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� 8�*�6 �#- "+9� �5
"0�
� �!$!# -��=*$��� �-� .�6 ���0 "
- ��-'� �A�6 �� :�'Y

�!?�9.F �� �%�� 8�5�'(68�5a�Y'g�� � �@!�-�  ��
�!$!# �!?�9.F"!(>� 8�5�� �*
� �-��'% .�� ���0 "
-

P$#�' � � 8�5�k!$  O!N1 �- �*5�,� /!� ��!%�+!� �
��"
- �� �0 �'%�+N% �� :�'Y �6 ��;) "0�
� 8�'(6 8

�(Y- �Y�$)(Si, Zr) O!N1 �- 8�.
� �Y�$) �Nb, Ta �Sn 
�-� �'G� �g��A�� :�'Y �6 *�]�m .[ ���0 "0�
� �	�U �-

P$# �- 8��
� �-*b? �)�	 � ��'9) �#- �N
��? �6'#� 8�5
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8*L�-�8�'9I� ��<-�1 8'#'����X�6'NI���-/!() �����L!5J C@0 3-�
- �#�$% ���0 � �#�$%�'(6 �(L� e�l

�� aJ'9b� �0���� C
 �- S!6 �� *�-'?7'#� 8�-*
�F 8�-� 
*��96 .7�?��6 �0 �#- �>(@�� 7�!90 �Y�$) 8-�-� "0�
�

�*$5� *$@�5 ��.@#�A P$# �!0�? 8]�����.[O+% ��n
�
'g?SEM��= �/!�EDS ��'9� �� "0�
� �#��6 ��'� 8�5

�*% ��-� 3�,�*�- .��'9� "
- �� "0�
� ���0 �',$� O+% �6 �5

 �6�#- ��,� 8�'(6 �'\# .��'9� ���6 �#��6 ��'� 8�5 -
��
� O!�� �(Y- �Y�$) �'G� ���,� �#�$%(Zr) �'N� �

�+N% �� �.
� �Y�$)8�� ����0 "
- �0 �	�  �L!@� 3-'?
P$#5���9@X- ��.@#�A 8*!#- �6 O
�9@� �!0�? �6 8�

 *$@�5 "0�
�]�����.[

�6شكل�g?
�SEM���= �!/EDS-
9(!$!�)D�-(@$.� �!�)7(7'#� ���58(X�# ��� ���1 :;	 �
�8X�� 3�9) !�8C#�G �? ���6�_ .


 ?g'7شكل�SEM���= �!/EDS�
�7'#� �� "0�58(X�# ��� ���1 :;	 �
�8X�� 3�9) !�8C#�G �? ���6�_ .

الف ب
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*(G ������9% e�/!
�F�e�� ���0 ��6��0 �!�>? �� "!.$# 8�5��.@#�A7'#� 8�5;	 8�-�= ���1 :8. . .e��

 روتيل

O!?��)TiO2(���0 C
 ��!�6�95 �� �0 �#- �-*
�F8
7'#�8�-�= 8�5 � �9
*1 3��� "
-��-� �'G� .�� ���0 "
-

�+!?�9 �� 8�5/�~-��F P$# 8�5"
�R= ��' � ��*$0-�F �
�#-.�6 O!?�� ���0 :�'Y�!�-�  �� �)�	 �!?�9.F � �5 8�5

� � �� � �*% �	�
 �@!�-�  ��.@#�A �- 8/?�-'0 8�5
�� �'G� �6 �6���  �? C!@!�'?��'$F*
=]�n.[���0 "
- 

P$# ��' � � �j- �� "!$d95P$# �
 � �#� 8�5 �+5= 8�5
2� �@!�'��� ��� O!+,? �-��'% .���!%�+!� �� �	�U �-

P$# �.
� � k!$ �' � � 8�5��!�'N!>�= ��
~'(0- O!N1 �- 
*��-� �'G� /!� �!�'�-�  �]��.[�6 O!��J�6 8�-*
�F O!?�� 8

��6 �9�� :�);U- 3-'? ���'� �� ��
�7'#� *%��58�� �- 
"
- ���0 �6���= �#�]�� .[ �� O!?�� ���0 �I\# �	�6

��'9� ��-� ��*� ���X �#��6 ��'� 8�5)O+%m(@X- �0aJ�9 
�*$5� 3�,����� �� �
�G �6�G *$
-�	 87'#� 8�5 8�-� 
�#- ���6�� .O!?�� �!0�? ��w�� &'!��@!? *Y�� l�*Y�� 

&'!6'!� �
 "5= 8�-*�� �#- "+9� � ��-� �'G� 3�!�0-
(Nb) M!��? �(Ta) &'
���-� �(V) &��0 �(Cr) "
/.
�G 

�'% &'!��@!? .�'[XCr3�,� O!?�� ��@A�# �� �*$5� 8
3�,� O!?�� �� �g$) "
- �'N� � C!	�� ��.@#�A P$#

�*$5��#- C!�(	 ��.@#�A P$# 8]�n.[/!���= EDS ���0 
��'9� �� O!?�� �'N� �6 �#��6 ��'� 8�5Cr ��'6 �-�95 )O+%

m(�*$5� 3�,� "
-�6�$6 �P$# �6 8�5��.@#�A C!�(	 �#- .

 آپاتيت

�!?�F=)Ca5(PO4)3(OH,F,ClC
 �� M�� ���0 &�9? P$# -
6 � "
�R= 8�5�[bP$# 8�5�' � ���#- �*$5� 3�,� �8

��.@#�A��!� �Y�A ]�l��e.[/!���=EDS �!?�F= ��
7'#�8�5 (X�#��:;	 ���1 ��
�83�9) -� �>(@�� �Y�$) 

�� 3�,� 3= �!0�? �� *5�)O+%�.(�- OY�X �!?�F= ���0
� � 8/?�-'0 � �@!?�9.F 8�5� � �P�� �6 aJ'9b� �6���  8�5

�� �*
� /N# �6 O
�� ����'% .f
�'? �	�U �- �#�� �� �!?�F= 
P$#aJ'9b� �5 �j- �� :*% S
�#�	 �6'#� �A�_ H'U �� 

�� H�@$0�'%]n.[��'9� �� �� �!?�F= ���0 �#��6 ��'� 8�5
P�� �6 �9,_�� K'+#��+!� �
� D(@�� 8�5)P�� �6 �@,!6

�� ����L���� �6 O
�� ��� � /N# �6 O
(O+% �6 �8�5

�N� �6 8�',$��� �*
� �*%��  8�5 �'%)O+%e.(�6 �G'? �6
 H�b	"!�� 3�'6�@A�# ��
-/	-�6(uplift) %����-S�-���	 

�� ��\$� �3-�+� �A�_8�5 7'#��-� 88�*b@� -���3-'?
� �@,!6 S
�#�	 �)�6 �0 �%-� ��Z@�- ��\$� �� � *%��  

���0 ���� �!?�F= �(9G �- "!.$# 8�5�'%.

 آمفيبول

H'N!>�=���0 �- � �/6 ���  �5�� O!+,? -� �5 �� �0 *$5�
P$# `-'�- � "
�R= 8�5�' � ��*��-� �'G� .���= �!0�? �� 

3�!$6 �6 ��;)SiO4M!�(0 � "5= �M
/!$� O!N1 �- 8�Y�$) 
�� �0�%# �6 �#- "+9� �0 *$$0:�+!(! �M
*# D)�[� 8�5

*%�6 �-�95 C
�	 "5= � M!$!�'�= .�
�!9!% �!0�? �Z� �-
H'N!>�=�� -� �5�@#� �# �6 3-'?M
/!$� � "5= 8�-�

)�!(!	'@�= ��!�'@.$�'0(M!�(0 � M
/!$� ��-�)H'N!>�= 8�5
 �-� M!�(0(Na<Ca�*#
M�-� ��0 M!��?]��[.��'9� �� -

 �� �#��6 ��'� 8�5 �!�'@.$�'0 O��% H'N!>�= ���)O+%
��D�-(M!�(0 H'N!>�= ��-�)O+%��7(�� �*
�*�'% .��

P$#�58�' � ���-
"��0��5q�@�  �-�-�	�-��@% ���
-�%
c��� ���,	 :��>@� *��-� �'G� .�659!"��G 3=�5-�
�- ����A� %!���58/N#)�' � ��bW!D(�?����A�8

�'�-� !�)�' � ���6!��'18(��3-'?*
�.���0 8�5�'(6 
H'N!>�=D(@�� �
�!9!% � �+
/!	 c
-�% �� �c
-�% �6 �-�95 

��,	 � �����$!,��G�Y�$) D(@�� 8�5 3�,� -� ��*$5� 
]��.[�#��6 H'N!>�= 8�# �5:'$!@0-��	 8�5�� ��!�'��? 

P�� �6 *$(N��'5 ��0- O!N1 �- �D(@�� 8�5 ��'5 /N# *$(N��
�'�1 �6= �8- ��'�1 �/N# 8-�@%� ��@A�# ��� 3�,� -� 8- -
*$5�)O+%e(.���0 aJ'Y- :'$!@0- � �!�'��?�' � � 8�5�

*$@�5 .M!$!�'�= �-*�� ���� J�6 ��' � � :*% �+!?�'Y ��
�(!#'6 ���0 "
- � �*% ��
� :'$!@0= "!,��G *$(N��'5 8

���'%.H'N!>�= `'� "
- P$# �� a�N����' � � 8�5�
)�!�'!	-�5(�� �*
� 4�b� �0 �'%J�6 ��,	 c
-�%/���8M0

c!I� �,�-���	 8�5�)",0-*6�#(�#- .�� H'N!>�= &�� `'�
��'9�� �#�6 ��'� 8�5 �!�'@.$� (MgFe2+)7(Si8O22)

(OH)2�6 ���0 "
- 8�5�'(6 �#- �@%� �%�N�- :�'Y �
 8-
 ��'6 ���'#)O+%��D�-(P$# �� ���0 "
- � �8�5

*$(N��'5 H'N!>�= �-�95 ��' � ��� �*
� �'% .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

19
 ]

 

                             7 / 14

http://ijcm.ir/article-1-356-en.html


8*L�-�8�'9I� ��<-�1 8'#'����X�6'NI���-/!() �����L!5J C@0 3-�
- �#�$% ���0 � �#�$%�'(6 �(L� e�w


 ?g'8شكل�SEM���= �!/EDS?�� !7'#� �� O�58(X�# ��� ���1 :;	 �
�8X�� 3�9) !�8C#�G �? ���6�_ .


�9شكل'g? SEM /!���= �EDS7'#� �� �!?�F= �58� �(X�# �!X�� 3�9) 8�
�� ���1 :;	8C#�G �? ���6�_ .

�10شكل�g?
�SEM ���= �!/EDS>�= !�H'ND�- (�'@.$�'0!� �7(7'#� �*$(N��'5�58(X�# ��� ���1 :;	 �
�8X�� 3�9) ^!�8�^? ��^�6�_ 
C#�G.

الف ب
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*(G ������9% e�/!
�F�e�� ���0 ��6��0 �!�>? �� "!.$# 8�5��.@#�A7'#� 8�5;	 8�-�= ���1 :8. . .e�n

 تورمالين

����'?!"�-��0��58�'9)�7'#�8�5 ��?
N��'6��`-'�- 
D(@�� 3=�0.@�6��6��.@#�A ��-!�8��0����-� ��P$#-

�586'#���#- �*5�,� O6�1 ."!����'? �(Y- ��.@#�A
P$#�#- 8*!#- 8�5.� � ��-'5 8�5*$
=�	 �U "!����'? 

�-*
�F /�~�
� ��'6 ]m[8-�6 "!����'? �9!%'<~ "
-�6�$6 �
8�5/!���=��.@#�A "!!b?��-� ��6��0 ."!����'?8-�-� �!0�? 
�*!d!F:�+!(!#��'6 �- 8- ��I� �- �0 �#�5:-�!!E?�!0�? 

�<�!9!%�#- �G'? O6�1 .�
'g?SEM /!���= �EDS C
 �- 
O+% �� �*% �#��6 "!����'? ���0 ��'9����*% ��-� 3�,� 

�#- .���0 "
- �(0 H'��	[XY3(T6O18)(BO3)3V3W] 
�#-]�w.[��.
�G X�#- "+9��6�Y�$) Na, Ca, KH�E%- 

8�G �6 � *��96 ���A �
 �'%Y�Y�$) Li1+ Mg2+, Fe2+,

Mn2+, Al3+, Cr3+ V3+, Fe3+, Ti4+�-�1 �@	�  8�G �6 �T

/!� �g$) Si �� �8��-'� Al ��!  �-�1 ."!$d95 8�G �6 V

�Y�$)OH1-, O2-8�G �6 �W�F1-, OH1-, O2-�� �-�1 -
*��!  .�-�!0�?8�5 D(@�� �!�,? 8-�6 "!����'? ��.@#�A

3=�� ���>@#- �'% .f1-� �� �- ���>@#- �6C
�-�'9� �# �>�Q� -
8- ��3-'?"!����'?P$# `-'�- �- OY�X 8�5 ��,� -� �5

 ��0]�n.[3-��+95 � 3'@#�F )���� (�
�!9!% �!0�? 8-�6
 �Y�$) �6 �G'? �6 �"!����'?Ca, Fe �Mg � �!X�� S% 
���0 �	�b� D(@�� ��.@#�A �0 *�-���6 *�-'? ��.@#�A 3-'$)
�'% �@	�  �Z� �� "!����'?]�m [)O+%��.(/!���=EDS 

��'9� �� "!����'? ���0��� �- ���>@#- �6 �#��6 ��'� 8�58*$6 

3-��+95 � 3'@#�F)����(�!X�� 8��6 � ��-� 3�,� -� 
��.@#�A�!?�9.F ��5*!<'@!�-�  �5�!(F- ��- �$� 8�5Li 

�� ��J�*$0]�m [)O+%��.("!$
�0)��lw(/!�r$F 
��.@#�A �-� !@��?�9.F!@���' � ���/?
���8-��G�� 

6'#���P$#�586'#������'?!"�-�-� 8�0���6�� �I? 
j�?!���?
��-�1 �@	� -���0 �	�b� *��� � *�- �,?!�

��.@#�A ����'?�- "! �O+%�-�'(+
3'��5 P�� �h-'A �
�.
3= �#- ���0 ���>@#-]��[.�
� �� "!����'? ���0

P�� �6 �9,_�� K'+#��+!� ��6= ���!? /N# �? ��!# 8�5
�� �*
� �?�'Y � "%��/N#P�� "
- �0 �'% 2�#-�6 �5

�#��6"!$
�0 8�5]�m ["!����'? �- 8*5-'% �- OY�X 8�5
�!?�9.F&'!@!� 8�5�#- �-�.

 باريت

�
'g?SEM /!���= �EDS�
��6 (BaSO4)��'9� �� 8�5
 O+% �� ��#��6 ��'��e�#- �*% �<-�- .�� �
��6 *Y��

��'9���*X ��#��6 ��'� 8�5 e%�#- .O+% f1-� �� 8�5
�6 �
��6 S
-*!F� � :�'Y �+
 � ��'6 ���,>,?= �6'#� � 8-

���0 �-� � �� H'9b� 8�5H'(I� �- �0 �#�5 �6 �6���  8�5
 �!�(0 � /?�-'0 �-�95 aJ'9b� � ��*% O!+,? "!
�F 8���

�� �5���'%.P$# �6 8�5��.@#�AaJ'9b� C!�(	 8-�-� 
�
���� �- �
J�6 BaP$# �6 �N�� �6 8�5��.@#�A C!	�� 
*$@�5]�n.[7'#� �� ���0 "
- �'[X "
-�6�$6 �5���6 *�-'?

�+!�(	 ��.@#�A 3= �J� �5*%�6 �@%-� �.


?g'11شكل�SEM �EDS����'? !7'#� �� "�58(X�# ��� ���1 :;	 �
�8X�� 3�9) !�8C#�G �? ���6�_ .
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8*L�-�8�'9I� ��<-�1 8'#'����X�6'NI���-/!() �����L!5J C@0 3-�
- �#�$% ���0 � �#�$%�'(6 �(L� e�m

�!?,�12شكل��.@#�A����'? !"2�#-�6 �-�'9� �x(x� 3-��+95 � 3'@#�F)����(]�m ["!����'? �!b1'� ���@# ��!X�� 8�58��'� #��6�
,� -��� 3�*5�.)���!X8��!?�9.F ��5*!<'@!�-�  ��!(F- � �5 �- �$� 8�5Li .�!X��8��!?�9.F ��5*!<'@!�-�  ��!(F- � �5 �- �!�	 8�5Li .�!X�� -

8e��F�@� ���!(F�@� ��!:�+!(!# ��(0 � �5 �- �$� 8�5Ca .�!X��8l���F�@����!�!(F�@� �P$# � �5	 8/?�-'0 "!����'? 8�5�- �!�Ca  .
�!X��8�:�$6�0�@� ��5��!X�� 8w�!$!�0��!F�@� ��5(.


?g'13شكل�SEM���= �!/EDS��6 
7'#� �� ��58(X�# ��� ���1 :;	 �
�8X�� 3�9) !�8C#�G �? ���6�_ .

 بحث

D(@�� ��.@#�A �6 �G'? �6 ���03= �"!.$# 8�5�� -� �5 -

3-'? �-�Z�TU�$� @�~��@F!+���0 M!��? �@#� �# �6 :

�(��0��58�6�F
�-*8J�6 �O!?�� �"!����'? �"0�
� O!N1 �-

 �
��6 � ��!?�F=�0�-7'#��5�P$#�58�R=
"�(	!C

OY�X �*%*�- ��(��0��5�0 �
 �@,!6 �-P$#�58��' � � 

�6 �G�� �F!
"�!�J- ��
/!<�� ��
/!<��'$!(0 �:�*!F- O��% �

�(���F �*!<'@
�(0 ��!�'#�J�� �!@�'� �!F ��!$5�F ��!

��!�'	��0�*% OY�X *�-e(���0�G�� �� �0 �
�5 8

O��% � �*% O!+,? J�6 ��' � � :��
�'�-*�= ��!����@#-

*$@�5 �!��9!(!# � ��!��!0.�� "!$d95 �6 3-'?>�=!H'N�5

)Hb(�F!"�0���5)CPX, OPX(��-!'
"��#-!O$)OS (
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*(G ������9% e�/!
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