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Major elements, wt % 
SiO2 �/q� 4/q� �/q� �/q� q/q� �/q� q/q� �/qq �/q� 4/q� �/q� �/qq �/q� �/q� 
Al2O3 �/�� �/�� 4/�� �/�q �/�� �/�q �/�q �/�� �/�q �/�� �/�� �/�� �/�� �/�� 
Fe2O3 �/�4 �/�� 4/�� �/�� �/�� ��/� q/�4 ��/� 4/�� 4/�� �/�� �q/� q/�� �/�� 
MnO 4�/� 44/� ��/� 4�/� 4q/� 4�/� 4�/� ��/� 4�/� 4�/� 4�/� ��/� 44/� 4�/�
MgO ��/� ��/� qq/� 4�/� ��/� ��/� ��/� 4�/� ��/� ��/� ��/� ��/� ��/� ��/�
CaO ��/� �/�� �/�� ��/� q/�� �/�� �/�� �/�4 ��/� q/�� �/�4 ��/�� �/�� �/�4 
Na2O �/4 �/4 �/4 �/� �/4 4/4 �/4 �/4 4/� �/� �/� q�/4 �/4 �/4
K2O ��/� 4�/� q�/� 4�/� ��/� ��/� 4�/� ��/� �q/� ��/� �q/� 4�/� 4�/� ��/�
P2O5 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Cr2O3 ��/� �q/� ��/� ��/� �4/� ��/� ��/�< ��/� �4/� ��/� ��/� �q/� ��/� ��/�
TiO2 q�/� ��/� ��/� q4/� �q/� ��/� ��/� ��/� ��/� ��/� ��/� �4/� ��/� ��/�
Sum �/��� �/�� �/�� �/�� �/�� �/�� �/�� �/�� �/�� 4/�� �/�� �/�� �/�� 4/�� 
LOI ��/4 ��/� 4�/4 �4/4 �4/� ��/� 4�/� ��/q ��/4 ��/� q�/� ��/� ��/� q�/�

Trace elements, ppm 
Ba ��� ��� ��� �q� �q� �� �� �� ��� 4�� ��� 4�� ��� �� 
Nb �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�<
Sr 4�� ��� �4� ��� ��� ��� �4� ��� ��� 4�� 4q� 4�� ��� ��� 
Y �� 4� 4� �� �� 4� �� �� �� 4� �� 4� 4� 4� 
Zr �� �� �� �� �� �� �� �� �� �� �� �� �� �� 
Ce �/� �/� 4/� �/� �/� �/q �/� 4/� q/� �/� q/� �/� �/� �/q
Cs �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�<
Dy ��/q ��/� ��/q �q/q �q/q ��/� q�/� ��/� ��/q �q/4 ��/4 ��/4 ��/� ��/�
Er ��/� ��/4 ��/4 ��/4 �q/4 ��/4 �4/� 4�/� �4/� ��/� ��/� ��/� 4�/4 �q/4
Eu ��/� ��/� ��/� ��/� ��/� ��/� 4�/� ��/� ��/� ��/� ��/� �q/� ��/� �4/�
Hf 4 � � 4 4 � 4 �< 4 �< �< � � �
La �/4 �/� �/4 �/� 4/4 �/� �/4 4/� 4/� �/q �/� q/4 �/� 4/4
Lu ��/� ��/� ��/� ��/� ��/� ��/� �4/� ��/� q�/� 4�/� 4�/� 4�/� ��/� �q/�
Nb �< �< �< �< �< �< �< �< 4 �< �< �< �< �<
Nd �/� �/� �/� �/� �/� �/q 4/� �/q 4/� �/� 4/� �/� �/� �/q
Rb �/4 �/� �/4 �/� �/� �/� �/� �/� 4/� �/4 q/� �/4 �/� 4/�
Sm �/4 �/4 �/4 �/4 q/4 �/� �/4 4/� q/4 �/� �/� �/4 �/4 �/�
Ta �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�< �/�<
Tb ��/� ��/� ��/� ��/� �q/� ��/� ��/� ��/� �q/� ��/� ��/� q4/� ��/� ��/�
Th �/� �/� �/� �/� �/� �/�< �/� �/� �/� �/� �/� �/� �/� �/�<
Tm q�/� �q/� ��/� q�/� q�/� �q/� ��/� ��/� qq/� 4q/� 4�/� 4�/� �q/� ��/�
U ��/� ��/� ��/�< ��/� ��/� ��/�< ��/� 44/� �q/� ��/� ��/� ��/� ��/� ��/�
V ��� ��� 4q� �q� 4�� 444 4�� 4�� 4�� 4�� ��q ��� ��4 4�4 
Y �/4� q/4� �/44 �/4� �/4� �/4� �/�� �/�� �/4� 4/�� �/�� �/�� 4/4� 4/44 

Yb �/4 �/4 q/4 �/4 �/4 �/4 �/� 4/� �/4 �/� �/� �/4 �/4 q/4
Zr �/�� �/q� �/q� �/�� q/�� �/q4 �/�4 �/44 q/�� 4/4� �/4� �/qq q/q� �/q� 
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��&2� �
�&K �' �D&K �*�&2� �� �3)p70�?(I
*� =�3
 "8�# �� =��'�
�=". =�P��&K =�3 =�D Q
C�/�": =�3 

��,�"�# .
C
�28� =*"'";��J� 1�����89�.��* �(/. ,\*! �
* 

�*�&2�TiO2-K2O-P2O5]hi[ ��58.* 0,.��/V7�k\N� �

F��G

HI

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

03
 ]

 

                             6 / 12

http://ijcm.ir/article-1-321-en.html


,$D4� ��20 �4�1�8�'�K ���4 �*� �"'��; *� �2�0&BM =�3I
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����&2� �&03��&� =�.�"'���*��' !"2$E �� �.&���E* =�3
 ,0 �E*! ,�*)p-0f.(
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�D pJ� ! �
*"0 LX. �' �;�<�Z �* ��3
K"K�Lw/. p�7)K =�3 ,/3�=I
*� �$2D �* ! ����&�	* ��3

 ,0 "T�8� �
�� "8�' =����"#� G*"��{K �* �.* �72� ,/0�' 
)^!,D �� �'&�' �&[&� �
*����$6* "U/% p; �2D 

�.* �&�)� .�!,\ �7
�&y'4�K�"6�/% p; �2D �* ,6�� 
�.*  �"; *,�: ��U89* ?Z �$2D �* �*"	 �*&� �' (�8�
�0

�\*"z ^!*,8� =�3�*�&2� �* �.* ,0�
�: "' �; =*=��*!*"	 
+!��� "6�/%�� "T�8� "82; G*"��{K �
* �* �; ="K,�&0 C�� 

�&0  ��58.* .23 �� �*�&2� �8.*� ��log Cr- log Ti ]hg[
�� 1�)�I
*� �; ,3��%&2<� =�3=�/J6 �8��&�	* =�

��P�&K !"2$E �� ��."3Q; =�3Q�.�8:  ,0 "
&UK,�* )p70
nd�*(* !
L$y� �"6�/% �'  ,0 Q�."K =�3�*�&2� �
�8�

�� ,�B�K *� �$6*,
�2� .��/O23*"'=���SK (�&(V�I
*� �3
�'"z�9�D�� =�/@ �* �#,0TiO2�*�&2� TiO2-

FeO*/(FeO* + MgO) ]h|[�; �	"# �*"E  ��58.* ��&� 
I
*� ,�&� =�2#�� 1�&' "��	 "(���' �*�&2� �
* =�3
 ,0 �� �*

Q���8�K�.*)p70�?.(

<5�Jd�* ( ��w/. =�*�(��� ! �
��2�0 =,/'�
��$E p; �*�&2� �*  ��58.* �' �
��Z =�3 �3�' �X�� ��$�. (TAS)  �* ]4�[.?(�*�&2�
=". ���SK �
�2#�� =�3]4�[.

<5�Kd�* (�*�&2�AFM (M = MgO, F = Fe2O3 + FeO,  A = Na2O + K2O) *"'==". ���SK �
�2#�� =�3I
*���y/� =�3=��&>� 
.�"'�]4�[?(��&�K�; �*�&2�]44[.��&2� ��&� =�3.�"'�=". !"2$E �� �8�P�&K =�3)d�* (Q
C�/�":)?( ,0 "
&UK,�* .
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<5�L=C
�2K �*�&2�TiO2-K2O-P2O5m
*� =*"' �* �3]4�[.

<5�Md�* (�*�&2�log Cr- log Ti �*]hg[?(�*�&2�TiO2-FeO*/(FeO* + MgO) I
*� �3]h|[.

�	�, ���� 9 �E�� �#�!E 
 �*� =�3�8�'*!�
C<K �;�9 ���� "6�/% ��*!*"	 �' �
��2�0 =

I
*� p; w/. o!� �' �; ��."3 > �/J6 =��'�
� =�3

ICP-MS ,0 C����Z ^!,D �� �,�*b ,0 �B*�* �.* .*"'=
"6�/% G*"��{K �.�"' �'  ,0��</�' =�3�*�&2� �* ?��2l

 ��(������*��'�3=��% =*
�8): ��3N-MORB ]4�[C�� !

�
�,/l]4�[ ,0  ��58.* �.*)p70�.(�7��/V �3�*�&2� 
� 1�)��*� ,/3�
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 ��C' p�	&8�� "6�/% �* �3)LILE(

Y�' 1*,�� G�,E �' "6�/% �' �X�� ��/@)HFSE ( ,E�	
{K��&�J� G*"! F���2K ��&2��3�!,\ ��"'*"' �
�,/;�3
�* REE�3 �/@�"K,��!�Rb !Th�/@ �� ! "82l �#,0 

,/��� ="6�/%Ba �K!Sr�/@ 1�)� ="8)�' �#,0 
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"�K =�3&(�* 
=*"'HFSE�/@ ! ���&2� �#,0 "6�/% �* *� �3LIL ,/��� Ba �

K�Th !Nb�� 1�)� ,3� .�/@ "6�/% "8)�' �#,0LIL �� 
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