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Introduction  

The Jandaq metamorphic complex is a part of the Yazd block in the 

Central Iran structural zone, and northwest of Khur, in the eastern part 

of the Central-East Iranian Microcontinent (CEIM) (Figure 1) 

(Heidarianmanesh et al. 2022). The Jandaq metamorphic complex 

(JMC) consists of metamorphic and meta-igneous rocks dated back to 

Late Permian- Early Jurassic periods. The JMC is characterized by the 

presence of metamorphosed peridotites, schists, amphibolites, 

migmatites, intruded by granites and pegmatite dikes (Romanko et al. 

1984; Bagheri 2007; Tabatabaeimanesh and Sharifi, 2011; Muttoni et 

al. 2015; Jamshidzaei et al. 2021). Thermobarometry studies 

(Heidarianmanesh et al. 2022)  showed a regional transformation from 

amphibolite to granulite facies, attributed to medium P/T Burrovian 

metamorphism during crustal thickening in subduction zones or 

continental collision due to subduction of the Paleo-Tethys Ocean and 

subsequent tectonic activity in the region. 
 

 

The primary objective of the present study is to 

provide evidence of Paleo-Tethys subduction and the 

resulting continental collision in the northern CEIM. 

Therefore, this study focuses on Chah Zard meta-

granite, intruded the various JMC metamorphic rocks. 

Petrographic observations as well as stable oxygen 

isotope analysis of quartz and whole-rock samples 

were conducted to provide deeper insight into the 

magmatic and metamorphic history of the JMC area. 

Research Methods 
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The methodology of this study involved extensive 

fieldwork, petrographic analysis, and stable oxygen 

isotope studies. Field observations were concentrated 

on the contact between the Chah Zard granite and the 

surrounding metamorphic rocks. Samples from 

various parts of the JMC were collected, and thin 

sections were prepared for petrographic examination. 

Stable oxygen isotope data from quartz crystals and 

whole-rock samples were analyzed to assess the origin 

and the evolution of the granitic body and the rocks 

surrounding it as well. 

All O-isotope data were carried out at the University 

of Cape Town. All the isotope ratios were measured 

using a Finnigan Delta XP mass spectrometer in dual-

inlet mode. An internal standard (Murchison Quartz - 

MQ, ŭ18O=+10.1ă) was analyzed to calibrate the data 

to SMOW scale. The long-term variability of MQ 

suggests a 2ů error of 0.16ă. 

Discussion 

The petrographic study identified two main phases 

of regional metamorphism. The first phase (M1) 

occurred prior to intrusion of the Chah Zard granite, 

during the subduction of the Paleo-Tethys Oceanic 

crust in the Carboniferous period. The second phase 

(M2) happened during/after continental collision. 

Petrographic evidences such as grain boundary 

migration (GBM) in quartz, the formation of 

myrmekite, flame perthite in feldspars, and high-

pressure garnet crystallization suggests that the granite 

experienced high-pressure metamorphism in the 

course of the continental collision.  

Additionally, based on modal ratios and ŭ18O value 

of minerals, æquartz-magma for the Bushveld granite is 

estimated as 1.11ă (Fourie and Harris 2011). In the 

absence of stable oxygen isotope data for other 

minerals, it is assumed that the value of æquartz-magma is 

equal to 1.1 ă, and accordingly, the ŭ18O value in the 

Chah Zard granite is equal to 10.8 ă (n: 4; Table 1) 

consistent with its amount in magmatic rocks of mantle 

origin. Moreover, granites with high ŭ18O values 

(greater than 10 ă) are believed to likely contain a 

significant fraction of mantle-derived melts with ŭ18O 

ranging from 5.7 to 6.5 ă (e.g., Hoefs, 2009). Based 

on the presence of magmatic garnets of I-type granites 

(Figure 7) coupled with the oxygen stable isotopic 

data, the origin of the rocks of Chah Zard is possibly 

the melting of felsic parts of the subducting plate with 

minimal mantle contamination during ascent. 

Therefore, the petrographic and isotopic evidence from 

this study suggests that the Chah Zard granite was 

generated from a small degree of partial melting of a 

subducting felsic slab. The low ŭ18O values further 

indicate limited interaction with the continental crust 

as the magma ascended. The presence of high-pressure 

metamorphic garnets (Figure 7) in the meta-granite 

confirms the occurrence of regional metamorphism 

associated with the continental collision. Moreover, 

the present data also emphasize the significance of 

studying the deformed granitic rocks like the Chah 

Zard meta-granite to reconstruct the tectonic history of 

the region.  

Conclusions 

In conclusion, the study of Chah Zard meta-granite 

offers valuable insights into the subduction of the 

Paleo-Tethys Ocean and its subsequent closure 

through continental collision in the CEIM. The 

petrographic evidences (deformation metamorphism 

of the granite and the magmatic garnets of I-type 

granites) and stable oxygen isotopic data (10.8 ă for 

the granite) reveal that the region experienced two 

significant phases of regional metamorphism: the first, 

related to the subduction of oceanic crust during the 

Carboniferous and the second, linked to the continental 

collision in the Late Jurassic. Following the intrusion 

of the Chah Zard granite into pre-existing 

metamorphic rocks, it was deformed and 

metamorphosed into a meta-granite during the final 

stages of Paleo-Tethys closure. The magmatic garnet 

composition and isotopic analysis confirms that this 

granite originated from a mantle-derived magma with 

minimal crustal contamination. Ultimately, this 

research contributes to a more comprehensive 

understanding of the tectonic history of northern CEIM 

and its role in the broader evolution of the Paleo-

Tethys Ocean. 
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Figure 1. A) Structural zones of Iran and the location of Chah Zard; B) Simplified geological map of east Jandaq (adopted 

from Samadi et al. (2022), with modifications).  
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Figure 2. Field photographs of A, B) intrusion of Chah Zard granite into Jandaq metamorphic complex and the sampling 

locations; B to E) intrusion of Chah Zard granite into the micaschists, amphibolites, and gneisses.  
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 ¹Ā£ ûĀúþ·½ ą    ûĀñ¾ñ¹ Ĉ¤Ċýv¾ñ āwL̄ ¹½¿    ą¹wL« ówLúLLLÉ ½¹

 āwL¯ ìLõwL£ ûºLÞù ĂLz ĈĄ¤þù ĂLýĀúý çºLþ« ¹½¿ ć½v¹¾z  ćwLă

 ºLÉ ÷w¬ýv ÷¿đ )   ĂýĀúý ¿v  ĈýwLÅ¾ñ¹ üĉ¾¤úí wz ÿ øõwLÅ ćwă

 ÜÖêù āwLòLLLÊĉwLù¿j ½¹ ë¿wLý ÜÖêù āwLòLLLÊýv¹ ć¾Ċñ   ¢LĊz¾£

 ðþLÅ ë¿wý ÜÖêù Ã½ºù ºLÉ ĂĊĄ£ ć½wòý )    Ç¾z ºLÉ ÇĒ£

 ĂLz ÜÕwLêù  Ĉñ½vĀÖ· ć¿vĀù ÿ Ĉñ½vĀñ¾z ¾z ¹ĀúÝ ¡½ĀLLLÍ

 ðþLÅ ¢åwz ĈLÅ½¾z ½¹ ûvĀ¤z w£ ºLÉwz wă  ¿v Ĉ¤¸ĉ½¾ñ¹ ćwă

 ¹¾í ā¹wæ¤LÅv wĄýj )   ĈLÅ½¾z ðþLÅ ćwă  wz ć½v¹¾{ÆîÝ ÿ ć½wòý

 ìúí   ðþLÅ āwòLÊĉwù¿j ½¹ ûvÀĉ½Ē~ |ĀîLÅÿ¾îĊù ĈLÅwþLÉ

 ÷w¬ýv Ã½ºù ¢Ċz¾£ āwòLÊýv¹ ºLÉ )   Ăz ć½wLÎ¤·v ÷wý Ă¤å½ ½wí

 ćv¾z  ĈýwLí  ¿v wLă $ Äývÿv ÿ Ĉþ¤ĉÿWhitney and Evans, 

2010 # ¢LÅv āºLÉ Ă¤å¾ñ¾z )   ÷¾ý ¿v  ½vÀåvCorelDraw   ćv¾z

 ā¹wùj ÿ Ç¿v¹¾~ ºÉ ā¹wæ¤Åv wă¾ĉĀÎ£ ć¿wÅ )   

 ćv¾z  ĈLLÅ½¾z ¢LLÉ¾LLÅ    ½¹ ûÂĊLLÆív ½vºĉw~ |Ā£ÿÀĉv

 ĂýĀúý Iôí ðþLÅ ÿ À£½vĀí ćwă½Āöz  ĈöLÍv ¾LÍwþÝ ¾Úý ¿v wă

 |Ā£ÿÀĉv āwLòLLLÊĉwLù¿j ½¹ }LĊí āwLòLLLÊýv¹ ½vºLĉwL~ ćwLă ûÿwL£  

 ĈzĀþ« ćwêĉ¾åj  ĈLLÅ½¾z ºýºLLÉ )   ā¿vºýv ćv¾z  |Ā£ÿÀĉv ć¾Ċñ

 $ À£½vĀí ûÂĊLLÆív  óÿº«, ĂýĀúý I# ðþLLÅ ìĉ ½¹ wă üîLLÉ

  ½¹ ÿ ºýºLÉ ìõv IºýºLÉ vº« ðý¿ ºLÑ ć¹đĀå ì¯ĀíHCl  

 ºLýºLLLÉ ÀĊú£ óĀýwL£v ÿ ßv¹ )   ĂLýv¹  ¹ÿºL³ ÀĊú£ À£½vĀí ćwLă,  

 ºýºLLÉ vº« ¢LLÅ¹ wz ÷¾ñ ĈöĊù )    Ăz ìĉ¹Àý.   ĈöĊù  ¿v ÷¾ñ

 Ăýv¹ äĊLLÍĀ£ ûĀĊLLÅv½ĀtĀöå ½ÀĊõ Çÿ½ wz À£½vĀí ćwă  āºLLÉ

  ÿ Äĉ¾ă ÔLLLÅĀ£ $ Ĉö«ÿHarris and Vogeli, 2010 #

 ºLLLÉ ĂĉÀ¬£ )   ½¹ ĂýĀúý ¾ă   Ăz ìĉ¹Àý  ,+   ówLîLLLÅw~ ĀöĊí   wz  

 
2 Grain boundary migration (GBM) 

BrF5  ºLÉ ā¹v¹ Èþívÿ )    Ä LÅ2O   Ìõw·  ìĉ ćÿ½ āºLÉ

  ĈõĀîõĀù ìõv0  Å   ĂLÊĊLÉ ć¾Öz ìĉ ½¹ Üú« ćv ºLÉ ć½ÿj )  

 ¢L{LLLÆý ĆLúă  wLz |Ā£ÿÀĉv ćwLă ìLúí   äĊÕ  Ĉù¾« ªþLLLÅ

Finnigan Delta XP   ā¿vºýv ºLÉ ć¾Ċñ )    ¹½vºýw¤LÅv Ĉýÿ½¹  

MON GT  0).3   ) ăHarris and Vogeli, 2010 (  wz

  ¿v Ă¤LÅ¹ ¾ă,+    ĂĉÀ¬£ ĂýĀúý ºLÉ    ÿ ćwă½vºêù  Ăz ¢LÅ¹  āºùj

  ćv¾zMON GT  L{LLLÅwĹ ù ćv¾z Ć   ą½wLzÿ¹   ā¹v¹  ĂLz ÷wL· ćwLă

  ÃwLĊêùSMOW   ĂLz ā¹¾z ½wLí   ºLLLLÉ )   ãĒ¤·v üĊòýwLĊù

  ¾ĉ¹wLêù ½¹ ¡ºLùºLþözO18ŭ    ć½v¾î£MON GT  ,- *+   ă  

 ½vºêù Ăz ÓĀz¾ù Ăí ¢LLLÅv ,1 *+2ů ă   $-3.n=  # ¢LLLÅv )  

  |Ā£ÿÀĉv yĊí¾£O   ĂýĀúý  wz ¢LLLÆĊLLLÉ ðþLLLÅ ćwă ìúí  

  ĈõĀúÞù ûĀĊLLLÅv½ĀtĀöå ÿ  ClF3   ĂLLz ¾Þù ûvĀþÝ ćv¾z ÿ ã

 ĂLz ìLĉ¹Àý  ,+   ĈöĊù  ĂLz ôLĉºL{£ ÿ ĂLýĀúý ÷¾ñ2CO  wLz I ìLúí  

 öĊù ìĉ Ć   þĊ£Ē~ Ĉþz¾í  Ć  ßv¹ Ăz ºùj ¢LLÅ¹ )    ¹½vºýw¤LLÅv ìĉ

 Ĉýÿ½¹    ûĀLLÆĊ¯½Āù À£½vĀí$ (  MQ  I, *,+O=18ŭ   ă  #  ÀĊý

 ā¾{Ċõwí ćv¾z ā¹v¹ û¹¾í  ÃwĊêù Ăz wăSMOW   ºÉ ĂĉÀ¬£ ) 

ðþÅć½wòý 

 ĈýwLí wLă ć   ąºLý¿wLLLÅ   ¢LĊýv¾ñwL¤ù  ćwLă āwL̄ ¹½¿    ôLùwLLLÉ

 ĈýwLí ºLĊæLLLÅ ćwLîĊù ÿ ½wL LLLÅºLöå IÀ£½vĀí ĈöLLLÍv ćwLă

 #¢ĉÿĀîLÆù$ ºþ¤LÆă   $ ôîLÉ  ćwă. (A    ÿ. (B # )    Ĉ·¾z ½¹

 ĂLýĀúý ĂLz ¢Lý½wLñ ¿v ĈĉwLă½Āöz wLă  āºLĉ¹ ÀĊý ĈÝ¾å ĈýwLí ûvĀþÝ

 Ĉù ¹ĀLLÉ )  ðþLLÅ üĉv ¢åwz ¢´£ wă  ½w¯¹ IĈ¤¸ĉ½¾ñ¹ ¾Ċ§m£

 « ¢Ą Ăz J¢LLLÅv āºLLLÉ Ĉò¤åwĉ ĂýĀñ Ĉýwí ćwă½Āöz Ăí ćv  

 Ăé½ÿ ¢Ą« ¢ĉÿĀîLÆù ćv ºLÉ Ă¤åwĉ ā $ ºýv ôîLÉ ćwă. (A    w£

. (D # )   

 ĈLLLÅ½¾z ćwă   Ĉù ûwLLLÊý Ĉ~ĀîLLLÅÿ¾îĊùRÀ£½vĀí ºþă¹   üĉv

 ðþLÅ Ă{õ wă  Ã¾LÒù ÿ Ĉ{Ċùj ćwă ¹½v¹  Ĉ«Āù ĈLÉĀùw· ÿ ûwLÊý

 Ĉù  ºă¹ $ ôîLLÉ  ćwă.  ÿ/ # )   ¿¾ù ¡¾«wĄù ¹vº·½ ¿v ćºăvĀLLÉ

 ć½Āöz-   $GBM  ½¹ # ĆLĊLLLÉwL³   ¿v Ĉ·¾z wLă½Āöz   Ĉù āºLĉ¹ ¹ĀLLLÉ

 $ ôLîLLLÉ/ (A # )    IüĊþ°úă  wLăÀ£½vĀí Ĉ·¾z ½¹ ÈĉvºLĊ~  ĂLýv¹¾ĉ¿. 

 Ăz wăÀ£½vĀí ½¹ Ĉù āºĉ¹ ĈzĀ· $ ¹ĀLLLÉ ôîLLLÉ. (A # )   IüĊþ°úă

 ĂLúĊý ćwLăÀ£½vĀí ćwLă½Āöz ¡wLÞú¬£ ¿v ĈĉwLă½vĀý ôLîLLLÉ wL£ ½v¹

3 subgrain 
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 Ĉz ¢Ą« wz ôîLLÉ ĉ wĄýj ½¹ Ĉ«Āù ĈLLÉĀùw· ÿ Ĉ´Ċ«¾£ Ĉò¤åw

 Ĉù āºLĉ¹  ćwLĉĀñ ĂLí ¹ĀLLLÉ Ĉ¤¸ĉ½¾ñ¹   ãwLÖÞýv  üĉv ½¹ ¾ĉ¼L~

 ¢Ċýv¾ñw¤ù ¢LÅwă )   ¢Ą« ôîLÉ Ĉ´Ċ«¾£ Ĉò¤åwĉ/   À£½vĀí ćwă½Āöz

 $SPO ¢Ą« wz # ¢ĉÿĀîLÆù Ĉò¤åwĉ $ ¢LÅw¤LÅv½ øă wă ôîLÉ. #) 

  ¾¤LÊĊz å ö ºþ¤LÆă ¿Ā£½ÿv ÛĀý ¿v wă½w LÅº J    Ĉĉwă¿ĒíĀĉÁĒ~ āwñ wùv

 Ĉö~ ôíwù wz ðþLÅ üĉv ½¹ ÀĊý ìĊ¤¤þĊLÅ Ĉù āºĉ¹ wă ĀLÉ ý  Ă¤{õv )º

 āwñ   Ăz wă½w LÅºöå üĉv ûÿ½¹ ôíwù Ĉö~ ôíwù ¡½ĀLÍ ìĊ¤¤þĊLÅ

 È¸z w£ ÀĊ£ ëĀý Ìéwý  ćwă Ĉýÿ½¹    ½Āöz Ç¾¤LLÆñ   ¢LLÅv Ă¤åwĉ

 Ĉù Ĉ¤¸ĉ½¾ñ¹ ôíwù v½ wĄýj ôíwù ¢õw³ üĉv ½¹ Ăí $ ºþùwý ôîLÉ
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  ôîLÉ. )  A  IB  # Ĉýwí ¢Ą« ¢åwz ÿ ĈLÅwþLÉ ¤ĉ¿Ā¤LÆĊLÉ wz Ă¤åwĉ  Ć āw¯ ¢Ċýv¾ñw¤ù ½¹ º¤úù  J¹½¿C  ID Ĉ¤ĊLÆĉ¾LÅ # ¢Ą« ÿ wă½w LÅºöå ûºLÉ  Ĉò¤åwĉ

  ½¹ À£½vĀí ćwă½Āöz ¡wÞú¬£ ćw¤LÅv½   ¢Ą« ¢ĉÿĀîLÆù Ĉò¤åwĉ ¾ĉĀLÎ£$ wă ćwă  A    ÿC    ½¹XPL   ÿ ¾ĉĀLÎ£ ćwă  B   ÿD    ½¹PPL )   Ĉýwí ć½wLÎ¤·v ÷wý  wă

  Ă¤å¾ñ¾z  5¿vWhitney and Evans (2010) )# 

Figure 3. A, B) Mineralogy and oriented texture with continuous schistosity in Chah Zard meta-granite; C, D) 

Sericitization of feldspars and the orientation of quartz crystal clusters along the orientation of muscovites (images A and 

C in XPL and images B and D in PPL. Mineral abbreviations are from: Whitney and Evans (2010)). 

 
 

 
4 Shape preferred orientation (SPO) 
























