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

÷

��������� 
�� ��� 
��  ����� ���� ������� �� ��� ���� ��� ������� 
�� ��!"� ��# ��$����� 

������%& ���'(�� ���! �(#� �() ���* ���� *

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

���+,:��12�34�#5 ���� �!�6 �� �73!��4 �84"� 9�2: �;,�3, �#<� �� �=�*<>�� <
!)<> ?<@," A,#<  �<5 =,# �<4, .C2<4 �<73
	��,#8�",%, �� D
6#/ �5 ��12� &%EF��5���7
�"� �/ �%8��G#4 H"�I8� H�:�� �5 �%2�!)> )�,.4�#5 J�4, #5��73��<6 �K%<>���<7

&
�%�, E%L#/ �<M, ��<( �<5 ��
#8<4��	 (Fo 85.07- 91.55)6#/ "<%&�<L"#%G�/�, EN�/)<K  /�8�<�, %�(En 0.89- 0.92)�<4, .E<%L#/
&�L"#%G�2%�L #
���� " �4, 3)%�G�
� Al/(Al+Fe3++Cr) &%5 O�/OPQR/OS/ �� %%�4, #.T2%U4, �
��� 3�V , E%L#/ ��7Mag 
(0.04- 0.06) �Chr (0.62-0.66) "Spl (0.51-0.58) �4, .&%<5 T2%U4, W
.%2� �) Q�/OP��/O�")<X �� �"#<L �)<  "Q�/OP

��/O�4, ..Y/ Z
�8� �, !��I84, �5
� �
>�,�#G.����L �%/")
#G [�� &
, 3,#5 �4���%@, \%]� ��7 -/ �7%%!)> &�4, .�%/")
#G &
, �7
��12� ��3+�,�"#	 )2^ �)SSZ(J�@ 3��: �� )Forearc(!)> T%_+/ )�, ., #5 
J�4, &	,%��%��73;,� !��4 �<�8�, ���
#</
&
�K> `�5;5#a�="� ��5 J#$,� 
��
5�2: �b�> �4���%@, !#6 C24 �, �Neo-Tethyan*+/ %� T�)27� .�%<>�X &%5 TM, �� �L-
!��@ 3�7 =�8�5#  3,)9�2: �K4 �5 (�%4,�", ");�K> �K4 �5 (( ���*+/ �4�/#6 #b,", %!)> T" )�, ����<K7 �<5%���<5 �<_
�.�
�%��%	, 3�7 �� A,#  " !�+���#6)25#KL J#$,� �8%��%	, � =�+� ,��)27�.

�-����(� ��� :4�2> C24�/>%K���6 �c�%/")
#G c;,� !��4 c=�*>�� c=,#
, 9#a ;�K> .

0!�1! 
!��@ ���b#5 T]� �, �<K�� `<�5 3.<L#� =,#
, " =�8�5#  3,

 !�L )25#KL d"�".� �
,�%d"��24 " D%e�f D–7%��K%�]�[�� �
!���b j�: ="�3<@ J#<$,� ��,� �,# .!���<b j�<: ="�3

�%L#/ �#� �, J#$,�P�02/ ;�K> �/ =,#
, 3��,� �,)<8�, .�#7 .
!�L )25#KL ��-	 )25#K6 J#$,� �
,��� �KY� 3,�,� �L !��5 -

,3�2�G �, �735�4� �T��<> �<5f k%K  " kK  WL l%d"�".� 
�4, �
�m�
�,� .�%��%	, G 3�7%" .<
� �<� �!�+<���#L �#�+<�,#

 =�K  �84,� ��3�8	#$ �,#@ )25#KL &
, )�, .�<%��%	, &
, �� �<7
�84,�3!)<27� =�+� �L )��,� �,#@ J#$,� ��M, ="�," T�$ 3

!���<<b j�<<: ="�3="� " J#<<$,� )<<25#KL &%<<5 �8%��<<%	, 
n)224P�<4, =�:#%<4 .�< �KY�3	,<%��%8�<5#a ;�K<> �

G%#bf #�+�,#
	, )25#K6 `�5 &%��%8�;�K> �� J#$,� 9#a
,
*+/ ,� =,#%� T��84,� �6 )7�35#a �6#/ " A,#<  �5 =f <%�
��)4� .

�o�X ��L ��( �53�b�<> "� 3,�,� p%8/�q� �4���%@, 3
�4, �5�2: " ���K> .�b�>3�
"��<5 )<2^ p%8/�<q� ���K> 

�" ��4,��b�> 3�<4, !��<4 N�8'�� =f �5�2: ]�.[�b�<>3
���K<<><<>,� j#8�<<$ �<<%L#/ �� p%8/�<<q� 3�7�_<<4 �<<L �8

Anatolide-Tauride �<<<<<<<�,�, �� "Bitlis-Poturge �, ,� 

∗&I�/ �;�q�� !)2�
�� P#5�K� :�������POr���*%�"#8*�, ��G �:hajialioghli@tabrizu.ac.ir 

;�4�"� " ��%5!��K> �3��4 �.%
�G��s]IM �, �r�� �/ rrr 



��7�>"#�b �����
, �:�X �� ��a", =,#
, �4�2> ���6 " �4�2>���5 ��Y� r��

 ,): �%4,�", !�#L �" ��4,��b�> 3=f �5�2: )�<%L#/ ��(�, �
�<4, !)<> ,): ��,")2$]�.[�<o�X3�<5 �J#<$,� �<4���%@, 

�b�> =,�2 3�<� ��K> �5 =,#
, �� p%8/�q� �5�2: )<
f]�.[
�%��%	, �%��%	, ��K: �, =,#
, 3�7 G 9#<a ;�K> 3�7%#�+<�,#

 ̀ �5 .%� �_/ �, �
�7 �<o�X J���%@, 3�73p%8/�<q� �5�<2: 
!)> T%_+/ �4�/#L #b,", �� �L )28�7)�, .`�,�"#<	 ;�'�� �5
 !��@ ="�� �	�L �p%8/ �2
#
� J���%@, 9�<2: �� p%8/�q� 3,

 &%��#4 �� " =f T�<$ 3�8<4,� �� ��,")<2$ ���K<> 3�7 3�<7
 )<��#L =)<> ��<5 �<5 ["#<> �K
)@ " ��M,]r.[!)<%�  �<53

Golonka]Q[� ;�K8X, �5 p%8/�q� `�,�"#	 �
�5 t�'/�, �� ��
 �� p�(, �	�L `
�+$ A�<I/, �<4�/#L T
,", " l%4,�"F #b,",

 �4, !��8	, .�, `�,�"#<	 �L ��,� ��:" W7 ;�K8X, &
, )2^#7
 ;�-	 l%4,�"F #b,",!��5)>�5 ]Q.[

012�! ����� 3�!� 
��12�34�#5 ���� �;�( �� �73	,#S: <%��
'�"◦rQ "◦rQ 

@#>�v#  "�73	,#S: <%��
'rw"◦�� "'r�"◦�� ��K<> ��
2: �� �84"� 9�3, �#� �� =�*>�� <
!)<> ?<@," A,#<  �<5 =,#
�4, .� �, ��12� &
, <
 �<�/ !�$)%�7)<X," H�K3��8b�<4 3"
5�4��,
=,#]�[+�5 ����$#$� ="� �, �n)224 P4%�� =�:# 

�<4, !)<> �<8	#$ #x�)T*<>�.(�,y���<�8	,]R[#<x� �� �<5
 , &8	#$
5#a `�5 �� ��12� &�08�<*> ��� W<�� 
�"� �<2P

�"�,%+�5 ,� =f ���=,)K7 ="� �, P�"�, %	#-� ����)<26 .��
,
C2<4 [,�<�, �<�12� &�<73��<$#$� ��zf �<
5�<4� " &���

!#8�$,3�5%4" ��%!��</ z�I� " )��,� =�K2b� ?�<73�zf <
&
��$#$� { �5�/�"�Y� �C24 �73$#5�� %*+/ " !)�#%[,�<�, T

=��7 p�	 C2<4 �)<Y� ���'/ " �7 �<73/�<25#6 ��<4, !)<> .
&�6#/
C24 &�73=�K2b� 
�< �KY� T��> ��12� �� �8	�-

,3�,
C24 �8>� D�73��$#$� �#'��6#G 
> T��> &%��-
�734��K6 !,#K7 �5 �C24 �<73��<*�"�8� %*�!���<b� �� 

��,� �.<�"#5 ��12� A#> ;�K> �� �6 �4, �%��'%I�f]w.[��
�84"� 9#a3)�: 
=�
#4 D3C2<4 �<73��<$#$� �T��<> 

I�f%��'%> #/ WL " �<%9�<4� �<6 )<��,� =�<K2b� �� �<73
/�25#6��#G %4" �5 &%��38<4,#/ T�<$ �"�3,<
�< �KY� &

!)> !)�,�"� )�,]w.[=�K2b��73, �5�+� !)26,#G 
��$#$� &�-
� ��12� ;�K> �� �7%� .
� !)�, ��,�, �6 )��>
C2<4 &�<73

�2>, ;�K> �K4 �5 =�$#$�
��,� ��,�, �., &4 
C24 &�<73
� |�+� =�$#$�%��.,.:,3*+/ %!)27� T3,
�< �KY� &
I�f T��> =�$#$�%��'%��>%#�#� " ���4, )T_>�.(

4 �5-@��%���� ��12� �4�#5���/ J�4, #5 %)25 W3]�.[



)�: ���!��K> ��.%
�G���� 4�#5�4�2> C24 �,� C24 " �4�2> ���L ��
3�7 �%/")
#G . . .r��

4 �6�+��3��%4�2> &��, J�'8@, �;,� !��4 ]w.[

+<<�5�<<�12� 9#<<a �� !�#8�<<$ �'�<<� �<<5 �f ,� �<<%!.3
	,%��%8�*+/ %� T�, �< �KY� T��> " )7� 3C2<4 �, �<73

�zf
&P5�4� �!���b� )X �� =�$#$� 3�4, �%��'%I�f .,
&
� �, � �KY�
� " !���b� !�$)
#
02��<7 `�5 �5 3=�$�<��$ 

��/%�" �!)> W�08�5," �=f�, �7 <
 � D
�<4, �8�<�$ #<0 .
�f =�<��%<<08��<<4, H"�<<I8� },.<:, &<<4 �<<5 �<<> " �
=�<<�� )

�f%08��=f,", �� �<7 <
 <>#/ T%)<>�5 #.�<7 C2<43*+</ %T
!)<<27�3,<<
$#5�� ��<< �KY� &%!)<<�#3�<<7 C2<<4 3��<<5,#	 3
8��G#4%2�!)> )5%6#/ �5 #/ `<%#G E<
/")%�(8��G#<4 �%2%��
��8�
> " �<�,��5�8� ���5� <% �<7 ��3.'<4 )#�6 <
 > �� <%��(�

5%/�%> �%�7 C24 !,#K7 �5 ��35�4� �X,�� �)<2��� �~�F 
H#^ �,� 3�7
�m�
8��7 D7f "3F�G 3�4, .

��7 8� 
l<%	��,#8�, 3�<7 C2<4 [,�<�, �� �4�2> C24 " �8	�5 \5,"�
 )28	#$ �,#@ �4�#5 ���� !)> �2%8��G#4 3�7 �%/")
#G T��> .

, �, pG
4�#5 &%��3,#<5 3<4�#5 �@�<%#G #</ k<
/")%��<7 �
���K� #G �, �
�7
/")%��73�4 �8'�� W�8��G#4 )M�� �5 " #/%2�

�<<G =)<<>%
,#<<5 &3.Y/ <<
� j"� �<<5 �<<
<<>�,�#G .�<<�"#8*�, �
EPMA , �� �<6 )�)<> 9�<�8�, &<G,F ,",��<��6 !�0+�,� �� <
&

,#	
#5,#5 !)27� 9�8> F�8�" )2KeV �Q#: "
#<5,#5 �<��K� =�
nA�O�<<4, !��<<5 .���<<L �&
�<<%�, T��<<> !)<<> �<<
.Y/ 3�<<7

�<<L"#%G�2%�L �&�<<L"#%G�/�,)28�<<7 T2%U<<4, " &.!�,� 3�<<7
���L �
.Y/ �, TM�X;"): �� �7 3�7�Pr!)> !��"f )�, .

�����  9:� 
���� ����
��  ����:; ������� �������� ���� ��� 
4�#5��73,#]M �
)<2^ �� 
�<� &%�<� T��<> #%!��<: #3

G%�7�8<<4"� �<<5 #�+<<�,#3<<4 ��,)<<��b %� �=m�<<6�#$ �!��
�<<6�P
" =�*>�� )�)<> ��<Y�, =,"m� .T*<>��<K��"� �
�f �, <%!.3

<<0��%�7�8<<4"� 9#<<a �� &3� " =m�<<6�#$ 
��02<<4 " �<<6�3
	,%��%8�� =�+� ,� �)7� .

4 �<�7 C24 �.�"#5 3�f%!.30�� %��, &(�84"� 9#a ��39 � " =m�6�#$ (�84"� 9#a ��3�
�6�.



��7�>"#�b �����
, �:�X �� ��a", =,#
, �4�2> ���6 " �4�2>���5 ��Y� r�r

�7)X,"3<> T��<> �<4�/#6 =�<�� �<5 �8�5," %� �T �<4�
 ���"� �D7f �C24%C24 " ��73��+<I+/f ��<6 )28�<7 <
�
��$#$� j��84��-o%I�" �!)> 
+�5 ��H�"�Y� �� =f �, 

!��/ �5�73z�I� 3!)> =�$#$� !��5"� �4�/#6 #b,", �� )�,]w.[
, �.�"#5
C24 &�� �� �7%!��<: #3G%�7�8<4"� �<5 #�+<�,#3

4 ��,)��b%<� !)7�+� =m�6�#$ " �!���)��<>)T*<>r�<�, .(
C24�73��8� 
��5�3$#5�� �%!)�#3� �KY� ,3C24 �, W7�� -

�73��+I+/f �6#/ �5 %��5 E3\4�8� �/ " .'<4 C<�� �5 �6 )�,
 !���b� )X ��3>%!)<> =�$#$� .'4 �� )<�, .6#/ <% , E<
&

C2<<4U<<4, !�")<<]� �� �<<7%�%G ��%�<<�,��5 " �<<�,��5 &�<<6"#
	��G%#3!)> =�4#$� )�,]w[.>%��, �� �7 <
 X�� &<%#<�, �� �

�%�7"#3��%&8b�4�^ ��12� %&$���b�G%!�#6 ,) )�,)T*>
r9.(>%��� �7%� !)7�+� .'4 C�� �5 E�a, .�)��>)T*>
r�.(

�f%!.�73	,<%��%8�N�8'�<� H��<M �<5 �<�12� �� �<4�/#6 
)��,� �.�"#5 !�#8�$ .�:3$<%#3C2<4 �<73�<5 l<%	��,#8�, 

�� H��M%&8b�4��84,� �� "3T�$ �<4, �<8	#$ H��M �7
)T*>�.(,
C24 &�84"� �, �73<� !)7�+<� =,"m� �" )��<>

 �M, �.�"#5�,
C24 &�#<� �� " H�< �I/�, �� l<%	��,#8�, 3�7
5%, &
�: A,#  " =,#3�4, �8	#$ )T*<>rH.(�f<%,�,� !.3

/�-1@�C24 �, �73�4, l%	��,#8�, )T*>r�.(

4+�=��, (> !,#K7 �5 �4�/#L D7f �.�"#5%�� �� ��%G !��: #%4 �5 #�+�,#%9 �!�� (^%$���b &�> �� %� ��� (��	%4�%> �� =�%��7 ��
H(�M, �.�"#5��7 C24 35 �#� �� l%	��,#8�, %, &
� �A,#  " =,# (�f Tb,� �� l%	��,#8�, 3�7 C24 H�-1@%n �!. ()%�<L, 3�<7 �<
m 9"�2/

 " &7f �f �� �%2%8��G#4 !,#K7 �5 �%��L%0�� !.%� �& (! �&7f )%�L, " �%��L �2%�� " l7f H�-1@ �5 !)> =�$#$� 3,#���02L (C2<4 �.�"#5
 �_7f 3�7)&%
�G (C24 H�"�Y� ����5,#8�, 3�7
l.



)�: ���!��K> ��.%
�G���� 4�#5�4�2> C24 �,� C24 " �4�2> ���L ��
3�7 �%/")
#G . . .r�Q

m
��73^%!���b &36#/ �<5 C<�� �#4 <%�<6, E%" &<7f )
8��G#<4 !,#K7 �5 �%��L%2%+<� �<�12� �� �<� !)7��)��<> 

)T*>rn.(T*> ��)r�(�6, �5 D7f H�-1@%�#<4 &<7f )
T*> �� " �8%���%� l7f C24 Tb,�)r!(�� �7 D7f �.�"#5

 �7 C24 H�"�Y�3`<�5 �� l
��5,#8�, �<73�<�12� �<�8�� 
"� T5�@
)�, �.
#G
/")%�7 �38��G#4 %2�8��G#4 " !)> %2%�<M, ��#</ 
&

�7 C24 [,��,3l%	��,#8�, ��12� 3<4�#5 ���<� �*+</ ,� %T
��)27� .�7 C2438��G#<4 %2%�<�12� �� �3<4�#5 ���<� �

,�,�30�� [�2/ �, !��@ �, 3/<%, !�<�@ �</ !#3)<�, C<�� W<6 .
8��G#4 ��8b�4%2%0K+^ ��( �5 �7 �%#3, !��/ [�� �, 3!��<5 

�" �4,�^ H��M �5 %#5 " !���b &
#5 !) <
 � !) <% � .<
<� !)�
)��> ./�-1@�8��G#4 �,%2%�� )<5 �$)<> ��<: �<5 �,� �
",� �

��5�4� ="��3*7f ��," !#<6 �<	�5 �<5 =,�: 3<� !)7�+<� �
84� ���K� �� �6 )��>���<4f �<5 `<*^ �<5 " !��<5 ��<4 �

� �8�*>�)��> .

�� >���� ����� 
�� ��� ����������� ����� ���� 
#G <
/")%�<<7 �3�<<�12� 3<<4�#5 ���<<� ��<<�8�� H�<<:�� �� 

�G#4 �, �
�K$�� 3�7 ���L �, �
�
��5 3,�,� " !)> �2%8� <%�
�&

G�/�,%�6 #/ WL �,)�� �5 �&�6"#%G�2%U<4, �"#<6 " &�6"#%T2
)28�7 .=)<> �2%8��G#<4 �8	�5 )7,�> J�4, #5)`<� �<	�5

 &
�<%�, �, TM�X (�
�8�<5 ")&�<L"#%G�/�, �, T<M�X (.<%� "
���L 3�
��5 �, �
�K$�� 3�7%�
G " &%&�6"# C2<4 &
, E%L#/

 �4, �%�"� �/ �
F��5���7 �7 .)<M�� E�<X #<5 �7 C24 &
,
�� W%��/ !"#$ �4 �5 =)> �2%8��G#4 )��>:

;", !"#$ :�7 C243#G
/")%8��G#4 )M�� �5 �%2�<5%&�Q%P
�Q :% 4�#5 ��%��3�%G�*4"#*�, �
,�,� ��7 C24 &3��5 <
��


��<<6 �,��<<7 3�<<K$�� �
�", <<%�, T��<<> �<<%�
&)rQ%PQO(%�
G�/�,%&�6"#)�O%P��(%�6 �%G�2%&�6"#)r%Pw(%U4, �%T2

)�%P�(%��6 "��738��G#<4 %�, #</ W<6 &�Q) %#6
/". <% �T
8�f���$ 
� ��%��,.
�(���#/ �%��6 " ��)28�<7 �)6 3�7 .�<5

 � #x���, )<4� <%�
<5 &%`#</
<�,",#	 &�H�)<� �<5 " ��,� ,� 
W��4 ��( �5 �4, #/35 �6 %��f #8+ �<	�5 �<5 " !)<> =�4#$� �

<� !)7�+<� C24 &8� �� `����<> .G�/�,%, �� &�<6"# <
 &
�, �, pG �7 C24%�
5 &%`�,",#	 &
#/�<b#5 �� �6 �)��,� ,� �

���K� �%>�X�� �73�8�5 �	�5 ����5 
, ,� �
&<
, �<5 !�#<6 ��<Y
 T%_+</ F,�<%�L H,�,�<� �5 �)6 3�7 ���L ��b#5 �� �L H��M
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4+�?��, (�8�5 �	�5
�:8��G#4%��6 �5 !,#K7 &��6 H,�,�� �5 DG, 3�7%G F,�%&�6"#)PPL(9 �(��6 " �8 �4 �+%> �	�5��73�%��,. <
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#6
/".%#G �� T
/")%8��G#4 �%2�!)> )XPL(� �H �� �(#
"��/SEM %<>�X �� &>"� N�8'�� C�� ��-��1� ���� ��12� 3�7 T2%U4, �, �� " �

T
)'/ T%�� �5 �7 �08�_> �,)8�, U4,%T2n ��4, �%820� �5 (#
��/SEM&
�%�, �� `� �	�5 �, .
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&
)�Q%PrQ(%�6 �%G�2%&�<<<6"#)�O%P�Q(%G�/�, �%&�<<<6"#
)�%P�(%U4, �%T2)�%P�(%��6 "�8��G#4 !"#$ 3�7%<5 &%`

�, #<</�Q) %#6
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� ��%��,.<<
�(���#/ �<<% ��
#�6
�b,)/ C�� �5 ����6 " �5f ��73)28�7 �)6 .

��4 !"#$ :�7 C243#G
/")%8��G#4 )M�� �5 �%2�5%&wO%P
�O :% 4�#5 ����%G�*4"#*�,
�7 ���K� &38��G#4 %2��!)<> 
#�/
���f N�'3��6 �, ��73�K$�� �
�", %�
K� !)7�+� ��" )��> 


� !)7�+� #/ W6 ��)��> .� )2^
8��m�5 ��� �5 38��G#<4 %&

2-�8�f ���$ <
<5 E</,#� �<5 ��%#6 [,�<�, �, #</ `
/". <% " T
�%��,.
�4, �)�4�2>�
)>�5 !(%�Y24�=��,� .(#6
/".%T

�, �	�5 " &>"� Tb,)/ �5%	��.Y/ �, 
�3G%!)> TM�X &�6"#
 "
���� H��M �5 �
08�*> ���<7 3�<4, !�#<6 #<G ,� C2<4 
�%��,.
>���b �5 ����5#a �	�5 �5 �8�7 �� &0K7 ��, H"�I8� 

#6
/".%�b,)/ C�� �5 T�>�X �� &>"� %�3��5#a �	�5 ��4, 
)T_>Q9.(T_<>)Q� �H �� (#
"��</SEM T2%U<4, �� 

4�#5 ���� ��12� 3�7��<5 �<7 T2%U<4, #
"��</ &
, �� ��4, 
�8<4,� �� " �%<>�X �� &>"� N�8'�� C��3�<5 �<7 �08�<_> 

3�<7 �%/")<
#G �� �<%820� �5 =)> T
)'/ T%�� 8��G#<4%2�
!)> �� !)7�+� ��> .T_>Q#
��/ nSEM ��<5#a �	�5 �, �

�%�, �� 3�7 �%/")
#G �� &
8��G#4%2�!)> )7� �� =�+� ,� .

��@� ����@��� �� ���$A�! ��� ���� ����1� �$�� B����
��� ���C����� 

&
�%�, :3��8b�4 ;��#	 #5 &
�%�, J�4, �3,�, �<5 =�%/�<L r
����K  ;��#	 �5 =y%�L, W/,(Mg, Fe)2 SiO4!)<> �'4�]� 

�<<4, .3�V<< , E<<%L#/&
�<<%�, �
�<<��%<<5 &Fo (85.07- 
91.55)�Fa (8.31- 14.65)  "Tp (0.11- 0.32)S/ �� <%% #

�4,);")<:�.(�,)<��NiO &%<5 (0.18- 0.47) E�<X #<5 
�<<��" )<M��)wt.% ( �<4, .�)<  �,)<<��3W
.<<%2� Mg#= 

Mg/(Mg+Fe2+)&%5 !)> .%���f t��� )0.85- 0.92(=�+� ,�
�� )7� .�,��<K� �� �<7 &
�<%�, E%L#/ W4�Fo-Fa ]�[=�+<�

 !#8�<$ �� !)<> .%���f t��� #�L, E%L#/ �L �4, &
, !)27�3
)��,� �,#@ �
#84��	)T_>�.(

���5�7 ���K� �� &
�%�, ���K8b�4 ;��#	 " �
�%K%> E%L#/ 3J�4, #5 ;,� !��4 �%/")
#G r�6, W/, %=y.
MI19-2-10-5MI19-2-10-4MI19-2-10MI19-2-6 MI19-2-3 

�Q �r�O�O���w�Q�r�������ONO. 

RO/rO �O/rO ��/r� ��/r� Qr/r� �w/r� rO/r� r�/r� �r/r� Q�/r� Qw/r� Qw/rw SiO2 

OO/OOO/OOO/OO�/OOO/OOO/OOO/OOO/OOO/OOO/OOr/OOO/OTiO2 

OO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OAl2O3
�O/Or�/OQ�/OO�/OOO/OO�/OOQ/OOO/OOO/OOO/OO�/OOQ/OCr2O3
��/�r ��/�r wr/�O �Q/wrw/w�Q/wQr/w�w/�rQ/w�R/wr�/w��/wFeO 

��/O�R/O�r/O��/O��/O�r/O��/O�R/O�Q/O��/O�Q/O�w/OMnO 

QQ/r� ��/r� �w/r� �R/QO w�/QO ��/QO rQ/QO ww/r� Q�/QO OO/Q� r�/QO Q�/QO MgO 

O�/OO�/OOO/OO�/OO�/OOO/OO�/OO�/OO�/OO�/OO�/OO�/OCaO 

�r/O�w/O�Q/OrR/Or�/O�R/O�R/Or�/Orr/OrO/O��/Or�/ONiO 

�R/�O� rO/�O� �w/�O� w�/�OO�R/�O��r/�O��r/�OOQw/�O���/�O�Rr/�O���/�O���/�O�Total 

OO/���/O��/OOO/�OO/�OO/�OO/�OO/�OO/�OO/�OO/�OO/�Si 

OO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OTi 

OO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OAl 

OO/OO�/OO�/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OCr 

��/O��/O��/O�R/O�R/O�R/O�R/O�O/O�R/O�R/O�R/O�R/OFe+2 

O�/OO�/OO�/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OMn 

RO/�RO/�RR/�w�/�w�/�w�/�w�/�R�/�w�/�w�/�w�/�w�/�Mg 

OO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OCa 

O�/OOO/OO�/OO�/OO�/OO�/OO�/OO�/OO�/OO�/OO�/OO�/ONi 

OO/�OO/�OO/�OO/�OO/�OO/�OO/�OO/�OO/�OO/�OO/�OO/�Total 

�R/wQ OR/wQ RR/ww Q�/�� �r/�� QQ/�� ��/�� O�/�O ��/�� ��/�� ��/�� ��/�� Fo 

Q�/�r 
��/O

�Q/�r 
�w/O

�w/�O 
�Q/O

��/w
��/O

QQ/w
��/O

��/w
�r/O

��/w
��/O

wO/�
�R/O

Q�/w
�Q/O

RO/w
��/O

��/w
�Q/O

Q�/w
�w/O

Fa 

Tp 

wQ/OwQ/Ow�/O��/O��/O��/O��/O�O/O��/O��/O��/O��/OMg# 



)�: ���!��K> ��.%
�G���� 4�#5�4�2> C24 �,� C24 " �4�2> ���L ��
3�7 �%/")
#G . . .r�R

4+�D���%/�L #
���� E�X #5 !)> .%���f 3�7 ���K� �� �7 &
�%�, E%L#/]�.[

&�L"#%G�/�, :J�<4, #5 �7 &�L"#%G�/�, 3��8b�4 ;��#	
r/�<<L 3,�, �<<5 =�%�����<<K  ;�<<�#	 �<<5 =y%�<<L, W<</, 

(Mg, Fe2+, Ca, Na) (Mg, Fe2+, Fe3+, Al) (Si, 
Al)2O6�<<4, !)<<> �'<<4�]� .�
�<<�� 3�V<< , E<<%L#/

&%5 &�L"#%G�/�, En (0.89- 0.92)�Fs (0.07- 0.08)  �
Wo (0.01- 0.02)S/ ��<<%% #�<<4, .�)<< W
.<<%2� 

Mg#=Mg/(Mg+Fe2+)���<<L &<<
, �<<7��/OP��/O"
#
��<<��Al/(Al+Fe3++Cr) &%<<5 Q�/OP��/O�'<<4�]� 

)>);"):�.(E%L#/&�L"#%G�/�, �,��K� �� En-Wo-
Fs]�O[�� =�+� �� !)<> .%��<�f t�<�� ���<K/ �L )7�

!#8�<<$3!)<<> ?<<@," �%/�8�<<�, )<<�,)T_<<>R�<<�, .(

���6�7 ���K� �� &�L"#%G�/�, ���K8b�4 ;��#	 " �
�%K%> E%L#/ 3#GJ�4, #5 ;,� !��4 �%/")
��6, W/, %=y.
MI19-2-2-MI19-2-7MI19-2-5MI19-2-4MI19-2-1

r����R��wRNO. 

��/QRRO/QR��/QR��/QR��/QRR�/QRSiO2 

Or/OO�/OOO/OO�/OO�/OOO/OTiO2 

�w/��r/��R/���/���/��O/�Al2O3 

r�/OQO/Or�/OQ�/OrR/Or�/OCr2O3 

��/QrO/QR�/QQ�/Q��/Qww/QFeO 

�r/O�r/O��/O��/O�O/OOw/OMnO 

OQ/�Qrw/�r�r/�rw�/�r��/�r�w/�QMgO 

ww/O��/���/ORw/OwO/OR�/OCaO 

OO/OOO/OOO/OO�/OOO/OO�/ONa2O 

O�/OOO/OO�/OOO/OO�/OO�/OK2O 

�O/OO�/OOr/O�r/OOr/OO�/ONiO 

RO/�OORO/�OO�w/�OOR�/�OO��/�OOr�/�O�Total 

�Q/��R/���/��R/���/���/�Si 

OO/OOO/OOO/OOO/OOO/OOO/OTi 

OQ/OOQ/OOQ/OOQ/OOQ/OOQ/OAl 

O�/OO�/OO�/OO�/OO�/OO�/OCr 

O�/OOO/OO�/OOO/OO�/OO�/OFe+3 

��/O��/O�Q/O��/O�r/O�Q/OFe+2 

OO/OOO/OOO/OOO/OO�/OOO/OMn 

Rw/�R�/�Rw/�RR/�R�/�Rw/�Mg 

O�/OOQ/OOr/OO�/OO�/OO�/OCa 

OO/OOO/OOO/OOO/OOO/OOO/ONa 

OO/OOO/OOO/OOO/OOO/OOO/OK
OO/OOO/OOO/OOO/OOO/OOO/ONi 

OO/rOO/rOO/rOO/rOO/rOO/rTotal 

��/Ow�/O��/O�O/O��/O��/OEn 

OR/OOw/OOw/OOw/OOR/OOR/OFs 

O�/OO�/OO�/OO�/OO�/OO�/OWo 

OO/OOO/OOO/OOO/OOO/OOO/OJd 

OO/OOO/OOO/OOO/OOO/OOO/OAc 

��/O��/O��/O��/O��/O��/OMg/(Mg+Fe2+) 

R�/OO�/���/OO�/��O/OwR/OFe2+/(Fetot) 

Q�/O��/O�r/OwO/O��/O�O/OAl/(Al+Fe3++Cr) 



��7�>"#�b �����
, �:�X �� ��a", =,#
, �4�2> ���6 " �4�2>���5 ��Y� r�w

4+�E��, (9 " &�L"#%G�/�, E%L#/ (�,��K� �� !)> �2%8��G#4 3�7 �%/")
#G 3�7 ���K� 3�7 &�L"#%G�2%�L E%L#/En-Wo-Fs ]�O.[

&�L"#%G�2%�L :3��8b�4 ;��#	 #<5 &�L"#%G�2%�L J�<4, r
3,�, �5 =�%/�L�����<K  ;��#	 �5 =y%�L, W/, (Mg, Fe2+,

Ca, Na) (Mg, Fe2+, Fe3+, Al) (Si, Al)2O6)<> �'4�]� .
�6 W
.<%2� �)< %G�2%&�<6"#Mg#= Mg/(Mg+Fe2+)&%<5

�R/O�/��/O#
���� "Al/(Al+Fe3++Cr) &%<5O�/OPQR/O

S/%%�� #)26 .�<��" )<M�� �,)��O�/OP�O/OCr2O3=�<4, 
);")<<:�.(E<<%L#/&�<<L"#%G�2%�L �,��<<K� �� En-Wo-Fs 
]�O[�� =�+� 5 �L )7�%!#8�<$ �� !)<> .%��<�f t�<�� #8+3

)��,� �,#@ )%�G�
�)T_>R9.(

���<J�4, #5 ;,� !��4 3�7 �%/")
#G �� &�L"#%G�2%�L ���K8b�4 ;��#	 " �
�%K%> E%L#/ ��6, W/, %=y.
MI19-2-2-f 

rQ rrr�NO. 

�Q/Q� r�/Qr  �R/Q�  SiO2

O�/OOO/OOO/OTiO2

�R/O��/�O�/OAl2O3

�w/O�O/OO�/OCr2O3

��/�O �R/�w�/�O  FeO 

wO/OO�/O��/OMnO 

�w/�� OR/�w  rQ/��  MgO 

Ow/�� ��/�r  rQ/�r  CaO 

�R/OOr/O��/ONa2O
O�/OO�/OO�/OK2O 

Ow/OOr/OOQ/ONiO 

wR/�w RQ/�OO  ��/�OO  Total 

�Q/���/���/�Si 

OO/OOO/OOO/OTi 

O�/OOQ/OOO/OAl 

O�/OO�/OOO/OCr 

Ow/OO�/OO�/OFe+3 

�r/OOr/O��/OFe+2 

O�/OOO/OO�/OMn 

Rr/O�R/O�r/OMg 

�O/O�r/O�w/OCa 

O�/OOO/OO�/ONa 

OO/OOO/OOO/OK
OO/OOO/OOO/ONi 

OO/rOO/rOO/rTotal 

��/OQO/O��/OEn 

��/OO�/O��/OFs 

rw/Orw/OQ�/OWo 

OO/OOO/OOO/OJd 

O�/OOO/OO�/OAc 

RQ/O��/O�R/OMg/(Mg+Fe2+) 

Rr/O�Q/O��/OFe2+/(Fetot) 

�r/OQR/OO�/OAl/(Al+Fe3++Cr) 



)�: ���!��K> ��.%
�G���� 4�#5�4�2> C24 �,� C24 " �4�2> ���L ��
3�7 �%/")
#G . . .r��

PT2%U4, :T2%U4, 3��8b�4 ;��#	 J�<4, #5 �7��<5 =�%/�<L 
3,�,r)<> �'4�]� =y%�L, W/, .E<%L#/ T2%U<4, �<��K� 3�<7

4�#5 �����&%<5 T2%U4, �
��� 3�V , J�4, #5 Mag (0.04- 
0.06)�Chr (0.62- 0.66) "Spl (0.51- 0.58) ��,� �,#<@ .

W
.<<<%2� �)<<< (Mg#)&%<<<5 Q�/OP��/O�"#<<<L �)<<<  "
Cr/(Cr+Al) �%/")<<
#G T2%U<<4, �")<<X �� ;,� !��<<4 3�<<7

Q�/OP��/O�4, .#
����Al2O3&%5 r�/�QP��/�� "Cr2O3

&%5rr/r�P�O/Q� �4, ���" )M�� );"):r.(T2%U<4, �<2a 
,� W%2%���f �, #%�	 " �"#L �,]��[!)<��� �</ " �<��I/ =,�2  �5

)Residue ( 9"z \
,#<> �� ��8<>�$ �+<�5 9"z 3�7)2
f#	
�8	#$ #x� �� �+�5 ���'/ ;��]� =,�2  �5 �
 " m�5)�,.

!� F�:!�3C&��� G� �
�� 4���� ���! ����
�%/")
#G !)27� T%_+/ 3�7��	 ��K: �, T2%U4, �8<>�$ 3�<7

 �<� =�+<� ���4#$� #5,#5 �� 3#/ `%5 ��"��� �L ��
, )<7�
]��.[�<� T2%U4, �
�%K%> E%L#/ !�<0
�: .
�<K/ 3,#<5 )<�,�/
��%&8b�4����: ��%/")
#G �8<>�$ 3�<7 )<>�5 )<%I� 3, .�<5

 �� �%-@�� �5 �:�/%&8b�4��%��%	, �]� �� �7\%�� 3�7%&-
8b�4�\%<]� "� �� �<�K: �, [�28� MOR +<�,�"#	 #<5, "�
="�)SSZ (�<<� T%_+<</ )��<<>]����r.[�<<%��%	, 3�<<7SSZ 

�� ="� "� #<7 �� )2�,�/backarc basins "forearc basins 
)�#%05 T_>]�r.[

6#/ J�4, #5%T2%U4, E�73.Y/ 
���K� �!)> ��<73���<� 
4�#5�!#8�$ �� 3#G
")/%��73@�5 %!)��K/!)<> ?@," �%��%	,

)T_>w��,(" "
$y��73�8>�$ ,3� =�+� ,� �)27�)T*<>
w9.(�,��K� J�4, #5Cr# �<5 �'�<� T2%U4, Mg# �&
�<%�, 

���K� 4�#5 ���� 3�7�!#8�$ �� 3SSZ �<� �,#<@ �%/")
#G -
)�#%$)T_>wn.(

Cr#<<4�#5 3,#<<5 �5�<<b |b�<<> ��<<:�� 3�+<<�5 9"z 
2%U4, �%/")
#G T�8<>�$ 3�7 �<4, 3, .Cr# T2%U<4, �� m�<5 

�%/")
#G �L �4, &
, #0��+� !)<> �<�/ #</ `%5 �7 )<�,]���
�� .[ ���K� �� 4�#5 ���� 3�7��'�� Cr/Cr+Al �� T2%U<4,

 &%5Q�/OP��/O�4, .
�,��K� ��Cr# �5 �'�� Mg# !#8�<$ 3,�,� T2%U4, 3�<7

 ���K� �L �4, �I�8�� <4�#5 ���<� 3�<7�!#8�<$ �� 3SSZ 
�<� W4� �%/")
#G )��<>)T_<>��<�, .(�,)<�� W<4�TiO2

�5 �'��Cr# K/ 3,#<5 .<%� T2%U<4, <%�%/")<
#G =�,� .3�<7
Abyssal �%/")
#G �, 3�7Forearc �<� ��L �5 �"�)T_<>�

9.(�%/")
#G T2%U4, 3,#5 �L �1%]� .%� �,��K� &
, �� 3�<7
�� |�+� ;,� !��4 \%]� ��>Forearc�4, .

���=�7 ���K� �� T2%U4, ���K8b�4 ;��#	 " �
�%K%> E%L#/ 3J�4, #5 ;,� !��4 �%/")
#G r�6, W/, %=y.
MI19-2-10-1 MI19-2-8-2-4 MI19-2-8-2-3 MI19-2-8-2-2 MI19-2-8-2-1MI19-2-8 MI19-2-7 MI19-2-2 

�� ���w�R���Q�r���NO. 
Or/OOr/OO�/OOO/OO�/OO�/OO�/OO�/OOr/OTiO2 
rw/�� RR/�Q �w/�Q ��/�� ��/�R ��/�� Q�/���O/�� r�/�Q Al2O3 
��/Q� ��/Q� wR/QO rr/r� wQ/QO ��/r� RQ/r���/r� �O/Q� Cr2O3 
�w/�O RO/�� �Q/�O �r/�Q ��/�O O�/�� �w/�OO�/�O O�/�� FeO 
�r/O�w/O�w/O��/O��/O�Q/O��/Or�/O��/OMnO 
Ow/OOR/OO�/OOr/OO�/OO�/OO�/OOr/O��/ONiO 
��/�� ��/�� ��/�� r�/�� QQ/�� ��/�O ��/����/�� ��/�� MgO 
OO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OZnO 
�R/�OO ��/�w RO/�w �O/�w r�/�OO O�/�� ��/�w��/�R ��/�� Total 

OO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OOO/OTi 
��/O�O/O��/Ow�/O�r/O�r/O��/O��/OQw/OAl 
�O/���/��O/��r/��R/��R/���/��w/���/�Cr 
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