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 Introduction  

The study area, situated 5 km northeast of Zanjan, is a component of the 

Tarom magmatic subzone within the Tarom-Hashtjin metallogenic province. 

This province is characterized by a variety of deposit types, including 

porphyry, skarn-type iron, IOCG, volcanic-sedimentary, and IOA deposits, 

all located in the Western Alborz magmatic arc (Nabatian et al., 2015; 

Ghasemi Siani and Ebrahimifard, 2023). Previous research in the Tarom-

Hashtjin subzone has largely concentrated on intrusive igneous bodies 

(Nabatian et al., 2014a, 2014b; Aghazadeh et al., 2015; Saeedi et al., 2018; 

Ghasemi Siani et al., 2020), with less emphasis on the geochemical and 

petrological aspects of volcanic rocks. Specific iron deposits identified 

include skarn types (Qozlu, Arjin, Gozel Darreh- Moghaddasi et al., 2019; 

Mokhtari et al., 2019; Shafaiepour et al., 2020), iron oxide-apatite types 

(Zaker, Sorkheh Dizaj, Morvarid - Nabatian et al., 2014a; Nabatian and 

Ghaderi, 2013), volcanic-sedimentary types (Shah Bolaghi, Hossein Abad, 

Reyhan- Mokhtari et al., 2019), and placer type (Zarnan - Ebrahimi et al., 

2016, 2017). Some studies highlight the influence of intrusive igneous 

masses on regional mineralization. For instance, Ghasemi Siani et al. (2020) 

suggest that the internal igneous masses of Tarom provided the necessary 

heat and chemical composition for hydrothermal fluids responsible for 

epithermal mineralization. The Eocene-Oligocene Alborz magmatism cycle, 

particularly in the Tarom-Hashtjin province, yielded diverse intrusive, semi-

volcanic, and volcanic-sedimentary rocks, spanning acidic to intermediate 

compositions and belonging to calc-alkaline, high-potassium calc-alkaline, 

and shoshonitic series (Ghasemi Siani and Ebrahimifard, 2023). 
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Given the debated origin of iron ore deposits, this 

study undertakes detailed geological and mineralogical 

research in the Chore Nab region. It aims to investigate 

the petrology of igneous and volcanic rocks to ascertain 

their role in iron mineralization, analyze the textures, 

structures, mineralogy, formation, and types of iron 

mineralization, and establish the magmatic series and 

tectonic setting of the local rock masses. Comprehensive 

geochemical and rare earth element studies will  be 

conducted using XRF, XRD, ICP-MS, SEM, and EDS 

analyses. 

Regional Geology 

Chore Nab is located in the central part of Zanjan 

Province, Iran. The study area, covering approximately 

20 km2, is located 5 km northeast of Zanjan city, with 

geographical coordinates of 36° 41ǋ 10ǋǋ to 36° 43ǋ 40ǋǋ N 

and 48° 32ǋ 25ǋǋ to 48° 35ǋ 19ǋǋ E. According to Taromôs 

1:100,000 geological map, several rock units with 

outcrops are present in the study area. These rocks are 

Eocene volcanic and pyroclastic rocks, including basalt, 

dacite, andesite basalt, andesite, sandstone and green tuff 

in the lower part(unit E5k.a), light green tuff breccia and 

lapilli  tuff(E6k.a)  and andesitic lavas with tuff breccia, 

green tuff, sandstone, and mudstone(unit E8k.a) The 

Late Eocene granitoid rocks have a lithological 

composition of quartz monzodiorite, quartz monzonite, 

quartz syenite(unit Qm), and microquartz diorite 

porphyry(unit P). Quaternary deposits consist of old 

alluvial terraces (unit Q1
t) and new alluvial terraces (unit 

Q2
t).  

Analytical methods 

Field sampling of rock units was performed, 

resulting in 50 collected samples. From these, 36 thin 

sections and 22 polished thin sections were prepared for 

petrographic, mineralogical, and alteration studies at Bu-

Ali  Sina University. Following this, 14 samples were 

chosen for chemical analysis. Zar Azma Company in 

Tehran conducted ICP-MS analysis for rare earth and 

trace elements, and XRF analysis for major and minor 

element oxides on these 14 samples. Additionally, SEM 

and EDS analyses were performed on ten mineral 

samples, and eight samples were selected for X-ray 

diffraction studies at Lorestan University. 
Petrography 

Rocks in the area are classified into volcanic rocks 

(basalt, andesite, dacite), intrusive masses (monzonite, 

quartz monzodiorite), and Quaternary sediments. 

Volcanic rocks primarily display porphyritic and 

glomeroporphyritic textures, while granitoid intrusives 

are predominantly granular, with some anti-rapakivi and 

granophyric textures. Exsolution texture in pyroxenes 

and sieve texture in plagioclases were noted. Main 

minerals are plagioclase and pyroxene in volcanics, and 

quartz, alkali feldspar, and plagioclase in intrusives. 

Amphibole, epidote, and chlorite are common mafic 

minerals; apatite and monazite are minor. Laboratory 

studies reveal extensive mineralization and alteration in 

volcanic rocks. Magnetite mineralization appears as 

massive and dispersed grains, accompanied by 

secondary hematite, limonite, goethite, and copper 

minerals (malachite, chalcocite). Field studies confirmed 

significant limonite and goethite alteration. 

 

Geochemistry 

For geochemical analysis, 14 minimally altered rock 

samples from the study area underwent whole-rock 

analysis using XRF and ICP-MS. Intrusive masses plot 

as quartz monzodiorite and monzodiorite on the SiO2 

versus (Na2O + K2O) diagram. Volcanic masses appear 

as andesite-basalt, andesite, trachyandesite, and 

subalkaline basalt on the Nb/Y versus Zr/TiO2 diagram, 

and as andesite, andesite-basalt, trachyandesite, and 

basalt on the Nb/Y versus Zr/Ti diagram. The trace 

element Co versus Th diagram, along with the AFM 

diagram, indicate all samples are calc-alkaline. On the 

SiO2 versus K2O diagram, samples fall within the high-

potassium calc-alkaline range. All  samples are meta-

aluminous based on the A/CNK versus A/NK diagram. 

Negative Ti and Nb anomalies suggest subduction-

related magmatism and crustal involvement. Studied 

samples are enriched in LREE relative to HREE, 

showing a high LREE/HREE ratio and a subtle negative 

Eu anomaly. 

Discussion and Conclusion 

Eocene igneous rocks in the Chore Nab region are 

linked to iron mineralization. The Chore Nab mine 

specifically features iron oxide-apatite mineralization in 

lenses, veins, and as disseminations within intrusive and, 

to a lesser extent, volcanic-sedimentary rocks. The 

regionôs rocks are high-potassium calc-alkaline and 

meta-aluminous, with granitoids being Type I. Intrusive 

masses formed in an active continental margin setting 

during collision, while granitoids are associated with 

volcanic arcs. Volcanic masses are found in orogenic 

environments related to continental arcs. Geochemical 

diagrams (Th/Ta versus Ta/Yb, Th/Ta versus Yb, Nb 

versus Y) place the intrusive masses within active 

continental margin and volcanic arc settings, 

respectively. Geochemically, the mineralization falls 

within the range of iron apatite and titaniferous iron 

deposits based on Ni, V, Ti, and Fe content. 
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 ûw«¾Ċù   ¿v   ÛĀý   ĈýwLÊæÊ£j(   ĈzĀLÅ½   $Mokhtari et al., 

2019 #   ÿ   Ăýwí Ĉĉv¿   üLăj   ûwLý½¿   ¿v   ÛĀLý   ć¾LÅĒ~  LÆă þ¤ º  

 $Ebrahimi et al., 2016, 2017 # )   ¢õwĉv   Ĉĉv¿Àöå   ÷½wÕ(  

 üĊ¬¤Êă   wz   ĂýwùwÅ ćwă  ĈýºÞù   Ĉ~v ówù¾£  Ĉývÿv¾å   ÀĊý   āv¾úă  

 ā¹ĀLLz   ¢LLÅv   $Ghasemi Siani and Lentz, 2022 # )  

 ¹vº·½   üĉv   ĂýwùwÅ wă   wz   øÆĊ£wúñwù   Å þ ìĊĉÿ¿Ā   Ô{£¾ù   ā¹Āz  

 ¢Åv )   ćv¾z   IĂýĀúý   ðþÅ ćwă   ćºĊĉĀ¤Ċýv¾ñ   êÖþù Ć   ĂL«Āöñ  

 ¿v   ÛĀý   Ĉ~v ówù¾£   vºĊæõĀÅ ûĀĊLÅ   đwLz   $Ghasemi Siani, 

2014; Mehrabi et al., 2014, 2016; Ghasemi 

Siani et al., 2015, 2017 # I   ĂĊĉĀîĊý   ¿v   ÛĀý   Ĉ~v   ówLù¾£  

 ûĀĊLÅvºĊæõĀÅ   øLí   $Aghajani et al., 2016, 2020 #   ÿ  

 āwÉ   ĈöÝ   ĀöòĊz   ¿v   ĀLý Û   Ĉ~v ówLù¾£   ûĀĊLÅvºĊæõĀÅ   ÔLÅĀ¤ù  

 $Mikaeili  et al., 2018 #   ºþ¤Æă )   ½¹   Ĉ·¾z   z ĈLÅ½¾ ćwă  

 ÓĀz¾ù   Ăz   ðþÅ ĈÅwþÉ   ¹Ā£ ā ă ćw   üLĉ½»j   IĈLýÿ½¹   ¿v   ÈLêý  

 üĉv   ā¹Ā£ wă   ½¹   ÈĉvºĊ~   Ĉýwí   ć¿wÅ ćwă   ĂLêÖþù   ¹wLĉ   āºLÉ  

 ¢LLÅv )   ćv¾LLz   IĂLLýĀúý   ĂLLz   ½ÿwLLz   ĈúÅwé ĈýwĊLLÅ   ÿ   v½wLLîúă û  

 $Ghasemi Siani et al., 2020 # I   ā¹Ā£ ćwLLă   üLLĉ½»j  

 Ĉýÿ½¹   ÷½wÕ   ½¹   øăv¾å û¹¾í   ćwù¾ñ   ÷¿đ   ćv¾Lz   ÷¾Lñ ûºLÉ  

 ówĊÅ wă   ÿ   yĊí¾£   ĈĉwĊúĊÉ   ówĊÅ ćwă   zwù¾ñ Ĉ   ºĉº~ ąºLý½ÿj  

 wí Ăý Ĉĉv¿ ćwă   Ĉ~v ówù¾£   Èêý   Ă¤Év¹ ºýv )   Ăz ½ĀÕ   Ĉöí I   ûwúí  

 Ĉĉwúñwù   ¿¾{õv   Æñ ¾¤ ā   Ĉñ½Àz   ¿v   ÔĊ´ù ćwLă   üĊù¿ Ĉ¤·wLÅ  

 ºLLþýwù   ûwLLúí   ówLLù¾ý   $Aghazadeh et al., 2011; 

Arjmandzadeh and Santos, 2014 I#   ¢LÊ~ ĈýwLúí  

 $Asiabanha and Foden, 2012 I#   ù ́ ÔĊ ćwLă   ÄL~   ¿v  

 ¹½Ā·¾z   ÿ   ĈÊÊí   v½  ½¹   ¾z   Ĉù ¹¾Ċñ  $Pang et al., 2013 # )  

 ÷wòþă   üÅĀtv(   IüÅĀòĊõv   Ć·¾¯   øÆĊ£wúñwù   ¿¾{õv   Ăz$ āÂLĉÿ  

 ½¹   ¢õwĉv   Ĉĉv¿Àöå   ÷½wÕ( I#üĊ¬¤Êă   ĆÝĀú¬ù   ā¹¾¤Æñ ćv   ¿v  

 ðþLLLÅ ćwLLLă   üLLLĉ½»j   IĈLLLýÿ½¹   ĂúĊý Ê£j ĈýwLLLÊæ   ÿ   ÀLLLĊý  

 ĂÝĀú¬ù ćwă   Ê£j wÊæ Ĉý( ĈzĀÅ½   wz   ÛĀþ£   Ĉ{Ċí¾£   ćºĊÅv   w£  



 

 
üĊù¿IĈÅwþÉ ¿ùüĊĈúĊÉ ÿ āwò¤Åw· ½wÆýwí üăj  ÛĀý IOA ā½Ā¯xwý ½¹ ºþz¾úí ĈýÁĀõw¤ù  ÷½wÕ  )) wÆĉ¾~  āwÉĈù¾í ÿ  ûv½wîúă ., 

 

 

 º³   ÔÅvÿ   v½   ĉº~ º   ā¹½ÿj   ¢LÅv )   üLĉv   ðþLÅ wLă   ć¾LÅ ćwă  

 ĈĉwLLúñwù   ìõwí üõwLLîõj   ìõwíÿ üõwLLîõj   øĊLLÅw¤~   đwLLz   wLL£  

 Ĉ¤ĊýĀLLLLÉĀÉ   ºLLLLý½v¹   $Ghasemi Siani and 

Ebrahimifard, 2023   # )   ðþLLLÅ ćwLLLă   j £ ĈýwLLLÊæÊ(  

 ć½vÿj½»j   Ăz ½ĀÕ   ā¹¾¤Æñ ćv   ¹½Āù   ÷Ā¬ă   ā¹Ā£ ćwLă   üLĉ½»j  

 Ĉýÿ½¹   üÅĀtv   ĉđwz Ĉ   ôùwÉ$   ā¹Ā£ ćwă   I¾ív»   IºLĉ½vÿ¾ù   āĀLí  

 I½w{£   Iûw¤Æíw£   Iûw¬ý¿   ÷½wLÕ   I   ½wLz¹ÿ½  (   I¾Lăv   ½wLĉ¿¾ù½ÿ   ÿ  

 #üĊLL¬öñ   wLLz   ºLLýÿ½   ówúLLÉ ć¾¤·wz(   xĀþ« ć½ÿwLL·   ćwLL«  

 å¾ñ Ă¤ ºýv   $Castro et al., 2013; Aghazadeh et al., 

2015; Nabatian et al., 2014; Ghasemi Siani et 

al., 2015; Saeedi et al., 2018 # )   ĈÅ½¾z ćwă   üĊLÊĊ~  

 ûwÊý   ¹v¹ ā v ºý   í w ćwă½wÆý  IOA   ÿ  IOCG   wLz   ¾ĉwL·»   üLăj  

 ÛĀý   Ĉý½wîÅv   Ów{£½v   ĈLÊĉv¿   ºLý½v¹   $Li  et al., 2023 # )   ¿v  

 āwñºĉ¹   Ĉýwù¿   ÿ   ĈýwLîù I   üLĉv   wă½wLÆýwí   wLz   øLÆĊ£wùĀÅw¤ù  

 ºĉºÉ  Na-Ca-K   āv¾úă   ºþ¤Æă   ÿ   ¿v   ćĀÅ   ¾òĉ¹ I   ÈĉvºĊ~  

 üLLLĉv   wă½wLLLÆýwí   ¿v   ºLLLĉ¹ āwñ   IĈýwLLLù¿   ¹ÿºLLL´ù ą   üuLLLí½j  

 $Childress et al., 2016; de Melo et al., 2017 #   w£  

 üLÅĀĊö~   $Naranjo et al., 2010; Moreto et al., 

2015 #   v½   ½¹   ¾LLz   Ĉù ¹¾LLĊñ )   üLLĉv   wLL·» ¾ĉ   ½¹   ÔĊ´ù ćwLLă  

 üĊù¿ Ĉ¤·wLLÅ   ĈLLÊÊí   ĆĊLLÉw³   ā½wLLé ćv   Ô{£¾LLù   wLLz   ĆLLþĄ~  

 IÈýv½ÿ¾å   ¢åwí   ûÿ½¹ ā½wé ćv   ÿ   wĉ   Ówêý   ßv¹   āºLĉ¹   āºLÉ ºýv  

 $Hitzman, 2000 # )   ½¹   ćwă½wLLLÆýwí  IOCG   ¾LLLîöúÝ ¹  

 ¡đwĊÅ   Ăýwí ¿wÅ   ºĉºLÉ   ¢LÅv   ÿ   Ă¤LÆz   ĂLz   ÄþL«   ðþLÅ  

 ûwzÀĊù   ÿ   ćwå½Á   ÈĉvºĊ~ I   ñ¹ Å¾ Ĉýw ćwă   Ĉ£ÿwLæ¤ù   µ½   ā¹v¹  

 ¢LLÅv )   ¹ĀLL«ÿ   Ĉýwí ćwLLă   ćºĊæõĀLLÅ   ºLLþýwù   ¢LLĉ¾Ċ~   ÿ  

 ¢ĉ¾Ċ~Āîõwí   ½¹   ½wÆýwí   ā½Ā¯ xwý   Ĉù ºývĀ£   ĂýwÊý ćv   ¿v   ¾Ċ§m£  

 ¡đwĊÅ   Ĉþá   ¿v   ¹¾ñĀñ   ºÉwz )   üĉv   Å ¡đwĊ   üîúù   ¢LÅv   ½¹  

 ºþĉv¾å ćwă   £¾ù Ô{   wz   ćwă½wÆýwí  IOCG   ÀĊý   ÈLêý   Ă¤LÉv¹  

 ºþÉwz )   ñ¹ Å¾ Ĉýw   ìĉºÅ(   ìĊÆöí   ¿v   ĈñÂĉÿ ćwă   øĄù   üLĉv  

 ¢LÅwă½wÆýwí   $Groves et al., 2010; Huang et al., 

2019; Leao-Santos et al., 2022 # )   ¾ĊĊâ£ ¡v   ĈýwÅ¾ñ¹  

 wz   wå½Á   ¿v$   ìĉºLÅ( ìĊLÆöí   ½¹   ½Á wLå   ĂLz   ìLĊ¤ĊöĊ~ÿ¾~   ¹ ½  

 øí å½Á #w   Ĉù ºývĀ£   ĂýwLÊý ćv   ¿v   ¾LĊĊâ£   ½¹   Ôĉv¾LÉ   ĈLîĉÀĊå(

 ĈĉwĊúĊLLÉ   ¡đwĊLLÅ   ÿ   ÔĊLL´ù   xĀLLÅ½ ć½v¼ñ   ºLLÉwz )   üLLĉv  

 ¡v¾ĊĊâ£   Ĉù ºþývĀ£   ½¹   ½v¼ñ   üĊz   üĉv   wă½wÆýwí   Èêý   Ă¤LÉv¹  

 ºþÉwz )   ćwă½wÆýwí  IOA   ¿v   āwñºĉ¹   Ĉýwù¿   ÿ   Ĉýwîù   wz   ¾ĉw·»  

IOCG   Ô{£¾Lù   ºþ¤LÆă   $Day et al., 2016 # )   ĈLÅ½¾z  

 āÀâù ćwă   ć½wæ³   ÿ   ā¹v¹ ćwă   ĈîĉÀĊåĀtÁ   ûwÊý ąºþă¹   ¹Ā«ÿ  

 ÓwLL{£½v   ĈýwLLîù   ûwLLĊù   ¾ĉwLL·»  IOCG   ÿ  IOA   ¢LLÅv )   üLLĉv  

 Ów{£½v   Ĉýwîù   ĈÞzw£   ¿v   ¢Åwå½Á J   Ăz   ĂýĀñ ćv   Ăí   Ĉýwí ć¿wLÅ  

IOCG   $ ćwå½Á   #øí   wz   ÈĉvÀLåv   wLå½Á   ĂLz   Ĉýwí ć¿wLÅ   ÛĀLý  

IOA   ¾ĊĊâ£  Ĉù ºzwĉ   $Sillitoe, 2003; Williams et al., 

2005 # )   ÜLLĉ¿Ā£   Ý ć¹ĀLLú   ÿ   ¢LL·vĀþîĉ   ó¾¤þí āºLLþþí ćwă  

 ć½w¤·wÅ   ½¹   üĉv   I¾ĉw·»   üĉv   ĂĊÑ¾å   v½   Ăí   üĉv   ÛĀý   ¾ĉwL·»  

 ĈÊ¸z   ¿v   ìĉ   ýwùwÅ Ć   ĈýºLÞù   ë¾¤LÊù   ºþ¤LÆă   v½   ¢LĉĀê£  

 Ĉù ºþí   $Day et al., 2016 # )   üĉv   wă½wLÆýwí   ½¹   ûv¾Lĉv   ½¹  

 ôLLùwî£   ĈĉwLLúñwùĀýĀ¤î£   Ô{£¾LLù   wLLz   øLLÆĊ£wúñwù   üĉ¾{ùwLLí  

 üĉ¿wLLáj   ûÿ½¹   ĈýĀLL£v¾í   ½¹   ûv¾LLĉv   ćÀLLí¾ù   ÿ   øLLÆĊ£wúñwù  

 ìĊĉÿ¿ĀþÅ   Āz¾ù Ó   Ăz   Èýv½ÿ¾Lå   ½¹   ûwLúí   ĈĉwLúñwù   ¿¾L{õv  

 $AMA #   ôĊîLÊ£   āºLÉ ºýv   $Nabatian et al., 2015 # )  

 üĉv¿v Iÿ½   wz   ĂL«Ā£   ĂLz   ºăvĀLÉ   Ă¤æñ IāºLÉ   ĈúÅwé ĈýwĊLÅ   ÿ  

 ûv½wLLîúă   $Ghasemi Siani et al., 2024 #   ½wLLÆýwí  

 ā½Ā¯ xwý   v½   ĀÒÝ   Ĉõwê¤ýv   ¿v   ĂýwùwLÅ ćwă  IOA   ĂLz  IOCG  

 Ă¤Æýv¹ ºýv )   Ă¤{õv   ½wÆýwí   ā½Ā¯ ý xw   wz   ¾òĉ¹   ýwí ½wLÆ ćwă   ÛĀLý  

IOA   ½¹   ¹ÿº´ù ą   ûwL¬ý¿(   ¾Lív»   ¡ÿwLæ¤ù   ¢LÅv )   ĈLñÂĉÿ  

 wîÉj ½   ûj I   ¢Ċ£w~j   ¾¤úí   ÿ   ¢ĊõĀþĊ¤ív   ¾¤ÊĊz   ¿v   ¾òĉ¹   ¾ĉw·»  

IOA   ½¹   ¹ÿº´ù ą   ûwL¬ý¿( ¾Lív»   ¢LÅv   $Ebrahimifard 

and Ghasemi Siani, 2022 # )   ¢Ċ£w~j   ½¹   ¾ĉwL·»  IOA  

 MđĀúÞù   ¿v   þÝ ćwă¾Î  REE   Ĉþá   ¢Åv   ÿ   Ĉù ºývĀ£   wÉLÎ· Ĉ  

 ćv¾z   ÔĊ´ù ćwă   ûvºĊÆív   Ă¤Æýv¹   ĀÉ ¹   $Harlov et al., 

2002 # J   wLLùv   ¾ĉwLL·»  IOCG   ¢LLĊ£w~j   ÿ   ćwă¾LLÎþÝ  REE  

 ć¾¤úí   ºý½v¹ )   ½¹   ćwă½wÆýwí  IOCG   ¢LÚöá   ¾LÎþÝ   ÄLù  

 ¾¤ÊĊz$   ¿v  +)0 #   ¢{Æý   ĂLz   ¾ĉwL·»  IOCG   ¾L¤úí$   ¿v  0 *+ #  

 ¾¤ÊĊz   ¢LÅv   $Williams et al., 2005 # )  LÆý ¢{  Co/Ni  

 ½¹   ¾ĉw·»  IOA   $, *+   w£  ,   $   ¢{Æý   ĂLz  IOCG   $,   wL£  ,+ #  

 ¾¤úí   ¢Åv   $Dupis and Beaudoin, 2011 # )   ¿v   āwñºLĉ¹  

 ¢LLĊúăv   ć¹wLLÎ¤év   ćwă½wLLÆýwí   ÛĀLLý  IOA   ¿v   Ąù ø üĉ¾LL£  

 ćwă½wÆýwí   Ĉþá   ¿v   ºĊÆív   üăj   ½¹   ûwĄ«   Ăz ½wúÉ   Ĉù ºLýÿ½  

 Ăí   Ăz ¢öÝ   ¹ĀL«ÿ   ÜzwLþù   üLăj I   I¾æLÆå   ā¾Lêý   ÿ   ćwă¾LÎþÝ  

 Ĉíw·   wLĊúí x   Ç¿½v   ĈĉđwLz   ºLý½v¹   $Hitzman, 2000; 

Williams et al., 2005; Barton, 2014; Chen et 

al., 2019; Skirrow, 2022 # )   ¿v   ĈñÂĉÿ ćwLLă   ĈöLLÍv  



 

.- ÁĀõÿ¾LLL¤~ćI ówÅ Éøă¹ÀýwI  ā½wúÉ  ¢ÎÉ ÿ  ÷ĀÅI  ,/+/ 
 

 

 ćwă½wÆýwí   ¢Ċ¤þòù(   ¢Ċ£w~j   }Ċ£  IOA I   ¹Ā«ÿ   ćwă½vºLêù  

 đwz   ¿v   ćwă¾ÎþÝ  Ĉíw·   xwĊúí   ½¹   ¢ÅwĄýj  $Kerr, 1998; 

Frietsch and Perdahl, 1995; Parak, 1975 # )  

 ćwă¾ÎþÝ   Ĉíw·   xwLĊúí   ½¹   üLĉv   }LĊ£   wă½wLÆýwí   ¾¤LÊĊz  

 Èĉv¾ñ   ºý½v¹   ĂLí   ûÿ½¹   ¢LĊ£w~j   ÀLí¾ú£   ºLþzwĉ   ÿ   ÈĉvºLĊ~  

 Ĉýwí ćwă   ĈÝ¾å   ºþýwù   ¢ĉ¿wýĀù   v½   ºþăºz )   Üĉ¿Ā£   ćwă¾LÎþÝ  

 Ĉíw·   wĊúí x   ½¹   ¢Ċ£w~j   ćwă½wÆýwí   ûĀñwýĀñ   ĂLz   ĈöùvĀLÝ  

 ºLLþýwù   yLLĊí¾£   ÿ   āwò¤LLÅw·   ðþLLÅ ćwLLă   āºLLý¾Ċñ¾z½¹   wLLĄýj  

 Æz ò¤ Ĉ   ¹½v¹   $Frietsch and Perdahl, 1995 # )   ½¹   Ĉýwí  

 I¢LLĊ£w~j   ĉwă¾LLÎþÝ Ĉ   ºLLþýwù   I½ĀLLtĀöå   I¾LLöí   ôĊLLÆíÿ½ºĊă   ÿ  

 ¡wþz¾í   Ĉù ºþývĀ£   üĊÊýw«   ¾òĉºîĉ   ºýĀÉ )  REE   ½¹   ¢Ċ£w~j  

 üĊÊýw«  +2Ca   Ĉù ¹ĀÉ   ÿ   Èêý   ĈúĄù   ½¹   ÜLĉ¿Ā£  REE wLă  

 ½¹   ðþLLÆýwí   ÿ   ðþLLÅ   ć¿wLLz   Ĉù ºLLþí   $Frietsch and 

Perdahl, 1995 # )   Üĉ¿Ā£   ¾ÎþÝ ćwă   Ĉíw·   xwLĊúí   ûÿ½¹  

 ¡đwĊÅ   wù¾ñ Ĉz   $ Ĉþá ĈñºÉ   ¿v  HREE   ÿ   wLĉ  LREE #   ĂLz  

 ĈöùvĀÝ   ºþýwù  PH I   wù¹   ÿ   ÛĀý   úí ö  Äî ćwă   ûÿ½¹   ¡đwĊLÅ  

 Ĉò¤Æz   ¹½v¹ )   Ăz ½ĀÕ   IĈöí   ćwă¾ÎþÝ   Ĉíw·   xwLĊúí   ûÿ½¹  

 ø¤ÆĊÅ ćwă   üĊLù¿ úĊLÉ ĈĉwĊ   ĈLÍw·   ë¾L´¤ù   ù Ĉ ĀLÉ ºý )  

 ówLLê¤ýv   wLLĄýj   ½¹   óĀö´ù ćwLLă   ĈzwLLù¾ñ   MwLLùĀúÝ   ĂLLz ½ĀLLÍ ¡  

 Äîö LLúí   ćÿ½   Ĉù ºLLă¹ )   ć½vºLLĉw~   úí ö  Äî ćwLLă   üLLĉv  

 wă¾ÎþÝ   ¾Ċâ¤ù   ¢Åv   ÿ   Ăz   ĈöùvĀÝ   ºþýwù   ¡v¾ĊĊâ£   Iwù¹   ½wÊå  

 ÿ  PH   ÿ   ðþÅ ćwă   ā½vĀĉ¹   Ĉò¤LÆz   ¹½v¹   $Lottermoser, 

1992 # )   ćv¾z   IĂýĀúý   ćwă¾ÎþÝ   ĈíwL·   xwLĊúí   üĊòþLÅ   ÿ  

 øĉ¾LL¤ĉv   ¢{LLÆý   ĂLLz   ćwă¾LLÎþÝ   ĈíwLL·   xwLLĊúí   Iì{LLÅ  

 Äîö úí ćwă   ć¾£½vºĉw~   ¿v   Āý Û   ¡wþz¾í I   IºLĉ½Āöå   ºLĉ¾öí   ÿ  

 wæõĀÅ ¡   Ĉù ºý¿wÅ )   ¾¤ÊĊz   ćwă½wÆýwí   üLăj   ¢LĊ£w~j ½v¹ I   ½¹  

 ÓwLL{£½v   wLLz   øLLÆĊ£wúñwù   ìLLõwí üõwLLîõj   ºþ¤LLÆă   ÿ   ÈĉvºLL«  

LREE/HREE   ½¹   wĄýj   ¿v   ¤ù ÅĀ Ô   w£   ½wĊÆz   ¾ĊĊâ£   Ĉù ºþí  

 $Frietsch and Perdahl, 1995 # )   ½wLÆýwí   ā½Ā¯ xwLý   ¿v  

 ×w´õ   Ĉýwîù   wz   ā¹Ā£ ćwă   ÀýĀùÀ£½vĀí IĈ¤Ċýÿ   Ĉ¤Ċýv¾ñĀþĊÅ   ÿ  

 ½vĀí ĀùÀ£ Àý Ĉ¤ĉ½Āĉ¹ÿ   wL£   Ĉ¤ĉ½ĀLĉ¹Āýv¾ñ   ĂLí   ½¹   È¸z ćwLă  

 xĀþ« ć¾¤·wz   w£   ówúÉ ć½ÿw·   āºĉ¹   Ĉù IºýĀLÉ   ½¹   v ½ ÓwL{£  

 ºþ¤LÆă   $Ghasemi Siani et al., 2024 # )   ĂL¤åwĉ ćwă  

 ºÉ¾Ê¤þù ą   ¢ĊúÉvºöñ   ûwÊý   ā¹v¹   ¢Åv   ćwăĀòõv  REE   ½¹  

 ¢Ċ£w~j ćwLLă   ÷½wLLÕ   ĈùLLývĀ£ º   ûwLLÊý ºLLþă¹ ą   ºLLþĉv¾å ćwă  

 üĊù¿ É ĈĉwĊúĊ   ÿ   ðþÅ Ĉĉv¿   ĈýĀñwLýĀñ   ºLÉwz )   üLĉv   wLăĀòõv  

 Ă¯ Æz w   ºùwĊ~   ¡v¾ĊĊâ£   ½¹   Ôĉv¾É   ĈĉwĊúĊLÉĀîĉÀĊå   ÔĊL´ù  

 ÈĉvºĊ~   ¢Ċ£w~j wă   Éwz þ º J   ºþýwù   Iwù¹   I½wLÊå  pH   ÿ   yLĊí¾£  

 ĈĉwĊúĊLLÉ   ÔĊLL´ù   ÈĉvºLLĊ~   ðþLLÅ )   üLLĉv   ĂLL¤åwĉ wă   ûwLLÊý  

 Ĉù ă¹LLþ º   ôLLĊö´£   ćwLLăĀòõv  REE   ½¹   ¢Ċ£w~jLLă w   ĂLLz   ë½¹  

LL¤Ąz ć¾   ¿v   ºLLþĉv¾å ćwă   ĊLLù¿ ü ĈĉwĊúĊLLÉ   ÿ   ðþLLÅ Ĉĉv¿   ½¹  

 ÔĊ´ù ćwă   ÷½wÕ   ìúí   Ĉù ºþí )   IüĊþ°úă   ĈÅ½¾z wă   ûwÊý  

 Ĉù ă¹ þ º   ÈăÿÂ~ wă   ½¹   þĊù¿ Ć   ćwăĀòõv  REE   ½¹   ¢Ċ£w~j wLă  

 ûĀþîúă   ½¹   ów³   ¢å¾ÊĊ~   ¢Åv   ÿ   ¿v   £ ìĊþî ćwă   Ă¤å¾ÊĊ~  

 ĆĉÀ¬£   ĈĉwĊúĊÉ   ÿ   ćwă½vÀzv   ćºĉº«   ºþýwù   Ĉýÿ¾¤îõvÿwLíÀĉ½  

 £ ĂĉÀ¬ ćv   æ¤Åv ā¹w   Ĉù þí þ º   w£   Ăz   ¹ é ¢   ć¾¤LÊĊz   ½¹   üĊLĊÞ£  

 ćwăĀòõv  REE   ½¹   ¢Ċ£w~j wă   Å¾z þ º )   ½¹   Ów{£½v   wz   āwò¤LÅw·  

 üLLĉv   I¾ĉwLL·»   ¾¤LLÊĊz   wLLăºþĉv¾å   ¿v   āwò¤LLÅw·   Ĉĉwúñwù   ÿ  

 ĈþĉÀòĉw«   ćwúñwù   Ĉþá   ¿v   ¹vĀù   ½v¾å   ÿ   ûºÉĂ¤ÊĄý   ¹vĀù  

 ĈýºÞù   ¿v   ówĊÅ   z wLL« āºýwù   ¢ĉwú³   Ĉù ºLLþí   ÿ   ºþĉv¾å   ¹ĀLL{ý  

 ©vÀ¤ùv   wăówĊÅ   v½   w· ¤LLLLLÅ āwò   üĉv   wă½wÆýwí   Ă¤LLLLLÆýv¹ ºýv  

 $Hitzman, 2000 # )   Ĉ·¾z   I¾òĉ¹   ćĀLLLLLòõv   ĈþĊÊýw«  

 ìĊ£wùĀÅw¤ù   ÔÅĀ£   ¡đwĊÅ   Ĉzwù¾ñ   Ĉþá   ¿v   üăj   wz   ć½ĀÉ  

 đwz   ÿ   IüĊþ°úă   ćĀLLLòõv   ówĊÅ   Ĉĉwúñwù   v½   ćv¾z   ÈĉvºLLLĊ~  

 ćwăā¹Ā£   ĈýºÞù   ºĊÆív   üăj( ¢Ċ£w~j   Ĉå¾Þù   ā¹¾í v ºLLLLLLLý  

 $Jami et al., 2007; Nabatian et al., 2012; 

Nabatian et al., 2014a J#   wLLùv   wz   ¹Ā«ÿ   ćwăÈăÿÂ~  

 ûvÿv¾å   ÷w¬ýv āºÉ   ćÿ½   ă½wÆýwí ćw   Iüăj   ¿ĀLþă   øLă   ½¹ ą½wLz  

 āwò¤LLÅw·   wĄýj   ãĒ¤·v   āwñºLLĉ¹   ¹Ā«ÿ   ¹½v¹ )   wLLz   ĂLL«Ā£   ĂLLz  

 ãĒ¤·v   ¾Úý   ą½wz½¹   āwò¤Åw·   üĉv   Iwă½wÆýwí   ĈÅ½¾z   èĊé¹ ¾£  

 ñÂĉÿ Ĉ ćwă   üĊù¿ ĈÅwþÉ   ÿ   Ăýwí Ĉĉv¿   ýj wLĄ   ć½ÿ¾LÑ   ĂLz ¾Úý  

 Ĉù ºÅ½ )   

 ãºLLă   ¿v   ÷wLL¬ýv  LLĉv ü   IÈăÿÂLL~   ĈLLÅ½¾z   ðþÅ ĈLLÅwþÉ  

 ðþÅ ćwă   üĉ½»j   Ĉýÿ½¹   ÿ   ĈýwÊæÊ£j   ĆLêÖþù   ā½Ā¯ xwLý   ÿ  

 ĈÅ½¾z   Èêý   wĄýj   ½¹   ÈĉvºĊ~   Ăýwí ¿ Ĉĉv   Iüăj   ĈÅ½¾z   ¢Låwz  

 ÿ   I¢·wÅ   Ăýwí Ić½wòý   ĈòýĀò¯   ÈĉvºLĊ~   ÿ   }LĊ£   ĂLýwí ĉv¿ Ĉ  

 üLLăj   ÿ   IüĊLLþ°úă   üĊLLĊÞ£   ć¾LLÅ   ĈĉwLLúñwù   ÿ   āwLLòĉw«  

 üĊù¿ ·wLÅ Ĉ¤   ā¹Ā£ ćwLă   ûÿ½¹   ĂLêÖþù   ¢LÅv )   ½¹   ćw¤LÅv½  

 ôĊúî£   ĈÅ½¾z ćwLă   üĊLù¿ ĈĉwĊúĊLÉ   ÿ   üĊLĊÞ£   ćwă¾LÎþÝ  

 ĈíwLL·   xwLLĊúí I   ĂLLĉÀ¬£ ćwLLă  XRF I  XRD I  ICP-MS I  

SEM   ÿ  EDS   ćÿ½   ĂýĀúý wă   ÷w¬ýv   ºÉ ) 



 

 
üĊù¿IĈÅwþÉ ¿ùüĊĈúĊÉ ÿ āwò¤Åw· ½wÆýwí üăj  ÛĀý IOA ā½Ā¯xwý ½¹ ºþz¾úí ĈýÁĀõw¤ù  ÷½wÕ  )) wÆĉ¾~  āwÉĈù¾í ÿ  ûv½wîúă .. 

 

 

 Çÿ½   ÷w¬ýv   ÈăÿÂ~ 

 ¢LLÆ¸ý   ½¹   ûwLLĉ¾«   ćwăºLLĉ¹¿wz   ývºLLĊù Ĉ   ¿v   ćwăºLL³vÿ  

 ĈòþÅ   ûÿ½¹   IĂêÖþù   ĂýĀúý ć½v¹¾z   ÿ   ¢Év¹¾z ćwă   Ĉĉv¾´Í  

 ÷w¬ýv   ¢å¾ĉ¼~ )   Ä Å   ¿v  0+   ĂýĀúý   ¢Év¹¾z   āºLÉ  .1   ¹ºLÝ  

 ÜÖêù   ë¿wý   ÿ  --   ¹ºÝ   ÜÖêù   ë¿wLý   ĈöêĊLÍ   ćv¾Lz   ÷wL¬ýv  

 ĈLLLÅ½¾z ćwLLLă   ðþLLLÅ Ić½wòý   ĂLLLýwí ½wòý ć   ÿ   ĈĉwLLLÅwþÉ  

 ĈýwÅ¾ñ¹ wă   ½¹   āwòÊýv¹   ĈöÝĀLz   wþĊLÅ   ûvºLúă   ĂLĊĄ£   ºLÉ )  

 ĈÅ½¾z ă ćw   ðþÅ ć½wòý   wz   |ĀîÅÿ¾îĊù   ûvÀĉ½Ē~  Leica   ÿ  

 ĈÅ½¾z wă ć   Ăýwí ć½wòý   wz   |ĀîÅÿ¾îĊù   ĉ½Ē~ ûvÀ   ÿ¹   ā½ĀÚþù  

Prior   ÷w¬ýv   ¢å¾ñ )   Ä~   ¿v   ĈÅ½¾z   ÜÕwêù   ½wúÉ  ,/   ĂýĀúý  

 ćv¾z   ĆĉÀ¬£   ĈĉwĊúĊÉ   xw¸¤ýv   ºýºÉ )   ā¹wùj ¿wÅ ć   ĂýĀúý wă   ÿ  

 ĆĉÀ¬£   wLĄýj   ĂLz   Çÿ½  ICP-MS   ćv¾Lz   ćwă¾LÎþÝ   ĈíwL·  

 xwĊúí   ÿ   ¾ÎþÝ ćwă   xwĊúí   ÿ   ĆĉÀ¬£   ûwLúă  ,/   ĂLýĀúý   ĂLz  

 Çÿ½  XRF   ćv¾z   ĊÆív ćwăº   ćwă¾ÎþÝ   ĈöÍv   ÿ   ĈLÝ¾å   ½¹  

 í¾É ¢   wù¿j½¿   ½¹   ûv¾Ą£   ÷w¬ýv   ºÉ )   ½wúÉ  ,+   ĂýĀúý   Ăýwí ½v¹  

 Ăz   Çÿ½  SEM  ĈÅ½¾z  ÿ   ¿v   wĄýj   ĆĉÀ¬£  EDS   äĊÕ$ Ĉ¬þÅ  

 ñºþív¾~ Ĉ   ćÁ¾ýv   ĂÞÉv   #Äîĉv   ÀĊý   Ă¤å¾ñ   ºÉ )   ĈÅ½¾z ćwLă  

SEM   wz   ìúí   āwò¤Å¹  FE-SEM   óºù  MIRA3-LMU  

 ½¹   āwòÊýv¹   ûw¤Å¾õ   ÷w¬ýv   ºÉ )   IüĊLþ°úă  LÉ ½wú  3   ĂLýĀúý  

 ćv¾z   ÷w¬ýv   ĈÅ½¾z ă ćw   Çv¾~   ćĀ£¾~   ÄLîĉv   āºLĉÀñ¾z   ÿ   ½¹  

 āwò¤Å¹  XRD   óºù  STADI P   ¢·wLÅ   ¢í¾LÉ  STOE  

 Iûwúõj   ½¹   āwòÊýv¹   ûw¤Å¾õ   ĉÀ¬£ Ć   ĊúĊÉ Ĉĉw   ºýºÉ )   ĂýĀúý wă  
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 ½¹Ā~ āºÉ   ćv¾z   ºýv ā¿v ć¾Ċñ   ûvÀĊù   ćwă¾ÎþÝ   IĈöÍv   úí wĊ x  

 ÿ   Ĉíw·   xwĊúí   Ăz   āwòÊĉwù¿j ćwă   ĂÕĀz¾ù   ā¹w¤Å¾å   ºýºLÉ )  

 ÄLL~   ¿v   ¢LLåwĉ½¹   ā¹v¹ ćwLLă   Ăz ¢LLÅ¹ āºùj   ÿ   wLLz   ìLLúí  

 ĈLLÅ½¾z ă ćw   IĈĉv¾´LLÍ   ĈLLÅ½¾z ćwLLă   Ĉ~ĀîLLÅÿ¾îĊù   ÿ  

 ĂĉÀ¬£ ćwLă   ćwă¾LÎþÝ   ĈöLÍv   ÿ   xwLĊúí   ¹ ½   ÷¾ý ćwLă½vÀåv  

GCDkit I  Excel   ÿ  CorelDraw   Ăz   ĈÅ½¾z   þÅ ð Ĉĉv¿   ÿ  

 ĈòýĀò¯   ÈĉvºLĊ~   ā¹Ā£ ćwLă   üLĉ½»j   ĈLýÿ½¹   ÿ   ĈýwLÊæÊ£j  

 ĂêÖþù   Ă¤·v¹¾~   ºÉ ) 

 āwòĉw«   üĊù¿ ĈÅwþÉ   ĂêÖþù 

 ĆêÖþù   ĈLÅ½¾z āºLÉ   ½¹   ûwLĊù   óĀLÕ ćwLă   åv¾â« ĈĉwLĊ  

 ć½ÿwLL·  E ϥϥ0- ϥ-.o/3   wLL£  E ϥϥ,4 ϥ.0o/3   ÿ   Ï¾LLÝ ćwLLă  

 ĈĉwLLLĊåv¾â«   ĈõwúLLLÉ  E ϥϥ,+ ϥ/,o1.   wLLL£  E ϥϥ/+ ϥ/.o1.  

 ¹ ½   ĆLLÊêý   üĊù¿ ĈLLÅwþÉ   ÷½wLLÕ  ,5,+++++   $Amini et 

al., 2013 I#   ½¹  LLLÉ ú ów ć¾¤·wz   ûv¾LLLĉv   ćwLLL«   ĂLLL¤å¾ñ  

 ¢LLÅv   $ ôîLLÉ  , # )   ¡wLLÎ¤¸ù   ù þ ĂLLêÖ   ¾LLz   ĆLLĉw~   ìLLĊ£¹ĀtÁ  

 $Macomber, 1984 #   üĊĊÞ£   āºÉ ýv º ) 
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Figure 1. Map of access roads to the study area 
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v¿ āwñºLLLLĉ¹ ĂþĄ~ćºLLLLþzćwă üĊù¿·wLLLLÅ½w¤Ić üLLLLĉv 

ĂLLêÖþù ½¹ LLþĄ~¾ĉ¿Ć ¿¾LL{õv LLzwć¾¤·( ûwLL¬ĉwz½»j ćwLL« ¹½v¹ 

ÿ  Ê¸zĈ  ¿v  ĆLþĄ~¾ĉ¿  ĈĉwLúñwù ÷½wLÕ Ăz½wúLÉ ĈLù¹ÿ½) ¿¾L{õv 

wLLLz¤·ć¾ ówúLLLÉ$ć¾¤·wLLLz #ûv¾LLLĉv ôùwLLLÉ LLLþĄ~Ć ¾LLLăv( 

ûv½w{LLLÅ½v ÿ ¢LLLõwĉv ĈLLLĉv¿Àöå ÷½wLLLÕ(üĊ¬¤LLLÊă ¢LLLÅv ÿ 

LL°¸ĉ½w£Ć ìLLĊùwþĉ¹ĀtÁ āºLLĊ°Ċ~ćv ¹½v¹) ½¹ ¢LLõwĉv ĈLLĉv¿Àöå 

÷½wLLÕ( üĊ¬¤LLÊă ìLLĉ LLö³¾ùĆ ÈLLÊí ½¹ óĀLLÕ üLLÅĀtv 

Ô{£¾LLù wLLz ¢LLÊñ¾z ĂLL¤¸£ µ½ ā¹v¹ ¢LLÅv) xÿ»ĈLLÊ¸z 

LL¤¸£Ć ÿ½ÿ¾LLå ÿ ĀLLñą Ă¤LLÉĀñćv ¹wLLĄý¾ñ¹ $wLLz LLÅĊ¡đw ÿ 

xv¼LLùćwă ĂLLÞÖé #āºLLýÿ½ÿ¾å ½¹ ûwLLĉw~ üLLÅĀtv $/*,±.2*1 

wLL£ 03*,±32*/- ûĀLLĊöĊù ówLLÅ JÈĊLL~ Nabatian et 

al., 2014; Aghazadeh et al., 2015; Ghasemi 

Siani et al., 2015, 2020# ÈĉvºLLLĊ~ ćwLLLúñwù 

ìõwíüõwLîõj ½¹ ìLĉ ÔĊLL´ù ĈLÊÊí ½¹ ÓwLL{£½v wLz ÔĊLL´ù 

¢LLÊ~ĈýwLLúí ½¹ LLþĄ~Ć ¢LLÊ~ûwLLúí ĈýwLLÊæÊ£j ĂLLĊùÿ½v(

I¾LL¤·¹ ½¹ ¢LLõwĉv ĈLLĉv¿Àöå ÷½wLLÕ( üĊ¬¤LLÊă v½ ĂLLzów{ý¹ 

Ă¤Év¹  ¢Åv)  ĂLz½ĀLÕ  ĈLöíI  ĈLùûvĀL£  ¢Læñ  ¢Lõwĉv  öåĈLĉv¿À 

÷½wLLÕ( üĊ¬¤LLÊă ½¹ ìLLĉ ÔĊLL´ù  ~LLÊ¢ĈýwLLúí ½¹ ÓwLL{£½v 

wLLLz ûwLLLúí ĈýwLLLÊæÊ£j ĂLLLĊùÿ½v( ¾LLL¤·¹ ºLLLĉº~ āºLLLùj ÿ 

øÆĊ£wúñwù  ĈöLÍv  ½¹  ûwLù¿  üLÅĀtv  µ½  ā¹v¹  ¢LÅv)  ¾Lz  ĆLĉw~ 

ĈLLLÅ½¾zćwLLLă Ĉĉv¾´LLLÍ ÿ ðþLLLÅć½wLLLòýI ðþLLLÅćwLLLă 

·½úþûĀĂ¤åwĉ  ½¹  üĉv  ĂLêÖþù  ôùwLÉ  ĂLÅ  āÿ¾Lñ  ðþLÅćwLă 

IĈýwLÊæÊ£j ā¹Ā£ćwLă üLLĉ½»j ĈLýÿ½¹ ÿ LLÅ½zĀ¡w èLöÞ¤ù ĂLLz 

ûv½ÿ¹ ć¾ý¾£vĀLLLLí ºþ¤LLLLÆă) ćwăºLLLL³vÿ ĈòþLLLLÅ ćv½v¹ 

ûĀLLúþ·½ ½¹ ĆLLêÖþù ĈLLÅ½¾zāºLLÉ ¿v øĉºLLé ĂLLz ºLLĉº« 

ºLLLþ£½w{Ý ¿v ðþLLLÅćwLLLă ĈýwLLLÊæÊ£j( ć½vÿj½»j üLLLÅĀtv 

ôùwLLLLÉ I¢LLLLõv¿wz I¢ĊLLLLÅv¹ ¢ĉ¿ºLLLLýjõv¿wz¢I I¢ĉ¿ºLLLLýj 

ĂÅwùðþLLÅ ÿ ãĀLL£ À{LLÅ ½¹ ÈLL¸z üĉ¾LLĉ¿ ºLL³vÿ$ a.k
5EI# 

ĈöĊ~đãĀLL£ ÿ ãĀLL£ Ç¾LLz ĂLLz ðLLý½ À{LLÅ üLLÉÿ½ ºLL³vÿ$ 

a.k
6E# ÿ ā¿vºLLñćwă Ĉ¤ĉ¿ºLLýj āv¾LLúă wLLz ãĀLL£ IÇ¾LLz ãĀLL£ 

IÀ{LLÅ ĂÅwùðþLLÅ ÿ ôñðþLLÅ ºLL³vÿ$ a.k
8EI# ðþLLÅćwLLă 

ćºLLĊĉĀ¤Ċýv¾ñ üLLÅĀtv ĈýwLLĉw~ wLLz yLLĊí¾£ ðþÅĈLLÅwþÉ 

À£vĀLLí ¢LLĉ½Āĉ¹ÿÀýĀùI À£½vĀLLí ¢LLĊýÿÀýĀù ÿ À£½vĀLLí ¢ĊþĊLLÅ 

ºLL³vÿ$ Qm# ÿ ¢LLĉ½Āĉ¹À£½vĀíÿ¾îĊù ć¾Ċå½ĀLL~ $ ºLL³vÿ P# 

ÿ Ă¤LLÊĄýćwă ć¾ý¾£vĀLLí ôîLLÊ¤ù ¿v ĂLLýwñ¹w~ćwă ĈLL¤å¾zj 

ĈúĉºLLé $ºLL³vÿ t1Q# ÿ ĂLLýwñ¹w~ćwă ĈLL¤å¾zj ºLLĉº« $ºLL³vÿ 

t
2Q# ºþ¤LLÆă $ et Amini ;1966 ,.al et Hirayama

al., 2013; Stocklin et al., 1969)#) ā¹ĀLL£ćwLLă 

ćºLLLĊĉĀ¤Ċýv¾ñ ìLLLĉ¹Àý ĂLLLz /+ ûĀLLLĊöĊù ówLLLÅ ÈĊLLL~ 

#üĊýĀ£½wLLz$ ½¹ ìLLĉ ùÔĊLL´ üĊLLù¿LLÅwĈ¤· ¢LLÊ~ĈýwLLúí 

ºLLĉº~ āºùjºLLýv $Nabatian et al., 2014b#) ûwLLĊ£w{ý ÿ 

ûv½wLLîúă $Nabatian et al., 2011# üLLÅ ćwăºLL³vÿ 

üLLĉ½»j ĈLLýÿ½¹ ĆLLêÖþù ā½Ā¯xwLLý v½ ìLLĉ¹Àý ĂLLz 1-*+ ± 

01*/- ûĀLLĊöĊù ówLLÅ ÈĊLL~ ¹wĄþLLÊĊ~ ā¹¾íºLLýv) ĆLLÊêý 

üĊù¿ĈLLÅwþÉ LLêÖþùĆ ĈÅ½¾zāºLLÉ ½¹ ôîLLÉ - ûwLLÊý ā¹v¹ 

āºLLÉ ¢LLÅv) ½¹ ûwLLĊù ćwăºLL³vÿ ĈòþLLÅ ÉþĈĉwÅwIāºLLÉ 

ðþLLÅćwLLă ĈýwLLÊæÊ£j ºLLþýwù I¢LLõv¿wz ¢ĉ¿ºLLýj¤õv¿wzIĈ 

I¢ĉ¿ºLLLLLýj Ĉív¾£¢ĉ¿ºLLLLLýj ÿ ¢ĊLLLLLÅv¹ ÿ ā¹Ā£ćwLLLLLă 

ćºLLLĊĉĀ¤Ċýv¾ñ wLLLz yLLLĊí¾£ ¾¤LLLÊĊz I¢LLLĊýÿÀýĀù À£½vĀLLLí 

I¢LLĊýÿÀýĀù LLíĀÀ£½v ¢LLĉ½Āĉ¹ÿÀýĀù ÿ ¢LLĉ½Āĉ¹ÿÀýĀù ÈLL¸z 

ĈLLLñ½Àz v½ ¾LLLz½¹ Ă¤å¾ñºLLLýv) ĆLLLêÖþù ½Ā¯āxwLLLý ¿v LLL´õ ×w  

 ĈýwLLLLîù   wLLLLz   ā¹Ā£ ćwLLLLă   üLLLLĉ½»j   ĈLLLLýÿ½¹   wLLLLz   yLLLLĊí¾£  

 IĈ¤ĊýÿÀýĀLLLùÀ£½vĀí   IĈ¤ĉ½ĀLLLĉ¹ÿÀýĀùÀ£½vĀí   Ĉ¤Ċýv¾ñĀþĊLLLÅ   wLLL£  

 Ĉ¤ĉ½ĀLLLĉ¹Āýv¾ñ   ĂLLLí   ½¹   È¸z ćwLLLă   xĀþ« ć¾¤·wLLLz   wLLL£  

 ówúLLLLÉ ć½ÿwLLLL·   āºLLLLĉ¹   Ĉù IºýĀLLLLÉ   ½¹   ÓwLLLL{£½v   ¢LLLLÅv  

 $Ghasemi Siani et al., 2024 # )   üLLĉv   ā¹Ā£ ćwLLă   üLLĉ½»j  

 ĈLLýÿ½¹   ¾¤LLÊĊz   ½¹   ĈLLîĉ¹Àý   ÿ   wLLĉ   ûÿ½¹   ćwăºLL³vÿ   ĈýwLLÊæÊ£j  

 ºLLĉ¹ ā   Ĉù ºýĀLLÉ )   ½¹   ą¾¤LLÆñ   ĈýºLLÞù   ûwLL¬ý¿ I   ûv¾òLLÊăÿÂ~  

 ć½wĊLLÆz   $Kordian et al., 2020; Nabatian et al., 

2013, 2014a, b; Nabatian and Ghaderi, 2013; 

Khanmohammadi et al., 2010 #   ĂLLLLz   ĈLLLLÅ½¾z  

 üÅRĈ¬þLLLÅ   ðþLLLÅ   IûwLLLzÀĊù   ĈLLLÅ½¾z wLLLă ć   ĈýwLLLÅ¾ñ¹   ÿ  

 Ĉýwí ć¿wLLLÅ   ½¹   ćwă½wLLLÆýwí   ÛĀLLLý  IOA   Ă¤·v¹¾~ ºLLLýv   ĂLLLí  

 ĂLL¤åwĉ ćwă   wLLĄýj   ûwLLÊý ă¹ ºLLþ ą   øă ûwLLù¿ û¹Āz   ¢ĊõwÞå ćwLLă  

 ĈĉwLLúñwù   ½¹   üLLĉv   ĂLLêÖþù   ºþ¤LLÆă )   üLLÅ   ā¹Ā£ ćwLLă   üLLĉ½»j  

 ĈLLýÿ½¹   ā½Ā¯ xwLLý   ÈĊzwLLúí   wLLz   ā¹Ā£ ćwLLă   üLLĉ½»j   ĈLLýÿ½¹  

 ćwă½wLLÆýwí   ûwLLý½¿   ÿ   ¾LLív»   #üLLÅĀòĊõv$   ûwLLÆîĉ   ¢LLÅv   ĂLLí  

 Ă¯ wLLÆz  LLÊý ûw   Ĉù ºLLă¹   ¿v   āwò¤LLÅw·   ñwù ĈĉwLLú   í¾¤LLÊù Ĉ  

 ÈĉvºLLLL«   Ă¤åwĉ ºLLLLýv )  LLLLĉv ü   ÓwLLLL{£½v   ĈĉwLLLLÒå   ÿ   IĈýwLLLLù¿  

LLÊý ûw ąºLLþă¹   ìLLĉ   ø¤LLÆĊÅ   ñwù ĈĉwLLú   ówLLÞå   ½¹   ûv½ÿ¹   üLLÅĀtv  
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Figure 2. The geological map of the studied area which has been prepared based on the 1:100,000 geological map 

of Tarom (Amini et al., 2013). 
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Figure 3. Field photos of iron oxide dike expansion in the granitoid rocks (northwards view). 
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 üLLÅĀtv   ôùwLLÉ   ā¿vºLLñ   v¿wLLz IĈ¤õ   ¢ĉ¿ºLLýj ¤õv¿wz IĈ   I¢ĉ¿ºLLýj  

 Ĉív¾£ ¢ĉ¿ºýj   ÿ   ¢ĊÅv¹   āv¾úă   wz   ðþÅ ćwă   ć½vÿj½»j   ôùwLÉ  

 ãĀ£   ÿ   Ç¾z   ĈýwÊæÊ£j   ûĀúþ·½   ¹ ºý½v )   ðþLÅ ćwLă   üLĉ½»j  

 Ĉýÿ½¹   ÅĀtv ü   Ĉýwĉw~   ôùwLÉ   I¢LĊýÿÀýĀù   À£½vĀLí   I¢LĊýÿÀýĀù  

 À£½vĀLLLí   ¢LLLĉ½Āĉ¹ÿÀýĀù   ÿ   ¢LLLĉ½Āĉ¹ÿÀýĀù   ûÿ½¹   ĂLLLÝĀú¬ù  

 ĈýwÊæÊ£j(   ć½vÿj½»j   üÅĀtv   ĂLí   ºLé úĉ Ĉ üĉ¾£   ðþLÅ ćwLă  

 ćv½v¹   ûĀúþ·½   ½¹   ĂêÖþù   Iºþ¤Æă   »ĀLæý   ā¹¾í ºLýv )   ¾Lz   ĆLĉw~  

 ĈÅ½¾z ćwă   ðþÅ ć½wòý   ÿ   ćwă½v¹Āúý   ā¹½ z ćºLþ I   ćwăºL³vÿ  

 ĈýwÊæÊ£j   ĂêÖþù   ùwÉ ô   I¢õv¿wz   ¢ĉ¿ºLýj ¤õv¿wz IĈ   ¢ĉ¿ºLýj   ÿ  

 Ĉív¾£ ¢LLõv¿wz   ¢LLÅv   ÿ   ðþLLÅ ćwLLă   üLLĉ½»j   ĈLLýÿ½¹   ôùwLLÉ  

 ¢ĉ½Āĉ¹ÿÀýĀù   ÿ   ¾¤ÊĊz   À£½vĀí   ½Āĉ¹ÿÀýĀù ¢ĉ   ºþ¤Æă ) 

 ðþÅ ćwă  ĈýwÊæÊ£j 

 ðþÅ ćwă  ĈýwÊæÊ£j  ºþýwù  ¢õv¿wz  ¾¤ÊĊz  ¢Låwz   ć¾Ċå½ĀL~   ÿ  

 ~ Ā ć¾Ċå½(  ĈL¤Ċõÿ¾îĊù   ºLý½v¹   ÿ   öz ćwLă½Ā   ¢LÉ½¹   ¿ĒíĀLĉÁĒ~   ÿ  

 üÆíÿ¾Ċ~   wĄýj   ½¹   ìĉ   þĊù¿ Ć   Ăýv¹ Àĉ½  w£  Ĉ¤Ċõÿ¾îĊù  ćwL«  ºLý½v¹  

 $ ôîÉ  /(A # )   ¢Ċõÿ¾îĊù ćwă   ¿ĒíĀĉÁĒ~   Èĉv½j   Ĉå¹wÎ£   ºLý½v¹  

 ÿ   ¢Ą« Ĉò¤åwĉ   ûwÊý   Ĉúý ºþă¹ )   Ĉýwí ćwă   ºý¿wÅ ą   üĉv   ðþÅ wLă  

 ¾¤ÊĊz  ÁĒ~ ĉ Ā ¿Ēí  ÿ  ¾Ċ~ üÆíÿ  ºþ¤Æă )   vÿv¾å Ĉý   ÁĒ~ Āĉ ¿Ēí   ½wĊLÆz  

 Ċz ¾¤Ê  ¿v  ¾Ċ~ üÆíÿ  ¢Åv )  wă½Āöz ć  ¢LÉ½¹  ĒL~ Á ĀLĉ ¿ĒLí   ôLíwù  

 ½v¾î£ ć   ºý½v¹ )   ¾z Ĉ·   ćwLă½Āöz   ¿ĒíĀLĉÁĒ~   ĂêÖþù ćºLþz   ûwLÊý  

 Ĉù ºþă¹   ÿ   ĆþĊÊĊz   vºýv ¿ ą   wĄýj  .   w£  0 *.   ¾L¤úĊöĊù   ¢LÅv )   ¾¤LÊĊz  

 ćwă½Āöz   ¢LÉ½¹   üLÆíÿ¾Ċ~   ĂúĊý ôîLÉ ½v¹   ÿ   āwLñ   ¢LÊă Āñ Ç  

 ºþ¤Æă )   ĆþĊÊĊz   ¿vºýv ą   üÆíÿ¾Ċ~ wă   w£  0 *,   ¾¤úĊöĊù   ĈùLÅ½ º )   wLz  

 Ă«Ā£   Ăz   ā¹v¹ ćwă  XRD  ÁĒ~ ĒíĀĉ wă¿  ¿v  ÛĀý  ½ÿ¹v¾Lzđ  ºþ¤LÆă )  

 ¢åwz ćwă   ć¾Ċå½Ā~ÿ¾ùĀöñ   ÿ   ìĉ¾Ċåÿ¾¤ĉÿ   ÀĊý   ½¹   ĈL·¾z   ÜÕwLêù  

 āºĉ¹   Ĉù ºýĀLÉ )   ðþLÅ ćwLă   ¢ĉ¿ºLýj ¤õv¿wz Ĉ   ¢Låwz   ć¾Ċå½ĀL~  ÿ  

 ć¾Ċå½Ā~ÿ¾ùĀöñ   ºý½v¹   ÿ   ćwă½Āöz   ¹ ½ ¢É   ¿ĒíĀĉÁĒ~   ÿ   üÆíÿ¾Ċ~  

 ½¹   ìLLĉ  LLþĊù¿ Ć   ĂLLýv¹ Àĉ½   ćwLL«   ¤å¾ñ Ă ºLLýv   $ ôîLLÉ  /(B # )   ¢LLåwz  

 ½ĀLLL~ÿ¾ùĀöñ ć¾Ċå   ôLLLÍw³   ½ĀLLLö{£   øă ûwLLLù¿3   ¿ĒíĀLLLĉÁĒ~   ÿ  

 üÆíÿ¾Ċ~ĀþĊöí   ½¹   ìĉ   ¾Ċú· ą   ½ ĉ ½ĀözÀ   ¢LÅv   ĂLí   ĂLz   ÈĉvºLĊ~  

 ¡wLLÞú¬£   ĂLLÉĀ· ćv   ¿v   wLLă½Āöz   ½¹   ¢LLåwz   ðþLLÅ   Ĉù ºLLùw¬ýv )  

 ĒíĀĉÁĒ~ ¿   ÿ   üÆíÿ¾Ċ~   Ĉýwí ćwă   ĈöÍv   üĉv   ðþÅ wLă  ºþ¤LÆă  ÿ  
 

8 co-crystallization 

 ĂLLz ¡½ĀLLÍ   ½ĀLLözÀĉ½   wLL£   ¢LLÉ½¹ ½Āöz   āºLLĉ¹   Ĉù ºýĀLLÉ )   ĈLLývÿv¾å  

 ¿ĒíĀĉÁĒ~  þÅ ð  ¢{LÆý  ĂLz  üLÆíÿ¾Ċ~  ¾¤LÊĊz   ¢LÅv   ÿ   ¿vºLýv ą  

 ćwă½Āöz  ¿ĒíĀĉÁĒ~   ½¹   Æĉwêù Ă   wLz   üLÆíÿ¾Ċ~ wă   ï½Àz ¾L£   ¢LÅv )  

 ôíwù  ć½v¾î£  ½¹  ćwLă½Āöz  ¢LÉ½¹   ¿ĒíĀLĉÁĒ~   āºLĉ¹   Ĉù ¹ĀLÉ )  

 ĆþĊÊĊz  ā¿vºýv  ćwă½Āöz   ¿ĒíĀĉÁĒ~   w£  0 *-   ¾¤úĊöĊù   ¢Åv   ÿ   ĈăwLñ  

 ĂêÖþù ćºþz   ºý½v¹ )   Āöz ćwă½   ¢LÉ½¹   üLÆíÿ¾Ċ~   ðþLÅ   ¾¤LÊĊz  

 úĊý Ă É ôî ½v¹   ÿ   Ĉăwñ   Ăz ¡½ĀLÍ   ¢LÊă ÇĀñ   ºþ¤LÆă )   ĆþĊLÊĊz  

 ¿vºýv ą   üÆíÿ¾Ċ~ wă   w£  ,   ¾¤úĊöĊù   ¢Åv   ÿ   āwñ   ôíwù   ĂâĊ£ ćv   ºý½v¹ )  

 ¾¤ÊĊz   üĉv   ĂLâĊ£ wă   ½¹   ĈL~   ¹vºL·½   ¾å vLþĉ º   üLÉĀõĀÆív   ÷wLòþă  

 ûºÉ¹¾Å  ÷v½j  ½¹  ćwăwù¹   ¾Lĉ¿  ,+++  L«½¹ Ć   ¹v¾òĊ¤ýwLÅ   ºLĉº~  

 āºùj ºýv )   öz ćwă½Ā   óĀ{Ċæùj   ðþÅ   wz   ĆþĊLÊĊz   ºLýv ¿v ą  ,   ¾L¤úĊöĊù  

 ¾¤ÊĊz   Ăz ¡½ĀÍ   ĂúĊý ôîÉ ½v¹   ºþ¤Æă   ÿ   w£   ā¿vºLýv ćv  ĂLz  ¢Lĉ¾öí  

 ûwÅ¾ñ¹   āºÉ ºýv )   ðþLÅ ćwLă   Ĉ¤ĉ¿ºLýj   ¢åwz ćwLă   ć¾Ċå½ĀL~   ÿ  

 ć¾Ċå½Ā~ÿ¾ùĀöñ   ºý½v¹   ÿ   ćwă½Āöz   ¢É½¹   I¿ĒíĀĉÁĒ~   óĀL{Ċæùj  ÿ  

 üLLÆíÿ¾Ċ~   ½¹   ìLLĉ  LLþĊù¿ Ć   ĂLLýv¹ Àĉ½   ÜLLévÿ   ºþ¤LLÆă )   wz ¢LLå  

 ć¾Ċå½Ā~ÿ¾ùĀöñ   ºLùwĊ~   ÜLú¬£   Āöz wLă½ ć   ¢LÉ½¹   ¿ĒíĀLĉÁĒ~   ÿ  

 üLLÆíÿ¾Ċ~   ½¹   ìLLĉ   ¾LLĊú· ą   ĂLLýv¹ Àĉ½   ¢LLÅv   $ ôîLLÉ  /(C # )  

 ¿ĒíĀĉÁĒ~   ûvÿv¾å üĉ¾£   Ĉýwí   ½¹   ðþÅ   ¢Åv   ÿ   ¾¤ÊĊz   ĂLzLÍ Ā ¡½  

 ĂúĊý ôîÉ ½v¹   v ¢Å )   ćwă½Āöz   ¢É½¹   wă¿ĒíĀĉÁĒ~   ĂêÖþù ćºþz   ÿ  

 ôíwù ćwă  ć½v¾î£  ºý½v¹   ÿ   ĆþĊÊĊz   ¿vºLýv ą   wLĄýj  L£ w  0 *-   ¾L¤úĊöĊù  

 Ĉù ºÅ½ )   ćwLă½Āöz   ¹ ½ ¢LÉ   üLÆíÿ¾Ċ~   ĂLz ¡½ĀLÍ   ¢LÊă ÇĀñ  

 ºþ¤Æă )   Ċz ĊÊ Ćþ   ¿vºýv ą   üÆíÿ¾Ċ~ wă   w£  ,   ¾¤úĊöĊù   ¢Åv )   óĀ{Ċæùj  

 ¾¤ÊĊz  Ăz ¡½ĀÍ  ĂúĊý ôîÉ ½v¹  ÿ  z w   ĆþĊLÊĊz   ā¿vºLýv  0 *,   ¾L¤úĊöĊù  

 ¢Åv )   ¢åwz   yõwá   ½¹   Ĉív¾£ ¢ĉ¿ºLýj wă   ¢Låwz   ć¾Ċå½ĀL~   ¢LÅv   ÿ  

 ćwLLă½Āöz   üLLÆíÿ¾Ċ~   ÿ   íĀLLĉÁĒ~ ¿Ē   ½¹   ìLLĉ  LLþĊù¿ Ć   ĂLLýv¹ Àĉ½   ¿v  

 Ē~ ĀĉÁ ¿Ēí ćwLLă   ¹¾· āºLLÉ   ćwLL«   Ă¤å¾ñ ºLLýv   $ ôîLLÉ  /(D # )  

 üÆíÿ¾Ċ~ wă   ôíwù   ĂâĊ£ ćv   ºý½v¹ )   ¢É½¹   ćwLă½Āöz   íÿ¾Ċ~ üLÆ   ÿ  

 ¿ĒíĀLLLĉÁĒ~   ìLLLĉ¹Àý   ĂLLLz  -0   Ĉú¬³ºLLLÍ½¹   ðþLLLÅ   ÿ  20  

 Ĉú¬³ºÍ½¹   z w¬ āºLýwù   v½  LþĊù¿ Ć   ðþLÅ   ½¹   ¾Lz   ĂL¤å¾ñ   ¢LÅv )  

 Ĉív¾£ ¢ĊÅv¹   ćwă½Āöz   ¿ĒíĀLĉÁĒ~   ÈĊLz$   ¿v  .+   Ĉú¬³ºLÍ½¹  

 #ðþÅ   ûwLÅ¾ñ¹   ºLý½v¹  ĂLí  wLz  ¢ĊLÆĉ¾Å I  ¢Lĉ¾öí  ÿ  ¢ĊLÆöí  

 üĉÀòĉwLL«   āºLLÉ ºýv   $ ôîLLÉ  /(E # )   ć¾ĉ¹wLLêù   wîõj Ĉõ w LLÅºöå ½  

 #üĉºĊýwLLÅ$   wLLz   ôLLíwù   ¹w{LLÆõ½wí   ½¹   ðþLLÅ   ¢LLåwĉ   Ĉù ¹ĀLLÉ )  

 ćwăºĊÆív   üăj   Ăz   ývÿv¾å Ĉ   ½¹   ¾LĊú· ą   ðþLÅ   āºLĉ¹  Ĉù ºýĀLÉ )  

 ¢åwz   ðþÅ   ¾¤ÊĊz   ć¾Ċå½Ā~   ÿ   ĈĉĀ~ ìĊ¤ĊöĊí   ¢Åv )   ìLĉ¹Àý   ĂLz  

2+   ºLLÍ½¹   ðþLLÅLLă ćw   ĈýwLLÊæÊ£j   ¾zLLÅ½ Ĉ āºLLÉ   ćv½v¹   ¢LLåwz  



 

 
üĊù¿IĈÅwþÉ ¿ùüĊĈúĊÉ ÿ āwò¤Åw· ½wÆýwí üăj  ÛĀý IOA ā½Ā¯xwý ½¹ ºþz¾úí ĈýÁĀõw¤ù  ÷½wÕ  )) wÆĉ¾~  āwÉĈù¾í ÿ  ûv½wîúă .4 

 

 

 ć¾Ċå½ĀLL~   ÿ   Ić¾Ċå½ĀLL~ÿ¾ùĀöñ  -+   ºLLÍ½¹   ¢LLåwz   ć¾Ċå½ĀLL~(   Ĉ¤Ċõÿ¾îĊù   ÿ  ìĉ¹Àý  Ăz ,+  ºÍ½¹  ¢åwz   ìĉ¾Ċåÿ¾¤ĉÿ   ºý½v¹ ) 
 

 

 
 ôîÉ  /)   Î£ ćwă¾ĉĀ   Ĉ~ĀîÅÿ¾îĊù   ¿v   ðþÅ ćwLLă   ćºLLĊĉĀ¤Ċýv¾ñ   ÿ   ĈýwLLÊæÊ£j   ĈLLÅ½¾z āºLLÉ   $ ½¹  XPL # )  A #   ¢LLåwz   ìLLĊ¤ĉ¾Ċå½Ā~   ÿ   LL~ Ā ć¾Ċå½ 

 Ĉ¤Ċõÿ¾îĊù   ½¹   ¢õv¿wz J  B #   ¢ĉ¿ºýj ¤õv¿wz Ĉ   wLLz   ¢LLåwz   ìLLĉ¾Ċå½Ā~   ÿ   Āí Āù ìLLĉ¾Ċå½Ā~Āõ J  C #   ¢ĉ¿ºLLýj   wLLz  ¢LLåwz  ć¾Ċå½ĀLL~  ÿ  ć¾Ċå½ĀLL~ÿ¾ùĀöñ J D # 

 Ĉív¾£ ¢ĉ¿ºýj   wz   ¢åwz   ìĊ¤ĉ¾Ċå½Ā~ J  E #   ¢ĊÅv¹   wz   ¢åwz   ć¾Ċå½Ā~ J  F #   ¢ĉ½Āĉ¹ÿÀýĀù   wz   ¢åwz   Ăýv¹ ćv J  G #   ½vĀí À£   ¢ĉ½Āĉ¹ÿÀýĀù   wz   ¢LLåwz   ĂLLýv¹ ćv 

 ¹wúý$  ć½wÎ¤·v  Ĉýwí wă  ¿v  ½vÿ  $Whitney and Evans, 2010 #  Ă¤å¾ñ¾z  āºÉ ºýv # ) 
Figure 4. Microscopic images of the studied granitoid and volcanic rocks (XPL light). A) porphyritic and 

microlithic porphyry textures in basalt; B) basaltic andesite with porphyritic and glomeroporphyritic textures; C) 

andesite with porphyritic and glomeroporphyritic textures; D) trachyandesite with porphyritic texture; E) dacite 

with porphyritic texture; F) monzodiorite with granular texture; G) quartz monzodiorite with a granular texture. 

Abbreviations from Whitney and Evans (2010) 

 

 ðþÅ ćwă  üĉ½»j  Ĉýÿ½¹ 

 ¢Lĉ½Āĉ¹ÿÀýĀù   ºLþýwù   ðþLÅ ćwLă   üLĉ½»j   ĈLýÿ½¹   ¢LLåwz  

 Ăýv¹ ćv   ¹½v¹   ÿ   Ĉýwí ćwă   ĈöÍv   ąºý¿wÅ   ûj   ôùwÉ   ¿ĒíĀĉÁĒ~   ÿ  

 Ĉõwîõj ½w LLÅºöå   ºþ¤LLÆă   $ ôîLLÉ  /(F # )   ¿ĒíĀLLĉÁĒ~   ¾¤LLÊĊz  

 z Ĉ ôîÉ   ÿ   āwñ   ĂúĊý ôîÉ ½v¹   ¢Åv )   üĊòýwĊù   ¿vºýv ą   wLă½Āöz   ½¹  

 üLLĉv   ðþLLÅ wLLă   ìLLĉ¹Àý   ĂLLz  .  LL¤úĊöĊù ¾   ¢LLÅv )   À£½vĀLLí  

 ¢ĉ½Āĉ¹ÿÀýĀù wă   wz   Ĉývÿv¾å   ¾¤ÊĊz   ½¹   ĈÅ½¾z ćwă   ðþÅ ć½wòý  

 ¢åwz   Ăýv¹ ćv   ¹½v¹   $ ôîLÉ  /(G #   ÿ   Ĉýwí ćwLă   ĂLĊõÿv   ½¹   üLĉv  

 ðþÅ wă   ôùwÉ   IÀ£½vĀí   ¿ĒíĀĉÁĒ~   ÿ   Ĉõwîõj ½w Åºöå   ºþ¤LÆă )  

 Ĉývÿv¾å   ¿ĒíĀĉÁĒ~   ½¹   üĉv   ðþÅ wă   ¢{Æý   Ăz   Ĉõwîõj ½w LÅºöå  

 ¾¤ÊĊz   ¢Åv   ÿ   ćwă½Āöz   ¿ĒíĀĉÁĒ~   ¢åwz   ¢L{õj( ¹w{LÆõ½wí   ¿v  

 ¹Ā·   ûwÊý   Ĉù ºþă¹ )   

 Ă¤åwĉ ćwă   ðþÅ ć½wòý   ûwLÊý ąºþă¹   ÛĀLþ£   ½¹   yLĊí¾£   ÿ  

 ¢LLåwz   ðþLLÅ ćwLLă   ĈýwLLÊæÊ£j   ÿ   üLLĉ½»j   ĈLLýÿ½¹   ĆLLêÖþù  

 ĈÅ½¾z āºÉ   ¢Åv )   üĉv   ÛĀþ£   Ĉù ºývĀ£   ºùwĊ~   ôLùvĀÝ   ĈLæö¤¸ù  

 ºþýwù   â£ ĊĊ ¡v¾   ½¹   yĊí¾£   ćwLúñwù   IĂLĊõÿv   ¡wL«½¹   äLö¤¸ù  

 Èĉvº«   ć½Āöz   IĈĉwLúñwù   ĈLò¤¸Ċùj   wLăwúñwù   wLz   ¡wL{Ċí¾£  

 I¡ÿwæ¤ù   ¡v¾ĊĊâ£   ½¹   Ôĉv¾É   ĈîĉÀĊå   Iwù¹$   I½wÊå   ûvÀĊù   #xj  

 ½¹   ÷wòþă   ½Āö{£   ÿ   ¾Ċ§w£   ¡đwĊÅ   Ĉzwù¾ñ   Ä~   ¿v   ½ĀLö{£   ºLÉwz )  

 ćv¾LLz   ¾ĊLLÆæ£   èLLĊé¹ ¾£   üLLĉv   ĂLL¤åwĉ wă   ÿ   ¹wĄþLLÊĊ~   ćĀLLòõv  



 

/+ ÁĀõÿ¾LLL¤~ćI ówÅ Éøă¹ÀýwI  ā½wúÉ  ¢ÎÉ ÿ  ÷ĀÅI  ,/+/ 
 

 

 üĊù¿ Ĉ¤·wLLÅ   IÜùwLL«   ¿v   ā¹v¹ ćwLLă   üĊLLù¿ ĈĉwĊúĊLLÉ   ôLLúîù  

 ôùwÉ$   ā¹v¹ ćwă   ćwă¾ÎþÝ   IĈöLÍv   ĈLÝ¾å   ÿ   #xwLĊúí   ā¾LĄz  

 Ă¤å¾ñ   ºÉ )   yĊí¾£   ĈĉwĊúĊLÉ   Ĉýwí wLă   ÿ   ðþLÅ wLă   Ĉù ºLývĀ£  

 ¡wÝĒÕv   ćºþúLÉ¿½v   ą½wLz½¹   āwò¤LÅw·   IwLúñwù   ºLþĉv¾å ćwă  

 Ĉĉwúñwù   ÿ   ÔĊ´ù   üĊù¿ Ĉ¤·wÅ   ÈĉvºĊ~   ýj wĄ   Ătv½v   ºă¹ ) 

 ¦´z 

 üĊù¿ ĈúĊÉ  ÿ  ÔĊ´ù  üĊù¿ Ĉ¤·wÅ 

 ćv¾z   ĈÅ½¾z ćwLă   üĊLù¿ IĈĉwĊúĊLÉ   ½wúLÉ  ,/   ý ĂLýĀú   ¿v  

 ðþÅ ćwă   üLĉ½»j   ĆLêÖþù   ĈLÅ½¾z āºLÉ   ¾Lz   ĆLĉw~   üĉ¾L¤úí  

 ĈýwÅ¾ñ¹   ćv¾z   ĉÀ¬£ Ć   ðþÅ   ôLí   ĂLz   Çÿ½ ćwLă   Ĉăwò¤LÅ¹  

XRF   ÿ  ICP-MS   $ óÿº«  , #   Ăz   ¢í¾É   wù¿j½¿   ½¹   ûv¾Ą£   ÿ  

 ćv¾z   ĈĉwÅwþÉ   Ĉýwí wă   ÀLĊý  3   úýLýĀ Ă   wLz   āwò¤LÅ¹  XRD   ĂLz  

 āwòÊýv¹   ûw¤Å¾õ   ā¹w¤Å¾å   ºýºÉ   $ óÿº«  - # )   ½¹   üĉv   ÈăÿÂ~ I  

 üĊúÒ£   ¢ĊæĊí   ëw·   $9QA #   ÿ   ó¾¤þí   ¢LĊæĊí   $10QC #   wLz  

 ā¹wæ¤LLÅv   ¿v   ĂLLýĀúý ćwă   ć½v¾LLî£   ÷wLL¬ýv   ºLLÉ )   ćv¾LLz   ĈzwLLĉ¿½v  

~½v¾î£ ć¾ĉ¼   Iªĉw¤ý   ĂýĀúý ćwă   ĈývºĊù   ûwùÀúă   ¿v   ìĉ   ûwîù   ÿ  

 Ăz   ĊÉ āĀ ćv   ûwÆîĉ  ¹¾ñ ć½ÿj   ºýºÉ )   Ä Å   ĂýĀúý ćwă   ĈývºĊù  

 ć½v¾î£   ĂLĉÀ¬£   ĈĉwĊúĊLÉ   ÿ   Ĉ£wLÝĒÕv   ą½wLz½¹   ć¾ĉ¼L~½v¾î£  
 

9 quality assurance 
10 quality control 

 ĂýĀúý z ć½v¹¾   Ătv½v   ºý¹v¹ )   ªĉw¤ý   ĈöĊö´£   ôÍw³   ¿v   ĂLýĀúý ćwă  

 ć½v¾î£   ½¹   ą¹ÿº´ù ćwă   ôzwé óĀ{é   ćw«   å¾ñ ¢ )   üĉv   wLă½v¾î£  

 ôùwÉ   ĆĉÀ¬£   ìĉ   ĂýĀúý   ½¹   üĉºþ¯   ¢zĀý   $ ¢LÅ¹ øí  .   wL£  0  

 #½wz   ÿ   ½¹   Ówêý   äö¤¸ù   ½¹$   ¡½ĀLÍ   ûwLîùv   ćv¾Lz  XRF #   wLĉ  

 ā¹wùj ć¿wÅ   ÿ   ĂĉÀ¬£   ½wzÿ¹ ą   ĂýĀúý   ½¹$   ¡½ĀLÍ   ûwLîùv   ćv¾Lz  

ICP-MS #   ¢LLÅv )   ½¹   ĂLLĉÀ¬£ ćwLLă  ICP-MS   ĂLLí   ÔLLÅĀ£  

 ¢í¾É   wù¿j½¿   ÷w¬ýv   āºLÉ   I¢LÅv   ûĀĊLÅv¾{Ċõwí   āwò¤LÅ¹   wLz  

 ā¹wæ¤LLÅv   ¿v   óĀö´ù ćwLLă   ¹½vºýw¤LLÅv   ºLLþ¯   ć¾LLÎþÝ,,   wLLz  

 ¢Úöá ćwă   Ì¸Êù   ÿ   £ Ą ĂĊ   āºÉ   ¿v   ¹vĀù   ĂĊõÿv   wz   ËĀö·   đwLz  

 ÿ   IüĊþ°úă  12CRMs   yÅwþù   ćv¾z   ĂýĀúý ćwă   üĊù¿ ĈÅwþÉ  

 ºþýwù$   ć¾LÅ  AGV, BHVO, GSP   ¿v  USGS   wLĉ   ¾Lòĉ¹  

CRMs   #ĈýºÞù   ÷w¬ýv   āºÉ   ¢Åv )   ½¹   ĂĉÀ¬£ ćwă  XRF   IÀĊý  

 ûĀĊÅv¾{Ċõwí   wz   ìLúí  CRMs   ºLùw«   ĂLí   ã¾LÞù   Äĉ¾£wLù  

 ĂýĀúý ćwă   ¹½ĀLù   ĂLĉÀ¬£   Iºþ¤LÆă   ÷wL¬ýv   āºLÉ   ¢LÅv )   üLĉv  

CRMs I   Ăí   Ăz ½ĀÕ   āÂĉÿ   ćv¾Lz   ćwLă¹¾z½wí   üĊù¿ ĈLÅwþÉ   ÿ  

 ĈýºLLÞù   ĈLL³v¾Õ   āºLLÉ ºýv   ºLLþýwù$  CRMs   ¢í¾LLÉ  Wits 

CRM   wĉ  ,.ARMI #   ćv¾z   ²Ċ´Î£   ¾§v   Äĉ¾£wLù   ÿ   üĊúLÒ£  

 ¢é¹   ªĉw¤ý   ĆĉÀ¬£   ćwă¾ÎþÝ   ĈöÍv   ÿ   ĈÝ¾å   Ăz ½wí   Ĉù ºýÿ½ )   
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 óÿº«  , )   ā¹v¹ ćwă   Ăz ¢Å¹ āºùj   ¿v   ĆĉÀ¬£   üĊù¿ ĈĉwĊúĊÉ   ðþÅ   ôí   ðþÅ ćwă   ĈýwÊæÊ£j   ÿ   üĉ½»j   Ĉýÿ½¹   ĆêÖþù   ā½Ā¯ xwý   ćwă¾ÎþÝ$  ĈöLLÍv 

 ¾z  Ćĉw~  IĈý¿ÿºÍ½¹  ćwă¾ÎþÝ  ĈÝ¾å  ÿ  Ĉíw·  wĊúí x  ¾z  Ćĉw~  Ĉ~ Ĉ~ ÷v # ) 

Table 1. The whole-rock geochemical data for the volcanic and intrusive rocks from the Chore Nab region (major 

elements in weight percent, minor and rare earth elements in ppm).  

Samples No CH-82 CH-48 CH-41 CH-40 CH-98 CH-54 CH-52 

Rock Type Monzodiorite Basalt Quartz Monzodiorite Andesite to Basaltic andesite 

SiO2 51.94 56.39 57.26 57.69 51.38 57.65 57.81 

TiO2 0.86 0.64 0.75 0.76 1.01 0.77 0.76 

Al 2O3 15.16 14.8 15.28 17.58 11.74 16.02 16.06 

Fe2O3 13.95 9.99 6.31 6.32 24.56 7.4 7.4 

MnO 0.2 0.36 0.28 0.14 0.17 0.19 0.15 

MgO 7.04 0.47 3.39 2.63 3.06 3.47 3.43 

CaO 3.84 15.39 5.7 6.46 10.04 6.32 6.59 

Na2O 5.21 0.09 5.92 3.76 1.92 2.88 2.98 
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Table 1. Continued. 

Samples No CH-82 CH-48 CH-41 CH-40 CH-98 CH-54 CH-52 

Rock Type Monzodiorite Basalt Quartz Monzodiorite Andesite to Basaltic andesite 

K2O 0.61  ̓ 0.27 3.08 2.13 3.15 3.04 

P2O5 0.06 0.24 0.26 0.42 3.13 0.28 0.3 

LOI  1.04 1.53 4.54 1.09 3.19 1.81 1.42 

Total 99.91 99.9 99.96 99.93 99.46 99.94 99.94 

Zr  6 62 66 29 99 138 131 

Nb 6.9 4 6.6 8.3 5.7 7.9 8.6 

Y 7.8 13.7 16.6 19 137.6 20.7 20.7 

Ti  5452 4072 4869 4762 6641 5081 5013 

Co 15.7 4 10.1 13.2 27.5 19.3 18.6 

Th 5 5 5 5 5 5 <5 

Ba 149 19 99 663 383 649 611 

Rb 17 8 11 68 66 85 87 

Tm 0.3 0.3 0.3 0.3 2.3 0.4 0.4 

Lu 0.4 0.3 0.3 0.4 1.8 0.4 0.4 

Ta 0.4 0.1 0.1  ̓ 0.3 0.2 0.2 0.4 

La 11 13 14 18 231 22 21 

Ce 13 25 33 34 453 44 42 

Sr 226 816 249 417 414 318 339 

Sm 0.65 2.84 3.3 4.13 46.35 4.23 4.33 

Hf 1.34 2.43 2.51 1.88 3.16 3.89 3.86 

P 63 894 839 1461 13337 1013 1019 

Mn 1332 2282 1844 938 1180 1234 1022 

Tb 0.2 0.5 0.6 0.7 6 0.7 0.7 

Yb 2.5 2.3 2.1 2.3 12.8 2.7 2.7 

Pr 2.01 3.73 4.95 4.87 62.79 5.32 5.53 

Nd 6.8 15.3 19 19.6 263.3 20.9 22.1 

Eu 0.58 1 0.85 1.39 4.03 1.23 1.28 

Gd 1.69 3.28 3.62 4.09 33.61 4.21 4.27 

Dy 2.47 4.08 4.73 4.83 28.73 5.07 5.06 

Er 1.08 1.55 1.92 2.24 16.43 2.31 2.37 

V 137 239 178 132 402 167 162 

Ni 12 8 12 10 28 18 14 

Sm 0.65 2.84 3.3 4.13 46.35 4.23 4.33 

Eu 0.58 1 0.85 1.39 4.03 1.23 1.28 

Gd 1.69 3.28 3.62 4.09 33.61 4.21 4.27 

Sm* 1.6 7 8.13 10.17 114.16 10.42 10.67 

Eu* 3.79 6.54 5.56 9.08 26.34 8.04 8.37 

Gd* 3.11 6.03 6.65 7.52 61.78 7.74 7.85 

Eu/Eu* 1.21 0.94 0.76 1.04 0.48 0.92 0.94 

Sm*= ãNdN.ãGdN; Eu*= ãSmN .ãGdN; Gd*=ãSmN.ãTbN; Eu/Eu*= EuN.ã(SmN×GdN)  
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Table 1. Continued. 

Samples No CH-53 CH-43 CH-74 CH-51 CH-72 CH-71 CH-70 

Rock Type Andesite to Basaltic andesite Quartz- Monzodiorite Trachy andesite 

SiO2 58.4 58.73 58.72 60.2 61.16 62.11 64.25 

TiO2 0.75 0.74 0.74 0.95 0.94 0.91 0.6 

Al 2O3 15.86 15.99 14.94 15.48 15.15 14.97 15.73 

Fe2O3 7.23 6.89 7.11 6.55 6.29 6.61 4.57 

MnO 0.15 0.12 0.39 0.42 0.19 0.22 0.05 

MgO 3.44 3.44 2.83 2.24 2.52 2.11 1.24 

CaO 6.44 5.38 5.11 5.18 5.16 4.36 4.12 

Na2O 3.01 3.49 2.7 2.32 3.12 3.03 4.06 

K2O 3.19 3.37 3.26 3.72 3.93 3.85 3.21 

P2O5 0.27 0.27 0.32 0.33 0.36 0.32 0.32 

LOI  1.19 1.52 3.82 2.47 1.09 1.42 1.72 

Total 99.93 99.94 99.94 99.86 99.91 99.91 99.87 

Zr  139 117 11 9 11 11 137 

Nb 7.4 7.5 8.2 9.3 8.4 8.6 9.5 

Y 20.8 19.4 39.1 32.1 30.1 27.8 10 

Ti  4925 4852 4798 5581 6194 5148 4008 

Co 18.7 18.5 10.3 7.9 9.8 12.2 9 

Th 5 5 5 5 5 <5 5 

Ba 631 640 784 1384 864 917 805 

Rb 85 74 65 74 70 86 61 

Tm 0.4 0.4 0.8 0.6 0.5 0.6 0.2 

Lu 0.4 0.4 0.8 0.6 0.5 0.6 0.3 

Ta 0.3 0.3 0.2 0.3 0.4 0.2 0.4 

La 22 20 25 25 23 26 39 

Ce 44 40 51 49 49 49 66 

Sr 335 320 262 330 275 309 545 

Sm 4.1 4.06 7.56 6.88 5.23 5.62 3.81 

Hf 3.84 3.6 1.51 1.57 1.51 1.62 3.78 

P 1005 878 1099 1309 1410 1217 1149 

Mn 997 812 2634 2721 1329 1488 373 

Tb 0.7 0.7 1.3 1 0.9 1 0.4 

Yb 2.7 2.5 4.5 3.5 3.3 3.2 1.2 

Pr 5.2 5.1 7.51 7.3 5.93 6.74 6.76 

Nd 21 20.1 33.4 31.7 24.7 27.5 24.8 

Eu 1.32 1.13 1.66 2 1.45 1.55 1.26 

Gd 4.26 4.1 6.71 5.94 4.9 5.38 3.4 

Dy 5.01 4.84 8.65 7.03 6.11 6.56 3.31 

Er 2.22 2.08 4.67 3.67 3.01 3.15 1.13 

V 159 162 92 88 113 104 57 

Ni 15 12 7 8 8 9 11 
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Table 1. Continued. 

Samples No CH-53 CH-43 CH-74 CH-51 CH-72 CH-71 CH-70 

Rock Type Andesite to Basaltic andesite Quartz- Monzodiorite Trachy andesite 

Sm 4.1 4.06 7.56 6.88 5.23 5.62 3.81 

Eu 1.32 1.13 1.66 2 1.45 1.55 1.26 

Gd 4.26 4.1 6.71 5.94 4.9 5.38 3.4 

Sm* 10.1 10 18.62 16.95 12.88 13.84 9.39 

Eu* 8.63 7.39 10.85 13.07 9.48 10.13 8.24 

Gd* 7.83 7.54 12.33 10.92 9.01 9.89 6.25 

Eu/Eu* 0.98 0.85 0.8 1 0.93 0.91 1.07 

Sm*= ãNdN.ãGdN; Eu*= ãSmN .ãGdN; Gd*=ãSmN.ãTbN; Eu/Eu*= EuN.ã(SmN×GdN)  

 

 óÿº«  -)  ćwă¿wå  ĈĉwÅwþÉ āºÉ  ½¹  ĂýĀúý wă  ¾z  Ćĉw~  ā¹v¹ ćwă XRD ) 

Table 2. Phases identified in the samples based on XRD data. 

Sample 

Number 
Ch-72 Ch-76 Ch-82 Ch-41 Ch-44 Ch-52 Ch-54 Ch-70 

Rock Name 
Quartz 

MonzoDiorite 
Quartz Monzonite MonzoDiorite Basalt Basalt Andesite 

Andesite 
Andesite-

basalt 
Trachy-andesite 

Texture Granular Granular Granular 

Porphyry 
Glomero 

Porphyry 

Porphyry 
Glomero 

Porphyry 
Porphyry Porphyry 

Porphyry 
Microlithic 

Porphyry 

Major  

minerals 

Quartz, 

Oligoclase 

Quartz, 

Oligoclase 
Oligoclase 

Anorthite 

Diopside 

Sanidine 
Anorthite 

Diopside 

Diopside 

Actinolite 

Diopside 

Sanidine 

Anorthite 
Sanidine 

Enstatite 

Minor  

minerals 
- - - Olivine Biotite Biotite Laurelite - Cristobalite 

Alteration  

Minerals 

Calcite 

Muscovite 

Epidote Chlorite 
Muscovite 

Dolomite 

Epidote Chlorite 

Calcite Sericite 

Epidote Chlorite 
Calcite 

Muscovite 
- - - - 

Fe-Ore Magnetite Magnetite Magnetite Magnetite Magnetite Magnetite Magnetite Magnetite 

 

 ðþÅ ćwă  üĉ½»j  Ĉýÿ½¹   ĈÅ½¾z āºÉ  ½¹   ćwă½v¹Āúý2SiO  

 ½¹   ¾LLLLLzv¾zO2O+K2Na   $Middlemost,1994 #   ÿ  QAP  

 $Streckeisen, 1974 #   ½¹   ¹ÿº´ù ą   À£½vĀí   ¢Lĉ½Āĉ¹ÿÀýĀù   ÿ  

 ¢LLĉ½Āĉ¹ÿÀýĀù   $ ôîLLÉ ćwLLă  0(B   ÿ  0(A I#   ÿ   ðþLLÅ ćwLLă  

 ĈýwLLLLLÊæÊ£j   ½¹   ½v¹ĀLLLLLúý  Nb/Y   ½¹   ¾LLLLLzv¾z  2Zr/TiO  

 $Winchester and Floyd, 1977 #   ½¹   ¹ÿº´ù ą   ¢ĉ¿ºLýj(  

 I¢õv¿wz   ¢ĉ¿ºýj   ÿ   Ĉív¾£ ¢ĉ¿ºLýj   $ ôîLÉ  0(C #   ÿ   ½¹   ½v¹ĀLúý  

Nb/Y   ½¹   ¾LLLzv¾zZr/Ti   $Pearce, 1996 #   ½¹   ¹ÿºLLL´ù ą  

 I¢ĉ¿ºLLýj   ¢ĉ¿ºLLýj(   I¢LLõv¿wz   Ĉív¾£ j ¢ĉ¿ºLLý   ÿ   ¢LLõv¿wz   ćwLL«  

 Ă¤å¾ñ ºLLýv   $ ôîLLÉ  0(D # )   ćv¾LLz   ć½v¼LLòùwý   ðþLLÅ ćwLLă  

 ĈýwÊæÊ£j   ĆêÖþù   ā½Ā¯ xwLý   IüĊLþ°úă   ¿v   ½v¹ĀLúý2SiO   ½¹  

 ¾Lzv¾zO2O+K2Na   $1986 ,.al et Bas Le #   ā¾LĄz   ĂL¤å¾ñ  

 ºÉ   ĂLí   ĂLýĀúý wă   ½¹   ¹ÿºL´ù ą   ¢ĊLÅv¹   wL£   ¾£ ĈívLÅv¹ ¢Ċ   ÿ  

 ¢ĉ¿ºýj(   Ĉív¾£ ¢ĉ¿ºýj   ćw«   ºþ¤å¾ñ   $ îÉ ô  0(E # )   

 ½¹   ½v¹Āúý   ĂÅ Ĉĉw£  AFM   ĆLúă   ĂLýĀúý wă   ½¹   ¹ÿºL´ù ą  

 ìõwí üõwîõj   $ ôîÉ  0(F #   ÿ   ½¹   ½v¹Āúý  2SiO   ½¹   ¾zv¾z  O2K  

 ÀĊý   ĂýĀúý wă   ½¹   ¹ÿº´ù ą   ìLõwí üõwLîõj   øĊLÅw¤~   đwLz   ćwL«  

 ºþ¤å¾ñ   $ ôîÉ  0(G # )   ¾z   ĆLĉw~   ½v¹ĀLúý  A/CNK   ½¹   v¾z ¾Lz  

A/NK I   Ćúă   ĂýĀúý wă   ½¹   ą¾¤Æñ   üĊùĀõjw¤ù   ćw«   å¾ñ ºLþ¤  

 $ ôîÉ  0(H # )   ¾z   Ćĉw~   ½v¹ĀLúý  Co   ½¹   ¾Lzv¾z  Th   ÀLĊý   ĆLúă  

 ĂýĀúý ćwă   ĈÅ½¾z āºÉ   ½¹   ą¾¤Æñ   ìõwí üõwîõj   ćw«   ºþ¤å¾ñ  

 $ ôîÉ  0(I # ) 
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 ôîÉ  0)  ĈÅ½¾z  üĊù¿ ĊúĊÉ Ĉĉw  ĂýĀúý ćwă  ā½Ā¯ xwý  ½¹ A #  ½v¹Āúý 2SiO  ½¹  ¾zv¾z O2O+K2Na  $1994 Middlemost, # J B #  ½v¹Āúý QAP 

 $1974 Streckeisen, J# C #  ½v¹ĀLLúý Nb/Y  ½¹  ¾LLzv¾z 2Zr/TiO  $1977 Floyd, and Winchster J# D #  LLúý ¹Ā ½v Nb/Y  ½¹  ¾LLzv¾z Zr/Ti 

 $1996 Pearce, # J E #  ½v¹Āúý 2SiO  ½¹  ¾zv¾z O2O+K2Na  $1986 ,.al et Bas Le # J F #  ½v¹Āúý  ĂLLÅ ĈĉwLL£ AFM  $ Baragar, dan Irvine

1971 # J G #  ½v¹Āúý 2SiO  ½¹  ¾zv¾z O2K  $1976 Taylor, and Peccerillo # J H #  ½v¹ĀLLúý A/CNK  ½¹  ¾LLzv¾z A/NK  $1943 Shand, # J I # 

 ½v¹Āúý Co  ½¹  ¾zv¾z Th  $Hastie et al., 2007 # ) 
Figure 5. Geochemical studies of Chore Nab samples. A) diagram of SiO2 versus Na2O + K2O (Middlemost, 

1994); B) QAP diagram (Streckeisen, 1974); C) diagram of Nb/Y versus Zr/TiO2 (Winchester and Floyd, 1977), 

D) diagram of Nb/Y versus Zr/Ti (Pearce, 1996); E) diagram of SiO2 versus Na2O + K2O (Le Bas et al., 1986); F) 

AFM triangle diagram (Irvine and Baragar, 1971); G) SiO2 versus K2O diagram (Peccerillo and Taylor, 1976); H) 

A/CNK versus A/NK diagram (Shand, 1943); I ) Co versus Th diagram ( Hastie et al., 2007). 
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Figure 5. Continued. 
 

 ĈÅ½¾z  ¡v¾ĊĊâ£  wă¾ÎþÝ 

 ćv¾z   ĈL~   û¹¾Lz   ĂLz   ¢LÉ¾Å   ĈL·¾z   ºLþĉv¾å ćwă   ¾§ĀLù   ½¹  

 óĀLL´£   wLLúñwù   ºLLþýwù   ½ĀLLö{£   IĈLLêĉ¾æ£   Ĉù ûvĀLL£   ¿v   ćwLLă½v¹Āúý  

 ĈĉwLL£ÿ¹   ¡v¾LLĊĊâ£   ºĊLLÆív(   IºĊLLÆív   ºĊLLÆív(   ¾LLÎþÝ   ÿ   wLLĉ  

 ¾LLÎþÝ(   ¾LLÎþÝ   ¾í½wLLă   $Harker, 1909 #   ā¹wæ¤LLÅv   ¹¾LLí )  

 ĂLLz ½ĀLLÕ   ĈLLöí   ĈĉwăºLLýÿ½   ĂLLí   ćv½v¹   ÓwLL{£½v   ĈLLÖ·   ¢LL{¨ù   wLLĉ  

 ĈLLLæþù   ºþ¤LLLÆă   ¢LLL´£   ó¾LLL¤þí   IĈLLLÊ¸z½Āö{£   ĈLLLò¤¸Ċùj  

 ĈĉwLúñwù   ÿ   wLĉ   j đ ÈLLĉ   Iºþ¤LÆă   wLLùv   ĈñºLþív¾~ wă   Ĉù ºLLývĀ£   ½¹  

 ¾LL§v   Ĉ£đĀLL´£   ¿v   ÛĀLLý   ÈLLĉđj   wLLúñwù   wLLz   Ă¤LLÅĀ~   IĈĉđwLLz  

 ĈýwLLÅ¾ñ¹   ÿ   wLLĉ   ćwLLăÀí¾ú£   ć½ĀLLöz   ¹wLL¬ĉv   ĀLLÉ ¹   $Willson, 

2007 # )   ćwLLă½v¹Āúý   I¾í½wLLă   ĂLLí   v ćwăºĊLLÆí   äLLö¤¸ù   v½   ½¹  

 ¾LLzv¾z  2SiO   ûwLLÊý   Ĉù IºLLþă¹   ć½vÀLLzv   ćv¾LLz   ½¾z ĈLLÅ   ¡v¾LLĊĊâ£  

 ĈLLL{Ċí¾£   ½¹   óĀLLLÕ   èLLLĉ¾æ£   ĈĉwLLLúñwù   ºþ¤LLLÆă )   ¾LLLz   ĆLLLĉw~  

 ćwLLă½v¹Āúý   ¾í½wLLă   ½¹   ôîLLÉ  1 I   ĈñºLLþív¾~   ÓwLLêý   ½¹   ĈLL·¾z  

 ¹Āúý wLLă½v   $Mg І   ½¹   ¾LLzv¾z  2SiO #   Ĉù ºLLývĀ£   ºLLùwĊ~   ¹vºLL·½  

 ºLLþĉv¾å ćwă   ć¾LLòĉ¹   ÀLL¬z   ąºLLĉº~   ĈLLÊ¸z½Āö{£   ½¹   wLLúñwù ć  

 ąºý¿wLLÅ   ðþLLÅ wLLă   ºLLÉwz )   ĂLLz   ówLLú¤³v   zLLÆ ½wĊ   IđwLLz   ÈLLĉđj  

 Ă¤LLLÅĀ~ ćv   ĂLLLĊ«Ā£   ĈzĀLLL·   ćv¾LLLz   üLLLĉv   āºLLLĉº~   ¢LLLÅv  

 $Ghasemi Siani and Ebrahimifard, 2023 # )  

 ÀLLLåv Èĉv   ûvÀLLLĊù   øĉÀLLLĊþù   $MgO I#   ºĊLLLÆív   üLLLăj   ôLLLí  

 $FeOt #   ÿ   ºĊLLLÆív   øĊýwLLL¤Ċ£   $2TiO #   ¢{LLLÆý   ĂLLLz   ÄĊöĊLLLÅ  

 $2SiO #   ½¹   ćwLLă½v¹Āúý   ¾í½wLLă   ÿ   ÈăwLLí   Ì·wLLÉ   ÀLLĊþù ĉ ø  



 

/1 ÁĀõÿ¾LLL¤~ćI ówÅ Éøă¹ÀýwI  ā½wúÉ  ¢ÎÉ ÿ  ÷ĀÅI  ,/+/ 
 

 

 $Mg І #   ¢{LLLLÆý   ĂLLLLz   ÄĊöĊLLLLÅ   ½¹  üĊLLLLúă IwLLLLă½v¹Āúý 

ûwLLÊýąºþă¹ Ĉýwí½Āö{£ćwLLă ĈLLþá ¿v üLLĉv wă¾LLÎþÝ ½¹ ìLLĉ 

ćwúñwù  ½¹  ów³  ¾LĊĊâ£  ¢LÅv)  ½ĀLö{£  ĈLêĉ¾æ£  ĉv¾åºLþć  ĂLí 

½¹ ûj ĈýwíćwLLă ĂLLĊõÿv ¿v wLLúñwù vºLL« āºLLÉ ÿ Ă£üĊLLÊý 

ĈùIºýĀLLÉ ¦LLÝwz ¾LLĊĊâ£ ½¹ yLLĊí¾£ ćwLLúñwù ĈéwzāºLLýwù 

Ĉù¹ĀLLÉ) ÈăwLLí Ì·wLLÉ LLĊþùÀĉø $MgІ# ûwLLÊý ĈùºLLă¹ 

wúñwù  ½¹  ów³  ĈþáûºLÉ  ¿v  üLăj  ¢LÅv)  üLÆíÿ¾Ċ~  ĂLzāÂLĉÿ 

üLLLLÆíÿ¾Ċ~ĀþĊöí ÿ üLLLLÆíÿ¾Ċ~Ā£½v ĈùºLLLLþývĀ£ ¾ĉ¹wLLLLêù 

ć¾ĊòúLLLLÊ¯ ¿v Mg ÿ Fe v½ ½¹ ½w¤·wLLLLÅ ¹ĀLLLL· ćwLLLL« 

ºLLLþă¹) ćwăºĊLLLÆív üLLLăj ÿ øĊýwLLL¤Ċ£ ºLLLþýwù ¢LLLĊ¤þòù ÿ 
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Figure 6. Harker diagram for major oxide elements of volcanic and intrusive rocks in the Chore Nab area. 

Amount of all oxides is in weight percent (wt%).  
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Figure 7. A) Primitive mantle-normalized multi-element spider diagram (Sun and McDonough, 1989); B) 

Chondrite-normalized REE patterns (Nakamura, 1974) in the volcanic and intrusive rocks of the Chore Nab area. 
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Figure 8. The tectonic position of the studied samples in the Chore Nab region. A) Th/Ta versus Yb diagrams 

(Schandl and Gorton, 2002); B) Nb versus Y diagrams (Pearce et al., 1996); C) Th-Hf-Ta triangle diagram (Wood, 

1980); D) SiO2 versus Zr diagram (Collins et al., 1982); E) Th-Hf/3-Ta ternary diagram (Wood, 1980); F) Yb 

versus Th/Ta diagram (Gorton and Schandl, 2000); G) Ta/Yb versus Th/Yb diagram (Schandl and Gorton, 2002); 

H) Nb/Yb versus Th/Yb (Pearce, 2008). 
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Figure 8. Continued. 
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Figure 9. A) La versus La/Sm binary diagram (Chen et al., 2001); B) Rb versus Ba/Rb diagram (Askren et al., 

1997); C) Nb/Y versus Rb/Y diagram (Temel et al., 1998); D) Rb/Sr versus La/Ce diagram (Hofmann et al., 

1986). 
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Figure 10. A) Zr versus Y diagram (Sun and McDonough, 1989) to distinguish the origin of enriched and 

depleted mantles that formed the granitoid rocks of Chore Nab; B) Zr/Nb versus Yb/Nb diagram (Wilson, 2007) 

based on secondary elements to determine the origin of the magma forming the granitoid rocks of the Chore Nab. 
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Figure 11. Determination of magmatic mixing in the volcanic rocks in the Chore Nab area; A) Rb versus Rb/Sr 

diagram (Kaygusuz et al., 2018); B) Rb/Sr versus Ti/Zr diagram (Kaygusuz et al., 2018) (elemental contents are in 

part per million (ppm)). 
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Figure 12. A) Partial melting modeling based on Sm/Yb versus Sm variation (Aldanmaz et al., 2002); B) Rb/Zr 

versus K O / Na2O diagram (Esperanca et al., 1992). 
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Figure 13. Zr versus Y diagram for identifying the 

dependence on enriched and depleted mantle (Abu-

Hamatteh, 2005). 
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Figure 14. A) A view of the magnetite lens inside the granitoid rocks, part of which is hidden under the debris. 

Goethitic mineralization parts can also be seen on the left side of the picture (northward view); B) A close-up 

view of the stockwork veins and veinlets of magnetite within the granitoid rocks; C) A view of the stockwork 

veins and veinlets of magnetite on the wall of mineral excavations; D) A view of magnetite veins and lenses that 

cut through the granitoid rocks. 
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Figure 15. A) Coarse crystals of apatite in the magnetite context; B) A hand photo showing veinlets of magnetite 

cutting the magnetite-apatite mineralization; C) Thin pyrite and actinolite veins in the granitoid rocks. 
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Figure 16. Cross-section of the structural units of the Chore Nab region cut by thrust faults. 
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Figure 17. A) Magnetite with a vein texture or band that has been martitized and turned into hematite; B) 

Magnetite with a veinlet texture that has cut through actinolite; C) Magnetite with a mass texture that has been 

changed into hematite in some areas; D) Magnetite with a disseminated texture, most of which is martitized and 

turned into hematite; E) relict texture in which chalcopyrite is primarily chalcocite, which has been altered, and 

goethite forms as veinlets around chalcocite; F) Berriciation of the host rock with goethite and limonite; G) 

Magnetite filling  the space between semi-shaped apatite crystals; H) The existence of an exclusion texture 

resulting from the growth of thin ilmenite blades on magnetite; I ) Coarse, subhedral crystals of apatite (second 

generation) present in magnetite (first generation) along with actinolite veinlets; J) Bladed crystals of specularite; 

K ) Altration of pyrite and chalcopyrite from the margin into goethite; L ) Relict texture in which chalcopyrite is 

mainly turned into chalcocite, and chalcocite from the margin has changed into goethite; M ) SEM image of pyrite 

ore that has changed from the margin into goethite; N) Disseminated magnetite which has completely changed 

into hematite, and chalcopyrite has altered from the margin to covellite and goethite. 
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Figure 17. Continued. 
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Figure 18. Paragenetic sequence of minerals in the Chore Nab area. 
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Figure 19. A) Apatite-actinolite veinlet (generation III)  containing magnetite mineralization (generation II)  that 

cuts through massive magnetites of generation I. The apatite veinlet also has cut the stockwork silica veinlets; B) 

Anhedral to subhedral Apatites (generation II)  and apatite veinlets (generation III)  that cut through massive 

magnetites (generation I), the apatites contain rare minerals, including monazite; C) The image of lamellar 

hematite crystals (specularite) inside the quartz vein; D) The presence of magnetite (generation II)  in the quartz 

vein, which has inclusions of apatite mineral (generation I); E) Alteration of chalcocite into goethite alongside the 

fractures that has caused boxwork texture; F) Anhedral magnetite crystals in the quartz veinlet which have been 

changed from the center to goethite with a colloform texture; G) Relict texture: Pyrite crystals in a cavity filled 

with silics bearing sulides have been completely changed into goethite and has cut by actinolite veinlet; H) 

Magnetite-ilmenite exclusion in the space between quartz, alkali feldspar, and pyroxene crystals; I ) Silicic veinlet 

containing pyrites and chalcocitewhich have been changed into goethite. The silica veinlet has cut massive 

(generation I); J) A photograph showing covellite inside the fractures of apatite; K ) Anhedral and subhedral 

magnetite and apatite crystals which have been cut by silica veinlets; L ) Specularite bearing stockwork veinlets of 

silica which have cut the apatites of the first generation; M ) Anhedral magnetites and apatite crystals (generation 

I); N) Silicic bearing pyrite crystals changed into goethite; O) Magnetite-apatite bearing quartz veinlet; P) Pyrite 

bearing silica veinlet cutting magnetites and apatites mineralization; Q) Presence of magnetite and galena with 

apatite; R) Presence of ilmenite with magnetite and pyroxene crystals; S) Presence of zinc, molybdenum, and 

cadmium sulfide minerals in apatite; T) Calcite veinlets have cut through massive magnetite (generation I); U) 

Magnetite and euhedral crystals of apatite (generation I) in which have been cut by chlorite-epidote veinlets; V) 

First-generation monazite as inclusions inside apatite; W) Second-generation monazite formed in the late 

carbonate veinlets.  
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Figure 19. Continued. 
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Figure 20. The composition of Chore Nab mine ores on Loberg and Horndahl diagrams (Loberg and Horndahl, 

1983). A) Ti versus V diagram, B) Ni versus V diagram, C) Mn versus Sr diagram (Belousova et al., 2002). 
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Appendix 1. Glomeroporphyritic texture in a basalt sample. 
 

 

 

 

 
¢ÅĀĊ~ - ) äĊÕ  XRD  ¢õv¿wz ) 

Appendix 2. XRD Spectrum of Basalt.  
 

 

 
 


