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Ã|ی°q  

ÊÏ{£{4 JاÎ|Ëس~  ÌÂ³ËÇ�§7 ش�, ~Ëمx£� ~�'  Cو J£{ا�Ç وÌ�¾ا� Ã�yª� د وÊ,~Ëمx£� Ã§{ 4,د�Ç, ور��4  -4ر, JاÍم£,ه �ا و,�@دÍ
 w7و��Ï�Äاq ~|ËسFد47 �£وÊش�§� .4,رJاÍ ~�'  ،���Ä' JاÎ�Êاx Ì¸Ïم�Ç 7, ~Ëمx£� ،��ÄÏË��x,ا��yËو و�  Ã�y@ª� دوت@�q,د ش@دهÊ,.

¥q ~ÊÏ{£{4 £�, ده ش�§� 4رÊا روÇ4 ±�,£4ر ش ~�' JاÍ- ¤ار ر�§اره ش�§� س�ª¾،  دوت�q, و ��ÄÏË��x, JاÎ�ÊاxÃ�yª� د شده@Ê, . 4ر
Cو J£{ا�Ç  ،دوت�q, ،���Ä' JاÎ�Êاx Ì¸Ïم�Ç اÍ ،��£لx ��vË¾± ~Ç �¾ا� �Êد }ارÊÏش. ¥@q ~ÊÏ{£{4 4,ده 4ر ش@£,�±  4ر ,�£ ر�د@Êرو

Í@اJ '�@~  ش�§@�q£و�Ç �@�ÄÏاÇ ��Íا}ماJ ساÊ7ده . ,Êد Íا �Ã�yª شده ش�§� س�¤ xاÎ�Êا�q, Jدوت و xل£�� 4ر �Çا}£J وCر�§اره 
 ÌÂ³ËÇ É�,Æx م�ا- وx £اصË¸ J,Ïح�Ç JاË�Ç£� C£4ه ,س� ،�حÏ� ~���ÄÏ� �Ä,7ا� w� .�§7  ش�, ~�' JاÍLREE  Ì@� ��@§Ê J£�@ª��

HREEدË�§Í ر4,رÏ�£�. £اصË¸LILدË�§Í ÌجÏ� Ãا�Á FساÏÊ ا�4£ �7ا4 �اÂÇ J,ا 4,رÍ ÌÊÏمÊ É�, اص£ . 4رË¸ ~فËÇ ~ÄاÇÏÊ'HFS£@�¶Ê
Nb ،Hf، Zr  وTi �§4ر ش� ~Ç دهÍاªÇ ~Ëمx£� ~�' JاÍ 4Ïش . JاÍدÊروREE �Ä,7ا� Ì� ~y�4¤Ê �Íا ش�اÎ|Ëس É�,Ì@¯Ï� JاÍ  Jا@Í

�ªq دÊ4,ر Fماx. £�  ��§Ê 8سا,Nb/La  دهÊ7سا Jا}ماÇ ،-م�اx £اصË¸ £�4اÂÇ و ��ÄÏو�£q�§ش�  w@� 7, ~@Ëمx£� ~�' JاÍ ÃË�r@س,
 ��Ä7و£Ä J£سفÏ��Ä Ìش�Ï{4رجات 5و- �ا , Ì�¾£{ �ªËÇ ±سÏ�Ç ا� Éا��q ~ª س@~  .س��ÏÊا�Á, Ì�@سÏq ¨Ê,ا ¾@£ور@� ±��£@Ç JاÍدË�'£¾

Ë» ج�ÏÇ ¥���Ï�Äاq~ دهÊسل� ¾£ور, J×ا� Ìش�Ï{ ~{و  شد Æ§ا��ÇÏاس�ÇÌا�Ë�£x F' د }£�4دهÊ,.  
  

Ãا�Á ايÅ اوردیب، فرورانش، پالئوتتیس، ایران مرکزي - شیست آبی، گسل ترکمنی :¯لی|ي.  

 
  م¬|مه

، Á- J¤@@x£Ç F,£@@�,1@@اره ش@@£B  هJ 4,�ل@@~ �@@Î@@ª �4£ا4ر 
JاÎÊÏمËر�  J4حدوÇ 7,اÎ|Ëس ~��ÄÏ�¾, J w@7و��Ï�Äاq 4Ï@وج

 8ÏÊا�Á, 4Ï7 وج, JدÍ,Ïر, ش F' Ìx 44,ر¥���Ï�Äا@q ،F,£@�, 4ر
~@@Ç £@@¶Ê د4ر@@Ê£�{(Bagheri and Stampfli, 2008; 

Zanchi et al., 2009) . É�,اÎ|ËسÌ� 4هÏ� رتÏص  wtÏx JاÍ
و رور,Êد}�ÎاJ �@¤رÁ V@£,ر  }§لÎاو �ا ÏÊ,رÍاJ �ار�w، 4ر Ëxار 

 JاÍ4,د�Ç, د و }اهÊ4,رB£@ش@مال ش- -£@» -Ï@Ëار  جy@ر, 'ش
~Ç دÊ7و ,صل~. سا É�£م�ÎÇ 7,  �@�� ¨Ê,ور£@¾ JاÍ4,ر�د É�£�

~Ç ،J¤x£Ç F,£�, شده 4ر Ìشا� ¨Ê,ور£¾ Ì� F,Ï�  8ÏÊا@�Á, JاÍ
 ¥���Ï�Äاq)w7و��Ï�Äاq ( ¥���Ï@�Ê 8ÏÊا@�Á, و) ا@� w@و7و��¤Ç

w7و��ÏË@@4,ش@@اره ) س£@@x. 8ÏÊا@@�Á, Jا�@@اÂ� ¥���Ï�Äا@@q و

��ÄÏ�¾,  4,د@�Ç, ل@� 4ر», J¤@x£Ç F,£@�, JاÍاÎص@ل~ }§@ل, J
,7 شÍ,Ïد �§�Ì شدFشÍ,ÏدÍ JاJ '�~  ش�§� .ر�ËمFÏ 4,رÊد

(Volkova et al., 2011)  س~ �@اÏÊا�Á, JاÍ Ìر4 صفحÏ�£� و
,4Ï� Jه Ìx ر�ËمÎÊ' FÏا 4ر ,�£,J¤x£Ç F، 4ر Ï@²ل  صفحÁ Ìاره

~Ëمx£� Ã§{- � و ��� FاÊاqÏt رس@~ ش@ده ,س@�,ور��4 و£
(Bagheri and Stampfli, 2008; Zanchi et al., 2009; 

Torabi, 2011; Bayat and Torabi, 2011).   
B£@اره ش@Á 4£@� ~�£» م� شمال§Á 4ر Ì¹Ä³اÇ 4رÏÇ ÌÂ³ËÇ-

,�@Á 4£@� É@اره �@ا ). 1ش@J¤x£Ç F,£�,) Ãy و,Á· ش@ده ,س@� 
��ÄÏ�¾, صل~ و, JاÎل§{  Jا�اÂ� Ìx J£ا �£ش�� wو7و��¤Ç JاÍ

ÏÊا�Á, Ìس�Ïq ~س~Ç Ì�¾£{ £¶Ê 4ر ¥���Ï�Ê ش@ده Ì²د، ,�اÊÏش
و ش@اËt ÃÇ@د�É و,�@د �y�ÊÏ@�y~ و  (Torabi, 2010),س� 
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ÌË�t ~Ç Jار|Ê 7, دËار��¸ Ìx 4Ïت، ²@�¥ و : شÏ@Ä Jا@Í CÏل�
 Cار@@@Ê, و E,4ا@@@� �@@@ªq ،دË»س@@@ا JاÎË�Ç7£@@@4 و س¤@@@�- 

Bد@Ëج(Bagheri, 2007; Aghanabati, 2014)  . JاÎل@§{
~Ëمx£� ،ÌÊاج~ ,ور��4، -4رو�  Fا@ÊاqÏt ،~¾اyÄاx ،Ì¯ا4، ��ا�'

و شمال ,ÊارÎÇ 7, Cم�£�É و ¾¹اÉ�£�Ä }§لÎاJ¤x£Ç F,£�, J و 
~Ç -Ï§حÇ 4¤� CÏد �لÊÏ7 . ش, ~@Ëمx£� Ì@Â³ËÇ Ì@� ~4س�£س

 Éا��Ê جا4ه À�£²– FاyÇ, FاÊاqÏt سم� Ì� CارÊ, �@س, £�¢q .
É�Ç7  4ه وÏ@� >Ï@Ë�Ç د �§@�ار@ÊاوÎلq ا� ~Ëمx£� ÌÂ³ËÇ ~اسËش

Íو,�د ~|Ëس Jا~Ç ,لف~ ر� Ç 4Ï@مÊ دهÍاªÇ F,Ï� ) Ãy@2ش( .
و 4ر ) x£� Ì@@Â³ËÇمË@@~(4ر � Î@@ªاJ ش@@مال ش@@£q ~ÁلÎاوÊ@@د 

~Ëمx£� Ã§{ اورت�Ç- Ìr� ،��4د  ,ور@Êر�فا¸~ �@ا رو, Æx JاÍ
 ~Á£ش-  Ã�yª� ~ÊÏ{£{4 JاÎ|Ë7 س, Ìx 4Ïش ~Ç �4ده ،~�£»

,�@É س@Î|Ëاq ~ÊÏ@{£{4 J£و���ÄÏ ساÊ7ده $ )2شÊ, ) Ãyد شده
Êد �³~ 4,روÌش� )Ãy3 ش- A(  ~�Ï@رس JاÎ|Ë7 س, Ãyª�Ç و

~Ç É4ر ر�§اره و '5ر� Ìx دËاش�  ¥r@ش�§@� '�@~ و س Jا@Í
شده  سÎ|ËاJ رسÊ,. FÏ{£{4 ~�Ïد ش�§� س�¤ FÏ{£{4 }£�4ده

)Cو J£{ا�Ç اÍ(·ه وس�£�§{ ، Éروش zÊر ،£�  Ì��7Ï�@§و ش� £�
شËاس@~،  ,Ä 7ح@ا= و�Î�{v@اx JاËÍ4~Êد و  �£ªÊ JاÇ F~ و,¯�

سÎ|ËاJ  ش�اÇ Ì� �ÍاسÌ) 3جدول (�q£و}£,¾~ و ش�م~ xاÎ�Êا 
س@Î|ËاJ '5ر�@B .( É -3شJ£{)Ãy وFÏ{£{4 ~x شده 4,رÊد 

Ì� ~�' �§شده 4ر ر�§اره ش� FÏ{£{44هÏ@� رتÏ@ص Ì@� و J,
~Ç دهÍاªÇ ¤س� Ì� Ãا�Ç ~�' zÊد  رÊÏش)Ãy3ش- C .( £� وهØ¸

-Íا 4ر ,�Ç@د,x£� Ã@§{ 4مJ£{ ~@Ë وÍCاJ '�~ و �Çا ش�§�
ÍاJ س@£qاË��Ê~ ش@ده و  وسq �¹£�دو��� ÍاÆx J ,ور4Ï� ،��4ه

~@Ç �@¾ا� ¤@�Ê اÎÊ' J¹³ات 'و,رÁ دÊÏ@و  ش�§@�. ش ~@�' Jا@Í
Cو J£{ا�Ç ÌªÂÊ 4ر ،~Ëمx£� JاÍ  ،Fا�Ë�@ª�q JاÎ�@ا و �£رسÍ
ÍاÏÇ ~�' Jج4Ï 4ر  ش�§� Ê, .(Torabi, 2011)د }¤,رªÊ 9ده

Cار@@Ê, �@@�ÄÏ�¾, �@@4ه ,سÏ@@مÊ ~@@رس£� JUÏ@@Äو£�q =ح@@اÄ 7, ,ر .
É@@@رو9 �£,س@@@ا8 س Ì@@@� ~�Ë@@@40 سAr/39Ar  Jرو £@@@�

سÊ,  É@�, ~ÊÏ{£{4 ÉارÍ CاÏ�¤�ËÇ ~�' Jر��Í ��yاJ ش�§�
�Çل�@FÏ س@ال ³Ç@ا�À �@ا ,و,�@£ É�Ç£@q  285 ± 65/1س@Î|Ëا 
Ìحاس�Ç  شده ,س�(Bagheri, 2007).  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 
 
 
 
 

  .(Torabi, 2011)�£ روx£�  F,£�, ÌªÂÊ JمÌÂ³ËÇ ��¹ÁÏÇ~Ë  .1ش°¶ 
  

Fig. 1. Location of Turkmeni area on the Iran map (Torabi, 2011). 
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   ��Á م�ا· ه
�@@£4,رJ و ³Çا¹Ä@@ات ÊمqÌ@@ÊÏ@@¥ ,7 �£رس@@�ÎاJ ص@@ح£,�~، 

Ì� ،~¾,£{و£�q 4Ï@جÏÇ Jا@Î�Êاx �@�ÍاÇ ش�م~ و É��¹� رÏ¶ËÇ
 4JEOLر ÂÇاÊ ·²اC7، 4ر ªÊ,4|اه xاÊ@ا7,و, É@q,U ,7 4س@�|اه 

JXA-8800R دËÍ4 -ش�ا Uا�Äه�ا و  kV15  Fو ج£�@اnA15 
£³Á و µm 3 Ì³ÂÊ ¤�ÄاÊ' J,£ا، ,س�فا4ه }£�4د�Î�Êاx J, . ا��@�Ê

Ì³ÂÊ ¤�ÄاÊ'x J, JاÎÄا 4ر جدوÎ�Êش@ده �3ا  1ا Ì�,د,ر@Ê, . د,ر@ÂÇ
Fe3+  7, ا �ا ,س@�فا4هÎ�Êاx 9ش@ده رو Ì�@حاسÇ J£�ÇÏ�xÏ�@س,
  .,س�

. }£¾�@@Ì ش@@ده ,س@@� (Kretz, 1983) ,��­@@ار Ê@@اx EاÎ�Ê@@ا ,7
Ì� رÏ¶ËÇ  Ã@x zË@م�@ا- سx اص@£ ,ص@ل~ وË¸ £�4ا@ÂÇ É�@�¹�

ÌÊÏمÊ JاÍ ~@�' �@§ش� ~@Ëمx£�  4,¹�5@د  �x£@ش Ì@� Ì@ÊÏمÊ
Fاx ~ا�Â�Âد �حÊرسال شد, F,£�, ،F,£Î� ،وهvq . ا �@ا@Í ÌÊÏمÊ É�,

- ICP-MS (Inductively Coupled Plasmaرو9 Mass 
Spectroscopy)  اه|ªا�Ç7' 4رSGS د@Ê�4د£{ ¤�Äا@Ê' ,4اÊاx .

ÍاJ ش�م�ا�~ Ì@� <Ï@�£Ç س@Ê Ã@x zËمÍ Ì@ÊÏ@اÏ@Ç Jر4  4,4ه
  .,Êد Êما�¨ 4,4ه شده ³Ç4اÌ¹Ä 4ر جدول 

  

 
  .x£� ÌÂ³ËÇ(Romanko et al., 1984; Sharkovski et al., 1984)مË~ شËاس~ سا4ه شده  É�Ç7 ÌªÂÊ .2ش°¶ 

  

Fig. 2. Simplified geological map of Turkmeni area (Romanko et al., 1984; Sharkovski et al., 1984). 

 
  [Á hv [��سی

  aت��³Áا§ی
Í@اx£� JمË@~  و �Çا}£J وC ش�§�Îاq~�' J£و���ÄÏ ساÊ7ده 

 B£شمال ش Jا ر,س�ا�– -£@» -Ï@Ëج  JاÍل س@ا��ارÏ@² 4ر
Ìا��Ê ~³�  Ì@Â³ËÇ Æ@ÎÇ Ã§{ و J,)~@Ëمx£�-�@�4ور,( Ì@� ،

– 3شÃy و �ا Ï²ل 4ر �@دو4  ¸دس~صÏرت  �ÏÇ Ì,7,ت �yد�|£
ش�§@�Ê,.  Ì��7Ï@د }§�£9 �ا¾��x3 – 20  £�ÇÌل�ÇÏ£ و ¸£; 5

 B£شمال ش J4ر ر,س�ا Jارyش'– ÏË7,ت ج,Ï@Ç Ì@� و -£@» -
 ~Ëمx£� Ã§{-Ìما�¨ }¢,ش�Ê Ì� 4Ï� 7, ��4د$ ر�¤,ورÊ, رÏل�

سÎ|Ëا�ا¾�ÎاÏÇ ~ÊÏ{£{4 Jج4Ï 4ر ,�É . �لÏر Ë�§Íد  �ا Ï�Çس±
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~Ç wس��Øدو��rÄ و wس��Ø�Ïما�Ê ،wس��Ø�ÏÊ,£{  اشد�) Ãyش
4 .(�@Ä,7ا� Ì4س�~ ش�� ÌÊÏمÊ 4ر ~�' JاÎ�§4ه ش�Ï@� Jا@Í  J,

4Ï� شده FÏ{£{4�Êاx Ì¸Ïم�Ç 7, ه و �@��Ä' Jا@Î +�@ا�yË1و� 
)Æل سد�Ïف��Ç'-4,ر Æ�§لx + ( دوت�q, + ��ÄÏË��x,±  ¤ر�,Ï@x

ÍاJ 4ر ش�§�). B-4و A-4شÊ,) Ãyد و ,qاÃ�yª� C شده
 J4ه و ,«ل@� �@اوÏ@� Ì@Ë�Ç7 Ì@� 4ح@دوÇ ���Ä' JاÍرÏل� ،~�'

).  D -4و  C -4ش@Í) Ãy@ا�~ ,7 س@ا�£ xاÎ�Ê@ا Ë�@§Íد ,�4ال
,«ل@@� �لÏرÍ@@اÇ' Jف��@@Ïل Ï@@ªËÇر4Ï@@� Jه، 4ر Ï@@Êر ¹��²@@~ 

 Ì�@@4,ش ~@@�' ~|Êدر@@Ët) Ãy@@4ش- E ( اÎم�@@§Á ~@@�£� و 4ر

�Îا�~ ج� ~Ç FاªÊ ~د �£ج�حËÍ4) Ãy4ش- F .(لÏ@ف��Ç' ا@Í
�Îدوت ج�q, JاÍرÏل� A,£², 4ه4رÏمÊ ,د�q ~د�ا�@Ê, . ~@�£� 4ر

Ì@@ÊÏمÊ 7,¥@@q ~ÊÏ@@{£{4 £@@�, ا 4ر@@Í~@@�' ~|Êدر@@Ët 7, ،ده@@Êرو
Íا xاس�Ì شده و �£ÎÊ' ��xا �Ì سم� ,Í ��ÄÏË��x@اÇ' Jف��Ïل

~Ç £��¼� ~Ê7Ïدوت 4ر �¹°~ ,7 ش�§�. �ا�دس�q, JاÍرÏل� JاÍ
'�@@~ ¾£,و,J£�@@ª�� ~@@Ê 4,ش@@�Ì و ,«ل@@� �@@£4 ش@@ده Ë�@@§Íد و 

Ì� �Îل جÏف��Ç' ده�ªx JاÍرÏªËÇ م£,هÍ  Fا@ªÊ ~@ا�~ �اص@�
~Ç  دËÍ4) Ãy4 ش- A  4و- C.(  

  

 
J س@Î|Ëا: Ê( $B|اه �Ì شمال ش@£ÏÇ)Bر³Ç 4اÊ~ Ì¹Äماx Jل~ ,7 و,�دÍاx£� :A :ÊÏ{£{4 JمJÊÏ{£{4~ÌÂ³ËÇ~Ë سÎ|Ëا�­او�£ صح£,�~ .3ش°¶ 

FÏ{£{4 ~�Ïشده  رس)Cو J£{ا�Ç ( ا�~Á£د,4 ش�Ç, د �³~ 4رÊد -روÊ, شده ·Á,و ~�£» )B£ش Ì� اه|Ê( $C :�§و,¯@�  ش� Ì��7Ï�@§ا ش�@� ~@�' Jا@Í
Ì� Ìr� رتÏص Ì�¾³~ }§�£9 �ا� JاÍ  دÊ,)B£ش Ì� اه|Ê.(  

  

Fig. 3. Field photographs of Turkmeni metamorphic rocks: A: Whole view of studied metamorphic units (view to the 
NE); B: Metamorphosed sedimentary rocks (metagreywacke) have located in E-W direction by liner trend (view to the 
E); C: Blueschist by clear schistosity have extended in linear mounts (view to the E).  
 

Cو J£{ا@@�Ç@@x >Ï@@Ë� ا@@Í~Êا Ì@@� ��@@§Ê J£�@@ª�� ~@@اسËش
س@Î|ËاËÍ4 Jد و �£��x~ ش��Ç ÌاسªÊ ~�'ÌاÍ ~Ç FاJ ش�§�

 ~xو J£{) ¥ار+ س�ل�rلدس¾ ( دÊشده 4,ر FÏ{£{4) Ãy5ش .(
ÌÊÏمÊ ده 4ر ,«ل�Íا@ªÇ �@�vË¾ دوت و@�q, ،���Ä' JاÎ�Êاx ،اÍ

~Ç  4Ï@@ش) Ãy@@5ش- A  5و- B(~ر�Ï@@4ر �£�@@~ ,7 $ 4ر ص Ì@@x
Ì@ÊÏمÊ  اÍ ،�@Êار{ ،�@@��Ä' Ã@@ا�Á �@@�£لx دوت و@�q, ،��Ïy@@§Ç

Í@اJ �@اوJ 4ر �Ç@ا}£J وC .(C -5ش@Ë�§Í «� ª�) Ãyد 

Ì{ر ،�Ê4رش@� }ار Cا@q, ر�¤ و,Ï@x ،�Êار{ ،��Ïy§Ç 7, ~ا�Í
~Ç دهÍاªÇ ÌË�Ç7 Ì� ��§Ê £ر�Ï4 �لÏش) Ãy@5ش- C  5و- D .(

}ارÍ �Êا ر�¤ �لÏر و ,�¤و�£و4Ï@� Sه و 4ر �£�@~ Á§@م�Îا ²@~ 
¥q ~ÊÏ{£{4 , Ì� دهÊد روÊ, شده Ãل£�� ��د�x دوت و�q) Ãyش

5- E 5و- F .(��vË¾  z@Êر Ì@� 4ه وÏ@� رÏ@س± �لÏ�Ç ا ر�¤ �اÍ
  ).5شÃy (س�¤، صÏر�~ و Êار�Ê~ �4ده Ç~ شÊÏد 
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 µÁ|m1.لÏف��Ç' ~Êل سا��ماÏÇ£¾ ش�م�ا�~ و ��x£��§4 4ر ش�ÏجÏÇ JاÍ~Ëمx£� ÌÂ³ËÇ ~�' JاÍ
  

Table 1. Chemical composition and structural formula of Turkmeni blueschists amphiboles 

Sample 657-1 657-1 657-1 657-1 657-1 657-1 657-1 657-2 657-2 657-2 657-2 657-2 657-2 
Mineral Act Act Win Win Win Win Win Act Win Win Win Win Win 
SiO2 57.12 57.37 55.16 55.87 55.15 56.29 54.30 55.76 57.09 57.22 57.55 56.27 57.16 
TiO2 0.00 0.00 0.02 0.00 0.03 0.00 0.01 0.01 0.02 0.00 0.00 0.00 0.00 
Al2O3 1.55 0.95 2.03 1.56 2.18 2.05 2.22 1.09 3.08 1.69 3.63 2.63 3.24 
Cr2O3 0.00 0.00 0.29 0.04 0.07 0.10 0.00 0.00 0.05 0.02 0.02 0.34 0.06 
FeO* 9.62 10.88 10.30 9.43 13.23 10.21 12.63 9.90 11.71 12.87 11.80 12.73 11.56 
MnO 0.40 0.31 0.41 0.37 0.33 0.39 0.34 0.36 0.26 0.29 0.28 0.30 0.32 
MgO 17.69 17.30 16.67 17.53 14.94 16.70 15.37 17.22 15.29 15.70 15.07 15.52 15.28 
CaO 9.98 9.64 9.08 9.13 7.59 8.75 8.04 10.25 6.49 7.17 5.96 7.19 6.64 
Na2O 1.85 2.03 2.39 2.35 3.18 2.45 3.18 1.67 3.92 3.80 4.44 3.53 4.12 
K2O 0.04 0.02 0.07 0.05 0.07 0.07 0.07 0.03 0.03 0.03 0.03 0.05 0.03 
Total 98.26 98.51 96.14 97.28 96.69 96.91 96.16 96.29 97.88 98.78 98.77 98.21 98.36 
Oxygen  #  23 23 23 23 23 23 23 23 23 23 23 23 23 
Si 7.92 7.96 7.83 7.94 7.84 7.91 7.78 7.94 7.93 7.94 7.92 7.81 7.93 
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AlIV 0.08 0.04 0.17 0.06 0.16 0.09 0.22 0.06 0.07 0.06 0.08 0.19 0.07 
AlVI 0.18 0.12 0.17 0.20 0.21 0.25 0.16 0.12 0.43 0.22 0.51 0.24 0.46 
Cr 0.00 0.00 0.03 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.04 0.01 
Fe2+ 0.69 0.77 0.69 0.63 0.84 0.68 0.83 0.84 0.73 0.82 0.75 0.66 0.82 
Fe3+ 0.42 0.50 0.54 0.47 0.73 0.52 0.69 0.34 0.63 0.67 0.61 0.82 0.52 
Mn 0.05 0.04 0.05 0.04 0.04 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.04 
Mg 3.66 3.58 3.53 3.65 3.17 3.50 3.28 3.65 3.17 3.25 3.09 3.21 3.16 
Ca 1.48 1.43 1.38 1.37 1.16 1.32 1.24 1.56 0.97 1.07 0.88 1.07 0.99 
Na 0.50 0.55 0.66 0.63 0.88 0.67 0.88 0.46 1.05 1.02 1.19 0.95 1.11 
K 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.01 
Total 14.99 14.98 15.05 15.01 15.05 15.00 15.13 15.03 15.03 15.10 15.07 15.03 15.10 

Act: Actinolite     Win: Winchite 
 

  شی¼ی ¯ا¿یÆا 
Íا 4ر Çحدو4ه وس�ª¾ 7, ~¹@ار و  'Çف��Ïل، xاÊ~ ,صل~ �Çا�ا��7

Í@ا ¸م@د�اÏ�q Kس@�4Ï@� Ìه و  و,ÎªËxا�Ç Jا�ا�7@�. �£,رت ,س�
¨�@q ار �ا¸@� �¼��@£,ت@ª¾ ا �@اÇ4 ¨�,¤¾,  �@�x£� ده 4ر@Êرو

4Ï@ش ~@Ç لÏ@ف��Ç' (Masoudi and Baharifar, 2003). 
 Í@@@اÊÏ@@@{£{4 J~ ¸�ار�Ë@@@د ,7 }£وÎÍ@@@اÇ' Æ@@@ÎÇ Jف��@@@Ïل
(Hawthorne et al., 2007):   

 w�§لx ،w�§لx–  wسد� ،wل –سد�Ïف��Ç' و w�§لx  JاÍ
  .'Æ�¤�ËÇ ،ÉÍ و Ë|ËÇ¤4,ر

,x£� ، >Ï@Ê 7مÍ~@Ë@اÍ  ~@�' J@اÏÇ Jج@4Ï 4ر ش�§@� 'Çف��Ïل
 w4ه، -سد�Ï@� w�@§لx �@�x£� و Ì�@ا�@� 4,شyËو� �@�x£�

,�@@É س@@Î|Ëا،  هروÊ@@د Í@@اJ �اص@@Ç' ¥@@q ~ÊÏ@@{£{4 7, Ãف��@@Ïل
��ÄÏË��x, Ã�y@@ª@@� 4ر ,A,£@@² ). 6ش@@�ÄÏË��x,) Ãy@@� ,س@@� 

Í@ا و É�@Ç س@zË، ��@اÊ|£ ش@£,�± ,Â�Ê@ال ,7 ر�§@اره  و�yËا��

¥@q ~ÊÏ@{£{4 ±�,£@ش�§� س@�¤ 4ر ش Ì� ~�' �§ده  ش�@Êرو
�@£�É ¾لدس@rار ÏÇج@4Ï 4ر س@Î|ËاÏ@Ç Jر���Ä'  4 ¾£,و,F. ,س�

و �Ç@ا}£Í J@اx É�,  ~@�' JاÊ~ 4ر ÌË�Ç7 ش�§�. ³ÇاÌ¹Ä ,س�
Cا  وÍ~@Ç �@¾�4اÏ@ا�@د,. شq Jر ~Êا@xدوت@�q, JاÎ|Ë@4ر س

~ÊÏ{£{4 ،Ì�§�,ال و|t Kا��§Ê ~Êاx w� دوت�q, $ار ,س�ª¾ Ì�
شËاس@~  �ا �x �@�x£� >ÏËاÊ~و    4Ï�g.Cm-3)5/3 – 1/3(ȡه 

~Ç ،44ر �¹��² 4,ر Ìx د 4ر ر�§ارهÊ,Ï�  ار@ª¾ ~ÊÏ@{£{4 JاÍ
و,Î@ªËxا�7 J@£  .(Deer et al., 1992)�ا× q ¤@�Êا�@د,ر �اش@د 

(Spear, 1993) ر�§ار ~Ä4ه4ر ش£,�± �¹ا  Ì@� ،¤�@ش�§� س
,�@@£ ��¤�@@Ì ¾لدس@@rارÍا و �Ã�y@@ª و ,¾@@¤,�¨ ,�q@@دوت 4ر 

  :}Ê4£د سÎ|ËاÏÇ Jر³Ç 4اÍ~Ç £�ËÇ Ì¹ÄاÇ'  Jف��Ïل
 ¨Ëx,1و:    

Anorthite + H2O = Zoisite (epidote) + Quartz 
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 ¨Ëx,2و:    
Actinolite + Anorthite + H2O = Epidote + Chlorite 
+ Quartz 

 ¨Ëx,3و:    
Al-amphibole = Chlorite + Epidote

 
 µÁ|m2.  ��x£�~د ش�م�ا�ËÍ4 Ã�yª� JاÎ�Êاx ~Êل سا��ماÏÇ£¾ ش�§� هو  ~�' JاÍ~Ëمx£� ÌÂ³ËÇ  

  

Table 2. Chemical composition and structural formula of constituent minerals in Turkmeni blueschists 
 

Sampl
e 

657-1 657-1 657-1 657-1 657-1 657-1 657-1 657-1 657-1 657-1 657-2 
Point 11 28 7 8 13 22 25 9 23 24 157 
Miner
al 

Albit
e 

Albit
e 

Albit
e 

Albit
e 

Epidot
e 

Epidot
e 

Epidot
e 

Epidot
e 

Chlorit
e 

Chlorit
e 

Chlorit
e SiO2 67.42 69.55 69.58 69.32 37.94 38.07 38.38 38.28 28.28 29.07 29.12 

TiO2 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Al2O3 18.80 19.47 19.32 19.30 24.04 23.73 24.69 24.53 18.90 19.09 18.37 
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.19 0.53
FeO* 0.05 0.00 0.02 0.11 10.76 11.05 10.22 10.33 15.79 15.77 15.98 
MnO 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.46 0.53 0.55
MgO 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.03 22.86 22.66 23.23
CaO 0.85 0.02 0.02 0.03 23.43 23.51 23.46 23.37 0.03 0.04 0.04
Na2O 11.57 11.77 11.86 11.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K2O 0.05 0.06 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 99.77 100.8

9 
100.8
3 

100.6
6 

96.18 96.36 96.76 96.54 86.61 87.37 87.83 
Oxyge
n  #  

8 8 8 8 12.50 12.50 12.50 12.50 28 28 28 
Si 2.97 3.01 3.01 3.01 3.02 3.03 3.03 3.03 4.10 4.16 4.16
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AlIV 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.22 3.22 3.09
AlVI 0.94 0.99 0.98 0.99 2.25 2.22 2.29 2.29 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.06
Fe2+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.91 1.89 1.91
Fe3+ 0.00 0.00 0.00 0.00 0.71 0.73 0.67 0.68 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.07
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.94 4.84 4.95
Ca 0.04 0.00 0.00 0.00 2.00 2.00 1.98 1.98 0.00 0.01 0.01
Na 0.99 0.99 0.99 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 5.00 4.99 4.99 5.00 7.99 7.99 7.98 7.98 14.27 14.21 14.25 
Ab% 95.80 99.50 99.80 99.70 - - - - - - - 
An% 3.90 0.10 0.10 0.10 - - - - - - - 
Or% 0.30 0.40 0.10 0.20 - - - - - - - 
Ps% - - - - 20 20 20 20 - - - 

  
 ،��Ïy@@§Ç ÃÇد ش@@ا@@Çجا Jا@@ÎÄÏحلÇ J,£@@� ,ر �@@�vË¾ هU,و

~Ç ار@x Ì� ��Ê4وØو س ��Ê4وØسÏË�ÇÏÄ' د@Ê£� . 2Ø³@ص, É@�,
~Ç س�فا4ه, ~��Ïy§Ç ½ص�Ï� J,£� É�ËuمÍ  ��@§Ê Ì@x 4Ï@ش

Si:Al  7, £�@@ª�� F' د,ر . ,س@@� 43ر@@ÂÇ ا@@� �@@�vË¾ F,¤@@�ÇSi 
~Ç ¨�,¤¾,  ~Ë�@ªÊس± جاÏ� 4رÏÇ É�, Ìx ا�د�Mg  وFe2+  Ì@�

 JجاAl ~Ç م£,هÍ  44£{(Deer et al., 1992) . ��§ÊSi:Al 
��vË¾ 4ر Cو J£{ا�Ç JاÍ Ì� ~Ëمx£� JاÍ  É�|Êا@�Ç رÏ²16/3 

~Ç اشد� .Ì� ��vË¾ JاÍرÏل� Ìده و صفح�ªx رتÏص Ãyش J,  4,ر

Ãyش Ìم�Ê س@�اÏ�Ç 4,ر، �ا �£ج§�|~ ¯�¹½ �@ا Jا@Î|Êر Ì@� ،±
�@@Ëف¨، ص@@Ïر�~، س@@�¤ و 7ر4، ¾اÁ@@د Ët@@درÊ|~ و 4,ر,J ر3 

w� Cو J£{ا@�Ç 4ر Ì@�Îج ~Ç �@¾ا� ~@Ëمx£� Jا@Í 4Ï@4ر . ش
ÌÊÏمÊ Cو J£{ا�Ç ��vË¾ JاÍ  ~@Ëمx£� JاÍCr  د,ر �§@�ار@ÂÇ

 F,¤@�Ç $4صف£ 4,ر Ì� w�4¤Ê و ÆxTiO2 ��vË¾  J£{ا@�Ç Jا@Í
Cم�£ ,7  وx ~Ëمx£� JاÍ06/0 ~Ä4ه$ 4ر �اÏ� ~Ê74رصد و  Ì@x

 F,¤�ÇSiO2  وAl2O3Ì� ،اÎÊ'  7, ¨�@� ���£�50 4رص@د  25و
  ).1جدول (وÇ ~Ê7~ �اشد 
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 µÁ|m3. ��x£�~ش�م�ا� ~Êل سا��ماÏÇ£¾ وCو J£{ا�Ç 4 4رÏجÏÇ JاÎ�Êاx Ì¸Ïم�Ç~Ëمx£� ÌÂ³ËÇ JاÍ
 

Table 3. Chemical composition and structural formula of constituent minerals in Turkmeni metagreywackes 

Sample P35 P35 P35 P35 P35 P35 P35 P35 P35 P35 
Mineral Phengite Phengite Phengite Phengite Albite Albite Albite Albite Epidote Epidote 
SiO2 51.99 52.02 51.76 51.21 69.22 69.43 68.97 68.97 38.58 38.68 
TiO2 0.05 0.04 0.05 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
Al2O3 26.10 25.29 26.04 25.34 19.53 19.73 19.52 19.64 25.48 23.80 
Cr2O3 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
FeO* 3.14 3.47 3.21 4.08 0.01 0.01 0.03 0.04 9.69 11.79 
MnO 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.02 0.00 0.00 
MgO 3.54 3.64 3.58 3.36 0.00 0.01 0.01 0.00 0.00 0.01 
CaO 0.00 0.00 0.01 0.00 0.03 0.03 0.01 0.04 24.11 23.86
Na2O 0.11 0.07 0.11 0.11 11.80 11.95 11.71 11.73 0.00 0.00 
K2O 9.76 9.65 9.73 9.44 0.03 0.03 0.04 0.04 0.00 0.00 
Total 94.73 94.21 94.51 93.59 100.62 101.21 100.29 100.49 97.86 98.14 
Oxygen  #  22 22 22 22 8 8 8 8 12.5 12.5 
Si 6.32 6.37 6.31 6.33 3.00 3.00 3.00 3.00 3.01 3.02 
Ti 0.004 0.003 0.005 0.002 0.00 0.00 0.00 0.00 0.00 0.00 
AlIV  1.68 1.63 1.69 1.67 0.00 0.00 0.00 0.00 0.00 0.00 
AlVI 2.06 2.01 2.05 2.02 1.00 1.00 1.00 1.00 2.34 2.19
Cr 0.002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fe2+ 0.32 0.36 0.33 0.42 0.00 0.00 0.00 0.00 0.00 0.00 
Fe3+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.63 0.77 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.64 0.66 0.65 0.62 0.00 0.00 0.00 0.00 0.00 0.00 
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.02 2.00 
Na 0.03 0.02 0.03 0.03 0.99 1.00 0.99 0.99 0.00 0.00 
K 1.51 1.51 1.51 1.49 0.00 0.00 0.00 0.00 0.00 0.00
Total 12.57 12.56 12.58 12.58 4.99 5.00 4.99 5.00 8.00 7.99 
Fe# 0.33 0.35 0.33 0.40 - - - - - - 
Mg# 0.67 0.65 0.67 0.60 - - - - - - 
Ps% - - - - - - - - 20 30 

  
  

  �ÂWشی¼ی سن² ¯¶ 
Ì� �@§ش� ��ÄÏو�£q دهÊ7سا Jا}ماÇ ��ÍاÇ ~ر �£رسÏ¶ËÇ  JاÍ

Í . F,¤@�ÇاÏ�U Jش�م�ا�~ ,س@�فا4ه }£�4@د '�~ �£xمË~، ,7 4,4ه
SiO2  حدو4هÇ ا 4رÎÊ'70/45  �80/47ا  £|Êا@�� Ìx Ìر 4,ش�,£Á

ÌÊÏمÊ w�7ا� ��ÍاÇ اس�Í . F,¤�ÇTiO2 ÌÊÏمÊ  7, £م�x اÍ88/0 
 F,¤�Ç وP2O5 �@§م�@£ ,7  ش�x ~@�' JاÍ15/0  ~@Ê74رص@د و

~Ç  4جدول (�اشد .( 4,رÏمÊ 4رAFM ) Ãy7ش-A(Ì@ÊÏمÊ ، ا@Í
~Ç FاªÊ ~���ÄÏ� ��ÍاÇ ل�»,  Ãy@د$ 4ر ش@ËÍ47-B ) 4,رÏ@مÊ

TAS(ÌÊÏمÊ ،-سا JاÎ�£ا 4ر سÍ �@Ä,7ح@دو4ه �اÇ و 4ر ÉÄاyÄ'
}�£Ê É@�, 7, Jم4Ï,رÍ@ا �@ا �Ïج@Î� £@��¼� Ì@� Ì£ه. ,Êدو,Á· شده

x£�ÌÊÏمÊ ~ش�م�ا� �� Ì@ج,ÏÇ ~ا�@Íا �³ا� ~ÊÏ{£{4 £�, ا 4رÍ
~ÇEاÊ ا���Ê É�,£ا�Ë� $ا�§�~ �£�اشد� Jر,¢{ Æ@x £اصË¸ JاË�Ç

4Ïش ¤x£م�Ç C£ح� .Æ@x £@اصË¸ �@¶4ر �£ ,س@ا8 «ل C£@ح�
 ,Ê(Winchester and Floydم4Ï,رÍ@اJ ,ر,�@Ì ش@ده �Ïس@± 

Í@اx£� ~@�' JمË@~ 4ر �Ç@د,F س@ا-، �£��x ش�§@�(1977
). D-7و   C-7 ش@@Ä)Ãy~ �اÁ �@@Ä,7@@£,ر }£¾�@@Ì ,س@@� 'yÄ@@ا

Í7- 45اx£� ~�' JمËx Ì� ��§Ê ،~Ëدر�� 4ر �@دو4  ش�§�
~Ë» ~xم�ا- �اx £اصË¸ 7, £�,£� دË�@§Í £� .Ì@ÊÏمÊ É@�, ا  4رÍ

 F,¤�ÇLREE  7, ¨��HREE �@س, .Eu  7, ~@اص� ~Äا@ÇÏÊ'
ËÇف@~ �@4Ïه و 4ر  REEش@�� روÊ@دÍاÍ4 . Jد �ªÊ 4ÏاÊ Fم~

�£ ,Î@ª � 7اÊ £@|�4 Jم@4Ï,ر ,س@�  �ÁHREE �@�,ÏËy§م� 
) Ãy@@@8ش-A .(Ì@@@ÊÏمÊ ش�§@@@� 4ر JاÍ  ~@@@Ëمx£� ~@@@�' JاÍ

~ÄاÇÏÊ'  £@اصË¸ 7, ���Ç JاÍCs ،U ،Th  وSr ~ÄاÇÏÊ' و  Jا@Í
�@@Zr « @@ªÇ ~�Ï@@� Ìو  ËÇRb ،Nb ،Ti ،Kف@@~ ,Ë¸ 7اص@@£ 
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,J و �@ا Çا�Í@�  و,سË�'£¾ Ì³دÍاÊ ~ÊÏ{£{4 Jا��@Ë�§Í .Ì� Ìد
ÏÊس@@اÉ@@�,LIL  F س@@Î|Ëا، 4ر ¸Ëاص@@£  ,وÇ Ì@@�Äا}م@@اJ س@@اÊ7ده

  ).B-8شÃy (شªÇ  4ÏاÍده Ë¸ Ì� ��§Ê J£�ª��HFS ~Çاص£ 
  

  
  

 µÁ|m4. �§م�ا- ش�x اص£ ,صل~ وË¸ £�4اÂÇ ~Ëمx£� ÌÂ³ËÇ ~�' JاÍ  
  

Table 4. Major oxides, minor and trace elements contents of Turkmeni blueschist
  
  
  
  
  
  

  
  
  
  
  
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  

Samples B500 B504 B2-1 B2-4 B657 
SiO2 (wt%) 47.00 45.70 47.80 47.60 47.60 
TiO2 0.64 0.62 0.88 0.67 0.64 
Al2O3 13.30 13.50 16.50 15.80 11.90 
Fe2O3* 11.50 11.60 10.70 10.70 10.80 
Cr2O3 0.08 0.08 <0.01 0.03 0.11 
MnO 0.34 0.31 0.18 0.93 0.27 
MgO 7.99 8.56 6.39 10.20 8.02 
CaO 11.10 10.90 8.93 4.69 11.10 
Na2O 2.80 2.30 3.50 1.80 3.00 
K2O 0.13 0.21 0.05 0.04 0.12
P2O5 0.07 0.11 0.15 0.12 0.12 
LOI 3.92 3.62 3.62 5.68 3.85 
Total 99.00 97.50 98.70 98.30 97.50 
Ni (ppm) 133 131 20 45 136 
Co 50.40 55.60 36.40 42.70 50.80 
Zn 91 98 94 102 95 
Rb 2.80 4.40 1.00 1.40 2.60 
Cs 0.20 0.20 0.30 0.20 0.20 
Ba 20 50 70 30 20 
Sr 190 200 380 410 190 
Ta <0.50 <0.50 <0.50 <0.50 <0.50 
Nb 2 2 3 2 2
Hf <1 <1 <1 <1 <1 
Zr 29.80 29.50 50.60 31.90 32.60 
Y 13.90 15.30 18.00 13.10 16.30 
Th 1.80 1.70 2.10 1.70 1.70 
U 0.24 0.24 0.77 0.70 0.25 
La 5.80 12.50 8.80 6.80 6.20 
Ce 14.90 26.50 20.60 17.00 14.80 
Pr 1.94 3.10 2.84 2.29 2.14 
Nd 8.60 11.50 12.10 9.50 9.40 
Sm 2.40 2.50 3.10 2.70 2.50 
Eu 0.69 0.96 0.94 0.79 0.80 
Gd 2.58 2.76 3.47 2.55 3.05
Tb 0.50 0.46 0.52 0.42 0.45 
Dy 2.52 2.67 3.12 2.35 3.01 
Ho 0.62 0.64 0.73 0.55 0.60 
Er 1.76 1.76 2.13 1.69 1.77 
Tm 0.22 0.25 0.30 0.22 0.22 
Yb 1.60 1.60 1.90 1.50 1.70 
Lu 0.21 0.24 0.28 0.20 0.21 
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'4C : ���Äر ÏÊر ÍB : £�Ï­�A  $~¹��²اÍ  $~�' JاJ ,صل~ ش�§� �ËÍ4 Ã�yªده: Í :Aاx£� ÌÂ³ËÇ ~�' JمË~ �­او�£ y�Ç£وسry~ ش�§� .4ش°¶ 

ÍاÏªËÇ JرJ �ا Ëtد رÊ|@~ '�@~ و x@اÍ¨  ¾£,و,Ç' ~Êف��Ïل: 4Eر ÏÊر ÍD : £�Ï­�C  $~¹��²اJ ¾£,و,Ê~ ,س�$  Çحدو4Ï� ÌË�Ç7 Ì� 4ه و �اوJ ,�4ال
ÌÊÏمÊ 7, ~�£� دوت 4ر�q, F,¤�Ç $اÍF :�Îل جÏف��Ç' ا �ا�~ �£ج�ح~ 4رÍ)Amp : ،لÏف��Ç'Fld : ،ارrلدس¾Ep :دوت�q,.(  

  

Fig. 4. Microphotographs of Turkmeni blueschist: A: Main constituents of blueschist; B: A photo in PPL; C: Albite 
with a lot of inclusion has restricted to the groundmass; D: C photo in PPL; E: Abundance of blue-amphibole and 
reduction of epidote were seen in some samples; F: Preferred orientation in amphiboles (Amp: amphibole; Fld: feldspar; 
Ep: epidote).   
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Íا ر�¤ �ا  ¾B :��vËروÊد$  �q, ،7ØxÏ�UØqدوت و ¾x ��vËاÎ�ÊاJ ,صل~ �Ì شمار Í :A :~Çاx£� ÌÂ³ËÇ JمË~ �­او�£ y�Ç£وس�Ç ~ryا}£J وC .5ش°¶ 
: 4Eر Ï@Êر D : £�Ï@­�C  $~@¹��²ش@Í  $4ÏاJ �اوJ }ار��Ïy§Ç ،�Ê و ,x§@�د 'É@Í �4@ده Í~Çا ر}Ì 4ر �£�~ ,7 ش�§�: Ï�ÇCس± �لÏر Ë�§Íد$ 

�Êد$  }ارË�§Í F,و£¾ ¤�Ê ÌË�Ç7 4ر Sر و ,�¤و�£وÏر�¤�ل JاÍF :£�Ï­� E~¹��² رÏÊ 4ر.Fld)  : ،ارrلدس¾Ep : ،دوت�q,Phn : ،�@�vË¾Ms : ،��Ïy@§Ç
Grt :�Êار{(.  

  

Fig. 5. Microphotographs of Turkmeni meta-greywackes: A: Plagioclase, epidote and phengite are the main minerals; 
B: Phengites are fine to medium crystals; C: In some samples of schists have seen veins of garnet, muscovite and iron 
oxide; D: C picture in reflected light; E: Fine crystal and isotropic garnets are abundant in groundmass; F: E picture in 
PPL. [Fld: feldspar; Ep: epidote; Phn: phengite; Ms: muscovite; Grt: garnet]. 

www.sid.ir


www.SID.ir

Arch
ive

 of
 SID

 

 
1- E-MORB                     3- N-MORB 
2- IAB                                4- BABB: Back-Arc Basin Basalts 
 

 235                                    .... ,ورÍ- ��4ا�Ç, Jد,x£� Ã§{ 4مÍ~ËاJ '�~ و �Çا}£J و�qC£وJUÏÄ ش�§�                  )  1394سال ( 2، شماره 7جلد               

 
 

  .x£� ÌÂ³ËÇ (Hawthorne, 1981)مÍ~ËاÍ  ~�' JاÏÇ Jج4Ï 4ر ش�§� }¢,رÇ' Jف��Ïل �ËدJ و ÊاÌÂ�² E .6ش°¶ 
  

Fig. 6. Classification and nomenclature of existence amphiboles in Turkmeni blueschists (Hawthorne, 1981). 
 

Ì�À�Á4 Ì§ا�ÂÇ رÏ¶ËÇ £@اصË¸ ~ش@�م�ا�Ï�U و �£رس~ ر¾�@ار £�
Íاx£� ~�' JمÂÇ 7, ~Ëا�Ç ��x£� £�4@اx É�|Êم�ا- 4ر ش�§�

�Ä,7ا�~Ë» JاÍÌ�ªq شدهFا@�Ç JاÍ ~@سÏÊا�Á,1�@Ä,7ا� ، Jا@Í
 ~���ÄÏ�~سÏÁ £�,¤2ج�Ä,7ا� ،Ì�@ªq ~ÄÏ@¹مÇ JاÍ Fا@�Ç Jا@Í
�Î@£ه }£¾�@Í4  Ìاx �ªq Jم@اÍFاÌ¯Ï� Jو �ا�Á,3 �Ä,7اÏÊس~

Í@اJ '�@~  ش�§@� �ÇREE@اD .( É�|Ê-8و   C-8 شÃy (شد 
�ËÍارساËx Ì� ��§Ê J7در�� �دو,س@±  x£�ÌمË~ 4ر Êم4Ï,ر �

 JاÍدÊروREE�Ä,7ا�Ì�ªq شده ~Ë» JاÍ ~سÏÊا�Á, Fا�Ç JاÍ
Í@اJ '�@~  ش�§@� ÂÇ  LREE@اÏÁ £� .£�4س~ Ç~ �اش@دو ج¤,

 7, ¨�� ~Ëمx£�IAB  7, £م�x وE-MORB �@س,  ~@Ê,و ¾£,و
HREE �§ش�  Ì@� J£�y�4¤Ê �Íش�ا ~Ëمx£� ~�' JاÍIAB 

  ).C-8 شÃy (4,ر4 
  

[��سی ماÅیd سن² من�Á P مvی� e°تÂ¿ی°ی شی�Å dاي 
  M[ی �e¯¼نی

-�34/0@دوNb/La  4، 4,ر,x£� ��§Ê JمÍ~ËاJ '�~ ش�§�
 Ï��Ä(Abdel-Fattahسف£Ï{Ì  Jش� هË�§Íد Ç Ìxحدو4 16/0

et al., 2004)  د@Ëما�Ê ~Ç « ªÇ ,ا�4£ . ر@ÂÇHREE  ا@ÎÊ'
 و A-8 ش@Ëx 7, £�)Ãyدر�� Ç~ �اشد  �£,�£ «Ë~ �10ا  �6دو4 

8-C (FاªÊ Ìx  �@م�Í, Æ@x ¨@ÂÊ ا@� É�@د,شÊ �Äده �4اËÍ4
 .(Aldanmaz et al., 2000)}ارÊ@@� 4ر ªËÇ@@� 5و- ,س@@� 

Íاx£� ~@�' JمË@~ ,7 5و-  Çا}ماJ ساÊ7ده q£و��ÄÏ@� ش�§@�

4رجات qا��É �ا Ï�Çس± �w ,سÄ ÃË�r£7و��Ä �@ا x F,¤@�Çم@~ 
Í@اËÇ Jف@~  وجÇÏÊ' 4Ï@اÄ~ ).9شÃy (}ارÌ�¾£{ �ªËÇ �Ê ,س� 

Nb ،Zr  J4و �ا �دوHf ÌÊÏمÊ 4ر  Ì@¹Ä³اÇ 4رÏ@Ç JاÍ) Ãy@ش
Ãy8 ش-A 8 و-D (�£@Ç JاÍد@Ë�'£¾ É4,ش� ¨ÂÊ £|Êا ��ا@� ±�

 Ïq(Yu etس�Ì 4ر �ªËÇ 5و- ,س@�  J¾£ور,Ê¨ �ا �4ا�Ä ,ج¤,
al., 2006) .F,دËمªÊ,4 ~ÄاÇÏÊ' Ìx دÊدÂ�¹Ç  ~@فËÇ JاÍNb  و

Ti  Ì@� <Ï@�£Ç ده �@اÊسل� ¾£ورو, Éا��q Ì5و- 4رج Ì� <Ï�£Ç
~Áا@@� Jا@@Î�Êاx ا@@� �@@�Ëلم�, ،�@@�Êد ���ا@@ËÊاÇ �@@ªËÇ ده 4ر@@ÊاÇ

 ��yووس£qس�, .~Î�  7, ~{شدTi  وNb ~Ë» ش@د}~ ,7  وTh
 ,McCulloch and Gamble) شا�» ÂÊ¨ ¾£ور,Ë�§Í ¨Êد

1991) . Ã@حم�Ç ،¨Ê,ده 4ر ²@~ ¾@£ورÊس~ ¾£وروÏÊا�Á, Ìس�Ïq
-' ،~ÊÏ{£{4 £�¶Ê ~ا�ÍدË�'£¾ -47,�~ و 5و ~Ç ~ª �  44 و£@{

� Ãا�Á £�4اÂÇÏ Ì@� 4Ï@� 4ر س�ال ر, �@ا C£ح�Ç £اصË¸ 7, ~Îج
~Ç Ãم� Ìش�Ï{ Ì�Ä ما�دÊ . س@� '-س�ا×تÏq 7, 4,ر '4,7 ش@دهÌ

ÍاÁÏ¾ Jا�Á,  ~ÊاÏÊس~ ¾£وروÊده ÏÇج� �ÇاسÇÏا��§q Æ£�دو���
�ÄÌ ~Ç Æ§ا}ما��Ç 4,ا�� ر�دÎÊ و 4ر Ìش�Ï{  دÊ4£{(Zhao et 

al., 2012). �§ش� �Ä,7د �اËÊاÇ ~Ëمx£� ~�' JاÍ  £@�,¤ج JاÍ
4,ش@@�Ì و 4ر Êم4Ï,رÍ@@اTa  Jو  ÏÁNbس@@~ 'ÇÏÊ@@اËÇ ~Äف@@~ 

Ì� � ��§Ê J7ارسا�ËÍ و Ì@�Äو, Ì�@شÏ{ ÌBABB ،Ta ا@ÎÊ' 4ر
 7, ¨��Nb  س�,) Ãy8ش .(  
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£�x@� �@اÍ(Irvin and Baragar, 1971)$ B :� J,£@� ~�Ä,7@ا  ÇاÊ ~���ÄÏ@� �@�Íمx£� :A :Ì@ÊÏمÍ Ì@Â³ËÇ~@ËاË�  ~�' JدJ ش�§� ÌÂ�² .7ش°¶ 

 Ê,(Winchesterد  'yÄاÄ~ �ا�Ä,7 و,Á· شده Íا 4ر �Çد,F سا- ، Êم4Zr/TiO2ÌÊÏر ÂÇا�4SiO2  Ãر Êم4Ï,ر : Í(La Maitre, 2002)$ CاJ '�~  ش�§�
and Floyd, 1977)$ D: ÌÊÏمÊ ،C£ح�Ç £�» £اصË¸ JاË�Ç £� -سا ��x£� اÍ ~Ç FاªÊ �Ä,7ا� ~ÄاyÄ'  دËÍ4(Winchester and Floyd, 1977)..  

  

Fig. 7. Classification of Turkmeni blueschists: A: AFM diagram show tholeiitic nature for samples (Irvin and Baragar, 
1971); B: Turkmeni blueschists have basaltic composition (Le Maitre, 2002); C: In SiO2 vs Zr/TiO2 diagram samples 
have plotted in sub-alkali basalt field (Winchester and Floyd, 1977); D: Based on immobile content of samples, they 
have sub-alkaline basaltic composition (Winchester and Floyd, 1977). 

 
Nb وTa 7, ~Ë» JاÎ�Êاx Ìx ~ÊاÇ7Ti �@�Ëلم�, ،Ãرو�� £�¶Ê

~Ç À@@�£د، �ف@@Ê4,ر �@@Ä5و- �4ا �@@ªËÇ 4ر �@@�Êد  و ���ا@@Ëا��
(Green, 1995).  Ãرو��Nb  وTa ~Ç ·�7Ï� ,ر Ì@� د و@Ëx رÏ²

 J£��ÇNb ~Ç J4 ج@اÏ� د  ر, 4ر سا��ار@Í4(Foley et al., 
2000; Bromiley and Reffern, 2008)  É�,£ا�@@@Ë�

~ÄاÇÏÊ'  ~@@فËÇ Jا@@ÍNb  وTa  Éا��@@q ��@@§Ê وNb/Ta  4ر
4ر ��ÄÏ@د  Íاx£� ~�' Jم��Ç ~Ëد Ê ¨ÂÊد,ش�É رو��@Ã ش�§�

 À³@ا�� �@Äا� É@�, Ì@x س�, �ªËÇ 4ر F' FدÊاÇ ~Áو �ا -,¢Ç
و Ï��Ä �ªËÇسف£Ç J¢,- ,وËÇTi  ¤@�Ê Ì�Äاس�~ �ا 'ÇÏÊاËÇ ~Äف~ 

,J  �اص@Ï{ Ãش@�Nb Ìو  Taشد}~ ,Î�  7~,7 سJÏ �4|£ . 4,ر4

 KØ�Á Ìx د,س�Ë�'£¾شده ,س� Ãحم�Ç ,5و- ر .~Î� 7, ~{ش@د
Ta  وNb  £و سا�HFSE FÏuمÍZr ، Ti  وHf �Ä,74ر �ا  JاÍ

 JاÍ�@@ªËÇ ¨@@�×' ا@@� ±��£@@Ç و Fم@@اx �@@ªq و Ï@@جل Ì@@¯Ï�
Ìش�Ï{  د@Í4 ~@Ç 37 س@�ال ر, ~Ë» JاÎ�,¢Ç ا� J,(Ewart et 

al., 1994) .~ÄاÇÏÊ' 4Ïف@~  وجËÇ JاÍNb ،Zr  J4و �@ا �@دو
Hf ~ÄاÇÏÊ' اص£  وË¸ 7, ���Ç JاÍLIL £�¶ÊCs ،U ،Th  وSr

�ËÍار شده  Íاx£� ~�' JمÌ� ~Ë 4ر Êم4Ï,رÍا�Ï�yË¸ J~ ش�§�
 ±��£@Ç JاÍد@Ë�'£¾ É4,ش� ¨ÂÊ £|Êا�� ،Ì�Äو, Ìش�Ï{ Ì� ��§Ê

Ïq �@ªËس@�Ì 4ر �J Çا ¾£ور,Ïq ¨Êس��Á, ÌاÏÊس~ �ا �4ا�Ä ,ج¤,
  .(Yu et al., 2006; Pearce and Stern, 2006)5و- ,س� 
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 ÂÇREEا�§@Ì روÊ@د : C,وÏ{ Ì@� ��@§ÊÌ  $Ì@�Äش@�: Ëx Ì� ��§ÊB@در��$ : x£� :AمÍ ÌÂ³ËÇ ~Ëا�ËÍ ~�' JارساJ7 ش�§� ÊÌم4Ï,رÍاJ � .8ش°¶ 
�ËÍارساÏ{ Ì@� ��§Ê J7ش@�ÊÌ  Ìم4Ï,رÍا�ËÍD :� ~�Ï�yË¸ Jارشده Ëx Ì� ��§Êدر��$  IAB �Ìو  ÍE-MORBاx£� ~�' JمË~ �ا  �ÇاÉ�|Ê ش�§�

 �ËÍ(McDonough andارس@اËx Ì@� J7@در�� ,ÂÌ 7اIAB $)Ç� £�4و  ÍE-MORBاx£� ~�' JمË~ �ا  ,وÌ�Ä جÂÇ �Îا�§�Ç ��x£� ÌاÉ�|Ê ش�§�
Sun, 1995)  7, Ì�Äو, Ìش�Ï{ ،(Sun and McDonough, 1989)،  É�|Êا�Ç ��x£�E-MORB  7,(Niu et al., 2002) ،IAB  7,(Ewart et al., 

1998) ~Ç دËاش�.(  
  

Fig. 8. Normalized multiple-elements diagrams of Turkmeni blueschists: A: Chondrite-normalized REE patterns; B: 
Primitive mantle-normalized trace element spider diagram; C: Comparison of chondrite-normalized REE trend of 
Turkmeni blueschist with E-MORB and IAB; D: Primitive mantle-normalized trace element spider diagram for 
comparison of Turkmeni blueschist average with E-MORB and IAB; [Normalized values for chondrite from 
(McDonough and Sun, 1995), primitive mantle from (Sun and McDonough, 1989), average composition of E-MORB 
and IAB from (Niu et al., 2002), and (Ewart et al., 1998), respectively. 
 
 
 

  

 JاÍÏ|Ä,REE �§دو,س±  ش�� ~Ëمx£� ~�' JاÍE-MORB 
ªÊ@@ا4Ï@@�E-MORB  Fه و روÊ@@دÂ� J£��@@اJ7,Ï@@Ç K �@@ا  IABو 

~Ç  Ì@� ��§Ê د وËÍ4E-MORB  وIAB  7,HREE  J£@م�x
 7, J£�ª�� FساÏÊ ~Äد وË�§Í ر4,رÏ�£�LILE ~Ç FاªÊ دËÍ4 .

 C£ح�Ç £اصË¸ ~Ê,و,£¾LILE -' 7س± ¾اÏ�  7, 4,7 ش@ده' É�{
ص@@فح�Á, ÌاÏÊس@@~ ¾£وروÊ@@ده و ¾£'�Ë@@دÍاJ 4}£س@@ا�Ëx ~Ê@@£ل 

~Ç دÊÏوه. شØ¸ ¨Ê,ور£¾ -Ïرس >ÏÊ É�, £�  ~Ê,4ر ¾£,و ¤�Ê دهËËx

Ë�@@§Í £��@@Ç ¤@@�Êد  xLILم�@@ا- �@@اx~ و  �£�@@~ ,Ë¸ 7اص@@£
(Fretzdorffs et al., 2002) . Jا@ÍÏ|Ä,REE �@§ش�  JاÍ

Æx م�@ا- وx £@اصË¸ ~ش�م�ا�Ï�U و ر¾�ار ~Ëمx£� ~�'  C£@ح�
�Ä,7ا �ا �اÎÊ' Ì¯Ï� JاÍ  ~@سÏÊا�Á, Fم@اx �@ªq JاÍ �@Â³ا�Ç

Íاx �ªq JماË¸ Fاص£ Êاسا7}ار و Í  4,ÏÇاÌ¯Ï� J �ا�Ä,7. 4,ر4
ÍاJ  و }@د,7ه ËËxMORBد و �@��Ç 4Ï  Éم£Ç ¤x~¾£,ر ر, 4ر �

~Ç ·@@Á,س@@~ وÏÁ £@�,¤د جÊÏ@@ده 4ر . ش@@Êرو ,س@@ل� ¾£ورو É@@�, 7,
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 ÂÊ(Sinton et@¨ 4,رÊ@د  ÍBABBاËÍ4 Ã�yª�  ��x£� Jده
al., 2003) . 7, ~@سÏÁ £@�,¤ج Jا@Íا}ماÇ ÌمÍ دËt£ÍHFSE 

,Êد وÂÇ ~Äاx £�4م�@£ و  �Î~ شده Taو  ÇTi ،Zr ،Hf ،NbاËÊد 
~ÄاÇÏÊ' Í ~فËÇ JاZr ،Hf  وTi  4ر Ì@ا�Ë�£x Æ@§ا��ÇÏاس�Ç Ì@�

~Ç 4,4ه ��@§Ê ¤�Ê �ªËÇ 4Ï@ش(Fretzdorffs et al., 2002; 
O’Reilly and Griffin, 1998; Xu et al., 2000).  

 ~Êدر7 و �@ارÊسا JاÎªÍوvq ا���Ê(Saunders and Tarney, 
1984)~Ç FاªÊ?Ï@ا �ل@� Fشد ÃÇاx Ìx دÍ41  ¨Ê,ور£@¾ F7و

 ��@@§Ê ¨�,¤@@¾, ا@@� Æ�Â�@@§Ç Ì@@³�,رLILE/HFSE  4,ر4 و �@@ا
}¢ش� Ç7اF و �ÏسÌ¹ س�§@��ÄÏ� Æ@د Î�,¢@Ç �@�x£� ،-,¢@Çا 

7,IAB   س@@م� Ì@�N-MORB ~@@Ç ¨�@q4رو . Ì@@� Ì@@جÏ� ا@�
Í@اÁ ~@�' J£,ر}�£Ç ��x£� Jا}ماJ ساÊ7ده q£و���ÄÏ ش�§�

 É�� ~Ëمx£�E-MORB  وIAB ~Ç 4ر Ì@x �¾£{ Ì���Ê F,Ï�
Ç7�@§ش� �@�ÄÏو�£q دهÊ7س@ا Jا}م@اÇ Ã�y@ª� Fا ~@�' Jا@Í

 4Ï@� Ã@Çاx ¨Ê,ا ¾£ور� ?Ïل� Ìل�£Ç Ì� ¨Ê,ور£¾ F7و ،~Ëمx£�
Íاx£� ~�' JمË@~ �@ا Íم£,Í~ ش�§�). 8شÊ) Ãy£س�ده ,س� 
Cو J£{ا�Ç اÍ)Ì@اسÇ ~¸Ï@Ê Ìx ش@ده FÏ@{£{4 ºÄا�@اÊ zË@س

Í@اJ �اص@ªx 7, Ã@¨ ��اÎÊ' Ã�yª� £|Ê@ا 4ر ر�ف@�) Ë�§Íد
 Fماx �ªq~Çاشد�.   

 

  

 ,.x£� (Aldanmaz et alمÍ Ì@Â³ËÇ~@Ë@اª �  ~@�' J~ س�ªËÇ zË ش�§@� ، جÉ��¹� �Î 4رجÌ 5و-4Zr/Nbر ÂÇا�ÊLa/Yb  Ãم4Ï,ر  .9ش°¶ 
2000).  

  

Fig. 9. La/Yb vs Zr/Nb diagram represent partial melting degree of source rock of Turkmeni blueschist (Aldanmaz et 
al., 2000). 
 

  cÓÂve دÂ³�³¿ی
Í@اJ '�@~ و  ر�د,Í4اªÇ ~ÊÏ@{£{4 J@اÍده ش@ده 4ر ش�§@�

Cو J£{ا@@�Ç  و Ì�@@د}~ �اص@@~ 4,ش@@�u�q ،~@@Ëمx£� Jا@@Í
¾@ا7  �3@اx~ ,7 ر�@د,x 4اÎ�Ê@ا�£رس�Îا�q J£و}£,¾~ و ش�م~ 

 É�, 4ر ~ÊÏ{£{4اÎ|Ëس ~Ç اشد�:  
  Íا 4ر ر�§اره ش�§� س�¤$ Ê ~ÊÏ{£{4مM1 :ÌÊÏ¾ا7 
4ر  ش�§@� '�@~ ر�§اره ÊÏ{£{4~ 4ر ش£,�± �¹اM2 :~Ä4¾ا7 

ÏÊÏ�y� 7ا¾ £�,- Fاy§ا}ما�~ و,ر�Ç$  
 ر�§@@اره ش�§@@� س@@�¤ ÊÏ@@{£{4P-T~ 4ر ش@@£,�± : M3¾@@ا7 

  .�x ~�,7م�£�Ç É�ª�q É£��± �ا ¾اÏx 7ه

�Îل �ا�~ جÏف��Ç' دوت@�q, A,£@², 4ر ~Äا@yÄ' JاÍ  4£@� Jا@Í
Í@اÎÊ'  Jا ,��ÄÏË��x, Ì� A,£², 7 4ر ش�§� ��لÏر �Çد4شده و 
~Ç ~�' �@§ش� Ì@�Äو, ~ÊÏ@{£{4 £|Êا@ªÊ دÊ,Ï�  ا 4ر ر�§@اره@Í

}§��q, 9£دوت و xاس�Ì شدF 4رص@د 'ÏÊر��@� ( ش�§� س�¤
�@ا�~  �Ã�yª و�yËا�� و ج�Î(، سr¥ ش�§� '�~ )¾لدسrارÍا

�اش@�Ì �لÏر �Ç@دÊÏ@{£{4 4~�(و 4ر ÎÊا�� ش�§� س�¤ ) 'ÎÊا
J �ا¾@� ش@ده xاÎ�Êا�ÇمÌ¸Ï . �اشد) Íا ���ÄÏË��x, Ì و�yËا��

Cو J£{ا�Ç ده  4رÍا@ªÇ ~ÊÏ{£{4 Ìل�£Ç دËt 4,ا ر�د� ¤�Ê اÍ
�ÇمÌ@@¸Ï . 4,ر³�4@@ا�Í À@@اx£� ~@@�' JمË@@~ 4ر ش�§@@�ش@@ده 
Í@ا،  �q, ،���Ä' Jدوت و }ارÏÇ �Êج@4Ï 4ر �Ç@ا}£J وxCاÎ�Êا
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~@Ç Fا@ªÊ ,د ش£,�± �¹ا4ل 4ر ر�§@اره ش�§@� س@�¤ ر@ËÍ4 .
�@@Ê9 و رش@@د }ار£�@@§{ Ì@@{و ر �@@�vË¾ ،ا@@Í  7, Ãy@@ª�Ç Jا@@Í

Ï@x,ر�¤ ��@اÊ|£  ±�لÏرÍاJ }ارy�Ç ،�ÊاJ سف�د و ,q@اC  4رش�
ر�§@ار.  �Çمª¾ ~ÊÏ{£{4 Ì¸Ïار �ا× و ¾¹ا��Ä س�ا×ت 4ر �د

و x F' 7, ¥@@qل£��@@~ و (Spear, 1993)ش�§@@� '�@@~ �@@4Ïه 
روÊ@ده 4ر  Íا �اx~ ,7 ر�د,q ~ÊÏ{£{4 4¥ شدF }ار�q, �Êدو�~

 �@اJ£Á و ,ش@�اrÇفل~ .�اش@د ش�§@� س@�¤ Ç@~ هش£,�± ر�§ار
(Bagheri and Stampfli, 2008)  4,هر�دÏx Fاy§7,�~ و,ر�

 ~ÊÏ@{£{4 ~ص@ل, Ã@Çر, ¸ا Ì@¹Ä³اÇ 4رÏ@Ç ÌÂ³ËÇ ا4رÎ|Ë@س J
ÊÏ{£{4~ ~Ç Ì¯ا ��ا� CارÊ, ÌÂ³ËÇدËÊ,4. 

 
  ³ی�ي¿تیجه

~Ëمx£� Ã§{ 4,د�Ç, 4ر ~Ëمx£� ~ÊÏ{£{4 JاÎ|Ëور�4@� -س,
Ì�~Á£@د ش@Ê³@~ �@ا رو� JاÍرت سا��ارÏص- F47 «£�@~ �@£و

Ì�¾د �اÊ, . Ã�yª� Cو J£{ا�Ç ا ,«ل� ,7 ش�§� '�~ وÎ|Ëس É�,
�Çمx Ì¸ÏاÎ�Êا���Ä' J، و�yËا��، ,�qدوت، ,Ê, . ��ÄÏË��xد شده

Í@@اJ '�@@~ و '��Ä@@�، و ,x§@@�دÍاÏÇ É@@Í' Jج@@4Ï 4ر ش�§@@�
Cو J£{ا�Ç 4ر �Êو }ار ��vË¾ ،دوت�q, Ì@ر�@د,4 س £|ÊاªÊ اÍ

ÌÊÏمÊ ~ÊÏ{£{4 7ا 4ر ر�§اره¾اÍ§ش�§� س�¤، ش� JاÍ ~�' �
ÍLREE@اJ '�@~ ,7 ش�§@�. و سr¥ ش�§@� س@�¤ Ë�@§Íد

 Ì� ��§ÊHREE~Ë»~Ç FاªÊ J£�ª�� ~{دشد@ËÍ4 . 4Ï@وج
~ÄاÇÏÊ'  £@اصË¸ 4ر Fس@اÏÊ و �@��Ç JاÍLIL  £@�¶ÊSr ،Cs  و

Rb ~ÄاÇÏÊ' ف@~ 4ر  وËÇ JاÍHFSE  £@�¶ÊNb ،Hf ،Zr  وTi
Íاx£� ~@�' JمË@~ ��@اÊ|£ ش@�اq �Í£و�É@�, �@�ÄÏ  4ر ش�§�

ÌÊÏمÊ Í�Ä,7ا� Ì� ا Ì@¯Ï� JاÍ ~Ç Fم@اx �@ªq JاÍ دË@4ر . �اش
�ªËÇ �@§ش� �@�ÄÏو�£q دهÊ7س@ا Jا}م@اÇ  Ì�@شÏ{ ،~@�' JاÍ

 ~@² ¥���Ï�Äا@q 8ÏÊا@�Á, ¨Ê,ا��¤ه شده 4ر ,�@£ ¾@£ورÇÏاس�Ç
Íم£,q . ~@@Íا7Ï�Äو��@�Ç w@@اÊ~ �@@ا ¾ÁÏ@@اÂÊ ~Ê@@¨ 4,ش@@�Ì ,س@@�

ÌاسÇ  دهÊ7س@ا w@�7ا� Jا}م@اÇ ا@� ~@xو J£@{ ºÄا�@اÊ JاÎ|Ëس
ÍاÂÇ JاË¸ £�4اص@£ xم�@ا-  ÍاJ '�~ و q�§� ��§Ê£و���ÄÏ ش

  . ��اÊ £|Êا�اF4Ï� ºÄ 7وF ¾£ور,Ë�§Í ¨Êد
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Introduction 
The occurrence of blueschist metamorphic facies 
is believed to mark the existence of former 
subduction zones. This facies is represented in the 
main constituents of subduction-accretion 
complexes, where it occurs in  separate tectonic 
sheets, imbricated slices, lenses, or exotic blocks 
within a serpentinite mélange (Volkova et al., 
2011). The evidence of the presence and maturity 
of Paleo- Tethys oceanic crust in the CEIM 
(define this) in Paleo-Tethys branches, subduction 
and collision has been studied by various authors 
(Bagheri, 2007; Zanchi et al., 2009; Bayat and 
Torabi, 2011; Torabi 2011). Late Paleozoic 
blueschists have recognized in the western part of 
 the CEIM (e. g. Anarak, Chupanan and 
Turkmeni) in linear trends. Metamorphic rocks of 
 the Turkmeni area (SE of Anarak) are composed 
of blueschist and meta-greywacke and are situated 
along the Turkmeni-Ordib fault associated with 
Paleozoic rock units and serpentinized peridotite 
bodies. Turkmeni blueschist and meta-greywackes 
have not been studied by previous workers. 
The Turkmeni blueschists consist of albite, 
winchite, actinolite and epidote. Granoblastic, 
nematoblastic and lepidoblastic are main textures 
in these rocks. Winchite is found in the matrix and 
around  epidote grains. This sodic-calcic 
amphibole serves as an  index mineral in 
blueschist facies. Actinolite and epidote formed 
during retrograde metamorphism of blueschists in 
the greenschist facies. The mineral assemblage of 
albite, epidote, chlorite and phengite ± garnet is 
present in meta-greywackes in the Turkmeni 
blueschists. Veins of garnet, muscovite, quartz 
and opaque minerals are extensive in these rocks. 
Epidote and chlorite formed in meta-greywackes 
by  retrograde metamorphism in the greenschist 

facies. The aim of the present study is to 
determine the petrological and geochemical 
characteristics, P-T condition of blueschists and 
meta-greywackes, as well as the geotectonic 
setting of primary basaltic rocks of the Turkmeni 
blueschists.  
 
Material and methods
This study is based on field observations and 
petrographical and  analytical studies.  Satellite 
images and a geological map were prepared. 
About 20 thin sections were supplied for 
petrological studies. Mineral chemical analyses 
were carried out by a JEOL JXA-8800R electron 
probe micro-analyzer (EPMA) at the Cooperative 
Center of Kanazawa University, Japan. The 
analyses were performed under an accelerating 
voltage of 15 kV and a beam current of 15 nA 
with 3µm probe beam diameter. The Fe3+ contents 
of minerals were estimated by assuming ideal 
mineral stoichiometry. The representative mineral 
compositions are given in Tables 1-3. Major 
oxides, rare earth elements (REE) and trace 
elements of five blueschists samples were 
analyzed by the ICP-MS method (Kanpanzhouh 
Research Company, Tehran, Iran) of the SGS 
laboratory of Canada. Whole rock chemical data 
are presented in Table 4. 
 
Results and discussion 
Petrographical and geochemical characteristics of 
Turkmeni blueschists reveal that they were 
derived from a similar mantle source and 
underwent analogous melt extraction and post 
magmatism occurrences. According to the trace 
and rare earth elements contents, the protolith of 
blueschists should be formed by crystallization of 
tholeiitic basalt and have sub-alkali basalt nature. 
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Blueschists have LREE values more than HREE. 
High amounts and evident variations of LIL 
elements are obvious. Negative anomalies of 
HFSE such as Nb, Hf, Zr and Ti are evident in 
Turkmeni blueschist. REE trends of these rocks 
resemble as the back arc basin basalts. Based on 
the Nb/La ratio and REE contents, the original 
magma has been generated by low to medium 
degree of partial melting of a lithospheric mantle 
spinel lherzolite. Geochemical characteristics and 
normalized diagrams reveal that primary magma 
of protolith has been nature near to IAB and E-
MORB. The related processes to subduction of 
Paleo-Tethys oceanic crust led to mantle 
enrichment and carbonate metasomatism. The 
Paleo-Tethys Ocean spreading in CEIM 
commenced in Late Ordovician and terminated in 
the Late Paleozoic-Triassic. Association of meta-
greywackes with blueschist and LILE/HFSE 
contents shows that Paleo-Tethys oceanic crust 
subduction zone at Turkmeni region was been 
immature. Mineral chemistry and assemblages of 
the blueschists and meta-greywackes units reveal 
that they suffered different metamorphic 
evolution: (M1) greenschist metamorphism by 
existence of actinolite and albite in basaltic rocks, 
and then they passed a prograde metamorphism in 
the blueschist facies by existence of winchites 
(M2) which is followed by a retrograde 
metamorphism P-T condition in the greenschist 
facies (M3). Variscan tectono-metamorphism 
occurrence has been main metamorphic phase in 
Anarak region and it has led to metamorphism in 
blueschist facies of Turkmeni rocks.   

Acknowledgments 
The authors wish to thank the University of 
Isfahan University for financial supports. 
 
Reference 
Bagheri, S., 2007.The exotic Paleo-tethys terrane 

in Central Iran: new geological data from 
Anarak, Jandaq and Posht-e-Badam areas. 
Ph.D. thesis, Faculty of Geosciences and 
Environment. University of Lausanne, 
Switzerland, 208 pp. 

Bayat, F. and Torabi, G., 2011. Alkaline 
lamprophyric province of Central Iran, Island 
Arc, 20(3): 386-400. 

Torabi, G., 2011. Late Permian blueschist from 
Anarak ophiolite (Central Iran, Isfahan 
province), a mark of multi-suture closure of 
the Paleo-Tethys ocean. Revista Mexicana de 
Ciencias Geológicas, 28(3): 544-554. 

Volkova, N.I., Travin, A.V. and Yudin, D.S., 
2011. Ordovician blueschist metamorphism as 
a  reflection of accretion-collision events in the 
Central Asian orogenic belt. Russian Geology 
and Geophysics, 52(1): 72-84. 

Zanchi, A., Zanchetta, S., Garzanti, E., Balini, M., 
Berra, F., Mattei, M. and Muttoni, G., 2009. 
The Cimmerian evolution of the Nakhlak – 
Anarak area, Central Iran, and its bearing for 
the reconstruction of the history of the 
Eurasian margin. Geological Society, London, 
Special Publications, 312: 261-286. 

 

   
 
  
 

 

www.sid.ir

