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Introduction  

Considering the wide extent of the Urumieh-Dokhtar magmatic arc and 

the presence of many intrusive and volcanic rocks in this belt, an 

important question from scientific and exploration points of view is 

ñWhy are some plutons productive whereas others are sub-productive 

and/or barren?ò Barren and productive magmatic systems related to 

calc-alkaline arc magmatism are identified as normal or non-adakitic 

(low Sr/Y<20) and adakitic (high Sr/Y>20) magmas, respectively. 

Barren magmas are non-mineralized and have a low Sr/Y ratio, while 

high Sr/Y magmas are responsible for Cu-mineralization and are known 

as productive magmas that occur in all major orogenic belts worldwide 

(Cooke et al., 2005). Understanding their origin and petrogenesis is of 

critical importance to decipher their long-term growth and stabilization 

of the continental crust, and formation of economically valuable ore 

deposits (Monecke et al., 2018). Barren granitoid magmas typically 

form in pre-collisional subduction zone environments (Shahabpour, 

1992), which is confirmed by the results obtained in this study. 

Magmatism in this region began in the Early Eocene and continued until 

the Pliocene. The volcanic and intrusive barren-type rocks (Eocene) that 

formed in a subduction-related tectonic setting are characterized by calc-

alkaline and tholeiitic geochemical signature (Shahabpour, 2005). The 

northwest of Saveh magmatic complex is situated at the central part of 

the Urumieh-Dokhtar magmatic belt. The volcanic rocks of northwest 

of Saveh are crosscut by Late Eocene-Early Oligocene granitoids that 

are exposed over an area of about 100 km2. 
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Materials and methods 

Approximately 70 samples were intrusively 

collected from Mount Shahpasand and Neivesht 

volcanic rocks. Subsequently, 9 granitoid rocks and 

7 volcanic rocks that showed the least amount of 

alteration were selected for whole-rock geochemical 

analysis. The main elements analysis was performed 

by X-ray fluorescence method using Optima 100V 

device and the analysis of rare earth elements was 

performed using Inductively Coupled Plasma Mass 

Spectrometry method and with ICP NeXION 300 

device in the Lab West Laboratory of Australia. 

 

Results 

The northwest of the Saveh magmatic complex is 

situated at the central part of the Urumieh-Dokhtar 

magmatic belt. The volcanic rocks of this area are 

crosscut by the Late Eocene-Oligocene granitoids. 

Whole-rock geochemistry shows that the studied 

igneous rocks with low to medium potassium calc-

alkaline geochemical signatures have strong 

depletion in Nb and Ti and enrichment in LREE and 

LILE, which imply formation during normal arc 

magmatism. Sr/La and La/Yb trace element ratios 

show that all samples have evidence for slab þuid 

metasomatism and a mantle source affected by 

metasomatism. La/Nb and La/Ba ratios also confirms 

a subduction-modified lithosphere mantle source for 

the magmatic rocks in the northwest of Saveh. 

Geochemical evidence shows that these rocks are 

barren-type igneous rocks that have the same origin 

and differential crystallization is the dominant 

process in their petrogenesis. Barren magmatism in 

the northwest of Saveh is likely a result of partial 

melting of juvenile lower crust caused by subduction 

of the Neo-Tethys oceanic lithosphere, whereas 

productive adakitic rocks within the Urumieh-

Dokhtar magmatic belt have formed by partial 

melting of thickened lower crust. 

 

Discussion 

Granitoids have gabbrodiortite-diorite, Quartz 

monzonite, granodiorite and granite composition, 

while volcanic rocks are petrologically classified as 

basaltic andesite, andesite and dacite-trachydacite. 

Geochemical studies of whole rocks indicate that 

they have strong depletions in HFSE (Nb, Ti, Zr) and 

enrichments in light rare earth elements and large ion 

lithophile elements compared to N-MORB. 

Geochemical signature of the igneous rocks in 

northwest of Saveh (low Sr/Y ratio of almost <30) 

and their negative Eu anomalies (Eu/Eu z = 0.62ï

1.05) suggest generation in a subduction zone and 

pre-collisional setting. However, productive rocks 

elsewhere within the Urumieh-Dokhtar magmatic 

belt exhibit adakite-like calc-alkaline magmatic 

characteristics (high Sr and Sr/Y, but low Y). 

Signature of this magmatic complex is consistent 

with other barren-type magmas through the 

Urumieh-Dokhtar magmatic belt. The low ratios of 

(La/Sm)N and (Dy/Yb)N (0.50ï1.18 and 0.91ï1.35, 

respectively) are similar to those from barren-type of 

granitoids. Examination of the studied samples on a 

Y versus MnO diagram (Baldwin and Pearce, 1982) 

shows that the samples have characteristics of 

barren-type igneous rocks. Haschke and Pearce 

(2006) suggested that a high Y content in barren 

magmas may record the participation of anhydrous 

phases during the early stages of magma genesis and 

so account for lack of associated mineralization. 

However, it may be possible that partial melting of 

the source is superficial, in agreement with a 

moderate pre-collisional crustal thickness of 35ï45 

km. Low Sr/Y (< 30) ratios measured in the Eoceneï

Oligocene northwest of Saveh igneous rocks suggest 

generation via island-arc magmatism, while a Sr/Y 

ratio of > 56 for productive rocks implies garnet, 

hornblende, and clinopyroxene minerals in the 

source, leading to enrichment of LREE/HREE 

(Castillo, 2012).  
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Ăùºêù 

ûwLúí ĂLĊùÿ½v ĈĉwLúñwLù(  ¾¤·¹  ¿v Ĉîĉ ûvĀþÝ ĂLz āºLúÝ èÕwLþù   ćÿwL³

Äù ¾Úý ½¹ ûwĄ« ½¹Ĉù Ă¤å¾ñćv½v¹ Ăí ¹ĀLLÉ  ĈĉwývĀ£  đwzĈĉ   ćv¾z

ć¾Ċå½Ā~ ¾ĉw·» ÛĀéÿCu ± Mo ± Au  ¢LÅv  $Shafiei et al., 

2009; Richards et al., 2012; Zarasvandi et al., 2013; 

Asadi et al., 2014; Zarasvandi et al., 2015)#  Ă«Ā£ wz    Ăz

v Ĉñ¹¾¤LLÆñ½ĂĊùÿ(   ā¹Ā£ ć¹wĉ¿ ¹vºÞ£ ¹Ā«ÿ ÿ ¾¤·¹ćwă    ÿ ć»Āæý

ºþz¾úí üĉv ½¹ ĈýwLÊæLÊ£jI  LÅuóvĀ  øĄù  ¿v  āwñºĉ¹ ĈúöÝ ÿ  ĈåwLÊ¤ív 

üĉv  ¢LÅv  Ăí v¾¯ ĈLÒÞz  ¿v  ā¹Ā£wă  ºõĀù,  ºþ¤LÆăJ  ½¹ Ĉõw³Ăí Ĉ·¾z 

¾òĉ¹ ºõĀù ĂúĊý-  ÿ  wĉ øĊêÝ.    Kºþ¤LLÆăø¤LLÆĊLLÅøĊêÝ Ĉĉwúñwù ćwă    ÿ

ºõĀù    Ăz  øLÆĊ£wúñwùûwúí õwíìüõwîõj    ÿ ºþ¤LÆă Ă¤LÆzvÿ  wz yĊ£¾£ Ăz

  ûvĀþÝćwLLúñwLLù  ówLLù¾ý  ¾Ċá wLLĉĈ¤Ċív¹j$Sr/Y<20#   ÿ ćwLLúñwLLù

Ĉ¤Ċív¹j$ Sr/Y>20Ĉù Ì¸LLLÊù #ºLýĀLLLÉ  $Sillitoe, 1997; 

Wilkinson, 2013)#  ĊêÝ ćwăwúñwùø ûÿºz  Ĉýwí ¿v ÿ ā¹Āz ć¿wLÅ

  ¢{LLLÆýSr/Y  ĈþĊĉw~   ¿v ¾¤úí$-+# ºþ¤LLLÆă ½v¹½Ā·¾zJ  Ĉõw³ ½¹ Ăí

ćwăwúñwù ½v¹vć Sr/Y đwz    ¿v ¾¤LÊĊz$-+  #Ĉýwí óĀuLÆù Äù ć¿wLÅ

  ºþ¤LÆăù Ă¤·wþLÉ ºõĀù ćwúñwù ûvĀþÝ Ăz ÿĈºýĀLÉ)  ¾òĉ¹ ¡½w{Ý ĂzI 

  ¢LLLÅv Ĉ¤Ċív¹j ćwLúñwù ÛĀý ìĉ ºõĀù ćwLúñwùĂí  Ăýwí ûvĀ£ Ĉĉv¿

¹½v¹  ÿ  āĀí ćwăºþz¾úí Ăúă ½¹  ¹Ā«ÿ ûwĄ« ¾LÅv¾LÅ ½¹ āºúÝ Ĉĉv¿

½v¹ Lý$ ºSillitoe, 1997; Cooke et al., 2005; Richards, 

2009; Li et al., 2011; Wilkinson, 2013)#    ë½¹  mLLÊþù  ÿ

  ÀýÁÿ¾¤~wLĄýj   ¿v ĈĉwLLLÊñÀù½ ćv¾z£ôLĊîLLLÊ ĈýđĀÕ   ¢LĊ{¨£ ÿ ¡ºLù

 ā½wLé ĂL¤LLLÅĀ~ćv    ¾ĉwL·» ôLĊîLLLÊ£ ÿĈýºLÞù  $  Äù ºLþýwLùć¾Ċå½Ā~#   wLz

$ ¢LÅv ½v¹½Ā·¾z ĈLÅwLÅv ¢Ċúăv ¿v ć¹wLÎ¤év Ç¿½vMonecke et 

al., 2018; Palin and Spencer, 2018  ćwLLăwLLúLLñwLLù )#

øĊêÝ ćºLLĊtĀ¤Ċýv¾ñ  ĂLLĊùÿ½v(  ¾¤·¹  ÔĊ´ù ½¹ óĀúÞù ½ĀÕ ĂLLz  ćwLLă

 ¿v ô{é Èýv½ÿ¾å  ¹½Ā·¾zù ¹w¬ĉvĈºýĀLÉ  $Shahabpour, 1992; 

Nouri et al., 2018; Kazemi et al., 2019; Raeisi et al., 

2020#  z Ăí  Ă  ĂöĊLLLÅÿªĉw¤ý    üĉvÈăÿÂ~  £mĈù ºĊĉ  )¹ĀLLLÉ ćwăwúñwù

  ćºLĊtĀ¤Ċýv¾ñ  ºLõĀù  ½¹ MđĀúÞù āwLòĉwL«ćwLă  üĊù¿Ĉ¤·wLLLLÅ   ¿v Ä~

Ĉù ôĊîLLÊ£ ¹½Ā·¾z$ ºýĀLLÉAsadi et al., 2014; Li et al., 

2016  Ă¤LÉĀñ āĀñ I¹½Āù üĊõÿv ½¹ )#jć¾æLÅĀþ¤LÅ    āºLÉ āÀĊ£wùĀLÅw¤ù

  Èýv½ÿ¾å ÔLLÅĀ£ ¾æLLÅĀ¤ĊõĈù Ă£v½ºĊă¹  āºþýwLLÉĀ~ Ă´æLLÍ wz ºývĀ£

 ćwúñwù ÿ ºLLLÉwz Ă¤LLLÉv¹ ôùwÞ£ûwúí ûvĀ«    Ăz Ăí ºă¹ ôĊîLLLÊ£ v½

  Ă¤ÅĀ~ĈþĊĉw~ ìĊåwù  Ĉù ĂåwÑv$ ºýĀÉLi et al., 2011 Iôzwêù ½¹ )#

  ćwLăºLĊtĀ¤Ċýv¾ñºLõĀù    wLzĈñÂĉÿćwLă  üĊù¿ĊLLLÉ  ĈĉwLĊúìLõwLí  üõwLîõj

đwz øĊLLÅw¤~   LLÉĀLLÉ w£Ā¤ĊýĈ  $Roberts and Clemens, 1993  #

 ¹ºL¬ù ó¹wLÞ£ èĉ¾Õ ¿v ¢LLLÅv üîúùwLĉ ÓĒ¤·v IĈ£½v¾³    ÿ øLLLÒă

  ½Āö{£Ĉêĉ¾æ£/  ½¹ Ă¤LLÅĀ~ ÿ Ă¤LLÉĀñ   Ôĉv¾LLÉüĊù¿Ĉ¤·wLLÅ  ¿v Ä~

¹½Ā·¾z  ºLýĀLLLÉ ôLĊîLLLÊ£  $Roberts and Clemens, 1993; 

Sisson et al., 2005  )# ºLLõĀLù ćºLLĊLtĀL¤LĊLýv¾Lñ ºLLþLz¾LúLí üLĉºLLþL̄

ĂL¤LLLÉwL{ýv wLz ï½Àz ìLĊtÿ¿ÿ¾ýwLå  ćwLă  Äù  ôL³v¾ù ĈÕ ½¹ ć¾Ċå½Ā~

 āĀí äö¤¸ù  Ĉĉv¿ć¹½Ā·¾z ¾å wLzvxÿ» ćwLăºLþĉ IĈLLLÊ¸zøLLLÒă   ÿ

$ Ĉêĉ¾æ£ ½Āö{£Hildreth et al., 1991  #$ üĊ¯ ç¾É ºþýwùYang 

et al., 2013$ ¢{£ I#Hou et al., 2011$ ûv¾ĉv ÿ #Shafiei et 

al., 2009; Richards et al., 2012 āºLLÉ ôĊîLLÊ£ #)ºýv    ãºă

ăÿÂ~ üĉv ĈöLLÍvÈI  ćwă½wĊÞù Ĉzwĉ¿½v üĊù¿ĈĉwĊúĊLLÉ   Ăz Ăí ¢LLÅv

  ĂöĊLLÅÿwĄýj  ĈùøĊêÝ wĉ ºõĀù ûvĀ£  û¹ĀzðþLLÅ ĂÝĀú¬ù üĉ½»j ćwă

ówúÉ Ĉĉwúñwù āÿwÅ x¾áÌĊ¸Ê£ v½)¹v¹ 

 

üĊù¿ĂêÖþù ĈÅwþÉ 

ówLúLLLÉ ĈĉwLúñwLù ĂLÝĀú¬ù ºLþz¾úí ćÀí¾ù È¸z ½¹ āÿwLLLÅ x¾á

ĂĊùÿ½v Ĉĉwúñwù(   ¾¤·¹Üévÿ$ ¢LÅv āºLÉ  ôîLÉ,#) ºþz¾úí üĉv   ¾¤LÊĊz

ðþÅ ćÿw³ìõwí ĈýwÊæÊ£j ćwă  Ĉýÿ½¹ ó¹wÞù ÿ üõwîõj¢ÅwĄýj  

 Ăí½¹  ðþLLÅìĊåwù ìĊýĀ£Āö~ ćwă( üLLÅĀtv óĀÕ ½¹ ìĊLLÆöå (

»Āæý üLÅĀòĊõvÔLÅĀ£ ÿ ¢LÅv ā¹¾í  ìĊýwîõÿćwă   üĊLÆ~ üLÅĀĊù(  

 āºýwÉĀ~ ¾ý¾£vĀí¢Åv āºÉ  $Berberian and King, 1981)#    üĉv

ðþLÅwă Ċõ Èýv½ÿ¾å ¾§v ½¹¤ĈLÅĀýwĊév ¾æLÅĀ ÿ¾îĊù ¾ĉ¿ Ăz ÄĊ¤£Āuý 

 āĀLí ĈLÕ ½¹ ćÀLí¾Lù ûv¾Lĉv ā½wLLé āºLLLLÉ ¹wLL¬Lĉv }LLõj ĈLĉv¿ºLLýv  

$Berberian and King, 1981)#  

ðþLLÅĈýwLLÊæLLÊ£j ćwă   üLLÅĀtv  ćv½v¹ĈñÂĉÿćwă ûwúí Ĉĉwúñwù 

Jºþ¤LLÆă ówù¾ý  Ĉõw³ ½¹ðþLLÅ ĂíûvĀ« ĈýwLLÊæLLÊ£j ćwă¾£   ĈñÂĉÿ
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$ ºý½v¹ Ĉ¤Ċív¹jOmrani et al., 2008; Shafiei et al., 2009; 

Ebrahimi et al., 2019Ĉù ½ĀLLÎ£ Ăí #  wz ¹ĀLLÉ Ă¤LLÆîLLÉ  ûºLLÉ

 āºLLýÿ½ÿ¾Lå ĂLL´LæLLLÍ0    ÔLĊĹ Lù ìLLĉ ½¹ ĈL£½v¾L³ ¹ºLL¬Lù ó¹wLLÞL£ ÿ

üĊù¿Ĉ¤·wÅ  Éwz āv¾úă ¹½Ā·¾z ¿v Ä~þ)º

 
 

  ôîLÉ,) ĂþĄ~$ ûv¾ĉv ć½w¤·wLLÅ ćwăShafaii Moghadam et al., 2016ĂĊùÿ½v ºþz¾úí ćÿ½ ¾z ĈLLÅ½¾z ¹½Āù ĂêÖþù ¢ĊÞéĀù ÿ #(  À{LLÅ ā½w¤LLÅ$ ¾¤·¹

#ðý½ 
Fig. 1. Main structural units of Iran (Shafaii Moghadam et al., 2016) and location of the study area on the Urumieh-

Dokhtar magmatic belt (green star) 

 
¢´£ ĂLÅw£¾í ¾·vÿv ½¹  ¾Ċ§m£È{þ« wĉ½¹ IºĊùv½đ ¿wå ĈLÉ½wLÊå ćwă

Ä~ ā¹¾í ćÿ½J  ć½ĀÕ Ăz ½¹ Ăí®Ċă üLÅĀuõw~ Ĉĉwĉ½¹ xĀLÅ½ ĂýĀñ

ôĊîLLLÊ£ ĂêÖþù ½¹ ûÁĀuõw~ óĀÕ ½¹ ¿wå üĉv ów{ý¹ Ăz )¢LLLÅv āºLLLÊýI  

øî³ ĂêÖþù ¾z ćºĉºLÉ Ĉĉwúñwù ¢ĊõwÞå  üĊLÆ£Āõ ½¹ wĄþ£ ÿ ā¹Āz wù¾å

µ½ #üzv¾ñ$ Ĉñ¹w¤åv ÿ¾å IüĊýĀ£ÿ½wz w£ ĈzĀÅ½ ćwăº³vÿ )¢Åv ā¹v¹

½v¹ ć¾ĊòúLLLÊ¯ Ç¾¤LLLÆñ ĂLLêÖþù ½¹ ÀĊý ć¾ý¾£vĀí ÿ ûÁĀuýºLLý  

$Helmi, 1991)#   üLLÅĀtv ā½ÿ¹ ôĉvÿv ¿v ĂêÖþù üĉv ½¹ øLLÆĊ£wúñwù

¿wáj Ăùv¹v üLÅĀĊö~ ûwù¿ w£ ÿ ºLÉðþLÅ )¢LÉv¹  ÿ ĈýwLÊæLÊ£j ćwă
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 Ăí øĊêÝ ÛĀý #üLLLÅĀtv$ ć»Āæý ½¹  ÔĊ´ùüĊù¿Ĉ¤·wLLLÅ  Ă¤LLLÆzvÿ    Ăz

Ĉù ¹w¬ĉv Èýv½ÿ¾åĀLÉý ĈñÂĉÿ wz IºüĊù¿ìõwí ĈĉwĊúĊLÉj  ÿ üõwîõ

Ĉù Ì¸LLÊù Ĉ¤ĊuõĀ£ĀLLÉºý  $Shahabpour, 2005Ĉúĉºé )# üĉ¾£

ðþLLLÅĂêÖþù ćwă ðþLLLÅ ôùwLLLÉ ĂLLLÅw£¾í ĈzĀLLLÅ½ ćwăĈĉđwz   wz

Ăĉđ¾ù¾ù ðþLÅ ćwăĂLÅwù I  ÿ ðþLÅ  ìăj ðþLÅºþ¤LÆă    ÔLÅĀ£ Ăí

ðþLÅ āºLÉ āºĊLÉĀ~ üLÅĀtv ĈýwLÊæLÊ£j ćwăv  ºý$Ghalamghash, 

1998)#    Ĉĉv¾´LÍ ºăvĀLÉ¾òýwĊz   Ăí ¢LÅv ûjðþLÅ  ĈýwLÊæLÊ£j ćwă

ówúLLÉüLLÅĀtv ¾·vÿv ćwăºĊtĀ¤Ċýv¾ñ ÔLLÅĀ£ āÿwLLÅ x¾á(   üLÅĀòĊõv

üĊÊĊ~  Ăí    ¹ÿº³ Ĉ¤³wÆù ½¹,++   ½v¾é ºĉ¹ Ï¾Þù ½¹ Üz¾ù ¾¤ùĀöĊí

ĈùIºý¾Ċñ ÜÖé  āºLÉ  ºýv$îLÉ  ô- ÿ  ôîLÉ  .(A IB   ÿC#    ¾òýwĊz Ăí

ûvĀ«ðLþLLLÅ û¹Āz ¾£ðLþLLLÅ ĂLz ¢L{LLLÆý ćºLĊtĀ¤Ċýv¾ñ ćwLă  ćwLă

¢Åv ĈýwÊæÊ£j) 

 

 
 

 ôîÉ-)  ĂÊêýüĊù¿ ĈÅwþÉ,5,+++++  ówúÉ ĂêÖþùāÿwÅ x¾á $Ghalamghash, 1998)#  ¹½Āù èÕwþù ĈÅ½¾z  wzā½w¤Åðý½ À{Å ćwă  āºÉ Ì¸Êùvºý) 

Fig. 2. Geological map of the northwestern region of Saveh (scale 1: 100000, #Ghalamghash, 1998)$. The study areas are 

marked with green stars. 
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 ôîLÉ  .)A   ÿBûÿ¾Ċz ¿v Ĉĉv¾´LÍ ¾ĉÿwLÎ£ 5ðþLÅ Ĉñ¹¿ ćºĊtĀ¤Ċýv¾ñ ÿ ĈýwLÊæLÊ£j ćwă ½¹ówúLÉówúLÉ ¢úLÅ Ăz āwòý$ āÿwLÅ x¾á#   ÿ  C ¿v ìĉ¹Àý Ĉĉwúý 5

ðþÅ ĈýwÊæÊ£j ćwă 
Fig. 3. A and B: Outcrop and field photographs of volcanic and granitoid rocks in the NW Saveh (view to the north), and 

C: A close view of the volcanic rocks 

 
ĂÞõwÖù Çÿ½ 

Mw{ĉ¾ê£  2+   ĂýĀúý  ¿v  ðþÅ  ĂêÖþù ĈýwÊæÊ£j ćwăðþÅ ÿ ¢ÉĀĊý ćwă
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ºĊLÅv  ìĉ¾¤Ċý  èĊé½ÿ #āºLÉ  āwò¤LÅ¹ wzICP   óºùNeXION 300  
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ówLúLLLÉ ćwLăºLĊtĀ¤Ċýv¾ñìLĊýwLîõÿ ½¹ āÿwLLLÅ x¾á  ÿ üLLLÅĀtv ćwLă

ðþLÅĈýwLÊæLÊ£j ćwă(  ûĀúþ·½ ĈzĀLÅ½ºý½v¹  $  ôîLÉ.(Aÿ #  ¾z 

 ÃwLÅvĈLÅ½¾zćwă  ðþLÅ üĉv Ĉåv¾ñÿ¾¤~ wă ¢ĉ½Āĉ¹ÿ¾zwñ ôùwLÉ(  
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ĈýwLí ûvĀþÝ ĂLz ¢LĊýwL¤Ċ£ ÿ ¢LĊ£wL~j Iüí¾ĉ¿ I¢LĊþúöĉv  ĈÝ¾å ćwLă

)ºLþ¤LLLÆă wLă¿ĒíĀĉÁĒ~  ¾z $    I¿ĒíĀòĊõv ĈLLLÉĀùwL· ĂLĉÿv¿ ÃwLLLÅv

 #¢Lĉ½ÿ¹v¾zđ ÿ üĉ¿ºLýjĈö~ ôLíwLù ćv½v¹ ÿ ôLîLLLÉ¹Ā· ìLĊ¤¤þLLLÅ
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ðþÅĈýÿ¾Ċz üĉ½»j ćwă 

ĈýwLÊæLÊ£j ¡w{Ċí¾£ ówúLÉðþLÅ ôùwLÉ āÿwLÅ x¾áÔLÅvÿº³ ćwă  w£  
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0+*+    #Ĉý¿ÿ ºLLÍ½¹¾Ċâ¤ù ćvĀ¤´ù )ºþ¤LLÆăO 2K ðþLLÅ ½¹ćwă  

üĉ½»j   ¹½ĀùĈLLLÅ½¾z    ¦LÝwLz  üĉv ć¾Ċñ½v¾éĂLýĀúýwLă    üĊz ā¹ÿºL´ù  
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ìõwí  üõwîõjĈù ÔLLÅĀ¤ù w£ øí øĊLLÅw¤~wþ¨¤LLÅv Ăz$ ¹ĀLLÉć    ĂýĀúý

Ăz Mđwú¤³v Ăí Ĉ¤ĊýÿÀýĀù À£½vĀí   ā¹ÿº´ù ½¹ ćv Ă¤ÅĀ~ Èĉđj ¢öÝ

vÿĈù ½v¾é ìĊLLÅw¤~v¾¤õ#¹¾Ċñ $ôîLLÉ  0(D#¢{LLÆý )ćwă  Ûw{LLÉv   ¿v

üLĊLùĀLõj  A/CNK  ÿ A/NK   $óÿºLL«  ,    ÿ  óÿºLL«-#  I ĈLñÂLĉÿ

ðþÅ ćv¾z v½ üĊùĀõjw¤ùĈù ûwÊý ĈÅ½¾z ¹½Āù üĉ½»j ćwă)ºă¹

 

 
 

 ôîLÉ  /)  Ĉ~ĀîLÅÿ¾îĊù ¾ĉÿwLÎ£ ¿v ðþLÅówúLÉ Ĉĉwúñwù ĂÝĀú¬ù ĈýwLÊæLÊ£j ÿ ćºĊtĀ¤Ċýv¾ñ ćwă)āÿwLÅ x¾á :A  Ăz ¢Ċ£w~j Ĉýwí ¹Ā«ÿ ÿ ½đĀýv¾ñ ¢åwz

  ½Āý$ Ĉ¤Ċýv¾ñ ĂýĀúý ½¹ ¿ĒíĀĉÁĒ~ ½¹ ów·¹v ¡½ĀÍXPLI# B 5 ĈtĀ~ ¡½ĀÍ Ăz óĀ{Ċæùj ćwă½Āöz ½¹ ¿ĒíĀĉÁĒ~ ów·¹vĈ¤ĉ½Āĉ¹Āýv¾ñ ĂýĀúý ½¹ ìĊ¤Ċöí  

½Āý$XPL   I#C  5  ½Āý$ Ĉ¤ĉ½Āĉ¹ ĂLýĀúý ½¹ óĀ{Ċæùj ÿ ¢LĊ£ĀĊz ÿ üLLLÆíÿ¾Ċ~ ½ĀLLLÒ³XPLI#  D  Ĉ¤ĉ½Āĉ¹Āýv¾ñ ĂLýĀúý ½¹ ¿ĒíĀĉÁĒ~ ¿v ôLLLÆý ÿ¹ ¹Ā«ÿ 5

½Āý$XPL I# E¢É½¹ 5 ÿ¹ ôíwù wz óĀ{Ċæùj ½Āözw£ Ĉĉwz ĂÊĊÉ ĂþĊù¿ Ĉ¤ĉ¿ºýj ĂýĀúý ½¹ ćv ½Āý$ XPL I#F 5 Ĉý¿ĀÅ ¢Ċ£w~j Ĉýwí ½ĀÒ³¢É½¹ ½¹ ôîÉ ½Āöz

½Āý$ Ĉ¤õv¿wz ¢ĉ¿ºýj ĂýĀúý ½¹ ¿ĒíĀĉÁĒ~PPL #    ÿ G  5ĂúĊý w£ ôîÉ¹Ā· ćwă¿ĒíĀĉÁĒ~ôîÉ  ½Āý$ Ĉ¤ĊÅv¹ ĂýĀúý ½¹ ½v¹XPL)#  ć½wÎ¤·v øtĒÝ   Ĉýwíwă 

¿v Àývÿv ÿ Ĉþ¤ĉÿ  $Whitney and Evans, 2010  #Ãw{¤év¢LÅv āºLÉ $Pl  I¿ĒíĀĉÁĒ~ 5Amp  IóĀ{Ċæùj 5Kfs  I½w LÅºöå øĊLÅw¤~ 5Bt I¢Ċ£ĀĊz 5Ap I¢Ċ£w~j 5

Px IüÆíÿ¾Ċ~ 5Opq Ĉýwí 5 ćwă½ºí#) 
Fig. 4. Microscopic images from volcanic and granitoid rocks of NW Saveh.  A: Granular texture and presence of apatite 

mineral in plagioclase as a inclusion in granite sample ( XPL light), B: Inclusions of plagioclase in amphibole crystals in 

granodiorite sample as a poikilitic texture (XPL light), C: Presence of pyroxene, biotite and amphibole in diorite sample 

(XPL light), D: Existence of two generations of plagioclase in granodiorite sample (XPL light), E: Amphibole phenocrysts 

with twinning in a glassy background in the andesitic sample (XPL light), F: Presence of needle apatite mineral in the 

plagioclase crystals  in basaltic andesite sample (PPL light), and G: Euhedral to subhedral plagioclase in the dacite sample 

(XPL light). Abbreviations after Whitney and Evans (2010) (Pl: Plagioclase, Amp: Amphibole, Kfs: K-feldspar, Bt: 

Biotite, Ap: Apatite, Px: Pyroxene, Opq: Opaque). 
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