alteration studies using X-ray diffraction (XRD). For geochemical studies, 165
samples were taken and then analyzed in the Zar-Azma laboratory. The analysis method for all elements is
AFMS (ICP-MS and Fire Assay). 10 double-polished sections were prepared from boreholes drilled on
copper-gold-bearing siliceous veins. Studies related to fluid intermediates were carried out using the
Linkam THMSG 600 device in the microthermometry laboratory of Tarbiat Modares University. For sulfur
isotopic analysis, 9 samples of chalcopyrite and for measuring oxygen isotopic values, 12 samples of quartz
were sent to the Stable Isotope Research Laboratory of Arak University. By petrographic studies on the
host of gold-copper quartz veins in the study area, it was determined that the host rock of mineralization is
mainly metatuff rocks with a combination of lithic tuff and basaltic andesite. These rocks are highly altered,
with a porphyritic texture and a paste composed of glass and have been altered to a complex of phyllosilicate
minerals (mica, chlorite, clay), silica and clay, and the paste is microgranular-microcrystalline rock. The
results of X-ray diffraction (XRD) analysis revealed that minerals such as alkali feldspar, plagioclase,
chlorite, illite, kaolinite, hematite, mica group, and colliste are also present in small amounts in gold-copper
veins. The types of mineral structure and texture in the Chah Alikhan deposit include pore filling and
concentric bands of cobble-shaped, vein-veined, and scaffold textures. Based on textural, structural
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evidence, field and laboratory studies, the paragenetic sequence of minerals was drawn. Field studies,
petrographic studies, and XRD analysis show the presence of chlorite-epidote-carbonate alteration, argillic
alteration, and argillic-silica alteration along with inclusions of iron oxides and hydroxides and a goosen
zone. According to Spearman's results, the element gold has a positive correlation with copper (0.64),
arsenic (0.65), lead (0.67), antimony (0.73) and bismuth (0.80) with a confidence level of 99%, and the
element bismuth has the highest positive correlation with gold. In order to determine the physical and
chemical properties of mineralizing fluids, microthermometry experiments were conducted on fluid
inclusions present in quartz ore with gold mineralization. Ten double-polished sections were prepared (106
inclusions). The fluid inclusions studied were mainly of primary type and conformed to the criteria of
(Roedder 1984). The most common type of fluid interstitial studied in the samples is liquid-gas two-phase.
The dominance of gas interstitials, their association with liquid-rich two-phases, and the presence of gas-
rich interstitials indicate that during the mineral replacement, the fluid was accompanied by pressure
reduction and boiling. Such conditions are usually associated with the formation of quartz veins containing
sulfide minerals and metal precipitation in epithermal systems. The study of stable isotopes is an important
part of the study of deposits and plays a significant role in understanding their genesis (Ohmoto 1972, 1979;
Rye 2005; Hoefs 2004; Calagari 2003). Since the most abundant sulfide mineral in the study area is
chalcopyrite, 9 samples were selected to determine the origin of sulfur. And 12 quartz samples were
analyzed for oxygen isotopes using the method of (McCrea 1950). Therefore, according to the obtained
numbers, it can be said that the 634S values in the sulfides present in the Alikhan well deposit range from
2.6 to 6.7 %o in chalcopyrite. Considering the volcanic nature of the Alikhan well host rock, the sulfur of
the mineralizing fluids is similar to the volcanic fluids or magma-derived systems and is located in the
magmatic range, and the effect of biological reduction processes in them is mainly weak. The 6180 value
of quartz ranges from 7.2 to 16.5%o, and overall it confirms the magmatic origin of the mineralizing fluids
and the limited role of meteoric waters.

3-Results and discussions

The Chah Alikhan deposit was formed in the form of mineralization of gold-copper veins along with
structural controlling factors in the subduction zone of the Urmia-Dokhtar magmatic belt. Considering the
type of host rock, alteration, mineralization, and the presence of high levels of spicularite, which indicates
high oxygen fugacity in solution, and the amount of pyrite and chalcopyrite to a lesser extent in the gold-
bearing silica veins, as well as the results of lithogeochemical studies of the veins and based on geological
data and characteristics, the Chah Alikhan mineralization could be a type of epithermal gold-copper
mineralization. Based on the comparison made between this deposit and epithermal types, the possibility
of similarity between this The deposit has the aforementioned features. In fluid interlayer studies,
considering the temperature and salinity range of the Alikhan well copper-gold veins, the density of the
mineralizing fluid is between 0.7 and 1.0 gr/cm?, and the most populous group of fluid interlayers studied
is in the density range of 0.9 to 1.0 gr/cm?, and this mineralization is formed at a depth of approximately
less than one kilometer from the surface of the earth. Also, based on the temperature-salinity diagram of
the mineralized fluid, the origin of the Alikhan well deposit is magmatic and has mixed with atmospheric
waters of lower temperature and salinity. The homogenization temperature and salinity of the Alikhan well
deposit in the salinity-temperature diagram and the presence of fluid interlayers of both two-phase and
single-phase types in The studied samples can be indicative of fluid mixing and dilution phenomena
accompanied by boiling and low salinity. The cooling phenomenon probably occurred due to mixing with
atmospheric waters and reaction with wall rocks. Also, the examination of sulfur isotopic data in the
chalcopyrite mineral of Alikhan well shows that §**S values vary between 2.6 and 6.7 %o (CDT). This range
of variations is consistent with the typical values of mineralizations of magmatic origin (Hoefs 2004). Such
conditions are usually observed in epithermal systems of low sulfide type. In general, the positive and
limited agreement of &S values with the range of +2 to +7%o0 supports the role of magmatic fluids in
supplying ore-forming sulfur and does not indicate the influence of reduced or sedimentary sulfur
components in the system. Oxygen isotope results in quartz also show 30 values between 7.2 and 16.5%o
(VSMOW). This range is higher than the typical values of meteoric waters (=5 to +8%o) and is within the
range of magmatic waters (+8 to +10%o) or slightly higher. Thus, the main origin of the ore-forming fluid
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can be considered magmatic (Hoefs 2009), although the possibility of limited mixing with meteoric waters
in the final stages of ore deposition can also be proposed. Relatively large variations in $'*0 may also be
due to the mixing of fluids of different origins or the isotopic interaction of the fluid with the host rock
during cooling of the system.

4-Conclusion

In the Chah Alikhan deposit, the host rock of the studied veins is mostly lithic tuff to basaltic andesite.
Primary minerals are pyrite, chalcopyrite, specularite, quartz and secondary minerals are goethite, limonite,
malachite. The structure and texture of mineralization are vein-vein, blade, pore-filling, concentric band,
cobble-shaped and comb-shaped. X-ray diffraction results show alkali feldspar, plagioclase, chlorite, illite,
kaolinite, hematite and mica group minerals in the gold-copper siliceous veins. Alteration at the vein
margins is mainly siliceous, argillic and iron oxide. According to the geochemical results, the maximum
gold element is 18.25 g/t, copper is 4.94% and iron is 3.56%. The results of fluid interlayer studies show a
temperature of 117 to 470 degrees Celsius and a salinity of 4.18 to 20.45. The origin of the deposit is
magmatic and has mixed with atmospheric waters of lower temperature and salinity. The results of sulfur
and oxygen isotopes also confirm its magmatic origin, considering the volcanic nature of the host rocks of
the Alikhan chah. Therefore, according to a set of studies conducted from surface geological data and
studies of boreholes and trenches, including petrography, mineralization and alteration, geochemistry, fluid
interlayer and the results of stable oxygen and sulfur isotopes, and the comparison of field studies and
evidence, the mineralization event of the gold-copper quartz veins studied in the Alikhan well can probably
be attributed to a hydrothermal mineralization that is more similar to the type of epithermal mineralization,
and accurate proof of this issue requires more detailed and in-depth data.
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Mining-Geological Map of Western Chah Alikhan Mine
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Fig. 2. Geological map of the Chah Alikhan ore deposit (modified from Sharkovski et al., 1981), scale 1:1000.
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Fig. 4. (a) Needle-like specularite crystals in silicified gangue. (b) Hematite replacement of pyrite (c) Malachite occurring
as small veins. (d) Quartz vein-fill texture. Abbreviations: Spc, specularite. Hem, hematite. Mlc, malachite. Qz, quartz.
Chl, chlorite. (Whitney and Evans, 2010).
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Fig. 5. Hand specimen photographs illustrating crustiform and banded quartz textures hosting Cu—Au mineralization
associated with specularite.
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Table 1. Results of mineralogical studies by XRD method on samples collected from the Chah Alikhan area

Sample
No.

CHA-18D

CHA-21D

CHA-24D

CHA-27D

CHA-41D

CHA-42D

CHA-60D

CHA-61D

CHA-88D

CHA-110D

CHA-115D

CHA-122D

CHA-127D

CHA-138D

CHA-163D

CHA-166D

CHA-186D

CHA-187D

Alteration

Silicification

Silicification,
argillic

Argillic,

propylitic

Chlorite-
epidote

Chlorite-
epidote

Propylitic,
argillic

Propylitic

Silicification

Silicification,
argillic

Propylitic
Propylitic,
argillic
Propylitic
Propylitic

Silicification

Chlorite-
epidote-
carbonate

Propylitic

Propylitic

Propylitic

Major phase

Quartz

Quartz, albite,
potassium
feldspar
Quartz, Albite,
hematite,

Anorthite, augite

Anorthite,
potassium
feldspar, augite,
chlorite

Quartz, albite

Albite, pidote,
Calcite

Quartz

potassium
feldspar,
hematite, quartz
quartz, albite,
potassium
feldspa
Calcite, quartz,
chlorite
Calcite, quartz,
albite, chlorite
Quartz, albite,
Potasium
feldspar

Quartz

Quartz,
potassium
feldspar,
chlorite,
hematite

Quartz, hematite

Anorthite,
augite, chlorite,
hematite

Fluorite

Minor phase

Hematite, Goethite,
atacamite, and
malachite

Potasium feldspar,
calcite, chlorite

Epidote

Hematite

Goethite, semectite

group, gypsum,
potassium feldspar

Potassium feldspar

Paratacamite,
potassium feldspar,
chlorite, hematite

Semectite group

Calcite
Muscovite-illite,
hematite
Potassium feldspar,
hematite

Calcite

Calcite, hematite

Albite, goethite,
siderite

Potassium feldspar,
chlorite, calcite,
goethite

Potassium feldspar

Galena, quartz,
calcite

Trace phase

Calcite

Jarosite, clay
minerals

Vermiculite,
calcite

Hlorite

Potassium
feldspar

Amphibole
group

YYA
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S%I:)ple Alteration Major phase Minor phase Trace phase
Quartz,
CHA-196D Propylitic potassium Hematite -—--
feldspar
CHA-203D Propylitic Quartz, Albite -—--
potassium
feldspar
CHA-209D Silicificaton Quartz, goethite, calcite -——
hematite
CHA-212D Silicification- Quartz, Muscovite-illite, Gypsum
argillic potassium hematite
feldspar, albite
CHA-221D Propylitic Quartz, Hematie -—--
potassium
feldspar, albite
CHA-225D Silicification Quartz, -—-- -
potassium
feldspar, albite
CHA-244D Silicification- Quartz, albite, Potassium feldspar, -—--
argillic hematite goethite, smectite
group
CHA-249D Propylitic Albite, hematite, Potassium feldspar Goethite
chlorite, quartz
CHA-256D Propylitic Quartz, hematite Calcite, albite -—--
CHA-258D Propylitic Albite, quartz, Hematite, calcite, -—-
chlorite potassium feldspar
Hypogene
Mineral Early Late Oxidized 7one
Pyrite ———————— — -
Chalcopyrite — - -_——
Specularite |
Quartz | —
Chlorite —
Magnetite —
Goethite ————
Hematite -
Limonite —
Malachite, Azurite ———
Clay Minerals
Calcite —
Chalcocite —
Covellite, Digenite —
Cerussite —_—
Texture
Banded

Breccia, Cockade, Comb

Open space

Disseminated

Vein-veinlet

Replacement

Fig. 6. Paragenetic sequence of the Chah Alikhan mineralized area.
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Table 2. Results of ICP-MS analysis for various elements and gold element determined by Fire Assay

Fire Assay jl oolazwl LMo jaie § calisee yolic ICP-MS slag 120 2ol -V Jgox

Element

CHA-2I
CHA-41
CHA-5I
CHA-61
CHA-8I
CHA-T-11
CHA-141
CHA-151
CHA-191
CHA-201I
CHA-231
CHA-251
CHA-261
CHA-281
CHA-291
CHA-301I
CHA-321
CHA-331
CHA-351
CHA-401
CHA-461
CHA-491
CHA-501I
CHA-621
CHA-671
CHA-691
CHA-701I
CHA-711
CHA-731
CHA-741
CHA-771
CHA-791
CHA-801I
CHA-811
CHA-821
CHA-831
CHA-851
CHA-931
CHA-961
CHA-971
CHA-981
CHA-100I
CHA-1021
CHA-1031
CHA-1071
CHA-108I
CHA-1111
CHA-1121
CHA-116I
CHA-118I
CHA-1191
CHA-1261
CHA-1281
CHA-130I
CHA-1321
CHA-1331
CHA-1371
CHA-1391
CHA-140I

Ag
(ppm)
2.2
6.2
34
3.5
0.4
2.1
1.2
0.3
1.3
1.6
0.7
0.5
1.7
0.8
1
1.2
2.8
1
0.2
0.2
6.4
0.4
0.4
0.3
0.3
0.8
6.2
3.7
0.5
0.5
0.6
0.3
0.3
1.6
0.6
2.5
2
2.6
0.3
0.6
0.4
0.6
0.7
0.5
0.6
0.9
3.9
5.1
1.5
0.5
1.2
0.3
0.7
1
0.4
0.7
0.5
0.9
0.2

As
(ppm)

133.33
133.33
133.33
133.33
133.33
133.33
51.1
133.33
133.33
133.33
133.33
133.33
71.1
65.3
133.33
9.8
133.33
58.2
10.6
9
133.33
133.33
133.33
54
7.9
54.5
133.33
133.33
14.5
16.6
133.33
63.8
11.5
493
6.3
133.33
30.6
133.33
12.2
4.5
7.7
13.2
243
12.4
12.2
133.33
133.33
43.8
21.2
133.33
63.2
9.8
11
93.8
10.6
27
1.5
61.5
33

Au
(ppb)

353
923
4669
451
58
314
12
27
423
819
5
12
16
405
361
353
923
4669
451
58
314
12
307
6
144
482
1592
422
5
5
368
27
15
408
5
2459
3831
3132

WD L W O\ D

1715
4690
4080
1878
665
365
239
692
434

14

108
6

Bi
(ppm)
13.7
503
366

269.9
65.2
50
470.6
301.1
271.1
559
34.5
21.2
362.1

3.8

52

0.5

366.1

2.7

0.7

0.2

736.4
751.2
107.1

1.5

22
16.4
1333

711.8

4.7

0.8
51.8

0.7

0.3

156.2
2.6
276.8
1333
223.7

2.1

0.7

0.3

0.3

0.3

0.5

1.3

333.2
14.9
292

347.3

238.8
273
2.5

179.3
1.2
0.8
0.1

20.3
1.1

Cu
(ppm)
3109
613
1142
301
2429
1075
4653
797
24334
8377
2063
710
612
59
394
80
2176
18
10
19
1514
9599
2114
79
17002
29710
12878
10788
70
17
1460
30
7
3571
70
13582
28361
26515
165
102
152
20
5
54
193
4460
17856
27023
8243
16319
10616
86
4183
4593
34
750
42
4973
30

Fe
(ppm)
13333
93688
86799
83333
13333
13333
13333
13333
72313
13333
13333
13333
13333
13333
13333
75259
13333
48600
15949
15696
13333
48817
75850
56751
73715
90015
31289
99072
68335
67314
13333
76026
51969
62820
44501
13333
98781
83552
64903
18363
55465
69616
99104
65318
56126
13333
63700
38130
59344
13333
74395
13333
13333
13333
66479
13333
14735
48914
7343

Mn
(ppm)

232
145
101
76
229
639
309
319
114
690
199
245
85
2534
2729
2564
156
1958
2396
474
117
513
1075
1303
1897
2056
229
150
1958
2175
1206
1998
1932
950
1570
1040
325
268
1169
3024
1704
2333
2357
3583
1395
683
191
224
231
431
214
48
495
393
1976
3843
2494
745
2553

Mo
(ppm)
0.375
6.2
10.6
9.5
69
38.5
6.3
45.7
26.2
15.5
10.2
9
6.7
2.2
1.1
0.375
18.1
0.375
0.375
0.375
54
6
14.9
0.375
0.375
4
4.9
8.6
0.375
0.375
23
0.375
0.375
2.9
0.375
4.6
3.8
4.8
0.375
3.4
0.7
0.375
0.375
0.375
0.375
20.3
3.4
2.7
2.6
4.2
10
0.7
4.3
4.7
0.375
2.7
2.5
2.2
0.375

Pb
(ppm)
87

888
565
478
656
1070
286
194
1570
1519
461
224
757
253
80
12
851
42
13
<1
931
391
191
6
14
1707
3587
104
14
31
2896
40
9
275
17
1909
2013
1159
16
19
16
24
28
18
21
618
1759
438
213
213
377
11
5
810
20
21
4
75
3

S
(ppm)
640

369
1368
862
1868
918
375
1812
448
1710
3475
449
484
153
375
143
1172
259
375
2220
332
262
127
375
259
601
1471
657
100
98
1416
159
209
50
57
219
380
513
423
192
166
185
71
76
711
608
856
2831
240
258
444
812
79
726
165
62
156
214
71

W
(ppm)

27.2
89
70.2
48.4
39.5
105.3
244.4
118.1
70.4
57.6
106
47.7
144.8
18.6
8.9
43
72.5
8.4
8.6
6.3
76.7
11.3
272
89
70.2
48.4
39.5
105.3
244.4
118.1
70.4
57.6
106
47.7
144.8
18.6
8.9
43
72.5
8.4
8.6
6.3
76.7
11.3
5
60.1
25.7
11.1
524
247.8
322
282.9
548.5
71.9
21.4
12
2
36.8
3.6

Zn
(ppm)
30
20
17
30
54
58
38
42
13
58
38
42
13
158
346
141
11
103
29
20
11
80
30
20
17
30
54
58
38
42
13
58
38
42
13
158
346
141
11
103
29
20
11
80
140
46
25
18
29
28
22

24
74
144
389
12
47
6
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13333 238 28.3 528 1166 10.2 36
13333 140 2.6 73 2609 244 19
74450 2733 0375 91 74 30.3 357
53410 2116 0.375 11 411 8.5 273
13333 2451 1.8 222 68 19.1 244
66219 1750  0.375 10 195 49 116
7455 78 3.4 39 1588 2.4 0.75
74627 428 2.7 290 114 68.5 28
13333 1958 0.5 137 262 18.2 109
18562 333 8.5 118 464 3.7 160
19489 1134 0.375 5 95 1.6 11
61078 1946 <0.5 8 106 2.5 116
17787 1733 0.375 4 150 1.2 9
82403 846 10.6 877 375 27.7 74
70113 813 0.6 17 159 8.1 46
71702 101 10.9 43 668 4 15
80059 273 17.8 712 333 23.7 48
40163 314 0.5 44 37.5 47.2 19
52131 3098  0.375 8 218 5.1 83
13333 271 1049 2289 1142 20.7 30
14567 119 0.9 61 567 34 7
9305 59 1.6 31 2544 2.3 0.75
12223 1594 0375 8 335 1.5 13
52413 2033 0375 12 66 1.9 250
15608 57 0.6 7 201 1 1
11447 42 0.375 7 1754 0.75 0.75
62495 26667 11 1717 439 1.2 119
11059 267 0.375 30 1745 0.75 0.75
13333 304 19.2 381 463 12.2 8
42872 342 1.4 13 1179 2.4 18
30641 2633 0.375 298 100 0.75 244
21861 75 0.375 19 1207 0.75 4
11491 93 1 17 1460 0.75 0.75
16243 114 0.375 30 592 0.75 6
23149 46 0.375 5 343 0.75 0.75
34856 331 0.375 5 753 0.75 74
13333 1089 9.6 120 <50 294.3 76
10199 685 0.375 18 457 24.9 6
9409 67 0.9 56 321 8.2 3
20248 72 0.375 31 111 4.7 5
13333 439 2 47 375 327.1 22
8649 44 0.375 10 1800 332 <l
57285 2049 0.375 33 124 18 198
73043 354 8.1 19 642 22.5 37
69651 408 21.6 2613 1240 6.7 50
13333 414 53.1 2185 856 43 61
13333 413 8.1 9 474 135.8 18
8986 43 0.375 10 1432 14.9 3
12239 45 0.375 7 811 5.2 4
57908 4749  0.375 12 260 6.6 686
13333 97 61.5 288 2500 71 14
32163 2848 1.5 9 229 8.1 34
13333 139 6.3 263 3508 78.9 8
13333 98 7.9 93 3420 1237 8
69440 2088  0.375 8 141 21.4 169
22239 2923 5.3 5 228 49 9
23084 281 0.375 515 119 8.1 23
30906 322 0.375 516 122 11.9 21
13333 699 35.6 1344 1380 6.3 44
13333 980 8.7 11 120 95.6 58
13333 168 4.7 28 413 373.3 16
13333 109 43 81 646 47.5 7
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68370 2134 0.375 23 37.5 22.4 239
13333 1236 2 36 2643 10.2 127
72090 7695 0.8 30 117 6.4 389
13333 1168 7.5 456 59 356.9 72
13333 842 6.2 11 51 180.7 65
97837 1433 2.9 1500 177 58.4 95
43043 1459 0375 10 323 8.5 59
50646 1962  0.375 211 2816 7.7 120
25759 3309 52.4 236 3597 43 21
13333 6.3 42 470 293.1 10
13333 6.2 140 363 224.7 16
13333 4.8 12 145 184.8 13
13333 4.6 22 262 36.8 63
38424 0.375 6 256 15 58
14996 1.9 10 160 8.1 0.75
13333 4.1 34 15294 66.9 16
54943 0.375 11 601 13.8 83
13333 8.5 73 103 76.9 79
13333 4 516 1172 309.6 51
18077 0.375 14 519 28.5 3
13934 8.6 1614 6329 12.3 22
54569 0.375 32 272 10.1 193
59424 0.375 43 677 5.9 6
13333 27.1 60 675 15.2 23
13333 43 51 739 377 19
13333 13.9 124 2974 1426 22
13333 21.2 74 1184 1382 13
13333 9.7 51 913 98.1 14
13333 4 54 222 131.2 25
42291 0.7 275 498 434 29
51786 1.1 253 252 41.4 35
49625 40.9 3411 1201 14.3 24
62534 335 2759 1963 9.7 37
13333 66 259 2645 71.5 9
85555 1.6 15 37.5 122.5 11
13333 5.6 4 599 334.8 39
13333 6 36 115 205.3 39
13333 5.2 46 133 155.5 120
58792 0.375 10 79 25.9 33
82003 61.5 73 2490 15.7 44
13333 1.3 10 375 172.6 37
68290 3.1 33 332 38 234
99104 1049 3587 15294 5485 686
5116 0.375 3 37.5 0.75 0.75
35657 8.2253 364.77 81697 57.553 74.4
17932 2.7 46 375 18.85 37
7TE+06 23278 464985 2E+06 7973.6 9977
27284 1529 683.38 14654 89.295 100
0.7652 1.8589 1.8735 1.7937 1.5515 1.344
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Table 3. The results of factor analysis indicate that the first factor represents mineralization

Component
1 2 3 4 5 6 7
Ag
492 393 -.184 -179 214 124 585
As 653 224 -474 -.029 012 -265 -125
Au 686 466 106 -070 _257 165 273
Ba
314 -115 -614 591 256 132 056
cd
461 187 383 523 _355 021 -324
Co -.482 555 364 084 335 -.025 -.003
Cr 717 561 -.054 -017 -.024 246 -076
Cu
256 175 600 327 385 _318 083
Fe -240 -306 196 305 254 085 575
Mn 074 -155 -240 -043 -341 -756 108
Mo 526 405 247 -.049 410 -295 111
Ni _745 543 -071 -.009 _017 203 -.059
P 498 -.495 179 -229 186 192 172
Pb
351 023 -550 654 082 241 -013
S 499 292 -245 -134 494 -108 _235
Sb 657 554 122 -329 -.006 162 -.094
Ti 542 -.540 371 -.149 080 312 005
v 764 -032 123 237 015 227 -.020
/n
416 218 528 472 _381 004 072

Extraction Method: Principal Component Analysis.

a. 7 components extracted.
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Dendrogram using Average Linkage (Between Groups)

Rezcaled Distance Clusater Combine

CASE 0 5 10 15 20 25
Label Hum 4+t e - - +
LnCr L3} T
LnNi 11 —

LnMn g T |
LnS 14 4
LnTi 17 —
LoV 13 —

LniZn 13 1T
LnF 12—
LnCo 5 —t
LnCu 7 —
Lnhg 1 —

LnMeo 10

LnSk 15 —

Lniu 3 —

LnPFb 13 —

Lnks 2 1T
LnSc 18 - —-
LnZr 20—
LnEa 3 —
LnFe g '

tloonristy sloosls e Jolow -V S
Fig. 7. Cluster analysis of geochemical data.
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Table 4. Comparison of Fluid Characteristics Involved in the Chah Ali-Khan Deposit with Other Deposits (Modified
from Wilkinson, 2001). Abbreviations: Qz, quartz. Dol, dolomite. Sph, sphalerite. Cc, chalcocite. Ccp, chalcopyrite. Ba,
barite. Fluor, fluorite. Wolf, wolframite (Whitney and Evans, 2010).

Deposit type Host Thrange Salinity range Daughter Trapped Comments
minerals minerals phases
(00) (Wt% NaCl
equiv.)
Mississippi Cc, dol, 50-180 15-30 - Petroleum CH4, may be present
fluor,
Valley-type
ba, qu, sph
Irish-type Cc, dol, sph, 150-240, 10-18, - Calcite, Mixing of two fluids,
K-mica high T fluid Has low,
qu, ba 80-150 20-25 CcO2
Volcanic- Qz, ba 80-340 1-8 - - Higher Th and S in
associated stockwork zones
Massive
sulphide
Granitoid- Qz, wollf, 150-500 0-45 Hal, syl, Torm, ksp CO2, often present,
associated fluor, cc chlor, common effervescence
veins
Bor, anh, cc,

Hm, mt, sulph

Porphyry- Qz, 200-700 0-70 Hal, Syl, - Effervescence common,
copper chlor, CO02, in deep systems
Cpy, hm
Epithermal Qz, cc, sph 100-300 0-12 daw - Sometimes low, CO2,
common effervescence
Chah Alikhan Qz, Cep 117-470 4-20 - - Sometimes low, CO2,
common effervescence
Mesothermal Qz, cc 200-400 2-10 daw - High, CO2+CH4, or N2
gold
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inclusions coexisting with single-phase Vapor inclusions, (d fluid inclusions comprising two-phase Vapor -rich inclusions

along with two-phase liquid-rich.

SainNes sbe hwge 5l oeslatul Loy ,mSIS
(Liand Liu, 2006) 5,25 aloles 5,k 5l Jbow slo, Lol
el 00l Al
¥) 1000 Lno= 0 34SCpy - 6 34S H2S=(- 0.75)
*(106/T2)
polie a5 ClS g5 o ol Cawds Slacl 4 a5 L 1
2 Ao oS Jlome )3 35750 5,555 wdlses 3 0348
b 55 e S5 FY B Y5 %0 08 40 olleoly S5
sl lralecly (s S Jladss] canls ) 425
5 SLaassl oas ) slalow b wlin losils sla b
boSle o3gamme )3 5 alloe LaFle 5l ond (§live pitces b
ey Sl sanld 15l snas jsb 4 g WS o >

\Ai4

0,595 Goigpl -1-A

oailgw 36 L CDT ojailial slce ,» 034S ,0lia
odgizme ;0 diged 1 (gly (DS Sloed) aild cubgy
03)s1 Vo I3 5 0 gaz o 5 dnlne (lrleely Suse
0dls (5 pSojlail 5,555 Cgignl Jlade 4y axgi b .l oald
Jloee 9,555 ©gignl ( S JoSas sloo 5 olfitlejl L
G5 S 0 b i e el e Dl |y (2l S
S lilis Losgs ol Gy Sad 5ed (gloo (puSolee
30 Sz ge oSS (gl ol (5,505l 6348 jolie 4
0348 jlaie 5,85 dolee 4 4z g b g brleelr LS
x5 0 PN B YE Y0 5l oo dcwlxe Jlew [0 S92 ge
b Jobs o Jlw ool 5,555 8 34SH2S e il e



a

A P . Lx
Y oo,leds V0,50 NFD Ll A i (695 (omlid e ‘."’7"0"/,”:"@’

-

LSRR SRS [ x B JER EUI ROE DS BN B NRE BOn RS )

-
-

T 6L S L bt h 0.8

T
E N 106
C( LV m

P

Frequency

OunwanauneBRBERRARBENNEREYN

Frequency

Illllllllllllllllllll

1%} lllllllllllllllllllllll]lllllll

g IIII|Illl|||||llll|l|lll|

5 0 5 2 >
Homogenization temperature (°C) Salinity (wt”Z NaCl equivalent)

0 D W W A0 2 AV XD A0 40 T W

§ § 8

é

Homogenization temperature (°c)

Salinity (wi”Z NaCl equivalent)

Sl i glgil 6595 blie o ad (e slod Hloge3 (€) (ol (Kod slod (w503 (0) (5598 (Slgl 2 Sy jloges (@) -1 S
(Wilkinson, 2001) Jl 5 ol 655> ;0 brdeol> Ll slaaises 28,5 130

Fig. 9. (a)Frequency bar chart of salinity, (b) Histogram of homogenization temperature, (c) Diagram of homogenization
temperature versus salinity of different deposit types with samples from the Chah Alikhan deposit located in the
epithermal domain) Wilkinson, 2001).
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Table 5. Sulfur isotopic data (634S) of the Chah Alikhan deposit.

NO Sample Mineral 634S CDT T(C) 10001n a 634SH2S fluid

(%o) (%0)
1 BH-12-S Cpy +3.0 200 0.5 3.5
2 BH-17A-S Cpy +4.6 200 0.5 5.1
3 BH-39-S Cpy +3.0 200 0.5 3.5
4 BH-35 Cpy +2.8 200 0.5 6.3
5 BH-36 Cpy +6.2 200 0.5 6.7
6 BH-61 Cpy +4.3 200 0.5 4.5
7 BH-36-W Cpy +3.8 200 0.5 43
8 BH-17A Cpy +2.1 200 0.5 2.6
9 TEI Cpy +4.2 200 0.5 4.7
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Fig. 10. 634S values in Chah Alikhan deposit in comparison with different geological environments, taken from) modified

from Hoefs, 2004).
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Table 6. Oxygen isotope compositions of the Chah Alikhan deposit.

Sample name Mineral 3180 (%o) T(°C) 1000In o 6180 H20 (%o)
VSMOW
BH17A-O-SP Quartz +5.0 200 3.9 8.9
BH-38-O-SP Quartz +3.5 200 3.9 7.4
BH-E-39-O-SP Quartz +3.3 200 3.9 7.2
BH-40-E-O-SP Quartz +5.4 200 3.9 9.3
BH-5A-0-Q Quartz +12.3 200 3.9 16.2
BH-11-0-Q Quartz +7.6 200 3.9 11.5
BH-12-0-Q Quartz +12.6 200 3.9 16.5
BH-14-0-Q Quartz +8.6 200 3.9 12.5
BH-17A-0-Q Quartz +5.8 200 3.9 9.7
BH-39E-O-Q Quartz +9.5 200 3.9 13.4
BH-6E-Q-O Quartz +8.3 200 3.9 12.2
BH-40-E-O-Q Quartz +6.8 200 3.9 10.7
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Fig. 11. Location of 6180 values of quartz mineral from the Chah Alikhan deposit (Hoefs, 2009) .
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Table. 7. Comparison of geological and mineralization characteristics of the Chah Alikhan deposit with some low- to
intermediate-sulfidation epithermal systems in Iran and worldwide. Abbreviations: Kf, K-feldspar. Qtz, quartz. Hal,
halite. Carb, carbonate. Dol, dolomite. Chl, chlorite. Ep, epidote. Mont, montmorillonite. Alu, alunite. Sph, sphalerite.
Ser, sericite. Flo, fluorite. Cc, chalcocite. Gt, goethite. Py, pyrite. Ad, adularia (Whitney and Evans, 2010).
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(b) Schematic diagram of the principal trends of salinity and homogenization temperature in fluid inclusions (Wilkinson,

2001).
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