
)����� �	�
��:��/�/����
��� ���� :��/�/��(

÷

�� ������	
 �	� 
����������� �� ��	���� 
 ����� ��	���� ��� 
��� !" ����" #�����$%� &�'( 

��	� �)*� #��"��� +�� +�	� +��*�������, +'-" #

�
��  !�"#�$� ��%&�' ()*+ !,-#�$� �.&�/ ()*+ !0�1 

�+�./ :� )� ��)1�1� �+)23�45�"
�6*1!,��$��7��89: ;$)�$ � �$)< ��-=> ��:� �2&� ��:� ?�=40 � �6:,*	?/�7 5)1�1��:$ .
89: �:� ?�=5)1�1��& )&7 ���&A �
�*< B��A �&��2&*&: ���&A �&��&< ���&A �&�0��C:$ ���&A ����1 ���&A 

,9C�= ��&A �
/)�$,�> 0 ��&A .89:,��$� ?�C2< ?�-&� 0 �C#&7 � �$)< �:� �2&� ?�= .50�	$���< �7 �*D$ ?�=�� �89: .
$ -
�
/)�$,�> 0 �&��&< ��&��2&*&: ��&�0��C:$ �����1 ��
�*< ��& )&7 ��
0)-�� �� �$)< B��A �< �=�=�1 ,9C�= �7 �&� .&����)  

��$� �)EF �+�	 ���< 5$)9+ ..&����) 89: �G� /$;)� 0� �� �:�9A�)1�1� �:� ��:��7 5$0$�	 � �$)< �7 �:� �2&� 0,A.�=0�
;)�.&����)  ?H�7 �
���� ?$�$�Na+K �7 ���� Ca !�"
�I �� X!�)7.&����)  ;)� /$ 0?�=�
�&*J,9C�= .5�#� .&K�L M&�*<-

�
��� )E+ �K�I �
���� !,9=�Ca �K�I �9&#��I 0 �
0)
 �
 Ca(Fe,Mg)(Na,Al)-1.&����)  �� ��)� ?�=�:��7�:$ .�$,��Al 
/$ N&7OF$0 �� M $ �)��	 ,�)POQ/O4RSP/O(.&����)  ?�= �:��7 ��)�.&����)  ;)� /$ $�()&9&�)�> ?�=�� T�#� �$��/�: .

.&����) �=U�)A ;)� /$ �:� �2&� ��)2� �� ��7!�"C:�V 0 .
�W> /$ !,�>�7.&����) 89: /$ ��
��  ?�=,9C�= ?,&K)C&�$�1 ?�=���
.&����)  �:� ��)2� �� �-&��F� �= 0 ,9C�= �
0$�!�"C:�V�&F�� ��)1�1� �' ��
/ U�2CF$ �7 0 ,��$� ��)1�1� ��X9� �� ?$

!,A B&-#  5�"
�6*1,�$.

�1"
�+�%2 ���:� )� 45�"
�6*1Y��&A Y.&����)  Y�
0)
 YU�)A Y,&K)C&�$�1 0 �
0$�� .

3�+4� 
�-
 .&����) ���< /$89: ;$)�$ /$ ?��&�7 �� �+�	 ?�= -

:�=Z&[� �� �< �.&�/ \*C�� ?�=�� �	�
 �CV�9A �)A
]S�^.[�:$ �X&[� `� /�7 .&����)  !��C�1 �
�&2&A a&<� 

�:$ !,A �)*�C� 5> �� �< .89: a&<�  ;$)�$ �� .&����)  -
$� �)EF �:�9A���$,
�L �%&:0 ?��#	 0 �
��� !�C�1 �� 0

�:$ .�J�0 B��A Z
$�A .
$ b2+ �  �#�$�0�	 ?�=^Rc 
�:$ ?�C�)*&<]d4R.[,9��� �*�$)+ Z:)  .&����)  ?�$,
�L

 �&��%	 ���� �()&9&�)�> 0 �)7 �&��%	H2O�D�9+ �$,�� 0?
5)e�� U�C9< .=> 0 M
�&9� ��f�	 �)A .�D�9+ �.&7 .
$ ��

 ,9C�= M�� ��&�7 ()&9&�)�> 0 �)7]d.[.&����)  �
�&2&A ;)9 

$ /$ \*C�� ;)� !�/�
 B&-#  aI)� �� �< �:$ !,A ���< .

.
�C2�� �
���g$ 0 �
0$�� �U�)A 5�&� .
$ ,9C�=]O4Q.[

U)��	 .&����)  ?$�7XY3Z6(T6O18)(BO3)3V3W�� 
C	�1 �G� !,A �]P[�:�9A�)*7 !�"
�I �< XB��A ?�3&�  �

K�Na 0Ca �:$ ]Sc.[�:�9A�)*7 !�"
�IY!,�$��7�� 
�D�9+Li �Mg �Fe2+�Mn �Al �Cr3+�V3+0Fe3+�:$ ]Q.[

5)& �< ��:�9A�)*7 !�"
�I .
$ ?�= h��C&	�i0� ��C&	�i
�: $� �C&	�i ���e 0 �C&	�i����
jL .�:�9A�)*7 !�"
�IZ

�D�9+ BD$ ��Mg 0Al�� ?�I �)V �� $� ,=� .Cr3+�V3+�
Fe3+0Ti4+�� .
�"
�I ,9�$) Al,�)A !�"
�I .
$ �� .

�:�9A�)*7 !�"
�I TZ:)  Si 0Al �L ���)A 0V0W

∗.f*  �U)k�� !,9�
)�:clSdddP^md^�7�2� �:clSdddROc^P��L ��-&�0�C-�$ :moazzen@tabrizu.ac.ir 

0 ��&7 U�:MCf= n��2A �(0� �5�C�7�  �op[fD /$ �ddR �  qr� 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

33
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
21

 ]
 

                             1 / 12

http://dx.doi.org/10.29252/ijcm.27.2.335
https://ijcm.ir/article-1-1269-fa.html


?�&"���I �5W)� ���$��� ,&: 0 �:�9A�)*7 �*3�5$�
$ �:�9A ���< qq�

!�"
�I ?$�7 �
�=OH 0F,9C�= .�� �D�9+ �9&#��I �7
 �:�9A�)*7 !�"
�IY \*C�� ;$)�$ �� B&-#  .&����) �,�)A

 U�s� ?$�7Fe2+0Mg 0 U�)A a& �  �7 !�"
�I .
$ �� 
�� $� �
0$�� �9&#��I 0 �/�:Li 0Al B&-#  aI)� ��g$��


���)A .�9&#��I�� .&����)  �� �= tH���� t�)u7 ,9�$) 
M= 5)& �<h h
 �� �C&	�i !�"
�I)�9&#��I U�s� 5$)9+ �7

Mg �7 Fe2+
�I �� !�"Y(v0/ t�)u7 �
�9
�"
�IM=�� ?�=-
,=� w� !�"
�I .
,9e �� �C&	�i)v0/ U�s� 5$)9+ �7

 �
0)
 �9
�"
�I)Ca-Mg �7 Na-Al (!�"
�I B��A �< ?�=
X0Z�� �)A .( 

�7!,&�+5$��-2= 0 x���9
�= 50 ]SS[�� .&����)  ,�$) 
a&<� �)V Z&[� �7 $� �=\*C�� ?�9
$ /$ 0 ,=� b	0 !�C�1 0

0 5�7�&� 89: ���� ���#	 a�F�7 $� ?�$,
�L /$ ��I)  B7�J
�� 5�#� �)V /$ U�&: a&<� ,=� .t$�&&y  B7��� �� ��0���

 �� ,�$)C7 ���< .
$ �< �:$ !,A aI)� �-&��-� 0 �
�&2&A
89: /$ ?��&�7���< �"
� !$�2= ?�$0> �7):� ?�= ?�=
�)A �	�
 .&"9: .�:�9� ���< .&����) Z&[� \#< ?$�7 �-

��)1�1� ?�= 4�7���1�:$]S^.[0�9
$ /$ .&����)  t�+z'$
B7�J89: B��-  �� ��I) �� M=$�	 ��)1�1� 0 �7):� ?�=-

/$ �2�� TV�A 0 ,9<!�"C:�V89: 0 ?�$0> �7):� ?�=
 �7):��1��:$ .89: �� .&����)  !�C�1 �� ��)1�1� ?�=
 /$ �%&:089:���� ?�=: t��&<�  �89t�I�� 0 B<

��$� �)I0 ��)1�1�]d�Sd.[�� ���< .
$ �"
� !$�2= ,�$) 
 �  .&�/ {X: ?��� �7 h
��� ?�=��� �� �
�&��< ?�=/�	
 �7 h
��� ?�=��#	 �� 0 �&�)�$�1 !���V� ��)1�1� ?�=���

 ��#	 �  .&�/ {X: ��#	Oc,A�7 �$,
�L ��7)*&< ]Sl.[
89: �� .&����) I�� ��)1�1� ?�=��X9� �.&
�L �?,97
�� 5�#� �
�&2&AN9<$0 �7 �< ,=� ��$� !��A$ �
�&��< ?�=

 !,�0�#&L ��)1�1� �' �<!�$� ?0� �:$ ]Sd.[
.&�/ ��< .&C���� )� ��)1�1� �+)23� �� �:�9A 4

5$��-2= 0 B&  N=0|L 5�"
�6*1]SR[�:$ !�)7 .5> �7 !0z+
 ��X9� .
$ ��N=0|L.&�/ ?�=*C�� �:�9A�9&�/ �� �f ?�=

.&�/ �CV�:]SO4^d[89: ��:�9A)��)1�1� 0 .
�W> (
]^l4^Q[.&�/ 0?��uCJ$ �:�9A]^P[��:$ �C	�1 t�)D .

.
$ �� �N=0|L �7 .&����)  ;)� 0� !�"C:�V .
�W> 
)��
��  t�)u7 (�� ��)1�1� 089:�:�9A �� \*C�� ?�=

 �	�%� 5�"
�6*1 ��)1�1� �+)23���A)�,0�"�)"e B&-#  
�� �$�J }[7 ��)� ���>��&1 .

���5 346�� ����( 
� )� ��)1�1� �+)23� 45�C:��A ~�A U�2A �� 5�"
�6*1

 5�"
�6*1)SRO�7�� U�2A ?�C�)*&< 5��fD$ (0.&7U)'-
�
�&	$�yI ?�=″^m′Sl˚Rc� ″cO′lQ˚Rc��+ 0?�=

 �
�&	$�yI″cm′dl˚dd� ″cc′lR˚dd�:$ �J$0 ..
$
 ��X9���:$�7M&��  ?,97�I�� ]dc[���9�Lv,99: 4

�� �$�J 5�I�&:��&1 .� )� ��)1�1� �+)23�4?$�$� 5�"
�6*1
!�C�1 U)' �7 ?$Rc��+ 0 �C�)*&< R�)*&< �:$ �C ..
$

N�7 �� ��)1�1� �+)23� U�2A ,�0� ?$�$� �)V �
��C�$ ?�=
~�A4`�� `)9I �:$�J�A ?,�0� �?�<�� N�7 �� ��0 4

��$� �7��.
� )� �+)23� ��45�"
�6*1�89: ;$)�$ ��)1�1� ?�=

)89:�&F�� ��)1�1� ?�=� �0�3� 0 ?$ (�� !,
�,�)A /$ �< 
�� �*2I��&A ;$)�$ �7 5$) =�)�& )&7 ���&A �
�*< 

���&A �&��&< ���&A �&�0��C:$ ���&A ����1 ���&A
��&A �
/)�$,�> 0 ��&A �&��2&*&:(����� ��&�)�&f�> �

0 �
� �$)<91��< !��A$ �& .
��:$ �7�:��7 5$��-2= 0 B&  ?�=]SR[��2
,J .
� 

89: B��A ��X9� .
$ �� �"9: ?�=,F$0 ��)1�1� ?�=
�C�7$0L �7 .
����<��:$ .89: /$ �L ���)1�1� ?�=

�2
,J ��< ,�/�: ?�=,F$089: .
�  �C	�
 5)29V� ?�=
,9C�= .b'�9� �E%7 ���5)1�1� �2< �$,�� �7 ,�/�: .
$ 

�:$ !,A .B��A h&K0/)k��L �7 �)7�� �"9: ?�=,F$0
�&�)�0� �z&� ��&��X*: ?�=,�/�:h=> 0 �= .&��L ?�=

,9C�= ./0�� ?�=,F$0� ��X9� �� �C	�
 5)29V� h&K0 ��)
�:��789: B��A h=> �:�� 0 B&A ���
�  .: �7 �
�= -

�:�� �h&:$�0� .: �7 89:89: �$��)*"9< �89: h=>
.&�)C&7�0$ �:� �< .: �7 �-=> B&A 0 B&A �5��� ��$��:$ .

89: MJ ,�/�: 0 $��)*"9< B��A ��X9� h&K0/)9: ?�=
,9C�= .!��C�1 N�7� /$ ?$5�
�I 0 t�7):� $� ��X9 ?�=

���7�� ?��� $)< .: �7 �*1��&1 .89: �,%C� ?W)f� ?�=
 �.
����<�L .: �7 �
�)
�)�$�1 0 �&�$�1 B��A ��X9�

�& �2"L4�7 �&9&: � �$)< 0 .&#&L �:� �< .: �7 �&�$�1
 .:)k��L .:,9C�=)B-AS.(

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

33
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
21

 ]
 

                             2 / 12

http://dx.doi.org/10.29252/ijcm.27.2.335
https://ijcm.ir/article-1-1269-fa.html


,*I��!��2A ��5�C�7�  ��q�o89: �� ��)1�1� 0 .
�W> !�"C:�V �7 .&����)  ;)� 0� ��)1�1� ?�=. . .qq�

7.(8.&�/ �#��5�"
�6*1 �:�9A)�I$�� /$ �C	�1�7]Sd�SR�SO�dS[!,A !�$� 5�#� MKz+ .
$ �7 �= ��)2�,�$ :�7��=16GLP !�
$� 0=Gol.

.&C���89: ���0�7 � )� �+)23� ��)1�1� ?�= 4
��)� ��X9� �7�� N�7 �� 5�"
�6*1�:��7 �-
��� �� 0

�2#e ?�C:0��:$ !,=�#� B7�J ,&f: .89: ��)1�1� ?�=
.
$ �� �5�-,9C�= �&*&	 .�2: �7 `�� `)9I /$ �<�F �7

~�A U�2A�89: ��)1�1� �I�� 0 �C	�
 N
$�	$ ��X9� ?�=
89: 5)29V� �C�&A ?�=��,97�
 .89: .&C��� �C�&A 

!,=�#� B7�J��X9� ���:$ ��&A �
�*< �.�7 �<�F �7
89: a& �  �7 �~�A U�2A �2:�
�*< ?�= �7 ��&A

���1 ���&A �& )&7 �&��&< ���&A �&�0��C:$ ���&A �
�� B
,�  ��&A �&��2&*&: 0 ��&A,�)A .5,A h
��� �7

�2#e ?W)f� !�)  �789: �,&f: ��&A �
/)�$,�> ?�=
�� $,&L ���0�7,99< .

��)2�!,A �A$��7 .&����)  �2&A �:��7 ?$�7 �< �
�= ,�$
89: /$ ��)2� h
 B��A � �$)< 0 \&%� �1�$)1�7 �7 ?�=

�1� t�)u7 �< �:$ 5$0$�	�� �
�=�&	)L> 0 �=50�� �=���� 
��$� ���0�7 ��I�f:$ ?�C:0� U�2A)��)2�(Gol-10A . ��)2�

 �"
�)��)2�Gol-8D (��&A /$ T�#� �z��< ~�)  �7 �
�=
�&�0��C:$ ,F$0 /$ 0 ��I�f:$ ?�C:0� U�2A ��4����14�-&�

 �:$ !,A �CA$��7 ��&A)B-AS.(


 9*������ 
��2 :
� 

�'�:��7?�=�
$�[D ��0,F lcc89: /$ ��)2� ?�=
,A �A$��7 ��X9� ��)1�1� ./$.
$ �5�&�O^�&�  ?$�7 ��)2� 

0 �L)-:0�-&� �'����:��7?�=89: �)-:0�-&� �7 �:�9A
�#�XJ,�,A `��C�$ ..
$ .&7 /$O^�$,%  ���)2� ^/$ ��)2� 
��&A� ��X9� ?�=�:��7 ��)� �< ?$�7 ,��)7 .&����)  ?$�$

 !�"C:� Z:)  0 !,A `��C�$ �
�&2&A �
�3 �"A/$��L�
� 
JEOL8800 �
�3  5�2�> ($,�CL !�"#�$� �� ,�,A .�$,��

��C�0��)2� ?$�7 �-
�C-�$ �=SR?$�7 �
�3  5��/ 0 ��0)*&< 
�X�� �=lc,A �C	�1�G� �� �&��� .\*C�� ?�=��$,��C:$ /$

���< B��A�' ?�= ?$�7 �+)9u� �$)� 0 �%&�39:$0 !�"C:� 
,A !��fC:$ .�XJ .&7 ��0�C-�$ ) �L d� R50�-&� �)7 .

U�9"&: �"A/$��L�
� �I0�V ?�= !��fC:$ �7 /$�=�$�	$ (���
�
���< �
�&2&A U)��	 0 B
,�  �=,&�<$ ,D�� �7 ��:$ �7 �=

,A ��:�[� 5|&�<$ a:�9� �$,% .

����������� �	���� ���������	
 ��"� 
5�9e �< �Cf1� )� ��)1�1� �+)23� �,A 4��:$ �7 5�"
�6*1 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

33
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
21

 ]
 

                             3 / 12

http://dx.doi.org/10.29252/ijcm.27.2.335
https://ijcm.ir/article-1-1269-fa.html


?�&"���I �5W)� ���$��� ,&: 0 �:�9A�)*7 �*3�5$�
$ �:�9A ���< qqo

���< ��$0$�	89: ;$)�$ ?$�$� ��)I)� ?�= ��)1�1� ?�=�:$ .
���<89: �� �)I)� ?�=�2&� ��:� ?�=� �$)< 0 �:�4

��
�*< ��& )&7 ��
0)-�� ���6:,*	 �� �$)< B��A � �6:,*	
�&��&< ��&�0��C:$ �����1���� �7 �
/)�$,�> 0 �&��2&*&: �-

t0�fC� ?�=,9C�= .89: .
$ /$ �E%7 ��!0z+ �=���< �7 ?�=
(��!��7��&� .&����)  ���< �� !,
��)A .89: �
�C�?��"� 0� 

89: /$ ��)2� .&����)  ���< ?$�$� ?�=��$�$ �� !,A !��0> 
�:$ .
3�	'�Gol-10A :���< ?$�$� ��)2� .
$�$)< ?�= ��
0)-�� �� 

 ���< 0 .&����)  ��&��&< ��&�0��C:$ �����1 ��& )&7�,< �:$ .
����1�L �=�V�: .&�/ ,9C�= .89:!,��$��7�� ,D�� 

���< /$ �
H�7�:$ ����1 0 �&�0��C:$ ?�= .�&�0��C:$ ��$0$�	
 ��)� 89: ���:��75�#� �� ()&9&�)�> ?H�7 ,D�� !,9=�

89:���� �:$ .�	�7?�= B��A 89: .
$ �� �)I)� �J�0
�Cf-A �?�)*7 �Cf-A)����1 ?�=�)*7 �Cf-A (0���7�� 

)���< �)EF .&����)  0 �
0)-�� �� �$)< ��&�0��C:$ ?�=
��50����1 (,9C�= .x�7 ��)� 89: �1�$0�:��7 �C:)&L�� 

0 !�)7���� 89:�2&� 5> �:$ �:� .?H�7 ��$0$�	 B&�� �7
 �9&�/ �� � �$)< �	�7 �89: �Cf-A �J�089: �)�0 �7 �
�=

 �7���� 89:&� �:� ��..&����)  ���)2� .
$ �� �)I)� ?�=
B-A�2&� �  �$� �� �
 89: �9&�/ �� 0 !�)7 B-A�)*7 �Cf-A-

!,=�#� B7�J ����1 ?�= ,9C�=)B-A^\�$(5�#� 0!,9=�
.&����)  �< �:$ .
$ ��)� ��)2� �� �)I)� ?�=�:��7 �&LN

B&-#  /$�)*7 �Cf-A 0 �CA$� �)EF 89: �� ����1 ?�=
 /$ �H�2CF$ ���� 89:,�$ !,&:� ��$ �7 �&�0$ .��)� 89: ��

�:��7���< !/$,�$ ��& )&7 /$ �
0)-�� ?�= �C1��7 �)I)� ?�=
�:$ .�&�0��C:$ �� .&����) �)EF)B-A^`(�)EF �

�&�0��C:$)B-A^�(�&��&< 0)B-A^t(��0 �
0)-��
���< �)EF �� .&����)  0 �
0)-�� �� �$)< ��&�0��C:$ ?�=
�)*7 �Cf-A5�#� ����1 ?�= .
$ �)*�  �V�  0 (,�  !,9=�

���<�:�= .�� B<��.
$ 5$)  �)EF B&�� �7 �< ��< 5�&7 ��)1
���< �� .&����)  0 �
0)-�� �� �$)< ��&�0��C:$ ?�= �Cf-A
�)*7�1 ���< �����1 ?�= ����L���< .
$ �)*�  /$ B&-#  �=

�:$ !,A.

7.(;)\�$ (.&����) B-A ?�=�2&� 0 �$� 89: �9&�/ �� 0 ����1 50�� B-A)�)�PPL(�)`(�&�0��C:$ 50�� .&����) )�)�PPL(�)�(
�
0)-�� 50�� �&�0��C:$)�)�XPL(�)t(�
0)-�� �� �&��&<)�)�XPL(�)�(.&����) ?�=�2&� �7 �  B-A 89: �9&�/ �� B-A)�)�

PPL(�)v(B-A ����1 �$�)�)�XPL) (���< ?��uCV$ MKz+ �I �7 �=Op)���<!�&  ?�= (�I�� /$]d^[�:$ !,A �C	�1.(

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

33
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
21

 ]
 

                             4 / 12

http://dx.doi.org/10.29252/ijcm.27.2.335
https://ijcm.ir/article-1-1269-fa.html


,*I��!��2A ��5�C�7�  ��q�o89: �� ��)1�1� 0 .
�W> !�"C:�V �7 .&����)  ;)� 0� ��)1�1� ?�=. . .qq�

3�	'�Gol-8D:���< ?$�$� 89: .
$ ��& )&7 ��
0)-�� ?�=
 ���< 0 � �$)< ��
�*< ��&��2&*&: ��&�0��C:$ �����1,<�

�:$ .����1B-A �=�2&� �  �$�N&L 0 !�)7 B-A�V�: .&�/ 
)B-A^v(,9C�= .��50����1 .
$ /$ �E%7 ���< ��= ?�=

5�#� �< ��$� �)I0 � �$)< 0 �& )&7 ��&�0��C:$ �	�7 !,9=�
�:$ ���7�� .�	�7 �"
� /$�	�7 89: .
$ �� �)I)� ?�= ?�=

 �Cf-A �J�0 0�)*7 �Cf-A ?))*7 �Cf-A�����1 ?�= (,9C�= .
��)� 89:�:��7x�7 ?$�$� 0 !�)7 �C:)&L�� �1�$0 89:

 �������< ,D�� 0 �:$ �:� 5>�J�0 ?�= ��)2� .
$ �� ?$
 ��)2� �7 ����Gol-10A�:H�7 ��&�7 ..&����)  .
$ �� �=

�2&� ��)2�B-A�$��7 �  B7�J 89: �9&�/ �� 0 !�)7 B-A
!,=�#�,9C�= t�)u7 0�&��������< �� �2� !,
� �"
� ?�=-

�)A)B-A^�.(��)� ��)2� �� .&����)  ��$0$�	 �:��7 �C2<
 ��)2� /$Gol-10A�:$ .Z7$0� �7 �I)  �7�� �G� �7 �C	�7 ,:� 

�:$ !,A B&-#  ��)1�1� �' ��)2� .
$ �� .&����)  �< .

������	
 �'�(��
��)2� 0�Gol-8D 0Gol-10A /$ a& �  �7 ��&A 0 �=

89:�2&� ?�=.&����)  ?$�$� 0 5$0$�	 � �$)< �7 �:� ��X9� 
�:��7 ��)�,�,A `��C�$ �
�&2&A �
�3  ?$�7 .U0,IS

�� 5�#� $� �
�&2&A �
�3  �
�C�,=� .��)2� �� ��)� ?�=
�:��7��$� �)I0 �+�	 ���< h
 5$)9+ �7 .&����)  �..
$ ��

 ?$/$ �7 .&����)  U)��	 U0,IR/^l ��:�[� 5|&�<$ M $ A!,
�:$ ..&7 ���< .
$ ?�=,&�<$ ;)23�Sd/QO �  QS/Qm ,D��

�:$ ��/0 ..&����)  ?�=,&�<$ ;)23� �
���� 5�)7 M< �*+
 ,9��� ?�$�	 �$)� �)I0OH �B0F�:$ ���< .
$ �-�A �� .

�$,�� �-9
$ B&�,7Al /$ �C#&7 OU)��	 ,F$0 �� M $ )apfu (
 �:$)POQ/O4RSP/O(.&����)  0�9
$ /$� ?�=�:��7 ��) �= �� 

.&����)  ;)� /$ 89: ;)� 0�()&9&�)�> ?�=�$�,9C�= ]dd.[

&
+,8�
�3  �
�C�89: �� .&����)  �A/$��L�
� ?�= 5�"
�6*1 U�2A ��)1�1� ?�=)��/0 ,D�� a�F �7.(
Gol-8D Gol-8D Gol-8D Gol-8D Gol-10A Gol-10A Gol-10A 

c^/dR cm/dR RP/dR Pd/dl Ql/dl Rd/dl OS/dl SiO2

mQ/cml/cQS/cRP/cRO/ccm/SP^/cTiO2

cQ/dl OQ/dd ^c/dl ll/dR dm/dO P^/dR Rl/dR Al2O3

PQ/OlQ/QSR/mQO/Qdc/Sc d^/Sc cP/Sc FeO 
ND ND ND ND c^/ccl/ccS/cMnO 

dl/OOm/RSd/OdQ/l^Q/dl^/dRP/dMgO 
S^/SPP/ccQ/SSm/Sm^/cPc/cmd/cCaO 
Od/SOQ/SRm/SlS/SRP/SRd/SOl/SNa2O
cl/ccS/ccd/ccl/ccl/ccl/ccl/cK2O
Sl/cSl/c^P/clR/ccO/ccl/cSc/cCr2O3

Sd/QO lO/QO QR/QO ^m/Qm mQ/Qm QS/Qm ^m/Qm ;)23� 
�
�L �7 U)��	^l5|&�<$ 

mdc/RmRQ/Rmmd/ROQR/ROO^/RO^^/ROOS/RSi 
cPO/ccP^/ccPP/ccm^/ccOQ/cSdS/cSSl/cTi 
RmR/ORSP/ORlc/OmPP/OPOQ/OQPR/OQRR/OAl 
PRl/cSOR/SPmc/c^cO/Slcc/SlcR/SdQS/SFe 

ND ND ND ND cc/dccO/ccc^/cMn 
Rlm/SdQQ/SlQ^/ScOd/SmPd/cQdc/cQmR/cMg 
SPm/cSml/cSQQ/c^cl/cS^R/cSRm/cS^P/cCa 
RSO/cRdR/clPR/clll/cRc^/clQ^/cRSP/cNa 
ccQ/cccd/cccm/cccP/cccm/cccm/cccP/cK
cSQ/ccSQ/ccdm/ccRQ/cccQ/cccO/ccSd/cCr 
OlS/SR OR^/SR RPS/SR Rlc/SR RdO/SR RlS/SR RRQ/SR ;)23� 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

33
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
21

 ]
 

                             5 / 12

http://dx.doi.org/10.29252/ijcm.27.2.335
https://ijcm.ir/article-1-1269-fa.html


?�&"���I �5W)� ���$��� ,&: 0 �:�9A�)*7 �*3�5$�
$ �:�9A ���< qr�

.&����)  ��:$ �7 �=K�Na �Ca0?�3&�  X!0�1 �: �7 
.&����)  ?�=�
�&*J.&����)  �&�*< ?�=�2.&����)  0?�=
?�3&�  !�"
�I X)X-site vacancy ( M&�� !,A ,�$]P[.
.&����)  ��)� ?�=�:��7�s*s� �$�)2� �� �I�� ]P[2=���

!�C�1.&����)  ?�=�
�&*J� �$�J �,��&1)B-Ad.(a*X� .
$
5�#� ?H�7 �
���� !,9=�Na+K �7 ���� Ca !�"
�I �� X
�:$.5�#� .&K�L M&�*< �
��� )E+ �K�I �
���� !,9=�Ca �
 

�
0)
Ca(Fe,Mg)(Na,Al)-1.&����)  �� ��)� ?�=�:��7 
�:$.

.&����)  ;)� T&�#  �)G9� �7��&A �� �= ��)� ?�=
=�$�)2� /$ ��:��7 �I�� ?�]P�dl[�:$ !,A !��fC:$ .�7

�=�$�)2� .
$ ��:$)B-A?�=l` 0 \�$ (.&����)  ��� �=
,9C�= �
0$�� �C�&A ��)2� �� 0 U�)A �:� �2&� ��)2� .

7.(<!��.&����)  ?,97 �$�)2� ��:$ �7 �=Ca-(Na+K) !�"
�I ?�3&�  X)�I�� /$ �C	�1�7]P.([ 

7.(=)\�$ (�)2� �$Na/(Na+Ca) �7 ���� Fe/(Fe+Mg))�I�� /$ �C	�1�7]dR([0)`(�$�)2�X-vacancy/(Na+X-vacancy) �7 ���� 
Mg/(Mg+Fe))�I�� /$ �C	�1�7]P.([ 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

33
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
21

 ]
 

                             6 / 12

http://dx.doi.org/10.29252/ijcm.27.2.335
https://ijcm.ir/article-1-1269-fa.html


,*I��!��2A ��5�C�7�  ��q�o89: �� ��)1�1� 0 .
�W> !�"C:�V �7 .&����)  ;)� 0� ��)1�1� ?�=. . .qr�

�$�)2�Al50Fe50-Al-Al50Mg50 0Fe(tot)-Ca-Mg 
]dO[5�#�89: �� .&����)  �2&A !,9=� �:$ \*C�� ?�=
)B-A?�=R` 0 \�$ .(���$�)2� Fe(tot)-Ca-Mg.&����)  -

��)2� ?�=Gol-10A 0 M&C&� /$ �&�	 ?�=,&K)C&�$�1 !�C�1 �� 
�& �2"L�&*L> 0 �=.&����)  0 �C	�1 �$�J �C�7$0 ?�= ?�=

 ��)2�Gol-8D�&*L�C� !�C�1 �� �&2:�C� 0 �= U��%  �� ?�=
!,A �J$0 ()&9&�)�> /$ �9� U�&: /�	 h
 �7 ,�$)B-AR\�$(.

�$�)2� ��Al50Fe50-Al-Al50Mg50��2=.&����)  ?�=
 ��)2�Gol-10A.&����)  /$ �-
 0��)2� ?�=Gol-8D �� 

!�C�1�& �2"L 0 M&C&� /$ �&�	 ?�=,&K)C&�$�1 �&*L> 0 �= ?�=
.&����)  �&�7 0 �C	�1 �$�J �C�7$0 ��)2� ?�=Gol-8D �� 

!�C�1�&*L�C� �&2:�C� 0 �=% �� ?�= U�&: /�	 h
 �7 U��
!,A �J$0 ()&9&�)�> /$ �9�,�$)B-AR`.(0� .
$ ��:$ �7

.&����)  �?)J U�2CF$ �7 ��$�)2� ��)2� ?�=Gol-8D �' 
!,A B&-#  ��)1�1� ?�=,9
>�	)�7!|
0 B-A ��:$ �7 R

\�$ (.&����)  ��0 ��)2� ?�=Gol-10A .
�W> ?�=,9
>�	 �' 
�C	�1 B-A,�$
$ �)I0 0..&����)  89: �� �= �C�&A ?�=

!�"C:�V �"��#�5> ��
��  �:�=.

7.(>89: �� .&����)  �2&A\�$ \*C�� ?�= (` 0(S:�& �2"L ��=,&K)C&�$�1�&*L> 0 �= �M&C&� /$ �9� ?�=^:0 M&C&� /$ �&�	 ?�=,&K)C&�$�1
�& �2"L�&*L> 0 �= ��C�7$0 ?�=d:89:� �$)< ?�=4��) .&�� �.=> /$ �9� �$�l:�&*L�C��&2:�C� 0 �= /$ �9� U�&: /�	 h
 �7 U��%  �� ?�=

 �()&9&�)�>R:�&*L�C��&2:�C� 0 �= �()&9&�)�> /$ �&�	 U�&: /�	 h
 �7 U��%  �� ?�=O:89:�-=> ?�= �� �-&*&:m:89:�1g� ?�= 4�7 h&	��$�	
`):��1� 0 .&K�L M&�*<M
���$0 /$ �9� ?�= 0 (0�< 0Q:�& �97�<�&9�<0�&L 0 �=5)1�1� ?�= !,A)�I�� /$ �C	�1�7]dR.([ 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

33
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
21

 ]
 

                             7 / 12

http://dx.doi.org/10.29252/ijcm.27.2.335
https://ijcm.ir/article-1-1269-fa.html


?�&"���I �5W)� ���$��� ,&: 0 �:�9A�)*7 �*3�5$�
$ �:�9A ���< qr�

.&����) �&F�� ��)1�1� ?�= � �0�3� 0 ?$�� $� 5$) 
��:$�7M&�*< �
���� ���> �$� T&�#  M= /$ .M&�*< �$,��

.&����)  ���&F�� ��)1�1� ?�= M< ��&�7 ?$)/$ �C2<l/c
��/0 ,D�� (0) �� .&���� � �0�3� ��)1�1� ?�=P/S4l/c

�:$ ��/0 ,D�� .�<�2  �H)2%�K2O�Cr2O30MnO .
$ �� 
.&����)  ;)� /$ �C2< �=R/c�:$ ��/0 ,D�� .�$,��TiO2�� 

.&����)  �7 � �0�3� ��)1�1� ?�=m/S�� ��/0 ,D�� ,:�
]dR.[�<�3�> /$ �$,�� Ca.&����)  �� ��)� ?�=�:��7 �C2< 
$/l/c��/0 ,D��)^cl/c4S^R/c(�<�2  0K2O�Cr2O30

MnO.&����)  ;)� .
$ �� /$ �C2< �=R/c�:$ ��/0 ,D�� 
)lP/c4S^/c(�$,�� �-9
$ �7 �I)  �7 .&9�2= 0TiO2/$ �C2< 
m/S��/0 ,D�� ��:$.&����)  �C�&A ��)2� �� �)I)� ?�=

 ��)��:��7�&F�� ��)1�1� �'�� ,A B&-#  ?$!,�$ .
�CV�: �� �D�9+ �9&#��I��9&#��I t�)u7 .&����)  

5)& �<h h
 �� �7�#� ��)
 ��7 �7 �
�= 0 �:�9A�)*7 !�"
�I
5)& �< �9&#��I �&� .
,9e �� t0�fC� ��)
 ?�=��7 �7 �
�=

 !�"
�I�� ?0�,=� .�� �9&#��I ?�=�$��7 0 �)*7 �2&A
�9&#��I ��<0/�: .
,9e Z:)  .&����) �
�L �:�:$ 0 ?$

�� U�C9<�)A .TJ�� �9&#��I ��
0$�� 0 U�)A ���
�&*J)S(
R+ + R2+↔R3+ + □B&�<0�,&= ;)� �9&#��I 0�
$�/)^(

(OH)- + R2+↔R3+ + O2-�� t�)D ��&1]dO.[.
$�=�
.&����)  ,�0���)2� �� $� H�7 ()&9&�)�> ?�= ��)� ?�=�:��7 

�� U�C9<,99< .fC:$ �7 �$�)2� /$ !��R1+R2 �7 ���� R3 
)B-AO\�$(�� !,
��)A.&����)  �< ��)� ?�=�:��7 �� 

?�C:$�5) 0�L �)�2< �7 .&����)  �$��7 �J$0 !,A,�$ .
$ �< ��$ 
5�#� ()&9&�)�> �9&#��I !,9=��:$]dm.[�9&#��I

 !�"
�I �� ()&9&�)�>�#=��I0 Y�� 5) 0�L �)�2< aI)� -
�)A .

(7.?)\�$ (5)& �< �9&#��I.&����)  �� �= ?�=�$�)2� /$ !��fC:$ �7 �:��7 ��)� ?�=R1+R2�7 ���� R3)R1=Ca+Na �R2=Fe+Mg+Mn 
0R3=Al+1.33Ti ( 0)`(�$�)2� /$ !��fC:$ �7 5)& �< �9&#��I �:��7Na �7 ���� Ca)�I�� /$ �C	�1�7]dm.([ 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

33
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
21

 ]
 

                             8 / 12

http://dx.doi.org/10.29252/ijcm.27.2.335
https://ijcm.ir/article-1-1269-fa.html


,*I��!��2A ��5�C�7�  ��q�o89: �� ��)1�1� 0 .
�W> !�"C:�V �7 .&����)  ;)� 0� ��)1�1� ?�=. . .qrq

�$�)2� ��Na �7 ���� Ca)B-AO`(0� .
$ t$�&&y  ,�0�
.&����)  �� �&yC� ?�=Gol-8D �9&#��I �$��7 �7 

Ca0.5□0.5Na-1 �:$ �7$�7 .��z+□5�#� �� ?�3&�  !,9=�
�:$ �9&#��I �$��7 .
$ .5�&7 �$��7 .
$ �:$ a*X� .
$ !,99<

 !�"
�I �� �<X0 �C	�1 �$�J M&�*< h
 �M
,: 0� ?�I �7 
?�3&�  �!�"
�I !,��2&J�7�:$ .?$�7 ,�0� .
$ �-&��F ��

.&����)  ?�=Gol-10A !��2A �9&#��I �$��7 �7 ^��$)�2= 
��$� .5�#� �$��7 .
$ �9&#��I !,9=�Ca 0Mg ?�I �7 Na 0
Al �9&#��I �
 0Ca 0O?�I �7 Na 0OH�:$ ..
$ �1$

�9&#��I!�"
�I �� �= ?�=X0Zt�)u9
$ �� ,=� w� Ca 
.&#��INaI �� !�"
�X0 !,A Mg .&#��I Al !�"
�I �� 

Z�� �)A .�9&#��I ?�=�$��7 �< �:$ �C��F�� .
$
CaMgNa-1Al-1)v0/ 5�2= �
�
0)
 �9
�"
�I (�
 0

CaMg2ONa-1Al-1M
�&"7 �G��� $� .�9&#��I �1$ ��0 �� �=
!�"
�I ?�=X0V�
 W,
�7 �,��&1 t�)D Ca .&#��I Na 

!�"
�I ��X0 !,A O.&#��IOH�)A .B-A �7 �I)  �7O
5�#� �< \�$ !�"
�I �� ()&9&�)�> �9&#��I !,9=�Y��:$ 

�9&#��I 5�-�$Mg ?�I �7 Al��$,� �)I0 !�"
�I .
$ �� .
�$�)2�R2* �7 ���� Al  �� R2)B-Am\�$(5�#�

�� !�"
�I �< ,=��#=��I0 YZ:)  �z��< Al !,#� �'�F$ 
�:$ .�9&#��I��$�
�)�9&#��ILi ( .
$ ?�3&�  !��< �L $�
�:$ ..
$��$ �9&#��I aI)� Li 0Al ?�I �7 Fe 0Mg �� 

!�"
�IY�:$ !,A ]dQ.[�$�)2�Fe �7 ���� Mg)B-Am
`(N
�2� �7 50�	$ 0 �
0)
 ��
0$�� �9&#��I Al !�"
�I �� 
Y5�#� �.&����)  a&<�  !,9=��=�:.��$�)2� .
$ ��:$ �7

�2=2���) ��)� ?�=�:��7U�)A ZV �
/ 4�
0$��
(�:Fe+Mg=3) �J$0!,A ,�$ .�C2< �$,����C#&7 �9&#��I 

Al !�"
�I �� �#=��I0 Y�� 5�#� $� ,=�]dQ.[�9&#��I
 ?H�7Al !�"
�I �� Y.&����)  �� ?�=�:��7 ��)��7a�:

�9&#��I ?�=AlOMg-1(OH)-1 0AlNa-1Mg-1 �:$ ]dP.[

7.(@)\�$ (�$�)2�R2*�7 ���� Al  �� R2)R2*=Fe+Mg+Mn 0Al  �� R2=Al+1.33Ti+Si-12 ( 0)`(�$�)2�Fe �7 ���� Mg 
.&����)  ?$�7 �:��7 ��)� ?�=)�I�� /$ �C	�1�7]dQ.([ �9&#��I �$�)2� 0� �=Al !�"
�I �� Y.&����)  ?$�7 $� 5�"
�6*1 ��X9� ?�= 

�� 5�#�=�,.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

33
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
21

 ]
 

                             9 / 12

http://dx.doi.org/10.29252/ijcm.27.2.335
https://ijcm.ir/article-1-1269-fa.html


?�&"���I �5W)� ���$��� ,&: 0 �:�9A�)*7 �*3�5$�
$ �:�9A ���< qrr

A("��� 

��&A ��)1�1� �I�� ��
�&��< �+)23� �7 �I)  �7 ?�=
.&����)  ��X9� �$�� )�45�"
�6*1 ��: ��&A !���V� ,F �� 

�
H�7 �&�)�&f�> �  �:$ .� ��X9� ���:��7 ��) /$ �<�F �7 
89: a& �  �7 ~�A U�2A �7 `�� `)9I ���&A �
�*< ?�=

�& )&7�&< ���&A �&�0��C:$ ���&A ����1 ���&A �&�
,��$� ���0�7 ��&A �&��2&*&: 0 ��&A .89: �
�*< ?�=

�& )&7 ���&A !���V� �7 �)7�� ��&A ����1 0 ��&A 
89: 0 !�)7 ��: ��&A �&��&< ���&A �&�0��C:$ ?�=

 �&�)�&f�> !���V� �7 �)7�� ��&A �&��2&*&: 0 ��&A
,9C�= .a& �  .
$ �7 �"9: ?�: .
$ �)�i !|
0 ��'�9��:$ 
�� �< a&A .
00��7 �)�C:��&F�� ��)1�1� ?$!,A,�$ .

�$,��Ca.&����)  �� ��)2� ?�=Gol-10A .&7 SRm �  
S^R ��)2� �� 0Gol-8D .&7 ^cl �  Sml /$ �C2< 0l/c

��/0 ,D�� �<�2  0 !�)7K2O)��)2� ��Gol-10A �7 �7$�7
cl/c��)2� �� 0!�C�1 �� Gol-8D cl/c4cS/c(�Cr2O3

)��)2� ��Gol-10A !�C�1 ��S/c4cl/c��)2� �� 0Gol-

8D�7$�7lR/c4Sl/c(0MnO)��)2� ��Gol-10A ��
!�C�1cl/c4cS/c��)2� �� 0Gol-8DT&�#  ,F �
/ (��

.&����)  .
$ /$ �C2< �=R/c�:$ ��/0 ,D�� )lP/c4S^/c.(
�$,�� .&9�2=TiO2/$ �C2< m/S��/0 ,D�� �:$ .����) .&-

M< ?�-&� �7 0 � �$)< /$ �9� 89: �� �)I)� ?�=)��)2�
Gol-10A ( !�)7 �&�0$ ?,&K)C&�$�1 89: h
 /$ !,&:� ��$ �7
.&����)  0��)1�1� �' 5$0$�	 ?�-&� �7 �C�&A 89: ?�=

�&F��!,A B&-#  ?$,�$ .

��"��+B 
��<�: 0 ��$/�	 �fXu� 0 ��$/�	 ��<$ �*+ 5�
�J> `�9I /$

M��V�=8&7 �&J� �� �< �2&*: !�=/ 0 �K��� z&� ��
�= �$|�
 (�3�$ �� $�?�=,
�/�7 0 �L)-:0�-&� �'��� �&�  ��
$�[D 

�
�3 �A/$��L�
����< !,��:� ?��
 �= ��$��,J 0 �-#  �,�$
��M&K�2�.

C,"�� 
[1] Dutrow B. L., Henry D. J., “Tourmaline: A 
Geologic DVD”, Elements, 7, 301-306 (2011). 

[2] Bosi F., Lucchesi S., “Crystal chemical 
relationships in the tourmaline group: Structural 
constraints on chemical variability”, Am. Mineral, 
92, 1054–1063 (2015). 
[3] Berryman E., Wunder B., Rhede D., Schettler 
G., Franz G., Heinrich W., “ P–T–X controls on Ca 
and Na distribution between Mg–Al tourmaline 
and fluid”, Contrib. Mineral. Petrol., 171, (2016). 
[4] Kutzschbach M., Wunder B., Rhede D., Koch-
Müller M., Ertl A., Giester G., Heinrich H., Franz 
G., “Special Collection: Advances in Ultrahigh-
Pressure Metamorphism: Tetrahedral boron in 
natural and synthetic HP/UHP tourmaline: 
Evidence from Raman spectroscopy, EMPA, and 
single-crystal XRD”, Am. Mineral, 101, 93-104 
(2016). 
[5] Wunder B., Berryman E., Plessen B., Rhede D., 
Koch- Muller M., Heinrich W., “Synthetic and 
natural ammonium-bearing tourmaline”, Am. 
Mineral., 100(1), 250-256 (2015). 
[6] Bačik P., Meres S., Uher P., “Vanadium-
bearing tourmaline in metacherts from Chvojnica, 
Slovak Republic: Crystal chemistry and multistage 
evolution”, Canad. Mineral., 49, 195-206 (2011). 
[7] Henry D.J., Dutrow B.L. Selvestone J., 
“Compositional asymmetry in replacement 
tourmaline: an example from the Tauern Window, 
Eastern Alps”, Geol. Material. Res, 4, 1-18 (2002). 
[8] Ugiyama K. S., Rima H. A., Onno H. K., 
Awamata T. K., “Distribution of Mn in pink 
elbaitic tourmaline from Mogok, Myanmar”, J. 
Mineral. Petrol. Sci, 111, 1-8 (2016). 
[9] Hawthorne F.C., Henry D.J., “Classification of 
the minerals of the tourmaline group”, Eur. J. 
Mineral., 11, 201-215 (1999). 
 [10] Berryman E., Wunder B., Ertl A., Koch-
Muller M., Rhede D., Scheidl K., Giester G., 
Heinrich W., “Influence of the X-site composition 
on tourmaline's crystal structure: investigation of 
synthetic K-dravite, dravite, oxy-uvite, and 
magnesio-foitite using SREF and Raman 
spectroscopy”, Physic. Chem. Mineral., DOI: 
10.1007/s00269-015-0776-3 (2015). 
 [11] Van Hinsberg V. J., Henry D. J., Marschall 
H. R., “Tourmaline: An ideal indicator of its host 
environment”, Canad. Mineral., 49, 1-16 (2011). 
 [12] Hazarika P., Mishra B., Pruseth K. L., 
“Diverse Tourmaline Compositions from Orogenic 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

33
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
21

 ]
 

                            10 / 12

http://dx.doi.org/10.29252/ijcm.27.2.335
https://ijcm.ir/article-1-1269-fa.html


,*I��!��2A ��5�C�7�  ��q�o89: �� ��)1�1� 0 .
�W> !�"C:�V �7 .&����)  ;)� 0� ��)1�1� ?�=. . .qr�

Gold Deposits in the Hutti-Maski Greenstone Belt, 
India: Implications for Sources of ore forming 
Fluids”, Econom. Geol., 110, 337-353 (2015). 
[13] Henry D. J., Dutrow B. L., “Evolution of 
tourmaline in metapelitic rocks: diagenesis to 
melting”, Geol. Soc. Am. Abstr. Progr., 22:A125 
(1990). 
[14] Dutrow B., Foster C.T. Jr., Henry D. J., 
“Tourmaline rich pseudomorphs in sillimanite 
zone metapelites: Demarcation of an infiltration 
front”, Am. Mineral., 84, 794–805 (1999). 
[15] Thiele O., Alavi-Naini M., Assefi, R., 
Houshmandzadeh A., Seyed- Emami K., Zahedi 
M., “Explanatory text of the Golpaygan 
Quadrangle E7. 1:250000”, Geological Survey of 
Iran, Tehran, Iran, 24 pp (1968). 
[16] Moosavi E., Mohajjel M., Rashidnejad-Omran 
N., “Systematic changes in orientation of linear 
mylonitic fabrics: An example of strain 
partitioning during transpressional deformation in 
north Golpaygan, Sanandaj–Sirjan zone, Iran”,
Journal of Asian Earth Sciences, 94, 55–67 (2014). 
[17] Agard, P., Omrani, J., Jolivet, L., Mouthereau, 
F., “Convergence history across Zagros (Iran): 
constraints from collisional and earlier 
deformation”. International Journal of  Earth 
Science. 94, 401-419 (2005). 
[18] Tillman, J.E., Poosti, A., Rossello, S., Eckert, 
A., “Structural evolution of Sanandaj-Sirjan 
ranges near Esfahan, Iran”. American Association 
of Petroleum Geology Bulletin. 65, 674-687 
(1981). 
[19] Ahmadi Dazaki, Gh. “Polyphase deformation 
in the north of Golpayegan area”. M.Sc. Thesis, 
Tarbiat Modarres University, 132p. (1999) 
[20] Saba, A. “Structural analysis of the syn-
deformation intrusive masses in north of Varzaneh 
(NE Golpayegan) ”. M.Sc. Thesis, Tarbiat 
Modarres University, 101p. (1999)  
[21] Sadigh, M. “Structural analysis of the 
metamorphic rocks in the Muteh area”. M.Sc. 
Thesis. Basic Science faculty, Tarbiat Modarres 
University, 93p. (1999). 
[22] Moosavi, A., Mohajjel, M. “Structure of the 
shear zone and interference patterns of the folds in 
north of Esfajerd, Sanandaj-Sirjan zone”. Journal 
of Earth Science (in Persian), 91, 130-199, (2014).  

[23] Nadimi A., Samari H., Rajabi A., Tabatabai J., 
“Study of the effect of the Shazand fault on 
Golpayegan active tectonic”. Geology and 
Environment Quarterly (in Persian), 2, 21-30 
(2007). 
[24] Rachidnejad-Omran N., “Petrology and 
geochemistry meta volcano-sedimentary and 
plutonic rocks of Muteh area with special respect 
to genesis of gold mineralization, South Delijan, 
SSW of Tehran, Iran”, thesis, university of Trabiat 
Modarres, 420p (2002).  
[25] Hassanzadeh J., Stockli D.F., Horton B.K., 
Axen G.J., Stockli L.D., Grove M., Schmitt A.K., 
Walker J.D., “U–Pb zircon geochronology of late 
Neoproterozoic–Early Cambrian granitoids in 
Iran: implications for paleogeography, 
magmatism, and exhumation history of Iranian 
basement”. Tectonophysics, 451 (1-4), 71-96 
(2008). 
[26] Ebrahimi M., “Geological and petrological 
study of the igneous rocks from North of 
Golpayegan and Margh-Cheshmeh Sefid area”.
M.Sc. Thesis, Science Faculty, Tehran University, 
235p (1991). 
[27] Sharifi M., “Geology and petrology of the 
metamorphic and igneous rocks from NE 
Golpayegan”. M.Sc. Thesis, Isfahan University, 
257p (1997). 
[28] Sharifi M., Noghreian M., Nourbehesht A., 
“Study of the primary and secondary textures in 
the north of Golpayegan granitoid Masses with 
revision of the age of their implacement based on 
field and fossil relations”. Journal of Science, 
Tarbiat Moallem University, 7 Volume, 3 and 4, 
767-783, (2006). 
[29] Moritz, R., Ghazban, F., Singer, B., “Eocene 
gold ore formation atMuteh, Sanandaj–Sirjan 
tectonic zone, western Iran: a result of late-stage 
extension and exhumation of metamorphic 
basement rocks within the Zagros Orogen”.
Economic Geology 101, 1497–1524 (2006). 
[30] Stöcklin J., “Structural history and tectonics 
of Iran: a review”, The American Association of 
Petroleum Geologists Bulletin, 52 (7), 1229-1258 
(1968). 
[31] Sheikholeslami M.R., Zamani Pedram M., 
Hosseini H., “Geological map of Iran, 1:100,000 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

33
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
21

 ]
 

                            11 / 12

http://dx.doi.org/10.29252/ijcm.27.2.335
https://ijcm.ir/article-1-1269-fa.html


?�&"���I �5W)� ���$��� ,&: 0 �:�9A�)*7 �*3�5$�
$ �:�9A ���< qr�

series, Sheet No. 6057, Mahallat”, Geological 
Survey of Iran, Tehran, Iran (2008). 
[32] Kretz R., “Symbols for rock forming 
minerals”, Am. Mineral., 68, 277-279 (1983). 
[33] London D., Morgan G.B., Wolf M. B., “Boron 
in granitic rocks and their contact aureoles”, In 
Mineral. Soc. Am. Rev. Mineral., 33, 299-330 
(1996). 
[34] Trumbull R.B., Chaussidon M., “Chemical 
and boron isotopic composition of magmatic and 
hydrothermal tourmalines from the Sinceni 
granite-pegmatite system in Swaziland”, Chem. 
Geol., 153, 125-137 (1999). 
[35] Henry D. J., Guidotti C.V., “Tourmaline as 
petrogenetic indicator mineral: an example from 
the staurolite-grade metapelites of NW-Maine”,
Am. Mineral., 70, 1-15 (1985). 

[36] Dutrow B., Foster C.T., “Constraints on 
metamorphic fluid from irreversible 
thermodynamic modeling of tourmaline 
pseudomorph formation”, Geol. Soc. Am. Abst. 
Prog., 24, A218 (1992). 
[37] Manning D. A. C., “Chemical and 
morphological Variation in tourmalines from the 
Hub Kapong batholith of Peninsular Thailand”,
Min. Mag., 45, 139-147 (1982). 
 [38] London D., Manning D. A. C., “Chemical 
variation and significance of tourmaline from 
southwest England”, Economical Geology, 90,
495-519 (1995). 
 [39] Harraz H.Z., El-Sharkaway M.F., “Origin of 
tourmaline in the metamorphosed Sikait pelitic 
belt, South eastern desert, Egypt”, Journal of  
African Earth Science., 33, 391-416 (2001). 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

33
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
21

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://dx.doi.org/10.29252/ijcm.27.2.335
https://ijcm.ir/article-1-1269-fa.html
http://www.tcpdf.org

