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Fig. 1. A: Major structural zones of Iran, showing the location of the Tarom-Hashtjin metallogenic belt within the Alborz magmatic arc 
(after Alavi, 1991). B: Simplified regional geology of the Tarom-Hashtjin metallogenic belt (modified from 1:100,000 geological maps of 

Iran, Geological Survey of Iran) showing the location of the Qoushebolaq Pb-Zn occurrence and other epithermal precious and base 

metal deposits. 
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Fig. 2. Simplified geologic map of the Qoushebolaq Pb-Zn occurrence. The thickness of the ore vein was exaggerated. 
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Fig. 3. Field photographs of rock units in the Qoushebolaq area. A: A view of the basalt and trachybasalt lavas (Evt unit) 

in the central parts of the area, looking to the north. B: A view of the intermediate tuff unit (Eat unit) that hosts ore vein 
in the area, looking to the south. C: A view of the basaltic andesite and andesite lavas (Ev unit) in the area, looking 

northwest. 
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Fig. 4. Photomicrographs (transmitted crossed-polarized light, XPL) of mineralogy and texture of the rock units in the Qoushebolaq 

area. A: Porphyritic texture composed of coarse-grained plagioclase and clinopyroxene crystals within the fine-grained matrix in the 
andesitic basalt lavas. B: Glomerophyric texture in the andesitic basalt lavas. C: Porphyritic texture composed of coarse-grained 

plagioclase and clinopyroxene crystals within the fine-grained matrix in the trachybasalt lavas. D: Coarse-grained zoned plagioclase 

crystal in the trachybasalt lavas. Central parts of the crystal altered to calcite and sericite. E. Porphyritic to porphyroclastic textures 

composed of coarse-grained sanidine and plagioclase crystals within the fine-grained matrix in the intermediate tuffs with 

trachyandesite composition. F: Flow texture composed of plagioclase and clinopyroxene crystals within the fine-grained matrix in the 

andesitic basalt lavas. G and H: Porphyritic texture composed of coarse-grained plagioclase and carbonated amphibole crystals within 

the fine-grained matrix in the andesite lavas. Mineral abbreviations after Whitney and Evans (2010). (Amp: amphibole, Cal: calcite, 

Cpx: clinopyroxene, L: rock fragments, Opq: opaque mineral, Pl: plagioclase, Qz: quartz, Sa: sanidine) 
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Fig. 5. Field and hand specimen photos of the mineralized vein in the Qoushebolaq Pb-Zn occurrence. A–C: Views of the ore 

vein that cut its host Eocene strata, looking northeast, southwest, and north, respectively. In the three photos, intermediate 

argillic alteration (Int. Arg. Alt.) halo is observed around the ore vein. D–F: Close-up views of the colloform, bladed (black 

arrows), breccia, and vug infill textures of the ore in outcrop and hand specimen scale. Mineral abbreviations after Whitney 

and Evans (2010). (Car carbonate, Mn ore: manganese ore) 
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Fig. 6. Photomicrographs (transmitted crossed-polarized light, XPL) of hydrothermal alteration types in the Qoushebolaq Pb-

Zn occurrence. A and B: Silica alteration as quartz with vein-veinlets (A) and hydrothermal breccia cement (B). C: Calcite 
within the Mn-bearing quartz-carbonate vein-veinlets in the type 1 carbonate alteration. D: Calcite with vug infill texture in 

the type 2 carbonate alteration. E: Intermediate argillic alteration as replacement of plagioclase by sericite. F: Propylitic 
alteration as replacement of plagioclase by calcite. Mineral abbreviations after Whitney and Evans (2010). (Cal: calcite, Fe-
oxide: iron oxides, Mn Ore: manganese ore, Qz: quartz, Ser: sericite) 
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Fig. 7. Photomicrographs (reflected light) of the ore mineralogy and texture in the Qoushebolaq Pb-Zn occurrence. A: Alteration of subhedral 

to euhedral pyrite crystals to goethite. B: Intergrowth of pyrite, chalcopyrite, and galena. Chalcopyrite inclusion within galena is also observed. 

C: Pyrite inclusions within galena. Intergrowth of galena and sphalerite is also observed. D and E: Intergrowth of chalcopyrite and galena. In 

D, alteration of chalcopyrite to covellite, and in E, chalcopyrite inclusion within galena are also observed. F: Chalcopyrite inclusions within 

galena. G: Alteration of galena to cerussite. H: Intergrowth of galena, pyrite, and chalcopyrite. Chalcopyrite inclusions within galena are also 

observed. I: Chalcopyrite and galena inclusions within sphalerite. J: Alteration of sphalerite to smithsonite. K and L: Pyrolusite and 

psilomelane with colloform texture. Mineral abbreviations after Whitney and Evans (2010). (Ccp: chalcopyrite, Cer: cerussite, Cv: covellite, 

Gn: galena, Gth: goethite, Ps: psilomelane, Py: pyrite, Pyr: pyrolusite, Smt: smithsonite, Sp: sphalerite) 
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Fig. 8. Photomicrographs (transmitted crossed-polarized light, XPL) of gangue minerals and textures in the Qoushebolaq Pb-Zn occurrence. 

A: Quartz with vug infill texture. B: Colloform texture of quartz. C: Colloform and plumose textures of quartz. D: Crustiform texture of 

quartz. E: Development of quartz with cockade texture on the rock fragment. Calcite with vug infill and veinlet textures is also observed. F: 

Siderite with veinlet texture. Mineral abbreviations after Whitney and Evans (2010). (Cal: calcite, Gn: galena, Qz: quartz, Sd: siderite, Mn 

ore: manganese ore). 
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Fig. 9. Mineralization stages in the Qoushebolaq Pb-Zn occurrence. A: Stage 1 mineralization as silicification of the 

host rock which crosscuts by stage 2 veinlets. B: Breccia clasts of stage 1 mineralization within the vein of stage 2 

mineralization. Stage 2 veins are crosscut by stage 3 veinlets. C and D: Brecciation of stage 2 mineralization by stage 3 

veinlets. E: Stage 3 mineralization crosscut by quartz veinlets of stage 4 mineralization. F: Stage 2 veins crosscut by 

stages 3 and 4 veinlets. Breccia clasts of stage 1 mineralization within stage 2 veins are also observed. Mineral 

abbreviations after Whitney and Evans (2010). (Cal: calcite, Gn: galena, Mn ore: manganese ore, Qz: quartz, Sd: 

siderite). 
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Fig. 10. Paragenetic sequences showing the structure and texture of ore at the Qoushebolaq Pb-Zn occurrence. 
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Fig. 11. A: Chondrite–normalized (Thompson, 1982) rare elements pattern for the ore samples, and host crystal tuff in 

the Qoushebolaq Pb-Zn occurrence. B: Chondrite–normalized (McDonogh and Sun, 1995) REE pattern for the ore 

samples, and host crystal tuff in the Qoushebolaq Pb-Zn occurrence. In both diagrams, detection values were chosen 

for below and above the detection limit values. 
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Fig. 12. A: Loss and gain histogram of rare elements of ore samples in the Qoushebolaq Pb-Zn occurrence that 

normalized against host crystal tuff (sample GB-05, Table 1). B: Loss and gain histogram of rare earth elements of ore 

samples in the Qoushebolaq Pb-Zn occurrence that normalized against host crystal tuff (sample GB-05, Table 1). In 

both diagrams, detection values were chosen for below and above the detection limit values. 
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Table 1. ICP-MS data (ppm) of ore samples and host rocks from the Qoushebolaq Pb-Zn occurrence. 
  Ag As Ba Cd Ce Cs Cu Dy Er Eu Fe Gd 

D.L. 0.1 0.5 1 0.1 0.5 0.5 1 0.1 0.1 0.1 100 0.05 

GB-03 214 >100 243 10.6 5 4 16421 0.8 0.3 <0.1 10802 0.97 

GB-05 3.7 19 977 0.8 67 6.4 141 6.8 3.7 2.18 31536 5.93 

GB-06 83.9 >100 751 48.5 7 5 4242 0.9 0.4 0.35 30112 1.12 

GB-12 316.7 >100 141 19.4 6 3.7 12352 0.8 0.3 <0.1 7913 1 

GB-19 384.7 >100 910 75 24 1.9 9490 6.1 2.6 3.32 67916 4.26 

GB-31 323.6 85.1 268 12.7 12 2.1 1450 1 0.4 0.17 7470 1.29 

GB-32 299.4 >100 498 40.2 19 2.8 2446 5.4 2.1 1.53 57683 3.28 

GB-33 228.6 >100 1467 154.1 24 1.4 4384 4.1 1.5 2.65 71616 3.67 

GB-34 65 >100 417 6.6 7 5.2 1801 1.4 0.5 0.25 27927 1.36 

GB-35 279.5 >100 119 23.3 7 2.9 4360 1 0.5 <0.1 15326 1.14 

  Hf In K La Li Lu Mg Mn Mo Nb Nd P 

 D.L. 0.5 0.5 100 1 1 0.1 100 5 0.5 1 0.5 10 

GB-03 <0.5 <0.5 695 2 77 <0.1 292 255 66 <1 1.8 162 

GB-05 4.8 <0.5 37300 29 13 0.5 1026 49 1.1 11.1 36.1 1947 

GB-06 <0.5 <0.5 1751 2 69 <0.1 558 2666 3.3 1.1 3 162 

GB-12 <0.5 <0.5 1046 2 68 <0.1 367 710 1.1 <1 2.2 212 

GB-19 <0.5 <0.5 435 12 19 0.2 558 >20000 293.4 <1 16.8 332 

GB-31 <0.5 <0.5 462 6 41 <0.1 318 1190 20.1 <1 5.5 110 

GB-32 <0.5 <0.5 660 8 39 0.2 694 >20000 46.1 <1 11.5 211 

GB-33 <0.5 <0.5 425 12 9 0.1 511 >20000 185.5 <1 16.1 159 

GB-34 <0.5 <0.5 1804 4 78 <0.1 536 9784 5.1 <1 3.8 115 

GB-35 <0.5 <0.5 1054 4 28 <0.1 282 2322 246 <1 2.9 116 

  Pb Pr Rb S Sb Sc Sm Sr Ta Tb Te Th 

 D.L. 1 0.05 1 50 0.5 0.5 0.1 1 0.1 0.1 0.5 0.1 

GB-03 16694 0.29 14 1169 29.7 <0.5 <0.1 25 0.3 <0.1 <0.5 1 

GB-05 265 7.99 152 217 19.1 18.6 7.6 141.6 1.1 0.7 <0.5 8.5 

GB-06 16606 0.58 20 5350 54.8 0.6 0.6 38.4 0.2 <0.1 <0.5 1.2 

GB-12 17302 0.37 17 492 >100 0.5 <0.1 23.8 0.3 <0.1 <0.5 1 

GB-19 >30000 3.42 13 1131 >100 7.7 5.1 186.4 0.3 0.6 <0.5 1.1 

GB-31 >30000 1.14 12 2787 29.7 1 0.6 104.5 0.3 <0.1 <0.5 1.1 

GB-32 >30000 2.34 14 960 >100 12 3 108.8 0.3 0.5 <0.5 1.2 

GB-33 >30000 3.4 13 935 >100 1.3 5 234.8 0.3 0.3 <0.5 1 

GB-34 7289 0.79 20 388 >100 0.8 0.6 22.1 0.3 <0.1 <0.5 1.1 

GB-35 >30000 0.62 16 22051 >100 1.6 <0.1 220.5 0.4 <0.1 <0.5 1.1 

 Ti Tl Tm U V Y Yb Zn Zr    

 D.L. 10 0.1 0.1 0.1 1 0.5 0.05 1 5    

GB-03 <10 0.2 <0.1 0.6 2 <0.5 <0.05 8637 <5    

GB-05 6355 1.4 0.5 2 89 33.1 3.21 673 159    

GB-06 21 0.2 <0.1 0.5 24 1.2 0.24 >30000 5    

GB-12 <10 0.2 <0.1 0.6 11 0.8 <0.05 18034 <5    

GB-19 <10 1.8 0.3 13.8 43 30.8 1.67 >30000 <5    

GB-31 48 0.7 <0.1 1 1 1.2 <0.05 5620 5    

GB-32 <10 2.4 0.3 7.5 78 16.8 1.49 >30000 5    

GB-33 <10 3.4 0.2 4.5 5 20.8 0.93 >30000 <5    

GB-34 12 0.3 0.1 0.7 18 3.2 0.31 29317 <5    

GB-35 79 0.4 <0.1 1.4 6 1.6 0.14 12133 6    

GB-03: Stage 1 (silicified crystal tuff), GB-05: Crystal tuff; GB-06, GB-12, GB-31, GB-35: Stage 2 Qz-Cu-Pb-Zn vein; GB-34: Stage 2 Qz-

Cu-Pb-Zn vein with breccia clasts of stage 1, GB-19, GB-32, GB-33: Stage 3 Qz-Car-Mn vein 
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Table 2. Comparison of main characteristics of the Qoushebolaq Pb-Zn occurrence with some intermediate-sulfidation 
type of epithermal deposits in the Tarom-Hashtjin metallogenic belt. 
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Fig. 13. A-C: Schematic representation of mineralization evolution stages at Qoushebolaq Pb-Zn occurrence. See text 
for details. 

  

7- ��*��(P 

9��0C �� �����ggO��
  ��
� ���- ���
� ���gg	
�� 
>�� ��7
&1+�� &gg!��  �1f� ������ � ��-��ggg� �� � Z7�[B ��� ��7

���� ���
&- ���-��� 
ggg���ggg�
��0�7�� �2�) 
0!" ��7
 �#ggg	: �9ggg�� ��ggg� &>�M� �1ggg	�- ���t &gg- ���� &gg�


�.����0
  
 

References 
Afshari, M., Nabatian, Gh., Honarmand, M., Ebrahimi, 

M., Li, X. H (2023) Shoshonitic pluton and an 

associated base-metal deposit in the Tarom–

Hashtjin metallogenic zone, NW Iran: implication 

for tectono-magmatic evolution and metallogenic 

considerations. Australian Journal of Earth 

Sciences, 71 (2): 251–276. 

https://doi.org/10.1080/08120099.2023.2273974  

Alavi, M (1991) Tectonic map of the Middle East� scale: 
1:5,000,000. Geological Survey of Iran. 

Albinson, T., Norman, D. I., Cole, D., Chomiak, B 

(2001) Controls on formation of low-sulfidation 

epithermal deposits in Mexico: Constraints from 

fluid inclusion and stable isotope data. New Mines 

and Discoveries in Mexico and Central America 
(Eds, Albinson, T. and Nelson, C. E.) Society of 

Economic Geologists, 1–32. 

https://doi.org/10.5382/SP.08.01. 

Andreeva, E., Matsueda, H., Okrugin, V. M., 

Takahashi, R., One, S (2013) Au-Ag-Te 

mineralization of the low-sulfidation epithermal 

Aginskoe deposit, Central Kamchatka, Russia. 

Resource Geology, 63 (4): 337–349. 

https://doi.org/10.1111/rge.12013. 
Bazargani-Guilani, K. and Parchekani, M (2011) 

Metallogenic properties of Barik-Ab Pb–Zn 

(Cu) ore deposit with acidic tuff host rock, west 
Central Alborz, northwest of Iran. Scientific 

Quarterly Journal of Geosciences, 20 (78): 97–

104 (in Persian with English abstract). 

https://doi.org/10.22071/GSJ.2010. 54611. 

Bienvenu, P., Bougault, H., Joron, J. L., Treuil, M., 

Dmitriev, L (1990) MORB alteration: Rare earth 

element/non-rare hydromagmaphile element 

fractionation. Chemical Geology, 82: 1–14. 

https://doi.org/10.1016/0009-2541(90)90070-N. 

Cooke, D. R. and Simmons, S. F (2000) Characteristics 

and genesis of epithermal gold deposits. Gold in 
2000 (Eds, Hagemann, S. G. and Brown, P. E.) 

Society of Economic Geologists, 221–244. 

https://doi.org/10.5382/Rev.13.06. 

Einaudi, M. T., Hedenquist, J. W., Inan, E. E (2003) 

Sulfidation state of fluids in active and extinct 

hydrothermal systems: Transitions from porphyry 

to epithermal environments. Volcanic, geothermal, 

and ore-forming fluids: rulers and witnesses of 

processes within the earth (Eds, Simmons, S. F. and 

Graham, I.) Society of Economic Geologists, 285–

313. https://doi.org/10.5382/SP.10.15. 

18  



��������	 ���� 
�� �
������ ����� ����19����� � 38   ��!�	 � "���# �1404   

 

 

Esmaeli, M., Lotfi, M., Nezafati, N (2015) Fluid 

inclusion and stable isotope study of the 

Khalyfehlou copper deposit, southeast Zanjan, Iran. 

Arabian Journal of Geosciences, 8 (11): 9625–9633. 

https://doi.org/10.1007/s12517-015-1907-3. 

Gemmell, J. B (2004) Low- and intermediate-

sulfidation epithermal deposits. 24 Ct Gold 

Workshop (Eds, Cooke, D. R. Deyel, C. L., 

Pongratz J.) University of Tasmania, 57–63. 

Ghasemi Siani, M., Mehrabi, B., Nazarian, M., 

Lotfi, M., Corfu, F (2022) Geology and genesis 

of the Chomalu polymetallic deposit, NW Iran. 

Ore Geology Reviews, 143: 104763.  
Ghorbani, A., Kouhestani, H., Mokhtari, M. A. A 

(2022) Genesis of the Varmazyar Pb–Zn (Ag) 

occurrence, Tarom-Hashtjin metallogenic belt: 

Insights from ore geology, geochemistry and fluid 

inclusion studies. Journal of Economic Geology, 14 

(1): 1–38 (in Persian with extended English 

abstract).  

Goodarzi, Z., Moghaddasi, S. J., Barzegar, H (2012) 

The formation and evolution of Lak polymetal ore 

deposit based on fluid inclusion studies, southwest 

of Boein Zahra, Qazvin province. New Findings in 
Applied Geology, 6 (12): 74–89. 

Hedenquist, J. W., Arribas, A., Gonzalez-Urien, E. 

(2000) Exploration for epithermal gold deposits. 

Gold in 2000 (Eds, Hagemann, S. G. and Brown, P. 

E.) Society of Economic Geologists, 245–277. 
https://doi.org/10.5382/Rev.13.07. 

Hosseinzadeh, M. R., Maghfouri, S., Moayyed, M., 

Rahmani, A (2016) Khalyfehlou deposit: High-

sulfidation epithermal Cu–Au mineralization in the 

Tarom magmatic zone, north Khoramdareh. 
Scientific Quarterly Journal of Geosciences, 25 

(99): 179–194 (in Persian with English abstract). 

https://doi.org/10. 22071/GSJ.2016.40910. 

Humphries, S. E (1984) The mobility of the rare earth 

elements in the crust. Developments in 

Geochemistry (Ed, Henderson, P.) Elsevier, 317–

342. https://doi.org/10.1016/B978-0-444-42148-

7.50014-9. 

John, D. A (2001) Miocene and early Pliocene 

epithermal gold-silver deposits in the northern 

Great Basin, western USA: Characteristics, 
distribution, and relationship to magmatism. 

Economic Geology, 96 (8): 1827–1853. 

https://doi.org/10.2113/gsecongeo.96.8.1827. 

Kouhestani, H. and Mokhtari, M. A. A (2019) Tashvir 

ore occurrence, NE Zanjan: Intermediate-

sulfidation style of epithermal base metal (Ag) 

mineralization in the Tarom–Hashtjin zone. 

Scientific Quarterly Journal of Geoscience, 28 

(110): 97–108 (in Persian with English abstract). 

https://doi.org/10.22071/gsj.2018.91903.1193. 

Kouhestani, H., Azimzadeh, A. M., Mokhtari, M. A. A., 

Ebrahimi, M (2017) Mineralization and fluid 

evolution of epithermal base metal veins from the 

Aqkand deposit, NW Iran. Neues Jahrbuch für 

Mineralogie-Abhandlungen (Journal of Mineralogy 

and Geochemistry), 194 (2): 139–155. 

https://doi.org/10.1127/njma/2017/0036. 

Kouhestani, H., Mokhtari, M. A. A., Chang, Z., 

Johnson, A. C (2018) Intermediate-sulfidation type 

base metal mineralization at Aliabad–Khanchy, 

Tarom–Hashtjin metallogenic belt. NW Iran. Ore 

Geology Reviews, 93: 1–18.  

Kouhestani, H., Mokhtari, M. A. A., Qin, K. Z., 

Zhao, J. X (2019a) Fluid inclusion and stable 

isotope constraints on ore genesis of the Zajkan 

epithermal base metal deposit, Tarom–Hashtjin 

metallogenic belt, NW Iran. Ore Geology 

Reviews, 109: 564–584. 
doi.org/10.1016/j.oregeorev.2019.05.014. 

Kouhestani, H., Mokhtari, M. A. A., Qin, K. Z., 

Zhao, J. X (2019b) Origin and evolution of 

hydrothermal fluids in the Marshoun epithermal 

Pb–Zn–Cu (Ag) deposit, Tarom–Hashtjin 

metallogenic belt, NW Iran. Ore Geology 

Reviews, 113: 103087. 

doi.org/10.1016/j.oregeorev.2019.103087. 

Kouhestani, H., Mokhtari, M. A. A., Qin, K. Z., 

Zhang, X. N (2020) Genesis of the Abbasabad 

epithermal base metal deposit, NW Iran: 
Evidences from ore geology, fluid inclusion and 

O–S isotopes. Ore Geology Reviews, 126: 

103752.  

Kouhestani, H., Mokhtari, M. A. A., Chang, Z. 

(2022a) Fluid inclusion and stable isotope 

constraints on the genesis of epithermal base 

metal veins in the Armaqan Khaneh mining 

district, Tarom–Hashtjin metallogenic belt, NW 

Iran. Australian Journal of Earth Sciences, 69 

(6): 844–860. 

doi.org/10.1080/08120099.2022.2033320. 
Kouhestani, H., Mokhtari, M. A. A., Chang, Z., Qin, K. 

Z., Aghajani Marsa, S (2022b) Fluid inclusion, 

zircon U–Pb geochronology, and O–S isotopic 

constraints on the origin and evolution of ore-

forming fluids of the Tashvir and Varmazyar 

epithermal base metal deposits, NW Iran. Frontiers 

in Earth Science, 10: 990761. 

https://doi.org/10.3389/feart.2022.990761. 

Lottermoser, B. G (1992) Rare earth elements and 

hydrothermal ore formation processes. Ore 

Geology Reviews, 7 (1): 25–41.  

Madadi, A., Kouhestani, H., Mokhtari, M. A. A., 
Rahmati, N (2024) Ipak polymetal deposit (south 

Eshtehard): Intermediate-sulfidation epithermal 

style mineralization in the Mardabad–Bouinzahra 

volcanic belt. New Findings in Applied Geology, in 

press. https://10.22084/nfag.2024.29004.1606. 
Mahzi, B., Kouhestani, H., Mokhtari, M. A. A 

(2022) Investigation of type and genesis of base 

metal mineralization in the Zajkan deposit 

(Tarom-e-Sofla, Qazvin Province) using 

geology, geochemistry, and fluid inclusions 

data. Journal of Advanced Applied Geology, 12 

(3): 365–392 (in Persian with extended English 

abstract).  

19  



��������	 ���� 
�� �
������ ����� ����19����� � 38   ��!�	 � "���# �1404   

 

 

McDonough, W. F. and Sun, S (1995) Composition 

of the Earth. Chemical Geology, 120: 223–253. 

https://doi.org/10.1016/0009-2541(94)00140-4. 

Mehrabi, B., Ghasemi Siani, M., Goldfarb, R., Azizi, 

H., Ganerod, M., Marsh, E. E (2016) Mineral 

assemblages, fluid evolution and genesis of 

polymetallic epithermal veins, Gulojeh district, NW 

Iran. Ore Geology Reviews, 78: 41–57. 

doi.org/10.1016/j.oregeorev.2016.03.016. 

Mikaeili, K., Hosseinzadeh, M. R., Moayyed, M., 

Maghfouri, S (2018) The Shah-Ali-Beiglou Zn–

Pb–Cu (Ag) deposit, Iran: An example of 

intermediate-sulfidation epithermal type 
mineralization. Minerals, 8 (4): 148. 
https://doi.org/10.3390/min8040148. 

Mohammadi, S., Kouhestani, H., Mokhtari, M. A. A 

(2022) Intermediate-sulfidation epithermal Cu (Pb 

and Zn) mineralization in the Marshoun 2 

occurrence (SE Zanjan): Mineralization, 

geochemistry, and fluid inclusions evidence. 

Petrological Journal, 13 (1): 143–168 (in Persian 

with extended English abstract). 

https://doi.org/10.22108/ijp.2021.128215.1229. 

Mokhtari, M. A. A., Kouhestani, H., Saeedi, A (2016) 
Investigation on type and origin of cooper 

mineralization at Aliabad Mousavi–Khanchy 

occurrence, east of Zanjan, using petrological, 

mineralogical, and geochemical data. Scientific 

Quarterly Journal of Geosciences, 25 (100): 259–

270 (in Persian with English abstract). 

https://doi.org/10.22071/GSJ.2016.40756. 

Mousavi Motlagh, S. H., Ghaderi, M (2019) The 

Chargar Au-Cu deposit: an example of low-

sulfidation epithermal mineralization from the 

Tarom subzone, NW Iran. Neues Jahrbuch für 
Mineralogie-Abhandlungen (Journal of Mineralogy 

and Geochemistry), 196 (1): 43–66. 

https://doi.org/10.1127/ njma/2019/0158. 

Mousavi Motlagh, S. H.,  Ghaderi, M., Yasami, N., 

Alfonso, P (2019) Stable isotope geochemistry of 

Chargar epithermal deposit: Constraints on 

epithermal systems in the Tarom metallogenic belt, 

NW Iran. Journal of Geochemical Exploration, 205: 
106331. doi.org/10.1016/j.gexplo.2019.06.013. 

Murphy, J. B. and Hynes, A. J (1986) Contrasting 
secondary mobility of Ti, P, Zr, Nb, and Y in two 

meta-basaltic suites in the Appalachians. Canadian 

Journal of Earth Sciences, 23 (8): 1138–1144. 

https://doi.org/10.1139/e86-112. 

Naderlou, F., Mokhtari, M. A. A., Kouhestani, H., 

Nabatian, Gh. (2021) Type and origin of the 

north Chargar Cu–Au mineralization, southeast 

Zanjan: Using petrological, mineralogical, and 

geochemical data. Scientific Quarterly Journal of 

Geosciences, 31 (2): 149–162 (in Persian with 

English abstract).  

Rolland, Y., Cox, S., Boullier, A. M., Pennacchioni, G., 

Mancktelow, N (2003) Rare earth and trace element 

mobility in mid-crustal shear zones: insights from 

the Mont Blanc Massif (Western Alps). Earth Planet 

Scientific Letters, 214 (1): 203–219. https://doi.org/ 

10.1016/S0012-821X (03)00372-8. 

Sabeva, R., Mladenova, V., Mogessie, A (2017) Ore 

petrology, hydrothermal alteration, fluid 

inclusions, and sulfur stable isotopes of the Milin 

Kamak intermediate sulfidation epithermal Au–

Ag deposit in Western Srednogorie, Bulgaria. Ore 

Geology Reviews, 88: 400–415. 

doi.org/10.1016/j.oregeorev.2017.05.013. 

Saunders, J. A., Hofstra, A. H., Goldfarb, R. J., Reed, 

M. H (2014) Geochemistry of hydrothermal gold 

deposits. Treatise on Geochemistry (Eds, Holland, 

H. D. and Turekian, K. K.) Elsevier-Pergamon, 33–
424. http://dx.doi.org/10.1016/B978-0-08-095975-

7.01117-7. 

Shahbazi, S., Ghaderi, M., Alfonso, P (2019) 

Mineralogy, alteration, and sulfur isotope 

geochemistry of the Zehabad intermediate-

sulfidation epithermal deposit. NW Iran. 

Turkish Journal of Earth Sciences, 28 (6): 882–

901. https://doi.org/10.3906/yer-1902-1 

Simmons, S. F., White, N. C., John, D. A (2005) 

Geological characteristics of epithermal precious 

and base metal deposits. One Hundredth 
Anniversary Volume (Eds, Hedenquist, J. W., 

Thompson, J. F. H., Goldfarb, R. J., Richards, J. P.) 

Society of Economic Geologists, 485–522. 

https://doi.org/10.5382/AV100.16. 
Tale Fazel, E., Nevolko, P. A., Pǎsava, J., Xie, Y., Alaei, 

N., Oroji, A (2023) Geology, geochemistry, fluid 

inclusions, and H–O–C–S–Pb isotope constraints 

on the genesis of the Atash-Anbar epithermal gold 

deposit, Urumieh–Dokhtar magmatic arc, central-

northern Iran: Ore Geology Reviews, 153: 105285. 

https://doi.org/10.1016/j.oregeorev.2022.105285. 
Thompson, R. N (1982) Magmatism of the British 

Tertiary Volcanic Province. Scottish Journal of 

Geology, 18 (1): 49–107. 

https://doi.org/10.1144/sjg18010049. 

Wang, L., Qin, K. Z., Song, G. Y., Li, G. M (2019) A 

review of intermediate sulfidation epithermal 

deposits and subclassification. Ore Geology 

Reviews, 107: 434–456. 

https://doi.org/10.1016/j.oregeorev.2019.02.023. 

White, N. C. and Hedenquist, J. W (1990) Epithermal 

environments, and styles of mineralization: 

Variations and their causes, and guidelines for 
exploration. Journal of Geochemical Exploration, 

36 (1–3): 445–474. https://doi.org/10.1016/0375-

6742(90)90063-G. 

Whitford, D. J., Korsch, M. J., Porritt, P. M., Craven, S. 

J (1988) Rare earth element mobility around the 

volcanogenic polymetallic massive sulfide deposit 

at Que River, Tasmania, Australia. Chemical 

Geology, 68 (1–2): 105–119. 
https://doi.org/10.1016/0009-2541(88)90090-3. 

Whitney, D. L. and Evans, B. W (2010) Abbreviations 

for names of rock-forming minerals. American 

Mineralogist, 95 (1): 185–187. 

https://doi.org/10.2138/am.2010.3371. 

20  



��������	 ���� 
�� �
������ ����� ����19����� � 38   ��!�	 � "���# �1404   

 

 

Yasami, N., Ghaderi, M (2019) Distribution of 

alteration, mineralization, and fluid inclusion 

features in porphyry-high sulfidation epithermal 

systems: The Chodarchay example, NW Iran. Ore 

Geology Reviews 104: 227–245. 

https://doi.org/10.1016/j.oregeorev.2018.11.006. 

Yasami, N., Ghaderi, M., Alfonso, P (2018) Sulfur 

isotope geochemistry of the Chodarchay Cu-Au 

deposit, Tarom, NW Iran. Neues Jahrbuch für 

Mineralogie-Abhandlungen (Journal of Mineralogy 

and Geochemistry), 195 (2): 101–113. 

https://doi.org/10.1127/njma/2018/0097. 

Yilmaz, H., Oyman, T., Sonmez, F. N., Arehart, G. B., 
Billor, Z (2010) Intermediate-sulfidation 

epithermal gold-base metal deposits in Tertiary 

subaerial volcanic rocks, Sahinli/Tespih Dere 

(Lapseki/Western Turkey). Ore Geology Reviews, 

37 (3–4): 236–258. 

doi.org/10.1016/j.oregeorev.2010.04.001. 

Zamanian, H., Rahmani, S., Zareisahameih, R 

(2019) Fluid inclusion and stable isotope study 

of the Lubin-Zardeh epithermal Cu–Au deposit 

in Zanjan Province, NW Iran: Implications for 

ore genesis. Ore Geology Reviews, 112: 103014.  
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

  
  
  
  
  

  
  

  

 

 

 

 

 

 

 
 

 
 

 
 

 

21  



��������	 ���� 
�� �
������ ����� ����19����� � 38   ��!�	 � "���# �1404   

 

 

 
 

Type and genetic model of mineralization in the Qoushebolaq Pb-Zn occurrence 

(NW Zanjan): Evidence from geology, mineralization, and geochemistry 
 

Sh. Tarvirdizadeh 
1, H. Kouhestani 2*, M. A. A. Mokhtari 3 and N. Rahmati 4 

 

1, 4- M. Sc. student, Dept., of Geology, Faculty of Sciences, University of Zanjan, Zanjan, Iran 

2, 3- Assoc. Prof., Dept., of Geology, Faculty of Sciences, University of Zanjan, Zanjan, Iran 
 

* kouhestani@znu.ac.ir 
 

Recieved: 2024.6.17       Accepted: 2024.9.9 

Abstract 
The Qoushebolaq Pb-Zn occurrence, located 110 km northwest of Zanjan, is part of the Tarom-Hashtjin 

metallogenic belt. The mineralization occurred as a 200-meter long and 1-to-2-meters wide Pb-Zn-

bearing quartz-sulfide vein (NE-SW/70-80NW) hosted by Eocene volcanic and volcaniclastic strata and 

is enclosed by 3-to-5-meters intermediate argillic alteration halos. Hydrothermal alteration in the study 

area comprises silicification, carbonate, intermediate argillic, and propylitic alteration. Pyrite, 

chalcopyrite, galena, sphalerite, pyrolusite, and psilomelane are ore minerals, and quartz, calcite, 

siderite, and sericite-illite are gangue minerals. Cerussite, smithsonite, malachite, covellite, and goethite 

are formed during supergene processes. The ore minerals formed as disseminated, vein-veinlets, 

brecciated, crustiform, colloform, cockade, bladed, plumose, vug infill, and replacement textures. Five 

mineralization stages can be distinguished at Qoushebolaq, where Pb-Zn mineralization occurred as 

quartz-pyrite-chalcopyrite-galena-sphalerite veins and breccias in the second stage. The Chondrite-

normalized trace elements and REE patterns of ore samples, and host crystal tuff are comparable. This 

reveals that alteration and leaching of elements from the host volcanic and volcaniclastic are involved 

in mineralization. According to all the evidence, the mineralogical characteristics of the Qoushebolaq 
occurrence are similar to the intermediate-sulfidation type of epithermal deposits. 
 

Keywords: Pb-Zn mineralization, Epithermal, Intermediate-sulfidation, Qoushebolaq, Zanjan, Tarom-

Hashtjin 

 

Introduction 
The Tarom-Hashtjin metallogenic belt, as a 

part of the Alborz magmatic arc, hosts 

important epithermal base and precious metal 

deposits in Iran. The important deposits and 

occurrences in this belt are Aliabad-Khanchy 

(Mokhtari et al., 2016; Kouhestani et al., 2018), 

Aqkand (Kouhestani et al., 2017), Zajkan 

(Kouhestani et al., 2019a; Mahzi et al., 2022), 

Marshoun (Kouhestani et al., 2019b; 

Mohammadi et al., 2022), Abbasabad 

(Kouhestani et al., 2020), Zehabad (Shahbazi 

et al., 2019), Khalyfehlou (Esmaeli et al. ., 

2015; Hosseinzadeh et al., 2016), Chargar 

(Mousavi Motlagh and Ghaderi, 2019; 

Mousavi Motlagh et al., 2019), North of 

Chargar (Naderlou et al., 2021), Barik-Ab 

(Bazargani-Guilani and Parchekani, 2011), 

Chodarchay (Yasami et al., 2018; Yasami and 

Ghaderi 2019), Lubin-Zardeh (Zamanian et al., 

2019), Gulojeh (Mehrabi et al., 2016), 

Jalilabad and Rashtabad (Kouhestani et al., 

2022a). ), Tashvir (Kouhestani et al., 2022b), 

Varmazyar (Kouhestani et al., 2022b; 

Ghorbani et al., 2022), Chomalu (Ghasemi 

Siani et al., 2022; Afshari et al., 2023), and 

Shah Ali Beiglou (Mikaeili et al., 2018). 

The Qoushebolaq Pb-Zn occurrence, located 

110 km northwest of Zanjan, is part of the 

Tarom-Hashtjin metallogenic belt. Despite the 

existence of old exploration activities in the 

Qoushebolaq occurrence, no detailed works 

have been carried out on the geology, 

mineralogy, geochemistry, and genesis of the 

Qoushebolaq occurrence. In this contribution, 

we examine the comprehensive geology, 

mineralogy, structure and texture, 

geochemistry, and alteration types of the 

Qoushebolaq occurrence to compel its ore 

genesis and type of mineralization. The results 

could be useful for the further exploration of 

epithermal precious and base metal deposits in 

the Tarom-Hashtjin metallogenic belt and 

other parts of the Alborz magmatic arc. 
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Materials and methods 
This research includes two parts, field and 

laboratory studies. During the fieldwork, the 

geological map, scale 1:20000, of the 

Qoushebolaq occurrence was prepared, and 

approximately forty samples were collected 

from different rock units and ore veins and 

breccias. Among these, six thin and fourteen 

polished thin sections were examined using a 

transmitted and reflected polarized light 

microscope in the mineralogy laboratory of the 

University of Zanjan, Zanjan, Iran. The 

chemical composition of ore samples (n = 9), 

and fresh and barren host rocks (n = 1) was 

analyzed at the Zarazma Analytical 

Laboratories, Tehran, Iran using the ICP–MS 

method. 
 

Results and Discussion 
The rock units outcropped in the Qoushebolaq 

occurrence belong to Eocene volcanic and 

volcaniclastic units and include basalt and 

trachybasalt lavas with basic tuff intercalation 

(Evt unit), intermediate tuffs (Eat unit), and 

basaltic andesite and andesite lavas (Ev unit). 

Mineralization at Qoushebolaq occurred as a 

quartz-sulfide vein within the Eocene volcanic 

and volcaniclastic sequence covered by 3-to-5-

meter intermediate argillic alteration halos. 

The ore vein has an NE-SW/70-80NW trend 

and is about 200 meters in length and 1-to-2 

meters in width. Hydrothermal alteration 

comprises silicification, carbonate, 

intermediate argillic, and propylitic alteration; 

the first three are closely associated with 

mineralization. Pyrite, chalcopyrite, galena, 

sphalerite, pyrolusite, and psilomelane, are the 

main ore minerals, and quartz, calcite, siderite, 

and sericite-illite are gangue minerals. 
Cerussite, smithsonite, malachite, covellite, 

and goethite are formed during supergene 

processes. The ore minerals formed as 

disseminated, vein-veinlets, brecciated, 

crustiform, colloform, cockade, bladed, 

plumose, vug infill, and replacement textures.  

The mineralization processes at the 

Qoushebolaq occurrence can be divided into 

five stages. Stage 1 is represented by the 

silicification of host rocks and minor 

disseminated pyrite (often oxidized). Stage 2 is 

categorized by vein-veinlets (up to 10 cm 

thickness) and hydrothermal breccias with 

quartz and sulfide cement that carry varying 

volumes of pyrite, chalcopyrite, galena, and 

sphalerite. Stage 3 is characterized by quartz, 

carbonate (calcite and siderite), manganese 

ores (psilomelane, pyrolusite) veins, and 

hydrothermal breccia cement with no sulfide 

minerals. Stage 4 is signified by quartz and 

calcite as veinlets (up to 5 mm thickness) and 

vug infill texture with no sulfide and oxide 

minerals. Stage 5 is related to supergene 

processes.  

The Chondrite-normalized trace elements and 

REE patterns of ore samples and host crystal 

tuff are comparable and show that host rocks 

are possibly elaborate in mineralization. These 

patterns are almost similar for ore samples 

indicating they formed by the same 

mineralization system.  

 

Conclusions 
Pb-Zn mineralization at Qoushebolaq occurs as 

NE-SW/70-80NW-trending quartz-sulfide 

vein within Eocene volcanic and volcaniclastic 

sequence that shows disseminated, vein-

veinlets, brecciated, crustiform, colloform, 

cockade, bladed, plumose, vug infill, and 

replacement textures. Ore and gangue minerals 

at this occurrence include pyrite, chalcopyrite, 

galena, sphalerite, pyrolusite, psilomelane, 

quartz, calcite, siderite, and sericite-illite. A 

comparison of the main characteristics of the 

Qoushebolaq Pb-Zn occurrence with different 

types of Pb-Zn deposits reveals that the 

geology, alteration, mineralization, 

mineralogy, and texture of Qoushebolaq are 

similar to the intermediate-sulfidation type of 

epithermal deposits. 
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