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2� 5�� -��-�&�  >�* #�Y -�5����� -� �@ <=� >�:
.5�� +�� �  50=� ��� ���  

 

  
LB� 4. ._�� L!� %��&�' �*�B���B�� aS�U� A (^"�&�� )Qtz7����* �() ��b�2D�Kfs( 	W���(W* � )Plg (����`�� ��%��&�' 	�� 

�� _�� L!�.2���� B( ) %���' �0�� ����Grt_�� L!� %��&�' �� ( .C( ) %�����D��Sil���� 	& (�0�� ��  L!� %��&�'�� _��2��� .

D( ) ��)����"Tur) ����'�� %��B��� � (Ms1 ._�� L!� %��&�' �� (  
 

� ���X* >�� }�- ��"��� >�  ���� �  4�?T� >�:
�#��#K �9��� �-� �  
�� ��)���� ��$�����C � ����%

}�- .5�� �  ��-�� �b��� �- �#��#K �9��� �@ ��:
 >�:��=@� �����C �-� K2O� Na2O  �CaO  D�� -�

 �  �-�� �:-�J���C -��c� � O�� �  I�c?=� _�0*-� �@
� ��"��� >�� 5�:�� ���X* .��	����  O�"6� -���"�

#��#K  �-���-�  � �������) +���� � ��  -� �:1971 (

I)� 
���@$��"?� -���"� ���*   	� �#��#K ��"��� >��
^��) (�-��": � 5���C .5�� �#��#K2001-���"� ( 

 ��*��Na2O+K2O-CaO � ��  -� SiO2 -���"� � FeO
t
/ 

FeO
t
+MgO  � ��  -�SiO2  - -�b�� �  �-
�  >��  >��

 ��"���5����� 
��@ �L�-� �: H �x� .��� 
-���"�Na2O+K2O-CaO  � ��  -� SiO2 ���"�  >�:

5�� ?������ B�=�@ 
�?=� -� [�*�"� -  � #��#K
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#��#K-� -��% B�=�@ ����<��) � A6�  .( -�b��
�=��c�� 5������@�# 0�@�* 
���8�  � 5���C) �:

 �(�-��":2001� -� $�� ( (��� >�X  -���"� � -���"� ��
 .5�� 
�� 
��� �-���"� ��� H �x����"�  ?����� >�:
I: 5�� ���"6� < �% 0�@�* ����� 
���8� �  );�*

5������@�# � (��� �: �:� .����"� -� -
FeO

t
/FeO

t
+MgO  � ��  -�SiO2 ���"�  ?����� >�:

; ��$�!� 
���8� -� [�*�"� 5�� ������ ���"6� >�
��-��-���"� ��� -� .  ��"* N�@�*5�����>�: G2  -�


���8� 5������@�# �: � 5���C A��* 
�� ���X* >
) (�-��":2001t%�� ( ���  <��) ��B6D�� .(  >�:

 ��-MK >��L�?������  �-  �I�����#K O�0�� R&�� Z���
����#K�?� �����#K 	� -���� �  �  �����) �#��#K 	� -����

1943 g �#���� � -�����1989( � I�=c*  -� .���@
��*�� -���"�Al/(Na+K)  � ��  -�Al/(Ca+Na+K)  

 #���� � -�����)1989(�  ��"*5����� ���"6� >�:
5��  <��) ��?=: ����#K�� 5�:�� >�-��C6.( 

 

 
LB� 5. A( �UNS h��H� ) %���)2�� 2��1994����� �( �&�' i�� 	& �G)�H� ���� ��2��!� %� .B( �� �j�" ��  � ?��\�� �&����

)  &��B��1980����� �N���" %�GP�� �(  � %��&�' ���25� �� %/' ���k3 ���)�B)3 .2�GP&� %��&�'C(  g��& ���� �&���� ���"

%�N)3- 	�"�&- %�"���3 �&)��� ��1965����� (  � %��1���" i�� 	& ;�& L!� ����&�' ��i&��& &�' _�� L!��� %�� .2����  
  

  
LB� 6. A �&���� �� �j�" �� (Na2O+K2O-CaO  ��&�� ��SiO2  � &��B�� � %�&��)2001(� %��&�'��  �0��1� %/' m�"2�0 ���!' ��

[�!D�- �)�B)3 � �)�B)3-�� �&�P [�!D� ��'� .2B �&���� h��H� (FeO
t
/ FeO

t
+MgO  ��&�� ��SiO2  � &��B�� � %�&��)2001(� 

����� � m�"2�0 %/' ���'�'� �0��1� ����&�' �7�^��� �� �� 2��&� �j  � &��B�� � %�&��)2001.( %��&�'���) �N���" ���25� ��

 .%�& �2� ��&� d���� �!��U� ��n�� ��C( ���"�� �&���� h��H� Al/(Na+K) ��&�� ��Al/(Ca+Na+K)   ��)�B�* � ������)1989 �(

%��&�'�� %���� &�&� %/' .2��!� ����)3�*  
 

D�� ���"�� N�@�* ��-MK >�:� 5����� ��"; 	�  �:
+�X��q��� D�� 
���@�����C ���?�G >�:  
�!��; �

(K <���* ����?�*  5��: ��?���)2011( . �9��� t�	�*
 >�:�����C W -� *��4?� >�:���- 	� �9� � -���

^�M �x� �  ���� ��  .��-��-�&�  H��4* � �T  
�8� �X#
� �9��� t�	�* ^�M �����C (��*  -� �@ �- H��4* � �T 

�?��� 2c� B�=�C >�:�"��� $�G  ����c� .��"� $��"?� ���
 I�=���?�� �  I��� �- 50=� 5�� ��:-�?@�C ��"; 	�

 ��@-� ) �-�� �� -�@ ����	 ��� -� �@1979( >�"��� -� .
^�M 	� <9�Y ��  50=� ��� �T 1/0  �*01/0 

� #�Y -� ���   �@���  �"��� $�G -� H��4* �����C
 	� �?"@ 50=� ��� ���  �?��� 5#�&�01/0  �  .5��
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���"� -� I�=���?�� �  I��� �- 50=� �  �;�*  �-�� >�:
2�  �@ �X#�x� 	� �*01/0 ^�M �����C 2c� 5��  �T 

� ���q* �cx�� >�"��� $�G -� .����  ����c� ��0� �  �b�
�%< : B�C�� � A����Y >�:�"��� �;�*7 �  ��$"

5�����^�M �����C 5#�&� ��X#�x� �-�� >�: -� �T 
5����� $�G 	� H��4* �����- �  50=� 5�� ���"6� >�:

2�  5�":� .5�� 
��  -��-�&�  >�* 	� ��
�c0W >��  ����� ��?�G >�: �I�=c* 5����� >��   �  �:
 O����S �I �M  �A � �  .�� �?���� -��?&� -� �  �b�

 I�#�� �Q��)Ga( 
��� -� 
��4?�� �<@ D�� "�� >�:
5����� 
���@$��"?� >�:-���"� 	� ��$:�@ >�:)I, S(  	�

 ��$:�@��/)A( � ���� �x �- ��� .5�� 
��� �=�� 

5����� ��� B��$� ���	D�� �  �: ������ >�:
:�@ �� �"@ 	� �T  �@ 5�� ���"6� ���"�@�L� ��$

 ���L����) 5��1392 �(�-��": � ���"� gb2013 g
 ���"���;1393 �(�-��": � ��"���; g1395 �  ��~* -� (

���	 
�!��;(K ��$:�@��/ ?&�� �  �;�* �  .5��:
5����� 
���@$��"?� >�:-���"� >�: O��I 	� S  � 5���)

 �<Jj1983 g5��� � <Jj �2001�( 5����� =� >�: E�� <
 O�� 	�I 5����� �  ��� <=� >�:
�!?��& >�-�� S 

� <��) ����  7.(  

 

 
LB� 7. A( �&���� h��H� ���"�� Na2O  ��K2O ) LbC � %�&�1983 �(	& ����� �� %��&�'��  i�� 	& ;�& L!�I %��&�' ���  i�� 	& _�� L!�

S ��  .2����B(  �&���� h��H�CaO L��U� ��FeO
t
   � LbC %�&�)2001%��&�' �(  i�� 	& ;�& L!� ��I %��&�' �  i�� 	& _�� L!� ��S 

�� .2����   
 

�B����B" ��F��j �2���^����� ���&����  

�"��� $��"* ������ >
�!��; ���	 >�:  �  ��?T� ?&��

��� 	� 
��4?��  (�@ � Z��� �  ���"���LG >�:

)1971,1973� �  ( (�-��": � Z��� .���� )1984 �  (
 V�  >-����� (���� �  �9��� 	� 
��4?��)Ta �Yb �Nb �Y( 

-���"���:  �-� -�b��  ����?�* 
�!��; $��"*
 �:��L�?�����C�X� 
��@ H �x� .���  I��?�� ��*�� -���"�

5����� ���� ��� � ��  -�
�!��; 	� 5�� >�: <&�� >�:
�849  $��"?� �����%� (��� �?�� � >� >�-�� � 
��

 ��?=: �-�&�  �  (��$": � ���4�*K Z�% 
�!?��&
)<�� A8 $�� I�#�?��* � ��  -� I� �?�� ��*�� -���"� -� .(

5����� 
���@$��"?� 	�� <8� -� 5�� ���"6� >�:

�!��; ��X%�� �-�&�  �  (��$": � ���4�*K Z�% >�:

)<�� B8 ��*�� -���"� �  �;�* �  .(Al2O3   -��� � 
SiO2  �#���� � -�����)19895����� �( 	� 5�� >�:

5�������& � 54�- 
�!��; >�:
-�% ��	 
��  $��"?� >�
% E�XC ����Y 
�!��; �  _�0*-� -� �7
-�  � >�7 �-�&�


-�%) ��?=: >�<�� C8.(  

I: (���  � ��j�  ���j)1985 �9��� 3����v* ���� �  (
-���"� ��9� ��*�� R1-R2  B��4* -�b�� �  �-
�!��; 

���	 �?����� ?&��L�� 
��@ �L�-� �:  -���"� ��� -� .���
��L�?����� �?��� O���� �  �:  	� +� ��-�&�  	� 2�� �>�

 �-�&�  �  (��$": ���$:�@��/ ���$:�@ >�)?�� ��-�&� 

�� B��4* ��$:�@ 	� +� �  .��� H �x�-���"� ���� 

5����� �"6� >�: ��Y�� -� 5�� ��6  �7  -� �X�
� -��% ��$:�@ 	� �X  � �-�&�  �  (��$": ��"�%  �����

)<�� A9.(  -���"� -� ��*��50=�>�:  "?�-�!#
Th/Yb  � ��  -�Ta/Yb )(�*-�� � E����� 2002 (
���"�  >�:5�� ?�����  [�*�"� 2��-��C �  _�0*-� -�


-�% E�XC ����Y 
���8� -� � 
��  � -��% >�  �����
)<�� B9.( 

 y���� B� � (��)1989 �� I���* �  ( -���"� ��*��
 50=�Ce/Pb  � Ce  �Nb/U � Nb  � 5#�	�  5�X%��

�����%� (��� �?�� )MORB(  �����%� ���$; 5#�	�  �
)OIB( 
��� (��� (K -� �- .���
-�% �?��� 5�X%��  >�

 �V� )UCC( �?��� �  
-�% �@ >� )BCC(  -���"� ��� -�
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) -����* 	� N�*�* � 1985) ���?��C � B����- � (1995( 
 Z�0?%�5�� 
�� <��) >�:A,B10( . 0�@�* 
���8�

5������@�# �(�=��� � �L�G) ��#�"�: >�:2012�  $�� ( 
 ��:-���"� ��� H �x� .5�� 
�� 
��� (��� �=��c� -�b��

5����� N�@�*N�@�* � ��� 5�� >�: 
-�% �?��� >�
5������@�# �  >���	 0�@�* 5:�0� � 5�� <@ >�:

 .��-�� ��#�"�:  

 

  
LB� 8. %��&�' �B����B" ��F��j ^���".%/' �0��1� �� A( h��H� �&���� ) 7����� ��&�� �� 7����& ���"�� � &��B�� � g��*1984����� �( - - - -

 ��^�� � ���/E/"3 g�P ��F��j �� %/' ����&�' �� �2� L�B/" ���O�� ��2�& )ORG :%��&�' ��/* ��  �������P&  ��� ��WPG :

%��&�' �5EJ  ��� �� �&VAG  :%��&�' ����/E/"3 g�P ��syn-COLG  :%��&�' .(���O�� ��  ��^�� �� B(  ���"�� �&���� g��& ��

) 7�)����" ��&�� �� 7�����& � &��B�� � g��*1984%��&�' �( %/' ����F��j ��� 	�� �� .2�GP&� ���O�� ��  ��^�� � ���/E/"3 g�P ��C( 

 �&���� ��Al2O3 ��&�� ��SiO2   ��)�B�* � ������)1989 �( ^�(%��&�'  ��%/' �0��1� ���P ���O�� � ;�G� ����I ��F��j �� %�& KN"�� &

)IAG :����P ��&^j ��2�e����&�'CAG  :���P g�P ��2�e����&�' &�CCG  :���P ���O�� ��2�e����&�'  �&POG : 	& 2G� ��2�e����&�'

 ���&^���RRG :  �%E�� �� KN"�� ��2�e����&�' CEUG: �B/O ��2�e����&�' ���P �&	 .(&  

 

 
LB� 9. A( )  ���� � �DC�� ���"�� �&���� h��H�1985%��&�' �(�� 	& 2G� �  ��^�� ��F���O &�&� %/' �0��1� ��.2��!� ��&^�  

B(  g��& ��%N!� �&������  ������F)Th/Yb ��&�� ��Ta/Yb  ) � �"��' � ;2���2002d�� (����� �"  d�&���� �� o�N"�& �� ������  �� �

���P ;�G� ����I ���25� �� �&�P & ) 2���'WPB :%)&	�� �5EJ  ��� �� �&ACM  :���P ;�G� ����I &�  WPVZ :��/E/"3 hS���  ��� �

�5EJ (&  

  
LB� 10. A( ��  �&���� ���"�� %N!�Nb/U  ��Nb ) �R���� [� �  ��1989%��&�' (���P ����* ���/� �N���" %/' �� � 2��&� L� &

%��&�'���) �N���" ���25� �� m�"2�0 .2�GP&� ��)���� ��B( %N!� ���"�� �&���� h��H� Ce/Pb ��&�� �� Ce )[� �  ��  �R����1989(  ^��

%��&�' p���"d�� %/' �����P ����* ���/� �"%��&�'���) �N���" ���25� �� � ���� L� &7� ��)���� ����  �/� �����*2���.   
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  ;�2j 1.  q����%��&�' L� `�� ����%/' ���'�'� �0��1� �� 

MM-10(G2)

 

MZ-14(G2)

(G ) 

MZ-1(G2) 

(G ) 

MZ-13(G1)

 

MZ-16 (G1)

 

MZ-25 (G2)

(G ) 

MZ-29 (G1)

(G ) 

MZ-21(G1)

(G ) 

MZ-9 (G1)

(G ) 

MZ-2 (G1)

(G ) 

 

73.79 74.98 75.28 75.5 75.74 76.13 76.78 77.37 78.34 79.5 SiO2 
M

a
jo

r 
a
n

d
 m

in
o

r 
O

x
id

e
s 

(%
w

t)
 

14.55 14.02 13.9 12.76 12.45 14.02 12.98 13.08 11.57 11.71 Al2O3 

0.62 0.57 0.41 1.12 1.06 0.15 0.34 0.28 0.44 0.62 FeOt 

0.28 0.2 0.19 0.57 0.99 0.05 0.34 0.1 1.05 0.39 MgO 

0.47 0.5 0.5 0.72 0.53 0.43 0.32 0.36 0.4 0.26 CaO 

4.73 4.38 4.35 6.84 6.14 8.37 5.23 5.43 5.82 6.63 Na2O 

4.39 4.4 4.35 0.18 0.16 0.25 3.07 2.46 0.16 0.09 K2O 

0.03 0.03 0.06 0.69 0.48 0.02 0.09 0.05 0.42 0.11 TiO2 

0.01 0.01 0.01 0.01 0.03 0.01 0.01 0.01 0.05 0.01 MnO 

0.14 0.13 0.18 0.2 0.14 0.23 0.07 0.1 0.09 0.01 P2O5 

0.64 0.52 0.5 0.63 1.77 0.22 0.55 0.57 1.41 0.34 LOI 

99.7 99.92 99.81 99.49 99.49 99.93 99.78 99.86 99.75 99.73 total 

2.2 2.5 3.7 0.8 1 0.7 1.1 1.4 0.9 0.7 Cs 

L
IL

E
S
 (

p
p

m
) 

91 103 139 17 18 14 58 73 16 10 Rb 

243 221 131 19 39 56 290 158 33 22 Ba 

66 74 40 61 43 27 45 38 46 50 Sr 

19 70 44 <1 <1 15 5 4 <1 11 Pb 

0.99 1.26 0.43 13.02 9.1 <1 9.53 4.49 7.28 28.65 Th 

H
F

S
E

 (
p
p

m
) 

1.96 2.2 1.1 3.2 1 0.5 2.1 2 1.3 4.8 U 

11 9 10 31 16 <5 38 26 13 29 Zr 

<10 <10 <10 3953 1490 <10 163 <10 1152 249 Ti 

0.83 0.78 0.89 1.6 0.99 0.57 2.01 1.75 1.03 1.89 Hf 

0.29 0.24 06.1 0.8 47.0 3.0 82.0 44.1 0.55 1.16 Ta 

11.9 13.6 9.1 24.6 18.5 6.8 14.3 14.1 13.7 81.2 Y 

2/9 3 10/6 8 5 5 6.8 6.9 5.7 25.3 Nb 

5 5 3 10 8 2 19 8 16 20 La 

R
E

E
  
(p

p
m

) 

9 10 6 21 15 3 33 14 31 47 Ce 

0.2 0.44 <0.05 2.57 1.7 <0.05 2.63 0.66 4.07 6.87 Pr 

5.7 6.2 4.6 16.2 12.9 3.4 13.9 7.2 20.1 34.9 Nd 

1.13 1.35 0.8 3.52 3.28 0.4 2.5 1.37 3.41 10.14 Sm 

0.48 0.48 0.23 0.77 0.7 0.12 0.34 0.3 0.74 0.92 Eu 

1.12 1.32 0.74 3.72 3.1 0.3 2.16 1.3 2.91 12.11 Gd 

0.27 0.3 0.21 0.66 0.55 0.11 0.37 0.3 0.44 2.28 Tb 

2.7 2.88 2.26 4.6 3.85 1.92 3.11 2.86 3.17 12.84 Dy 

1.16 1.31 1.06 2.34 1.78 0.87 1.44 1.41 1.34 7.69 Er 

0.26 0.27 0.23 0.4 0.33 0.22 0.3 0.29 0.28 1.07 Tm 

<0.05 1.6 <0.05 2 0.8 <0.05 0.6 0.6 0.3 8.5 Yb 

<0.1 <0.1 <0.1 0.23 0.11 <0.1 0.13 0.1 <0.1 1.15 Lu 

0.6 0.6 2.3 5.9 5.5 0.8 1.8 0.6 5.3 2.7 Sc 

O
th

e
r 

(p
p

m
) 

5 5 5 79 19 4 7 5 15 5 Cr 

<1 <1 2 9 15 <1 2 1 18 3 Ni 

<1 <1 <1 6.9 7.3 <1 <1 <1 <1 <1 Co 
4 4 4 50 45 5 8 5 27 7 V 

<1 <1 2.2 1.8 1.2 <1 <1 1.6 1.1 <1 W 

22 28 24 4 7 4 2 7 7 7 Zn 

6 10 9 5 8 5 4 6 7 8 Cu 
<0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 In 

10 9 8 3 8 <1 1 <1 9 2 Li 
456 866 335 456 695 749 232 761 232 749 P 
<0.2 <0.2 <0.2 <0.2 <0.2 1.7 <0.2 <0.2 <0.2 4.7 Be 

3 2.8 2.8 3.4 2.5 2 2.6 2.3 3.4 2.4 As 
<50 <50 <50 782 <50 <50 <50 <50 <50 <50 S 
2.2 2.9 8.2 4.4 2.7 0.3 2 1 1.4 1.5 Sn 

0.64 0.7 0.62 <0.1 <0.1 <0.1 0.18 0.29 <0.1 <0.1 Tl 

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 Cd 
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Abstract 
Gash metamorphic complex is cropped out in the Talesh Mountain (Western Alborz). According to the 

field and microscopic evidences, there are two generations of granite in the Gash metamorphic 

complex. The first generation of granite (G1) is medium grained and light gray and displays mylonitic 

fabric. The second generation (G2), contains coarse leucogranites that has been injected into the first 

generation of granite and metapelitic rocks. Quartz, plagioclase, K-feldspar and biotite are the rock 

forming minerals of the first generation granite. The main minerals of the second generation granite 

are quartz, K-feldspar and plagioclase. Tourmaline, garnet and sillimanite are accessory minerals. 

Geochemical and mineralogical evidences indicating that the precursor of first and second generation 

of granites are I- and S-type, respectively. There is considerable compositional similarity particularly 

between the second generation granite and leucosome of the adjoining migmatites and Himalayan 

leucogranites that are indicator of collision setting. The prolonged geological history of Paleo-Tethys 

closure episode was resulted in successive generations of granitization in the continental active 

margin from Carboniferous to Upper Triassic. Probably, during subduction and prior to continental 

collision stage, the first generation of granites have been formed in the edge of Turan block. The final 

stage of Paleo-Tethys vanishing has taken place as a consequence of collision between Alborz block 

and southern margin of Eurasia during Eo-Cimmerian orogeny and terminated with the formation of 

metapelitic of Gash complex in the middle to lower depth of the continental collision setting and 

production of the second generation of granitization. 
 

Keywords: granite, partial melting, continental collision setting, Gash complex. 
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