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 Introduction  

 Mineral chemistry data as well as petrography provide a 

comprehensive picture of magma crystallization conditions that 

support the conclusions based on geochemical data. In addition, 

the chemical composition of minerals such as clinopyroxene, 

olivine, biotite, feldspar, and Fe-Ti oxides reflect 

physicochemical parameters (pressure, temperature, and oxygen 

fugacity), crystal growth history, and melt origin. The pressure, 

temperature and oxygen fugacity parameters are estimated from 

chemical data of various rock-forming minerals to provide 

information regarding the crystallization of magmas. The 

essential purposes of present study are to determine the 

physicochemical conditions (temperature and pressure), to 

identify the tectonic environment and to propose an emplacement 

model for Pargeh mafic magmas formation. 

 

Regional Geology 

The Pargeh area is a part of the Central Alborz 

Magmatic Belt (AMB) (Figure 1). There are 

extensive magmatic sections in this zone including 

the Cenozoic calc-alkaline and alkaline (potassic) 

magmatism generated in an arc and back-arc setting 

in an extensional environment (post collision). This 
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belt is mainly composed of Upper Precambrian to 

Eocene sedimentary and volcanic sequences 

intruded by Mesozoic to Cenozoic plutons, in the 

central and western parts of the belt. The igneous 

rocks of the north and northeast of Qazvin were 

formed during three volcanic phases, of which only 

two phases can be seen in the study area. These Late 

Eocene-Oligo-Miocene plutonic rocks are related to 

post-collisional magmatic activities originated in 

back-arc extensional basins and have calc-alkaline 

to high-potassium shoshonitic characteristics. 

According to UïPb dating, the age of the syenite 

and monzonite rocks is Late Eocene. But the exact 

age of the Pargeh gabbroic rocks is not known, 

considering that these intrusions were injected into 

Eocene tuffs, they are Late Eocene and possibly 

Oligocene. 

Analytical  Methods 

The main minerals were analyzed by an electron 

microprobe at the Queenôs Facility for Isotope 

Research (QFIR), Queens University, Kingston, 

Canada. Operating conditions were as follows: the 

acceleration voltage was 15 kV, the beam current 

was 20 nA, and the diameter of the probe was 3 µm 

(Tables 1 to 6). 

Petrography 

Field and petrographic observation show that 

most of the Pargeh pluton is monzogabbro and 

olivine gabbros make up only a small part of the 

pluton. Olivine gabbro is a medium- to coarse-

grained mesocratic-melanocratic rock. Olivine 

gabbro and monzogabbro are texturally varied. In 

both samples, intergranular, poikilitic, sub-ophitic 

and granular textures were identified. Olivine 

gabbro are dominated by olivine (20-25%vol), 

clinopyroxene (15-20 %vol), plagioclase (50-55 

%vol), biotite (~ 5 %vol) and K-feldspar (~ 5 %vol). 

Accessory minerals include apatite and Fe-Ti 

oxides. Monzogabbros are characterized by a high 

proportion of plagioclase (55-60 %vol) and 

clinopyroxene (20-25 %vol), biotite (5-10%vol) and 

K-feldspar (8-10%vol).. Fe-Ti oxides and apatite are 

common accessory minerals in monzogabbros. 

Discussion 

Based on research on the distribution of Ti in 

silicates and oxides of magmatic rocks, Verhoogen 

(1962) proposed that the crystallization temperature 

of clinopyroxene is positively correlated with its Ti 

content. Therefore, the higher clinopyroxene, 

crystallization temperature, the more Ti 

clinopyroxene likely to contain. The TiO2 content of 

clinopyroxenes in olivine gabbros is slightly higher 

than that of monzogabbros, pointing to the 

clinopyroxenes in olivine gabbro having a relatively 

higher crystallization temperature compared to that 

of clinopyroxenes in monzogabbro. In the 9-A and B 

diagram, all the samples are in the range of alkaline 

basalt, so the parental magma can be an alkaline 

magma. As mentioned above, clinopyroxenes have 

high amounts of Al and Ti, consistent with the 

evolution of an alkaline magma. High amounts of 

calcium in the studied clinopyroxenes indicate that 

the parental magma may have an alkaline nature. 

This tectonic setting discrimination diagram can 

distinguish basaltic clinopyroxenes from volcanic 

arc basalt (VAB), ocean floor basalt (OFB), 

intraplate tholeiite (WPT) and intraplate alkaline 

environments (WPA). In the F1-F2 tectonic 

environment discrimination diagram, all the study 

samples fall within the range of volcanic arc basalts 

(VAB+OFB), which shows that these rocks are 

probably formed in a volcanic arc and arc-related 

tectonic setting environment. In general, all tectonic 

discrimination diagrams based on clinopyroxene 

chemistry indicate an arc-related environment for 

the parental magma. 

Conclusion 

The mafic rocks of Pargeh are composed of 

olivine gabbro and monzogabbro which are 

characterized by the presence of olivine, plagioclase, 

clinopyroxene, biotite and K-feldspar. The mineral 

chemistry results show the role of fractional 

crystallization as the main process in the formation 

of the parental magma of the rocks under study The 

chemical features of clinopyroxenes point that the 

parental magma must belong to a silica under-

saturated alkaline series, characterized by high 

temperature, low pressure, low Si and high Ca 

contents possibly formed in a volcanic arc tectonic 

setting environment. As the xamined 

thermobarometers data show, the olivine gabbros 

generated at higher temperature and pressure than 

that of monzogabbros indicating that the olivine 

gabbros probably crystallized at a greater depth. 
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ćv¾LLz ĈLLÅ½¾z ðþLLÅĈĉv¿ ĈýwLLí ÿ ½wíÿ¿wLLÅ ôLLùwî£ wLLúñwù 

ā¾LLĄz LLz¹¾ $Zhang, 2005#) ā¹v¹ćwLLă ĈúĊLLÉ ĈýwLLí ÿ 

IüĊLLþ°úă ðþLLÅć½wòýI ć¾ĉĀLLÎ£ ÜùwLL« ¿v Ôĉv¾LLÉ ½ĀLLö{£ 

wLLúñwù ĂLLtv½v ĈùºLLþă¹ ĂLLí ĂLL¤åwĉ ¿vĂz ćwă¢LLÅ¹ ¾LLz āºùj

ĆLLĉw~ ā¹v¹ćwLLă üĊù¿ĈĉwĊúĊLLÉ Ĉýw{Ċ¤LLÊ~ Ĉù)ºLLþí ûÿÀåv¾LLz 

IüLĉv yLĊí¾£ ĈĉwĊúĊLÉ ĈýwLLíĈĉwLă ºLþýwù IüLLÆíÿ¾Ċ~ĀþĊöí 

IüĉĀLLLLĊõv I¢LLLLĊ£ĀĊz ½w LLLLÅºöå ÿ ćwăºĊLLLLÆív Fe-Ti 

ćwLLLă¾¤ùv½w~ ĈĉwĊúĊLLLÉĀîĉÀĊå $I½wLLLÊå wLLLù¹ ÿ ¤ĊLLLÅwñĀåĆ 

ûÂĊLLÆív#I LL°¸ĉ½w£Ć ºLLÉ½ wLLă½Āöz ÿ āwò¤LLÅw· xv¼LLù v½ 

ûwLLLÊý Ĉùă¹ºLLLþ $Abbott, 1985; Speer, 1987#) 

¹½ÿj¾LLLz ćwLLLă¾¤ùv½w~ ½wLLLÊå $P#I wLLLù¹ $T# ÿ ¤ĊLLLÅwñĀåĆ 

ûÂĊLLÆív $2äO# ¾LLz LLĉw~Ć ĈúĊLLÉ ĈýwíćwLLă ûĀñwLLýĀñI 

Ĉ£wLLÝĒÕv ½wLLz½¹ą ½ĀLLö{£ wLLăwúñwù ½¹ ½wLLĊ¤·v ĈLLù)ºLLý½v¼ñ 

¹¾z½wLLí ĀòõvćwLLă ¬þLLÅ½wÊåwù¹Ĉ ¾LLz LLĉw~Ć yLLĊí¾£ ĈýwLLí(

Ixv¼LLù ĈýwLLí(ĈýwLLí ÿ ìLL£ ĈýwLLí ½vÀLLzv ćºLLþúývĀ£ ćv¾LLz 

ĈLLLÅ½¾z ½wLLL¤å½ ø¤LLLÆĊÅćwă ĈĉwLLLúñwù ÿ ¹ÿºLLL´ùíû¹¾ 

ôLLLùwî£ j wLLLĄý¿v ±ĀÖLLLÅ ¤LLLÅĀ~Ć ã½Á ĂLLLz ±ĀÖLLLÅ øLLLí 

wå½Á¢LÅ $Feng and Zhu, 2018; Bardelli et al., 

2023#) ½¹ ĂLLLLă¹ćwLLLLă I¾LLLLĊ·v ć½wĊLLLLÆz ¿v ĀòõvćwLLLLă 

Ĉ¬þLLLÅ½wÊåwù¹ ćv¾LLLz ¹½ÿj¾LLLz Ôĉv¾LLLÉ I½wLLLÊå wLLLù¹ ÿ 

¤ĊLLLLÅwñĀåĆ ûÂĊLLLLÆív ¾LLLLz LLLLĉw~Ć LLLLĊí¾£y ºLLLLþö{ý½Āă 

$Schmidt, 1992; Holland and Blundy, 1994; 

Ridolfi, 2010#I üLLLÆíÿ¾Ċ~ĀþĊöí $Nimis, 1995; 

Nimis and Ulmer, 1998; Nimis and Taylor, 

2000; Putirka, 2008 #I ½w LLLLLÅºöå ÿ üĉĀLLLLLĊõv 

$Putirka, 2008#I ¢LLĊ£ĀĊz $Li  and Zhang, 2020# 

¹wĄþLLLÊĊ~ āºLLLÉ)ºýv wLLL£ ûĀLLLþí ĈLLLÅ½¾zćwă ć½wĊLLLÆz ½¹ 

ÓwLL{£½v wLLz ¢·wþLLÉ āwò¤LLÅw· ÿ āwLLòĉw« üĊù¿¤·wLLÅĈ 

ā¹Ā£ćwLă  üLĉ½»j  Lýÿ½¹Ĉ  üĉÿÀLé  ÷wL¬ýv  āºLÉ  ¢LÅv  $ºLþýwù 

Asiabanha et al., 2009#J wLLLùv ĈLLLÅ½¾z ĈývºLLLþ¯ 

ûĀLLùv¾Ċ~ ĈLLñÂĉÿćwLLă ðþLLÅIĈLLÅwþÉ üĊLLù¿ĈúĊLLÉ ÿ 

ĂzāÂĉÿ  ĈýwíĈLÅwþÉ  ðþLÅćwă  ìLĊåwù  ĂLñ¾~  ÷wL¬ýv  ºLÊýā 

)¢LLÅv ā¹v¹ćwLLă ĈýwLLíĈLLÅwþÉ ÿ ĈzwLLĉ¿½v üĊLLù¿ ½wLLÊåwù¹(

Ĉ¬þLLÅ ćv¾LLz üĊ¤LLÆ¸ý½wLLz ÷wLL¬ýv āºLLÉ ¢LLÅv ÿ ½¹ üLLĉv 

IÈăÿÂLL~ ā¹v¹ćwLLă ĈúĊLLÉ ĈýwLLí ðþLLÅćwă üĉĀĊõvÿ¾zwLLñ ÿ 

Ĉĉÿ¾zwLLLñÿÀýĀù LLLêÖþùĆ ĂLLLñ¾~ LLLzćv¾ ĈLLLÅ½¾z Ôĉv¾LLLÉ 

ĈĉwĊúĊLLLLÉĀîĉÀĊå $wLLLLù¹ ÿ ½wLLLLÊå#I üĊLLLLĊÞ£ ÔĊLLLL´ù 

üĊLLù¿Ĉ¤·wLLÅ ÿ ĂLLtv½v ìLLĉ ćĀLLòõv ½ĀLLö{£ ĈLLöí ćv¾LLz 

ćwăwúñwù  ìĊåwù  ĈÅ½¾z  āºÉ )¢Åv 

üĊù¿ ĈÅwþÉ  ĂêÖþù 

LLêÖþù Ć   ĂLLñ¾~   ĈLLÊ¸z   ¿v   ºLLþz¾úí   ĈĉwLLúñwù   ¿¾LL{õv   ćÀLLí¾ù  

 $ ôîLLÉ  , #   wLLz   óĀLLÕ   ĈĉwLLĊåv¾â«   ϥϥ+- ϥ,0o+0    wLL£ ϥϥ0+ ϥ-0o+0  

 ½ÿwLLL· ć   ÿ   Ï¾LLLÝ   ĈĉwLLLĊåv¾â«   ϥϥ+1 ϥ,0o.1    wLLL£ ϥϥ/3 ϥ0-o.1  

 ĈõwúLLÉ   ¢LLÅv   $ ôîLLÉ  - # )   ½¹   ćw¤LLÅv½   üLLĉv   ĂLLþĄ~ I   ćwăºLLþĉv¾å  

 ĈîĊùwLLLLþĉ¹ĀtÁ   ĈýĀñwLLLLýĀñ I   ĈñÂĉÿ ćwLLLLă   üĊù¿ ĈĉwĊúĊLLLLÉ  

 ðþLLÅ ćwă   ĈĉwLLúñwù  LLùjºĉº~ āº   ÷wLLòþă   ôLLùwî£   ðþLLÅ ā¾í   ½¹  

 ½ÿ¹ ą   ÄLL~   ¿v   ¹½ĀLL·¾z   v½   ¢ĉvºLLă   Ĉù )ºLLþþí   ÄLL~   ¿v   ¹½ĀLL·¾z   ½¹  
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Figure 1. Simplified geological map of Iran showing Cadomian basement rocks, Mesozoic ophiolites and Cenozoic 

igneous rocks and other structural units (modified after Aghanabati, 1998). 
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ôîÉ -.  ÊêýĆ  ā¹wÅºÉą  üĊù¿ĈÅwþÉ  ówúÉ  ć½ÿw·üĉÿÀé  $ÊêýĆ  ,+++++*,    JAnnels et al. (1975)#  $ôĊÖ¤Æù5  êÖþùĆ  ĂLLñ¾~  5¹½¿ ą¾LLĉv¹ J

üĉĀĊõvÿ¾zwñ  ą¾ĉv¹ JÀ{Å  5#ÿ¾zwñÿÀýĀù) 

Figure 2. Simplified geological map of NE Qazvin (1/100 000 map; Annels et al., 1975) (Rectangle: Pargeh study 

area; yellow circle: olivine gabbro; green circle: monzogabbro). 
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Figure 3. Field outcrops of the Pargeh gabbroic rocks A) Olivine gabbro; B) Monzogabbro. 
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 øĊÅw¤~ ½w Åºöå   $3   w£  ,+   Ĉú¬³ºÍ½¹ #   Ă¤·wþÉ   Ĉù )ºýĀÉ  

 ćwLLă½Āöz   ¿ĒíĀLLĉÁĒ~   wLLăÿ¾zwñÿÀýĀù   IÀLLĊý   ôîLLÉ ½v¹   wLL£  

 ĂúĊý ôîÉ I½v¹   Ăýv¹   ÔLÅĀ¤ù   $,   wL£  0   ¾L¤úĊöĊù #   ÿ ºþ¤LÆă  

 ĂêÖþù ćºLLLþz   Ĉù ûwLLLÊý ºLLLþă¹ )   ¢LLLĊ£ĀĊz   ¾LLL¤úí   ¿v  

 üLLÆíÿ¾Ċ~ĀþĊöí   Ĉù āºLLĉ¹  ¹ĀLLÉ ÿ   ĂLLz ìLLĉ¹Àý  0   wLL£  ,+  

 Ĉú¬³ºLLLÍ½¹   Ĉù ¾LLLz½¹ v½ ðþLLLÅ ¹¾LLLĊñ )   ćwLLLă½Āöz  

 üÆíÿ¾Ċ~ĀþĊöí   ôîLÉ ½v¹   $ ôîLÉ  /(  F #   wL£   ĂúĊý ôîLÉ ½v¹  

 $-+   w£  -0   Ĉú¬³ºÍ½¹ #   wz   yĊí¾£   IºĊÆ~Āĉ¹   Ĉýwí   ìĊåwù  

 ĈöLLLLÍv   ½¹  LLLLúă Ć   ðþLLLLÅ ćwă   āºLLLLÉ¹wĉ   )¢LLLLÅv   ½¹  

 üLLLÆíÿ¾Ċ~ĀþĊöí ćwă   üLLLĉv   ĂLLLýĀúý   ĈòþLLLÅ   ÀLLLĊý   ¢LLLåwz  

 ĈĉĀ~ í Ċ ìĊ¤Ċö   ÿ   ôíwù   ā¹wÅ   āºĉ¹   Ĉù )¹ĀÉ  Ĉ¤ĉ¾öí ûºÉ   ½¹  

 ¢Ċ£ĀĊz   ÿ   Ĉ¤Ċõv½ÿv ûºÉ   ½¹   üÆíÿ¾Ċ~ĀþĊöí   Ĉù āºĉ¹ ¹ĀLÉ )  

 IüĊþ°úă   ðþÅ üĉv  wă øĊÅw¤~ ½w Åºöå   āºþív¾~   ÀĊý   ºLý½v¹ )  

  ¡ÿºĊ~v ÿ ¢ĊÆĉ¾Å üĊÊýw«   Ĉ·¾z   wLă¿ĒíĀĉÁĒ~   āºLÉ )ºýv  

 ćwăºĊÆív   üăj(   ýw¤Ċ£ øĊ   ÿ   ¢Ċ£w~j   ¿v   Ĉýwí ćwă   ĈÝ¾å   ªĉv½  

 ½¹   wăÿ¾zwñÿÀýĀù   Ăz Ĉù ½wúÉ ºýÿ½ )   ¢LĊþúöĉv   ÿ   ¢LĊ¤þòù   ½¹  

 ćwăwÒå   ûwĊù   Ĉýwí ćwă   ĈöÍv   ÀĊý   Ĉù ¢åwĉ )ºýĀÉ    ôîLÉ0  

 øă ćºÉ½   ¢Ċþúöĉv   ÿ   ¢Ċ¤þòù   v½   ¢Åv ā¹v¹ ûwÊý ) 
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 ôîÉ  /.   ćwă¾ĉĀÎ£   Ĉ~ĀîÅÿ¾îĊù    ¿v ðþÅ ćwă   Ĉĉÿ¾zwñ   Ăñ¾~   $ ½¹  XPL #  A #   ¢åwz   xwÅ ìĊ¤Ċåv   ½¹   üĉĀĊõv ÿ¾zwñ Jwă  B #   Üú¬£   Ĉýwí ćwLLă  

 IüĉĀĊõv   üÆíÿ¾Ċ~ĀþĊöí   ÿ   ¿ĒíĀĉÁĒ~   ½¹   üĉĀĊõv ÿ¾zwñ   wz   ¢åwz   J½đĀýv¾ñ  C #   ¢åwz   ½đĀýv¾ñ   ÿ   ½ĀÒ³   ¢É½¹   ćwă½Āöz   üÆíÿ¾Ċ~ĀþĊöí   ½¹   ĆýĀúý  

 üĉĀĊõv ÿ¾zwñ JĈĉ  D #   ĂêÖþù ćºþz   ¿ĒíĀĉÁĒ~   ½¹   ĆýĀúý   üĉĀĊõv ÿ¾zwñ J  E #   ôíwù   ā¹wÅ   ÿ   Ĉö~ Å Ċ ìĊ¤¤þ   üÆíÿ¾Ċ~ĀþĊöí   ½¹   ĆýĀúý   üĉĀĊõv ÿ¾zwLLñ J  

F #   ¢åwz   ½đĀýv¾ñ¾¤þĉv   ÿ   ½ĀÒ³   üÆíÿ¾Ċ~ĀþĊöí ćwă   ôîÉ ½v¹   ½¹   ĂýĀúý   ÿ¾zwLLñÿÀýĀù   $ ÷wLLý   ½wLLÎ¤·v ć   Ĉýwí wLLă   ĂLL¤å¾ñ¾z   ¿v  Whitney and 

Evans (2010) # ) 

Figure 4. Photomicrographs of the investigated Pargeh rocks (in XPL): A) Sub-ophitic texture in olivine 

gabbros; B) Accumulation of olivine, clinopyroxene and plagioclase minerals in olivine gabbro with granular 

texture; C) Granular texture and the presence of large clinopyroxene crystals in gabbroic olivine sample; D) 

plagioclase zoning in olivine gabbro sample; E) Clinopyroxene twinning and polysynthetic twinning in olivine 

gabbro sample; F) Intergranular texture and presence of euhedral clinopyroxenes in monzogabbro sample 

(Abbreviations from Whitney and Evans, 2010). 

 ĈúĊÉ Ĉýwí 

üĉĀĊõv 

 yLLLLĊí¾£   üĉĀĊõv wLLLLă   ½¹   ðþLLLLÅ ćwă   Ĉĉÿ¾zwLLLLñ   ½¹  

 óÿºLL«  ,   ā¹½ÿj   āºLLÉ   )¢LLÅv   ½¹   üĉĀĊõv ÿ¾zwñ IwLLă   üĉĀLLĊõv  

 ¡ÿwLLæ£   ĈLL{Ċí¾£   ĈLLÎ¸Êù   v½   ûwLLÊý   Ĉúý )ºLLă¹   ćvĀLL¤´ù  

 ¢ĉ¾¤LLLLÅ½Āå   $4SiO2Mg #   ¿v  56Fo   wLLLL£  63Fo   ¾LLLLĊâ¤ù  

 )¢LLLLÅv   ćvĀLLLL¤´ù  FeO   ¿v  .,   wLLLL£  .1   Ĉý¿ÿºLLLLÍ½¹   ÿ  

 ÄĊöĊLLÅ   ¿v  /- *.0   wLL£  01 *.1   Ĉý¿ÿºLLÍ½¹   ¾LLĊâ¤ù   )¢LLÅv  

 ¾LLLLLz   ĆLLLLLĉw~   ½v¹ĀLLLLLúý  )2+Mg+Fe(Mg/ #   ¾LLLLLzv¾z½¹  

)+Mg2+Fe(/2+Fe   üĉĀĊõvLLLLLLLLLă  w ½¹   ¹ÿºLLLLLLLLLL´ù ą  

 ¢ĉ½ºĊLLLLÅĀõwĊă   ćwLLLL«   ĈLLLLù ºLLLLý¾Ċñ   $ ôîLLLLÉ  1(A # )  

 üĉĀĊõv RćwLLă   ðþLLÅ ćwă   Ĉĉÿ¾zwLLñ   ½vºLLêù   đwLLz  ¿v ĈĉMg#  

])+2Mg+Fe(Mg/.[100   $3+ *01   wLLLLLLLLLLL£  33 *1. #   ÿ  

NiO   $+- *+   wLL£  +2 *+   Ĉý¿ÿºLLÍ½¹ #    v½ ûwLLÊý   Ĉù ºLLþă¹  

 wLLz   ÈăwLLí  Fo    ¿v  ½vºLLêùNiO   Ă¤LLÅwí   āºLLÉ   ¢LLÅv   ÿ   ¾LLz  

 ĆLLLLĉw~   ½v¹ĀLLLLúý  NiO   ¾LLLLzv¾z½¹  Fo   $ ôîLLLLÉ  1(B # I   ½¹  

 ¹ÿº´ù ą   Ă¤LÉw{ýv ćwă   ĈLÅĀýwĊév   ćwL«   ĈLù )ºLý¾Ċñ   ½vºLêù  

 ¢ĉ¾¤LLLÅ½Āå  LLLÊĊz ¾¤   ¿v  0+   ºLLLÍ½¹   ¿v   ĈLLLñÂĉÿ ćwLLLă  

 ćwLLLăÿ¾zwñ   ĈLLLÅĀýwĊév   Ĉ¤LLLÉw{ýv   wLLLĉ   ā¹ĀLLL£ ćv   ¢LLLÅv  

 $Hebert, 1991 # )  LLÖzv½ Ć   ĈLLÖ·   R¢ĉ¾¤LLÅ½Āå   üĉĀLLĊõv   wLLz  

MnO   ÿ  NiO   $ ôîLLÉ  1(C #   ½¹   üLLĉv   ðþLLÅ wă   Ă¯  wLLÆz

 ûwLLLÊý ºþă¹ ą   ºLLLýÿ½   ½ĀLLLö{£   ĈLLLÊ¸z   wLLLúñwù   ºLLLÉwz  

 $Yellappa et al., 2019 # ) 




































