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The Kushk Zn-Pb ore deposit is located in the Posht e Badam block of 

the central Iranian tectono-magmatic zone, and 160 Km east of Yazd 

city. In this research, the role of structural factors specially faults on 

post-sulfide mineralization at the Kushk ore deposit is investigated. The 

dominant basement rocks of the Kushk volcano-sedimentary basin 

include the Tashk formation, volcanic units, shales and sandstones of the 

Rizu series and the Aqda limestone. The important structural factors in 

this research include post-mineralization fault systems. The pre-

mineralization structures are thought to be related to a compressional 

structural regime coincide with the Pan African orogeny. Syn-

mineralization structures, following the Pan African orogeny, and 

coinciding with an extensional tectonic regime, resulted in Zn-Pb sulfide 

mineralization. The post mineralization faults, following the formation 

of the Kushk ore deposit, resulted in fracturing the sulfide ore into three 

stages including: 1) a folding related faulting resulting in appearing the 

Kushk fault, 2) a dextral movement characterized by the new activation 

of the Kushk fault and also appearing the Zardu and Pahnu fault systems, 

and 3) a final sinistral movement evidenced by Konj fault system. The 

formation of some supergene minerals, including carbonates, sulfates, 

phosphates, clays, oxides, and silica, occurred along fault surfaces 

related to the reactivation of post-sulfide structural features. 
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EXTENDED ABSTRACT   
 

Introduction 

In this research, the role some post sulfide ore 

structural systems on the formation and development 

of some secondary ore formation features at the 

Kushk ore deposit is investigated. The relationships 

between structural factors and mineralization have 

been the subject of debate in the past (Kutina, 1983; 

Mirzababaei., 2011; Mirzababaei et al., 2016; 

Karimpour and Sadeghi., 2018; Karimpour et al., 

2019). The Kushk Zn-Pb ore deposit, located in 

central Iranian tectono-magmatic zone, 160 Km east 

of Yazd city, is one of the world class base metals ore 

systems. There is a general consensus concerning the 

typology of the ore system generation, with the 

exception of some differences. With this framework, 

however, the structural framework of the Kushk ore 

deposit is still open to investigate. This research 

makes a case for re-examining the structural 

reactivations and importance of post mineralization 

structural factors in generation of some supergene 

mineral phases at the Kushk ore system in the context 

of regional tectonics through post-mineralization 

deformation history to formation of post 

mineralization secondary mineral phases. 

 

Materials and methods  

The geological report of the Rio Tinto company 

(RTZ, 1972) was the basic structural report of the 

Kushk area which is limited to the ore bodies. Since 

2020, the stratigraphical and structural investigations 

were operated at the department of geology of the 

Kushk mine. The investigations discussed carried out 

on structural elements of the area as dip and strike 

measurements, continuity of fault systems, 

intersecting with stratigraphical units. The data 

interpretation was carried out in Arc GIS and 

Leapfrog software. Following the structural 

interpretations, selected samples from the newly 

formed mineralogical phases on fault surfaces were 

taken to laboratories. 19 Representative samples 

were taken to analyze by XRD at the Kansaran 

Binaloud research group. XRD methodology was 

carried out and the instrument was equipped with a 

voltage of 40 kv and a nickel filament. Similarly, 5 

representative samples were selected to take SEM 

photomicrographs at the geological survey of Iran. 

SEM was performed using ZEISS system equipped 

with an accelerating voltage of 25 kv. Moreover, we 

also used some thin polished sections formerly 

prepared for investigation of the ore bodies 

occurrences in both layered and massive parts of the 

Kushk ore system.   

 

Results and discussion 

Structural analysis of the field-based investigation 

provides a method of assessing the structural 

significance in metallogeny. Structural features (all 

groups of pre-, syn-, and post-mineralization faults), 

in the Kushk Zn-Pb ore deposit in central Iran, have 

not been systematically investigated and the role of 

post-sulfide structural reactivation remains poorly 

understood. The main aims of this paper are to: 1) 

drawing a structural framework for the Kushk ore 

deposit; 2) investigate the role of post-sulfide 

structural factors in remobilization of elements from 

the hypogene ore to the structure bound supergene 

environment and 3) characterize the mineralogical 

features of the structurally controlled supergene 

mineral phases. In general, structural factors of the 

Kushk Zn-Pb ore deposit can be classifieds into three 

main categories: 1) faults formed prior to the 

development of the mineralization basin, 2) deep-

rooted syn-mineralization fault systems, and 3) post 

sulfide mineralization fault systems. Except for a few 

cases (and just in theoretical models), almost all the 

structural factors debated in that Kushk Zn-Pb ore 

deposit, fall into the post mineralization category. 

The first structural groups are those coincided with 

the Pan African compressive tectonic regime. This 

orogeny was one of the most important tectonic 

processes affected the central Iranian litho-tectonic 

zone in the upper Neoproterozoic. On theoretical 

map of paleo-tectonics of Iran, Nadimi (2007), offers 

a tentative explanation of the large-scale geological 

processes responsible for the development of 

compressional environments. We believe, based on 

this research, that the pre-mineralization faults are 

connected to paleo-structural zones formed during 

the Pan African orogeny that lately, by contrast, 

ruptured and formed syn-mineralization faulted 

environment in younger tensional environments. The 

second group of faults, formed presumably, a fertile 

metallogenic environment for Zn-Pb sulfide 

mineralization in the Kushk ore deposit. Sulfide ore 

minerals in the Kushk ore deposit, volumetrically, 

include pyrite, sphalerite and galena. Theoretical 

modelling of these structures is given in Rajabi et al 

(2020). The third group of The third group comprises 

https://doi.org/10.22067/econg.2026.1169
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fault systems and faulted zones which are 

characterized by structural discontinuities within the 

layered to massive sulfide ore bodies in the mine 

blocks, structural displacement along the 

stratigraphic units hosting the ore bodies and in the 

overlying horizons, and the development of post-

sulfide mineral phases, including carbonates, 

sulfates, phosphates, clays, oxides, and silica. The 

formation of these minerals is enhanced with CO  

effervescence and degassing along the fault zones. 

Rarely, post-ore sulfide mineralization is also 

observed, represented by the formation of sphalerite 

hosted by phosphate minerals. 

 

Conclusion 

The mechanisms involved in appearing and 

formation of the post-mineralization faults in the 

Kushk ore deposit are investigated in the context of 

the regional structural geology of the study area. 

These structures mainly comprise fault systems that 

formed following the reactivation of stratigraphic 

blocks during the main post-mineralization phase of 

folding in the area.  These structural forms resulted in 

remobilization of the former mineral mass along 

fault planes and the subsequent precipitation of 

newly formed post-sulfide mineral phases including 

carbonates, sulfates, phosphates, clays, oxides, silica 

and locally, post-ore sulfide mineralization, within 

low-pressure zones as veins, veinlets and open space 

fillings. The structural assessment and mineral 

chemistry of the newly formed minerals indicate that 

CO  effervescence and degassing within low-

pressure zones along faults played a critical role in 

the formation of post-sulfide mineral phases. 
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ĂLýwLí ćwLăwLúĊLLLÅ ÿ ć½wL¤·wLLLÅ ¾ĊLLLÆæ£  ¡wLÝĒÕv üĊþ°úă ÿ Ĉĉv¿

üĊù¿ôîLÉ ÌĊ¸LÊ£ ćv¾z ĈLÅwþLÉôLÆñ$ Ĉö´ù ć½w¤·wLÅ ćwă ÿ wă

üĊ¯  ¹½Āù ćÀí¾ù ûv¾ĉv ½¹ ìLLÉĀí x¾LLÅ ÿ ćÿ½ ½wLLÆýwí ½¹ #wă

½v¾é ā¹wæ¤LLÅv ćwă½w¤·wLLÅ üĊz Ów{£½v IÈăÿÂ~ üĉv ½¹ )¢LLÅv Ă¤å¾ñ

ĂýwíwLÆ~üĊù¿ ćwăwúĊLÅ ÿ Ĉĉv¿Ăz ÿ Ĉ¤·wþLÉ  Ăýwí ćwăwúĊLÅ āÂĉÿ Ĉĉv¿

½v¾é ÈăÿÂ~ ¹½Āù IāºLLÉ āºăwLLÊù ÿ ÷ºê£ üĊz üĉv ½¹ )¢LLÅv Ă¤å¾ñ

¢Lí¾³ ½¹ ¾·mL£āºLĉºL~ wLz wLĄýj ÓwL{£½v ÿ ĈöLLLÆñ ćwLă¾òĉ¹ ćwLă   ¿v

üĊ¯ Ăöú«ĂĊ³wý Ĉñ¹½Ā·½v¾é ĈÅ½¾z ¹½Āù ćv  Ów{£½v ìĉ ÿ Ă¤å¾ñ

  ¿v Ĉ·¾z Üĉ¿Ā£ ÿ ôĊîLLLÊ£ ÿ ć½w¤·wLLLÅ ôùvĀÝ üĊz ćĀéĂýĀñ  ćwă

ÌĊ¸LLÊ£ IćºĊæõĀLLÅwLLÆ~ ĈĉwĊýwí ÿ ćÿ½ ½wLLÆýwí )¢LLÅv āºLLÉ ā¹v¹

ûÿ¾z ćwă½wLÆýwí ÛvĀýv ¿v ìLÉĀí x¾LÅĈù¹(   ðþLÆýwí wz ĈzĀLÅ½

ā¹Ā£ ºĊæõĀLÅ ÄíºLÅ ÛĀý Ăz ÷ĀLÅĀù ĈöĊLÉ yõwá ûwzÀĊù ðþLÅ ÿ ćv

Ĉù ½wúLLÉ Ăz x¾LLÅ ÿ ćÿ½ ĈöLLÍv Üzwþù ¿v Ăí ¢LLÅv  ½ĀÕ Ăz ÿ ºýÿ½

ðþLLÆýwí ôùwLLÉ óĀúÞùºĊæõĀLLÅ ćwăĂþĊ¯ ćĂþĊ¯ w£ ûwLLÅ ½¹ ûv¾í

¢öĊLLÅ w£ āwĊLLÅ ôĊLLÉ ûwzÀĊù ðþLLÅ$ ºþ¤LLÆă ðþLLÅCarne and 

Cathro, 1982; Goodfellow et al., 1993; Rajabi et al., 

2020 x¾LÅ ÿ ćÿ½ ćwă½wLÆýwí ć¹wLÎ¤év ĂLÎ·wLÉ )#  IÄíºLÅ ÛĀý

  ºLþýwLù$ ôLĊåĀîõwLí ¾LLLÍwLþÝ ¿v Ĉ·¾z ÿ ćÿ½ ćđwLz ćwLă½wLĊÝ ôLùwLLLÉ

Ăz #øĉºþĉv ÿ ā¾êý IøĊù¹wí    üĉv ½¹ )ºþ¤LLÆă Ĉ{ýw« óĀLLÎ´ù ¡½ĀLLÍ

ā¹¾¤LÆñ ºĉº« ćwă¿wå IüĊzĂýwí ¿v ćv Ă¬Ċ¤ý ½¹ ½wLÆýwí üĉv ½¹ Ĉĉv¿

øă¾z IðþLLÆýwí ûwzÀĊù ðþLLÅ ÿ ć½w¤·wLLÅ ôùvĀÝ ¿v Ĉ·¾z Èþí

āºLLLLÉ ôLĊîLLLÊ£Ċâ£ )ºLývĈñÂĉÿ ½¹ ¡v¾ĊĈýwLí ćwLă ÿ Ĉ¤·wLþLLLÉ

üĊù¿ĂLýwLùwLLLÅ ĈĉwLĊúĊLLLÉûÿ½¹ ĈĉwLĊýwLí ćwLă ćwLă¿wLå ôLĊîLLLÊ£ ÿ ¹v¿

ĈýwíüĊù¿ ¾Úý ¿v øă ºĉº« Ĉ¤·wþLLÉ ć½ÿv¾å ¾Úý ¿v øă ÿ Ĉ¤·wþLLÉ

 āºăwLLLÊù ½wLLLÆýwí üĉv ½¹ Ăí ºþ¤LLLÆă ĈúĄù ¹½vĀù ¿v IĈýºÞù ¹vĀù

ĈùüĊù¿ )ºLýĀLLLÉ  üĊþ°úă ÿ ¹Ā«Āù ĈòþLLLÅ ćwLăºL³vÿ ĈLLLÅwLþLLLÉ

üĊù¿ LLÉĈýwí ÿ ĈLLÅwþûÿ½¹ ðþLLÆýwí ā¹Ā£ ĈLLÅwþLLÉ  ½wLLÆýwí ½¹ ¹v¿

½v¾é ¦´z ¹½Āù ìLÉĀí  ĈăwòLÊýv¹ ĂõwLÅ½ üĉºþ¯ ½wLÊ¤ýv Ăz ÿ Ă¤å¾ñ

¾¬þù ĈúöÝ ĂLõwLêù ÿ$ ¢LLLÅv āºLLLÉFºrster and Jafarzadeh, 
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1994; Rajabi et al., 2020; Aftabi et al., 2021; 

Dehghani Tafti et al., 2023; Nematollahi et al., 

2023Ĉýwí ¹vº·½ ¹½Āù ½¹ )#  ĈLÅ½¾z üĉºþ¯ ÀĊý ćºĊæõĀLÅwLÆ~ ćwă

÷w¬ýv$ ¢LÅv āºLÉAsadi and Zolfaghari, 2021  ½¹ ðþLÆýwí )#

Ăĉđ ôîLLLÉ Ăz ½wLLLÆýwí üĉvĂñ½ ĂÝĀú¬ù Ićvćv(  Ă°ñ½  ûÿ¿ ÿ ćv

ôLĊîLLLÊ£ ĂLĉ¼Lâ£$ ¢LLLÅv āºLLLÉRajabi et al., 2020  ¿v Ĉîĉ )#

Ĉýwí ćwăwúĊLLÅ ÿ¹ ¾ă Ăí ¢LLÅv ûj ìLLÉĀí ½wLLÆýwí ½¹ Ĉ¤·wþLLÉ

ĂLĉđ È¸zā¹Ā£ ÿ ćvÈLLLÉĀ~ wLz ðLþLLLÆýwLí ćv  wLĉ ²ÖLLLÅ ½¹ ĈĉwLă

Ă°ñ½Ĉýwí ¿v Ĉ·¾z ¿v Ĉõw· ćwăwLÒå ½¹ Ĉĉwă Ì¸LÊù ĂĉĀýw§ ćwă

Ĉù  )ºLýĀLLLÉĈýwLí üĉvûÿ¾z ćwLăyLĊí¾£ ćv½v¹ ºLĉºL« ¹v¿  ¿v äö¤¸ù ćwLă

¡wþz¾í¡wæõĀLLLÅ IwăæLLLÆå Iwă¡wÃ½ Iwă¡wîĊöĊLLLÅ IwăºĊLLLÆív Iwă  ÿ wă

Ĉýwí )ºþ¤LÆă ÄĊöĊLÅãwîLÉ óĀÕ ½¹ āºLÉ¹wĉ ćwăĈò¤LÆîLÉ ±ĀÖLÅ Iwă  wă

ôÆñ ÿĈù Ì¸Êù Ĉö´ù ÃwĊêù wz ćwăĈýwí ¾Úý ¿v øă Ăí ºýĀÉ Ĉ¤·wþÉ

Ĉýwí ½¹ ¾Ċñ½¹ ćwăºþĉv¾å ÿ ¢Ċúăv wz Ić½ÿv¾å ¾Úý ¿v øă ÿ wĄýj ĈLLÅwþLLÉ

  )¢LLÅv Â~ üĉv ãvºăv IäĊLLÍĀ£ üĉv wz  5¿v ºþ£½w{Ý Èăÿ,(   øĊLLÅ¾£

ĂýwíwLÆ~ ć½w¤·wLÅ xĀ¯½wĄ¯ ìĉ ÿ ćÿ½ ½wLÆýwí ćv¾z Ĉöí Ĉĉv¿

  J½wLÆýwí ôĊîLÊ£ ÔĊ´ù ć½w¤·wLÅ ¢ĊÞLÑÿ ĈLÅ½¾z ÿ ìLÉĀí x¾LÅ

-( ó¾¤þí Èêý ĈLLÅ½¾zāºþþí  ½¹ Ĉĉv¿ºĊæõĀLLÅwLLÆ~ ć½w¤·wLLÅ ćwă

Ă£ ÿ ĂĊõÿv ðþLLÆýwí ā¹Ā£ ½¹ ¾LLÍwþÝ ¹º¬ù ówê¤ýv  üĉv ¹º¬ù ĈþĊLLÊý

 LþLLLÆýwLí ½¹ ¾LLLÍwLþÝûÿ¾z ð J½wL¤·wLLLÅ ĂLz ¹ÿºĹ ù ¹v¿.(    ĈLLLÅ½¾z

ĈýwíôĊîLÊ£ ĂĉĀýw§ ćwă¿wå Ĉ¤·wþLÉ  Ă¤LÉ¼ñ )½w¤·wLÅ ¾z ¹ÿº´ù āºLÉ

ûÿ¿ ¿v ā¹wæ¤LÅv ¢Ċözwé IāºLÉ¹wĉ ¹½vĀù ¿v  ½¹ Ĉ´ÖLÅ ûvºĊLÆív ćwă

 èÕwþù ÿ ĈLÅ½¾z ¹½Āù ĂêÖþù ½¹ ûwĄþ~ ćºĊæõĀLÅ ¾ĉw·» Ăz ĈzwĊ¤LÅ¹

üĊù¿ wz ½ÿw¬ùĂ{þ« ¿v IĂzwLLÊù ĈLLÅwþLLÉ¤ív ćwă ÿ ºþúLLÉ¿½v ĈåwLLÊ

 Ăz ºùj½wíĈù ½wúLÉ  ôĊîLÊ£ Ëw· IÄíºLÅ ćwă½wLÆýwí v¾ĉ¿ J¹ÿ½

ÔĊ´ù ½¹  ¹½vĀù ¿v ć½wĊLÆz ½¹ Ăí ºþ¤LÆă ôĊLÉ ûwzÀĊù wz Ĉĉwĉ½¹ ćwă

ûÿ¾z ûÿºzôzwé ćwă¹¿ )ºþ¤Æă Ă«Ā£ 

 

ĂÞõwÖù Çÿ½ 

¢LÉv¹¾z Ăö³¾ù ½wĄ¯ ôùwLÉ ĈLÅ½¾z Çÿ½  Ç¿v¹¾~ IĈĉv¾´LÍ ćwă

Üú« ¡wÝĒÕvĊ´ù ½¹ āºLLLÉ ć½ÿj÷¾ý Ôë¿wý ÜÕwêù ĂLĊĄ£ I½vÀåv (  

Ĉýwí ćwă¿wå ôĊö´£ ÿ ĂĉÀ¬£ ÿ ĈöêĊLÍ  Ăö³¾ù ½¹ )¢Åv ā¹Āz ĈÅwþLÉ

¢LÉv¹¾zĈýwLÊæLÊ£j ĂLÑĀ³ IĈĉv¾´LÍ ćwă(   Ăz$ ìLÉĀí ĈzĀLÅ½

 ć½w¤·wLLLÅ ĈLLLÅ½¾z ¹½Āù I#ìLLLÉĀí x¾LLLÅ ÿ ćÿ½ ûºÞù āv¾úă

ĈLLLÅ½¾z èĊé¹ ĈþĊz¿wLz ćv¾z )¢Lå¾ñ½v¾é  ĈýwLù¿ ā¿wLz ìLĉ I½ĀzÀù ćwLă

  ¡ºù ĈýđĀÕ  ¿v,.43   w£,/+/  ËwLLLÎ¤·v ćºĊLLLÉ½Ā·  )ºLLLÉ ā¹v¹

ĈLÅ½¾z üĉv ÷w¬ýv ćv¾züĊù¿ Ĉúĉºé Üzwþù vº¤zv Iwă  ½¹ ¹Ā«Āù ĈLÅwþLÉ

üĊù¿ ¾¤å¹½v¾é ĈLÅ½¾z ¹½Āù ìLÉĀí ûºÞù ĈLÅwþLÉ Ä LÅ ÿ ¢å¾ñ

ĈLLÅ½¾z ÷w¬ýv ćv¾zĂýwùwLLÅ ¢LLÉv¹¾z Ić½w¤·wLLÅ ćwă ĈöLLÆñ ćwă

½v¾é ½wí ½Ā¤LÅ¹ ½¹ ¹Ā«Āù  ¢LÉv¹¾z )¢å¾ñ  ¿v ĈöLÆñ ćwă½w¤·wLÅ

ûĀúþ·½ĂLăv¾zj wLz ôLLLÆñ ÛwLÖêýv ôĹ ù ½¹ ¹Ā«Āù ćwLăûÿ¾z IwLă  ¹¿

Ă´æLÍüĊù¿ ćwăº³vÿ wz ÛwÖêýv IĈöLÆñ ćwă  ½¹ üĊþ°úă ÿ ĈLÅwþLÉ

ĂLö~ ôL´ùôLýĀ£ ÿ ¿wLzÿ½ ûºLÞù ćwLă¡½ĀLLLÍ ĈþĊù¿¾ĉ¿ ćwLă  )¢Lå¾ñ

ā¹v¹ ¢LÉv¹¾z  óºù üĊz½ÿ¹ èĉ¾Õ ¿v āºLÉ¹wĉ ćwăLeica TS06    ½¹

ù¿¾ĉ¿ ûºÞù ÔĊ´ùĂö~ ÿ ĈþĊ ćwLÒå ½¹ ÿ ìLÉĀí ¿wzÿ½ ûºÞù ćwă

½wLLLÆýwLí ½ÿwL¬ù ¿wLz   ½¹¢LĊÞéĀù ĂLýwLùwLLLÅĈýwLĄ« xwLĉ  ¢L{§ )ºLLLÉ  

¢LÉv¹¾zûwĊz ćwă÷¾ý ÔĊ´ù ½¹ āºLÉćwă½vÀåv(10.8)  Arc GIS   ÿ

Leapfrog  ½v¾Lé Ç¿v¹¾L~ ¹½ĀLù  ¡wLLÝĒLÕv ĂLLýwLLùwLLLLÅ ¿v )¢LLå¾Lñ

ĂLLĉđ èLĊL{LÖL£ ćv¾Lz ĈLĉwLLĊLåv¾LâL«  ĂLLöLúL« ¿v äLöL¤Ļ Lù ĈL£wLLÝĒLÕv ćwLLă

ĂþĊ¯Ăăv¾zj ÿ ć½w¤·wLÅ IĈLÅwþLÉ ā¹wæ¤Åv IĈÅ½¾z ¹½Āù ā¹ÿº´ù ćwă

ćºLÞz ĂLLLÅ üĊþ°úă )ºLLLÉ ĂLĉđ āv¾úă ĂLz ć½wL¤·wLLLÅ ĂLĉđ ć¿wLLLÅ

÷¾ý ÔĊ´ù ½¹ Ĉåv¾ñĀ~Ā£  ½vÀåvLeapfrog¡½ĀLLLÍ I ÜÕwêù )¢å¾ñ

ë¿wLý(    ¹vºLÞ£ ĂLz ĈöêĊLLLÍ,+  È¸z ĈLLLÅ½¾z ćv¾z ĂLýĀúý  ¿v ĈĉwLă

ûÿ¿ā¹Ā£ ðþLÆýwí ćwăĂĉđ ÿ ćvĂĊĄ£ ćºĊæõĀLÅ ½wLÆýwí ¿v ćv ÿ ºLÉ

Ĉýwí āwòLLÊĉwù¿j ½¹÷ĀöÝ āºîLLÊýv¹ ĈLLÅwþLLÉ  ºĊĄLLÉ āwòLLÊýv¹ üĊù¿

½v¾é ĈÅ½¾z ¹½Āù Ĉ¤ÊĄzĈýwí ćwă¿wå ôĊîÊ£ Ăz ¾Úý )ºþ¤å¾ñ ĈÅwþÉ

ûÿ¿ ½¹ ćºĊæõĀLLLÅwLLLÆ~ LLLÆîLLLÉ ÿ ĈöLLLÆñ ćwăĈò¤  üĊþ°úă ÿ wă

ĈýwLí ćwLă¿wLå ¿v Ĉ·¾z ËwL· øív¾£ wLĉ ¢Lĉ¹ÿºL´ù  wLz ĈLLLÅwLþLLLÉ

ûÿ¿Ĉýwí ¿v ć¹vºÞ£ IÌ¸LÊù ĈöLÆñ ćwăôĊîLÊ£ ćwă  üĉv ½¹ āºLÉ

ûÿ¿ wz wăÄîĉv Ā£¾~ Çv¾~ wz½ºýºLÉ ć¿wLÅ¿  ¹vºÞ£ I½ĀÚþù üĉv ćv¾z )

,4   āwòLÊĉwù¿j Ăz y¸¤þù Ì·wLÉ ĈýwíXRD    ûv½wLÆýwí ¢í¾LÉ

ówÅ½v ¹ĀõwþĊz  )ºÉ
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  äö¤¸ù ĈĉwĊýwí ćwăwúĊLÅ ½ĀLÒ³ ĈLÅ½¾z Ăz ¿wĊý Ăz Ă«Ā£ wz üĊþ°úă

ĈLLÅ½¾z ½¹ wĄýj ÌĊ¸LLÊ£ ¹¾z½wí ÿ ÀĊý ÿ ĈýºÞù ¹vĀù ć½ÿv¾å ćwă

Ĉýwí ćwă¿wå ôĉº{£  ¹vºÞ£ I¹ºÞ¤ù ¹½vĀù ½¹ ĈLÅwþLÉ0   Ì·wLÉ ĂýĀúý

Ĉýwí ¿vôĊîLLLÊ£ ĂĉĀýw§ ćwăûÿ¿ ½¹ āºLLLÉ ĂĊĄ£ ćv¾z IĈöLLLÆñ ćwă

 ćwă¾ĉĀLÎ£ĈÊzÿ½ Ĉýÿ¾¤îõv |ĀîÅÿ¾îĊù   ÿäĊÕ    Ā£¾~ ćÁ¾ýv Çv¾~

Äîĉv     āwLòLLLÊĉwLù¿j ĂLz IwLĄýj  Ĉýÿ¾¤îõv |ĀîLLLÅÿ¾îĊù ûwLù¿wLLLLÅ

üĊù¿  )ºýºLLÉ ówLLÅ½v ½ĀLLÊí ĈLLÅwþLLÉ  Ĉýÿ¾¤îõv āºýÿwíÀĉ½ ÃwLLÅv

 ²ÖLÅ Ăz ûÿ¾¤îõv ¹½Ā·¾z ¿v Ä~ Ăí ¢LÅv ¡½ĀLÍ üĉv Ăz ĈLÊzÿ½

ûÿ¾¤îõv üĉv ¿v ć¹vºLÞ£ IĂýĀúý  ¢LLLÊñ¾z ĂýĀúý ²ÖLLLÅ ¿v ĂLĊõÿv ćwă

ûÿ¾¤îõv$ ¢LLÅv ā¹½Ā·Ä~ ćwă wĄýj ¢LLÊñ¾z ¡ºLLÉ Ăí #ĈLLÊzw£

  Ĉåv¾ñĀ~Ā£ ÌĊ¸LÊ£ ½¹ ÿ ¢LÅv Ĉú£v ÷¾« ÿ Ĉú£v ¹ºÝ wz yLÅwþ¤ù

ÍwþÝ Ĉú£v ¹ºÝ ÿ)ºý½v¹ ¹¾z½wí IĂýĀúý ½¹ ¹Ā«Āù ¾ 
 

üĊù¿ìÉĀí ½wÆýwí ĈÅwþÉ 

¢LLLÊ~ ëĀöz ½¹ ìLLLÉĀí x¾LLLÅ ÿ ćÿ½ ½wLLLÆýwLí  ûÿ¿ ½¹ ÷v¹wLz

½v¾é ćÀí¾ù ûv¾ĉv ĈĉwLúñwLùĀýĀ¤î£  ûwLzÀĊù Iûÿ¿ üĉv )¢LLLÅv ĂL¤å¾ñ

ĈúĉºLéÈ¸z üĉ¾£Ĉ~ ćwLăĈ~ ĂLz ÷ĀLLLÅĀù ûv¾ĉv ðLþLLLÅ  ðLþLLLÅ

Ĉ~ üĉv )¢LLÅv üĉ¾{ùwí¾~wLLÅ ôùwLLÉ ìLLÉĀí ĂĊ³wý ½¹ ðþLLÅ  ºý¿

ðþLLÅ ¿v ôîLLÊ¤ù Ăí ¢LLÅv ìLLÉw£  w£ øí ĈýĀñ¾ñ¹ Ă«½¹ wz ćwă

ĂLÅwù Ăöú« ¿v ÔLÅĀ¤ùć¾ñ IĈ¤ĉÀ£½vĀí ðþLÅ  ¢LÅv ¢ĊöĊå ÿ ëvÿ

$Haghipour, 1977ðþLLÅ üĉv )#È¸z ½¹ wă  ĂLLÑĀ³ ºþýwù Ĉĉwă

ĈýwLLÊæLLÊ£j ĈõvĀ£ wz IìLLÉĀí(    üĊLLÆ~ ìĊtÿ¿ÿ¾£ÿ¾~Āuý ĈzĀLLÅ½

#üĉºýÿ$(  āºýwÉĀ~ ÿÀĉ½ ć¾Å ÷wý wz üĉ¾ĉ¿ üĉ¾{ùwí  Ăýwĉw~ )¢Åv āºÉ

ôĊLLÉ ¿v ćº³vÿ ôùwLLÉ ĈõvĀ£ üĉv  ćv½v¹ Ăí ¢LLÅv ûĀñ¾ñ¹wý ćwă

  ¿v ¾Ċâ¤ù Ĉ¤ùw¸LLLÑ/+   w£,/+   ûwúă IĈöĊLLLÉ º³vÿ üĉv )¢LLLÅv ¾¤ù

  Ç½vÀñ ÃwLÅv ¾z Ăí ¢LÅv ìLÉĀí ½wLÆýwí ĈöLÍv ûwzÀĊù ðþLÅ

üĊù¿  ûw¤LLÆöòýv Ā¤þĊ£Āĉ½ ¢í¾LLÉ ûwLLÅwþLLÉ$RTZ, 1972 üLLÅ Ăz #

Ă¤LLLÆýv¹ üĉºýÿĂþĊ¯ āwñºĉ¹ ¿v )¢LLLÅv āºLLLÉ  ćwăº³vÿ IĈ¤·wþLLLÉ

ôĊîLÊ£  ºý¿wLÅ ćwăº³vÿ ó¹wÞù Mw{ĉ¾ê£ IìLÉw£ ºý¿wLÅ ćÿ½ ¾z āºLÉ

  ¢LĊùĀõÿ¹ ÿ ĈýwLĊù ¢LĊùĀõÿ¹ Iüĉ¾ĉ¿ ôLĊLLLÉ$ ĂLĊýwLÖöLLLÅ(  wL¬þĉv ½¹

ìăj(  ¢LÅv vºêÝ ºý¿wLÅ ÿ ÿÀĉ½ ć¾LÅ ûwúă Ăí ¢LÅv #Ĉĉđwz  wz )

Ă{þ« ¿v IĈýwLLÊæLLÊ£j ćwăº³vÿ ½Āåÿ Iów³ üĉv  üĉv ÌĊ¸LLÊ£ ćwă

Ăz )¢LLÅv ĂĊýwÖöLLÅ ºý¿wLLÅ ¿v ĈòþLLÅ ĈõvĀ£    ½ĀLLÒ³ I¾òĉ¹ ¡½w{Ý

¢LùwL¸LLLÑôLzwLé ćwLă ÿ đwLz ½¹ Ĉ¤ĊõĀĉ½ ãĀ£ ÿ ¢LĊõĀĉ½ ¿v ĈĄ«Ā£

  ½¹ ÿ ôĊîLLLÊ£ ÔĊ´ù ½¹ ãĒ¤·v ºăvĀLLLÉ ¿v IĈýwĊù ¢ĊùĀõÿ¹ üĊĉw~

üĊù¿ ¢LĊăwLù ĂL¬Ċ¤ýĈõvĀ£ ÿ¹ Ĉ¤·wLþLLLÉ   ÿ ćÀí¾ù ûv¾ĉv ½¹ ½ĀzÀù

¿¾{õv ĂêÖþù(   ôĊLLÉ Ĉĉđwz È¸z IĂLLÑĀ³ üĉv ½¹ )¢LLÅv ûw¬ĉwz½»j

¢öĊLLÅ Ăz Ăĉđ ćđwz ¢úLLÅ Ăz Ăí$ üĉ¾ĉ¿Ĉù ôĉº{£ ðþLLÅ  wz #¹ĀLLÉ

  wz$ Ĉ¤ĊõĀĉ½ ĀLÒÝ ûwĊù ìĉ wz ĈåĀ£ øĊ¸LÑ ĈõvĀ£ ìĉ-+  w£/+   ¾¤ù

āºýwLÉĀ~ #¢ùw¸LÑ  yöáv ½¹ ÿ ā¹Āz Ă¤LÅĀĊ~ ĈõvĀ£ üĉv Ăí ¢LÅv āºLÉ

ÿ¾LzûĈLù āºLLĉ¹ ¹ĀL«ĀLù ćwLLă¹¿ IĈLåĀL£ ºLL³vÿ üLĉv ćÿ½ ¾Lz )¹ĀLLLÉ

½v¾é ĂĊýwÖöLÅ ºý¿wLÅ ĈýwĊù ¢ĊùĀõÿ¹ ó¹wÞù ¢ĊùĀõÿ¹ ¾z )¢LÅv Ă¤å¾ñ

¢ùw¸LLÑ wz Ĉ¤ĊùĀõÿ¹ ìăj º³vÿ IĈýwĊù ¢ĊùĀõÿ¹ ćÿ½  ¾Ċâ¤ù ćwă

 üĊz yöáv ÿ-+   w£0+  ĂþĊ¯ ûĀ¤Å ½¹ )¹½v¹ ½ĀÒ³ ¾¤ù  IĂêÖþù ĈÅwþÉ

êÝ ºý¿wLLLÅ ûwúă ó¹wÞù Iº³vÿ üĉvā¾Ċ£ ìăj ¿v ÿ ¢LLLÅvº  wz ðý½

ûÿ¿ôĊîLÊ£ ¢ĊùĀõÿ¹ ¿v ĈLÊþívÿ ćwă ĈòþLÅ ćwăº³vÿ )¢LÅv āºLÉ

ĂLÅwù ÿ ôĊLÉ ôùwLÉ ûĀúþ·½ ćv½v¹ ¾£ºĉº«ðþLÅ  IìĊLÅv½ÿÁ ćwă

xĀLÅ½xĀLÅ½ ÿ ûÁĀuý ćwăĂăv¾zj ûÿ½¹ ć¾ý¾£vĀí ćwă  )¢LÅv ćv

ā¹v¹ ¾z āÿĒÝ Ăí ¹¾í ā½wLÉv ºĉwz I½wLÆýwí ôĊîLÊ£ üLÅ ¹½Āù ½¹ ćwă

üLLLÅĈ¬þLLLÅ  $ ðþLLLÆýwí Ĉĉđwz ćwăº³vÿ ¿vFarjandi et al., 

2022ûÿ¿ĀĊz I#ĂLLLÎ·wLLLÉ ¿v ÀĊý wă ½¹ üLLLÅ üĊĊÞ£ ćv¾z ºĊæù ćwă

  ûvĀþÝ Ăz ¹½Āù üĉv ÀĊý ìLÉĀí ½wLÆýwí ½¹ Ăí ºþ¤LÆă ĂzwLÊù ¹½vĀù

Ĉù ½wúLÉ Ăz øĄù ôùvĀÝ ¿v Ĉîĉ$ ¹ÿ½Vaziri and Laflamme., 

2018 ¾z Ăí üĊLLLÆ~ ìĊtÿ¿ÿ¾£ÿ¾~Āuý ćwĉ½wíwĉ¹v èåv üĊz üĉv ½¹ )#

 ûwzÀĊù ôĊLLÉ ¹Ā· ¿v ĈLLÊ¸z āv¾úă Ăz$ ðþLLÆýwí ûwzÀĊù ôĊLLÉ ćÿ½

½v¾é ìLÉĀí ½wLÆýwí ½¹ #ðþLÆýwí  Ì·wLÉ ûvĀþÝ Ăz I¢LÅv Ă¤å¾ñ

ĂþĊ¯Ĉù ½wúÉ Ăz ½wÆýwí üÅ üĊĊÞ£ ½¹ ºþúÉ¿½v Ĉ¤·wþÉ  ½ĀÒ³ )¹ÿ½

wíwĉ¹v ā½wLÆ·½ ¢LÆĉ¿Ăĉ¾LÊý ½¹ wĉ½Ç½vÀñ ć¹ºÞ¤ù ĈúöÝ ćwă  āºLÉ

ĈLÅ½¾z ćv¾z ºþú£½ºé Ì·wLÉ ìĉ ûvĀþÝ Ăz ÿüĊù¿ ćwă ÿ Ĉ¤·wþLÉ

ĂýwùwLÅ mLÊþùĂýwí ćwă ĂêÖþù ½¹ üăj ºĊLÆív ćwă½wLÆýwí ôùwLÉ Ĉĉv¿

$ ¢LÅv āºLÉ ā¹wæ¤LÅv èåwz ĈýºÞùAftabi et al., 2021  ÃwLÅv ¾z )#

ÈăÿÂ~$ üĊLLÊĊ~ ćwăVickers-rich et al., 2018; Aftabi et 
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al., 2021; Farjandi et al., 2022; Etemad-Saeed et al., 

2024; Etemad-Saeed et al., 2025;ĈLÅ½¾z üĊþ°úă ÿ # ćwă

÷w¬ýv ½ÿw¬ù èÕwþù ÿ ĈýºÞù ā¹ÿº´ù ½¹ Ăí Ĉĉv¾´LLÍ ºĉº«  āºLLÉ

ôĊLLLÆå I#ÈăÿÂ~ üĉv$ ¢LLLÅv ½w§j üĉ¾£¿½wz Ăöú« ¿v wĉ½wíwĉ¹v ćwă

üĊLÆ~ ìĊtÿ¿ÿ¾£ÿ¾~Āuý ½¹ Ĉĉvº¤zv ¡wĊ³(   Ăz üĊLÊĊ~ üĉ¾{ùwí āÂĉÿ

ĈýwLLÊæLLÊ£j ĂLLÑĀ³ ½¹(   )ºþ¤LLÆă ìLLÉĀí ĈzĀLLÅ½ ĂLLÊêý üĊõÿv

üĊù¿ ÔLÅĀ£ ĈLÅwþLÉ  ¢í¾LÉĀ¤þĊ£Āĉ½  ìLÉĀí ½wLÆýwí ¿v ûw¤LÆöòýv

ĂĊĄ£ówLÅ ½¹ Iów³ üĉv wz )¢LÅv āºLÉüĊù¿ ĂLÊêý ¾Ċ·v ćwă ĈLÅwþLÉ

èLĊLé¹ĂLLĊLĄL£ ìLLLLÉĀLí ĈLýºLLÞLù ĂLLÕĀĹ Lù ¿v ć¾L£ ¢LLLLÅv āºLLLLÉ

$Mirzababaei, 2026  üĉv ĂLí #  ¿v ć¾£¿½wLz ćwLúĊLLLÅ IĂLLLLÊêý

ĂþĊ¯ ìĊtÿ¿ÿ¾£ÿ¾~Āuý ćwăº³vÿ Ăz èöÞ¤ù yöáv Ăí ûºÞù ĈLLÅwþLLÉ

üĊLÆ~(  $ ¢LÅv Ă¤LÉv¼ñ ½wĊ¤·v ½¹ I¢LÅv üĉ¾ĉ¿ üĉ¾{ùwí  ôîLÉ, )#

 ÛĀý Ăz Ă¤LÆzvÿ ìLÉĀí ĈýºÞù ĂĊ³wý ĈåwLÊ¤ív ¢Ċúăv Iºĉ¹¾£ ûÿºz

Ăýwí¤LÅ ¿v Ì¸LÊù Ĉ¤ĊÞéĀù ½¹ Ăí ¢LÅv ûj Ĉĉv¿ĂþĊ¯ ûĀ  ĈLÅwþLÉ

$RTZ, 1972ĂLþĊ¯ ¢LõwL³ ĂLz ÿ #$ ûwLLLÅRajabi et al., 2020  #

ôĊîÊ£  )¢Åv āºÉ 

 

Ĉýwí ½¹ x¾LÅ ÿ ćÿ½ ðþLÆýwí ĈùĀúÝ ćwúĊLÅ ÿ ĈLÅwþLÉ

ìÉĀí ½wÆýwí 

ĈýwíĈýwí ôùwLÉ ìLÉĀí x¾LÅ ÿ ćÿ½ ½wLÆýwí yõwá ĈLÅwþLÉ ćwă

  ¿v Ĉþá ĂþĊù¿ ìĉ ½¹ #üõwñ$ x¾LÅ ÿ #¢ĉ¾õwæLÅv$ ćÿ½ ćºĊæõĀLÅ

Ĉýwí )¢LÅv ¢ĉ¾Ċ~  ć¹ºÞ¤ù ûv¾òLÊăÿÂ~ ÔLÅĀ£ ðþLÆýwí ĈLÅwþLÉ

½v¾é ĈLLÅ½¾z ¹½Āù$ ¢LLÅv Ă¤å¾ñAzaraien, 2003; Rajabi et 

al., 2020Ĉýwí ¾z āÿĒÝ )#·wLÅ Iā¹wLÅ ĈLÅwþLÉ ½¹ ÀĊý ðþLÆýwí ¢

$ ìÉĀí ½wÆýwí  ôîÉ-ïA ½w¤·wÅ üĉv ½¹ ðþÆýwí )¢Åv ā¹wÅ #

Ăĉđ ¢·wLÅ wzøă ćvxĀLÅ½ wz ûwù¿$ ć½v¼ñ  ôîLÉ-(B āºÝwé ½¹ #

ĂLĉđ wLz ½wLLLÆýwLí$ ôLĊLLLÉ ÿ ¢Lĉ¾Ċ~ Ì¸LLLÊù ćºLþz  ôLîLLLÉ-(C wLz #

$ Ĉ~ĀîLLLÅÿ¾îĊù ÜÕwLêù ½¹ ćºLĊæõĀLLLÅ ćwLăºLýwLzÀĉ½  ôLîLLLÉ-(D #

Ûÿ¾LÉ )¢LÅv āºLÉā¹Ā£ ¢·wLÅ IðþLÆýwí ćđwz¾úí ¢úLÅ Ăz  ćv$  ôîLÉ

-(E$ #¢Lĉ¾Ċ~¾~ ¢LĊùĀõÿ¹$ ¢Lĉ¾Ċ~¾~ ûÿ¿ ½¹ #  ôLîLLLÉ-(F  wLz #

Ĉýwí øÚþùwý ĈĉwĊýwí Èĉv½j Ĉ~ĀîÅÿ¾îĊù ÜÕwêù ½¹ ćºĊæõĀÅ ćwă

$  ôîLLÉ-(GĈù ôĊîLLÊ£ v½ ðþLLÆýwí ø¬³ ¾¤LLÊĊz Ăí #  Ăz ÿ ºă¹

Ĉù Ç¾¤Æñ ĈýºÞù ā¹wù ćđwz¾úí ¢úÅ)¢Åv ¹ĀĄÊù Iºzwĉ 

Ăýwí ¹½Āù ½¹ÈăÿÂ~ üĉºþ¯ IìLÉĀí ½wLÆýwí ½¹ Ĉĉv¿ ÷w¬ýv  āºLÉ

$ ¢LLÅvRTZ, 1972Ăĉđ wz ìLLÉĀí ½wLLÆýwí IĈöí ½ĀÕ Ăz )# ćwă

Ă¤·wþLÉ ûj ćºĊæõĀLÅôĊLÉ ôùwLÉ Ăí āºLÉ¢ĉ¾Ċ~ ćwă  ½¹ ÿ ¢LÅv ½v¹

èåv ÿ ¢Lĉ¾õwLæLLLÅv ¿v ć¾Ċâ¤ù ¾ĉ¹wLêù ćv½v¹ ðLþLLLÆýwLí äö¤¸ù ćwLă

  #ø¬³ ¾Úý ¿v$ ðþLLÆýwí øÚÝv È¸z ½¹ Iów³ üĉv wz )¢LLÅv üõwñ

  ðþLLÆýwí ûvĀþÝ Ăz ĂíĂ¤·wþLLÉ ¢ĉ¾Ċ~¾~Ăĉđ ¢õw³ I¢LLÅv āºLLÉ ćv

ā¹Ā£ ćwúĊLÅ ¾¤LÊĊz ðþLÆýwí ÿ ¢LÅv ¹ĀĄLÊù ¾¤úíĂĉđ wĉ ÿ$ ćv ćv

  ¢Lĉ¾Ċ~ ¿v yLõwLá ½ĀÕ ĂLz ÿ ¹½v¹ #ûĀñ¾ñ¹¾Ċá wLùv Jøív¾¤ù ÿ û¿vĀ¤ùwLý

ôĊîLLÊ£ ¢ĊùĀõÿ¹ w£ Ĉ£wþz¾í ôĊLLÉ ĂþĊù¿ ðþLLÅ ½¹  )¢LLÅv āºLLÉ

Ĉýwí ćwă¾ĊĊâ£è¤LÊù #ÈăÿÂ~ üĉv ÛĀLÑĀù$ ºĉº« Ĉ¤·wþLÉ  Èêý ¿v

üĊù¿ ćwă½w¤·wLÅ ¿v øă Ăí ºþ¤LÆă ĈLÅ½¾z ¹½Āù ā¹ÿº´ù ½¹ ĈLÅwþLÉ

üĊù¿ ¾Úý ¾Ċá Èêý ćv½v¹ ĈýºÞù ¹vĀù ć½ÿv¾å ¾Úý ¿v øă ÿ Ĉ¤·wþLÉ

  ¢ĊÞLLLÑÿ ĈLLLÅ½¾z Ăz ÛĀLLLÑĀù ĈLLLÅ½¾z ćv¾z )ºþ¤LLLÆă ½wîýv ôzwé

 ¾z ºĊím£ wz ìLÉĀí ĈýºÞù ā¹ÿº´ù ć½w¤·wLÅ ìLÉĀí ówÞå ûºÞù 

Ĉù Ă¤·v¹¾~â£ Ăùv¹v ½¹ ÿ ¹ĀLLÉ  ¦´z ¹½Āù üĉv ½¹ ðþLLÆýwí ¡v¾ĊĊ

Ĉù ½v¾é)¹¾Ċñ 

 

üĊù¿ĈýwLLÊæLLÊ£j ĂLLÑĀ³ ć½w¤·wLLÅ ĈLLÅwþLLÉ(   ĈzĀLLÅ½

 ìÉĀí 

ĈýwLÊæLÊ£j ĂLÑĀ³ ć½w¤·wLÅ Ç½vÀñ üĊ¤LÆ¸ý(   ìLÉĀí ĈzĀLÅ½

$ ¢ĊúÅv ÔÅĀ£Smith, 1967÷w¬ýv #  ĂÑĀ³ Iûj ½¹ Ăí ¢Åv āºÉ

ĈýwLÊæLÊ£j(   ¿v ĈLÊ¸z ûvĀþÝ Ăz ìLÉĀí ĈzĀLÅ½Ă{LÉ ìĉ  wz Äĉ¹ÿwý

ĂþĊ¯ ¢ĉÀí¾ùxĀLÅ½ ÿ ìĊLÅv½ÿÁ ćwă  ć¾ý¾£vĀíw£ ć½wĊLÉ¾£ ćwă

Ă¤LLÆýv¹  ĈzĀLLÅ½ ĂLLÑĀ³ ć½w¤·wLLÅ ¢ĊÞLLÑÿ ĈLLÅ½¾z )¢LLÅv āºLLÉ

üĊù¿ º³vÿ ÔLÅĀ£ ìLÉĀí  ¿v ìLÉĀí ûºÞù ĈLÅwþLÉ,42-   ûĀþí w£

Ăýwí ¾z Ă¯ ¾§où ĈöLÆñ ćwă½w¤·wLÅ ĈĉwLÅwþLÉ Ăz  ½¹ ćºĊæõĀLÅ Ĉĉv¿

Ĉýwí ¾z Ă¯ ÿ ĈýºÞù ĂLLÑĀ³ LLÅwþLLÉ ðþLLÆýwí ćºĊæõĀLLÅwLLÆ~ Ĉ

 )¢Åv āºÉ¾¬þù 
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  ôîLÉ,) A ¢ĊÞéĀù 5¢LÊ~ ëĀöz  ÷v¹wz ćwăº³vÿ ĂLÊêý ½¹$ ûv¾ĉv ć½w¤·wLÅAghanabati, 2004 I#B¢LÊ~ ëĀöz ½¹ ìLÉĀí ½wLÆýwí ¢ĊÞéĀù 5  ¿v ÷v¹wz

$ ćÀí¾ù ûv¾ĉv ĈĉwúñwùĀýĀ¤î£ ûÿ¿Mirzababaei et al., 2021  I#CüĊù¿ ĂLLÊêý 5$ ìLLÉĀí ½wLLÆýwí ā¹ÿº´ù ĈLLÅwþLLÉMirzababaei, 2026 ÿ #D  5

üĊù¿ ÜÖêù$ ìÉĀí ½wÆýwí ½ÿw¬ù ½¹ ï½Àz āĀí āºÝwé w£ ôĊí È¸z ĈÅwþÉMirzababaei, 2026   # 
Fig. 1. A: Location of the Posht e Badam block on the structural map on Iran (Aghanabati, 2004), B: Location of the 

Kushk Zn-Pb ore deposit on the Posht e Badam block of the Central Iranian tectonomagmatic zone (Mirzababaei et al., 

2021), C: geological map of the area of the Kushk ore deposit (Mirzababaei, 2026), and D: the geological cross section 

of the Keel-Kuh e Bozorg adjacent to the Kushk ore deposit (Mirzababaei, 2026) 
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  ôîLÉ-)   ¿v Ĉöí ćwúýüĊù¿Ăýwí ćwăwúĊLÅ ÿ ĈLÅwþLÉûÿ½¹ Ĉĉv¿ĈýwLÊæLÊ£j ćwăº³vÿ ôùwLÉ #ÿ¹½¿ ówúLÉ ÿ ĀþĄ~$ ìLÉĀí ½wLÆýwí ¹v¿( Ăýwí ÿ ĈzĀLÅ½Ĉĉv¿ 

Ăĉđ ćºĊæõĀLÅā¹Ā£ w£ ćvxĀþ« Ăz ºĉ¹$ ćv  J#ç¾LÉAĂþĊ¯ 5¢öĊÅ IðþÆýwí ûwzÀĊù ôĊÉ ¿v ôîÊ¤ù ìÉĀí ½wÆýwí ĈLÅwþLÉ ¢ĊùĀõÿ¹ ÿ ćºĊÅv ãĀ£ IðþÅ

 IÿÀĉ½ ć¾LLÅB 5Ăĉđ ðþLLÆýwíôýĀ£ ½¹ ćv  IìLLÉĀí ĈþĊù¿¾ĉ¿ ûºÞù ćwăCĂĉđ ðþLLÆýwí ¿v ôĊLLÉ ÿ ¢ĉ¾Ċ~ ćwăºýwz 5  IćvD  ¿v Ĉ~ĀîLLÅÿ¾îĊù ¾ĉĀLLÎ£ 5

  IĈ£wþz¾í ôĊLÉ ĂþĊù¿ ½¹ ćºĊæõĀLÅ ćwăºýwzÀĉ½Eā¹Ā£ ðþLÆýwí ĈùĀúÝ ćwúĊLÅ 5Ăĉđ ðþLÆýwí ćÿ½ ¾z ćvûĀúþ·½ ½¹ ćv  Ăz ºĉ¹$ ìLÉĀí ¿wzÿ½ ûºÞù ćwă

 I#ç¾LLÉF½ĀLLÒ³ 5  ā¹Ā£ ÿ ¢ĉ¾Ċ~¾~ ðþLLÆýwíûĀúþ·½ ½¹ ćv ÿ #ç¾LLÉ Ăz ºĉ¹$ ¿wzÿ½ ûºÞù ćwăGĈýwí øÚþùwý ¹vº·½ ¿v Ĉ~ĀîLLÅÿ¾îĊù ¾ĉĀLLÎ£ ) ćwă

   Ĉ£wþz¾í w£ ĈöĊÉ ĂþĊù¿ ½¹ ¢ĉ¾õwæÅv ÿ ¢ĉ¾Ċ~ ôùwÉ ćºĊæõĀÅ 
Fig. 2. A general view of the geology and hypogene mineralogical aspects of the Kushk ore deposit (Pahnu and north of 

Zardu) including the volcano-sedimentary rock units and layered to massive sulfide mineralization (view to the southeast); 

A: stratigraphy of the Kushk ore deposit including the host shale, siltstone, acidic tuff and the Rizu series dolomite, B: 

Layered ore in underground mine tunnels, C: Pyrite bands of the layered ore, D: microscopic image of sulfide thin layers 

in a calcareous shale host, E: general view of the massive ore overlaying the layered ore in open pit outcroppings (view 

to the east), F: occurrence of pyritic and massive ore in open pit outcroppings (view to the east), and G: microscopic 

image of irregular occurrences of sulfide minerals including pyrite and sphalerite in a shaly to calcareous host 

 
ûwù¿( wz ć½w¤·wLÅ ôùvĀÝ Ów{£½v ÿ ½w¤·wLÅ Ăýwí ½¹ Ĉĉv¿

ìÉĀí ½wÆýwí 

 ÿ wLă½wL¤·wLLLLÅ üĊz ÓwL{£½v ½¹ ¾·mL£ ÿ ÷ºLê£ ¾Úý ¿v ÿ Ĉöí ½ĀÕ ĂLz

Ăýwí øĊLÆê£ Ĉöí Ă¤LÅ¹ ĂLÅ Ăz wă½w¤·wLÅ IìLÉĀí ½wLÆýwí ½¹ Ĉĉv¿

Ĉù  5ºýĀLLLÉ,( ĂýwíwLLLÊĊ~ ćwă½w¤·wLLLÅ Ăí Ĉĉv¿ ÔĊ´ù wz Ów{£½v ½¹

ĈýwLÊæLÊ£j ĂLÑĀ³ ½¹ ĂĊõÿv ¢æĉ½ ôĊîLÊ£ ¿v ÈĊ~ Ĉúĉºé(    ĈzĀLÅ½

ºþ¤LÆă ìLÉĀí  J-( øă ćwă½w¤·wLÅûwù¿ Ăýwí wz x¾LÅ ÿ ćÿ½ Ĉĉv¿

ôĊîLÊ£ Ĉ¤æĉ½ ÔĊ´ù ½¹ ÿ ôùwî£ ów³ ½¹ ĈzĀLÅ½ ĂLÑĀ³ ½¹ ÿ āºLÉ
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.(  ĂLýwLíwLLLÆ~ ¢LĊõwLÞå wLz ćwLă½wL¤·wLLLÅĂLýwLí ¾ĊĊâ£ ĂLz ĂLí Ĉĉv¿ Ĉĉv¿

 ÿ ĈLÆĊöĊLÅ IĈ£wæõĀLÅ IĈ£wæLÆå IĈ£wþz¾í ćwă¿wå Ăz ĂĊõÿv ćºĊæõĀLÅ
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ĈýwLLÊæLLÊ£j(  Ă¤LLÅĀ~ ÃwĊêù ½¹ ìLLÉĀí ĈzĀLLÅ½ ºþ¤LLÆă ±¾Öù ćv

$  ôîLLLÉ.(AĈò¤LLLÆîLLLÉ üĉv )#ĂĊ³wý ćwă ćwăºþĉv¾å ôLLLÍw³ ćv

  ½¹ ÃĀúöùwý  Ăz Ă«Ā£ wz wĄýj ½ĀLLÒ³ Ăí ¢LLÅv ā¹Āz Ĉĉđwz Ă¤LLÅĀ~

 ¡ºLÉ ćÿ½ ¿v Ăí Ă¤LÅĀ~ ¾z øíw³ äĊÞLÑ ć½wLÊå Ôĉv¾LÉ ¹vº·½

Ĉù I¢LÅv ¢åwĉ½¹ ôzwé ìLÉw£ ºý¿wLÅ ½¹ ĈýĀñ¾ñ¹ øí Ôêå ºývĀ£

 Ăzā½wé Ă¤LLLÅĀ~ )ºLLLÉwz ĈLLLÅ½¾z ôzwé ć¾Úý ¡½ĀLLLÍ ĈÕ ûv¾ĉv ćv

āĀí ÔÅĀ£ ÿ üĊÆ~ üĉ¾{ùwí¾~ûw~ Ĉĉv¿¹ ôú´¤ù Iüîĉ¾åj IĈýĀñ¾ñ

Ĉ¤Ċýv¾ñüĊ¯ IûºLLÉ$ ¢LLÅv āºLLÉ ÈöLLÆñ ÿ Ĉñ¹½Ā·Nadimi, 

2007øă ćwă½w¤·wLLÅ wĉ ¾£ºĉº« ćwă½w¤·wLLÅ )#Ăýwí wz ûwù¿  IĈĉv¿

 LLÊêýĈ  þzĊ¹wĉü  v ½¹ĉ¹w¬  wă¾¤LLÆzć  ³vĀý ÿ yLLÅwþùĈ  øí  ½wLLÊåćv¾z 

óĀö´ù ówLê¤ýv ÿ Àí¾ú£wLăć  zwLù¾ñĈ  ĂLýwLí v ½v¹ĉwLæ  ā¹¾í v )ºLývĉü 

Õw{£½v wă½w¤·wÅĈ  ê¤ÆùĊø  ¾å wzĉvºþ  È¤åwíā½wé ćv ÿ ÷w¬ýv¾Å½ĉ¢æ 

öLÍvĈ ôîLÉ ½¹ Ă¤å¾ñĈýwLÊæLÊ£j ĂLÑĀ³(  ìLÉĀí ĈzĀLÅ½ Ă¤LÉv¹ ºýv  

ĂLz ÿ  ûvĀþÝ  ó¾¤þíāºLþþíwLăć  õÿv LĊĂ  āv½$  #ĂLĊõÿv ćwLăÿ½ LLLÆùĊ¾  ¢Lí¾³

 LLÅĊ¡đw ýºÞùĈ  ù xĀLLÆ´ùĈºýĀLLÉ  )  ¿v ĈLLÅwîÞýv wă½w¤·wLLÅ üĉv

 ÿ ĈzĀLLÅ½ ĂLLÑĀ³ ¢ĊÞLLÑÿüĊù¿ øĉÁ½  ĂLLÑĀ³ ¾z øíw³ Ĉ¤·wLLÅ

ĂþĊ¯ ºăvĀLÉ ÃwLÅv ¾z ÿ ûj ½¹ Ăí ºþ¤LÆă ìLÉĀí I¹Ā«Āù Ĉ¤·wþLÉ

ĂLÑĀ³ wz Ów{£½v ½¹ ìLÉĀí ½wLÆýwí ôĊîLÊ£ ÔĊ´ù  ĈLÊLÊí ćwă

$RTZ, 1972; Rajabi et al., 2020 ôĊîLÊ£ Ăz Ăí ¢LÅv ā¹Āz #

 ôĊLLÉ ôĊîLLÊ£ Ă{öá wz ÿ èĊúÝ ¢{LLÆý Ăz ĂLLÑĀ³ ìĉ ½¹ ðþLLÆýwí

üĊù¿ ć½w¤·wLÅ ¢ĊÞLÑÿ ĈLÅ½¾z ¿v Ă°ýj )¢LÅv āºLÉ¾¬þù  ĈLÅwþLÉ

Ĉù ¾z ìLLLÉĀí ½wLLLÆýwLí ćđwLz ćwLþá wLz È¸z ĂLí ¢LLLÅv ûj IºLĉj

  v½ ûj øĊ¬³ ÿ ĈýºLÞù ā¹wLù ¢Lĉ¾Ċ~¾~ È¸z Üévÿ ½¹ ĂLí ðLþLLLÆýwLí

Ĉù ôĊîLÊ£  ¹ÿº³ ½¹$ ºă¹,+   ÿ¹½¿ È¸z ½¹ ðþLÆýwí ü£ ûĀĊöĊù

 ÔLÅĀ¤ù ½wĊÝ wz0    ĂLÑĀ³ ìĉ èĊúÝ È¸z ¾z è{Öþù I#ćÿ½ ºLÍ½¹

  Ăz ¢{LÆý ôĊLÉ ćđwz ¢ùw¸LÑ ćÿ½ ¿v ½ĀzÀù èúÝ Ăí ¢LÅv ĈzĀLÅ½

¢öĊÅ  #ÿ¹½¿ ¢ĊùĀõÿ¹$ ć¾¤Æíw· ¢ĊùĀõÿ¹ ćđwz ¢ùw¸Ñ IðþÅ

Ăýwí Ă{öá ÿ  ôzwé IìLLÉĀí ĂLLÑĀ³ ½¹ ćºĊLLÆív ¾z ćºĊæõĀLLÅ Ĉĉv¿

  )¢LÅv Ów{þ¤LÅvĂLÑĀ³ ôùwî£ ÿ ôĊîLÊ£  wĄþ£ Ăý äö¤¸ù ĈzĀLÅ½ ćwă

Èþí Ăz Ĉò¤LLLÆzvÿ ½¹üĊù¿ ćwăðþLLLÅ Ĉ¤·wLLLÅ Ăîöz J¢LLLÅv ā¾í

üĊù¿ ćwăºþĉv¾å ÷ÿvº£ Ăz Ă¤LÆzvÿ ¢LÅv ÀĊý ā¾í ðþLÅ ¾ĉ¿ Ĉ¤·wþLÉ

$Ju et al., 2020ĂÑĀ³ )#È¸z ôùwÉ ĈzĀÅ½ ćwă  ĈþĊÊýÿ¾å ćwă

 È¸z ½¹ ĈþĊLÊýÿ¾å ów³ ½¹ wĉ ²ÖLÅ ½¹ wĉ üĊù¿ ā¾í ðþLÅ Ĉĉđwz

¢Ĺ £ IĂLĊ³wLý ĂLLLÅºLþă ½¹ ¾ĊĊâ£ ĂLÖLLLÅvÿ ĂLz ĂLí ºLþ¤LLLÆă üĊù¿  ¾Ċ§mL£

Ĉù ½v¾é ĈñºLLÉ¾~ ÿ ÈĉwLLÅ¾å ćwăºþĉv¾å  ½¹ ½ĀzÀù ĂLLÑĀ³ )ºý¾Ċñ

ûwLòĉ½¿ ĂLLLLÑĀ³ ¾z è{Öþù üĊz üĉv(  $ ¾ĊúăwL¯Rajabi et al., 

2015¾Úý ½¹ #Ĉù Ă¤å¾ñ ¹½Āù ½¹ )¹ĀLLLÉ  ¿v ÛĀý üĉv ôĊîLLLÊ£ āĀ´ý

ĂLLÑĀ³Ăĉ¾Úý ûĀþí w£ ĈzĀLLÅ½ ćwăĂtv½v ć¹ºÞ¤ù ćwă  )¢LLÅv āºLLÉ

  ÛvĀýv ĈýwLù¿ Üĉ¿Ā£ ÿ ĈýwLù¿ ôLùwLî£ üĊz ìLĉ¹Àý ĈîĊ¤ýÁ ÓwL{£½v ìLĉ

ĂLLÑĀ³üĊù¿ øĉÁ½ ìĉ ¢Ċúíw³ ½¹ )¹½v¹ ¹Ā«ÿ wă  I¢zw§ Ĉ¤·wLLÅ

  wĉ Ĉ«Āù ĂLLLÅºþă ćv½v¹ ĂLLLÑĀ³ ìĉ wz ĈLLLÊLLLÊí ĂLLLÑĀ³ ìĉ

ĂLLÑĀ³ôĊîLLÊ£ ćwă ½¹ āºLLÉÔĊ´ù¢í¾³ wz ćwă ć½w¤·wLLÅ ćwă

yĊLÉ( Ĉù ¹w¬ĉv IÀâõ¹vº¤ùv)ºýĀLÉ ¢æĉ½ ¹vº·½Ĉ~ ½¹ Ĉĉv¿  ðþLÅ

¡½ĀLÍ #ìLÉw£ ºý¿wLÅ$ ĂêÖþùûwúă ºý¿wLÅ üĉv )¢LÅv Ă¤å¾ñ  ĂýĀñ

  ĈzĀLLLÅ½ yLöáv ºL³vÿ ìLĉ ôLùwLLLÉ IºLLLÉ ā½wLLLÉv üĉv ¿v ôL{é ĂLí

ûĀñ¾ñ¹  ÃwLÅv ¾z ÿ ¢LÆĊý ¹wĉ¿ ûj ĈýĀñ¾ñ¹ Ă«½¹ Ăí ¢LÅv āºLÉ

ĉv¾´LÍ ¡vºăwLÊùûĀúþ·½ ¿v ć½wĊLÆz ½¹ IĈ  ¿v ĈýĀñ¾ñ¹ Ă«½¹ wă

Ĉúý ¾£v¾å ¢LÆĊLÉ ¢ĊLÆĉ¾LÅā½wé Ă¤LÅĀ~ ½¹ ÈLÊí )¹ÿ½  āºýwLÉĀ~ ćv

üuæĉ½ ¿¾ù ½¹ ìLLÉw£ ºý¿wLLÅ ½¹ āºLLÉ( ûÿ¿ ¹w¬ĉv Ăz üĉºýÿ  ćwă

  ÈĉvÀåv wz IĈêÖþù ½ĀÕ Ăz Ăí āºLLÉ¾¬þù Ĉĉđwz Ă¤LLÅĀ~ ½¹ äÞLLÑ

ĂLýwLí ćwLăºLþĉv¾å Ûÿ¾LLLÉ ćv¾z Ôĉv¾LLLÉ ¹wL¬ĉv ÿ ĂLLLÑĀ³ èúÝ  Ĉĉv¿

ów{ý¹Ăýwí )¢LÅv āºLÉôĊîLÊ£ ôĊLÉ ûwzÀĊù ðþLÅ ½¹ ½ĀzÀù Ĉĉv¿  āºLÉ

èåv ½¹¡½ĀLÍ ìLÉw£ ºý¿wLÅ ¿v ¾£đwz ćwă$ ¢LÅv Ă¤å¾ñ ôîLÉ.(

B)# 
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  ôîLLÉ.)  AüĊù¿ xĀ¯½wĄ¯ )Ă¤LLÅĀ~ ÃwĊêù wz Ĉ¤·wLLÅ  ûÿ¿ ćv  Ĉýwù¿ ā¿wz ½¹ ćÀí¾ù ûv¾ĉv ĈĉwúñwùĀýĀ¤î£1,+   w£0,+  $ ÈĊ~ ówLLÅ ûĀĊöĊùNadimi, 

2007 ÿ #BĂþĊ¯ ĂÞLLÅĀ£ ÿ ¢æĉ½ ½w¤·wLLÅ Ç¾¤LLÆñ ÿ ôĊîLLÊ£ )üĊLLÆ~ üĉ¾{ùwí¾~ ĈLLÅwþLLÉ(  ĈýwLLÊæLLÊ£j ĂLLÑĀ³ ½¹ üĉ¾ĉ¿ üĉ¾{ùwí(    ÿ ìLLÉĀí ĈzĀLLÅ½

ôîÉôÆñ ć¾Ċñ ôùvĀÝ ûvĀþÝ Ăz ówù¾ý ćwăĂýwí ûwzÀĊù ĂÑĀ³ ôĊîÊ£ ĂĊõÿv ć½w¤·wÅ   Ĉĉv¿ 
Fig. 3. A. Crustal scale geological framework of central Iranian tectono-magmatic zone from 610 Ma to 510 Ma (Nadimi, 

2007), and B: Formation and development of the rift structure and development of the late Precambrian-Cambrian 

stratigraphy in the Kushk volcano-sedimentary basin and formation of the normal faults as the primary structural factors 

in the host mineralization basin 
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wă½w¤·wLÅøă ĈöLÆñ ćĂýwí wz ûwù¿Ĉĉv¿  Ăz õ¹Ċô øĉÁ½ ¢Ċúíw³  ćwă

ôLĊîLLLÊ£ ûwLù¿ ½¹ đwLz ĈĉwLù¹  þ°úă ÿĊü  Ï¾Þù ½¹ ü¤å¾ñ½v¾é  

wLLă¿wLLåć  āĀí v¿Ĉĉ  Èþ£ ÿwLLăć   LLLÉwLLýĈ  ýj ¿vwLLĄ   ûwLLù¿ óĀÕ ½¹

ù¿Ċü LÅwþLÉĈ  Iyöáv  Ăz  ê¤LÆù ¡½ĀLÍĊø  wLÅwþLÉ ôzwé ½wîLÉj ÿĈĉ  ÿ

ā¿vºývñĊ¾ć  ýĊºþ¤LLÆ v ¿v )ĉüIÿ½  §m£ ÿ ½ĀLLÒ³Ċ¾ jý wĄyöáv   ÃwLLÅv ¾z

  ºăvĀLLÉüĊù¿ĈLLÅwþLLÉ  ¹ÿº´ù ½¹ ¹Ā«Āùā Ăýwí v¿Ĉĉ    ôzwé ½wLLÆýwí ÿ

m£Ċĉº  )¢LÅv Ów{þ¤LÅv ÿ  øă ćwă½w¤·wLÅ ½ĀLÒ³Ăýwí wz ûwù¿  ½¹ Ĉĉv¿

ā½wLLÆ·½ Ç¾¤LLÆñ ćÿ½ ¿v I½wLLÆýwí üĉv ºþýwù Ëw· ĈĉwĊýwí ćwă

¢Lĉ¾Ċ~ ½ĀLLLÒ³ĂLýv¹ ćwLăûÿ¿ ÿ ĂLĉĀýwL§ ć¾îLLLÉ  ½¹ wLĄýj ĈÖ· ćºLþz

¾úă ĂLz Ì¸LLLÊù ćwLă¹vºL¤ùvûÿ¿ üĉv çwL{Öýv āv èĊúÝ èÕwLþù wLz wLă

 Ăz ÿ ĈzĀLLÅ½ ĂLLÑĀ³ā½wLLÆ·½ Ç¾¤LLÆñ āÂĉÿ  ¿v Ĉþá Ĉ£wþz¾í ćwă

È¸z ½¹ ºLĊæõĀLLLÅ  üĊþ°úă ÿ ðLþLLLÆýwLí ûwLzÀĊù ¿v ĈĉwLă vÀåvĉ È  

ÞLÑĀùĈ Ö· ÿĈ  ýwíĈwăć ~ ÿ üõwñĊ¾ĉ¢ ÌĊ¸LÊ£  )¢LÅv āºLÉ ā¹v¹

ĂLĊ³wLý ÃwLĊêù ½¹È¸z ÌĊ¸LLLÊ£ Ićv ¿v Ĉ¤æĉ½ ĂLLLÑĀ³ èĊúÝ ćwLă

  èĉ¾ÕĂþĊ¯ Ów{£½v ĈLLÅ½¾z¢¸ĉ½ ÿ ĈLLÅwþLLÉ ûwzÀĊù ĂĊ³wý ĈLLÅwþLLÉ

ûwîùv ìLÉĀí ½wLÆýwí  Ĉ¤öĊLÅ IĈöĊLÉ ćwăº³vÿ Ç¾¤LÆñ )¢LÅv ¾ĉ¼~

ā¾¤LLÆñ ½¹ Ĉ£wþz¾í ÿ ¢ùw¸LLÑ wùv J¢LLÅv ¹ĀĄLLÊù ĈÞĊLLÅÿ ćwă

ºL³vÿ üĉv ËwL· ā½wLLLÆ·½ ÿ ½ĀzÀù ćwLăºL³vÿ ĈýwLĊù È¸z ½¹ wLă

Ĉù ¾Úý Ăz Ăí ĂLLÑĀ³IºLLÉwz ĂLLÑĀ³ èĊúÝ È¸z ¾z è{Öþù ºLLÅ½    wz

 ÛĀý ÿ¹$ ¢LĊùĀõÿ¹ ÛĀý ÿ¹ ½ĀLLLÒ³ )¢LLLLÅv ¡ÿwLæ¤ù ¾òĉ¹ ÓwLêý

  ĈåwLLLÊ¤ív ćwLăºLĊöí ¿v Ĉîĉ ûvĀþÝ ĂLz ĂL¤LLLÉ¼Lñ ½¹ ĂLí #ā½wLLLÆ·½

Ĉå¾Þù$ ¢LLÅv āºLLÉDehghani Tafti et al., 2023  üĉv ¾òýwĊz #

¢ĊùĀõÿ¹ Iûj ÃwLLÅv ¾z Ăí ¢LLÅv ĂöuLLÆù È¸z ½¹ ć¾¤LLÆíw· ćwă

¤æĉ½ ĂÑĀ³ ĈýwĊù¢ĊùĀõÿ¹ ÿ Ĉ  ĂÑĀ³ ĈÉvĀ³ ½¹ ć¹Ā¸ý ¹½¿ ćwă

āºLLÉ ôĊîLLÊ£ Ĉ¤æĉ½ĂþĊ¯ ćwăº³vÿ çw{Öýv )ºýv  wz āºLLÉ¹wĉ ĈLLÅwþLLÉ

¢¸ĉ½ĂýĀñ Ăz ¢LÅv ¹ĀĄLÊù ĂLÑĀ³ ĈLÅwþLÉ ¢ùw¸LÑ ¹vº·½ Ăí ćv

¢öĊLÅ ¢ùw¸LÑ Ix¾LÅ ÿ ćÿ½ ðþLÆýwí ûwzÀĊù ôĊLÉ ćđwz ðþLÅ

¢ĊùĀõÿ¹ ¹vº·½ üĊþ°úă ÿ ðþLLÆýwí ûwzÀĊù ôĊLLÉ āºþýwLLÉĀ~ ćwă

íw·ĂþĊ¯ ćwăº³vÿ ¾ĉwLÅ ¿v ìĊîæ£ ôzwé Ić¾¤LÆ ½¹ ÿ ĂêÖþù ĈÅwþÉ

Ă¤å¾ñ¾zĈù ¾Úý Ăz Ăí ºþ¤LÆă Ì¸LÊù ā¹ÿº´ù ìĉ ½¹ āºLÉ ºLÅ½

$ ºLÉwz Ĉ¤æĉ½ ĂLÑĀ³ èĊúÝ È¸z ¾z è{Öþù  ôîLÉ/(A  ¿v üĊþ°úă )#

üĊù¿ ºăvĀÉ ¾òĉ¹ÔĊ´ù ¾z è{Öþù ĈÅwþÉ øíw³ ĈÊÊí ĈöÆñ ćwă

È¸z ¾z¿v ĈĉwLă  Ĉù ĈÖ· Ĉö´ù ćwLăºLýÿ½ wLz ĂLLLLÑĀ³ ĂLz ûvĀ£

Ĉýwí Ăz wĄýj ôĉº{£ ÿ Ĉ¤ĊõĀĉ½ ãĀ£ ºĉºLÉ ĈýwLÅ¾ñ¹  ½¹ ĈLÅ½ ćwă

èåvûĀúþ·½ ½¹ ðLþLLLÆýwLí ćđwLz Ĉ¤ĊõĀĉ½ ćwLă ¾ĊĊâ£ ÿ ¹Ā«Āù ćwLă

ãĀ£ ðý½øí À{LÅ ãĀ£ Ăz À{LÅ ćwă$ Ĉù¾í w£ ðý½  ôîLÉ/(B #

$ ûwLÅ¾ñ¹ ÿ  ôîLÉ/(CĂýwí ¹vº·½ I#$ ć½vĀý üăj Ĉĉv¿  ôîLÉ/(

DĂýwí ÿ #èåv ½¹ Ĉzwù¾ñ üăj Ĉĉv¿$ Ĉ£wþz¾í ćwă  ôîLLÉ/(E  ½¹ #

Ăýv¹ ½ĀLLÒ³ ÿ ÿÀĉ½ ¢ĊùĀõÿ¹ āºÝwéĂñ½ IwăĂ°ñ½ ÿ wă  Ĉ¤ĉ¾Ċ~ ćwă

$  ôîLÉ/(FĈ¤LÅ½wí ćđwz ¡ºLÉ üĊþ°úă ÿ #  ¿v ĈLÊ¸z ½¹ ûºLÉ

èåv ½¹ ÿÀĉ½ ¢ĊùĀõÿ¹ĂþĊ¯ ûĀ¤LÅ Ĉĉđwz ćwă ½wĊLÆz ĂöLÍwå wz$ ĈLÅwþLÉ

 #ðþLÆýwí èåv ¿v  ôîLÉ/(G$ ¹¾í ā½wLÉv #Mirzababaei and 

Hayatolgheyb, 2025ºăvĀLLÉ üĉv ½ĀLLÒ³ )#    ¿v Ĉíw³ üĊþ°úă

¢ĊõwÞå ÷ÿvº£  ½¹ ćºĊæõĀLLÅ ðþLLÆýwí ôĊîLLÊ£ ¿v Ä~ Ĉzwù¾ñ ćwă

ûwù¿ w£ ôĊÉ ûwzÀĊù ðþÅ)¢Åv ¾·m¤ù ćwă 

 

Ăýwíó¾¤þí Ă¬Ċ¤ý ½¹ ĂĊõÿv Ĉĉv¿āºþþí ½¹ ć½w¤·wLÅ ćwă

ìÉĀí ½wÆýwí ûwzÀĊù ĈzĀÅ½ ĂÑĀ³ 

Ăýwí ¹½Āù ½¹  Ĉĉv¿ ûĀþí w£ ìLLÉĀí ½wLLÆýwí ½¹ ĂĊõÿv ćwăºĊæõĀLLÅ

ÈăÿÂ~÷w¬ýv ć¹wĉ¿ ćwă$ ¢LLÅv āºLLÉRTZ, 1972; Rajabi et 

al., 2020Ăýwí üĉv )#Ăĉđ ôùwLÉ ¾¤LÊĊz Ĉĉv¿  ½¹ ¢ĉ¾Ċ~ Ă¤LÅĀĊ~ ćwă

¢ùw¸LLÑ wz Ĉ£wþz¾í ôĊLLÉ ÿ āwĊLLÅ ôĊLLÉ ûwzÀĊù ðþLLÅĊâ¤ù ćwă ¿v ¾

  ¿v ¾¤úí, Ĉ¤ýwLÅ  ¿v ÈĊz w£ ¾¤ù,  Ăz Ăí ¢LÅv ¾¤ù  üĊĉw~¾úí ½¹ āÂĉÿ

Ĉù āºLĉ¹ ĈýºLÞù ā¹wLù¢LĊùĀõÿ¹ wLz IđwLz¾úí ¢LúLLLÅ ĂLz ÿ ¹ĀLLLÉ ćwLă

Ĉù üĊLÊýw« ¢ĉ¾Ċ~¾~Ăýwí ĈöLÍv ¿wå I¢ĉ¾õwæLÅv )¹ĀLÉ ć¹wLÎ¤év Ĉĉv¿

Ăz Ăí ¢LLÅv ìLLÉĀí ½wLLÆýwí ½¹  Ăz ĈýºÞù ā¹wù üĊĉw~¾úí ½¹ āÂĉÿ  

  ćwă½vĀý ¡½ĀLÍ  ¿v ¾¤úí ¢ùw¸LÑ wz Ă¤LÅĀĊ~, Ĉ¤ýwLÅ Ĉăwñ w£ ¾¤ù

  ¿v ¾¤LÊĊz,+  Ĉ¤ýwLÅĈù āºăwLÊù ¾¤ù ā¹wù ćđwz¾úí ½¹ Ĉýwí üĉv )¹ĀLÉ

  ĂLz yLöáv ĈýºLÞù  Ĉ¤ĉ¾Ċ~ ðLþLLLÆýwLí ĂLþĊù¿ ½¹ ûwLLLLÊåv ¡½ĀLLLÍ
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Fig. 4. A: Location of the area hosting Zn-Pb ore as a part of the Kushk volcano-sedimentary basin characterized by 

different stratigraphical facies, with respect to surrounding localities, B. Intense alteration of rhyolitic tuff converting to 

clay minerals in rhyolitic horizons overlayed the shale hosted Zn-Pb ore (view to the northwest), C: XRD pattern of the 

altered rhyolitic tuff in B,  D: banded iron formation at the base of the Rizu dolomite, E: hydrothermal iron occurrence at 

the base of the Rizu dolomite, F: pyrite grains, veins and veinlets within the Rizu dolomite, and G: intense karstification 

in upper horizons of the Rizu dolomite (view to the southeast) 
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Fig. 5. NW-SE section of the generalized stratigraphy of the Kushk Zn-Pb ore, as well as different parts of the ore deposit 

(compiled from combination of stratigraphical field investigation, tunnel survey and exploratory boreholes) 
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z¾áĈ  ýºLÞù ā¹wLù  Ĉù ôLúÝĈºLþí  $  ôLîLLLÉ1(A ćĀþĄ~ È¸z wL£ ÿ #
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üĊù¿ IĈLÅwþLÉG  ôýĀ£ ½¹ ÿ¹½¿ ôLÆñ ¿v Ĉĉwúý 53/0    èåv IĈþĊù¿¾ĉ¿LC-dol  üĊù¿ ĂLÊêý ½¹ LÅwþLÉ IĈH ©v¾¸¤LÅv ć¹ÿ½ÿ ½¹ ÿ¹½¿ ôLÆñ ¿v ć¾òĉ¹ ćwúý 5

-0    èåv IĈþĊù¿¾ĉ¿LC-dol  üĊù¿ ĂLÊêý ½¹  IĈLÅwþLÉI  èåv IĀþĄ~ ¾z ã¾LÊù Ăöé Ăþùv¹ ½¹ ªþí ôLÆñ ¹¾îöúÝ ½w§j 5LC-dol  üĊù¿ ĂLÊêý ½¹  Ăz ºĉ¹$ ĈLÅwþLÉ

 I#x¾áJûÿ¾z 5  èåv IìLÉĀí ¿wzÿ½ ûºÞù ½¹ ªþí ôLÆñ ¿v ĈLÊ¸z ¹¿LC-dol  üĊù¿ ĂLÊêý ½¹ LÉ ÿ ĈLÅwþK  èåv I¿wzÿ½ ûºÞù ½¹ ªþí ôLÆñ ćwăÀâõ È· 5

LC-dol üĊù¿ ĂÊêý ½¹  ĈÅwþÉ 
Fig. 6. The general appearance of the post-mineralization fault structures in the Kushk ore deposit; A: the location of the 

main faults of the Kushk ore deposit, B: northern sector of the Kushk fault in the open pit, LC-dol horizon on the geology 

map (view to the south), C: Kushk fault riddles in underground tunnels, UP-sh horizon on the geology map, D: Kushk 

fault traces in underground tunnel 890 m, UP-sh horizon on the geology map, E: Zardu fault plane between Zardu and 

Pahnu, LC-dol horizon on the geology map (view to the southeast), F: ripple type riddles on the Zardu fault plane, LC-

dol horizon on the geology map, G: a view of the Zardu fault in tunnel 845 level, UP-sh horizon on the geology map, H: 

another view of the Zardu fault in the extraction 25 entrance, UP-sh horizon on the geology map, I: the Konj fault on the 

Pahnu peak, LC-dol horizon on the geology map (view to the west), J: outcroppings of some parts of the Konj fault in the 

Kushk open pit, LC-dol horizon on the geology map, and K: Konj fault riddles in the open pit mine, LC-dol horizon on 

the geology map 
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5øĉºé ìÉĀí ôLÆñ   vĉü ý ôÆñĊÀ  ā¾ù¿ ½¹ôÆñćwă   ï½Àz Mw¤{Æý

ù ½v¾é ā¹ÿº´ùĈñĊ¹¾   ½¹ ĂíówúLÉwz ç¾LÉ  āºLÉ ¹ÿº´ù ªþí ôLÆñ

  ¢LúLLLÅ ½¹ ÿxĀþ«ûvĀ« ĂLz ĂL«Ā£ wLz Ix¾áû¹Āz ¾£   ÓwL{þ¤LLLÅv$

#ĈÕwĊ¤³vÜÖé v½ ìLLÉĀí ôLLÆñ Mđwú¤³v I v ¹vº¤ùv )¢LLÅv ā¹¾íĉ ü  

Ăz ôLÆñ  ówúLÉ yõwá ½ĀÕé¾LÉĈ( xĀþ«z¾áĈ   LÉ wzĊy ¾ê£ĉ{Ĉ /+    w£

/0  Ăz Ă«½¹ ĀLLÅć ówúLLÉz¾áĈ xĀþ« ½¹ ÿ ā¹ĀzĈé¾LLÉ¾£ĉü   È¸z

 ā¹ÿº´ùĈýºÞù Üévÿ$ ¢LÅv āºLÉ ôîLÉ1(A#)   Ăí ć¾Ċ§m£ ÃwLÅv ¾z

Ăzw« ¾z ôLLÆñ üĉv  v½ ÿ¹½¿ ĈýºÞù È¸z ÿ Ă¤LLÉv¹ ĈýºÞù ā¹wù Ĉĉw«

  I¢LLÅv ā¹¾í vº« ½wLLÆýwí ĈzĀþ« ¢úLLÆé ½¹ ĈõwúLLÉ ìLLÉĀí ¿v

Ĉù )¢å¾ñ¾Úý ½¹ ÃĀîÞù ôLÆñ ìĉ v½ ûj ½wíÿ¿wLÅ ûvĀ£  ºăvĀLÉ

 ÿ Ĉĉv¾´LLÍù¿Ċü¤·wLLÅĈ  ù ûwLLÊýĈºă¹  v ½w§j Ăíĉü ôLLÆñ    øă  ½¹

ù¿ ²ÖLLÅĊü º³ èúÝ ½¹ øă ÿ ¹ÿ,2+   ÿ ¢LLÅv āºăwLLÊù ôzwé ¾¤ù  Ăz

  üĉv£¾£ LĊy  ĂLz    ûvĀþÝĉîĈ  ûwLù¿wLLLÅ ½¹ Ì·wLLLÉ ¾LLLÍwLþÝ ¿vă¹ Ĉ  

½w¤·wÅć ù Ă¤·wþÉ ĂêÖþùĈ¹ĀÉ)  

 ôLÆñMB5  ôLÆñ üĉv ½¹IìLÉĀí ½wLÆýwí ĈöLÆñ    wz ï½Àz Mw¤{LÆý

é¾LÉ yõwá ¹vº¤ùvĈ(  z¾á Ĉ LÉ ÿĊy ¾ê£ĉ{Ĉ  2+  Ăz Ă«½¹  ĀLÅć   ówúLÉ

¢LÅv ù¿ ²ÖLÅ ½¹ øă ûj ½ĀLÒ³ ĂíĊü  ¹ÿº³ èúÝ ½¹ øă ÿ,,+  

¢LÅv āºăwLÊù ôzwé ¾¤ù  $  ôîLÉ1(A# v )ĉü   ā¾ù¿ ½¹ ôLÆñûvĀ«ĉ¾£ ü  

wă½w¤·wLÅć  ù¿Ċü¤·wLÅĈ  ôîLÉĂêÖþù ½¹ Ă¤å¾ñI  xĀLÆ´ù ùĈ¹ĀLÉ  ÿ

Èþ£ ¡ºLÉ Ăz Ă«Ā£ wzwăć  ~ ½¹ ¾§oùĊ vºĉÈ ù ½¹ IûjĊûw  ôLÆñwăć 

ºLÉ ¹ÿº´ù ìLÉĀí ÿ ªþíā  Ăz ÿ   ûvĀþÝĉîĈ   ½¹ Ì·wLÉ ¾LÍwþÝ ¿v

½w¤·wLLÅ óĀ´£ć  ā¹ÿº´ùI  vĉwæć  Èêý )¢LLÅv ā¹¾í   ½¹  ôîLLÉ2 I

ĂýwíwÆ~ ĈöÆñ ćwă½w¤·wLÅ ĈĉwLÒå ÿ ĈLÅºþă ¢ĊÞLÑÿ āv¾úă Ăz Ĉĉv¿

Ăzw« ½¹ wĄýj Èêýûÿ¿ Ĉĉw«Ăýwí ćwăĈĉv¿ā¹Ā£ ÿ āºLÉ IĈýºÞù ćwă

Ătv½v  )¢Åv āºÉ 

 

 
  ôîLÉ2)  ôLÆñ ĈĉwLÒå ÿ ĈLÅºþă ¢ĊÞLÑÿĂýwíwLÆ~ ćwăā¹Ā£ ½¹ wă½w¤·wLÅ üĉv ¹¾îöúÝ ¿v ôLÍw³ ªĉw¤ý āv¾úă Ăz Ĉĉv¿  ìLÉĀí ½wLÆýwí ½¹ ĈýºÞù ā¹wù ćwă

ā¹Ā£ ¢ĊÞéĀù$ĂþĊ¯ Ăz Ă«Ā£ wz ½ĀzÀù ĈýºÞù ćwăĂz ½wÆýwí ĈÅwþÉ Ăýwúñ ¿v āºùj ¢Å¹¢Év¹¾z ÿ ć½wæ³ ćwă ÜÖêù ½¹ ĈöýĀ£ ćwă ôîÉ0 Ătv½v #¢Åv āºÉ 
Fig. 7. The geometrical and spatial occurrences of the post-mineralization faults as well as the results of the faults 

movements in ore bodies in the Kushk ore deposit (locations of the ore bodies mentioned, obtained from stratigraphy of 

the ore deposit using drilled holes and tunnel survey, are given on the section of Fig. 5) 
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  ¿wzÿ½ ûºÞù ½¹ ĈýºÞù ā¹wù ĈõwúLÉ º³ ĈývºĊù ¡vºăwLÊù ÃwLÅv ¾z

Ăz IìLÉĀí ûÿ¿ Ăz ĈĄ¤þù ôùwí ½ĀÕ ćwă$ ûvºĊLÆív  ôîLÉ3(A #

ĈùĈýwí ¿v ć¹wLÎ¤év ¾ĉ¹wêù ćv½v¹ Ăí ¹ĀLÉ w£ ćÿ½ ćºĊLÆív ćwă0 

$ ¢LLÅv Ĉ«v¾¸¤LLÅv ½wz ½wĊÝ ÔLLÅĀ¤ù ºLLÍ½¹  ôîLLÉ3(BĂz )#   ½ĀÕ

 ćwăºĊÆíÿ½ºĊă ÿ wăºĊÆív ôùwÉ Ówêý üĉv ½¹ ĈöÍv ºĊÆív óĀúÞù

 LÅ ÿ ćÿ½ ćwăºĊLÆív ÿ üăjûÿ¾z ¿v Ĉ·¾z ½¹ ÿ ¢LÅv x¾ ÀĊý wă¹¿

Ĉýwí ¿v ĈLÎĊ¸LÊ£ ôzwé ćwă¹vº·½ ½ĀLÒ³ wz  Ăöú« ¿v Ă£wæõĀLÅ ćwă

Ĉù Ĉăv¾úă ¢ĊLÅÿ½vÁ$ ¹ĀLÉ ôîLÉ3(CûwĊz ĈöLÆñ ûÿ¿ )#  ½¹ āºLÉ

  ôLLÆñ ĈõwúLLÉ º³ ¾ùv ¢ĊÞévÿ ½¹ ÿ ĀþĄ~ ôLLÆñ ¡v¿vĀù Ăz üĊz üĉv

Ăýwí ûwzÀĊù ðþLÅ )¢LÅv ìLÉĀí  Ĉĉv¿ ĈöLÆñ ûÿ¿ üĉv ½¹ ćºĊLÆív

  ðþLLLÆýwí ûwzÀĊù ôĊLLLÉ ćđwz èåv$ Ĉĉđwz ðþLLLÅ ¢öĊLLLÅ ôùwLLLÉ

¢ĊùĀõÿ¹ üĊþ°úă ÿ ãĀ£ I#ćºĊæõĀÅ )ºþ¤Æă ÿÀĉ½ ć¾Å ćwă 

 

 

 
  ôîLÉ3) Aûÿ¾z 5ûÿ¿ ćwă¹¿Ăýwí ¹vº·½ wz ìLÉĀí ûºÞù ¿wzÿ½ ¢Ċ~ Ĉz¾á ā½vĀĉ¹ ½¹ ûvºĊLÆív ćwă #ìLÉĀí ôLÆñ ĈõwúLÉ º³$ ½w¤·wLÅ ¾z ¹ÿº´ù Ĉĉv¿

  I#xĀþ« Ăz ºĉ¹$Bìĉ¹Àý Ĉĉwúý 5ĂýwùwLLÅ ¡½ÿw¬ù ½¹ ûvºĊLLÆív ûÿ¿ ¿v ć¾£ĂÞLLÅĀ£ Ĉ£wþz¾í ûwzÀĊù ðþLLÅ ½¹ Ăí ĈöLLÆñ ćwă ÿ ¢LLÅv Ă¤åwĉC  ćwúý 5

ìĉ¹Àýv ć¾£  ¢ĊÅÿ½vÁ ¹vº·½ ¿ 
Fig. 8. A: Outcroppings of the structure bound oxide zones in the western wall of the open pit of the Kushk mine (the 

northern limit of the Kushk fault) (view to the south), B: a closer view of the oxidized zone adjacent to fault systems 

developing in carbonate host rock, AND C: a closer view of jarosite occurrence 

  
Ăýwí ćwăwúĊLÅûÿ¾z Ĉĉv¿ üĉv ¾z ć½w¤·wLÅ ó¾¤þí ÿ ¹v¿

Ăýwí ÛĀýìÉĀí ½wÆýwí ½¹ Ĉĉv¿ 

Ĉýwíûÿ¾z ćwă  ćwă½w¤·wLÅ wz Ów{£½v ½¹ Ăí ìLÉĀí ½wLÆýwí ½¹ ¹v¿

ĂýwíwÆ~ ĈöÆñā¿½¹ wĉ ÿ Ĉĉv¿āºÉ ôĊîÊ£ ćv  ôùwÉ Ĉöí ½ĀÕ Ăz Jºýv

¡wLþz¾í¡wLæõĀLLLÅ IwLă¡wLþĊùĀõj IwLă¡wLæLLLÆå IwLă ÿ wLăºLĊLLLÆív IwLă

¡wîĊöĊÅ  Ăùv¹v ½¹ wĄýj ¹vº·½ ¾z ¾§où ôùvĀÝ Ăí ºþ¤Æă ÄĊöĊÅ ÿ wă

Å½¾z ¹½Āù ôĊÎæ£ Ăz½v¾é Ĉ )¢Åv Ă¤å¾ñ 

¡wLþz¾íwLă5  ĂLLz  ûvÿv¾å ¢LLĊLLLÆöí ÿ ¢LLĊùĀõÿ¹ óĀúÞù ½ĀÕ  üĉ¾£

Ĉýwí  üĉv ¹vº·½ )ºþ¤LÆă ìLÉĀí ½wLÆýwí ½¹ ¹Ā«Āù Ĉ£wþz¾í ćwă

Ĉýwí ćwă½w¤·wLÅ Ăz Ă¤LÆzvÿ ćwăºþĉv¾å ¿v ¾§m¤ù ÿ ā¹Āz ĂĊõÿv yöáv wă

ĂýwíwLÆ~ )ºþ¤LÆă ½wLÆýwí ûwzÀĊù ðþLÅ ûwúă ¿v ĈLÊ¸z ÿ ¢LÆĊý Ĉĉv¿

øĄù ¿v¡wLþz¾í üĉ¾£ĂLýwLíwLLLÆ~ ćwLăĈĉv¿    üĉv ½¹ ¹Ā«Āù ćºLĊæõĀLLLÅ
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Fig. 9. A. Iron carbonate in the form of siderite in veins related to Zardu fault in the Kushk ore deposit, B: Bladed form 

siderite in a closer view, C: XRD pattern of siderite of the representative crystal analyzed, D: Open spaces in fault zones 

in the Kushk underground mine, E: A closer view of smitsonite formation on preexisting rock fragments, F: Overgrowth 

of smitsonite on separated fragments as cement connecting fragments in joints and fault related open spaces, and G: XRD 

pattern of smithsonite of the representative crystal analyzed. Abbreviation after Warr (2021) and Whitney and Evans 

(2010) (Sd: siderite, Cal: calcite, Car: carbonate, Py: pyrite, Qz: quartz, Smt: smithsonite).  
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Fig. 10. A: Smithsonite occurrence in the shale and pyritic dolomite host in the Kushk ore deposit, B: a closer view of 

smithsonite mineralization, C: association of smithsonite and gypsum, D: evident porosity reduction in the smithsonite 

mineralization host, E: BSE image of Zn, Fe, and Mn carbonates mineralization, and F: EDS of carbonate minerals 

investigated. Abbreviations after Warr (2021) and Whitney and Evans (2010) (Smt: smithsonite; Gp: gypsum).  
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Fig. 11. BSE image of cerussite occurrences in oxidized zone as well as sphalerite and galena remnants in the Kushk ore 

deposit. Abbreviations after Warr (2021) and Whitney and Evans (2010) (Cer: cerussite, Sp: sphalerite, Gp: galena).  
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Fig. 12. A: sulfates (gypsum), Fe and Zn-Pb oxide occurrences at fractured zones and fault planes in the Kushk ore 

deposit, B: occurrence of sulfate halotrichite at fault zone, C: melanterite occurrence at fractures and fault planes, and D: 

melanterite occurrence at a fault zone formerly filled with silica and carbonate. Abbreviations after Warr (2021) and 

Whitney and Evans (2010) (Gp: gypsum, Mln: melanterite, Esm: epsomite, Hth: halotrichite, Car: carbonate, Si: silica).  
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Fig. 13. A: jarosite occurrence at structure bound oxidized zones in the Kushk ore deposit, B: XRD pattern of jarosite in 

the representative sample analyzed, C: alunite occurrence in pyritic ore affected by faulting, D: XRD pattern of alunite in 

the representative sample analyzed, E: Linarite occurrence on surfaces enriched in galena in fractures close to fault 

systems, and F: a closer view of linarite. Abbreviations after Warr (2021) and Whitney and Evans (2010) (Jrs: jarosite, 

Alu: alunite, Lna: linarite, Py: pyrite, Gn: galena). 
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ĈùĂLz MđĀúÞù ¾Ċ·v ¢LõwL³ ĂLí ºLLLLÅ½ôLĊõ¹    ćwLăwLLLLÒå ĈñºLLLLÉ¾~

Èþívÿāÿ¾ñ ¿v Ĉþá ówĊLÅ wz ¾ĉ¼~  )¢LÅv āºùj ¹Ā«ÿ Ăz Ĉ£wæLÆå ćwă

Ĉýwí ½w¤·wLÅ ¾Úý ¿v ¢ĊîLÆĉ½vÿ xj ¢LÉvºĄòý ½¹ äÞLÑ ÿ ĈLÅwþLÉ

øí Iûj ½¹ ¹Ā«Āù ºLĊæLLLÅ ðLý½ ĂLz ¢LĉwLĄý ½¹ ÿ ¹½¿ ðLý½ ĂLz øí

Ĉù$ ºLĉv¾ñ  ôLîLLLÉ,/(C  ½¹ )#  ôLîLLLÉ,/(D  äĊÕ IXRD    ĈýwLí

Ătv½v ¢ĊîLÆĉ½vÿ  ½¹ ¢ĊîLÆĉ½vÿ ¹vº·½ ĈùĀúÝ ¡½ĀLÍ )¢LÅv āºLÉ

  ½¹ ¹vº·½ üĉv IìLLÉĀí ½wLLÆýwí ½¹ wùv J¢LLÅv ôĊLLÉ ûwzÀĊù ðþLLÅ

¡wþz¾í üĊþ°úă ÿ āºĊÆív ¡wþz¾í ûwzÀĊù ðþÅāºý¿wÅ wz ćwă ćwă

$ ĈåĀ£ ¹ÿº´ù  ôîLLLÉ,/(E   ÿF ÿ ĈöLLLÆñ ãwLLLÍ ±ĀÖLLLÅ ½¹ #

Ĉò¤LÆîLÉ$ wă ôîLÉ,/(G$ ¢ĊýĀõj ¿v Ĉýwăv¾úă wz # ôîLÉ,/(H I#

Ĉù āºăwLÊùĈLÅ½¾z ½¹ Ĉ¤³ ¢ĊîLÆĉ½vÿ ¹vº·½ ćwúĊLÅ )¹ĀLÉ ćwă

SEM $ ¹ĀLÉ āºĉ¹ ĈåºLÍ ¡½ĀLÍ Ăz ¢LÅv üîúù ÀĊý  ôîLÉ,0 (

AĈLÅ½¾z ½¹ wùv J#ï½Àz wz ½ĀzÀù ćwă  üĉ½Āöz ĂýwùwLÅ I¾¤LÊĊz Ĉĉwúý

Ĉý¿ĀLÅ ¹vº·½ ćwúĊLÅ wz ìĊ{ùÿ½Ā£½v  ±ĀLÑÿ Ăz ¢ĊîLÆĉ½vÿ ôîLÉ

Ăz ªĉw¤ý ÃwLÅv ¾z )¢LÅv ÌĊ¸LÊ£ ôzwé ĈLÅ½¾z ½¹ āºùj ¢LÅ¹ ćwă

SEM    ćwLă¾ĉĀLLLÎ£ ÿBSEĈýwLí I äĊÕ ćv½v¹ ¢LĊîLLLÆĉ½vÿ ćwLă

$ ¢LĊîLLLÆĉ½vÿ Ĉýwí ÿ¹ ¿v Ĉ{Ċí¾£O2.2H4AlPO ¢Ċòý¾¤LLLÅv ÿ #

$O2.2H4FePO$ ¢ĊîLLLÆĉ½vÿ āÿ¾ñ Ăz Ă¤LLLÆzvÿ #  ôîLLLÉ,0(B #

ĈýwLí )ºLþ¤LLLÆă  ¢LĊîLLLÆĉ½vÿ  ĈùºLývĀ£  ĂLz  ¾òĉ¹  ĈýwLíćwLă   ĂL£wLæLLLÆå  

ĂLĉÀ¬£¹ĀLLLÉ  )óĀúÞù ¿vüĉ¾£  ĈýwLíćwLă  ôLLLÍwL³  ¿v  ĈLLLÉwL~ÿ¾å  ûj 

ĈùûvĀ£  ĈýwLí ĂLz  ¡wLæLLLÆå$ ¢LĊõvºLýv¾í  ½vºLzj  øĊþĊùĀõj  ÿ  #øĊLLLÆöí  

ā½wÉv$ ¹¾í  ôîÉ,0(C#) 

ĈñÂĉÿ ¿v ĈîĉôLzwLé ćwLă È¸z Ĉăv¾úă IìLLLÉĀí ûºLÞù ½¹ ĂL«Ā£

Ăýwí ûwzÀĊù ćwă½w¤·wÅ )¢Åv ĈöÆñ ćwă½w¤·wÅ wz ¢ĊîÆĉ½vÿ Ĉĉv¿

üĊù¿ôLLÆñ Ăöú« ¿v ĈLLÅwþLLÉĈz ĈLLÊêý wăĂz ôĉºz   ćwăÿ¾ăv½ ûvĀþÝ

ówLê¤ývĈù wLæĉv ¡đwLĊLLLÅ āºLþă¹  ½¹ ÿ ºLþþí  ôLùvĀÝ ¹Ā«ÿ ¡½ĀLLLÍ

üĊù¿Ăýwí Ăz I¾LLÍwþÝ ówê¤ýv ÿ óĒ´ýv ćv¾z ¿wĊý ¹½Āù ĈĉwĊúĊLLÉ  Ĉĉv¿

Ĉù ¾¬þùôLLLLÆñ )ºLýĀLLLÉ  ĂLz wLăĈù øă ÷wLÝ ½ĀÕ  ĂLz ºLþývĀ£  ûvĀþÝ

  ĈzwĊăv½ wz Ăîþĉv øă ÿ ºþþí ć¿wz Èêý IówĊÅ ówê¤ýv ćv¾z Ĉĉwăÿ¾ăv½

¾¬þù ôùw³ ówĊÅ ¿v Ĉĉv¹¿¿wñ Ăz I½wÊå øí èÕwþù Ăz½¹ ÿ āºÉ   ô´ù

Ă£ ½¹ IüĊù¿ ²ÖLLÅ ćÿ½ ÿ ¿wz ÔĊ´ù Ăz ĈzwĊăv½ ÿ ©ÿ¾· ¢LLÆLLÊý

ĈýwíĂýwí ûwzÀĊù ĈöLLÍv ôLLÆñ )ºþLLÉwz ¾§Āù wă ûwúă Üévÿ ½¹ Ĉĉv¿

Ăýwí Ăí ¢LLÅv ĀþĄ~ ôLLÆñ  ½¹ øă ÿ ûj ĈöLLÍv Ă·wLLÉ ½¹ øă Ĉĉv¿

Ă·wLLÉ  #ìLLÉĀí ôLLÆñ ĈõwúLLÉ º³ w£$ ûj Ăz Ă¤LLÆzvÿ ĈÝ¾å ćwă

¡½ĀLÍĂýwí ûwzÀĊù ðþLÅ )¢LÅv Ă¤å¾ñĉv¿¢LÅv ôĊLÉ yöáv ÀĊý Ĉ   ÿ

 Ăz¹wĉ¿ ø¬³ ¢öÝ Ĉýwí ôùwÝ ówĊLLLÅ  ¹½Āù øĊþĊùĀõj üĊùm£ wz ÿ Ĉĉv¿

ðþLÅ ½¹ I¹wĉ¿ ôLÍvĀå ½¹ ĈöĊLÉ Üzwþù ½¹ ¿wĊý ÿ Ĉ¤ĉ½Āĉ¹ÿ¾îĊù ćwă

Ĉýwí ÀĊý ĈåĀ£ ÿ Ĉ£wþz¾í ćwăº³vÿ ½¹ üĊþ°úă¡½ĀLÍ Ĉĉv¿  Ă¤å¾ñ

¡vºăwLLÊù )¢LLÅv  IĈĉv¾´LLÍ  ûĀúþ·½ ¢ĊîLLÆĉ½vÿ  ½¹ È¸z  ¿wzÿ½  

ûºÞù ìLLÉĀí  v½  Ăz ôîLLÉ ìă¾ñ ā¹Ā£ćv  ĈzĂ°ñ½ IôîLLÉćv  ÿ 

āºþþí¾~  ćwLÒå Ĉõw· ûwLÊý Ĉù ¢ĊîLÆĉ½vÿ ¢Ċúăv ¾òĉ¹ Ă{þ« )ºă¹

üĊù¿ ¾Úý ¿v ¿wLLå üĉ¾·j ĈýwLLzÀĊù I½wLLLLÆýwLLí üĉv ½¹ ĈLLLÅwLLþLLLÉ

¢ĉ¾õwæLÅv  Ăz ±ĀLÑÿ Ăz Ăí ¢LÅv Ĉĉv¿Ăñ½ ¡½ĀLÍ  ¢ĉ¾õwæLÅv ćwă

Ĉù ûwLÊý ¹vº·½ I¢ĊîLÆĉ½vÿ ĂþĊù¿ ½¹Ăz )ºă¹    ¿v Ä~ I¾òĉ¹ ¡½w{Ý

¢ĊúLÅv I¢ĊýĀõj I¢ĊîLÆĉ½vÿ ôĊîLÊ£  IÄĊöĊLÅ ÿ ¢Ċýÿ¿ ìĉ ¹vº·½

¿wå  ìLÉĀí ½wLÆýwí ½¹ ¢ĉ¾õwæLÅv ôĊîLÊ£ Ăz Ăí ć¾Ċ·m£ ćºĊæõĀLÅ

¾¬þù  )¢Åv ¹ĀĄÊù I¢Åv āºÉ 

5¢ĊöĊåĀæLÆå  ô´ù ½¹ w{ĉ¿ ½wĊLÆz ãwæLÉ Ĉzj ðý½ Ăz Ĉýwí üĉv ćwă

ûÿ¾zĈò¤LÆîLÉ ÿ ĈöLÆñ ćwă½w¤·wLÅ ¹¿ ðþLÆýwí ü¤ù ½¹ Ăí Ĉĉwă

ôĊîLÊ£ Iºý½v¹ ½ĀLÒ³ ćÿ½  ½vºzj ¡wæLÆå ìĉ Ĉýwí üĉv )¢LÅv āºLÉ

   óĀù¾å wLz ĂLí ¢LLLLÅv ćÿ½O2.4H2)4(Fe, Mn) (PO2Zn     ½¹

Ĉù ½Āö{¤ù ìĊþĊöíĀþù üĉ½Āöz ĂýwùwLÅ  ā¹Āz ½¹wý ½wĊLÆz Ĉýwí üĉv )¹ĀLÉ

 #ìLLLÉĀí ûºLÞù$ ûv¾ĉv ÿ ûwLúõj IćĀĊõĀz ½¹ ĂLöú« ¿v ĈêÕwLþù ½¹ ÿ

¢åwĉ)¢Åv āºÉ
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  ôîLÉ,/)  AĈýwí 5Ăñ½ ÛĀý ¢ĊîLÆĉ½vÿ ć¿wLÅ  ĀþĄ~ ĈöLÆñ ûÿ¿ ½¹ ćvìLÉĀí ½wLÆýwí ½¹  IBĈýwí 5  ûÿ¿ ½¹ Ĉõw· ćwLÒå āºþþí¾~ ÛĀý ¢ĊîLÆĉ½vÿ ć¿wLÅ

  IìLLLÉĀí ûºLÞù ½¹ ĀþĄ~ ĈöLLLÆñCðLý½ 5½v¾é ôLĊõ¹ ĂLz ĂLí ĈêÕwLþù ½¹ yLõwLá ćwLúĊLLLÅ ûvĀþÝ ĂLz ¢LĊîLLLÆĉ½vÿ Ĉò¤·wLz  ¿v ÿ ¹v¿j ćvĀă Ï¾Þù ½¹ ü¤å¾ñ

¢LÅ¹µ½ ĈõĀîõĀù xj û¹v¹ I¢LÅv ā¹v¹D  ćĀòõv 5XRD   IìLÉĀí ½wLÆýwí ¿v ¢ĊîLÆĉ½vÿ ĈýwíEĈýwí 5 ¡wþz¾í ûwzÀĊù ðþLÅ ½¹ ¢ĊîLÆĉ½vÿ ć¿wLÅ

  IāºĊLÆívFìĉ¹Àý ćwúý 5¢ĊîLÆĉ½vÿ ¿v ć¾£  IGôLÆñ Àĉ½ ½¹ ãwLÍ ±ĀÖLÅ wz ¢ĊîLÆĉ½vÿ ¹vº·½ 5  ÿ Ĉ£wþz¾í ûwzÀĊù ½¹ ¹Ā«Āù ćwăH  ¢ĊîLÆĉ½vÿ ¹vº·½ 5

$ ½vÿ ¿v ć½wLÎ¤·v øtĒÝ )ûvºĊLÆív ûÿ¿ ½¹ ¢ĊýĀõj ÿ āºLÉ ć¾ĊòzjWarr, 2021$ Àývÿv ÿ Ĉþ¤ĉÿ ÿ #Whitney and Evans, 2010Ãw{¤év # ¢LÅv āºLÉ

$Jrs I¢ĊÅÿ½vÁ 5Alu I¢ĊýĀõj 5Var )#¢ĊîÆĉ½vÿ 5 
Fig. 14. A: vein type variscite mineralization at the Pahnu fault zone in the Kushk ore deposit, B: open space filling type 

variscite mineralization at the Pahnu fault zone in the Kushk mine, C: variscite loss of color as the common aspect of 

variscite in localities where the loss of molecular water occurred due to exposing to water, D: XRD pattern of variscite 

mineral at the Kushk ore deposit, E: Variscite mineralization in the oxidized carbonate host, F: a closer view of variscite, 

G: variscite occurrence with slicken surface in minor fault zones in the carbonate host, and H: occurrence of dehydrated 

variscite and alunite in the oxidized zone. Abbreviations after Warr (2021) and Whitney and Evans (2010) (Jrs: jarosite, 

Alu: alunite, Var: variscite). 
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  ôîLLÉ,0)  A ćwă¾ĉĀLLÎ£ 5BSE øă ĈåºLLÍ ćwúĊLLÅ wz ¢ĊîLLÆĉ½vÿ ¹vº·½ ¿vìLLÉĀí ½wLLÆýwí ½¹ Ä ĉÁ wz ¢åwĉ IB ćwă¾ĉĀLLÎ£ 5BSE   ćwă½Āöz ¿v

  ÿ ¢Ċòþĉ¾¤LLÅv ÿ ¢ĊîLLÆĉ½vÿ ìĊ{ùÿ½Ā£½vCĂâĊ£ ½w¤·wLLÅ wz ¢Ċõvºýv¾í ë¿wý ćwă½Āöz I¢ĊîLLÆĉ½vÿ ½Āöz 5Ĉz ćwăºĊLLÆív ÿ ë¿wý ćv )ćÿ½ ÿ üăj ôîLLÉ

$ ½vÿ ¿v ć½wLLÎ¤·v øtĒÝWarr, 2021$ Àývÿv ÿ Ĉþ¤ĉÿ ÿ #Whitney and Evans, 2010Ãw{¤év #$ ¢LLÅv āºLLÉGp IÄ ĉÁ 5Var  I¢ĊîLLÆĉ½vÿ 5Stg  5

  I¢Ċòþĉ¾¤ÅvCdl )#¢Ċõvºýv¾í 5 

Fig. 15. A: BSE photomicrographs of Variscite occurrence showing conchoidal fracture associated with gypsum in the 

Kushk ore deposit, B: BSE images of Variscite and strengite orthorhombic crystals, and C: Variscite crystal, thin tabular 

crandallite crystals and amorphous Fe-Zn oxides. Abbreviations after Warr (2021) and Whitney and Evans (2010) (Gp: 

Gypsum, Var: Variscite, Stg: Strengite, Cdl: Crandallite).   
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