
Vol. 14, No. 1, 2022, pp. 157ï184                                                                         ISSN (Print): 2008-7306      ISSN (Online): 2423-5865 
 

 

Journal of Economic Geology 

 
https://econg.um.ac.ir  

 

 

 

RESEARCH ARTICLE  
 10.22067/ECONG.2021.68731.1007                                           

Petrology and geochemistry of Eocene volcanic rocks from southeast of Khur 

(Isfahan province, Central Iran) 

Paniz Shadman1 , Ghodrat Torabi 2 *   

1 Ph.D. Student, Department of Geology, University of Isfahan, Isfahan, Iran 
2 Professor, Department of Geology, University of Isfahan, Isfahan, Iran 

ARTICLE INFO   EXTENDED ABSTRACT  

Article History  

Received:              05 February 2021 

Revised:                03 October 2021 

Accepted:              17 October 2021 

Keywords  

Petrology  

volcanic rocks  

Eocene  

Khur  

Isfahan 

Central Iran Microcontinent 

  

*Corresponding author    

Ghodrat Torabi 

ṁ torabighodrat@sci.ui.ac.ir 

 

 
Introduction  

Subduction-related magmas are characterized by enrichment of large ion 

lithophile elements (LILEs), light rare earth elements (LREEs) and 

depletion in high field strength elements (HFSEs) (Harangi et al., 2007). 

These geochemical signatures of magmatic rocks are commonly 

explained by the addition of hydrous fluids from subducting oceanic 

lithosphere combined with the flux of melts from subducted sediments 

to the mantle wedge, lowering the mantle solidus and leading to magma 

generation (Aydēnakēr, 2016).  

Asthenospheric mantle, subcontinental lithospheric mantle and/or lower 

crust may be the principal source of these rocks (Eyuboglu et al., 2018). 

In addition, magma differentiation processes, such as fractional 

crystallization, crustal contamination, and magma mixing may also play 

an important role in the genesis of these rocks.  

This research study presents new petrological and geochemical data 

from the volcanic rocks with NWïSE trending, which are situated in the 

northwestern margin of the Central ïEast Iranian Microcontinent 

(CEIM) (south-east of Khur, Isfahan Province) which have been formed 

during the peak activity of Eocene. Study of this typical small volume 

subduction- related magmatism will be useful in understanding the 

origin and geological evolution of the Central Iran in Cenozoic.  

 

Analytical Methods 

The petrographic investigations on Eocene volcanic rocks from the SE 

of Khur area were carried out with an optical microscope (Olympus-

BH2) in the petrology Laboratory of the University of Isfahan, Iran. 
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Major and trace element concentrations of samples 

from whole- rocks were obtained by a combination 

of inductively coupled plasma mass spectrometry 

(ICP-MS) and inductively coupled plasma atomic 

emission spectroscopy (ICP-AES) at the Als 

Chemex Laboratory of Ireland. The chemical 

compositions of 4 samples (B865, B866, B867, and 

B868) were determined by Neutron Activation 

Analysis (NAA) in the Isfahan Activation Center.  

The detection limit was 0.01% for all major element 

oxides and 0.01 ppm for rare earth elements.  

Mineral abbreviations were adopted from Whitney 

and Evans (2010).  

 
Results and Discussion 

Eocene volcanic rocks with trachy-basalt and trachy-

basaltic andesite composition are exposed in the 

northwestern part of the Central-East Iranian 

Microcontinent (CEIM) (SE of Khur, Isfahan 

Province, Central Iran). These rocks which have a 

dominant northwest-southeast trend crosscut the 

Cretaceous sedimentary rocks. 

Petrography and mineral chemistry analyses indicate 

that the predominant rock-forming minerals of 

volcanic rocks are olivine, plagioclase, 

clinopyroxene and orthopyroxene. Phenocrysts set in 

a fine to medium grained matrix of the same minerals 

plus sanidine with minor amounts of opaque 

minerals. Secondary minerals are chlorite and 

calcite. The most common textures of these rocks are 

porphyritic, microlitic porphyritic, poikiolitic and 

glomeroporphyritic. 

Geochemical analyses of whole rock samples show 

that these rocks have been enriched in alkalies and 

large ion lithophile elements (Cs, K, Rb, Sr, Ba,), and 

have been depleted in high field strength elements 

(HFSE) (Ta, Nb, Ti). All samples indicate moderate 

to high fractionation in LREE patterns. These 

geochemical signatures point out to the subduction-

related calc-alkaline nature of these rocks and their 

similarity to volcanic rocks of continental arcs or 

convergent margins (Yu et al., 2017).  

Pb enrichment and low values of Nb/La, Nb/U and 

Ce/Pb ratios reveal that crustal contamination has 

played an important role in magma evolution 

(Srivastava and Singh, 2004; Furman, 2007). 

The large volume of hydrous fluids coming from the 

subducted slab rather than sediments have caused 

enrichment and metasomatism of the subcontinental 

lithospheric mantle source.  

The geochemical characteristics of the studied rocks 

suggest that the parental magma have been derived 

from partial melting of a metasomatized spinel 

lherzolite of lithospheric mantle, which was 

previously modified by dehydration of a subducting 

slab. The tectonic environment, in which these rocks 

were formed has probably been a volcanic arc. 

Subduction of oceanic crust around the Central-East 

Iranian Microcontinent (CEIM) is the most 

reasonable mechanism which can be used to explain 

enrichment in volatiles of the mantle, and the calc-

alkaline magmatism of the study area in Eocene 

times.  

 
Acknowledgments 

The authors thank the University of Isfahan for 

financial supports. 

 

 

 

 

 

 

 

 

 

 

 

 

https://dx.doi.org/10.22067/econg.2021.68731.1007


  ā½ÿ¹,/ ā½wúÉ I, I,/+, Ă´æÍ I,02   w£,3/                                                                             5Ĉ~w¯ w~wÉ2.+1(-++3       5ĈîĊýÿ¾¤îõv w~wÉ0310 (-/-. 

 

 

https://econg.um.ac.ir  

 

 

 

   10.22067/ECONG.2021.68731.1007  ĈÊăÿÂ~ Ăõwêù 

ćÁĀõÿ¾¤~ ÿ  üĊù¿ĈúĊÉ  ðþÅćwă ĈýwÊæÊ£j üÅĀtv  xĀþ«ç¾É ½Ā·  $ûw¤Åv IûwĄæÍv ûv¾ĉv  ćÀí¾ù # 

ûwù¹wÉ ¼Ċýw~,   IĈzv¾£ ¡½ºé- %   

, ć¾¤í¹ ćĀ¬Êýv¹ IüĊù¿ āÿ¾ñûv¾ĉv IûwĄæÍv IûwĄæÍv āwòÊýv¹ IĈÅwþÉ 
- ¹w¤Åv IüĊù¿ āÿ¾ñûv¾ĉv IûwĄæÍv IûwĄæÍv āwòÊýv¹ IĈÅwþÉ 

āºĊî¯   Ăõwêù ¡wÝĒÕv 

ðþLÅ  wz üLÅĀtv ĈýwLÊæLÊ£j ćwăxĀþ« ½¹ Ĉ¤õv¿wz ¢ĉ¿ºýj Ĉív¾£ ÿ ¢õv¿wz Ĉív¾£ yĊí¾£ ç¾LÉ

Ĉþúí¾£ ôÆñ ìĉ¹Àý ÿ w¤Åv½ ½¹ #ûwĄæÍv ûw¤Åv$ ½Ā· ¾ĄÉ( vÿyĉ¹½I    ûĀúþ·½ ĈzĀ· üĉv )ºý½v¹

¹¾· ć½w¤·wLÅ ûÿ¿ ½¹ ĂêÖþù  Üévÿ ¹Àĉ ëĀöz Ĉé¾LÉ ĂĊLÉw³ ÿ ćÀí¾ù ûv¾ĉv ā½wé  )¢LÅv āºLÉ ¢åwz

ðþLÅ üĉv yõwáĊõÿ¾îĊù IìĊ¤ĉ¾Ċå½Ā~ wă ìĊ¤ĉ¾Ċå½Ā~ÿ¾ùĀöñ ÿ ìĊ¤ĊöĊí ĈtĀ~ IìĊ¤ĉ¾Ċå½Ā~ ìĊ¤

IüĉĀĊõv )¢LÅv  Ĉýwí üLÆíÿ¾Ċ~Ā£½v ÿ üLÆíÿ¾Ċ~ĀþĊöí I¿ĒíĀĉÁĒ~  ćwăðþLÅ üĉv āºý¿wLÅ ĈöLÍv wă

Ĉù āºĉ¹ ¢LÆĉ¾íĀþå ¡½ĀLÍ Ăz Ăí ā¹Āz  )ºýĀLÉðþLÅ üĉvìõwí wă ĂêÖþù üĉv ½¹ )ºþ¤LÆă üõwîõj

 ā¿vºñ ¾z āÿĒÝĂ¤ÊĄý  Iwă  Ăí ć½vÿj½»j ćwăyöáv    ãĀ£ ôùwÉI¢Åv   èåv ôĊîÊ£ )ºý½v¹ ¹Ā«ÿ ÀĊý

ãĀ£ üĉv ĈýwLLÅ¾ñ¹ óĀLLÎ´ù I½Ā· ĂêÖþù Ĉ¤ĊýĀ¤þzwă¢LLÅ  Ăz āºLLÉ½w¬þĄz äö¤¸ù ¾LLÍwþÝ ćĀòõv )

  ĂĊõÿv Ă¤LLÉĀñ ÿ ¢ĉ½ºþí¾òýwĊz  Ĉþá ¿v ĈñºLLÉLREE   ÿLILE ĈĄ£ ÿ āÿ¾ñ ¾LLÍwþÝ ¿v ĈñºLLÉ

HFS   ¾ĊÚý$Ti  ITa    ÿNb  #¢Åv    ¿v ĂíĈñÂĉÿćwă    ćwăĀòõv )¢Åv Èýv½ÿ¾å wz Ô{£¾ù ćwăwúñwù

ðþÅ üĉv ĂzwÊù ½wĊÆz ćwĉĀñ Ić¿wÅ½w¬þĄz ćwă½v¹Āúý ½¹ ½wñ¿wÅwý ÿ Ĉíw· ½¹wý ¾ÍwþÝ ¾Úý ¿v wă

ðþLÅ üĉv ûwLÆîĉ ÀýÁÿ¾¤~wă¢LÅüĊù¿ ÔĊ´ù )ðþLÅ Ĉ¤·wLÅMđwú¤³v ĈýwLÊæLÊ£j ćwă  ûwúí ìĉ

¹¾· ĂĊLÉw³ ½¹ Èýv½ÿ¾å Ăz Ă¤LÆzvÿ Ĉĉwúñwù v ā½wé )¢LÅv ā¹Āz ćÀí¾ù ûv¾ĉĈñÂĉÿ üĊù¿ ĈĉwĊúĊLÉ

Ĉù ûwLLÊýðþLLÅ āºý¿wLLÅ ćwúñwù Ăí ºă¹Mđwú¤³v ĂêÖþù ćwă  xÿ» ¾§v ½¹Ă¤LLÉĀñ āĀñ ĈLLÊ¸z  ćv

 ¹w¬ĉv āºýÿ½ÿ¾å yöLLÅv ćđwz ½¹ āºLLÉ āÀĊ£wùĀLLÅw¤ù āºLLÉ  xÿ» óĀLLÎ´ù ÿ ôþĊ LLÅv ìĉ ĈLLÊ¸z

)¢Åv ā¹Āz ć¾æÅĀ¤Ċõ Ă¤ÉĀñ ¢Ċõÿ¿¾õ 
 

 
      5¢åwĉ½¹ ¶ĉ½w£,2 *,, *,.44 

    5ć¾òý¿wz ¶ĉ½w£,, *+2*,/++ 

       5Ç¾ĉ¼~ ¶ĉ½w£-0 *+2*,/++ 

 āÁvÿ ćºĊöí ćwă 

ćÁĀõÿ¾¤~   

ðþÅĈýwÊæÊ£j ćwă   

 üÅĀtv   

½Ā·   

ûwĄæÍv   

ćÀí¾ù ûv¾ĉv ā½wé ¹¾·  

  óĀuÆù āºþÆĉĀý 

 Ĉzv¾£ ¡½ºé 

ṁ  torabighodrat@sci.ui.ac.ir 

Ăõwêù üĉv Ăz ¹wþ¤Åv 

ûwù¹wLÉ I¼Ċýw~   ÿĈzv¾£ I¡½ºé  I,/+,  )üĊù¿ ÿ ćÁĀõÿ¾¤~ĈúĊLÉ  ðþLÅxĀþ« üLÅĀtv ĈýwLÊæLÊ£j ćwă#ćÀí¾ù ûv¾ĉv IûwĄæLÍv ûw¤LÅv$ ½Ā· ç¾LÉ) üĊù¿ Ić¹wLÎ¤év ĈLÅwþLÉ,/$, 5#,02 (

3/,)  https://dx.doi.org/10.22067/econg.2021.68731.1007 

 

https://dx.doi.org/10.22067/econg.2021.68731.1007
https://dx.doi.org/10.22067/econg.2021.68731.1007
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://econg.um.ac.ir/
https://www.um.ac.ir
https://econg.um.ac.ir
https://econg.um.ac.ir
https://dx.doi.org/10.22067/econg.2021.68731.1007
https://dx.doi.org/10.22067/econg.2021.68731.1007
mailto:torabighodrat@sci.ui.ac.ir
https://dx.doi.org/10.22067/econg.2021.68731.1007
https://dx.doi.org/10.22067/econg.2021.68731.1007
https://orcid.org/0000-0001-8969-9484
https://orcid.org/0000-0002-4952-2614


 Ĉzv¾£ ÿ ûwù¹wÉ                                                                                                                       ÿ ćÁĀõÿ¾¤~üĊù¿ĈúĊÉ ðþÅxĀþ« üÅĀtv ĈýwÊæÊ£j ćwă )))  ½Ā· ç¾É 

üĊù¿ Ić¹wÎ¤év ĈÅwþÉ,/+,  ā½ÿ¹ I,/ ā½wúÉ I ,                                                                           DOI: 10.22067/ECONG.2021.68731.1007 

,1+ 

 Ăùºêù 

øLĄù ¿v ĈLîĉĈñÂĉÿ üĉ¾£ āĀí ćwLLăºLLþz¾Lúí ćwLLă wLLz ÔL{£¾ù Ĉĉv¿

ðþLÅ ½ĀLÒ³ IÈýv½ÿ¾å Ăí ¢LÅv ĈýwLÊæLÊ£j ćwăĈñÂĉÿ  ĈùĀúÝ

wĄýj  Ĉþá ¿v ĈñºLÉ ûĀĉ ï½Àz ¢LÅÿ¹ ðþLÅ ½wñ¿wLÅwý ¾LÍwþÝ,    ÿ

ĈĄ£ ¿v ĈñºLLÉ¹wĉ¿ ûvºĊù ¡ºLLÉ wz ¾LLÍwþÝ-  $ ¢LLÅvHarangi et 

al., 2007#  ) āĀñĂ¤LLÉĀñ  Ă¤LLÅĀ~ Ićv ¡wzĀLLÅ½ Iāºýv½ÿ¾å ĈLLÅĀýwĊév

 ā½wLé ĂL¤LLLÅĀ~ IāºLýv½ÿ¾åvÀ«v ¿v Èýv½ÿ¾å yLĊLLLÉ ÿ ćvi    ĈöLLLÍv

ó¾¤þí āºþþí ûwúí ½¹ øLÆĊ£wúñwù ÛĀý üĉv$ Ĉĉwúñwù ćwăMartin 

Eyuboglu et al.,  ;Aydēnakēr, 2016; et al., 2005

2018# ºLþ¤LLLÆă¾å Iûj ¾z ûÿÀåv )vxj ºLþýwù Ĉ£ÿwLæ¤ù ćwăºLþĉ Ĉĉv¹¿

¢LÆLÅ Ă¤LÉĀñ ûwĉ¾« Iāºýÿ½ÿ¾å ĂÞÖé ā¾íxÿ» Ićv  èĉ¾æ£ IĈLÊ¸z

Ĉù ĈĉwLLúñwLLù ÓĒ¤·v ÿ Èĉđj ÿ ć½Āöz  üĉv ôLLùwLLî£ ¾z ºLLþývĀ£

$ ºþLLLÉwz ¾§Āù wăwúñwùWilson, 1989#)  Ăz  ¢·wþLLLÉ IôĊõ¹ üĊúă

¾åv¢LĊõwLÞå ¹vºLĉÿ½ ćwLă½wLíÿ¿wLLLÅ ÿ wLăºLþĉ   ĂLþĄ~ ½¹ ĈĉwLúñwLù  ćwLă

Ĉù āºĊ°Ċ~ ĈÊýv½ÿ¾å)¹ĀÉ 

  Ăz ûv¾ĉv¿v ĈLLLÊ¸z ûvĀþÝ  ćÀí¾ù ĂĊ³wý(  ć¾¤·wz āĀí ĂýwùwLLLÅ Ĉĉv¿

}õj(  üĊù¿ Ă°¸ĉ½w£ wz wĊLLLÅj x¾á ½¹ wĊõwúĊăĂz  ¡ÿwæ¤ù Ĉ¤·wLLLÅ  

øă ôLLĊõ¹  Ĉĉv¾ñĂLL´æLLLÍ    ûwLL¤LLLÆz¾Ý ÿ ûv¾ĉv$Takin, 1972; 

Berberian and King, 1981; Berberian et al., 1982; 

Dercourt et al., 1986; Alavi, 1994; Mohajjel et al., 

2003; Ghasemi and Talbot, 2006; Shahabpour, 

2007#  ¢LĊõwLÞå ćv½v¹ ā¹¾¤LLLÆñ ĈĉwLúñwLù ćwLăĂLz$ ćv    ¡½ĀLLLÍ

Ăz #ć»Āæý ÿ Ĉ«ÿ¾·   Ăí ¢LLLÅv ā¹Āz ìĊtÿ¿ĀþLLLÅ ûv½ÿ¹ ½¹ āÂĉÿ

Ĉz¢ĊõwÞå üĉ¾¤LLÊĊz üLLÅĀtv ûwù¿ ½¹ ìLLÉµ½ øLLÆĊýwîõÿ ćwă ā¹v¹

$ ¢LÅvDilek et al., 2010  )#¢ĊõwÞå üĉv óĀLÎ´ùwă  IðþLÅ ćwă

 Ăöú« ¿v ûv¾ĉv äö¤¸ù èÕwþù ½¹ ûvÿv¾å ć½vÿj½»j ÿ ĈýwLLLÊæLLLÊ£j

ÈĻ Lz$ ¢LLLLÅv ûj ćÀLí¾Lù ćwLLăLechmann et al., 2018; 

Ghalamghash et al., 2019; Zheira et al., 2020; 

Jamshidzaei et al., 2021; Salari et al., 2021; Yousefi 

et al., 2021# $ ôîÉ,)# 

¢ĊõwÞå ¹vº·½ Ăz Ă«Ā£ wzĂĊLÉw³ ½¹ ĈýwLÊæLÊ£j ćwă ¹¾· ûÿ½¹ ÿ wă

ĂLþĄ~ ½ĀLLLÒ³ ÿ ćÀí¾ù ûv¾ĉv ā½wLév ćwLăå  ¢LĊõĀĊåv ÿ Ĉ¤ĊõĀĊ āÀĊùjćv 

¢ĊõĀĊåv ºþýwù$ wĄýj wz Ĉăv¾úă ½¹Ĉù #üĊLLLÊÝ ÿ üĊĉwý ćwă  wĄýj ûvĀ£

ûÿ¿ wLz Ô{£¾ù ìL¯Āí ÿ ìLĉ½wLz IvÀ¬ù ĈĉwLúñwLù ûwLúí v½  ćwLă

¾Úý ½¹ Èýv½ÿ¾å$ ¢å¾ñRajabi and Torabi, 2012  )#ĂÊêý  ćwă

üĊù¿v½ ¹vº·½ üĉv ¢Ċúăv ÿ ¡ºLLÉ IĈĉwúñwùÿ ĈLLÅwþLLÉ   Ăz ĈzĀ·

 ā¹¾í ÄîÞþùĈù ûwLLÊý ÿ ºýv  ûv½ÿ¹ ā¹¾¤LLÆñ øLLÆĊ£wúñwù Ăí ºþă¹

ûv¾ĉv ĂþĄ~ ¾LÅv¾LÅ ½¹ ìĊtÿ¿ĀþLÅÜĉ¿Ā£ ĈúÚþùwý ½ĀÕ Ăz üĊù¿  āºLÉ

ĂýĀñ Ăz J¢LLLÅvûwúí Ăí ćvĈýwLLLÊæLLLÊ£j ćwă(   v½ ć¹ºÞ¤ù ć»Āæý

Ĉù½ĀLÎ¤ù ûj ¾LÅv¾LÅ ½¹ ûvĀ£  ôîLÉ Ăí ºLÉĈúý wĄýj ć¾Ċñ  ºývĀ£

ówLÞå ôLLLÍwL³ wLĄþ£ìLĉ Ôêå û¹Āz    ºLLLÉwLz ûv¾ĉv ½¹ Èýv½ÿ¾å ûÿ¿

$ ôîÉ,# ) 

  ¹½Āù ĂLêÖþùĈLLLÅ½¾z   ½¹ ĂLí ¢LLLÅv ćÀí¾ù ûv¾ĉv ĂLþĄ~ ¿v ĈLLLÊ¸z

xĀþ«¾ĄLLÉ ç¾LLÉ ówúLLÉ È¸z IìýwzwĊz ÿ ½Ā· ûw¤LLÅ¾ĄLLÉ$ ½Ā· 

óĀÕ üĊz I#ûwĄæLÍv ûw¤LÅv Ĉé¾LÉĈĉwĊåv¾â« ćwăͻ,0Ј00   w£ͻ.+  Ј00 

Ï¾Ý ÿ Ĉé¾LÉ  ĈĉwĊåv¾â« ćwăͻ.+Ј..   w£ͻ/0Ј.. Üévÿ ĈõwúLÉ  āºLÉ

$ ¢Åv ôîÉ-)# 

üĊù¿ ćÿ½ ¾z ÈăÿÂ~ üĉºLþ¯ ûĀþíwL£ ûv¾ĉv ¿v ĂLĊ³wLý üĉv ĈLLLÅwLþLLLÉ

÷w¬ýv ćÀí¾ùĈù Ăöú« ûj ¿v Ăí ¢LLLÅv āºLLLÉÈăÿÂ~ Ăz ûvĀ£  ćwă

$ Ĉöæùw¤LÅv ÿ ć¾éwzBagheri and Stampfli, 2008  ÿ ûv½¹wĄz I#

$ ûv½wîúăBahadoran et al., 2008¢LLÉ¹¾ĊLLÉ ÿ Ĉzv¾£ I#  ā¹v¿

$Torabi and Shirdashtzadeh, 2009 ûv½wîúă ÿ ûwĉºú³v I#

$Ahmadian et al., 2009¢LLLLÉ¹¾LĊLLLÉ I# ûv½wLLîLúLă ÿ ā¹v¿

$Shirdashtzadeh et al., 2010$ ĈLzv¾L£ I#Torabi, 2011  I#

$ Ĉzv¾£ ÿ Ĉ{«½Rajabi and Torabi, 2012  I#  ÿ ć¹wLzj¹Āú´ù

$ ûv½wLîúăMahmoudabadi et al., 2012  ûv½wLîúă ÿ Ĉzv¾£ I#

$Torabi et al., 2014$ ûv½wîúă ÿ ćÀñ¾Å I#Sargazi et al., 

2019)¹¾í ā½wÉv # 

 LLÆĊýwîõÿ Ç¾¤LLÆñ Ăz Ă«Ā£ wz Ĉăv¾úă ÿ ćÀí¾ù ûv¾ĉv ½¹ üLLÅĀtv ø

Ĉýwí wz wĄýjðþLLÅ ĈLLÅ½¾z IÛĀþ¤ù ½wĊLLÆz Ĉĉv¿  üĉv ĈýwLLÊæLLÊ£j ćwă

Ĉù ûv¾ĉv ¿v È¸züĊù¿ ćwăºþĉv¾å ¢·wþLÉ ½¹ ºývĀ£ ë½¹ ÿ ĈÅwþLÉ
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 Ĉîĉ¹Àý ½¹ üĊþ°úă ÿ I÷v¹wLz ¢LLLÊ~ ÿ #üĊĉwLý$ ¹Àĉ ć½wL¤·wLLLÅ øĄù
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,1, 

ôLLLÆñ ĈéĒ£ ôL´ù  ÿ ÷v¹wLz ¢LLLÊ~ IĈýÿºL~wL̄  ûĀ°úă ĈúĄù ćwLă

Ĉþúí¾£(   I¹½v¹ ½v¾é yĉ¹½ÿvðþLÅ ĈLÅ½¾z  üĉv ćwăº³vÿ ĈLÅwþLÉ

 ûv¾ĉv ½¹ ìĊtÿ¿ĀþLLÅ øLLÆĊ£wúñwù ¢ĊõwÞå ¿v ĈLLÊ¸z ûvĀþÝ Ăz ĂêÖþù

 )¢Åv ûvÿv¾å ¢Ċúăv ćv½v¹ ćÀí¾ù 

 

 
 

 

 ôîLÉ  ,. ā¹wLÅ ĂLÊêýøĄù āºLÉ  ûv¾ĉv üĊù¿¾LÅ ć½w¤·wLÅ ćwăº³vÿ üĉ¾£ðþLÅ ûĀúþ·½ ÿ IüLÅĀtv ĈýwLÊæLÊ£j ćwă ÿ ĈýwíwLÅ ¿v Ă¤å¾ñ¾z$ ûv½wîúăSaccani 

et al., 2018¡v¾ĊĊâ£ Ĉúí wz # 
Fig. 1. Simplified geological map of the main structural units of Iran and the main exposures of the Eocene volcanic rocks 

(Saccani et al., 2018, slightly changed)  

 
  üĉv wzĈLÅ½¾z ûĀþíw£ Iów³ ā¹¾¤LÆñ ćwăðþLÅ ćÿ½ ¾z ćv  ÿ ĈLÅwþLÉ

ðþLÅ ÀýÁÿ¾¤~ ç¾LÉ ā½wé ¹¾·  ¿v È¸z üĉv ĈýwLÊæLÊ£j ćwă-   ûv¾ĉv

÷w¬ýv ćÀí¾ù  )¢LLÅv āºLLÊý  wz w£ ¢LLÅv āºLLÉ ĈÞLLÅ ÈăÿÂ~ üĉv ½¹

ðþLLLÅ ºăvĀLLLÉ ¿v ā¹wæ¤LLLÅv  ªĉw¤ý ÿ ć½wòýüĊù¿ ĂĉÀ¬£ ĈĉwĊúĊLLLÉ

ðþLLÅûĀúþ·½ ĈýwLLÊæLLÊ£j ćwă  ÿ ôĊîLLÊ£ ½¹ ¾§où ôùvĀÝ IĂ¤åwĉ

ðþLÅ üĉĀî£xĀþ« ĈýwLÊæLÊ£j ćwă  ÿ mLÊþù üĊþ°úă ÿ ½Ā· Ĉé¾LÉ

üĊù¿ āwòĉw«  wz ĂÖzv½ ½¹ Ăí ¹¾Ċñ ½v¾é ĈLLLÅ½¾z ¹½Āù wĄýj Ĉ¤·wLLLÅ

¢ĊõwÞå ¢·wþÉ  ¢Ê~ ÿ ¹Àĉ ëĀöz ć¹wÎ¤év ĈĉwývĀ£ ÿ Ĉĉwúñwù ćwă

 āv½ ÷v¹wz wÊñ)¹Āz ºăvĀ· 
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,1- 

üĊù¿ĂêÖþù ĈùĀúÝ ĈÅwþÉ 

ðþLÅxĀþ« ĈýwLÊæLÊ£j ćwăówúLÉ$ ½Ā· ¾ĄLÉ ç¾LÉ  ûw¤LÅv ç¾LÉ

$ ćÀí¾ù ûv¾ĉv ć½w¤·wLÅ ûÿ¿ ¿v ĈtÀ« I#ûwĄæLÍvAlavi, 1991  #

ë½wLýv ûÿ¿ ¾ĉ¿ ÿ(    ĂLz ½Ā·Ĉù xwLLLLÆ³$ ºLĉjAistov et al., 

1984  ¿v ĈÊ¸z ĂêÖþù üĉv )#ç¾É ā½wé ¹¾·( ćÀí¾ù ûv¾ĉv.    ÿ ā¹Āz

Üévÿ ¹Àĉ ëĀöz Ĉé¾LÉ ĂĊLÉw³ ½¹$ ¢LÅv āºLÉ  ôîLÉ, ½Ā· ĂêÖþù )#

ĂþĊ¯ ¾Úý ¿vðþLÅ Ĉývÿv¾å IĈLÅwþLÉ ćwă ć¿wLÅ½wLÆýwí ÿ ĈýwLÊæLÊ£j

ôzwé ¢Ċúăv ćv½v¹üĊù¿ ¾Úý ¿v ÿ ā¹Āz Ă«Ā£  Ă¤LLÉ¼ñ ćv½v¹ Ĉ¤·wLLÅ

 āºĊ°Ċ~¢LLÅv ćv  $Nosouhian et al., 2016)#    Ĉ¤ĊýĀ¤þz ½wLLÆýwí

Ĉù xwLLLÆ³ ĂLz ĂLêÖþù ¿½wLz ¾ĉwL·» ¿v ½Ā· ĂLêÖþù  ¾ĉwL·» ¾¤LLLÊĊz )ºLĉj

  ½¹ ûv¾ĉv Ĉ¤ĊýĀ¤þz¢ĊõwÞå wz Ów{£½v ìĊtÿ¿ĀþLÅ ĈýwLÊæLÊ£j ćwă¢LÅv 

$Malek Mahmoodi et al., 2013)# 

ûĀúþ·½ ìĊtÿ¿ĀþLÅ ÿ ìĊtÿ¿ÿÀù Ăz èöÞ¤ù ¾¤LÊĊz ĂêÖþù ĈòþLÅ ćwă

  ÿ ā¹ĀzyLöáv  ówLúLLLÉ ºLýÿ½ ćv½v¹x¾á(  xĀþ«  ç¾LLLÉ ºLþ¤LLLÆă  )

ĈúĉºLLéüĉ¾£    ðLLþLLLÅ ćwLLăºLL³vÿĂLLþĊ¯ v½ ĂLLêÖþù ½¹ ¹Ā«Āù ćv

ðþLÅĈù ôĊîLÊ£ ĂLÅw£¾í ĈzĀLÅ½ ćwăă¹þ ôùwLÉ ¡wzĀLÅ½ üĉv )º

ĂLÅwù Iìăj ðþLÅ ĂLÅwù IðþLÅ   ÿ ôĊLÉ I¢ĊöLÅv IĈîăj ðþLÅ

 v¾ùĀöòþíºþ¤LLÆăĂÝĀú¬ù ) ½Ā· ĂêÖþù ½¹ ìĊtÿ¿ÿÀù ĈòþLLÅ ćwă

 Iā¾êý ćwăºý¿wLLÅ ôùwLLÉ ºĉº« Ăz øĉºé ¿v ÿ Ă¤LLÉv¹ ć¹wĉ¿ Ç¾¤LLÆñ

 í āwLLLÉ  Ĉ·¾å ÿ üùĀă ¢Læă IĀLLLÅ¾z¹ IxwLĉ¿wLz Iv¿¾Ċù IìLýwLzwLĊz IāĀ

¢LÅv $Aistov et al., 1984 ĈòþLÅ ćwăº³vÿ ¿v ĈÞĊLÅÿ È¸z )#

Ĉù ôĊîLÊ£ ĈýwLÊæLÊ£j ćwăº³vÿ v½ ĂêÖþù üLÅĀtv  ¾¤LÆz ¾z Ăí ºþă¹

  ºý½v¹ ½v¾é ¾Ċ¬ýv ā½¹ ćv¾ùĀöòþíÿ   )¢Åv ûwù¾í ćv¾ùĀöòþí ó¹wÞù

 ĂLLÅwù Iðý½ ć¾¤LLÆíw· ćv¾ùĀöòþí ôùwLLÉ ºý¿wLLÅ üĉv ćÁĀõĀ¤Ċõ

  È¸z ½¹ ÿ û½wù IðþLLÅüĉ¾ĉ¿I  Iû½wù Iðý½ Àù¾é ðþLLÅ ĂLLÅwù

 ¢LLLÅv ìLăj ðLþLLLÅ ÿ v¾ùĀöòþí IûĀ¤LLLÅ¹wLù$Aistov et al., 

1984 ¾Ċ¬ýv ā½¹ ºý¿wLLLÅ ćÿ½ ÿ üĉ¾ĉ¿ üLLLÅĀtv Ĉĉđwz È¸z ½¹ )#I  

ðþLLLÅĈív¾£ yĊí¾£ wz ĈýwLLLÊæLLLÊ£j ćwăĈív¾£ÿ ¢õv¿wz  ¢ĉ¿ºýj

$ ºý½v¹ ½v¾é Ĉ¤õv¿wz  ôîLÉ-Ĉív¾£ )#¢õv¿wzĈív¾£ ÿ wă¢ĉ¿ºýj  ćwă

 ā¿vºñ ¿v Ĉýwĉ¾« ¡½ĀLLLÍ Ăz xw¤LLLÊÕ āĀí ĈõwúLLLÉ Ăþùv¹ Ĉ¤õv¿wz

 ā¹Ā£ ¢·wLLÅ ćv½v¹ ¿v ðý½ ÿ ¢·wLLÅ ¾Úý ¿v Ăí ā¹Āz øív¾¤ù ÿ ćv

ðþÅ$ ¢Åv ÌĊ¸Ê£ ôzwé ãv¾Õv ćwă ôîÉ.(A  ÿB )# 

ãĀ£øĄù ¿v wLă  ¾§v ½¹ ĂLí ºLþ¤LLLÆă ĂLêÖþù ć½vÿj½»j ćwLăºL³vÿ üĉ¾£

ðþLÅ üĉv ĈýwLÅ¾ñ¹ôîLÉ ½Ā· Ĉ¤ĊýĀ¤þz èåv Iwă$ ¢LÅv Ă¤å¾ñ ôîLÉ

.(A¢ĊýĀ¤þz ¾z āÿĒÝ )#ûÿ¾z Iwă ā¹¾¤LLÆñ ćwă¹¿  ¿v ćvyĊí¾£ćwă  

Ăñ½ ÿ ºĊtÿ¾ LÅvÁ I¹ĀtÁ ÿ ¡wñj ôîLÉ Ăz ĈLÆĊöĊLÅ ½¹ ĈLÆĊöĊLÅ ćwă

ðþLLÅôLLÆñ ¹vº¤ùv ½¹ ĈýwLLÊæLLÊ£j ćwă  ºþ¤LLÆă āºăwLLÊù ôzwé wă

$Malek Mahmoudi and Khalili, 2014 )# 

  Ăz üLÅĀtv ĈýwLÊæLÊ£j ćwăº³vÿ IĂêÖþù üĉv ½¹Ăzw« ôĊõ¹ ¹wĉ¿ Ĉĉw«

ôLÆñ ÔLÅĀ£Ăz wă    Ăz ôùwí ½ĀÕĂ¤¸ĉ½ øăĈLÅ½¾z )ºýv  Ĉĉv¾´LÍ ćwă

Ĉù ûwLLÊý ĂêÖþùðþLLÅ Ăí ºă¹  ćwăº³vÿ IüLLÅĀtv ĈýwLLÊæLLÊ£j ćwă

ÜÖé v½ ĂLLÅw£¾í ā¹¾í   IÃ½$ Ĉĉđwz Àù¾é ºý¿wLLÅ ¡wzĀLLÅ½ ÔLLÅĀ£ ÿ

®ñ û½wùĂÅwù wz āv¾úă ½v¹    üÅĀĊö~ ćv¾ùĀöòþí I#v¾ùĀöòþí ÿ ðþÅ

 āºLLÉ āºĊLLÉĀ~ ¾ý¾£vĀí Ĉ¤å¾zj ¡wzĀLLÅ½ ÿÈ¸z )ºýv  ÿ ĈõwúLLÉ ćwă

Ăýwñ¹w~ ÔLÅĀ£ IĂêÖþù ĈzĀþ« ¡wzĀLÅ½ ÿ ¹wĉ¿ Ûwæ£½v wz Ĉ¤å¾zj ćwă

 āºLLLÉ āºLĊLLLÉĀ~ ć¾ý¾£vĀí Ĉõÿv¾ñ ¹½Āù ĂLêÖþù ¿v ©½wL· ½¹ ĂLí ºLýv

 ā¹¾¤LLÆñ ĂþĄ~ IĈLLÅ½¾zówâLLÉv v½ ćvûvĀ« ÿ ā¹¾í  üĉ¾£ćwăºý¿wLLÅ  

 ā¹½ÿj ¹Ā«ÿ Ăz v½ ĂêÖþù$ ºýv ôîÉ-)# 

ôLÆñôzwé Èêý wăüĊù¿ ÿ Ĉĉwúñwù ¡đĀ´£ ½¹ ĈĄ«Ā£  üĉv Ĉ¤·wLÅ

 ā¹¾í wæĉv ĂêÖþùôLLLÆñ ¿v )ºývĈù ĂêÖþù ĈöLLLÍv ćwă  ôLLLÆñ Ăz ûvĀ£

Ĉþúí¾£( vÿôÆñ üĉv )¹¾í ā½wÉv ĂÑwĊz ÿ Ĉýÿº~w¯ Iyĉ¹½  yöáv wă

  wz Ô{£¾ù āĀí$ ºþ¤Æă Ĉ õj Ĉĉv¿Almasian, 1997ûĀúþ·½ )#  ćwă

ðþLLÅôLLÆñ üĉv ºýÿ½ ¿v ¾¤LLÊĊz ĂêÖþù üLLÅĀtv ĈýwLLÊæLLÊ£j ćwă  wă

Ĉù ćÿ¾Ċ~$ ºþþí  ôîLÉ-ôLÆñ )#Ă·wLÉ¾LÅ ĂêÖþù ĈÝ¾å ćwă ¿v Ĉĉwă

ôLLÆñ¢ĊõwÞå )ºþ¤LLÆă āºLLÉ¹wĉ ĈöLLÍv ćwă  ćwăôLLÆñ  ÿ ĈöLLÍv ćwă

Ĉþúí¾£$ ĂLĊ³wLý ĈúĉºLé( vÿ  #Ăýÿ½¹ ÿ ÷v¹wLz ¢LLLÊ~ IĈýÿºL~wL̄  IyLĉ¹½

  #¢LÅ½Āă$ üĊù¿v¾å ÿ ½Ā· #üzv¾ñ$ üĊù¿ÿ¾å ¹w¬ĉv y{LÅ üLÅĀtv ½¹

$ ¢LÅv āºLÉ ¹¾úöíReichert, 2007  )#Ĉñºýv½ ÛĀéÿ ï½Àz ćwă

ôîLLLÉ āÂĉÿ Ăz ĂĊ³wý ½¹wÝwæ£½v ûºùj đwz ÿ ć¾ĊñxĀþ« ¡ ç¾LLLÉ

 ¹¾îöúÝ ôLÍw³ ½Ā·ĂýwùwLÅ   )¢LÅv ā¹Āz ĂĊ³wý ½¹ ĈLÉ½wLÊå  ôLÆñ

Ĉþúí¾£(  vÿìĉ¹Àý$ yĉ¹½ Ăí #ĈLLÅ½¾z ¹½Āù ĂêÖþù Ăz ôLLÆñ üĉ¾£

ë½wLLýv ĀĊLLLÅwLLù Ĉé¾LLLÉ ÿ ĈzĀþ« ¿¾ù ½¹(    ½Ā·  I¹½v¹ ½v¾é ½¹
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,1. 

È¸zówúLÉ ćwă  vºĊ~ Ĉ{LÅv ÷¹ ¢õw³ #ĈLÅ½¾z ¹½Āù ĂêÖþù$ Ĉé¾LÉ

$ ¢LLÅv ā¹¾íAlmasian, 1997  ôLÆñ üĉv ûºLLÉ Ă·wLLÉ Ă·wLLÉ )#

ðþLÅ ½¹ ĈýwLÅ¾ñ¹ Ç¾¤LÆñ ¦Ýwz  ÿ üLÅĀtv ĈýwLÊæLÊ£j ćwă  ôĊîLÊ£

xw¤LÊÕ āĀí ÿ #ðþ¤ù āĀí$ ûw«¾Ąù ówúLÉ ½¹ ¢ĊýĀ¤þz   )¢LÅv āºLÉ

z¢¸ĉ½ ¢ĊÞLLLÑÿ IĈöí ½ĀÕ Ă ¹¾îöúÝ ¾§v ½¹ ÀĊý ĂêÖþù ĈLLLÅwþLLLÉ

ôÆñ¹w¬ĉv wă )¢Åv āºÉ 

ĊĊÞ£ðþLÅ üLÅ ü Çÿ½ ¿v ā¹wæ¤LÅv wz ½Ā· ĂêÖþù ĈýwLÊæLÊ£j ćwăK-

Ar  ¹vºÝv I/3   ÿ0/ Ătv½v v½ ówLÅ ûĀĊöĊù üLÅĀtv ¾òýwĊz Ăí ¢LÅv ā¹v¹

$ ¢LÅv üĉ¾ĉ¿Aistov et al., 1984  üĊþ°úă ÿ Ĉĉv¾´LÍ Ôzvÿ½ )#

ðþLLÅ üĉv Ĉåv¾ñÿ¾¤~ ¢ăw{LLÉìĉv¹ wz wă  ¾ĄLLÉ ówúLLÉ üLLÅĀtv ćwă

$ ½Ā·Torabi et al., 2014 LLLÅ #ü    ºLĊĉmL£ wLĄýj ćv¾z v½ üLLLÅĀtv

Ĉù)ºþí 

 

 
 ôîLÉ  -. üĊù¿ ĂLÊêýā¹wLÅ ĈLÅwþLÉxĀþ« ĂêÖþù āºLÉówúLÉ$ ½Ā· ç¾LÉüĊù¿ ĂLÊêý ÃwLÅv ¾z #ûwĄæLÍv ûw¤LÅv ç¾LÉ  ĈLÅwþLÉ,5,+++++   I½Ā·  ÿ Ā¤LÆĉj ¿v Ă¤å¾ñ¾z

$ ûv½wîúăAistov et al., 1984z #w ¡v¾ĊĊâ£ Ĉúí 
Fig. 2. Simplified geological map of the SE of Khur (NE of Isfahan Province); adapted from 1/100000 geological map of 

Khur (Aistov et al., 1984; Slightly changed) 
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,1/ 

 
 

  ôîÉ.) A ¿v Ĉöí ćwúý 5ðþÅwăć  ýwÊæÊ£j Ĉ   üÅĀtv ÿ ½Ā· ¢ĊýĀ¤þz ûºÞù ¡½ÿw¬ù ½¹B ¿v ìĉ¹Àý Ĉĉwúý 5ðþÅćwă  ýwÊæÊ£jxĀþ« ½¹ Ĉ ĂêÖþù ç¾É

½Ā· 
Fig. 3. A: Overview of the Eocene volcanic rocks adjacent to the Khur bentonite mine  and B:  Close view from the Eocene 

volcanic rocks in the southeast of Khur area 

 
ĂÞõwÖù Çÿ½ 

ĈLÅ½¾z ÷w¬ýv ¿v Ä~üĊù¿ ćwăĂýĀúý ÿ Ĉĉv¾´LÍ ĈLÅwþLÉ ¿v ć½v¹¾z

 IĈöêĊLÍ ë¿wý ÿ ë¿wý ÜÕwêù ĂĊĄ£ IüLÅĀtv ĈýwLÊæLÊ£j ćwăº³vÿ

ðþLLÅĈýwí ÿ ć½wòý ûvÀĉ½Ē~ |ĀîLLÅÿ¾îĊù ÔLLÅĀ£ wĄýj ĈLLÅwþLLÉ

Olympus-BH2    )ºÉ ÷w¬ýv ûwĄæÍv āwòLÊýv¹ ½¹ćv¾z ĈÅ½¾z ćwă

üĊù¿  ¹vºÞ£ IĈĉwĊúĊÉ,-  ĂýĀúý  ÿ ĈýwÅ¾ñ¹ ûvÀĊù üĉ¾¤úí wz  üĉ¾¤ÊĊz  

Çÿ½ ¿v ā¹wLæ¤LLLÅv wLz ÿ xwĻ ¤ýv Ĉ{Ċí¾£ ÛĀþ£ćwLă  MS-ICP/    ćv¾z

  ÿ Ĉíw· ½¹wý ÿ xwĊúí ćwă¾LLÎþÝAES-ICP0  ćwă¾LLÎþÝ ćv¾z

  āwòLLÊĉwù¿j ½¹ ĈöLLÍvAls chemex  ºþõ¾ĉv    ĂĉÀ¬£ºýºLLÉ)   ½wĄ¯

  ã¾³ wLz wLăÀĊõwLýj óÿºL« ½¹ wLĄýj ÷wLý ĂLí ÀĊý ôLí ðLþLLLÅ ĂLýĀúýB 

Ă¤LÆă ćÁĀõĀþî£ Àí¾ù ½¹ I¢LÅv āºLÉ Ûÿ¾LÉ Çÿ½ wz ûwĄæLÍv ćv

ówÞå āºLÉ ÀĊõwýj Ĉýÿ¾£Āý ć¿wLÅ  ÀĊõwýj ćv¾z āwò¤LÅ¹ ÌĊ¸LÊ£ º³ )ºýv

 ĈöLÍv ¾LÍwþÝ+,*+  LÍ½¹½¹wý ÿ ĈÝ¾å ¾LÍwþÝ ćv¾z ÿ Ĉý¿ÿ º  Ĉíw·

ppm  +,*+   ÿ ĈÝ¾å IĈöLLÍv ¾LLÍwþÝ ćv¾z ÀĊõwýj ćwÖ· )¢LLÅv ā¹Āz

  ½¹wý Ĉíw·¾¤úí    ¿v- ĒÝ )¢LLÅv ºLLÍ½¹tĂz ć½wLLÎ¤·v ø  Ă¤å½ ½wí

Ĉýwí ÷wý ćv¾z  ½¹ wăćwă¾ĉĀLLÎ£    ÿ Ĉþ¤ĉÿ ¿v Ă¤å¾ñ¾z Ĉ~ĀîLLÅÿ¾îĊù

$ ÀývÿvWhitney and Evans, 2010 ā¹v¹ )¢LLÅv #  ĈĉwĊúĊLLÉ ćwă

ĂLýĀúý ĂLz ÓĀz¾ùðLþLLLÅ ćwLă   ¹½Āù ôLíĈLLLÅ½¾z   ½¹ óÿºL«,  āºLùj

¢Åv) 

 

Ĉåv¾ñÿ¾¤~ 

ðþLLÅ¢LLÉv¹¾z ĈýwLLÊæLLÊ£j ćwăxĀþ« ¿v āºLLÉ  yöáv ½Ā· ç¾LLÉ

  w£ ā¾Ċ£ ć¾¤LLLÆíw· ðý½ wz Ĉ¤õv¿wz ¢ĉ¿ºýj Ĉív¾£ ÿ ¢õv¿wz Ĉív¾£

 āwĊLÅ ā¹Ā£ ¢·wLÅ ćv½v¹ ÿ ā¾æ³ )ºþ¤LÆă øív¾¤ù ÿ ćv ¿v ôLÍw³ ćwă

  āºăwLLÊù ûvĀ£ Ĉù ¹½vĀù Ĉ·¾z ½¹ v½ ûv½Āå ÷wòþă ½¹ wă¿wñ ©ÿ¾·

 ā¾æ³ üĉv ā¿vºLýv ĂLí ¹¾í wL£ wLă/  öĊùĈĈù øă ¾¤ù ā¾æ³ üĉv )ºLLLÅ½ wLă

Ĉýwí ÔLLÅĀ£ ¹½vĀù yöáv ½¹ À£½vĀí ÿ ¢ĉ¾öí I¢ĊLLÆöí ¾ĊÚý Ĉĉwă

 ā¹¾í ¹w¬ĉv v½ Ĉîùv¹wz ¢·wÅ ÿ āºÉ ¾~ ā¾æ³ ¢·wÅ ¹Ā«ÿ )ºýv ½v¹

ôzwé ûvÀĊù ¿v ûwLLÊý$ ¢LLÅwúñwù ½¹ ¹Ā«Āù ówĊLLÅ Ă«Ā£Barker, 

1983)# 
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  óÿº«,) üĊù¿ yĊí¾£ðþLÅ ĈĉwĊúĊLÉ  ðþLÅ ôí ĈýwLÊæLÊ£j ćwă üLÅĀtvxĀþ« ½¹ Üévÿ ½Ā· ĂêÖþù ç¾LÉ  yÆ³ ¾z ĈöLÍv ¾LÍwþÝ$wt.% ÿ ĈÝ¾å ¾ÍwþÝ I

 yÆ³ ¾z Ĉíw· ½¹wýppm# 
Table 1. Whole rock geochemical compositions of the Eocene volcanic rocks from SE of Khur area (major elements in 

wt.%, trace and rare earth elements in ppm) 
 

Sample S12 S13 S15 S16 S17 S18 S19 S20 

SiO2 51.80 53.20 52.40 52.60 52.00 53.00 52.70 52.90 

TiO 2 0.89 0.91 0.89 0.89 0.89 0.90 0.89 0.91 

Al 2O3 14.35 14.80 14.75 14.65 14.50 14.75 14.65 14.80 

Fe2O3
T 8.40 8.97 8.39 8.41 8.32 8.52 8.28 8.80 

MnO 0.14 0.14 0.13 0.13 0.13 0.13 0.13 0.13 

MgO 5.88 5.75 5.82 5.80 5.69 6.04 5.63 5.43 

CaO 8.14 8.47 8.13 8.10 8.06 8.21 8.23 8.25 

Na2O 2.74 2.80 2.80 2.81 2.78 2.80 2.83 2.83 

K 2O 2.59 2.70 2.66 2.69 2.66 2.69 2.67 2.69 

P2O5 0.40 0.42 0.42 0.42 0.42 0.42 0.41 0.42 

LOI  3.27 3.01 2.68 2.88 2.63 2.46 2.78 2.54 

Total 98.77 101.33 99.23 99.54 98.24 100.08 99.36 99.85 

Cr 150 140 130 140 130 140 130 150 

Ni 44 44 43 43 42 46 41 42 

Co 28 29 28 27 29 28 28 28 

Sc 25 24 24 24 25 26 25 25 

V 194 196 189 189 190 194 189 219 

Cu 141 135 104 55 114 126 58 72 

Pb 14 12 12 12 11 16 12 14 

Zn 76 83 76 78 76 78 74 77 

Sn 1.00 1.00 2.00 2.00 1.00 1.00 1.00 2.00 

W 3.00 3.00 3.00 3.00 3.00 3.00 3.00 4.00 

Mo 2.00 2.00 1.00 2.00 2.00 2.00 2.00 1.00 

As 10.00 9.00 6.00 6.00 5.00 8.00 15.00 10.00 

Rb 67 69 67 69 68 67 68 75 
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 Ăùv¹v  óÿº«,) üĊù¿ yĊí¾£  ðþLÅ ĈĉwĊúĊLÉðþLÅ ôí ĈýwLÊæLÊ£j ćwă  üLÅĀtvxĀþ« ½¹ Üévÿ ½Ā· ĂêÖþù ç¾LÉ   yLÆ³ ¾z ĈöLÍv ¾LÍwþÝ$wt.% ¾LÍwþÝ I

 yÆ³ ¾z Ĉíw· ½¹wý ÿ ĈÝ¾åppm# 
Table 1 (Continued). Whole rock geochemical compositions of the Eocene volcanic rocks from SE of Khur area (major 

elements in wt.%, trace and rare earth elements in ppm) 

Sample S12 S13 S15 S16 S17 S18 S19 S20 

Cs 4.30 4.34 3.52 3.21 3.50 3.70 4.25 4.64 

Ba 460 480 466 474 463 483 464 512 

Sr 729 776 759 765 750 772 782 837 

Ga 15 17 16 16 16 15 16 18 

Li  20.00 20.00 20.00 20.00 20.00 10.00 10.00 20.00 

Ta 0.30 0.30 0.20 0.20 0.20 0.30 0.30 0.30 

Nb 4.5 4.7 4.4 4.3 4.6 4.4 4.5 4.8 

Hf 3.50 3.40 3.60 3.60 3.30 3.60 3.70 3.70 

Zr  125 132 128 132 128 128 126 147 

Y 17 17 17 18 17 17 17 20 

Th 4.87 4.87 4.93 4.98 4.86 4.72 4.99 5.39 

U 1.26 1.41 1.42 1.42 1.48 1.43 1.31 1.54 

La 17.40 18.60 18.20 18.90 18.30 18.80 18.00 20.10 

Ce 39.00 40.50 40.00 40.70 40.20 41.40 38.90 44.60 

Pr 4.91 5.18 5.07 5.08 5.04 5.07 4.93 5.63 

Nd 21.50 22.70 21.80 22.20 21.20 22.00 21.80 24.30 

Sm 4.42 4.48 4.68 4.52 4.59 4.99 4.98 4.92 

Eu 1.37 1.29 1.37 1.41 1.36 1.37 1.46 1.55 

Gd 4.01 4.21 4.24 4.01 4.24 4.25 4.05 4.59 

Tb 0.49 0.58 0.52 0.56 0.53 0.53 0.52 0.60 

Dy 3.29 3.31 3.15 3.43 3.11 2.99 3.08 3.52 

Ho 0.60 0.60 0.52 0.57 0.60 0.55 0.60 0.64 

Er  1.66 1.84 1.77 1.89 1.93 1.66 1.77 1.98 

Tm 0.21 0.23 0.22 0.20 0.19 0.18 0.16 0.18 

Yb 1.48 1.54 1.44 1.46 1.60 1.45 1.53 1.71 
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  óÿº« Ăùv¹v,) üĊù¿ yĊí¾£  ðþLÅ ĈĉwĊúĊLÉðþLÅ ôí ĈýwLÊæLÊ£j ćwă  üLÅĀtvxĀþ« ½¹ Üévÿ ½Ā· ĂêÖþù ç¾LÉ   yLÆ³ ¾z ĈöLÍv ¾LÍwþÝ$wt.% ¾LÍwþÝ I

 yÆ³ ¾z Ĉíw· ½¹wý ÿ ĈÝ¾åppm# 
Table 1 (Continued). Whole rock geochemical compositions of the Eocene volcanic rocks from SE of Khur area (major 

elements in wt.%, trace and rare earth elements in ppm) 
 
 

Sample S21 S22 S23 S25 B865 B866 B867 B868 

SiO2 52.40 51.90 52.80 52.00 52.07 54.91 54.84 52.49 

TiO 2 0.90 0.89 0.90 0.89 0.92 0.88 0.90 0.91 

Al 2O3 15.25 15.15 15.35 15.20 15.59 16.47 16.39 15.83 

Fe2O3
T 8.44 8.55 8.44 8.45 7.96 7.00 7.28 7.77 

MnO 0.14 0.13 0.14 0.13 0.10 0.10 0.09 0.10 

MgO 5.65 5.49 5.65 5.49 5.52 3.44 3.47 5.25 

CaO 8.16 8.15 8.50 8.17 8.76 8.71 8.86 8.54 

Na2O 3.00 2.98 2.99 2.95 2.99 2.89 2.92 3.04 

K 2O 2.80 2.77 2.81 2.79 2.90 3.03 3.10 3.11 

P2O5 0.43 0.42 0.44 0.42 0.41 0.39 0.37 0.40 

LOI  2.77 2.51 2.49 2.91 3.40 2.79 2.35 2.97 

Total 100.09 99.08 100.67 99.55 100.62 100.60 100.57 100.4 

Cr 130 130 140 140 160 104 96 157 

Ni 41 43 42 41 41 35 32 39 

Co 28 28 28 27 - - - - 

Sc 25 25 26 25 29 24 24 28 

V 211 212 218 231 231 214 212 227 

Cu 48 56 64 97 53 76 68 77 

Pb 9 11 14 12 12 14 14 12 

Zn 76 77 77 77 79 76 75 70 

Sn 2.00 2.00 2.00 2.00 - - - - 

W 2.00 2.00 1.00 1.00 - - - - 

Mo 2.00 2.00 2.00 1.00 - - - - 

As 17.00 15.00 10.00 14.00 - - - - 

Rb 66 66 69 70 56 75 74 59 

Cs 4.81 5.27 5.48 5.02 4.16 1.91 2.12 4.11 
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  óÿº« Ăùv¹v,) üĊù¿ yĊí¾£  ðþLÅ ĈĉwĊúĊLÉðþLÅ ôí ĈýwLÊæLÊ£j ćwă  üLÅĀtvxĀþ« ½¹ Üévÿ ½Ā· ĂêÖþù ç¾LÉ   yLÆ³ ¾z ĈöLÍv ¾LÍwþÝ$wt.% ¾LÍwþÝ I

 yÆ³ ¾z Ĉíw· ½¹wý ÿ ĈÝ¾åppm# 
Table 1 (Continued). Whole rock geochemical compositions of the Eocene volcanic rocks from SE of Khur area (major 

elements in wt.%, trace and rare earth elements in ppm) 
 
 

Sample S21 S22 S23 S25 B865 B866 B867 B868 

Ba 475 476 516 503 527 494 503 515 

Sr 785 822 884 873 903 1056 1009 920 

Ga 16 17 17 18 19 18 16 21 

Li  20.00 10.00 10.00 20.00 - - - - 

Ta 0.40 0.30 0.30 0.30 0.36 0.43 0.41 0.38 

Nb 6.3 4.8 5.3 5.2 5.2 5.6 5.8 5.3 

Hf 3.40 3.20 3.40 3.30 3.41 3.62 3.71 3.50 

Zr  117 117 121 126 118 127 133 124 

Y 18 18 19 19 19 20 20 20 

Th 5.19 4.73 5.02 5.13 5.66 5.90 5.98 5.72 

U 1.47 1.40 1.37 1.46 1.32 1.70 1.55 1.64 

La 19.50 18.40 19.50 19.90 22.05 20.93 21.33 22.57 

Ce 42.00 40.40 43.40 42.20 44.78 42.50 43.54 45.36 

Pr 5.52 5.13 5.47 5.37 5.90 5.41 5.72 5.75 

Nd 24.30 22.60 24.20 24.30 24.05 22.24 22.44 23.46 

Sm 4.87 5.22 5.33 5.49 5.29 4.97 5.11 5.18 

Eu 1.51 1.35 1.38 1.46 1.56 1.38 1.47 1.55 

Gd 4.72 4.22 4.44 4.27 4.80 4.41 4.58 4.70 

Tb 0.73 0.65 0.69 0.65 0.73 0.67 0.66 0.74 

Dy 3.33 3.16 3.35 3.26 3.91 3.83 4.02 3.97 

Ho 0.71 0.72 0.69 0.71 0.78 0.75 0.77 0.76 

Er  1.83 1.84 2.01 1.90 2.04 1.98 2.00 2.08 

Tm 0.26 0.26 0.28 0.29 0.27 0.28 0.29 0.27 

Yb 1.76 1.78 1.66 1.82 1.79 1.80 1.82 1.84 

Lu 0.31 0.28 0.26 0.24 0.29 0.28 0.27 0.28 
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¢LLåwLLz  üĉv ĈöLLLÍv ćwLLăðLLþLLLÅ ìLLĊ¤Ċõÿ¾îĊù IìLLĊ¤ĉ¾Ċå½Ā~ wLLă

¢LåwLz ¾òĉ¹ ¿v )¢LLLÅv ìLĊ¤ĊöĊí ĈtĀ~ ÿ ìLĊ¤ĉ¾Ċå½Ā~  āºLăwLLLÊù ćwLă

Ĉù āºLLÉ ā½wLLÉv Ĉõwz¾á ÿ wýÿ¾í IìĊ¤ĉ¾Ċå½Ā~ÿ¾ùĀöñ ¢åwz Ăz ûvĀ£

  ÿ üLLLÆíÿ¾Ċ~Àĉ½ ćwLă½Āöz Ĉăv¾úă Ĉ~ ½¹ ½đĀýv¾ñ¾¤þĉv ¢LåwLz )¹¾í

Ĉù āºĉ¹ ðþÅ ĂþĊù¿ ½¹ ÀĊý ¿ĒíĀĉÁĒ~)¹ĀÉ 

 í I¿ĒíĀĉÁĒ~ĈýwLí üĉĀĊõv ÿ üLLLÆíÿ¾Ċ~Ā£½v IüLLLÆíÿ¾Ċ~ĀþĊö  ćwLă

ðþLLÅ üĉv āºý¿wLLÅ ĈöLLÍv āºĉ¹ ¢LLÆĉ¾íĀþå ¡½ĀLLÍ Ăz ÿ ā¹Āz wă

Ĉù¢LLLLÆĉ¾íĀþå üĉv )ºLýĀLLLÉĂLþĊù¿ ½¹ wLă¢LĊõÿ¾îĊù ¿v ćv  ćwLă

ĈýwLí ÿ üĉºLĊýwLLLÅ IüĉĀĊõv IüLLLÆíÿ¾Ċ~ I¿ĒíĀĉÁĒ~ ½v¾é ½ºLí ćwLă

$ ºý½v¹ôîÉ /(A )#Ĉýwí ¢ĊÆöí ÿ ¢ĉ¾öí)ºþ¤Æă ĂĉĀýw§ ćwă 

Ăz ¿ĒíĀĉÁĒ~  ¢LLÉ½¹ ¡½ĀLLÍ¢Ċõÿ¾îĊù ÿ ½ĀözôîLLÉ ćwă  w£ ½v¹

ôîLLÉ ĂúĊý  w£ Ĉñ½Àz wz ¿ĒíĀĉÁĒ~ ćwă½Āöz ¢LLÉ½¹ )¢LLÅv ½v¹. 

ĈöĊùûvÿv¾å I¾¤ùðþLLÅ üĉv Ĉýwí üĉ¾£Ĉù ôĊîLLÊ£ v½ wă  Ăĉw~ ¾z )ºă¹

Ĉýwí üĉv IĈÉĀùw· Ăĉÿv¿  ā¹ÿº´ù ½¹ wăĈù ½v¾é ¢ĉ½ÿ¹v¾zđ )ºý¾Ċñ

 āºăwLLÊù Ĉõwz¾á ¢åwz āwñÿ øõwLLÅ ć½Āöz ±ĀÖLLÅ wz wă¿ĒíĀĉÁĒ~

ĈùĈù wă½Āöz Ĉ·¾z ½¹ āºLLÉ āºăwLLÊù Ĉõwz¾á ¢åwz )ºýĀLLÉ ½¹ ºývĀ£

 wúñwù ¹ĀÞLÍ ÷wòþă ½¹ Ĉĉwúñwù Èĉđj ¹vº·½ wĉ ½wLÊå Èăwí ¾§v

 Ĉĉwúñwù ûÀ¸ù Ăz ówĊLÅ ć¹wĉ¿ ¾ĉ¹wêù ¹ÿ½ÿ üĊþ°úă )¹ĀLÉ ôLÍw³

Ăí ¢öÝ ĂzĈù µ½ äö¤¸ù ćwăĊâ£ ÀĊý ºă¹Ċ v½ ¡đwĊLLÅ ½wLLÊå ¡v¾

  ĈõwLz¾á ¢LåwLz ôLĊîLLLÊ£ ĂLz ĂLí ¹½v¹ Ĉ~ ½¹  ¾¬þùĈù ¾ùv üĉv )¹ĀLLLÉ

ûwLLLLÊý  ìLLĉ ¹Ā«ÿ āºLLþă¹ĂLLýwLLùwLLLLÅ   ¢LLLLÅv ½Āö{£ üĊ³ ½¹ ¿wLLz

$Humphreys et al., 2006  ćwLLă½ĀLöLz ¿v ĈL·¾Lz ĂLLĊLLLÉwLL³ )#

½Ā· ćv½v¹ ¿ĒíĀĉÁĒ~Ĉù ĂLí ¢LLLÅv Ĉñ¹ûj ûvĀ£   ¡v¾ĊĊâ£ ĂLz v½

 )¹v¹ ¢L{LLLÆý ā¿vºLñ ©ÿ¾· ÷wLòþă ĈĉwLĊúĊLLLÉ ó¹wLÞ£ ÷ºLÝ ÿ ½wLLLÊå

¢LLÉ½¹ĂêÖþù ćv½v¹ ć¹½vĀù ½¹ ¿ĒíĀĉÁĒ~ ćwă½Āöz  ²LLÑvÿ ćºþz

Ĉù āºĉ¹ ìĊ¤¤þĊLÅ Ĉö~ ôíwù wă½Āöz ¿v ĈLÒÞz ½¹ )ºþ¤LÆă ½¹ ÿ ¹ĀLÉ

ôíwù Èþ£ ôú´£ ¾§v ¾z ć¹½vĀùĂzw« ÿ āºLLÉ Ă¤LLÆîLLÉ wăĈĉw«  ½¹

ýjĄĈù āºĉ¹ w)¹ĀÉ 

üLÆíÿ¾Ċ~ĀþĊöí¢LÉ½¹ ¡½ĀLÍ Ăz wă I½ĀözÀĉ½ I½Āözyöáv  ôîLÉ I½v¹

  ć½vĀý ôíwù ćv½v¹ ÿºþ¤Æă¢Æĉ¾íĀþå üĉv Ĉñ½Àz )  w£ wă. ĈöĊù ¾¤ù

Ĉù ÀĊý ¢LåwLz ÈĉvºLĊ~ üLLLÆíÿ¾Ċ~ĀþĊöí ćwLă½Āöz Ĉò¤LLLÉwL{ýv )ºLLLÅ½

$ ¢LÅv Ă¤LÉv¹ ów{ý¹ Ăz v½ ìĊ¤ĉ¾Ċå½Ā~ÿ¾ùĀöñôîLÉ  /(B  ¢åwz üĉv )#

¢LÉ½¹ Ĉò¤LÉw{ýv ôLÍw³ ½¹ üĉĀĊõv wz āv¾úă āwñ üLÆíÿ¾Ċ~ ćwă½Āöz

ĂLþĊù¿ĈýwLí ÿ üLLLÆíÿ¾Ċ~ I¿ĒíĀĉÁĒ~ ćwLă½ĀözÀĉ½ ¿v ćv ½ºLí ćwLă

Ĉù ¹½Ā·¾z ¾òĉºîĉ wz wúñwù ûºùj đwz ÷wòþă wă½Āöz )¢LLÅv  ÿ ºþþí

½¹ wĉ ÿ ºLLLÉwz ć¿vĀù ¾òĉºLîĉ wz wLĄýj ć½Āöz ĂLî{LLLÉ ĂL°ýwLþ¯   ¢Ą«

Ĉù ¾òĉºîĉ Ăz Iºý¾Ċñ ½v¾é yLLÅwþù Ĉöíwùóÿ¾ùĀöñ ÿ ºþ{LLÆ¯ v½ wă

Ĉù ºĉº~$ ºý½ÿjShelley, 1993üLLLÆíÿ¾Ċ~ĀþĊöí ¿v Ĉ·¾z )#  Ăz wă

$ üĉĀĊõv ãv¾Õv ½¹ ĈLLLÊþívÿ ĂĊLLLÉw³ ¡½ĀLLLÍôîLLLÉ /(C ½¹ ÿ #

ĂLâĊ£ ¡½ĀLLLÍ ĂLz ć¹½vĀù  ½¹ ĈĉwLă  üĊz ćwLLLLÒå āºLþþí¾~ ÿ ĂLþĊù¿

¢LLLLÉ½¹ ¾òĉ¹ ćwLă½Āöz ¾zv¾z ½¹ wLă½Āöz üĉv )ºLý½v¹ ¹Ā«ÿ wLă½Āöz

Ĉù ûwLÊý ć¾¤úí ĂĉÀ¬£ ÿ ĈýwLÅ¾ñ¹ºþă¹J   Ĉñ¹½Ā· ćv½v¹ āwñ wùv

Ĉò¤LÆîLÉ )ºþ¤LÆă ½¹ ¹Ā«Āù  ĈñºLÉ¹¾ñ ÿ Ĉñ¹½Ā· Iûvÿv¾å ćwă

Ĉ~ üLÆíÿ¾Ċ~ĀþĊöíjĂ¤LÉv¹¾z ºùwúñwù ¹ĀÞLÍ ¿v ĈLÉwý ½wLÊå ûºLÉ¢Å 

$Renjith, 2014#. 

üLLLÆíÿ¾Ċ~Ā£½v¢LLLÉ½¹ ¡½ĀLLLÍ ĂLz ÜÕwLêù Ĉ·¾z ½¹ wLă  ćwLă½Āöz

Ĉù āºLLĉ¹ ôLLîLLLÉ ć½ºLLz¾LLLÑ Ĉ·¾z ½¹ ĈõwLLz¾á ¢LLåwLLz )¹ĀLLLÉ

¢LLLLÉ½¹ Ĉ·¾z )¢LLLLÅv āºLăwLLLLÊù ôLzwLé üLLLÆíÿ¾Ċ~Ā£½v ćwLă½Āöz

üLLÆíÿ¾Ċ~Ā£½vøă ćv½v¹ wăºþ¤LLÆă ¿ĒíĀĉÁĒ~ wz ćºLLÉ½.   Ĉ·¾z ½¹

ĂLýĀúývºLêù wLă  āºLăwLLLÊù ¡½ºLý ĂLz wLĉ ¢LLLÅv ëºLýv üLLLÆíÿ¾Ċ~Ā£½v ½

ĈùüLÆíÿ¾Ċ~Ā£½v )¹ĀLÉ  wz ĈĉwĊýwí ºþ¯ óÿ¾ùĀöñ ¡½ĀLÍ Ăz āwñ wă

Ĉù āºăwÊù üÆíÿ¾Ċ~ĀþĊöí ÿ üĉĀĊõv )¹ĀÉ 

  w£ Ĉñ½Àz wz üĉĀĊõv0*+  ĈöĊùI¾¤ù  -    w£0  ¢Æĉ¾íĀþå Ĉú¬³ ºÍ½¹  wă

Ĉù ËwLÎ¤·v ¹Ā· Ăz v½  I½Āöz ì£ ¡½ĀLÍ Ăz ÿ ºă¹  ĂúĊý ćwă½Āöz

ôîLÉôîLÉ w£ ½v¹ôîLÉ ĂúĊý ćwă½Āöz I½v¹ôîLÉ w£ ½v¹  ĂĊLÉw³ wz ½v¹

  ¹Ā«ÿ Ĉ¬Ċö· Ĉñ¹½Ā· ½w§j wz ćwă½Āöz ÿ üLÆíÿ¾Ċ~ĀþĊöí ĈLÊþívÿ

üĉĀĊõv Ĉ·¾z ½¹ Ĉ¬Ċö· Ĉñ¹½Ā· ¹vº·½ )ºý½v¹Ĉù wă  ĈLLLÉwý ºývĀ£

  Ôĉv¾LLÉ ¾ĊĊâ£ ¾§v ½¹ ãv¾Õv xv¼ù ½¹ ½Āöz ü¤å½ ôĊö´£ ÿ øLLÒă ¿v

  Ăz ½vºĉw~Ĉù Ĉñ¹½Ā· IüĊþ°úă )ºLLLÉwz ½vºĉw~ ĂúĊý ¿v ĈLLLÉwý ºývĀ£

Ĉù Ăí Ĉ£v¾ĊĊâ£ IĈöí ½ĀÕ Ăz )ºLLÉwz ĂĊõÿv ½vºĉw~ ĂúĊý ºLLÉ½ ¾z ºývĀ£
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Fig. 4. Microphotographs of the Eocene volcanic rocks from SE of the Khur area in the crossed-polarized light (XPL), 

A: Plagioclase, clinopyroxene and orthopyroxene phenocrysts in a matrix of the same minerals, sanidine and magnetite. 

Porphyritic texture is evident, B: Porphyritic and glomeroporphytic textures, C: Olivine phenocryst and porphyritic 

texture, and D: Reactionic clinopyroxene around the quartz xenocryst, corona and porphyritic textures. Abbreviations 

after Whitney and Evans (2010) (Pl: Plagioclase, Cpx: Clinopyroxene, Opx: Orthopyroxene, Ol: Olivine, Qz: Quartz). 
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