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��/W�Z/�V WW/WWW/WWW/WWW/W�W/V��/���/W��/WY�/WV�/WK2O

��/�WW �Y/�WW �/�W� W/�W� YZ/�� Z�/�Z V�/�� Y/�� �/�WW �/�o� �Z/�� ��/�Z Total 
�Y/���/�W�/�W�/�V�/���/�Y�/�Y�/�VV/YV�/YSi 
WW/WWW/W

�W/���/�
W�/WWW/W�Y/W��/WWW/WWW/W��/W��/WTi 

�V/��Y/�AlIV 
W�/�W�/��W/WW�/W��/��V/��Y/�V�/��V/�rt/�

��/W��/WAlVI 
WW/WWW/W��/W��/WW�/W��/WV�/WFe3+

WW/WWW/W
��/W��/WY�/W�W/W

��/��Z/�
WW/W

WW/W��/��Y/�Fe2+

WW/WWW/WWW/WWW/WW�/WWW/WW�/WW�/WWW/WWW/WW�/WW�/WMn 
WW/WWW/WYZ/WY�/WWW/WWW/W�W/�ZY/�WW/WWW/WV�/�V�/�Mg 
W�/WW�/W�Y/W�Y/WW�/�WW/�W�/WW�/W�Y/W�Z/WZW/��Z/�Ca 
W�/�W�/WW�/WW�/WWW/WWW/WW�/WW�/WY�/WY/W�W/W�V/WNa 
W�/WZ�/WWW/WWW/WWW/WWW/WV�/W��/WW�/WW�/W��/W��/WK

op/�sp/�W�/�WW/���/���/�ZW/���/�WW/Vss/���/�V �Y/�V Sum 
Y� YZ����V�V�Y�YVMg# 

�/�Y �/�V���Ab 
��/��YVWAn 
Y/�t�/st ��Or 

V� VV/V� Wo 
�Z/�� ��/�Y En 

Y�/���/�W Fs 
�V/�� ��/�� XPs 

%�E�+1F 
�>��K31&	<���H $Q/� +� 6> 5� J*3 %8� �� �/X/� !14 ,

@�H$+ !�/  5/:�� + �!1�5�3�><9H@�H 5� 1*:��@0 �>$�)��:
�Y1N�� (:�/�H �$�)��:�1N�� (5/:�� +)��:��1N�� .(

I)
K�+ 
�y&? ,=6': �&2#8�
�!1�5�3 D$3�8�$D� �$M+1�><���H $,

5� J*3 %8� !14���:��|8� 1N�� $�3� 6.

��"L���%�#F �

2��� ]�� b�1>� 5� J*33�*4�J*3�><�/767���

�@3�S�<2#: ��#	 + ��� $J*3 E�><�/767� ��= �3� 
�X�� �(�*4 �  6;*�<�5$%7��6�
1-
'�914 %4+� �

��=+5�3�/767��+�����
�3�*4 ��
�X
!�"
	�/��8�/�/82:/e��D$1>�/( `14.5��
 ���64 
��#	 + ��� F

�/767��� T+��><G&8�� �� M�/N �7$5� 1*:��@0 �= �6
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<�� H6m� ��6'��/X��&- !��5 9�6
� �3�*4 ���= + �3�*4�/&  �&;� ��Z

)6��2@4 �`��=/�6: ��,	��><8�I+68D $��� �` .R*3��#	�><
�����6-<4 5� !��G83� +$'���= ��>.9�/  �+1S� �  �X/: � 

��= ��1[:��><,�I���D�/767� �G�H $�/@$��><��/� 3�6 ��
�@3�S�< ��#	 + ��� �� `��=/�6: ��,	� )6� $� 6�#1.T+� -

�><�
6"��� .;*3��#	 ��=� 9HT+� �64 �>
�/767� F�
5 �64 �  !14 �@3�S�
1�6.

��"L���%�#F �6@� �) �"�>��) �� ��
�!�I �
+@G M�<
>�.
?�@

�1�) �� ��� %" �
&. &%�� 3�0%)" 
��E24V8�I+68D �2@4$`!���(� 5� ��7<G�H $�/@$� �

I/&=�
3 �� �$hH h�/� ]8� ���]�Z [ +!68�7<�D
��1<
�>5�	<:$��8$]!14 !��� 9�#� ���1�� .�/OP )10 �  �X/: � 

��/'� �� ����7�><G�H $�/@$/';� ��/767� �0���#	 ��#7 
�/767��5� 68'= �Z=$�3� !�/  �� /& .	6B 5��1>�/4 �/@� 

h+~#� ���/'� �� �><�8
5� �8���� �<�/767� ��� �� 
!68�7<5
6h+~ �*S*�hH h�/� 5� 68'= + ����VW�X�� <

8��3�� 9�#� ���67�1>� .:+� �/@� �  6y�$+ %G3� �/OP + E
�
*'&$7� ��#	 ��/76�5� 68'= ��=$�*��� + �� /&<��� �


�0/';�<�/767� � �#7 $%YWW �: ZWW�X�� <8��3 �-
|8� ��67$$�3� 6.6 �* *S*� ��D
��1<D�$� �X/: �  + M+1

D� �/@�$G�H �� M+1$�/@$��><�0/';� <�/767� ��� ��#7 
�*���<��#	 ��:Z=$��� �� /&<�/767� ��WW �: �VW 

X���<8��3 �|: �� ��67$$6�3�.

��"L���%�#F ��6@� M�� �� ���
�!�I
M������ ����
��=��><�+1[� �� �/X/��
5� �8� 1��X L/&S� M�/N �  �>

�1���� �/X+8� �� $�;�
�>��67+,3 �� $]8��><&D�8� $8�
L/'[� + !�/  6:8�I+68D$`5� �8� 
�&D�8�$8�[��X 5� $�

 $68#<� �@�� 5� �8� 
��>����/(6  1�.� �/X+ � 
%1D
!1+
��= /S���>�
@- 5� $6&= E
D� + �$5�� �� M+1
 ����#	 + ��� 
�/767���5� �8�
��>G�$11�6: .�0/';� �  �X/: � �><��= �-

3�*4�!���(� �� �/X/� <G�H $�/@$�5� �8�
��>]��[+
6&= �/@� �  6y�
G�H �� �$�/@$��><��/� 3�6 �E-�1P �

���<�/767� �VVW�X�� <8��3 ��3� !�/  ��67 .�/OP )10
D�$G�H �� M+1$�/@$��><�0/';� <�/767� �� �#7 $�,

=�P���� �= �3� 9H 5� < $#$�*<�/767��YWW �X�� 
8��3���67�3� .	6B 5��&= �/&@: $D/*$�/767� %�=+6���
G�H$�/@$��><�/	 $3�$9/ ���i*� ���$9���� 6�=�1P 67<

YVW8��3 �X�� ��3� ��67 .

��"L���%�#F ��!G M�� �� 
� N
�
���>�. 
A�@ 
�����"�OG P��) !� 

K)!Si!�)!� %" Mg#

� 3�6 ��><��5H 
>�"#��/&@:G�H $L/@ �*��� �� ����
�WW 
�:�VW�X�� <8��3 �� ��67$!14 6� �3�]�W[.� �X/: � 

����
6Si+Mg#  �G�H$L/@�><��/� 3�6 ��� �!68�7<
����
�WW �: ZWW�X�� 8��3 �!14 �/&@8� ��67 1��)E24Y
U��.(

<6�Q��� ���/'� .�2@4 + ��#	 <8�I+68D$`1@: 
G�H E$�/@$I/&=� �  �
� !�6'> �!68�7<�D
��1<�>5�	 <:$��8$]3 �� ���$h�/� ]8�
 Q�@4� hH 5�]��[.
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1&X��!��'4 ��9�8� �: ����V ���=%$�5 !�"
�X + �'$4/_I ��3�*4 �8(�3�
5� �8��0/';� <�><. . .���

<6�R���.;*3��#	�=6: 5� !��G83� �  $4 k$'$��
G�H $L/@ .U��(���/'� Si � �@�� Mg# ]�W[.6 �* �
��/'� ����/'� %�><G�H $L/@
�0/';�<��#7  $68# �� !68�7<��� �
�WW �: ZWW�X�� <8��3 �!14 �/&@8� ��671�� .h(|: ���/'� �� $$M�6AlIV�� 6 �6  TiG�H $L/@�><

�&=$`]�W[�$,���� <G�H �/&@: $��/'� L/@�><G�H $�/@$�� �#7 �!68�7<��� �
�WW �: ZWW�X�� <8��3 ���67�3� .�(6 �*  ���/'� 
���.� + ��#	
�&D+,�><�=� $�>1<&N� �TiO2+Al2O3G�H ��$L/@�><�&= $`]�W[.��/'��><��� ��#7 <YZW �: �VW 8��3 �X���+ ��67

 ��#	$%Y�:��=$� 9�#� �� �� /&�1*>�.

�����"���@� !� �OG

%)+9� K)!AlIV !�)!� %" Ti>�. 
A�@ 
�2��*u E24 �� Y� �yP{� h�!��� c�3� 6  ��/4�><

����
!14 �_��� ��]��[|: ���/'� +$$M�6AlIV6 �6  �� Ti 
]po[G�H �$L/@�><��/'� <G�H $@�/$�0/';� �<�/767� �

��� �� �#7<�WW�X�� <8��3 �!14 �/&@8� ��671��.

��"L���%�#F �>�. 
) �) �"�>��) �� A�@��1I�H���TiO2�
Al2O3

: �y&? 5� !��G83� � $��8$�/�H + ]$*$G�H ]$�&= L/@$�/X/� `
=6: ��$�*��� �� �h�/� M�@<��� <YVW �: �VW�X�� <

8��3���67���#	Z�:��=$�64 + �� /&
F67
71�,��=� $9^
!14 L68*= 3$]8�,:��/= .8*"� $�.�	
��$�)E24Y�(�

��� T+� .;*3��#	�G�H$ L/@�� M�/N$�''=�Q�1 � 4!1
��3]�W[.� 5� !��G83� � 
�64 T+� %
�/767� F� ��/B

6�:
@���� E��4 <YZW �: �VW�X�� <8��3 ���#	 + ��67Y
�:��=$�� /&�3�.

�����"�")"%)!2 �+�1@�%�� L
SI ��S�� 
#��X c�3� 6 $*���� $8�.=��6u $8�=6: �� �8	67 M�/N $k

4$'$��
G�H $L/@;*3��� ���*@� 6  <��= z+5 �1*&@��/> .
I{D
Q�1 � 5{=/4!1]�� [ �/OP �  �X/: �  fK3 +
)10 �

��7�1X A*=�+ +� �J*3 �� ,:��/= �/OP� �5�� �/y*�
 ��
���<J*3 �><,:��/= 	6[� ,:��/= 9+1  + ����!14 1�� ]��[.

��/'� �� �= �;�H 5��><�8
5� �8��0/';�<,:��/= ��#7 
�
� !1�@�H A*=�+ ��/4$�+�/�6:$�=,:��/= +���$�� �

�3� �8	67 ��6- !��G83� ��/� M�@3�S� .6 �* �
�� �A*=�+ %
��#	Z=$/&��� �� <�/767� �����X�� <8��3 ���67�3�.

�
��<� =�� 
�
,;: R
�8�<E= J*3 �
�$'$4 �W�/'� �)�4 ��/'� $��

+ ,@3�G�H ��/'� $�/@$�(5�5� �8�
��><�0/';� <
�/767���� �#7 L+1X �!14 !��� 9�#� 1��.�+� $�� )�7 %

3�6 �4$'�E= J*3 5� �8�
��>�': �
,�"83�(!�~H 
%
)G�H/:��$�/@$�(
 /3� ��)G�H���D$�/@$�(9H�>�3.� �X/: � 

�>���/'�<�1X !1**=!�"83�( /3� ��~H 5� 
%]��[�
�/:+6D$�5� �8�
��><��/� 3�6 ���!68�7<�~H 
%��6-
�8	67 1��)E24�(�6 �* 
��/'� %�><��/� 3�6 �Q/� 5� 

G�H/:��$�/@$1*8�> �.� �/y*�)�� ���7<�/:+6D $�3�*4 + ��

63<�'7�� �
�>���/'� 5� �<�6  )/36� <J*3 �><�~H 
%

�3� !14 !��G83� .�>���/'� ��<)�� ���7<!14 c�3�6  �=
&N� 6N�*0�8�> 1*]�V[��/:+6D$��/'� ��� ��>!68�7<

51�H + ���5� 
8��5�  ��� ��6- �7$1�6)E24ZU��(� 6y� +
����
= 66N�*0 ]&-$��
>�� 5� $��$&- �'$��
1�����/(6  .� 

>�� �  �X/:$!14 9/767� �<J*3 �><��/� 3�6 �5� �
�>���/'��
B �� n6S: ]= 6N�*0 c�3�6  �= ��/767� ��*  

!14 1��]�Y[�$�3� !14 !��G83� ,.6 �* �
��': ����/'� %�
��/'� �� �>!68�7<�8	67 ��6- ���5�  1��)E24Zh.(��

���/'�AFM �1X63 !1**=<2>H�.&-$��
��/: 5� �
8�]��[�
63<�'7�� �
�/:+6D $��/'� ��><��/� 3�6 �Q/� +� 6> 5� 

��/:�
8�+2>H�.&-$��
8�> 1*)E24Z�.(
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<�� H6m� ��6'��/X��&- !��5 9�6
� �3�*4 ���= + �3�*4�/&  �&;� �VW

<6�TU�� (6 �* �@�� ���/'� �><K2O/Al2O36 �6  ��Na2O/Al2O3]��[?�$5� 6
� `�'> ���/'<��/'� ���� �><�/:+6D $�~H �
1*8�> %.
h.� ���/'� �  �X/: �  $5 6 �6  �� E2
*=6$: �  ]$��8$]]��[�$�,5� �8�
��><�0/';� <�/767� ��/767� 5� �#7 �J*3 �><�~H 
 %��/X+

!1�H1�� .

<6�UU�� (6 �* )�� ���/'� ���7<J*3 �><�~H 
%]�V[�=6: $�/:+6D k$�5� �8�
��><��/� 3�6 �51�H \�@��? 
8��5�  �����5�  +�$�'
&-$��
�3� .h()�� ���/'� �  �X/: �  ���7<J*3 �><�~H 
? 6N�*0 c�3� 6  �= %$B n6S8�6��/767� ��3� !14 �*  ]�Y[�=6:$�/:+6D k$�

��/'��><��/� 3�6 ��3� ���5�  .�.���/'� �� �1X1**=!<63<�'7�� �
��/: �
8�5�2>H�.&-$��
]��[�63<�'7�� �
5� �8�
��><
�0/';�<�/767� ���/: Q/� +� 6> 5� �#7 �
8�+2>H�.&-$��
�3�.

VG

�� ��?�G�!I H�
 ���
������ �����
� ��
[3 A�  %�!14 �:�>���/'� 6  !+{0 <�>� )/36� �><
�W +ZW� 96- $�{<� �E@- �>���/'� 5<Sm: $!14 �1X +
1
6[:
��"� c�3� 6  !14 U
6m*01*u ]8<L�3 �� �= �><(�$6

!14 Q�1 �� 1��$�6  ,<�3�*4 �
�X
!�"�5$8(�3 %��/:+6D $�
5� �8�
��><�0/';� <�/767� ���67 !��G83� �#7 .6 

�&�� ���/'� c�3���'8� 
!��- ���5�  !1**=,�<-� 5� $3/���
]�Z[��X
�/:+6D !�"$5� �8� �
��><�/767� �0/';� ��#7 

!��-�<8�> 1*)E24�U��(.�:+� ���/'� �� �
Ti/Y 6 �6  �� 
Zr/Y ]��[��': ����/'� �>�8� �+4�/P �  �M�SGN L�[	 

1*8�>)E24�h.(�3 ���/'� �  �X/: � �:�
La/10-Y/15-
Nb/8 ]�W[�/:+6D �$ �$��/'� 68# �� ��>68�7!<!��- ���5�  -

�<�8	67 ��6-1��)E24��.(6 �* �3 ���/'��:�
Th-Hf/3-
Nb/16  ]��[��': ����/'� �><�8� �+�X �  
c/- !�" 

�'7���
8�> 1*)E24sM.(�:+� ���/'� ���
�1X!1**=<
�X
!�"�><�5$%8(�3���#G#:H 9�'= �� �8#D �$-� 9�$3/���

�SGN E(�� +�<]��[X ��
!�"5� �8�
��><�0/';� <
�/767����#G#:H 9�'= ��#7 ��3� )E24s�.(�X/: � 

�:+� ���/'� � �
�@�� Ta/Yb 6 �6  �� Ce/Yb ]��[�X �
!�"
�5$%8(�3���/'� �><��/� 3�6 ��� \�@��? �!68�7<���5�  -
�><��#G#:H 9�'= �
!14 x-�+ 9H �+�;� �1��)E24sz.(

6 �* /'� �:+� ����
Th/Nb-La/Yb ]��[�X �
!�"�5$%
8(�3�5� �8�
��><�0/';� <�/767� � ��#7 $56� �� 68#

!1**=�1X<!��- c/- �<-� 5� $3/���!14 x-�+ 1��)E24�W
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1&X��!��'4 ��9�8� �: ����V ���=%$�5 !�"
�X + �'$4/_I ��3�*4 �8(�3�
5� �8��0/';� <�><. . .�V�

A�+�WR
�8� 3�6 �E= J*3 �
�$'$4 �o5� ��/'� 5� �8�
��><�0/';� </767� ���#7 .&N� 6N�*0�06	 +�6N�*0 + 1N�� c�3� 6  
'=$� �� �'�- k�P 6  h�$&$9/8�>1*.

Ga54 
Am. 

Ga53 
Am. 

Ga52 
Gs 

Ga50 
Am. 

Ga47 
Gs 

Ga41 
Gs. 

Ga17 
Am. 

Ga6 
Am. 

Ga5 
Am. 

Ga3 
Am. 

Z/VW�/V��/��W/V��/VWW/V�W/V��/���/VVY/��SiO2

W/��/��/W�/WZ/��/WV/�Y/��/�Z/�TiO2

�/�VW/�Y�/��V/�VY/���/�YV/�V�/���/��Y/��Al2O3

�/�WY/Z�/���/���/��Y/�WW/��V/�V�/���/�VFeO* 
�/W�/W�/W�/W�/W�/W<�/WV/W�/W�/WMnO 
�/VY/V�/Y�/Y�/V�/Y�/V�/Y�/VZ/�MgO 
�/Z�/��/ZZ/ZZ/�Z/Y�/�W/Z�/Y�/�VCaO 
Z/��/��/�W/��/�W/��/�Z/�V/�Z/�Na2O
V/WY/W�/�V/W�/WY/W�/W�/�Y/W�/�K2O
�/WV/W�/W�/W�/W�/W�/W�/W�/W�/WP2O5

Z�/��Z/WWY/���/WZ�/��Y/���/WZ�/�Z�/WVY/�LOI 
Z�/���Z/��VY/�ZZ�/����/�ZZY/��V�/����/����/���Y/�VTotale 
�/VZY/�W��/�W��/YZ�/�YZ/����/����/��VW/���W/�W�Ba 
�/�Z�/�Y�/�ZV/���/���/���/���/���/���/�YCe 
W/���/��Z/�V�/�W�/���/�VV/���/��Y/�WY/��CO 
�/��Y�/��Y�/����/��W�/Y��/����/��ZW/����/��V�/��Cr 

W/�W�/Z�/�Z/��/�V�/Z�/���/���/���/��Cs 
�/�Z/�Y/Y�/V�/�V�/Y�/ZV/��/�WW/��Dy 
�/�W/��/��/�W/��/��/��/��/�Z/�Er 
�/�Z/�V/��/��/�Y/��/��/��/�Y/�Eu 
V/���/��Y/��V/���/�VZ/�YV/���/���/�V�/��Ga 

W/�W/�<�/��/�Y/��/��/��/�V/��/�Gd 
�/���/�WY/���/�V/�Z�/�Z�/�V�/���/�V�/�ZHf 

�/�V/��/��/WW/��/��/��/WW/��/�HO 
�/���/�W�/���/�V/��V/���/���/��Y/��W/�WLa 

�/W�/��/��/�Y/��/WV/�Y/��/��/�MO 
�/ZW/���/ZV/VY/��Z/YW/��V/Z�/�Y�/�ZNb 
V/�YV/�ZV/��W/���/��Y/���/���/�Z�/���/�VNd 
W/�ZY/���V/�W��/��V/�WY/�WY�/Y��/ZW�/�W�/��Ni 
�/��W/�ZW/�Y�/��Z/�VZ/���/�Z�/V��/�W�/��Pb 

�/�W/�<�/�Y/��/�V/�V/�V/�W/��/�Pr 
�/�Z�/�VVV/Y�V/YYZ/�ZY/VV�/Y��/���/�YV/���Rb 

V/W�/W�/WV/W�/W�/W�/W�/W�/W�/WSb 
Z/��W/�V�/���/��V/�ZW/��Y/�Y�/�W�/�WY/�WSc 

Y/V�/Y�/��/��/ZZ/�Y/V�/��/��/ZSm 
�/��W�/�V��/��YW/��Z�/����/�Z��/�W��/��Y�/�VV�/���Sr 

Z/W�/W�/��/��/��/��/��/��/W�/�Ta 
W/��/WZ/WZ/W�/��/W�/��/��/��/�Tb 
�/��W/��Y/�Y�/���/��Z/���/���/�YV/��Y/��Th 

Z/WV/WZ/W�/WW/��/W�/��/W�/W�/WTl 
�/W�/W<�/W�/W�/W�/W�/W�/W�/W�/WTm 
�/�W/�<�/��/��/��/��/��/��/��/�U

Z/��Z�/��W�/��ZY/�W��/����/���V/���W/��W�/�W�Y/�Z�V
Y/�Y�/�W�/��Y/���/Y��/�WZ/���/�YW/��Y/��Y

�/��/��/�V/��/VV/��/��/�Y/��/�Yb 
�/���/�ZY/���/��V/Z�Z/V�/���/���Z/Y��/YVZn 
Y/�� Z/�V �/V� �/�� �/ZW �/�� �/Y� Z/Y� W/YW �/YW Zr 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                             9 / 16

http://ijcm.ir/article-1-96-en.html


<�� H6m� ��6'��/X��&- !��5 9�6
� �3�*4 ���= + �3�*4�/&  �&;� �V�

<6�X6 �* �>���/'� <�1X!1**=<�X
!�"�5$8(�3 %��X �)/36� + L+�18� 
!�"8�5� �
��><�0/';� <�/767� ��#7 �4�P ���5�  $L�[	 �
)!��-�<�(�3� !�/  .U��(�&�� ���/'� �  �X/: �  �]�Z[�X �
�/:+6D !�"$�5� �8�
��><�/767� �0/';� �!��- �#7 �<�3� .h(�����/'�

�:+��
�@�� Ti/Y6 �6  �� Zr/Y ]��[��/'� )�': ��� �>!68�7<���5�  �><�P4$�<!��- L�[	 �<!14 x-�+ 1�� .�(6 �* �&�� ���/'� �Y/15-

La/10 .Nb/8 ]�W[5� �8�
��><��/�3�6 ��+
7^��><4/_I $'$��
���5�  !��- �<� 9�#� �� �1*>� .M(�&�� ���/'� �  �X/: �  �]��[�
�/:+6D$��/'� ��><��/� 3�6 ���#G#:H 9�'= ���5�  ��3� .�(���/'� �� �:+� �
�1X!1**=<�X
!�"�><�5$8(�3 %���#G#:H 9�'= ��
�8#D<�$-� 9�$3/����SGN E(�� +�<]��[�X �
!�"5� �8�
��><�0/';� <�/767� ���#G#:H 9�'= �#7 ��3� .z(�:+� ���/'� �� �


�@��Ta/Yb 6 �6  ��Ce/Yb ]��[��/'� ��><��/� 3�6 ��� \�@��? !68�7<���5�  �><��#G#:H 9�'= �
!14 x-�+ 9H �+�;� �1��.

�:+� ���/'� �  �X/: � �
��"� 68����D 5� E2#8� 
6N�*0 ]8
&N��]�Y ['= +$h�]��[�X �
!�"�5$8(�3 %� $��/'� 68#-
�><��/� 3�6 ��,X �
3/- 6�8�> 1*)E24�><�Wz + �.(

�>���/'� �  �X/: �  ���<�1X!1**=<�X
!�"�5$8(�3 %�

1X
� 1$�X �,
!�"5� �8�
��><��/� 3�6 ��8� �+ �S�$F
A���+6	)&N� E��0 �=��=��#� �� !1**=D$�1
A��'7�� 

h+~#� �!/7 <�84/7 �<67����3 (�3� .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                            10 / 16

http://ijcm.ir/article-1-96-en.html


1&X��!��'4 ��9�8� �: ����V ���=%$�5 !�"
�X + �'$4/_I ��3�*4 �8(�3�
5� �8��0/';� <�><. . .�V�

<6�-Y6 �*  ���/'� �1X!1**=<�X
!�"�5$8(�3 %�1X
0�/�� + 1���"� c�3� 6  �= 
6m*01*u ]8<L�3 �� + !14 �*  �><(�$	6[� 6�!14 -
� 1��$�/:+6D ,�I ,$�~H �
%5� �8�
��><�/767� �0/';� ���#7 � �8� �+�X
A���+6	 !�"�3� .U�� .6 �* �:+� ���/'� �
]��[��X
!�"�5$%

8(�3�5� �8�
��><�0/';� <�/767� ���#G#:H 9�'= �#7 �!��- �<-� +$3/����3� .M �� �h.�>���/'� �� <�1X!1**=<�X
!�"�5$%
8(�3�]�V[��/:+6D $�~H �
%5� �8�
��><��/� 3�6 ���#G#:H 9�'= �� �-�$3/����3� �8	67 E24 )�8#D ���5� <�$-� 9�$3/���:

MORB�,X ���5�  �
-� 6$3/���:OIB�,X ���5�  �
3/- 6�:IAB ���5�  ��	�24 !��-�<:CRB.(�.�': x �/: �  �X/: �  
6[: ,
F3/: !14 U
]�Y[6�=� �5� �8�
��><��/� 3�6 ���!68�7<�,X ���5�  
3/- 6��X<1���� .z.x �/: ���/'� �� !1**=�1X[:$$F3/: !14 %]��[��': ��

5� �8�
��><�/767� �0/';� ��� �#7 !68�7�,X ���5�  
3/- 6�!14 x-�+ �1�.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                            11 / 16

http://ijcm.ir/article-1-96-en.html


<�� H6m� ��6'��/X��&- !��5 9�6
� �3�*4 ���= + �3�*4�/&  �&;� �V�

6N�*0 ���/'� �� �=�(;*3 ����$�1*= �  �@�� !14 !1
�
]�Z[/"�� �<=�( 6N�*0 �����"*3 �  �@�� `@3$*? %�-

714�� 9�#� ��@�� + 1*>�La/Yb9H �� 5� �>�t/p�:
r�/s|:$$6��1*= )E24��U��(.:/@2*0 ���/'� �� �

;*3$�84/7 �  �@�� !14 !1<�+� $�)E24��h(�*0 �6N
,3
 +� �]$1
�/: �]
���+� �]$� h63 + ]*? M14�714�

� 9�#��1*>� .� 6N�*0$ /$: �6G�	 �]$��8$5 + ]
*=6$���� ]<
 ���;*><G*� �8�>1*.�
%*u$�(�4 %�><4/_I $'$��
5�
+
7^��><�>�'7�� <1*8�> A���+6	 �B�*� . ���;*><

6N�*0 �@��<���+� �h63 1*��� $�/: + ]
�]aH �(�4 
A
!5�17<�84/7 �<�83/D �  <!��- �<�$,*8�>1.

�0 � $!1]��[�(�4 ��><4/_I $'$��
�@45� <�><
�/767� �0/';���#7 �:�'7�� � �#� $�X ]�
c/- �#D !�"

�3� .6 �* !��� �><4/_I $'$��
�
%�A>+^D �$,D$�1
A
�/:+6D$��@45� <�><�0/';� <�/767� ��#7 � 
:�'7��$�X ]�
4�P !�"$!��- L�[	 ��<
�,X �
3/- 6���75�3 

�3� .	6B 5����+�6	 �J*3 �><�/767� ��/:+6D �  $&D �$8�
]�����[� $�X �  68#
!��- c/- !�"�<]>��/(�c/- �: ���� 
-�$3/���.�
�X %
D !�"$l$!16:
S� %$F�5$8(�3 %�6y� 5� 
D$�1
A�'7�� �35 �
J*3 �6(!�"83��><0/*8� �@- 5� �$E

!/7<�84/7 �<6G3/*83H <� +$6G3/8<h/3� ��>�SGN +<
-�$3/����83/D + +�+6	 <!��- �<2#: �� �$�=��#� �'7�� E

1���� .=6: �  6y�$8��5�  k�51�H +
8��5�  ����/'� �><��/� 
3�6 ��!�"83�(�84/7�<9HE'8S� �>�3� 6:.

��6G �������#  ��� ! " ������ M
F%������� 
+
7^��><J*3 3�*4�+�/767��+ �#7 �0/';� �$,
+
7^��><<��8(�3 �
%��0/';� � �#� J*3<�> 

_+5+6��	$� `
�B�*� 6" 56@�� �$��.�6 �* 
�%!�"83�( +
�X
!�" �5$8(�3 %��
%�0/';� 5/*> �3� !1#� %4+�
]�W[.��L�P �6d�P 6  �D
�<�M�1>�# <��8(�3 +�
%

�P$���=A�  5
6
%�
%�0/';� 6}��><�/767���+�$%
�� ��24H ��1*=]��[+�$,6y� �  7��6-$6<�
%�0/';� �� 

ES� �*�D <��/(6  8:/e��D$fc�3� 6  +1>�/4 �6SN�
�
�0/';�<�#7 9/767� ��� M�/N <�>��8(�3 �-�+<�

�X6 �� + $���" �84�1*D 14�= !\a�'8P� ��!1����6 <J*3-
<�> �d/P< /3��36>$*$%�SGN<9��/: �3� �= 

� 3+$�&E�7�><71��� �4�� �5�<�>��/(6  =$6'
�%��
[-/�$�&[	��/( ��6- �3� �8	67]�W[.

��*u�5 �S@� �� �2$%3�*4�P�� $��< $14 9���0/';� -
�><�/767� ��,>/= 1* 6'= �� �/X/� �
56@�� )�]��3� ��#7

1�#� + 9�767 �%��1��4 (� ��  9�/*0
��
�d/P 5� <
-�$3/���8:/e��D $�,>/= 5�	 �  �= !14 �8	67 6y� �� f�


=/_�$6'
�5 L/B �� %$%8:/e��D 5��$�X f
"$6<!�6= 1�� .
�i ��<��2� ��,� 
2� $�0/';� %<�/767� �+ �#7 

�0/';��></X+ ]��3� + %��1��4 ���� �.
�0/';� b{( 6 �><�/767� �� �= ]��3� + %��1��4 

J*3 U#=�><!���(� <I/&=� 
4 + �$ H ���]�.�W[�
5 �X/:
��<L�3�� �� �><(�$�/( �  6!�6= k&X�1��!��� �><

J*33�*4�=1�� ��/767� �0/';� !�� �� ��� �#7 
�3� c683�.

<6�--U�� (�� �� /"<=�( 6N�*0 �;*3 $�1*= �  �@�� !14 !1
�]�Z[6N�*0 �=�(���� "*3 �  �@�� `@3$%�*? \�8@�� �714�9�#� 
��1*>� .h(:/@2*0 ���/'� �� �;*3 $�84/7 �  �@�� !14 !1<�+� $�]�Z[��/'� ��� �� �>
=6: �  ��$�84/7 k<�+� $*? ���714�6N�*0 5� 

��, 
� 9/$	/8$E)Cs,Rb, Th, U, Pb (�: +�714�6N�*0 5� � �$�D 9�1
��1<a�  <)Nb, P, Zr,Ti (�
� !1��/4 .�
%*u$+ %
7^��><
4/_I$'$��
�X �(�4 
A���+6	 !�"
aH �
!��- �83/D �  A�<�3� .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                            12 / 16

http://ijcm.ir/article-1-96-en.html


1&X��!��'4 ��9�8� �: ����V ���=%$�5 !�"
�X + �'$4/_I ��3�*4 �8(�3�
5� �8��0/';� <�><. . .�VV

5� �8�
��><�/767� J*3 ���0/';� �� k��? �><%��1��4 

)G�H$�/@$I/&=� + �
�(]��3� +)4$@3 ��4 + ,$ H ���(
�/:+6D + !�/ $9H �h�/� Q/� 5� �>]��[�,X +
3/- 6�]��[

8�>1*.�64
�/767� F�5� �8�
��><�
�0/';� +� %<

�/767���64 �  �
+ ��#	 F���<A���+6	 L���= 6  ]=�P 
�
�>�/#*�<� ]> !�+,	� ]>��/(����� .J*3 ����><�/767� �

�0/';�<�#7 � $68# 5� !��- Q/��<&D�8� + !�/  $��>
9�+�6	6:
"*3 1P�+ %�1*8�> ]�����[.4$'�5� �8�
��><

�0/';�<�/767� �� �#7 $ ,$9�2#: 67$�/:+6D E$9H ��>

�X ��
4�P !�"$�<!��- L�[	 �<�3� .�64
�/767� F�E��4 
��#	Y�:Z=$+ �� /&���<YWW �: �VW�X�� <

8��3�� �8� ��675
�&D�8� � �#� ��>$��><�$:�'"$8��0/';� 
�/767����67 L��[� + �3� �#7 
�/767� 9��P/T F3/8� 


�,>/= ��
�3� ]�����[.

D$�1
A!�/: �><��67 $8��/767� �0/';� �� �/X/� �
4�� ��#7��/767� 5� �h+~ +#� ��/:+6D $&D �$8�!�/  

)��67$Q/� �S(\a�'8P� +fD8�  5� �d/P 914 �<-�$3/���
8:/e��D$�X �� + f
4�P !�"$�<!��- L�[	 �<+
8� �� �$�;<

!��- !�6( ��/(6 �><=$6'
%)56@�� n/&  (4�P � $�< /*X �
3H�+�$�)�,>/= 5�	�
=/_� $6'
%(� !1�H �/X+1�� ]��[.��67$�

����/:$%��i*� ���<�#7 .%3 �  ��/3�� �ZW�$&$L�3 9/ 
]��[��67 +$� �$,=6� A�  �� ���<!/= �><%3 �  A��B 

�ts�$&$L�3 9/]�V[�$�X �� ,
!�"�5$8(�3 %���/(6  <

_�,>/= 5�	 5� EN�P�=/_� $6'
�8	67 E24 %1��]����Y[.
��)"!� 

4/_I 1>�/4$'$��
�@45� <�><�0/';� <�/767� ��#7 

9�#� !1*>�E247$6<5� EN�P /:+6D A���+6	�$�'7�� ��

�3���H .=6:$51�H k
8��5�  ��8��5�  +��@45� <�><�
%

�/767� �0/';�� �$9�h+~ �= �3� 9H 67#� �!/7 <
�84/7�<&N� A�� �2#: �� �� $9H E�3� �84�� !1�0 6  �> .

��+�6	��/:+6D $&D �$8�]>5
� ��5� �8�
��><�$=�P ,�5�

�X �= �3� 9H
!�"�5$%(�38���'8P� ��0/';� <�/767� �

�#7�4�P �  $�<!��- L�[	 �<]>��/(� $68#<���� .��

8(�$!��� %84�� ���><�
D/:+,����683� $�/e� + ]
'$]�� 
�3�*4�
x��X 6:E247$6<�'7�� <!1�5�3 <5� �8�
��><

�0/';�<�/767� �1>�/( `'= �#7 6=�.�64
�/767� F�

5� �8�
��><+&D�8� $��><�0/';� <�/767� �� �#� �#7 
��67 L��[� + !�/ 
�/767� 9��]=�P 6 �X
�/_I !�"
��*$2�

��/(6 <�3� .-� �d/P A���+6	 \a�'8P�$3/���8:/e��D $f
2#: %'d$J*3 E�><!���(� <I/&=� 
4 + �$ H ���

�5 �  6;*� �A���+6	 L���= �� ]��3� + %��1��4
�'7�� A<

5� 
`!1�5�3<�/:+6D $�5� �8�
��><��/� 3�6 ��@� �� <
!��-�<�SGN <�3� !14 9��/: .B fK3�+ A���+6	 ��1(� 

�,>/= 5�	�
=/_� $6'
�SGN + 56@�� n/&  ��/(6  + %<�9��/: 
�
�0/';� %<!��- �<:�'7�� +$5�  ]�
`9H �� �/X/� 

T/�83��/767� �4�P $!��- L�[	 ��<
��/(6  �!��- �<
!14&D�8� + 1��$�+5� �8�
��><�0/';� <�/767� ��� �#7 

� !��+H �/X+1�� .�X�� 9�/  ]=�P<�/767� �A�  �� 6:a�  -

�><'0$�6:��i*�<��/(6  <��64 
)5a F�6 <�>��8(�3 <
�$:�'"$8�� �
h+~ ��;#� �+�����
�5 �
A!5�17<

��67$8�Q/� S� !14 k@3 �� �3.�
��*3 %
/<�� !14 �6i� 
:�/N�[��X 5� $E��= �6:<3�6  �  �= �/  1>�/( ����/(6  �-

�><%3;*3�-�$���/767� 9��5 �5� �8�
��><&D�8� +$�-
�><�0/';� <�/767� �%4+� �#7 /4�: �x��X ]�	 6:<5�

E247$6<	�/��8�/*82: $� `
5�� + �0/';� %
 ��9��5 

��1(��><���+6	 �/4 EN�P ��/(6  + A.

Z�)!� 
[1] Miyashiro A., "Metamorphism and related 
magmatism in plate tectonices", American Journal 
of Sciences, 272 (1974), 629-656.      
[2] Alavi M., Vaziri H., Seyed-Emami K., Lasemi 
Y., "The Triassic and associated rocks of the 
Nakhlak and Aghdarband area in central and 
northeastern Iran as remanents of the southern 
Turanian active continental margin", Geological 
Society of America Bulletin 109 (1997) 1563-
1575.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                            13 / 16

http://ijcm.ir/article-1-96-en.html


<�� H6m� ��6'��/X��&- !��5 9�6
� �3�*4 ���= + �3�*4�/&  �&;� �VY

[3] Alavi M., "Sedimentary and structural 
characteristics of the Paleo-Tethys remnants in 
northeastern Iran", Geological Society of America 
Bulletin 103 (1991) 983–992. 
[4] Sengör A. M. C., "The Cimmeride Orogenic 
System and the Tectonics of Eurasia", Geological 
Society of America, Special Paper 195 (1984) 1-
82.
[5] Delaloye M., Jenny J., Stampfli G., "K–Ar 
dating in the eastern Elburz (Iran)", 
Tectonophysics 79 (1981) 27–36. 
[6] Zanchi A., Zanchetta S., Berra F., Mattei M., 
Garzanti E., Molyneux S., "The Eo-Cimmerian 
(Late? Triassic) orogeny in North Iran. In: South 
Caspian to Central Iran basins (Eds. Brunet, M. 
F., Wilmsen, M. and Granath, J. W.)", Special 
Publications, Geological Society, London 312 
(2009) 31-55. 
[7] Zanchetta S., Zanchi A., Villa I., Poli S., 
Muttoni G., "The Shanderman eclogites: a Late 
Carboniferous high-pressure event in the NW 
Talesh Mountains (NW Iran). In: South Caspian to 
Central Iran basins (Eds. Brunet, M. F., Wilmsen, 
M. and Granath, J. W.)", Special Publications, 
Geological Society, London 312 (2009) 57-79. 
[8] Omrani H., Moazzen M., Oberhänsli R., 
Tsujimori T., Bousquet R., Moayyed M., 
"Metamorphic history of glaucophane-paragonite-
zoisite eclogites from the Shanderman area, 
northern Iran", Journal of Metamorphic Geology 
31 (2013b) 791-812. 

]�[) M��[3.�"I/�+68D<�/767� �0/';� �]��3� "�D �
9������
3�*4��=�1�4�� )����(� !�"#���� �$%�&&'���'( )���� $�*�

+,-
%.
]�W[) M��[3.�� H6m� �<).�3H$Q ���� �.�"���.;*3��#�	�+

���G:$�X 6
�/��82: !���"$2�J*��3 ���><4 !�����(� ��$���� H �
�/767� �0/';��]��3� )L�'4 ��4� h6?(I/��+68D ��&;� �<
9��GN� !�"#���"�!��'4�s)����(��V�.��Z.

[11] Clark G. C., Davies R. G., Hamzepour B., 
Jones C. R., "Explantory text of the Bandar-e-
pahlavi quadrangle map, 1:250,000", Geological  
Society of  Iran, D3, (1975) 198 P. 

]��[) �6'��/X .�.�"I/��+68D<�/�767� ��0/';� ��#�7 "

�D
9�3�*4��= ������4��1)����(� !�"#���� �$%�&&'���)���� 
'($*�)!�(+,- 
%.

]��[) �6'��/��X .�.�� H6m��� �<).�++�� �<5.���&- �n !��5 .�

"�/�767� �0/';���#�7 :�������/�767� 5� �P/T F�3/8� 
�>1* 6'=<�,>/= �
"3 ���/3$�'> %
�5 %';�� A$%3�*4�

�
�9�6�: �9�6)����(����.�WY.
[14] Hawthorne F. C., Oberti R., Harlow G. E., 
Maresch W. V., Martin R.F., Schumacher J.C., 
Welch M.D., "Nomenclature of the amphibole 
super group", American Mineralogist 97 (2012), 
2031-2048.  
[15] Leake B.E., "The relationship between 
composition of calciferous amphibole and grade of 
metamorphism, In W.S. Pitcher and G.W. Flinn, 
Eds., Controls of Metamorphism", Wiley, New 
York, (1965) 299–318. 
[16] Deer W. A., Howie R. A., Zussman J., "An 
introduction to rock forming minerals", London 
(1992) 528. 
[17] Morimoto N., "Nomenclature of pyroxene", 
American mineralogist 73 (1988) 1123-1133.  
[18] Liu J., Bohlen S.R., Ernst W.G., "Stability of 
hydrous phases in subducting oceanic crust", Earth 
and Planetary Science Letters 143 (1996) 161–171. 

[19] Bucher K., Grapes R., "Petrogenesis of 
metamorphic rocks", (2011) 8nd edition, Springer, 
Verlag, Berlin.  
[20] Ernest W. G., Liu J., "Experimental phase-
equilibrium study of Al- and Ti-contents of calcic 
amphibole in MORB-A semiquantitative 
thermobarometer", American Mineralogist 83 
(1998) 952-969. 
[21] Liu J., "High pressure phase equilibria 
involving the amphibolite-eclogite 
transformation", unpublished doctoral dissertation, 
Stanford University, (1997). 
[22] Blundy J.D., Holland T.J.B., "Calcic 
amphibole equilibria and a new amphibole-
plagioclase geothermometer", Contributions to 
Mineralogy and Petrology 104 (1990) 208-24. 
[23] Holland T., Blundy J., "Non-ideal interactions 
in calcic amphiboles and their bearing on 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                            14 / 16

http://ijcm.ir/article-1-96-en.html


1&X��!��'4 ��9�8� �: ����V ���=%$�5 !�"
�X + �'$4/_I ��3�*4 �8(�3�
5� �8��0/';� <�><. . .�V�

amphibole-plagioclase thermometry", 
Contributions to Mineralogy and Petrology 116 
(1994) 433-47. 
[24] Garrels R.M., Mckenzie F.T., "Evolution of 
Sedimentary Rocks", W. W, Norton New York, 
NY (1971). 
[25] Le Bas M. J., Le Maitre R.W., Streckeisen A., 
Zanetting B., "A chemical classification of 
volcanic rocks based on the total alkali-silica 
diagram", Journal of Petrology 27 (1986) 745-750. 
[26] Pearce J.A., "A users guide to basalt 
discrimination diagrams. In:Wyman, D. A. (eds) 
Trace Element Geochemistry of Volcanic Rocks: 
Applications for Massive Sulphide Exploration", 
Geological Association of Canada 12 (1996) 79-
113.
[27] Irvine T. N., Baragar W.R.A., "A guide to the 
chemical classification of the common volcanic 
rocks", Canadian Journal of Earth Science 8 (1971) 
523–548.
[28] Pearce T.H., Groman B.E., Birkett T.C., "The 
TiO2 - K2O - P2O5 diagram: a method of 
discriminating between oceanic and non-oceanic 
basalts", Earth and Planetary Science Letters 24 
(1975) 419-426. 
[29] Pearce J.A., Gale G.H., "Identification of ore- 
deposition environment from trace element 
geochemistry of assocciated igneous host rocks", 
Special Publications, Geological Society, London 
7 (1977) 14-24. 
[30] Cabanis B., Lacolle M., "Le diagramme 
La/10- Y/15- Nb/8: un outil pour la discremination 
des series volcaniques et la mise en evidence des 
processus de melange et ou de contamination 
crustale", C. R. Acad. Sci. II, 309 (1989) 2023- 
2029.
[31] Wood D.A., "The application of a Th-Hf-Ta 
diagram to problems of tectonomagmatic 
classification and to establishing the natuer of 
crustal contamination of basaltic lavas of the 
British Tertiary volcanic province", Earth and 
Planetary Science Letters 50 (1980) 11-30. 
[32] Pearce J. A., Norry M.J., "Petrogenetic 
implications of Ti, Zr, Y, and Nb variations in 
volcanic rocks", Contributions to Mineralogy and 
Petrology 69 (1979) 33-47. 

[33] Pearce J.A., "Trace elements characteristic of 
lavas from destructive plate boundaries", 
Andesites (Thorpe, R. S., ed.), Wiley, New York, 
(1982) 525–528.  
[34] Hollocher K., Robinson P., Walsh E.,  Roberts 
D., "Geochemistry of amphibolite-facies volcanics 
and gabbros of the Stören Nappe in extensions 
west and southwest of Trondheim, Western Gneiss 
Region, Norway: a key to correlations and 
paleotectonic settings", American Journal of 
Science 312 (2012) 357-416. 
[35] Vermeesch P., "Tectonic discrimination 
diagrams revisited", Geochemistry, Geophysic and 
Geosystem 7 (2006) 1-55. 
[36] Verma S.P., Guevara M., Agrawal S., 
"Discriminating four tectonic settings: five new 
geochemical diagrams for basic and ultrabasic 
volcanic rocks based on log-ratio transformation 
of major-elementdata", Journal of Earth System 
Science 115(5) (2006) 485-528. 
[37] Agrawal S., Guevara M., Verma S. P., 
"Tectonic discrimination of basic and ultrabasic 
volcanic rocks through log-transformed ratios of 
immobile trace elements", International Geology 
Review 50 (2008) 1057-1079. 
[38] Sun S. S., McDonough W.F., "Chemical and 
isotopic systematics of oceanic basalts: 
implications for mantle composition and processes, 
In: Saunders, A. D., Norry, M.J. (Eds.), 
Magmatism in Ocean Basins", Special 
Publications, Geological Society, London 42 
(1989) 312-345. 

]��[<6�G[X ).�"<I/��+68D J*�3 <��> 	�� �$`��0/';� 

�/767���#7"�9�836�4 �%�/	 �7$9{�����3� �3�*4��=�
14��)�rqq(�!�"#���  6:$�c�1�.

[40] Alavi M., "Tectonostratigraphic synthesis and 
structural style of the Alborz Mountain System in 
Iran", Journal of Geodynamics 21(1996) 1–33. 
[41] Crawford M.A., "A summary of isotopic age 
data for Iran, Pakistan and India. In: Livrea` la 
me´moire de A. F. de Lapparent", Socie´te´ 
Ge´ologique de France, Memoir 8 (1977), 251–
260.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

                            15 / 16

http://ijcm.ir/article-1-96-en.html


<�� H6m� ��6'��/X��&- !��5 9�6
� �3�*4 ���= + �3�*4�/&  �&;� �VZ

]��[��6'0�!./� �
) 1.&�*>6 � ���.h /23/  �.�X/�3 $�/'<

M.�"�'$4/_I �
I/&=� <��> �%��1���4 <1�$=�: 6�  ��$>�� 

���$�/:+6D 9H"��3�*4�/&  ������= +���3�*4����
 !��'��4 9�6r
)�rqs (��r�.���.

]��[�� H6m����� <).) M��[����3 �.�"����4/_I$'��X +
!�����"
/e��D�/82:$5� �8� `
��><�/�767� �0/';� �]���3� )L�'�4-

�4� h6?"�I/�+68D �&;�<���u 6
5.

[44] Omrani H., Michaeli R., Moazzen M., 
"Geochemistry and petrogenesis of the Gasht 
peraluminous granite, western Alborz Mountains, 
Iran", N. Jb. Geol. Paläont. Abh. 268/2 (2013), 
175–189.

]�V[�1[� �c �/D.�"/"�� <���5 ��O	 +<"83�(6  �!�6�'> 
�36	 � 
!/= �� A��><� h6�? L�'�4 �A���B �
9�6"�����3� 

68=�<)�rsp (!�"#��� � 6:$�c�1�.

[46] Davies R. G., Jones C. R., Hamzepour B., 
Clark G.C., "Geology of Masuleh sheet, 1:100,000, 
northwest Iran", Geological Survey of Iran (1972), 
Report No. 24. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

09
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            16 / 16

http://ijcm.ir/article-1-96-en.html
http://www.tcpdf.org

