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brecciated, comb, cockade, colloform, crustiform, plumose, and vug
infill textures. Five stages of mineralization can be distinguished at
B . Qebchagq. Stage 1 is represented by silicification of host rocks along with
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marked by quartz-manganese oxides-hydroxides (psilomelane,
pyrolusite, braunite) veins and hydrothermal breccia cements. Stage 4 is
represented by quartz (calcite-chlorite) vein-veinlets, and stage 5 is
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EXTENDED ABSTRACT

Introduction

Qebchaq base and precious metal deposit, 15 km
northwest of Qarachaman, is located in the Western
Alborz—Azerbaijan zone, northwestern Iran. Several
types of deposits are present in this zone including
porphyry and skarn Cu-Mo (Au) porphyry deposits,
Cu-Mo and Fe skarn deposits, Cu-Mo-Au vein
deposits, and epithermal Au deposits (Jamali et al.,
2010; Kouhestani et al., 2018). The most important
deposit discovered to date within the Western
Alborz—Azerbaijan zone is the Sungun porphyry Cu-
Mo deposit, which has a defined reserve of 796 Mt
at 0.6% Cu (Hezarkhani and Williams-Jones, 1998;
Aghazadeh et al., 2015; Simmonds et al., 2017).
Other important deposits or occurrences include
Haft-Cheshmeh, Sonajil, Ali Javad, Mirkuh-e-Ali
Mirza, Astergan, Avan, Anjerd, Mazraeh, Astamal,
Pahnavar, Masjed Daghi, Sharafabad, Mivehroud,
Nabijan, Zaglig, Aniq, Zaily Darreh, Qara Darreh
and Qarachilar (Ebrahimi et al., 2011; Jamali et al.,
2010; Mokhtari, 2012; Maghsoudi et al., 2014;
Mokhtari et al., 2014; Adeli et al., 2015; Baghban et
al., 2015; Baghban et al., 2016; Simmonds and
Moazzen, 2015; Kouhestani et al., 2018).

Although geological general characteristics of the
location of the Qebchag deposit have been
determined (Asadian et al., 1993), no detailed studies
have been conducted on the mineralogy,
geochemistry, and genesis of the Qebchaq deposit. In
this paper, detailed geology, mineralogy,
geochemistry, and alteration styles of the Qebchaq
deposit to constrain its ore genesis are investigated.
These results may have implications for the regional
exploration of epithermal base and precious metal
deposits in the Western Alborz—Azerbaijan zone.

Material and Methods

Detailed fieldwork has been carried out at different
scales in the Qebchaq area. A total of 50 samples
were collected from various parts of ore veins and
breccias, host volcanic rocks, and intrusions. The
samples were prepared for thin (n=8) and polished-
thin (n=32) sections in the laboratory at the
University of Zanjan, Zanjan, lran. Thirty nine
representative samples from the mineralized veins
and breccias, 1 sample from host dacitic rocks, and 1
sample from altered quartz diorite-gabbro intrusion
were analyzed for REE, Au, Ag, Cu, Pb, Zn, and

other rare elements using Fire Assay and ICP-MS in
the Zarazma Analytical Laboratories, Tehran, Iran.

Results and Discussion

The geological units hosting the Qebchag deposit are
mainly Eocene volcanic and volcaniclastic rocks that
have been intruded by Oligocene intrusions. The
Eocene sequence includes tuff, andesite, and
andesitic basalt, rhyolite, rhyodacite-dacite, and
ignimbrite. The intrusive rocks in the Qebchaq area
include Oligocene quartz diorite-gabbro and granite-
alkali granite. They show porphyritic, microgranular,
and granular textures. Mineralization at Qebchaq
occurs as the epithermal base and precious metal
quartz-sulfide brecciated vein that occupies NE-
trending faults in the Eocene volcanic rocks and
Oligocene intrusions. The ore veins are 50 to 1000
m long, from 0.5 to 4 m wide, and generally, dip
steeply (65-85°) to the southeast and northwest.
Wall-rock alterations developed at the Qebchag
deposit include silicification, intermediate argillic,
carbonate, chlorite, and propylitic alteration. The
first four types are closely related to mineralization.
Five stages of mineralization can be distinguished at
Qebchag. Stage 1 is represented by silicification of
host rocks along with minor disseminated pyrite.
This stage is usually crosscut by stage 2. Stage 2 (the
main ore-stage) is characterized by millimeters to
several centimeters wide quartz veins and breccias
that contain variable amounts of disseminated pyrite,
chalcopyrite, galena, sphalerite + native gold +
realgar. Clasts of this stage and associated wall-rock
alteration have been recognized in the hydrothermal
cement of stage 3 breccias. Stage 3 is marked by
guartz- manganese oxides-hydroxides (psilomelane,
pyrolusite, braunite) veins and breccia cement. It is
usually crosscut stage 2 and is cut by stage 4 veinlets.
Stage 4 is represented by < 1 mm wide quartz
(calcite-chlorite) vein-veinlets. This stage usually
crosscuts previous ore stages. No sulfide minerals
are recognized in stage 4. Stage 5 is characterized by
up to 2 mm wide veinlets or vug infill texture of
calcite. Stage 5 calcite veinlets usually crosscut
previous ore stages. The ore minerals at Qebchaq
have been formed as vein-veinlet and hydrothermal
breccia cement, and show disseminated, vein-
veinlet, brecciated, comb, cockade, colloform,
crustiform, plumose, and vug infill textures. Pyrite,
chalcopyrite, galena, sphalerite, native gold, realgar,
psilomelane, and pyrolusite are the main ore
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minerals. Malachite, azurite, smithsonite, cerussite,
goethite, secondary pyrolusite, and braunite are
supergene minerals. Quartz, sericite, chlorite, and
calcite are present in the gangue minerals.

Comparison of Chondrite—normalized rare elements
and REE patterns of host dacitic lavas, fresh and
altered quartz diorite-gabbro intrusion, and the

mineralized samples at Qebchaq indicate that
leaching of some elements from the host rock units
may have been involved in mineralization. The data
in this study suggest that Qebchaq is an example of
intermediate-sulfidation type of epithermal base and
precious metal mineralization.
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Fig. 1. A: Location of the Qebchaq area in the Western Alborz-Azerbaijan zone (modified from Nabavi, 1976), and
B: Geological map of the Qebchaq deposit. The width of mineralized veins was exaggerated to better show their position.
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Fig. 2. A: View of EY and E" rock sequences along with granite body (gr) in the southwest of Qebchaq village, looking
southwest, B: View of intercalation of rhyolite, rhyodacite-dacite, and ignimbrite sequences (Unit E) in the northeast
Qebchagq area, looking northeast, and C: General view of quartz diorite-gabbro (Unit qd-gb) body in the Qebchaq area,
looking to the north. The Quartz-sulfide vein can be seen within this intrusive body.
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Fig. 3. Field and hand specimen photographs of quartz-sulfide veins of the Qebchaq deposit. A: QV1 vein crosscutting rhyolite,
rhyodacite-dacite and ignimbrite sequences (Unit E™), looking northeast, B: Hydrothermal breccia with quartz-pyrite cement of
QV1 vein, C: Part of QV2 vein crosscutting quartz diorite-gabbro body (Unit qd-gb), looking west-southwest. The mineralized
vein is covered by an intermediate argillic alteration halo, D, E and F: QV2 vein containing galena and sphalerite (D),
chalcopyrite altered to malachite and azurite (E), and realgar (F), G: QV3 vein crosscutting quartz diorite-gabbro body (Unit
qd-gh), looking northeast, and H: Qv4 vein crosscutting tuff, lava, and agglomerate sequences (Unit EY), looking northeast.
Abbreviations after Whitney and Evans (2010) (Az: azurite, Gn: galena, Mlc: malachite, Rlg: realgar, Sp: sphalerite).
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Fig. 4. Photomicrographs (transmitted polarized light, XPL) of hydrothermal alteration types in the Qebchaq deposit. A and B:
Silica alteration as quartz veinlets and hydrothermal breccia cement, C: Intermediate argillic alteration as the presence of sericite
and chlorite within ore zones, D and E: Carbonate alteration as quartz-calcite veinlets (D), and open space filling texture (E), F
and G: Chlorite alteration as chlorite with spherulitic texture within vugs (F) and chlorite veinlets (G), H and I: Plagioclase
altered to chlorite and calcite (H), and calcite (1) in propylitic alteration. Abbreviations after Whitney and Evans (2010) (Cal:
calcite, Chl: chlorite, Gn: galena, PI: plagioclase, Qz: quartz, Ser: sericite, Sp: sphalerite, Vug: open space).
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Fig. 5. Photomicrographs (transmitted polarized light, XPL) of the mineralization stages in the Qebchaq deposit.
A-C: Stage 1 mineralization as silicification of the host rock with disseminated fine-grained pyrite that crosscut by stage 2
quartz-sulfide veinlets (B and C). In A, fine-grained disseminated pyrites are observed in the silicified rock matrix, D: Stage 2
mineralization as hydrothermal breccia cement, E and F: Stage 2 breccia clasts with stage 3 hydrothermal cement, G: Stage 2
breccia clasts that crosscut by stage 4 quartz veinlets, H: Coarse-grained stage 2 sphalerite that crosscut and brecciated by stage
4 quartz-calcite-chlorite veinlets, I: Stage 4 chlorite veinlets that crosscut stage 2 mineralization, J: Stage 3 quartz-oxide veinlets
that crosscut stage 2 mineralization and, in turn, cut by stage 4 chlorite veinlets, K and L: Stage 5 mineralization as calcite

veinlets and vug infill. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Chl: chlorite, Gn: galena, Gth: goethite,
Py: pyrite, Sp: sphalerite, \Vug: open space).
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Fig. 6. Photomicrographs (reflected light) of ore minerals in the Qebchaq deposit. A: Fine-grained disseminated pyrite, B:
Coarse-grained pyrite altered to goethite, forming relict and skeletal textures, C: Inclusion of pyrite in sphalerite. Intergrowth of
galena and sphalerite is also observed, D: Intergrowth of pyrite, galena and sphalerite, E: Intergrowth of chalcopyrite, pyrite,
galena and sphalerite, F: Intergrowth of galena and sphalerite, G: Inclusion of galena in sphalerite, H: Anhedral galena crystal
altered to cerussite along boundaries and cracks, I: Native gold grains, J: Intergrowth of psilomelane and colloform primary
pyrolusite, K: Anhedral coarse-grained psilomelane crystal intergrowth with colloform primary pyrolusite. Psilomelane altered
to secondary pyrolusite, and L: Anhedral psilomelane crystal altered to secondary pyrolusite and braunite. Abbreviations after
Whitney and Evans (2010). (Au: Native gold, Br: braunite, Ccp: chalcopyrite, Cer: cerussite, Gn: galena, Gth: goethite, Ps:
psilomelane, Py: pyrite, Pyrl: primary pyrolusite, Pyr2: secondary pyrolusite, Sp: sphalerite).
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Fig. 7. Photomicrographs (transmitted polarized light, XPL) of quartz textures in the Qebchaq deposit. A: Quartz with comb
texture, B: Vug infill quartz, C, D and E: Cockade texture of quartz. In E, colloform and crustiform textures of quartz are also
observed, F and G: Fine-grained quartz crystals with colloform and crustiform textures, H and I: Coarse-grained quartz crystals
with plumose texture. Abbreviations after Whitney and Evans (2010) (Gth: goethite, Qz: quartz, Sp: sphalerite, Vug: open
space).
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Fig. 8. Paragenetic sequences showing the relative abundance, structure and texture of gangues and ore minerals at the

Qebchag deposit

.C‘wlaMoJJ}TY J}A?j\J}J\?

LRI RCLTME
33 Blar Ll (lad g Sl oeT Sy glach (glaw 25 ol

DOI: 10.22067/econg.2022.75340.1041

Vooled V0 655 VErY ((ooluaml wlid e


https://doi.org/10.22067/econg.2022.75340.1041

e Bl SIS > el g O gl e 5 G018 5 w0l oo e 5 gl 215818 OLas 5 s

035 580l 0313 . 3land HLwilS 55 Olijee slacSi 5 JlsailS (ladigos sl (o5 53 05 o ) gl s slaesls ) Jaur
wlsole S5 09 08 — ) 955,058 035 :Q-02 ¢ zls 03108 :Q-01) .ol (Sohbatloo, 2022) oo I NI w28~ e ylsS
b Q-08 ¢ 13 ;&K gobad) g — 5,158 & 5:Q-07 1 Q-05 ,Isdb 5,18 4,5 ,:Q-04 P [ 2328 — 35,8 ey S5k :Q-03

(o SIS — 5,18 S 5:Q-14 5Q-13 & o — 5,158 b, € 5:Q-12 5Q-11 &y Jliwl - JE - 55,187 & ,:Q-10
Table 1. Geochemical data (in ppm) for mineralized samples and host rocks from the Qebchaq deposit. Mean data of
fresh quartz diorite-gabbro body is from Sohbatloo (2022). (Q-01: dacitic lava, Q-02; altered quartz diorite-gabbro body,

Q-03: fresh quartz diorite-gabbro body, Q-04: Au-bearing breccia Qz vein, Q-05 to Q-07: Mn-bearing Qz-sulfide vein,
Q-08 to Q-10: Qz-Gn-Sp vein, Q-11 and Q-12: Qz-Py breccia vein, Q-13 and Q-14: Qz-Ccp vein)

Ag As Ba Cd Ce Co Cr Cs Cu Dy Er Eu Fe
Q-01 04 206 1083 26 43 1.9 5 3 12 202 094 136 10941
Q-02 02 189 630 0.3 27 19.6 7 2.4 55 379 181 109 48398
Q-03 023 29.63 390 046 27.7 195 164 099 426 3.73 173 0.87 46935
Q-04 6.4 >100 887 7.7 30 2.6 17 22 393 209 0.76 133 60261
Q-05 9.2 >100 1927 43 16 14 13 11 751 507 278 262 93719
Q-06 45 >100 1662 22.6 7 9.9 17 4 669 1.3 033 1.83 19537
Q-07 6.2 >100 318 472 13 35 20 <05 474 226 096 094 28930
Q-08 118.7 >100 9 936.1 9 2.8 6 <05 659 0.9 015 03 7381
Q-09 163 >100 4 333.3 102 4.4 9 <05 300 2.9 1.08 149 12967
Q-10 485 >100 12 3465 39 25 12 <05 1370 231 072 065 22131
Q-11 6.2 >100 1130 28 13 1.1 6 0.6 50 1.08 031 125 10795
Q-12 54 >100 770 2.8 22 4.4 15 05 49 115 039 0.89 35144
Q-13 2622 >100 254 29.6 3 16.6 22 1.6 >50000 0.86 0.2 042 92092
Q-14 208.1 >100 33 32.6 7 10.6 8 <05 >50000 121 032 03 33274

Gd Hf K La Lu Mn Nb  Nd P Pb Pr Rb S
Q-01 246 1.9 30939 27 0.2 547 8.5 127 189 436 4.67 103 494
Q-02 284 051 34832 15 0.24 1445 10 139 539 54 3.89 105 341

Q-03 277 068 8641 154 0.28 998 8.14 143 565 583 382 1814 319
Q-04 234 064 4879 17 0.1 215 48 112 1438 2511 346 16 6098
Q-05 295 <05 2028 10 042 >20000 25 88 1452 552 2.27 2 4383
Q-06 137 <05 1588 2 <0.1 >20000 22 3.2 130 4350 0.82 2 1067
Q-07 189 <05 677 9 <0.1 >20000 23 7.2 138 2597 199 <1 688
Q-08 132 <05 116 6 <0.1 1022 2.1 3 60 >30000 1.2 <1  >30000
Q-09 449 <05 111 72 <01 1789 21 336 51 >30000 9.44 <1  >30000
Q-10 272 <05 124 26 <0.1 593 21 173 81 >30000 455 <1  >30000
Q-11 125 <05 1704 8 <0.1 146 39 32 86 392 121 1 2085
Q-12 161 <05 1129 13 <01 471 34 58 116 441 217 <1 10622
Q-13 116 <05 5701 3 <0.1 3494 24 15 247 1206 0.63 17 2327
Q-14 137 <05 434 5 <0.1 106 23 338 1422 205 1.04 <1 2848
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Table 1 (Continued). Geochemical data (in ppm) for mineralized samples and host rocks from the Qebchaq deposit.
Mean data of fresh quartz diorite-gabbro body is from Sohbatloo (2022). (Q-01: dacitic lava, Q-02: altered quartz diorite-
gabbro body, Q-03: fresh quartz diorite-gabbro body, Q-04: Au-bearing breccia Qz vein, Q-05 to Q-07: Mn-bearing Qz-
sulfide vein, Q-08 to Q-10: Qz-Gn-Sp vein, Q-11 and Q-12: Qz-Py breccia vein, Q-13 and Q-14: Qz-Ccp vein)

Sb Sm Sr Ta Tb Th Ti Tm ] Y Yb Zn Zr
Q-02 68 447 83 1.02 032 974 1216 0.12 32 97 09 397 56
Q-03 24 362 401 085 051 1037 4262 024 06 18 2 137 11
Q-04 236 248 328 0.83 050 391 4586 0.25 087 179 2.13 136 14.8
Q-10 328 392 295 05 035 6.07 1314 <01 36 102 11 504 29
Q-14 >100 8.14 356 036 064 222 <10 039 34 335 31 6725 5
Q-16 >100 5.13 164 033 021 073 <10 <01 16 51 03 2215 <5
Q-21 >100 0.74 142 037 035 08 <10 015 16 117 0.7 13008 <5
Q-24 >100 <0.02 23 029 017 048 <10 <01 1 27 <005 >3% <5
Q-31 >100 324 7 032 053 059 <10 <01 24 111 04 >3% <5
Q-10 >100 097 14 033 043 067 <10 <01 35 108 04 >3% <5
Q-11 166 247 30 055 017 244 318 <01 17 5 0.4 133 29
Q-12 165 133 33 043 022 227 59 <01 15 48 04 131 14
Q-13 >100 <0.02 31 033 014 178 <10 <01 16 3 05 4603 <5
Q-14 >100 <0.02 20 0.29 0.18 089 <10 <01 69 72 02 20226 <5
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Table 2. Geochemical data of gold (in ppb) and ore-forming elements (in ppm) for samples collected from mineralized
veins at the Qebchaq deposit.

Pb Zn Cu Ag As Cd Sbh  Au
Q-15 4 373 237 0.35 59.5 8.4 1.03 5
Q-16 9 69 31 028 676.2 3 0.86 7
Q-17 20000 484 340 45 10000 1425 1413 113
Q-18 5841 1744 348 85 3159 25 260 4641

Q-19 138 593 73 038 11227 7.1 214 153
Q-20 3217 857 430 25 9528 8.5 30.9 37
Q-21 3156 2543 262 2.9 3031.2 27 4744 19
Q-22 3228 2110 2808 3.3 39383 62.9 34.7 435
Q-23 20000 6965 1858 6.8 38495 33.9 38.9 98
Q-24 718 20000 1058 29 1331 31.6 27.3 17
Q-25 3422 13772 1679 7.5 1570.6 31.2 53.4 24
Q-26 20000 20000 402 45.8 19357 1934 186.7 198
Q-27 2731 5799 887 285 1382 219 2024 24
Q-28 1756 2871 230 11.7 61775 33 1023 42
Q-29 708 2076 182 10.7 2817.8 215 2011 57
Q-30 20000 20000 401 349 59958 85.5 26323 76

Q-31 4044 42013 815 05 1385  16.32 69 5
Q-32 7993 289.75 176 15 4362 2.43 225 123
Q-33 3155 72733 1197 0.8 755 9251 47 5
Q-34 2441 21934 408 11 2367  18.53 72 198
Q-35 3390 18723 426 34 2171 30.5 43 1169
Q-36 1600 15076 368 0.84 1992 6.25 66 87
Q-37 2381 14583 155 1.2 1289 5.39 46 47
Q-38 313 597.06 284 0.65 774 8.26 63 92

Q-39 4882 276.05 353 21 3064 2.09 520 176
Q-40 11031 67127 1073 3.8 3475 47.14 809 51
Q-41 51773 22110 3969 126 7452 155.63 6011 5
Q-42 35103 12123 567 86 3754 78.75 1075 87
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Table 3. Elemental correlation coefficient (calculated based on Table 2) for samples collected from mineralized veins at

the Qebchaq deposit.
Pb Zn Cu Ag As Cd Sb Au
Pb 1
Zn 062 1
Cu 055 049 1
Ag 043 044 -001 1
As 063 021 029 053 1
Cd 072 065 042 073 054 1
Sb 080 060 061 021 051 050 1
Au 006 -0.15 -0.09 -0.01 0.03 -0.06 -0.07 1
B | 2 S sAu BAg mAs mSb mCd mCu =7Zn =Pb
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Fig. 9. Elemental chart of ore-forming elements for samples collected from mineralized veins at the Qebchaq deposit
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Fig. 10. A: Chondrite—normalized (Thompson, 1982) rare element patterns for the mineralized veins and dacitic lava in
the Qebchaq deposit, B: Chondrite—normalized (Thompson, 1982) rare element patterns for the mineralized veins and
fresh and altered quartz diorite-gabbro body in the Qebchaq deposit, C: Chondrite—normalized (Nakamura, 1974) REE
patterns for the mineralized veins and dacitic lava in the Qebchaqg deposit, and D: Chondrite—normalized (Nakamura,
1974) REE patterns for the mineralized veins and fresh and altered quartz diorite-gabbro body in the Qebchaq deposit.
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Fig. 11. A: Loss and gain histogram of rare elements in the Qz-Py breccia vein and Au-bearing breccia Qz vein samples
in the Qebchaq deposit that normalized against dacitic lava sample (sample Q-01, Table 1), and B: Loss and gain
histogram of rare earth elements in the Qz-Py breccia vein and Au-bearing breccia Qz vein samples in the Qebchaq
deposit that normalized against dacitic lava sample (sample Q-01, Table 1).
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Fig. 12. A: Loss and gain histogram of rare elements in the Mn-bearing Qz-sulfide vein, Qz-Gn-Sp vein and Qz-Ccp vein
samples in the Qebchaq deposit that normalized against fresh quartz diorite-gabbro sample (sample Q-03, Table 1), and
B: Loss and gain histogram of rare earth elements in the Mn-bearing Qz-sulfide vein, Qz-Gn-Sp vein and Qz-Ccp vein
samples in the Qebchaq deposit that normalized against fresh quartz diorite-gabbro sample (sample Q-03, Table 1).
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Fig. 13. A: Loss and gain histogram of rare elements in the Mn-bearing Qz-sulfide vein, Qz-Gn-Sp vein and Qz-Ccp vein
samples in the Qebchaq deposit that normalized against altered quartz diorite-gabbro sample (sample Q-02, Table 1), and
B: Loss and gain histogram of rare earth elements in the Mn-bearing Qz-sulfide vein, Qz-Gn-Sp vein and Qz-Ccp vein
samples in the Qebchaq deposit that normalized against altered quartz diorite-gabbro sample (sample Q-02, Table 1).
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Table 4. Comparison of main characteristics of the Qebchag deposit with some intermediate-sulfidation type of
epithermal deposits in Iran

Qebchaq Sharafabad Varmazyar Golijeh Qomish Tappeh
Location NW Qarahchaman NW Varzagan N Zanjan N Zanjan SW Zanjan
Tectonic Western Alborz- Western Alborz- Tarom-Hashtjin Tarom-Hashtjin Uromieh-Dokhtar
zone Azerbaijan Azerbaijan
Host rock Tuff, lava, quartz Tuff, porphyritic Acidic and Andesite, Acidic tuff, crystal-
diorite-gabbro andesite intermediate tuff pyroclastic rocks vitric dacitic tuff
Agergtfﬂ:\ ost Eocene-Oligocene Eocene Eocene Eocene Pliocene
Ore-
controlling Normal faults Normal faults Normal faults Normal faults Normal faults
structures
Ore Py, Ccp, Gn, Sp, Py, Ccp, Gn, Sp, Py, Ccp, Apy, Bn,
Minerals Au, Rlg, Ps, Pyr Py, Cep, Gn, Sp Gn, Sp, Py, Ps, Pyr Ttr-Tnt Gn, Sp, Ttr—Tnt
Vein-veinlet, Vein-veinlet, breccia,
breccia, vug infill, Vein-veinlet, vug infill, comb, Vein-veinlet, . . .
Ore . - . . Vein-veinlet, breccia,
comb, crustiform, crustiform, vug crustiform, comb, crustiform, L .
texture . vug infill, crustiform
colloform, cockade, infill colloform, plumose, colloform
plumose cockade, bladed
Silica, intermediate Silica, L .
. argillic intermediate Silica, intermediate Silica, argillic
Alteration S L argillic, Silica, intermediate o
carbonatization, argillic, L o L carbonatization,
e N carbonatization, argillic, propylitic - -
chloritization, carbonatization, . argillic, propylitic
- . propylitic
propylitic propylitic
References  Sohbatloo (2022), Ebrahimi et al. Ghorbani Lisar et al. Khodabandehlou Salehi et al. (2011);
This study (2009) (2022) etal. (2018) Salehi et al. (2015)

Abbreviations: Au: native gold, Apy: arsenopyrite, Bn: bornite, Ccp: chalcopyrite, Gn: galena, Py: pyrite, Pyr: pyrolusite, Ps:
psilomelane, RIq: realgar, Sp: sphalerite, Tnt: tennantite, Ttr: tetrahedrite. Mineral abbreviations from Whitney and Evans (2010).
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Fig. 14. Schematic representation of mineralization evolution stages at Qebchagq deposit. A: Formation of Eocene volcanic
sequence, B: Folding of Eocene rock units during Pyrenean orogeny (late Eocene) and intrusion of Oligocene quartz
diorite-gabbro and granite-alkali granite plutons within these units, C: Intrusion of Oligo-Miocene dacite-rhyodacite
subvolcanic domes within Eocene and Oligocene rock strata. Intrusion of these subvolcanic domes caused circulation of

meteoric waters and formation of mineralized quartz-sulfide veins within volcanic units and intrusion bodies in the area,
and D: Regional exhumation and development of weathering and erosion processes
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