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Kourcheshmeh Pb-Zn-Cu deposit is located 40 km southwest of 

Takestan (Qazvin province) and west of the Mardabad-Bouinzahra 

volcanic belt. The mineralization occurred as Pb-Zn-Cu-bearing quartz 

veins hosted by early-middle Eocene tuff and lava strata and show a 

close spatial relationship with the middle Eocene pyroxene quartz 

monzodiorite body. The main ore vein ranges from 70 to 200 meters 

long, and 0.5 to 2 meters thick. Pyrite, chalcopyrite, galena, sphalerite, 

and tennantite-tetrahedrite, accompanied by minor pyrolusite and 

psilomelane, are the main ore minerals; quartz, calcite, siderite, barite, 

and sericite-illite are gangue minerals. Goethite, cerussite, smithsonite, 

malachite, and covellite are formed by supergene processes. The ore 

minerals formed as disseminated, vein-veinlets, brecciated, comb, 

crustiform, colloform, plumose, and vug infill textures. Six stages of 

mineralization can be distinguished at Kourcheshmeh, where Pb-Zn-Cu 

mineralization occurred as quartz-pyrite-chalcopyrite-galena-sphalerite 

± tennantite-tetrahedrite veins and breccias in the second stage. Wall-

rock alteration comprises silicification, intermediate argillic, carbonate, 

and propylitic alteration. Chondriteïnormalized trace elements and REE 

patterns of ore samples, pyroxene quartz monzodiorite body, and fresh 

host acidic crystal tuff are comparable. This specifies that alteration and 

leaching of elements from the host volcanic rocks are involved in 

mineralization. Features of the Kourcheshmeh Pb-Zn-Cu deposit are 

similar to the intermediate-sulfidation type of epithermal deposits. 
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EXTENDED ABSTRACT   
 

Introduction  

The Urumieh-Dokhtar magmatic arc is a significant 

metalliferous province in Iran that hosts numerous 

Cu-Mo (Au) porphyry deposits (i.e., Sar Cheshmeh, 

Meiduk, Darreh-Zar, Chah-Firouzeh, Sarkuh, Iju, 

Aliabad, Kahang, and Dalli; McInnes et al., 2003; 

Zarasvandi et al., 2005; Taghipour et al., 2008; Ayati 

et al., 2013; Mirnejad et al., 2013; Aghazadeh et al., 

2015; Alirezaei et al., 2017; Mohammaddoost et al., 

2017; Golestani et al., 2018; Aliyari et al., 2020; 

Shafiei Bafti et al., 2022; Mohammaddoost et al., 

2023) and epithermal precious and base metal (e.g., 

Sari Gunay, Touzlar, Chah Zard, Ay Qalasi, 

Milajerd, Chah-Mesi, and Govin; Richards et al., 

2006; Kouhestani et al., 2012; Heidari et al., 2015; 

Kouhestani et al., 2015; Mohammadi Niaei et al., 

2015; Kouhestani et al., 2017; Alipour-Asll, 2019; 

Zamanian et al., 2020; Altenberger et al., 2022) 

deposits. The Mardabad-Bouinzahra volcanic belt is 

located on the northern margin of the Urumieh-

Dokhtar magmatic arc. This volcanic belt hosts 

several Manto-type Cu, and epithermal Au and Pb-

Zn-Cu polymetallic deposits/occurrences like as 

Atash-Anbar, Lak, Deh-Bala, Ipak, Kuh-e Jarou, 

Rudak, Ghomoshlou, Ghomoshdash, Qezel-Ahmad, 

Bidestan, Afshar-Abad, Boujafar, Guilan-Darreh, 

Ramand, Hajib, Chalambar, and Kourcheshmeh 

(Habibi, 2007; Goodarzi, 2012; Ebrahimi, 2016; 

Yousefi et al., 2017; Tale Fazel et al., 2022a; Tale 

Fazel et al., 2022b; Khanahmadlou, 2023). Eocene 

volcanic and volcaniclastic rocks generally host 

these deposits and are temporally/spatially 

associated with middle Eocene intrusions (Kazemi et 

al., 2022). 

Kourcheshmeh Pb-Zn-Cu deposit is 40 km 

southwest of Takestan, Qazvin province, and part of 

the Mardabad-Bouinzahra volcanic belt. Despite the 

presence of ancient and new mining activities in the 

Kourcheshmeh area, no comprehensive studies have 

been conducted on the geology, mineralogy, 

geochemistry, and genesis of the Kourcheshmeh 

deposit. In this contribution, we investigate the 

detailed geology, mineralogy, structure and texture, 

geochemistry, and alteration styles of the 

Kourcheshmeh deposit to constrain its ore genesis 

and mineralization evolution. These outcomes might 

be useful for the regional exploration of epithermal 

base and precious metal deposits in the Mardabad-

Bouinzahra volcanic belt and other parts of the 

Urumieh-Dokhtar magmatic arc. 

 

Materia ls and Methods 

During the fieldwork conducted on the 

Kourcheshmeh deposit, the following activities were 

carried out: 
- Preparation of a geological map, scale 1:5000, of 

the Kourcheshmeh deposit. 
- Collect approximately fifty samples from rock 

units, ore veins, and breccias. 
- Examination of seven thin sections and eighteen 

polished thin sections using a transmitted and 

reflected polarized light microscope in the 

University of Zanjan, Zanjan, Iran, laboratory. 

- Analysis of the chemical composition of ore 

samples (n = 28) and fresh and barren host rocks (n 

= 2) at the Zarazma Analytical Laboratories, Tehran, 

Iran, using XRF and ICPïMS methods. 

 

Results and Discussion 

The rock units outcropped in the Kourcheshmeh 

deposit comprise the Fajan Formation 

(conglomerate), Zyarat Formation (nummulitic 

limestone), Eocene volcanic (basalt, andesitic basalt, 

basaltic andesite, and megaporphyritic andesite) and 

volcaniclastic (intermediate crystal lithic tuff, and 

acidic crystal to lithic crystal tuff) strata, and Eocene-

Oligocene (dacite, rhyodacite, rhyolite, and acidic 

tuff) sequence. The intrusive rock in the 

Kourcheshmeh area includes the middle Eocene 

(Kazemi et al., 2022) pyroxene quartz monzodiorite 

that cut the Eocene volcanic sequences. 

Mineralization at Kourcheshmeh occurred as Pb-Zn-

Cu-bearing quartz veins within the Eocene tuff and 

lava sequence and is covered by a 3 m thickness of 

intermediate argillic alteration. The main ore vein 

has an N100E/70-80NE trend, 70 to 200 meters long, 

and 0.5 to 2 meters thick. Hydrothermal alteration 

includes silicification, intermediate argillic, 

carbonate, and propylitic alteration; the first three are 

directly linked to base metal mineralization. Pyrite, 

chalcopyrite, galena, sphalerite, tennantite-

tetrahedrite, minor pyrolusite, and psilomelane, are 

the main ore minerals at Kourcheshmeh. Quartz, 

calcite, siderite, barite, and sericite-illite are gangue 

minerals. Goethite, cerussite, smithsonite, malachite, 

and covellite are formed by supergene processes. The 

https://doi.org/10.22067/econg.2024.1087
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ore minerals formed as disseminated, vein-veinlets, 

brecciated, comb, crustiform, colloform, plumose, 

and vug-infill textures. The mineralization processes 

at the Kourcheshmeh deposit can be divided into six 

stages, as follows:  

Stage 1: Silicification of host rocks with negligible 

disseminated pyrite. 

Stage 2: Quartz vein-veinlets and breccias that 

comprise mutable volumes of disseminated pyrite, 

chalcopyrite, galena, sphalerite, and minor 

tennantite-tetrahedrite. This stage is where Pb-Zn-Cu 

mineralization occurs. 

Stage 3: Barite vein-veinlets. 

Stage 4: Carbonate (calcite and siderite) and minor 

manganese ores (psilomelane, pyrolusite, braunite) 

as veinlets and vug-infill.  

Stage 5: Barren post-ore stage represented by calcite 

vein-veinlets. 

Stage 6: Supergene processes 

The Chondriteïnormalized trace elements and REE 

patterns of ore samples, pyroxene quartz 

monzodiorite body, and fresh host acidic crystal tuff 

are comparable and show that host rocks are possibly 

engaged in mineralization. These patterns are almost 

similar for different ore samples, which can indicate 

the same mineralization system formed them. 

Characteristics of the Kourcheshmeh Pb-Zn-Cu 

deposit are similar to the intermediate-sulfidation 

type of epithermal deposits. 

 

 

https://doi.org/10.22067/econg.2024.1087
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üĊtĀz$ ā¹v¿ºþúLLÉĀă ÿ ¡v¹wLLÅ ôñĀý ¿v ¡v¾ĊĊâ£ wz$ v¾ă¿Nogole-Sadat and Houshmandzadeh, 1984$ )##AMA I¿¾{õv Ĉĉwúñwù ûwúí 5EIMZ  5

 Iûv¾ĉv ç¾É Ĉĉwúñwù ûÿ¿UDMAĂĊùÿ½v Ĉĉwúñwù ûwúí 5( #¾¤·¹ 
Fig. 1. A: Major structural zones of Iran, showing the location of the Mardabad-Bouinzahra volcanic belt within the Urumieh-

Dokhtar magmatic arc (after Alavi, 1991; Aghanabati, 2004), and B: Location of the Kourcheshmeh deposit and other  deposits 

within the Mardabad-Bouinzahra volcanic belt (modified after Nogole-Sadat and Houshmandzadeh, 1984). (AMA: Alborz 

Magmatic Arc, EIMZ: East Iranian Magmatic Zone, UDMA: Urumieh-Dokhtar Magmatic Arc) 

 
Ăýwí üĉvĈĉv¿ðþLLÅ ½¹ yöáv wăµ½ üLLÅĀtv ĈýwLLÊæLLÊ£j ćwă ÿ ā¹v¹

ā¹Ā£ wLz Ĉîĉ¹Àý ĈýwLù¿ ÿ ĈýwLîù ÓwL{£½v  ĈýwLĊù üLLLÅĀtv ć»Āæý ćwLă

Ĉù ûwLLÊý$ ºþă¹Kazemi et al., 2022  )#  ½wLLÆýwíx¾LLÅ( ćÿ½( 

 Äù¡wLLÎ¤¸ù wz$ ĂúLLÊ¯½Āí  ě.3*//  Ȱ/- ϲ.0   ÿ ĈõwúLLÉ Ï¾Ý

ě-+*.3  Ȱ./  ϲ/4  ĂLýwLí ¿v Ĉîĉ #Ĉé¾LLLÉ óĀÕĈĉv¿  ½¹ ¹Ā«Āù ćwLă

¹wzj¹¾ù ĈýwLLÊæLLÊ£j ºþz¾úí(  üĊtĀz v¾ă¿  v¢LLÅ  ¢ĊõwÞå ½w§j Ăí ćwă
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  ¾LÑw³ ów³ ½¹ ÿ āºLÉ āºĉ¹ ûj ½¹ Ĉúĉºé ĈåwLÊ¤ív ÿ Ĉ«v¾¸¤LÅv

 I¹Ā«ÿ üĉv wz )¢LLÅv ãwLLÊ¤ív ¢LLÅ¹ ½¹ ĈLLÍĀLLÎ· È¸z ÔLLÅĀ£

  ûĀþíw£ĈúöÝ ÈăÿÂ~  üĉv ćÿ½ ¾z ĈêĊé¹  ½wLÆýwí÷w¬ýv )¢LÅv āºLÊý

ĈñÂĉÿ IÈăÿÂ~ üĉv ½¹üĊù¿ ćwăĂýwí IĈLÅwþLÉ ÿ ĈýwLÅ¾ñ¹ IĈĉv¿

üĊù¿ ½¹ ĈúĊLLÉ  ½wLLÆýwí½v¾é ĈLLÅ½¾z ¹½Āù ĂúLLÊ¯½Āí ÛĀý ÿ Ă¤å¾ñ

ĂýwíüĊĊÞ£ ûj Ĉĉv¿Ăýwí ÛĀý üĉv èĊé¹ ĈLLÅ½¾z )¢LLÅv āºLLÉĈĉv¿  wă

ĈùĂýwí ãwLLLÊ¤ív ćv¾z Ĉýwîù Üĉ¿Ā£ ćºĊöí ôùvĀÝ ºývĀ£Ĉĉv¿  ćwă

Ĉå¾Þù v½ ĂzwLÊùĂz ÿ ¢LÅv ā¹¾í   ºþz¾úí ½¹ ĈåwLÊ¤ív ćĀòõv ûvĀþÝ

¹wzj¹¾ù ĈýwLLÊæLLÊ£j(  üĊtĀzÈ¸z ¾òĉ¹ ÿ v¾ă¿ Ĉĉwúñwù ûwúí ćwă

ĂĊùÿ½v( )¹¾Ċñ ½v¾é ā¹wæ¤Åv ¹½Āù ¾¤·¹  

 

 Çÿ½ĂÞõwÖù 

 È¸z ÿ¹ ôùwLÉ ÈăÿÂ~ üĉvĈLÅ½¾zćwă  ĈăwòLÊĉwù¿j ÿ Ĉĉv¾´LÍ

¢LÅv  )ĈLÅ½¾z ½¹  ĂLÊêý ĂĊĄ£ ćv¾z IĈĉv¾´LÍ ćwăüĊù¿ ÃwĊêù ĈLÅwþLÉ

,50+++   Ów{£½v ĈòýĀò¯ ÿ ĂêÖþù Ăñ½ćwă ĂýwíðþLLLÅ wz ½v¹  ćwă

  ¹vºÞ£ IûwzÀĊù0+  ĈLÅ½¾z ćv¾z ĂýĀúý¢LÉv¹¾z ĈăwòLÊĉwù¿j ćwă  )ºLÉ

  IüĊz üĉv ¿v  ¹vºLÞ£2    ÿ ë¿wLý ÜÖêù ¹ºLÝ,3 ë¿wLý ÜÖêù(   ĈöêĊLLLÍ

ĈLÅ½¾z ćv¾zćwă ðþLÅIĈLÅwþLÉ Ăýwíÿ ć½wòý ¢·wLÅ ÿ  ĂĊĄ£ I¢åwz

 ÿÃwLÅv ¾z IºÞz Ăö³¾ù ½¹ )ºLÉ ĈLÅ½¾z  ĈLÅ½¾zðþLÅ ćwă ÿ ĈLÅwþLÉ

ĂLýwLíIć½wLòý    ¹vºLÞ£,+  È¸z ¿v ĂLýĀúýĂLýwLí ćwLăðLþLLLÅ ÿ ½v¹  ćwLă

ûwLLÅ¾ñ¹ ÿ øõwLLÅ ûwzÀĊù ¾LLÍwþÝ ½vºêù üĊĊÞ£ ćv¾z ÿ xw¸¤ýv IāºLLÉ

Çÿ½ ĂLz ĈíwL· xwLĊúí ÿ xwLĊúí  ICPïMS   ćv¾z )ºLýºLLLÉ ĂLĉÀ¬£

È¸z ½¹ ¾LÍwþÝ Ĉò¤LÆ{úă yĉv¾LÑ ĈLÅ½¾zćwă Ăýwí ¾z āÿĒÝ I½v¹

,+    ¹vºÞ£ IāºLLÉ ā½wLLÉv ĂýĀúý-+  Ăñ½ ¿v ¾òĉ¹ ĂýĀúýĂýwí ćwă Ăz ½v¹  

Ăî£ ¡½ĀLLÍā¹¾· ćwăÇÿ½ Ăz ÿ ¢LLÉv¹¾z ĈòþLLÅ ćwăICP-MS  

$,+    ÿ #ĂLýĀúýXRF  $,+  ºLýºLLLÉ ĂLĉÀ¬£ #ĂLýĀúý  )ĂLĉÀ¬£ ĈùwLú£ ćwLă

  ½¹ ĈĉwĊúĊLÉ ½¹ wù¿j½¿ ¢í¾LÉ āwòLÊĉwù¿j÷w¬ýv ûv¾Ą£  )¢LÅv āºLÉ

  üĉv ćv¾zĂLýĀúý vºL¤zv I½ĀÚþù  ¹wLÞzv wL£ ć¹đĀå āºLþþí¹¾Q· ÔLLLÅĀ£ wLă

 ¹ÿº³0 $ Èù/ ĈöĊù xwĊLLÅj ÔLLÅĀ£ Ä LLÅ ÿ āºLLÉ Èĉv¹¾Q· #¾¤ù

  ¡ºù Ăz ¡wñj-   ¹ÿº³ ¹wLÞzv w£ ĂLêĊé¹-++    Èù$2/ ûÿ¾îĊù # ½¹Ā~

ā¹wùj ¿v Ä~ )ºýºLLÉ ûvÀĊù Ić¿wLLÅ-+  ĂýĀúý ½¹Ā~ ¿v ÷¾ñ  xw¸¤ýv wă

ĂLĉÀ¬£ ÿ  ½vºLêù )ºLLLÉLOI  ĂLýĀúý Lz wLăðLþLLLÅ ½¹Ā~ ć½vºLĄòý w  ½¹ wLă

  ćwù¹,+++  Ĉ¤ýwÅ Ă«½¹  ¡ºù Ăz ¹v¾ñ-    Ăz ¢ÝwÅ ćv¾z )ºùj ¢Å¹

  āwò¤LÅ¹ ÔLÅĀ£ Ĉíw· xwĊúí ÿ xwĊúí ¾LÍwþÝ ûvÀĊù üĊĊÞ£ICPï

MS  ¹ÿº³ I-*+    ¿v ā¹wæ¤Åv wz ÿ ºĊÅv ºþ¯ Çÿ½ Ăz ĂýĀúý ¾ă ¿v ÷¾ñ

øLLLÒă Āĉÿÿ¾íwù xwĊúí ÿ xwĊúí ¾LLLÍwþÝ ćv¾z ¢é¹ ûvÀĊù )ºLLLÉ

Ċz ĈíwL·  ü,*+    wL£,   ûvÀĊù üĊĊÞ£ ćv¾z )¢LLLLÅv ā¹Āz ü£ ½¹ ÷¾ñ

ĂLz IĂLĉwL~ ćwLăÀöå    ¹ÿºL³ ĂLýwLñvºL« ¡½ĀLLLÍ0*+   ½¹ ĂLýĀúý ¾ă ¿v ÷¾ñ

$ ßv¹ ĈýwÖöÅ xvÀĊ£40 Ĉ¤ýwÅ Ă«½¹ô³ #¹v¾ñ)ºÉ 

 

üĊù¿ðþÅ ÿ ĈÅwþÉĂúÊ¯½Āí ĂêÖþù ĈÅwþÉ 

ć½w¤·wLÅ ¾Úý ¿v ĈLÅ½¾z ¹½Āù ĂêÖþù(  üĊù¿ ĂLÊêý ½¹ ûv¾ĉv ĈLÅwþLÉ

,5,+++++  $ #©½wLĊ·$ ûwLĄæLLLÆýv¹Eghlimi and Mosavvari, 

2000Üévÿ #üĊù¿ ĂLLLÊêý Ăz Ă«Ā£ wz )¢LLLÅv āºLLLÉ ÃwĊêù ĈLLLÅwþLLLÉ

,50+++  ĂĊĄ£º³vÿ IĂúLÊ¯½Āí ĂêÖþù ¿v āºLÉ ½¹ ¹Ā«Āù ĈòþLÅ ćwă

  üLÅĀtv ĈýwLÊæLÊ£j ÿ ć½vÿj½»j IĈzĀLÅ½ ćwăº³vÿ ôùwLÉ ĂêÖþù üĉv

üLLÅĀtv ÿ(  Ċõv$ ºþ¤LLÆă üLLÅĀò  ôîLLÉ-ûĀúþ·½ )#   ā¹Ā£ ¿v Ĉî¯Āí

 ĂLêÖþù ½¹ ÀĊý Ĉ¤ĉ½Āĉ¹ÿÀýĀù À£½vĀí üLLLÆíÿ¾Ċ~ yLĊí¾£ wLz ć»Āæý

Ĉù āºĉ¹ĂÝĀú¬ù Ăí ¹ĀLÉÜÖé v½ üLÅĀtv ĈòþLÅ ćwăā¹¾í   wz )¢LÅv

$ ûv½wLîúă ÿ ĈúÙwLí ÈăÿÂ~ ĂLz ĂL«Ā£Kazemi et al., 2022  I#

ā¹Ā£ üĉv üLÅ)¢LÅv ĈýwĊù üLÅĀtv wă üĊù¿ðþLÅ ÿ ĈLÅwþLÉ  üĉv ĈLÅwþLÉ

5¢Åv ¾ĉ¿ ±¾É Ăz ºĉº« Ăz øĉºé ¿v wăº³vÿ 

 º³vÿ$ ü¬å ºý¿wLLÅc
fE#  ĂúLLÊ¯½Āí ĂêÖþù ½¹ ć¹ÿº´ù ûĀúþ·½

  ÿ Ă¤LÉv¹ôùwLÉ øĊ¸LÑ ðý½ Àù¾é ćv¾ùĀöòþí  wz ĈtwLÊþù ºþ¯ ÿ Ăĉđ

ĂLLÅwù ûwúĊLLÅāĀöé Ăí ¢LLÅv ćv ćwăº³vÿ Äþ« ¿v ¾¤LLÊĊz ûj ćwă

ĂÞÖé $ ĂLLLÅw£¾í ĈòþLLLÅĂLLLÅwù IĈîăj ćwă ÿ Ĉ¤ĉÀ£½vĀí IĈòþLLLÅ

  )¢LÅv #ĈýwLÊæLÊ£j¡½wĉ¿ ºý¿wLÅ   º³vÿ$l
zE üLÅ Ăz #  üĉ¾ĉ¿ üLÅĀtv

$Eghlimi and Mosavvari, 2000  I#ìăj ðþLÅ ôùwLÉ  ćwă

āĀĄé  wL£ ¢LùwĻ LLLÑ ĂLz ¹½¿ ĂLz ôLĉwLù ćv.    ĂLz ĂLí ¢LLLÅv ¾¤ù  ¡½ĀLLLÍ

øăĂLĉđ yLĊLLLÉāºLýwLLLÉĀ~ v½ ü¬å ºLý¿wLLLÅ Ĉĉv¾ùĀöòþí ćwLă   ¹Ā· ÿ

Ăĉđ ÔÅĀ£ º³vÿ ðý½ À{Å ĈåĀ£ ćwăt1E )¢Åv āºÉ āºĊÉĀ~ 
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  ôîLÉ-)  üĊù¿ ĂLÊêýx¾LÅ ½wLÆýwí ĈLÅwþLÉ( ćÿ½(   ĂúLÊ¯½Āí Äùï½Àz ûj ¹wÞzv IĈ¤ĉ½Āĉ¹ÿÀýĀù À£½vĀí üLÆíÿ¾Ċ~ ā¹Ā£ ¢ĊÞéĀù ûºLÉ ¿½wz ćv¾z$ Ĉĉwúý

)#¢Åv āºÉ 
Fig. 2. Simplified geologic map of the Kourcheshmeh Pb-Zn-Cu deposit (The dimension  of the pyroxene quartz monzodiorite 

body was exaggerated to better show its position). 
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 º³vÿt1E  Ăĉđ xÿwþ£ ôùwLÉ  wz ôĊLÉ ÿ ðý½ À{LÅ ¢ĊåĀ£ ÿ ĈåĀ£ ćwă

ûwĊùĂĉđā¿vºñ ¿v ĈĉwăðþLLÅ ÿ ÔLLÅvÿº³ ćwă  ¢LLÅv Ĉîăj ćwă

$  ôîLÉ.(AĂĉđ )#ë¿wý IĈöĊLÉ ćwă ā¾Ċ£ ć¾¤LÆíw· ðý½ Ăz ÿ Ăĉđ

È¸z ¿v Ĉ·¾z ½¹ )ºþ¤LLLÆă Èæþz w£Ăĉđ ¢ùw¸LLLÑ Iwă ĈöĊLLLÉ ćwă

  ¢LLLLÅv ¹wLĉ¿ ½ĀzÀù  ĂLz ÿ  ºL³vÿ ûvĀþÝshE  āºLLLLÉ ìLĊîæ£  )ºLýv

ûwĊùĂĉđĈþĊtw~ üLÅĀtv$ ¢ĊõĀùĀý ćv½v¹ Ĉîăj ćwă(   )ºþ¤LÆă #ĈýwĊù

 º³vÿt1E    Ăzøă ¡½ĀLLÍÜévÿ ¡½wĉ¿ ºý¿wLLÅ ćÿ½ ¾z yĊLLÉ ÿ āºLLÉ

 Ăz ¹Ā·øă ¡½ĀLLÍ  º³vÿ ÔLLÅĀ£ yĊLLÉvtE  Ĉù āºĊLLÉĀ~)¹ĀLLÉ   ¾z

ĈLLLÅ½¾z ÃwLLLÅvĂĉđ IĈ~ĀîLLLÅÿ¾îĊù ćwă ÛĀý ¿v ĈåĀ£ ćwă  ãĀ£

üĉ½Āöz  w£  ãĀ£ üĉ½Āöz ĈòþLLÅ   LLÅvĊº  ìĊ¤LLÅĒíÿ¾Ċå½Ā~ ¢åwz wz ć

ðþLLLÅ üĉv )ºþ¤LLLÆă I½w LLLÅºöå Ĉõwîõj I¿ĒíĀĉÁĒ~ IÀ£½vĀí ¿v wă

ĈýwíüĊLÊýw« ìĊåwù ćwă¢Ċ£ĀĊz ÿ ¢ĊLÆöí wz āºLÉĈ¤ĉ¾öí ćwă āºLÉ

  Ĉíºýv wz āv¾úăĂÞÖé ôĊîLLÊ£ ¢ĊLLÆöí ¿v ĈýwúĊLLÅ ½¹ ĈòþLLÅ ćwă

āºLLÉ$ ºýv  ôîLLÉ/(AĂÞÖé )#  ¹wÞzv ÿ ¹ÿº´ù ¹vºÞ£ Ăz ĈòþLLÅ ćwă

  ¿v ¾¤úí0*+  ĈöĊùĂLÞÖé üĉv )ºLý½v¹ ½ĀLLLÒ³ ¾¤ù  Äþ« ¿v yLöáv wLă

ãĀ£ā¿vºñ āwñ ÿ ½ĀözÀĉ½ ćwăĂúĊý ćvĂĉÿv¿ w£ āºÉ¹¾ñ  ½v¹ºþ¤Æă) 

  º³vÿt2E  Ăĉđ xÿwLþ£ ¿vãĀ£ yLĊí¾£ wz ĈåĀ£ ćwă  ĈòþLLLÅ    ãĀ£ w£

ĂLÅwùôĊîLÊ£ ć¾¤LÆíw· ðý½ Ăz ćv Ĉöí ºýÿ½ ćv½v¹ ÿ āºLÉ Ĉé¾LÉ(  

Ĉz¾á  ¹ÿº³ yĊLÉ wz0+ Ăĉđ üĉv )¢LÅv ówúLÉ ¢úLÅ Ăz Ă«½¹  ¿v wă

 º³vÿ wz ¡½ÿw¬ù ½¹ ĂöLÆñ ¿¾ù wz xĀþ« ¢úLÅt1E  ½v¾é  Ăz ÿ Ă¤å¾ñ

øă ¿¾ù wz ówúÉ ¢úÅā¿vºñ ćwăº³vÿ ÔÅĀ£ yĊÉ  ć½vÿv½»j ÿ ćv
vtE  Ĉù āºĊLLÉĀ~$ ºýĀLLÉ  ôîLLÉ.(B )#  º³vÿanE  ā¿vºñ ôùwLLÉ  ćwă

  wz ĂLêÖþù ćÀí¾ù È¸z ½¹ Ăí ¢LLLÅv ć¾Ċå½Ā~wLòù ¢åwz wz Ĉ¤ĉ¿ºýj

  ºýÿ½Ĉé¾LÉ( Ĉz¾á  ĈåĀ£ º³vÿ ô·v¹t2E   ćwăº³vÿ üĊz ¿¾ù ÿt2E  

 ÿvtE  $ ¹½v¹ ûĀúþ·½  ôîLÉ.(Bā¿vºñ üĉv ¢ùw¸LÑ )#  üĊz wă,++  

  w£,0+   )¢LLLÅv ¾Ċâ¤ù ¾¤ù¾z   ÃwLLLÅvĈLLLÅ½¾zćwă   IĈ~ĀîLLLÅÿ¾îĊù

ā¿vºñ Ĉ¤ĉ¿ºýj ćwă¢LÉ½¹ ćv½v¹Ĉýwí ÿ ¿ĒíĀĉÁĒ~ ćwă½Āöz ćwă

üĊLÊýw« ìĊåwùºþ¤LÆă ¢ĉ¾öí ÔLÅĀ£ āºLÉ  )ć¹vºÞ£  ā¾æ³   āºLÉ¾~  

ÔLLLÅĀ£  À£½vĀí  ÿ  ¢Lĉ¾öí  ½¹  üĉv  ā¿vºLñ  wLăāºLĉ¹  Ĉù¹ĀLLLÉ  ĂLí   ĂLz  

ôĊîÊ£ ¢åwz Ĉîùv¹wz  ¾¬þùāºÉ $ ¢Åv  ôîÉ/(B#) 

ºL³vÿ  vtE  ā¿vºLñ ¿v ¢Lõv¿wLz ÿ Ĉ¤ĉ¿ºLýj ¢Lõv¿wLz IĈ¤õv¿wLz ¢Lĉ¿ºLýj ćwLă

 wz āv¾úăãĀ£wăć  ĈòþLLÅ üĉ½Āöz  ÔLLÅvÿº³  ôĊîLLÊ£ ÿ ¢LLÅv āºLLÉ

  w£ Ĉ¤ùw¸LLLÑ0++    üĉv )¹½v¹ ¾¤ùº³vÿ Ăz   ćÿ½ ¾z Ă¤LLLÅĀĊ~ ¡½ĀLLLÍ

 ćwăº³vÿt2E   ÿanE  Üévÿ Ăz ¹Ā· ÿ ¢LLÅv āºLLÉøă ¡½ĀLLÍ yĊLLÉ

 º³vÿ ÔLÅĀ£atEO Ĉù āºĊLÉĀ~$ ¹ĀLÉ  ôîÉ.(A    ÿC üĉv üĊz ¿¾ù )#

  º³vÿ wz ĈòþLÅ º³vÿt1E  $ ¢LÅv ĂöLÆñ yöáv  ôîLÉ.(A IB   ÿC  )#

 ¾zÃwLLÅv ĈLLÅ½¾zćwă ùĊ~ĀîLLÅÿ¾îĈI  ā¿vºñwăć  ¿ºýjĉ¢  ¤õv¿wz Ĉ  

 v½v¹ć   Lå½ĀL~ ¢LLåwLLz LĊ¾ć    ÿ Lù LĊ Lõÿ¾Lî LĊ L¤Ĉ  ćÿwLL³  ¢LLLLÉ½¹wLLă½ĀLöLz ć  

ÁĒ~ĉ¿ĒíĀ  öíÿĊ~ĀþĊüLÆíÿ¾    ½¹ù¿ĊĂþćv  ôîLÊ¤ù ¿v  ùĊõÿ¾îĊ¢ wăć  

ÁĒL~ Lĉ¿ĒLíĀ  wLLz  ¢LLĄL« LLĉ LzwĈ  ÌL¸LLLLÊù  ÿ  wLLă½ĀLöLzć  ìLL¯ĀLí 

öíĊ~ĀþĊüLLÆíÿ¾  $ ºþ¤LLÆă  ôîLLÉ/(C#) ā¿vºñ  ćwă¢õv¿wz  ¿ºýjĉ¤Ĉ 

 v½v¹ć  ¢LåwLzwLăć  å½Ā~Ċ¾ć  ÿ  îùv¹wLzĈ  ôLùwLLLLÉ  ¢LLLLÉ½¹ wLă½Āöz ć  

ÁĒ~ĉI¿ĒíĀ  öíĊ~ĀþĊüLÆíÿ¾  ÿ ºþö{ý½Āă ºþ¤LÆă $  ôîLÉ/(D  ÿE#  )

ā¿vºñ  ćwă¤õv¿wzIĈ ¢åwzwăć å½Ā~Ċ¾ćI  åÿ¾ùĀöñĊ¾ćI   vĉ ½đĀýv¾ñ¾¤þ  

åv ÿĊ¤Ċì  Ă¤LÉv¹ ÿ ¿v  ¢LÉ½¹wă½Āözć  ÁĒ~ĉ¿ĒíĀ  ÿ  öíĊ~ĀþĊüLÆíÿ¾  

îLÊ£Ċô āºLÉºýv  $  ôîLÉ/(F# )ãĀ£wăć  ĈòþLÅ üĉ½Āöz   ÔLÅvÿº³  

 v½v¹ć  ¢åwz å½Ā~Ċ¤LÅĒíÿ¾Ċì  ôùwLÉ  ÞÖéĂćwă  òþLÅ$ Ĉā¿vºñ v ÿ ć

åĀ£#ĈI ÁĒ~ĉ¿ĒíĀ  ÿ ýwíĈwăć åwùĊì   LÊýw«ĊüāºLÉ ÔLÅĀ£   LÆöíĊ¢ 

ÿ  ¾öí Lĉ¢  ºLþ¤LLLÆă  $  ôLîLLLÉ/(G#  ) LÞÖéĂćwLă òþLLLÅĈI  ýĊĂLú¹¾ñ  wL£ 

ÿv¿ĉĂ½v¹   ÿ ā¹Āz¹wÞzvć w£  0 ùĊöĈ¾¤ù )ºý½v¹  

  ºL³vÿatEO  ĂL¤LLLÊĄý ¿v  ¹ÿºL³ ¢LùwĻ LLLÑ wLz ćºLĊLLLÅv ćwLă/++    ¾¤ù

ôĊîLÊ£ā¿vºñ ôùwLÉ ÿ āºLÉĈ¤ĉ¾{úþòĉv IĈ¤ĊõĀĉ½ IĈ¤ĊLÅv¹Āĉ½ ćwă    ÿ

  üLÉÿ½ ðý½ wz ćºĊLÅv ãĀ£¢LÅv º³vÿ )atEO Ăz øă ¡½ĀLÍ yĊLÉ

  ºL³vÿ ćÿ½ ¾zvtE  ½v¾é$ ¢LLLÅv ĂL¤å¾ñ  ôLîLLLÉ.(C  )# ć»Āæý ā¹Ā£

 ºL³vÿ$qmz#  ĂLz   ¹wLÞzv wLz ìL̄ Āí ûĀúþ·½ ìLĉ ¡½ĀLLLÍ.+  ½¹0+ 

 ÿ ¾¤ù¢¸ĉ½ĈLÅwþLÉ È¸z ½¹ ½vĀúă ĂúLÊ¯½Āí ĂêÖþù ćÀí¾ù ćwă

ā¿vºLñ ôL·v¹ ½¹ ÿ  ºL³vÿ Ĉ¤ĉ¿ºLýj ¢Lõv¿wLz ÿ Ĉ¤õv¿wLz ¢Lĉ¿ºLýj ćwLă
vtE  $ ¢LLLÅv āºăwLLLÊù ôzwé  ôîLLLÉ.(C  ÃwLLLÅv ¾z )#ĈLLLÅ½¾zćwă 

 yĊí¾£ ā¹Ā£ üĉv IĈ~ĀîLLÅÿ¾îĊù~ĊüLLÆíÿ¾    À£½vĀí¹ÿÀýĀùĉ½Āĉ¤ Ĉ  

  ÿ ĂL¤LLLÉv¹ v½v¹ć  ¢LåwLz  ½đĀýv¾ñ    ÿĈăwLñ å½Ā~Ċtÿ¾ LĊºć   ¿v ôLîLLLÊ¤ù  

¢LLLÉ½¹wă½Āözć  ÁĒ~ĉ¿ĒíĀ  $¹ÿº³ 0+  ºLLLÍ½¹#I  À£½vĀí  $¹ÿº³ 

,+  ºLÍ½¹#I  öíĊ~ĀþĊüLÆíÿ¾  $¹ÿº³ -+ ºLÍ½¹# ÿ õwîõjĈ ½w LÅºöå 
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$¹ÿº³ ,+  ºLLLÍ½¹  #¢LLLÅv $  ôîLLLÉ/(H  ÿI#  )ýwíĈwăć  LLLÅ½ĈI 

ýwLíĈwLăć  ½ºLí  ÿ  ¾öí Lĉ¢  ĂLz  ûvĀþÝ  ýwLíĈwLăć  ĀýwL§ LĉĂ  ½¹   vĉü   ā¹Ā£  

½ĀÒ³ ºý½v¹)   

ôLÆñ ÿ wă½w¤·wLÅ Ĉöí ºýÿ½ówúLÉ ĂúLÊ¯½Āí ĂêÖþù ½¹ wă Ĉz¾á(  

xĀþ«üĊ¯ )¢LLÅv Ĉé¾LLÉĈñ¹½Ā·  wăyöáv    wĉ ÿ øĉĒù ÿ ¿wz ÛĀý ¿v

ÂýĒ~$ ć½ĀÎù ÿ ĈúĊöév )ºþ¤Æă ½v¹Eghlimi and Mosavvari, 

2000üĊ¯ üĉv ôĊîLÊ£ # ĈöîLÉ¾ñ¹ ćwă¿wå Ăz v½ wă  üLÅĀtv ½¹ Ăý¾Ċ~

 ĈýwĊù (   Ĉýwĉw~  Ĉù Ô{£¾ùôLÆñ )ºþýv¹ówúLÉ ćwăĈz¾á(  xĀþ«Ĉé¾LÉ I

ôLÆñĉv )ºþ¤LÆă ĂêÖþù ĈöLÍv ćwăôLÆñ ü  yĊLÉ wă10   w£3+    Ăz Ă«½¹

ówúLÉ ¢úLÅç¾LÉ ôLÆñ ÇvºĊ~ y{LÅ ÿ Ă¤LÉv¹ ¢í¾³ ÿ¹ wz Ĉĉwă

}¯ Ĉêåv$ ¹¾ñN130¢Åv½ ÿ #$ ¹¾ñN45āºÉ #Ì·wÉ )ºýv  üĉ¾£

 ôÆñ IĂúÊ¯½Āí ĂêÖþù ½¹ ôÆñć¹wÝ Ăýwí ĂêÖþù ½¹ ¹Ā«Āù  Ĉĉv¿

  ºýÿ½ wzN100E  yĊÉ ÿ2+  w£3+ ówúÉ ¢úÅ Ăz Ă«½¹¢Åv ç¾É) 

  

 
  ôîLLÉ.)  A  5wúýĈĉ  ¿v Ăĉđ xÿwþ£ º³vÿ$ ôĊLLÉ ÿ ¢ĊåĀ£ IĈåĀ£ ćwăt1E #Ăí ÔLLÅĀ£ ā¿vºñãĀ£ ÿ ìĉ¿wz w£ ÔLLÅvÿº³ ćwă$ ÔLLÅvÿº³ ćwăº³vÿ vtE #

āºĊLÉĀ~  āºLÉ ¢LÅv  $¹ĉº  Ăz ¢úLÅ  xĀþ«x¾á#  IB  5 ¿v ĈĉwúýĂĉđ xÿwþ£ º³vÿ$ ôĊLÉ ÿ ¢ĊåĀ£ IĈåĀ£ ćwăt1EãĀ£ I# ĈòþLÅ  ĂLÅwù ãĀ£ ÿ º³vÿ$ ćvt2E  ÿ #
ā¿vºñ  º³vÿ$ Ĉ¤ĉ¿ºýj ćwăanE  #  ¢úLLLÅ Ăz ºĉ¹$ówúLLLÉç¾LLLÉ#  ÿ Cý 5 ¿v Ĉĉwú$ Ĉ¤ĉ½Āĉ¹ÿÀýĀù À£½vĀí üLLLÆíÿ¾Ċ~ ā¹Ā£ ¢ĊÞéĀùqmzā¿vºñ ô·v¹ # ćwă

ãĀ£ ÿ ìĉ¿wz w£ ÔÅvÿº³$ ÔÅvÿº³ ćwăº³vÿ vtE # ¢úÅ Ăz ºĉ¹$ówúÉ# 
Fig. 3. A: A view of the alternation of the tuff, tuffite, and shale layers (Et1 unit) covered by the basic to acidic lavas and 
intermediate tuffs (Evt unit), looking southwest, B: A view of alternation of the tuff, tuffite, and shale layers (Et1 unit), 
lithic tuff and sandy tuff (Et2 unit), and andesite lavas (Ean unit), looking northeast, and C: A view of the location of the 
pyroxene quartz monzodiorite intrusion (qmz) within the basic to acidic lavas and intermediate tuffs (Evt unit), looking to 
the north 
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  ôîLÉ/)  ćwă¾ĉĀLÎ£   IÜÕwê¤ù āÀĉ½Ē~ ć½Ā{Ý ½Āý$ Ĉ~ĀîLÅÿ¾îĊùXPLĈýwí ¿v #  )ĂúLÊ¯½Āí ½wLÆýwí ½¹ ĈòþLÅ ćwăº³vÿ ¢åwz ÿ ĈLÅwþLÉA  5 ćwă½Āöz

Ăĉÿv¿ ÿ Ă¤LÆîLÉ  ½¹ ½w LÅºöå Ĉõwîõj ÿ À£½vĀí I¿ĒíĀĉÁĒ~ ½v¹¢ĊLÆöí ¿v Ĉþ¤ù   º³vÿ ½¹ãĀ£ üĉ½Āöz w£ ãĀ£ üĉ½Āöz ĈòþLÅ   LÅvĊºćI B¢LÉ½¹ 5  ćwă½Āöz

¾æ³ wLz āv¾úă ¿ĒíĀĉÁĒ~āćwLă  ā¿vºLñ ½¹ Ĉîùv¹wLz ¢LåwLz ôLĊîLLLÊ£ ÿ À£½vĀí ÿ ¢Lĉ¾öí ÔLLLÅĀ£ āºLLLÉ¾~Ĉ¤ĉ¿ºLýj ćwLă  IC¢LLLÉ½¹ 5  üLLLÆíÿ¾Ċ~ĀþĊöí ½Āöz

Ĉ¤ĉ¾öíĂýv¹ ĂþĊù¿ ½¹ āºLLÉā¿vºñ ½¹ Àĉ½ ¢ĉ¿ºýj ćwăĈ¤õv¿wzI D   ÿE¢åwz 5 ¢LLÉ½¹ ¿v ôîLLÊ¤ù ć¾Ċå½Ā~ ĂþĊù¿ ½¹ üLLÆíÿ¾Ċ~ĀþĊöí ÿ ¿ĒíĀĉÁĒ~ ćwă½Āöz

Ăýv¹ā¿vºñ ½¹ Àĉ½ ćwă¢õv¿wz ¿ºýjĉ¤Ĉ IF¢åwz 5 ¢LÉ½¹ ¿v ôîLÊ¤ù ć¾Ċå½Ā~Ăýv¹ ĂþĊù¿ ½¹ ¿ĒíĀĉÁĒ~ ÿ üLÆíÿ¾Ċ~ĀþĊöí ćwă½Āözā¿vºñ ½¹ Àĉ½ ćwă  IĈ¤õv¿wz

GÞÖé 5Ă ćwăā¿vºñ¢LLLÉ½¹ wz āv¾úă ćvĂýv¹ ĂþĊù¿ ½¹ ¿ĒíĀĉÁĒ~ ćwă½Āöz ½¹ Ĉ¤ĊLLLÆöí ÿ Àĉ½ãĀ£wăć ĈòþLLLÅ üĉ½Āöz  ÔLLLÅvÿº³ IH¢LLLÉ½¹ 5  ćwă½Āöz

Ĉ¤ĉ¾öí üLLÆíÿ¾Ċ~ĀþĊöí¢ĉ½Āĉ¹ÿÀýĀù À£½vĀí üLLÆíÿ¾Ċ~ ā¹Ā£ ½¹ āºLLÉ   ÿI¢LLÉ½¹ 5  üLLÆíÿ¾Ċ~ ā¹Ā£ ½¹ ¿ĒíĀĉÁĒ~ ÿ ½w LLÅºöå Ĉõwîõj IÀ£½vĀí ćwă½Āöz

ÀýĀù À£½vĀí)¢ĉ½Āĉ¹ÿ  ½wLLÎ¤·v øtĒÝć  ýwíĈwă ¿v ÿĉþ¤Ĉ ÿ Àývÿv  $Whitney and Evans, 2010  #Ãw{¤évāºLLÉ  ¢LLÅv) $AfsI½w LLÅºöå Ĉõwîõj 5 Cal 5

  I¢ĊÆöíChlI¢ĉ¾öí 5  Cpx 5üÆíÿ¾Ċ~ĀþĊöí  ILÞÖé 5Ăćwă  IĈòþÅOpq I½ºí Ĉýwí 5Pl I¿ĒíĀĉÁĒ~ 5Qz)#À£½vĀí 5 

Fig. 4. Photomicrographs (transmitted crossedïpolarized light, XPL) of mineralogy and texture of the rock units in the 

Kourcheshmeh deposit. A: Fractured and angular crystals of plagioclase, quartz, and alkali feldspar within the calcite matrix in 

the acidic crystal tuff to lithic crystal tuff unit, B: Plagioclase phenocrysts along with vugs infilled by chlorite and quartz form 

an amygdaloidal texture in the andesite lavas, C: Chloritized clinopyroxene phenocryst within the fine-grained matrix in the 

basaltic andesite lavas, D and E: Porphyry texture comprises plagioclase and clinopyroxene phenocrysts within the fine-grained 

matrix in the andesitic basalt lavas, F: Porphyry texture composed of clinopyroxene and plagioclase phenocrysts within the fine-

grained matrix in the basalt lavas, G: Lava fragments along with plagioclase phenocrysts within the calcitic and fine-grained 

matrix in the intermediate crystal lithic tuffs, H: Chloritized clinopyroxene phenocryst within the pyroxene quartz monzodiorite 

body, and I: Quartz, alkali feldspar, and plagioclase phenocrysts within the pyroxene quartz monzodiorite body. Abbreviations 

after Whitney and Evans (2010) (Afs: alkali feldspar, Cal: calcite, Chl: chlorite, Cpx: clinopyroxene, L: rock fragments, Opq: 

opaque mineral, Pl: plagioclase, Qz: quartz). 
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