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

÷

�������	
���
�
��� �	����� ������
 ���� �������� � ��
	��� �
!����"��� �

#�� ���$��*%&' ����() �*+� �%�,- ��.�	�� 
/
0�)1�� !�2���	�3��4

���� ! "#$%�&'()* "#$% �+,-�.� �'/�� )0 ��1-�.� 
2
3��& �� !'4�56 (�7 ��1-�.� �"#$% �+,-�.� �'58 +

�� )0 ��1-�.� ��
�9 "#$% :��'�;0 2< �
2

56	7�:�!��=>�� 21-7 �.�2515� ?�@' A�#$>B�C6 7 D 6'E�4. F �+58 7#58��. D 6 �� 
E. �A	 ! �. G+�...
�!� (�7 �= 
����I�/J�0  A��/� A� �B#* ?�� A� �� :�#K �7 L=6'M4� LNO ��'/�P54 &. �=>��-Q-0R ��SR�.�.�>�7 T#�5� 
EU#V��9)(4#W. ��.'(4#1 (+��.� �. G .� P54'�!� E�72�=>X#0 �2515� �=>@ 0 �7 '� M
4.�#'A��4.� 'A��4.���@��=>�� 2515� 
��Y5�>6 7 �9Z �'$�&+�R :�/YG �7 X#0 
A��'� 2
� �+�+�#6 .%'�!� �� 2515� ����[!� �7 �=%?�

��+4� .���@�=>$K. �9'4#�� ' @ ��
�9 � E]�#A^'��@ ��4. E]�#$��=>15���@ ��	�7 �=>�_	 �+55@ 9 � "�#	#$@ >��F �.�
� E�-��+5=� .L�� 0
4 �$*�7 ('$'`�=>7�a,64 �.+�� �+5A�= '$'7 `'(%?�/3�0 2515� �!� �� %�b/3J �� ��Y5�>4'$'��

��+4� .c�4. 7
�A	��=>��@�4�56�6#WU �'C'��
�1�#1d�,-0 '��@ a��=>+7 2515� 
�4. :�#K (�@�����@. �
='�@��+'�=+>7 2515� �� �#8#7 a,6�R
�9 �� � �7 � +5'E]�#$�9'(9'4#�� ',-0 �'� a�+�#6 .� �7 �8#0 �7'1��'�)�� (

Mn/Fe�!� �� �=>2515� �@ 21-7 �.���/3�.2	. � �4. 
eZn, U, Sr, Ba .2	. �7 �. C= 
eMn�!� �� 7 ��=',-0  1��'�7 2515� a
:�#KT�� ! ��+�.����4. ��#7 .

7������&)	��:2515�f9'4#�� '�f�9'E]�#$f4'$'`7�a,6f7#58 E�4. F �.

���9� 
�=�����@>. 2515� 
&. E. �g ���& ���,� ���� ! e6 �7 

��0'� L�+�#6 :���=�����@ > 9 �� 2515� > )��@
(�9'(�
 )��@
(9'-'. �� �(
���& �= 7 (��=�����@ >h#� &. 2515� 

��-Q-0R��7#4����-Q-0R ��. �� 
2@ � E. >
�7�SR �
,-0 E�N'�+6 a�4.]�.[3�W�&#V��9 'k�9'�(
�=�����@>7#4� ����-Q-0R �. ���F 
. �E. 
2@ � E. >
l+554 ��4'��@ �@ E�8 ��=>5m �.�2515� �(=R &. +5A�=

]3.[����@ �&�4 >9 �4�0 @ �� ��4�0 @ �� 2515� '-'�� (
��Y5�>l+554 �4'2515� � 2515� �����@ :�#K �7 E�8  �

,-0 (=R'�+6 a+�.��-Q-0R ��1A4�F �@ ��7#4��+��.� ]�.[
?���@�&�4>�9 �4�0 @ 2515� '(��=�����@ �(4#V��9>

. �� 2515�
P54 �7 E��& (�=>G.  A�7 '4#����7 �A�7.� 
	. �%#CN�'�#'A�)	. �#;�'�#'A��' 
2]?[�.�2)4 �]�[�

7'�7�SR �+58 
E�N ]�([+5A�= .����@ �&�4>�� 2515� 
(4#W. ��.'7 �@ �(4#1'�FS  A-
. 2515� �+6 �AF�56  
�� E. 

.
,-0 E��& ('�+6 a. �+�.
�=�����@ (>.�.� 2515� >��1A4�F 
7�� !�. 9 &. � ��#7 !+5@�&
��>. �� 
� +��.��#F  7 E. 

7' A-
ER 2@ C0 (. B�C6 � 2@ � �� �=
�4. E.  ..
(
$@ �#* �7 �=�����@�*��� �� �,-0 �@ 'E#C5F� (4#W. :] 

+��.�)�A
&+�R :]',-0��A'4.� (�� �	�
+�#6 ]�.[��
���@(4#'� �� 2515� >&�4 �E�N
�7�SR ��  A-'7 �(4#'$9 

+��.� �#8�]b.[�!� �� 21-7 �.�2515� >�=?�> A�#$'@ 
B�C6E�4. F E�A4. �� +58 '7 D 6�+6 nG.� �7#58�+�.

∗(Q$0 �B#V�� �+5�
#� :J������3??� 7�C� �:opqrsposotu�,'�� A,�. ��9 �:barghibehnaz@yahoo.com 

� ��'7 B�4LN59 v��C6 �"#4 ��9'
2��w;QK &. �?b� �0 �JJ 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijc

m
.2

5.
3.

48
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             1 / 14

http://dx.doi.org/10.18869/acadpub.ijcm.25.3.487
https://ijcm.ir/article-1-949-fa.html


�> !]@ ��G 7 (
�&�T#@ 2�#C'4 E. 
. �4�56 ���@ � �4�56�#$7 �$N� ?bb

xF�yy6 �� 21-yy7 2yy515� � A�yy!>˝�/3b ´?b °�3 z yy% 
��C6��˝�/?´�� °��#*���F B>�-�� �� �@ ��JJJJJ/�
7 4'� �. G �-�!'� )a,6�{�.(�]�[.
(xF�y6 & y� �� 

��Y5�>4'�+6 nG.� :#� |#$7 � E�A� �4. .O�� ��'�>:#� 
E.�. 	 E�A�'4 P54 (
 0 ���-Q-0R >�=)P5y4 ��&.+y! >�y=
k'A4]@� '9 ((4#W. (4 �7 ���-Q-0R �)6 ���. yG (4#1'�. 

+��.�]�J.[E�-Q-0R ���� B#* �� �= �;QyK ('y7 e�.�� 	 >
�A	 ! a,6 E.�#0 �;QK � �7 % D y6 &. �y!�27 ey�7 � +y�.

 ����I �7 .� E. 
.3JJJ �y�  A� +��y6#9]�����.[a'�y��A9
 ���@ {$A�� h.#�. >. 7 >��
& � A�y! (y
. �� �y
.& ��.� �#y8� 

]�?�3�[:�#yK �y7 �@ E. 
. ���-Q-0R >�=+57 C@ X]F  7
Fa,6 �5;5� � �Y �y'���. ���-yQ-0R +y57 C@ +y5��� �+y�.�

E�-yQ-0R �& y)�. �  AF� >#y1�. ky
 >.�.� E. y
. D y6 >�y=
 +5A�= �+5@. 9 .�y7 E. y
. D y6 E�-yQ-0R �$'y4� &�+y5'�& >

�y� ��+y;� +y5)
�� a�y! �7 T m &. � �D 6 &. E�A�'4 �#y6
]3J.[��Y5� E�-yQ-0R >�� �4� 7 ��#� >E. y
. D y6 >�y=

 �4.)a,6�T] (�.[�y4� 7 �
�y= 15� >�=���y��@ >�� 2y5
 �E. 
. ���F)�7#58 E�4. F E�A4. (�+-y� "�N�. >. y7 � ��y4.

 "�yN�. 21-y7 2y515� ��#� �� �4� 7 (
. ��7 ('��. �+y6 �y4. .
���y@ �y4� 7 �#NA�y8 (y
. &. X+= P5y4 ��y4�56 � >��y1�

 �C'6#WU)> }y5% :. y''~0 � > }y5% �)�� (('y'/0 >. y7
 T�y'C@ ��% 	 ��$K.  K�5% n
&#0 � 2515� 2@ CA� >�=�#A@�	

�!� ���4. 21-7 �.�2515� >�= .

:5
%{�. (T �4� 7 ��#� a;� �'/G#� � E. 
. �-��(���-Q-0R �'/G#���Y5� �'/G#� � E. 
. D 6 >�=��Y5� & � �� �4� 7 ��#� >>
:#� � E�A�'4]�[.

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijc

m
.2

5.
3.

48
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             2 / 14

http://dx.doi.org/10.18869/acadpub.ijcm.25.3.487
https://ijcm.ir/article-1-949-fa.html


+$83����C6 ����9'
2���� ('�& �4� 7 C'6#WU � �4�56�!� �21-7 �.�2515� >�=. . .?b�

����� ;�� 
�	 ! "�N�. �=�1-
��&R � �
. ;K e�7 �� �� �4� 7 (
. .

�4� 7e
�C'9 a��6 �
. ;K >�= >. 7 �
. ;K >�=
+O.� �
�4�56��Y5� ��154 >�=���@ � E�4 !� >�= ��#7 �
.&

�!�
� ���� e=��9 (
. �� �4.('�& >�=��Y5� �4�56 >
��#C� � +6 �4� 7 21-7 ��� �� �7 >�.� 7 Lg5��� � Lg5�

�	 ! "�N�. .B�. ��� ���3{$A�� �154 >�=+O.� &. ��#C� 
��#C� "�� ��� �� � Lg5��� :�#K �7 �!� E�'� &. >�.� 7

��Y5� �C4 �7 2515��	 ! "�N�. ���4 !� >�= .�4� 7 >�=
 �.+/0 �4� 7 � �'�0 �7 �=�1-
��&R3�|&�� nY�� ��$�'K 

)Thin-polished (+
� ! "�N�..�4� 7 >. 7 �
��� �� >�=

('�& �.+/0 �C'6��. 9 >. 7 ��#C� `,
. #0 9 �N54 
)X-Ray Diffractomatry ( >�YF +K�� �7�J±�+K��)�7

B+� `^'$'	 ��1A4� k
�b?J�7 �kV ?JmA,�J �
�.& �Ө3
�
�.& �7 >Start angle 10° �End angle 50° �(Step size 

0.02�R +58 '7 ��1-�.� �� ���+6 >&�4 .����#C� )� �154
�15���@ (+�+6 �6.� 7 ��.#
� �C4 �7 �7��A�. �!� 2@ � &. .

T�5'7 ��� �7 �T�5'7 �. C= �7 �C0. > -� �N54 �� 8 �54
 �
���. �+6 �Q8 >�C4]9(ICP-ES-MS) ��1-
��&R �� 

Acme �4� 7 ��#� T�'C@ � �% 	 ��$K.  K�5%  g� &. .����@ 
. G �
�'C'6 +5A	 ! �)B�+8�.(

��� %��#C� �� �
28 � �% 	 ��$K.  K�5% 2'���R �
�A�2515� >�= ��� �7 21-7 ��Y5� �.�ICP-ES-MS 2'���R �SiO2��� �7 �ICP 
>&�4 ��,6R +O �/J� 3/J� J� J3 J� J� Jb

Mo �/J ppm �/��J 3/�?� �/3J3 �/�?b �/�� ?/��� b/�J�
Cu �/J ppm b/3J �/�b b/3� ?/�b �/�b b/33 �/?�
Pb �/J ppm �/� �/3� �/?� 3/3? �/�?� �/�J �/3�
Zn �ppm �3� �J? ?�� ��� �3� �bb �J�
Ag �/J ppm < �/J < �/J < �/J < �/J �/J < �/J < �/J
Ni �/J ppm 3/�� �/��b �/�� 3/�� �/�� b/�� �/�b
Co �ppm �b�3 ��J� b?? �3J? ��3J ��� 3��
Mn �ppm ?�3�J3 3�3b�b 3��J�? 3����� �3�b�� �����J �J�J�3
Fe J�/J % �?/J ��/� b?/J ��/� JJ/� ��/� b3/�
As �ppm ?� �� �� 3� �� �� �b
U �/J ppm �/? �/� b/3 3/� �/? �/J �/�
Th �/J ppm J/? �/�3 3/�� �/�J b/�J ?/� �/J
Sr �ppm ���? ���� �J�� ��3� �bbJ ?J� ���
Cd �/J ppm �/� �/� J/� �/? �/� 3/� �/�
Sb �/J ppm �/� �/� �/� �/? �/� J/? 3/�
Bi �/J ppm < �/J < �/J < �/J < �/J < �/J < �/J < �/J
V �Jppm ��? ?� ��J ��b �� 3J� ���
Ca J�/J % ?�/J ��/J �?/J ��/J ��/J 3�/J ��/J
P J�/J % ��/J J�/J 3J/J ��/J 3J/J Jb/J J�/J
La �/J ppm 3/�? ?/�� �/�� �/33 �/�? �/? �/�
Cr �ppm �3 �J �� 3� �� �� ��J
Mg J�/J % 33/J �3/J ��/J �?/J ��/J ��/J J?/J
Ba �ppm ��b�� ?�b� ���� 3��� ��J �b� �?��
Ti J�/J % J3�/J J�?/J J�3/J J��/J J�J/J J3�/J J�J/J
Al J�/J % ??/� 3�/? �b/� �3/? �b/� ��/J ?J/J
Na J�/J % ��/J ��/� ��/� ��/� �J/� ��/J J�/J
K J�/J % �3/� 3�/� 3b/� 3J/� ��/� 3�/� J�/�
W �/J ppm �/� J/? �/3 �/� �/� J/� �/�3
Zr �/J ppm �/3�� ?/��3 ?/��? J/�?� �/��� 3/��� �/��
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Sn �/J ppm �/� �/3 J/3 ?/3 3/3 �/J J/3
Y �/J ppm J/?� �/�� b/?� �/?� �/�J �/�J b/��
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