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n�/UnT/U��/UT�/Um�/���/���/ULOI 
�<�<�<�<��<�Ag 
�/mm/���/���/���/��U/�m/��Ce 
�/��/UT/��/�m/�T/UT/�Co 
�/T�/��U/��/��T��/�T�/TCs 

��n�U�Tmn��Cu 
�m/UU�/�m�/��m/���/��U/UUU/�Dy 

U.T���/���/���/��m/���/U�U/�Er 
��/U��/U�m/U�U/U��/UU�/U��/UEu 
�����m��������Ga 
nn/U��/��m/�nm/���/���/U��/�Gd 
�<������Hf 
�n/Un�/U�T/UTU/U��/UUT/U<T�/UHo 
�/��/�T/��/���/���/U�/nLa 
Un/U��/U��/U�n/U�n/UUT/U<�n/ULu 
�<�<�<�<��<�Mo 

��mn���U�T��Nb 
�/��/��/T�/�TU/���/UT/�Nd 
mTT<T<T<T<T<Ni 
��/U��/�m�/�T�/��U/���/U��/�Pr 

����T��U��UT�m�T�U���Rb 
n/UU/��/��/��/��/U�/�Sm 
���m���Tn�UUUU<TSn 
UT/U<�/��/��/��/�U�/Tn�/UTa 

��/UmU/U�m/U�n/U�T/UUT/U��/UTb 
U/��/���/�U/��U/n�/Un/TTh 
T/U<T/UT/U<T/U<�/��/�T/U<Tl 

U�/U��/U��/U��/U�n/UUT/U<�U/UTm 
n�/UnU/��T/U�m/�U�/�mT/��m/�U
nT��U��T<TV
�<n��mm�<W
�/T�/�T�/�U�/��U/���/�U/��Y
T/UU/��/��/��/��/U�/�Yb 
U/��m/�nn/��m/Tn�/�T�/��n/�TZr 
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*(W ���!	�/� ���<��C���� 7�% �%	#1%����8�-
 �/��'IJ "�)'/3� 8��(� " 8���� 4�0. . .���

C��(D	 C����6 ���:��� -
#<C���'/� %	#1 
	'� el���  - ��	�$ 4�0�^:Ar18 �.�/�;	6 :G1 Kolmozero, Kola Peninsula]��[�Daone 

Vally:G2����:�- b�/� �]��[�Delaware County :G3���-'(���< �]��[.

Sample <��	�$ ��;�/2G�����	'; �1 C@#�  - .�/�;	6 ��?��  - 	-
 G1 G2 G3 

SiO2 �n/�� n�/�� ��/�� U�/�� ��/�T T�/�m T�/�m 

TiO2 U�/U U�/U ��/U ��/U UU/U �n/U UU/U

Al2O3 ��/�U mT/�U m�/�U n�/�U ��/�U �U/�U UU/�� 

FeO ��/�� mm/�� ��/�T ��/�� UT/�T ��/�� ��/�� 

MnO nT/�n ��/�� �T/�� �n/�m mm/�� ��/�� ��/�m 

MgO ��/U �n/U ��/U �T/U ��/U Tm/U UU/U

CaO �T/U n�/U ��/� ��/� ��/U mm/U nn/�

Na2O UU/U Um/U Tm/U U�/U G G G

K2O UU/U ��/� ��/U UU/U G G G

Total �UU ��/�� �m/�� �UU m/�� ��/�� Un/�UU 

.'�;�@ 	-*���0F�%- #1 ��.t��@- 

Si U�/� �U/� U�/� U�/� ��/� �n/� �n/�

Ti UU/U UU/U UU/U UU/U UU/U U��/U UU/U

Al U�/� �T/� ��/� UU/� �m/� ��/� U�/�

Fe n�/U �n/U U�/� �n/U U�/� ��/U ��T/U

Mn �n/� �n/� �m/� n�/� ��/� n�/� n�n/�

Mg U�/U U�/U U�/U U�/U UTn/U Umn/U UU/U

Ca Um/U U�/U U�/U ��/U U�/U UTn/U �m�/U

Na UU/U UU/U Un/U UU/U G G G

K UU/U ��/U U�/U UU/U G G G

Total �T/� ��/� UU/n ��/� ��n/� ��/� �m�/�

C��(E��;'�1 i"#<"#+�� C����6 ���:�.S�'$ ��?�� 4�0.
Total K2ONa2OCaOMgOMnOFeO Al2O3TiO2SiO2Sample 

��/��m�/���/UUT/U��/UUT/U��/��m�/�� nT/U�/�� �
Tm/�TmU/���/UU�/U��/UU�/U�m/����/�� �m/U��/���
��/��TU/���/UU�/U�T/UU�/UU�/���U/�� �m/U��/���

(Go5)��(<6 

.'�;�@ 	-*�� F�%- #1 �0��.t��@- 
Total KNa Ca Mg Mn Fe Al Ti Si Fe/(Fe+Mg) 

n�/�U�/�U�/UUU/UU�/UUU/U��/���/�UT/U�U/���/U
n�/�UU/�U�/UUU/UU�/UUU/U��/���/�U�/U��/���/U
��/�U�/�U�/UUU/UU�/UUU/U��/�m�/�U�/U�U/���/U
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��S% ��0�B% �4C�#L; .-#�- �%��� ���@ " �%���	'(1 �(3� �TU

 C��(F	 C����6 ���:��� -
#<C�8�	�; " .�/�;	6 el���  - ��"'+%'� !	
.
'� ��(<6��"'+%	-
(T6) �����	'; ��;�/2<G��	�$ G��"'+%'� 	-
(Ar4)Sample 

T�/�TU�/�mU�/�m��/�m�n/�m��/�Tm�/�TSiO2

��/U��/U��/U��/UUm/UU�/UUm/UTiO2

Um/���n/�m�n/�mT/�Tmn/�m�m/�mm�/�mAl2O3

U�/�m�/Um�/UU/���/�n�/���/�FeO 
UU/UUU/UUU/UU�/UU�/UUm/UU�/UMnO 
T�/UmT/U�/Umm/UU�/U��/UUm/UMgO 
U�/UU�/UU�/UU/�U�/UU�/UU�/UCaO 
U�/��/U��/Un�/Um�/UT�/UTm/UNa2O
�/�UU�/��nn/�U��/�U��/��T�/���m/��K2O
mn/�T�m/�T��/�T��/�TnU/�mm�/�m�n/�mTotal 

.'�;�@ 	-*��F�%- #1 �0��.t��@- 
U�/�UT/�U�/�U�/�U�/�U�/�U�/�Si 
U�/UU�/UU�/UU�/UUU/UUU/UUU/UTi 
n�/�n�/�n�/��n/�n�/�n�/�nm/�Al 
UT/UU�/UU�/UU�/UU�/UU/��/UFe 
UU/UUU/UUU/UUU/UUU/UUU/UUU/UMn 
UT/UUm/UUm/UUm/UUU/UU�/UUU/UMg 
UU/UUU/UUU/UUU/UUU/UUU/UUU/UCa 
��/U��/U��/U�/UUn/UUm/UU�/UNa 
nT/U��/U��/U��/U��/U��/U��/UK
U�/�U�/�U�/�U�/�U�/�UT/�UT/�Total 

C��(G8�	�; " .�/�;	6 el���  - 	�B%*(� i"#<"#+�� C����6 ���:�!	
.
�����	'; ��;�/2<G�	�$ �G��"'+%'� 	-
(Ar4) ��	�$ ��(<6G �����	'; ��;�/2<G (T5)��	�$ ��(<6 G�����	'; 	-
Sample

 S@'�JS<  S@';	-
SiO2 ��/m� Um/m� ��/�m �/m� U�/m� ��/m� �m/mT mT �/m� �/m� ��/m� ��/m� Um/m� �m/mm mT/mm ��/mT
TiO2 UU/U U�/U U�/U UU/U U�/U UU/U UU/U UU/U U�/U U�/U UU/U U�/U UU/U U�/U UU/U U�/U
Al2O3 ��/�n ��/�n �n/�n ��/�n ��/�n ��/�n ��/�n �T/�n ��/�U n/�U ��/�� ��/�U �/�U ��/�� �m/�� U�/��
FeO UU/U UU/U UU/U UU/U UU/U UU/U ��/U UU/U�/ U�/U U�/U UU/U UU/U UU/U UU/U UU/U Um/U
MnO U�/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U U�/U U�/U U�/U UU/U UU/U U�/U U�/U
MgO UU/U U�/U UU/U U�/U U�/U UU/U UU/U U�/U UU/U UU/U U�/U UU/U UU/U U�/U UU/U U�/U
CaO UU/U U�/U UU/U U�/U UU/U UU/U �/U ��/U Um/U U�/U Um/U U�/U ��/U m�/� Tm/U �/U
Na2O m�/U n�/U m�/U U�/U m�/U ��/U ��/U ��/U ��/�� U�/�� ��/�� ��/�� U�/�� �m/�� �/�� �/�U
K2O m�/�� ��/�� ��/�� n/�� �n/�� �/�� �/�m U�/�� �m/U U�/U ��/U �T/U ��/U ��/U �T/U U�/�U
Total ��/�UU T�/�UU �T/�UU ��/�U� Tn/�UU ��/�UU ��/�U� ��/�U� Un/�� Um/�� ��/�� mU/�� T�/�� mT/�UU n�/�� ��/��

.'�;�@ 	-*��F�%- #1 �0n.t��_- 
Si ��/� ��/� ��/� U�/� ��/� �n/� �n/� �n/� �m/� ��/� �m/� ��/� ��/� n�/� ��/� n�/�
Ti UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U
Al UU/� UU/� UU/� ��/U UU/� UU/� �n/U �n/U U�/� U�/� U�/� U�/� U�/� U�/� U�/� U�/�
Fe UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U
Mn UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U
Mg UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U UU/U
Ca UU/U UU/U UU/U UU/U UU/U UU/U U�/U U�/U UU/U UU/U UU/U UU/U U�/U U�/U U�/U U�/U
Na UT/U U�/U UT/U �T/U UT/U U�/U Un/U Un/U �n/U ��/U UU/� ��/U ��/U �m/U �T/U nT/U
K U�/� U�/� U�/� U�/� U�/� U�/� �m/U �n/U UU/U UU/U UU/U UU/U UU/U U�/U U�/U U�/U

Total U�/T U�/T U�/T U�/T U�/T UT/T U�/T Um/T UU/T ��/� U�/T �n/� ��/� U�/T U�/T �n/�
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*(W ���!	�/� ���<��C���� 7�% �%	#1%����8�-
 �/��'IJ "�)'/3� 8��(� " 8���� 4�0. . .�T�

���-#$�0:���-#$ K�� �0.-"-#� " ��#; 
'W'� �2�% *O-" ��#;

'; 	
!4*�'�- M��';'(< +,; -	�� =�*�0
�:%
 �1 �_ 4�0

���-#$ ^#�H� �X(:���	'< 4�0���-#$ �4#� 4�0
���-#$ �A-#_'_'�'�'0���-#$ " �:��'(�� 4�0 4�0C�	��-
 

�� K���;*�'� .���-#$4#��	'< 4�0!-#/0 	'(1 ��	
 �1 4�0
���_ 	�B%*(�!*�0
 =�+,; 4�04���6  -	�B%*(� �C;	-'@ 

��"'[%'� " ��;'�1 � S_'�JS< �K�%�:<+,;�!*� =*�- 
)=+��h.(�" �(/W  -�$t7�%  - �:%
 ��- 4�0 
'W" �0

���#_'�� �%���6 	
 �� '�-*�6 " ��	�$ 4�0 .�(Z- K3O
���-#$�� =�[,;  S_'�JS< -	 A-#_'_'�'�'0 4�0 	-*�� �*0


���@.6 	
 8���� 4�0���-#$ #2�
 9-'�- �1 �L�� �0 4�0
����< 	���1 ��?�� #;�%- .���@ #2�
 
'W'� 4�0 - *�;	�L) 

;	-  S@')��(@"#+�� �0�$(���;'�1 �=�;"	 ��X%- �
��;�<6 " �@#�  ���#(@ ���"'+%'� .7�% ��- ���1 �0���/-

	-*(+� "1���-
 �W"	-
�%- *�I"#��	'< " �4#��'�-#$ �0�$ �.
��;�/2<�0:��;�/2< 9-'�- =��� ��?�� 	
 
'W'� 4�0
��;�/2<�����	'; 4�0��;�/2< �	-
�����	'; 4�0G��"'[%'� G

��	�$��;�/2< �	-
��;�/2< " &'����'�6 A�[�(�% 4"�O 4�0-
*�	-
�[�� 4�0 .���_ ���6 	
 
'W'� 4�0 -� S@';	- �C;	-'@ 

��#(@ " A"*�<- ��X%- ������	'; � S@'�JS< ���(@"#+��
+,;�!*� =*�- .��;�<6�04�� '% .6 	
 C�� �1 �0�-"-#��

�� !*0�,� *�'�)=+���.(��;�/2<�����	'; 4�0G
��"'+%'� G��	�$  S@';	- �C;	-'@ ������	'; 4"�O 	-
)�0�$

��(@"#+�� A	'Z �1(���	�$ ���"'+%'� ���;'�1 � S@'�JS< �
�06 *��@- " �X%-
�!*� !**�-)=+���.(	
 �:�;#< ���1

�� !*0�,� 	'�" �1 jl��� ��-
'� .��;�/2< 4"�O 4�0
�6 A�+�(�%���' :��;�/2< ��-!
'; 	
 K0 �04	
 K0 " *�'�- 

7�%�� !*0�,� !
'; 	"�3� .'$#$
 4�0*�'� .��;�/2< 4�0
!
'; =P-
4�����@ 9'�  - E(Y- �:��-#$ �@ !
'1 	-

���-#$"C�'� j?Q -	 A-#@'@'�'�'0 4�0*�I':��-#$ " �0#@!
*�- .
7�% ��-6 A�+�(�% " 	�B%*(� �C;	-'@  - �0 ���'�)������@

����/�(�% " �� '�-*�6 (+,;�!*� =*�- .��;�/2<	-
�+�� 4�0 :
���@!*�0
 =�+,; 4�04��;�/2< ��- �0 - *�;	�L) �C;	-'@ 

 S@';	-)��(@"#+�� �0�$(���;'�1 ���"'+%'� � S@'�JS< �
�X%- " A"*�<- ���;�<6)=+���.(���1 " ��;#< #�H� ���0

�(�� ��;#<4-7�% ��- 	
 �� !*�
 �0'��*.
��(<6�0:��(<6 !
'; 	
 
'W'� 4�04��(<6 9-'�- =��� *�'�- -

�����	'; 4�0G��	�$ G��"'+%'� ��(<6 �	-
��	�$ 4�0 " 	-

��(<6�����	'; 4�0*�	-
 .��(<6�����	'; 4�0 G��	�$ G

��"'+%'� 	-
 -���@  S@';	- �C;	-'@ 4�0)��(@"#+�� �0�$(�

�b'L�X�6 ���#(@ ���;'�1 ������	'; ���"'+%'� � S@'�JS<
 ��C�I"  " =�;"	 ������@+,;�!*� =*�- .�:���#% A*�

��'/�  - �f�1 	
 .*� b�O 	
 �@ �%- 
��  4	*Q �1 �0
 .C�#$ �1 .*� =�*L;�%-)=+��
.(��(<6��	�$ 4�0	-
 :
 S@';	- �C;	-'@ =���)��(@"#+�� �0�$(����	�$ ���L�6

 ��C�I" '��(@ " ��;'�1 ���"'+%'�" �*�:�07�% ��- ���1 -
�0��-
1 	-
�=+��0�$ "	�	-
'/�C4*�:�0 .��(<6 4�0

�����	';	-
 :��(<6 ��- 	
���@ �0!*�,@ 4�0 	
 �����	'; 4
�1 �:%
 ��'/�1'P��� !*�
 ���_ �*�'� 4�0 #2�
 
'W'�

 - *�;	�L)S< �C;	-'@ ��;'�1 � S@'�J .���1 !*� !*0�,� 4�0
 �+��-#$ " �:�+��#�� ��:�(<6 ���1 =����%-.

8�-
8���� 4�0 :���@ 
'W'� 4�0 - *�;	�L) � S_'�JS< 
��X%- �	�B%*(� K�%�:< �C;	-'@ ����-	"- ���_"#�< �*�(L�	'0

 �@#�  " ��;�<6)=+��5.(�$	 ���6 	
 �0�$ - ���0 ���0#< G
" ���(@C;	-'@ G�� !*�
 ���(@ '��*)=+��	.(��- ���1

7�% " 4 �1��
 �4#��	'< �0��-
 ."	
-4�%- .
�$	4#�P�; 4�0:�$	  - !
'; 	
 
'W'� 4#�P�; 4�04

�� *�'�- 4*�I':��-#$�$	  - �)-'�- �1 .-';C;	-'@ 4�0 G��X%- 
C;	-'@GC;	-'@ �A�+�(�%'����'�6 GC;	-'@ ����0#< G�;�<6 ��
C;	-'@GC;	-'@ ������	'; G�=�;"	 C;	-'@ GC;	-'@ �A�B%*(� G

C;	-'@ " ���(@G
#@ !	��- b'L�X�6 .

H	������ ��	���
 !��� 2�� � !�I1���� ���� !	"�
��'/�%	#1 
	'� 4�0�4*�1 !
	 F�%- #1 �]�T[TAS 	


!#:�$�� 	-#Q ��	'�
 " "#1�$ ����-#$ 4�*�#�$ ��- #1 �_ 
%-M�-
 F�!#:�$ 	
 M��(� 4�04M�-
 ����-#$ 4�0

!#:�$ 	
 M����4��'/� " ��	'�
 " "#1�$ M�-
 .�1C�� 4�0 -
!#:�$ 	
 M���� 4�04�� 	-#Q "#1�$ *�#�$)=+��}�-.(	


	-
'/�]�m[AFM��'/� M�-
 4�0 7�% " M���� 4�0
.6 .�1C��!#:�$ 	
 �04+06 �G(Q�����'; �; ��'/� " �:�R 4�0

8�-
 8��(� 4�0)��(<6 " ��;�/2< (!#:�$ 	
4+06 �G
(Q������ 	-#Q *�#�$)=+��i.(	-
'/� 	
]��[A/CNK - 

A/NK��'/� !#:�$ 	
 M��(� 4�04�:�#$ 	-#Q ���'�6#< *�-
)=+���.(

��- �-	�� ���
��� 
	
 �)#� " �(Z- #Z��) A-#��y; *�"	 �%	#1 	'H�� �1

/� #@	�0 4�0	-
']�n[8�-
 	
 A-#��y; ��- ���� 4�0
M�-
 �1�,; �() �1 " 8��(�7�% " M���� 4�0
 4�0�#2

��'/� ��- ��?�� 8���� 8��';'(< �%	#1 
	'� #2�*+� �1 �0
�� 	-#Q*�#�$.
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��S% ��0�B% �4C�#L; .-#�- �%��� ���@ " �%���	'(1 �(3� �T�

 

=?
D[%"#[�� #�"��; '��'/� �<!
';  - !*� ��-
#1 4�04*�'�- :}�-(i �"#1�$ ��'��- (� �"#1�$ (���_ =�[,;A �"#1�$ 	
 ���-	"- ��'��d 4�0 (
� ���	'�
"#[�� (h ���	'�
 C;	-'_ (�4#��	'< ���-#$�(��;�/2<�����	'; 4�0�	-
�(��;�/2<�����	'; 4�0G��"'+%'� G��	�$ � �	-
 (

��;�/2<��"'+%'� 4�0
 �	-
(��(<6 ��"'+%'� �	-
5([%"#[�� j?��'	 ���	'�
 C;	-'_ E�_#; �1 M���� M�-
 M� �< (���0#< �$	G���(_ 
���@ 4	��:P- KIS) ���	'�
 C;	-'_ M� 	
 �0��1 #1]��[*�*� i��:�- .

=3
E}�-(��'/� ���Q'� %	#1 
	'� 4�0�	-
'/� 	
 ]�T[TASi �(��'/� ���Q'� %	#1 
	'� 4�0�	-
'/� 	
 AFM ]�m[� �(���Q'� 
��'/�8�-
  - !*� ��-
#1 4�0 8��(� 4�0)��(<6 " ��;�/2< (��?��4	-
'/� 	
 *�'�- A/CNK - A/NK ]��[.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

26
 ]

 

                             8 / 14

http://ijcm.ir/article-1-226-fa.html


*(W ���!	�/� ���<��C���� 7�% �%	#1%����8�-
 �/��'IJ "�)'/3� 8��(� " 8���� 4�0. . .�T�

J�� ��- �-	�� ���
���J���  !	" 
M�-
��(<6 �:%
 "
 �1 ��?�� M��(� 4�0��;�/2< " �0 �0

�� K���;*�'� .(Z- #Z��) 4�0*��@- 	-
'/� F�%- #1 �
�1 �L��s�(�% �8�-
 ��- K0 
��  b�/:O- �1 �0 !�2:%�P

*�:�0 	-
'/� 	
 �K2O-SiO2��'/�  - �P#1 �$*� ��Y �0
  - ��D�1K2O�� .�,� -	 ��'/� ��- �*�0
	-
'/� 	
 �0Na2O-

SiO2�����< #�
��� -Na2O
�� !*�*�'�)=+�T.(
��-#1��1�1��'/� *�"	 8/@ +�-
 4�0���(� 8)" ��;�/2<
��(<6(�� �0	-
'/� ��- 4"	 .-';�" 4*% �:%
 "
 �1 -	 ���6 
�%�:<!
	
#@ 4*�1.�,0�_ *�"	 MgO"FeOt��- 	
 

-*W 	'(L; �() �1 �0	-
'/��,����_ =O-#� 	
 ��C���"#� 4�0
�%- 	'(L; ���"- .�,0�_ *�"	TiO2" ��;'�1 	'(L; �() �1 

�,0�_ *�"	 " �X%-Al2O3"CaO  	'(L; �() �1 C��
-*W�,��%- 	'(L; =�-"- 	
 M��(_ 4�0 S_'�JS< .

������4M�-
 �(Z- #Z��) �/��'IJ �1 M���� 4�0
7�%
 M���� M��';'(< 4�0��%	#1 	'H�� �1 ��?�� 	
 #2

M�-
 ��L;	-7�% �1 M���� 4�0
 M��';'(< 4�0�M���� #2
�0*��_- A-#��y; *�"	 ��?�� 	
 
'W'� 
	'� ���6 	
 �(Z- 4

�0	-
'/� ��- �?P ��:L�� *�"	 ���#$ 	-#Q �%	#1)=[�m(
�� .�,�M�-
 �_ *0
7�% #��% " M���� 4�0 M��';'(< 4�0

*�0�2:%�P K0 
��  b�/:O- �1 ��?�� .	-
'/� 	
SiO2-K2O
*�"	 "
)�,0�@ " �,�-C�- (�� !*�
 A"�X:� ��- \�-C�- �
'�

�D�/:O- 	-*�� 
���#$
 =��
 �14�%- ��?�� 	
 .\0�_ 	-*��
CaO 	'(L; =�-"- 	
 M��(_ 4�0 S_'�JS< 	'(L; �() �1 

	-*�� \0�_ ��%-TiO2	'(L; =�-"- 	
 �X%- 	'(L; C�� 
2:�1�	-*�� \0�_ �
	-
 P2O5��;�<6 	'(L; �1 ��L;	- 	
 C�� 
�%-.

�%	K ��	� �-	�� � L	��%�-	�� ���
��� 
	�� ���
���J�� �%	K ��	� � L	��% �-J���  !	" 

M�-
 	
 	-*�� \�-C�- �1 ��?�� M��(� 4�0SiO2#�
��� Rb  
"Nb #�
��� " �:��� \0�@ Ba �Sr �Eu "Sm  A	'Z �1 

�� !*�
 !*�@-#< *�'�)=+��.(\0�_Rb !*�0
 .�,� 4
-*W�,��%- ��;'�1 " K�%�:< 	�B%*(� .	�3��1 	-
'/� 	


��'/� !*�4�0��	*�_ �1 �:�(<6 " �:�;�/2< �0]�U[)=[�
n}�-(#Z��) 	-*�� �LREE �1 �L�� HREE �$*� ��Y 

�� .�,�*�0
 .	�3��14�X�� Eu��'/� ��- 	
 !*�0
 .�,� �0
-*W 	'(L; b'l 	
 M��(_ 4�0 S_'�JS< \�-*W�,�

�%�/$�� .!*� 	�3��1 	-
'/� 	
4��'/� ��- �1 �0ORG 
)���-#$ 4�0�:,<�%'���Q- 4�0(]��[)=[�ni(#Z��) �

	�$ �%��Rb  "Th 	�$ �% #��) " �$*� ��Y Ba��; �$*�
�� .�,�*�0
 .1�	�3��4�L�� Rb .�,�!*�0
4	'fO 

1 " K�%�:< 	�B%*(��	�3��4�X�� Ba .�,�!*�0
4-*W �\
�%�/$�� 	'(L; �l  S_'�JS< .	-
'/� 	
]��[)=+�n�(C��

�
��� #LILE)Rb �K"Th ("LREE)Nd �Ce "La(
�1 �L��HREE #�H� i��/@ #Z��) �P#1 ")Yb �Y�Sm �

Zr �Hf "Nb (�� .�,� �$*� ��Y*�0
 .�1�#2�
 A	�L)
���/@ " ���,�1 ���� 4-	-
 i��/@ #Z��)-4�@ *�:�0 
N�]� #2��,� " !
'1 
��  ���6 ��1 wS:P-\�-	"#� 4�0 "

�1 \�D6 i'%	�0"!	���%�0]�����[. - �$*� ��YRb "
K��'/� ��- 	
 K�%�:< 	�B%*(� 
'W"  - ���� 1 " �0�	�3��4

�X��Sr "Ba-*W 	'(L;  - ���� �,� - ��Y 4�0 S_'�JS< 
Ca�%- .1�	�3��4�X�� Ti �X%- " ��;'�1 	'(L;  - ���� C�� 

-*W b'l 	
�,��%�/$�� .

=3
F�(Z- 4�0*��@- 	-
'/� �1 �L�� s�(�% ]�n[��'/� 4-#1 �8��(� 8�-
 4�0)��;�/2< " ��(<6.(

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

26
 ]

 

                             9 / 14

http://ijcm.ir/article-1-226-fa.html


��S% ��0�B% �4C�#L; .-#�- �%��� ���@ " �%���	'(1 �(3� �T�

 

=3
Gs�(�% �1 �L�� �(Z- 4�0*��@- 	-
'/�]�n[��'/� 4-#1 ���'/� #2�
 " 8���� 8�-
 4�04�0 ��?�� 	
 
'W'� M����.

=3
M��� 	
 �)#� #Z��) 	-
'/� s�(�% =1]�n[��'/� 4-#1 �8��(� 8�-
 4�0)��;�/2< " ��(<6.(

=?
N��'/� �;'L+�) 	-
'/�8�-
 4�0M��(� 4�0 .}�-(	�3��1 ��	*�@ �1 !*� ]�U[i �(	�3��1 �1 !*� ORG]��[� �(!C����#�
��	*�_�1 !*�]��[.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

26
 ]

 

                            10 / 14

http://ijcm.ir/article-1-226-fa.html


*(W ���!	�/� ���<��C���� 7�% �%	#1%����8�-
 �/��'IJ "�)'/3� 8��(� " 8���� 4�0. . .�TT

������4M�-
 �@�P 	
�� " i��/@ #Z��) �/��'IJ 4�0
�7�% �1 M��� 4�0
�#2��?�� 	
 
'W'� M���� M��';'(< 

M�-
 �)#� #Z��) 4�0	-
'/� 	
 �_ ��1�,� *�"	 M���� 4�0
7�% " ��?���� !*0�,� ���6 .�1C�� 4�0 
'�)=[��(�

!*�0
 .�,�4K0!�2:%�P���6 ���/:O- .
'1 �%.	-
'/� 	

	�3��1M�-
 !*� 7�% #��% " M���� 4�0 4�0
�#2<M��';'(

��	*�_ �1 ��?�� M���� �0]��[)=[��U}�-(�1�	�3��4
#Z��) �X��Ba �Sr �P"Ti�� !*�
 �$t�" ��- �@ �
'�

��!
'; �1 *�-'; 4�0+06�G(Q�����%'Q �:�1-"*��1 .	

	-
'/�	�3��1!*� 4��'/� ��- �1 �0MORB ]��[

)=[��Ui(C��1�	�3��4�X�� Sr  - ����-*W�� S_'�JS< 
M��(_�%- 	-
'/� 	
 �	�3��1�:�'$ �1 !*� 4���"- ]�T[

)=[��U�(1�	�3��4�X�� Ti!*�0
 .�,�4-*W ���X%- 
	'(L; b'l 	
 ��;'�1 "�%- .1�	�3��4�X�� Sr "Ba 	
 

��'/�M�-
 4�0!*�0
 .�,� M���� 4�04-*W �� S_'�JS< 
" M��(_	�3��14	
 #Z��) ��- �L�� ��'/� M���� 4�0

!*�0
 .�,� ��?�� 	
 
'W'�4M��(_  S_'�JS< 	'fO 
�%- .	�3��14�L�� Nb !*�0
 .�,�4\�� �:�-*� �:%'<-

4!	�Q7�% ��- 	
�� 4�/$�� =�[,; 	
 4-�%�0 .	-*��
LILE)Rb�K("LREE)Nd �Ce"La(�1 �L��HREE 

#�H� i��/@ #Z��) �P#1 ")Y�Sm �Zr "Nb(��Y �$*�
�� .�,� *�0
)=+��U�.(

��	% ���
	"
	'H�� �1%	#1����@ �/��'IJ ��;�/2< 	
 
'W'� 4�0 " �0

��(<6 c"	 �1 �0	�� -
#<C���'/� ��-  - ��(��Z jl��� �0
[%"#[�� �1 " ���; � ��'��"#:[�- �%	#1�*�*� )=[���(�

�� �(Z�O ���:� �%	#1 �1 �@K� -
#<.

=3
O�)#� #Z��) 	-
'/� �1 �L�� s�(�% ]�n[��'/� 4-#1 ���'/� #2�
 " 8���� 8�-
 4�0��?�� 	
 
'W'� M���� 4�0.

=?
>P��'/� �;'L+�) 	-
'/�7�% #��% " M���� 8�-
 4�0��?�� 8���� M��';'(< 4�0 .}�- (	�3��1 ��	*�@ �1 !*� ]��[i �(	�3��1 !*� 
�1] MORB��[� �(	�3��1 ���"- �:�'$ �1 !*�]�T[.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

26
 ]

 

                            11 / 14

http://ijcm.ir/article-1-226-fa.html


��S% ��0�B% �4C�#L; .-#�- �%��� ���@ " �%���	'(1 �(3� �Tm

 

=?
>>#�"��; BSE ���"#:[�- �[%"#[�� N%'; !*� C����6 jl������@ 4	��:P- KIS)eLl #1 �0 ]��[.

��	�$:q��	�$  - �?�� ��;�/2< 	
 
'W'� 4�0��?�� 4�04

	'�%	#1�	�� -
#<C�*�:�#$ 	-#Q )b"*W�(��W'; �1 �1

 =+�)��i " }�- (��	�$��;�/2< 	
 
'W'� 4�0 ��?�� 4�0
��*��/�6 4"�O ��;	��B%- 9'�  -*�- .��	�$ 4-	-
 �0!#:�$4

!
#:�$-4@#; �L�*�:�0 ��	�$ D'/�� �"#�< 9'� 4�0 "	

���#L/�_��;"*�#< " �0��	�$ ��0	D'%-#$ 9'� 4�0G��
-	*�6 

.	�[%- 	
��	�$ ��09'� 4�0��*��/�6 G��;'�1 	
 �"#�< 
������	�$ " �0��;	��B%- 9'� 4�0GD'/�� ��*��/�6 "	

���-#$��;�/2< ��0��(<6 " �0�� ���� �0 *�'�]����m[.
��'/���	�$ C����6  - ���0 �1�,� 4�0)��;	��B%- G��*��/�6 ( -

���
 }(:�� el���-#14��	�$ �1 ������ 
	'� 4�0%	#1�	

b"*W�!*� �I-	- *�- ^��	�$G1 �:�;�/2< !
'; �1 �'1#� 

Kolmozero 	
 Kola Peninsula ���	�$ G2 �1 �'1#� 
��(<6!
'; 	
 �:��-#$ 4�04Adamello " ����:�- b�/� 	
 

��	�$ ��'/�G3 �:�;�/2< !
'; �1 �'1#� Delaware 
County���-'(���< 	
 �%]��[����g�� !*0�,� �[ 
'�

;��	�$ ��- E�_#��	�$ �1�,� \�1 " K_ ��0 
	'� ��?�� 4�0
%	#1�)��;	��B%-G��*��/�6 (�%- N�-#�  - �_�O �_ �
=+�$�#4��'/� 	
 �1�,� �%- #H� 
	'� 4�0 .F�%- #1
%	#1��04��	�$ 4"	 �:�#$ A	'Z ��,�< 	
 
'W'� 4�0

��(<6 4�0*�'�- ]�U[*��@- 	-*�� �MnO"*O !*� c	-C$ 

��/r%
"*O ���6 ��;	��B%- *Z	
 "��%�%- E�_#; "

��	�$ ��- ��2���� �0�1A	'Z)Grs1GPrp3GAlm84-Sps12(
�%- .	-*�� \0"t< ��- 	
 !*�6 �%*1 *�*W ���:� F�%- #1

MnO ��	�$ 	
 
'W'� 
	'� 4�0%	#1�)��-
#1 ��'/� !*� 
��;�/2<  -.�/�;	6 4�0 (
"*O%)nT/�n G��/�� ("*Z	
 

��1 .6 ��;	��B%-)�U/mnG�U/T� (
'1 #�y:� E�@#; �@ !
��	�$ ��- ��2�����1 �0A	'Z )Prp0.8GGrs3.1 Sps61.5-

Alm34.6-(�%-��� �@����< 4��
 #1 4*���; *�-'; =�[,; #;

.6*��1 �0 ]�m[.+%"#+�� jl��� 	
'<��+��- �1 �W'; �1 �C�� 
��	�$ 	
��0 �0 ��'$	�3��1��4/� !*0�,����- �
'����O �1 

���/�� C����6 ���:����	�$ .6 	
 �@ �0 	D'%-#$ �(+,:� �0
� ��1�?� �%- C�g�� 	���1�*�@.

��;'�1:���;'�1  - �?�� ��(<6 	
 
'W'� 4�0��?�� 4�04

	'�%	#1�	�� -
#<C�:�#$ 	-#Q *�.��;'�1 ��- 	-
'/� 	
 �0
AlIV �1 �L�� Fe/Fe+Mg
 �	!#:�$�� 	-#Q ��(��"	*�% -
*�#�$)=[���}�-(]�m[.�0*��@- �� " *Z	
 
-*�; "

.'�;�@ 4- - �1 �0��b"*W 	
 .t��@- m!*� !
	"6 -*�.
G*�X% 4�+�� :���"'[%'�  - �?�� ��;�/2< 	
 
'W'� 4�0-

" �0���"'[%'�  - �?�� ��(<6 	
 
'W'� 4�0��?�� 4�04

	'�%	#1�	�#<C� -
�*�:�#$ 	-#Q .	-
'/� �1 �W'; �1A-S-

F)=+���i(�'��"'[% 
	'� 4�0%	#1�	
!#:�$4��1 
�� 	-#Q ���"
S% " ��"'+%'�*�#�$ .�0*��@- �� " *Z	
 "

.'�;�@ 
-*�; 4- - �1 �0��b"*W 	
 .t��@- T!*�6 *�-.
GA�B%*(� :��;�/2< 	
 �0�"  S@'�JS< �?�� m�?�� 
(�	�B%*��(<6 	
 " K�%�:< �0T"  S@'�JS< �?�� ��?�� 

	�B%*(� C����6 
	'� K�%�:<	�� -
#<C�*�:�#$ 	-#Q .
��;�/2< 	
 
'W'� 4�0 S@'�JS<��(<6 " �0  - ��Y 9'�  - �0
 4-	-
 E�;#; �1 !
'1 ��L�6An2-5 "An7-13 *�:�0 .

)=+����(]�m[.< 	
 
'W'� 4�0	�B%*(� K�%�:<��;�/2 �0
�y�; " !
'1 �:�;#< 
"*O �; ��L�6 4�0TU%*�:�0.

���D6:����/�� b'�#� �1 �%- ���@ ���D6 (Ca, Ce)2(Fe+2,
Fe+3)Al2O.OH [Si2O7] [SiO4]#Z��) ��-"-#� F�%-#1 �@ �

�X(:�� 9-'�- 4-	-
 .6 	
 
'W'� i��/@�%- ]��[.
'W"
��;�/2< 	
 ���@ ��- 
	'� 4�0%	#1��;��- .
'1 ��-  #1 4*��

��;�/2< c-#< }�l �1 �W'; �1 ��%�0';#<���D6 s+�- 4�0
  - ��Y 9'�  - ��?��Ce *�:�0 =�� 4#Z��) ���u/0 �Ce �

Ca "Ag���D6 }�l 	
 �%- !*� !*0�,� ��?�� 4�0 .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

26
 ]

 

                            12 / 14

http://ijcm.ir/article-1-226-fa.html


*(W ���!	�/� ���<��C���� 7�% �%	#1%����8�-
 �/��'IJ "�)'/3� 8��(� " 8���� 4�0. . .�T�

=3
>@��	�$ 4*�1 K���;%- #1 ����?� 
	'� ��;�/2< 	
 !*� =�+,; 4�0����/�� E�@#; F�  S_'�JS<.

=3
>DQ�(!
	��;'�1 4*�1c"	 �1 ���6 ����/�� E�@#; F�%- #1 �0]�m[i �(:!
	��"'+%'� 4*�1��;�/2< 	
 �0��(<6 " �0 
	'� 4�0
%	#1�� �����/�� E�@#; F�%- #1 (!
	��;�/2< 	
 �0 S@'�JS< 4*�1��(<6 " �0 
	'� 4�0%	#1�����/�� E�@#; F�%- #1]�m[.

<
��� 
7�% 	
 
'W'� 4�0���L/0 }�l *�'�- !
#:�$-47�%  - -

�� =��� -	 8��(� �; 8���� 4�0�)'/3� ��- ^*�'� =��� �0
7�% 9-'�-���-#$ �N%-" *O �; M���� 4�0��;�/2< ��0 ��0

��(<6��0 M�-
 �$	 " M���� 4�04#�P�; 4�0 .M�-
 9-'�- 4�0
M�-
 =��� *�'�- M��';'(< !
'; 	
 !*� !*0�,� 4�0

��:�;�/2< M���� " �:�(<6 *�:�0 .�1 �W'; �1%	#1��04
M�-
 ����/��'IJ " �:�;�/2< 4�0 K0 �:�(<6!�2:%�P " !
'1 

8�-
 !*�0
 =�+,; 4�/$��7�% " 8���� 4�08���� 4�0 G
[�:�J ��L;	- C�� !
'; N%-"*O�*�	-
 .8�-
 5'X� 8���� 4�0

���-#$'@'� 	
!*�0
 .�,� *�'�- 4�0��-
- 44�/$�� e�	C; 4
���-#$'@'� =�+,;  - s< 8�����0�%.��;�/2< .'�@�;�04

��;�/2< �1 *�'�- 8��';'(< �)'/3������	'; 4�0G��	�$ G
��"'+%'�A�+�(�%'����'�6 �	-
�����	'; " 	-
��(<6 " 	-
 4�0

'; 9-'�- �1 
'W'������	��	�$ " 	-
	-
 �� K���;*�*���"�#1
�:%
 \0"t< ��- F�%-48�-
 ��"'+%'� �:�;�/2< 4�0 	-


��(<6 "��"'+%'� " ��	�$ ������	'; 4�0 ��?�� 	
 C�� 	-


*� !*0�,�*�.8�-
 	
 �@�P 	
�� #Z��) A-#��y; *�"	 4�0
!*�0
 .�,� ��?�� 8���� " 8��(�N�]� 44�0�:�1-"�1

\�-	"#��%- .��	�$ \0"t< ��- 	
 !*� c	-C$ 4�0
D�1 ��;	��B%-4 - \�1 �; mn%*�
-
 .�,� -	  - .'�_�; �_ �

��	�$ ��?�� ��- !*,� c	-C$ ��;	��B%- 	-*�� ��- �1 4�0
�%- .��;�/2< ��- 	
 ���D6 
'W" .
'1 ��-  #1 4*���; �0

�%���6 .

S(�� 
[1] Jahns R.H., Burnham C.W., “Experimental 
studies of pegmatite genesis: I.A model for the 
derivation and crystallization of granitic 
pegmatites”, Econ. Geol 64 (1969) 843-864. 

]�[�0�B% 9 �"#$ .-.�˝�1 *�'�- 8��';'(< �)'/3� 4J'�"#:< 
�0*�I':��-#$ #1 !t�" c#2�˝�"#:< 4#:@
 ���%	 �!*+,�-
 �4J'

 .-#�; K(�� ��1#; !�2,�-
 �&'())���n.(
[3] Shahbazi H., Siebel W., Pourmoafee M., 
Ghorbani M., Sepahi A. A., Shang C. J., 
VousoughiAbedini M., ˝Geochemistry and U-Pb 
zircon geochoronology of Alvand plutonic complex 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

26
 ]

 

                            13 / 14

http://ijcm.ir/article-1-226-fa.html


��S% ��0�B% �4C�#L; .-#�- �%��� ���@ " �%���	'(1 �(3� �Tn

in Sanandaj-Sirjan Zone (Iran): New evidence for 
Jurassic magmatism˝, Journal of Asian Earth 
Sciences 39 (2010) 668 G83.

]�[- .��@#; .�˝��;�/2< �+�#1��"#:< " ��-#$"#:< ����?� 4�0
 *�'�-).-*/0(˝�.���< ���  *�	- �%���	�@ ���� ��%���

 .-#�; !�2,�-
 �&'() !*+,�-
)����.(
]T[& �����	'< .�& ��-#�- .�˝" �/��'IJ ��%��� 7�%

 *�'�- �:��-#$ !
'; 4J'�"#:<).-*/0(˝.����  &'() ��#,� 
!	�/� ��:,�1 *��� !�2,�-
�)���� (~�TGnn.

]m[w 	��
�< .�˝����/��'IJ " ��-#$"#:< �%	#1
 	
 &'���:�; �$*�@-#< �%	#1 " *�'�- ��"	 4�0*�I':��-#$

.6˝����	�@ ���� .���< .-#�; !�2,�-
 ��%��� ���  *�	- �%
)���n.(
]�[& �/��0 .�˝�)'/3� 	
 ���/$�� b']; 4�0*��-#� ����?�

*�'�- 8��';'(<˝.�()'1 !�2,�-
 �*�	- �%���	�@ ���� .���<
���%)��n�.(

]n[� 4 �L�� .�˝7�% �)'/3� 4J'�"#:< " ��	56 4�0
��;�/2���6 45'X� !
'; " *�'�- s+(B/@ 4�0 " .-*/0 �SQ'/

.6 ��1 �+�:�J ��L;	-�0˝.*��� !�2,�-
 �4#:@
 ���%	 
�:,�1)��n�.(

]�[& 4#�*Q .�˝��'$#$
 ���0 " *�'�- 8��';'(< !
'; ����?�
����#� ��?�� 	
 .6G.�3��< ).-*/0(˝.���� .���< 

���% �()'1 !�2,�-
 �*�	- �%���	�@)��nn.(
]�U[9 �"#$ �0�B% .-.��� �� 4#� " �.�˝4�0 �� #1 4	"#�

�$	 " 8��';'(<*�'�- 8��';'(< �)'/3� 	
 
'W'� 4�0˝��(3� 
!	�/� �.-#�; !�2,�-
 &'()�K,� " ���1 *(W �)����(�

~�nmG��T.
[11] Stöcklin J.,˝ Structural history and tectonics 
of Iran: a review˝. American Association 
Petroleum Geologists Bulletin 52 (1968) 1229-
1258.

]��[i 4*�3� .�F 4*�/) .&.�˝���  �,�� �#� �%���
.-*/0 c'$	��g˝��.-	�+/0 " �(��% #�g'�� �/W#; 

���  .�� �% 	',@ ��*�� A���,:@- " �%���)�(P-
 c	-C$ (
)��T�.(

[13] Mohajjel M., Fergusson C. L., Sahandi M. R., 
˝ Cretaceous-Tertiary convergence and continental 
collision, Sanandaj-Sirjan Zone, western Iran˝.
Journal of Asian Earth Sciences 21(2003) 397-412.

[14] Deer W.A., Howie A., Zussman J., “Rock-
forming minerals”, Long man, London (1982) 
919p.
[15] Cox, K. G., Bell, J. D. and Pankhurst, R. J.,˝
The Interpretation of Igneous Rocks˝. Allen and 
Unwin, London (1979) 450. 
[16] Irvine T. N., Baragar W. R. A., ˝ A guide to 
the chemical classification of common volcanic 
rocks˝. Can. Journal of Asian Earth Sciences 8 
(1971) 523 484. 
 [17] Shand S. J., ˝ Eruptive Rocks, their genesis, 
composition, classification and their relation to 
ore deposites (3rd Ed)˝. John Wiley and Sons 
(1943) 448. 
[18] Harker A., “The natural history of igneous 
rocks”, Methuen, London (1909). 
[19] Kertz R., ˝Symbol for rock- forming minerals˝.
American Mineralogist 68(1983)277-9. 
[20] Boynton W.V., ˝Cosmochemistry of the rare 
earth elements: meteorite studies in: Henderson, P. 
(ed) Rare Earth Element Geochemistry". Elsevier˝,
Amsterdam (1984) 63-114. 
[21] Pearce J. A., Harris N. B. W., Tindle  A. G., ˝
Trace element discrimination diagram for the 
tectonic  interpretation of granitic rock˝ , Journal 
of Petrology 25 (1984) 956-983. 
[22] Thompson R.N., "Magmatism of the British 
Tertiary volcanic province", Scottish Journal of 
Geology 18 (4) (1982) 9–107. 
[23] Pearce A. J., ˝Role of the sub- continental 
lithosphere in magma genesis at active continental 
margins˝, In: Hawkesworth C. J. and Norry, M. J., 
(eds), Continental basalts and mantle xenolithe, 
Shiva, nantwich (1983) 230- 249. 
[24] Rogers J. J. W., Suayah I. B., Edwards J. M., 
˝Trace elements in continental margine 
magmatism, Part IV˝. Geological Society of 
America Bulletin 95 (1984) 1437-1445.   
[25] Sun S. S., McDonough W. F., ˝ Chemical and 
isotopic systematic of oceanic basalts: implications 
for mantle composition and process. In: Saunders, 
A. D., Norry, M. J. (eds.) Magmatic in ocean 
basins˝. Geological Society Publication London 42 
(1989) 313-45. 
 [26] Deer W.A., Howie A., Zussman J., “An 
introduction to the rock-forming minerals”, Long
man, London (1991) 528p.  
[27] Reto G., Sorena S. S., ”Allanite and Other 
REE-Rich Epidote-Group Minerals”, Reviews in 
Mineralogy and Geochemistry 56 (2004) 431-493.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

26
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://ijcm.ir/article-1-226-fa.html
http://www.tcpdf.org

