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Name Basalt Basalt Basalt Basaltic 

d i
Basaltic 

d i
Basaltic 

d i
Basaltic 

d i
Basaltic 

d i
Andesite Andesite 

SiO2 % �/m� �/m� g/m� �/2m �/�� z/�� w/�w x/�� �/�� w/�x
Al2O3 w/�� �/�� �/�� g/hg �/�� �/�� �/�� y/�z �/�� 1/g�
CaO �x/� �w/� z�/� �x/z x�/� ��/� y�/� ��/z yz/� �y/x

Cr2O3 ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�
Fe2O3 ��/� �� �/�� y�/� �x/x ��/� ��/� 1g/� ��/y w�/�
K2O wx/� w�/� �w/� y�/� yx/� ��/� ��/� 2/o ��/� ��/�
MgO w�/w ��/w �x/w �x/� ��/� �y/y 1m/g �y/� y�/� �w/�
MnO ��/� �w/� �/� �w/� �x/� ��/� ��/� �z/� �w/� ��/�
Na2O �/� w/� w �/w z/w �/w �/w �/w z/y �/w
P2O5 xx/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� y�/� ��/�
TiO2 ��/� ��/� ��/� ��/� ��/� ��/� z�/� z�/� x/� �y/�
LOI wy/w �x/� ��/� �/g ��/� ��/� w�/w �y/w y/� �x/�
Sum ��� �/�� �/�� �/�� �/��� x/��� �/�� x/��� �/�� w/�z

Ba(ppm) xw� �� �� z� �o gmo �� �z� yy� ���
Sr ���� ��� w�� w�� w�� wz� yy� yw� �w�� y��
Y �� w� w� �� �� �� �� �� �� ��
Zn �� ��w zy �� xx �wz �y �z xz ���
Ag �/� �/� �/� �/� �/� �/� �/� �/� �/� �/�
Co z/�� w/�� �/�� �/�� y/�y �/�� �/�� x/�� �/� �/�x
Cs w/� z/� �/� �/� z/� w/� � z/� yx/� x/�
Cu ��x ��w �� �� �� �z hn w� yy y�
Gd ��/� y�/� w/� z�/w ��/w �x/ �w/w y�/w ��/� ��/y
Hf w w w � � � w w � w
Mo � � � � � � � � h �
Nb y w w w w h 1 w x m
Ni �� z z � z �/� �/� w� �� �/�
Rb ��� �/y w/� w/x w/x �� �/�� z/x� �/�� ��
Sn 2/o 2/o 2/o 2/o 2/o 2/o 2/o g 2/o 2/o
Ta ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Th � � �/o z/� �/� x/� �/� w/� � y/w
Tl ��/� ��/� ��/� ��/� ��/� �/� ��/� ��/� ��/� �/h
U 2g/g �z/� ��/� w/� w�/� yz/� m�/o �y/� g/h ��/�
V �wy �x� ��� �y ��x ��x �y� ��� �� gh1
Zr �/�w w/�x �/�x y/z� �/z� �/�� �/zx �� �� ��z
La �/�x �/� z/x �/z y/�� �/� �/�� �/�� �/�y y/��
Ce z/�� y/�� �/�� x/�z z/�z w/�� x/�w x/�x x/yz z/w�
Pr 11/� yx/w yw/w �z/� zw/� ��/� ��/w yz/w �y/w ��/y
Nd �/h� z/�x �/�x gh/� �/�w �/�w �/�y �/�y �/�� �/g�
Sm �/x �/y x/y y/w y/w x/w �/w �/w �/w y
Eu zy/� x�/� xw/� w�/� w�/� ��/� �y/� ��/� ��/� ��/�
Ga �� �z �z �� �� �z �� �� �� �x
Tb x�/� �w/� zz/� xy/� xy/� xy/� xz/� �x/� yx/� x�/�
Dy ��/w zz/� wy/w ��/y �w/w xw/w ��/w xw/w yw/w w�/y
Ho ��/� ��/� ��/� z�/� zw/� z/� zx/� ��/� �/� z�/�
Er �x/� �/w wz/w ��/� �w/� w�/� ��/� ��/� y�/� x�/�
Tm y/�z �/�� x/�� �/�� z/�� g� w/�� �/�z y/�� �/�� 

Yb �/g �/� z/� �/� � �/� w/� w/� w/� x/�

Lu ��/� y�/� y�/� w/� w/� ��/� wz/� wz/� ��/� wz/�
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K )9" �%�� +� ���@=��0� �$�,@�0� /�! , +H�0=�� /�!�0

&#% E$M(= +H�0
LHF�$%�] /���� �!+H�0=�� �� �#�� /�!
�'8�M% , &#%��-# 8�! �0C �.) �� /��
+ /�! .*
�

���� �" �!�09" , �#% �8$=�F , &#% ��)�-� �)� /�!
6�C���> �� +H�0
LHF +� �
�!�� &#
� �! #�0%)EM%m4 �.(

*��,�$F0 $9� /�!�09" �%��)EM%m��(/�!�M$� ,
�$F0-09	 , �$=0$")EM%m�U(/�!�09" �%�� �97Q +�

&# !� E$M(=/# 8�! �!�$	,�}�X .*��,�$F0 $9� /�!�09"

توده نفوذي

پيروكلاستيك
گدازه
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#9Q ���&��7% ����8�"�=�w�� K )) *$�+ &�'
�Q , �7$%0IL �/��'�&+�#- �8C�*)0I� /�!. . .���

���� �" U#% �" /@��� �]�0� �� , �
�9� �$P� �
0��� /�!
&#% E
#A= U,#$F��$%�] G
 i}) , #��/��(� �� �*%,� 

&# !�/�> ��0" 6��O= �� �!�09" *
� [95� �� ��)�7-�� �" �!
�� &#!�(��0% .��0- �" ���� �0Q, /# " ��. � �!�M$� �� /�

 +� � 5 , &�0" �8$F0-09	 @��� �� ��Mg�> K�� , # 8�! �!
+� ��0" � 5 E$�� �" �$%�] �� , #��8 %,�Fe ,Ti K�� �" 

&0�;�� &#!�(� &�$)�= &�$= /�#�0% .$�� /�!�09" *$ �7! *
0
���� �" &��7! +H�0
LHF ,� $�+ G
 �� �
0��� , �?�	 /�!/

�� &#!�(� �09" @
�#�0%.

������� 
&��8�- \�8A�� ���)�-� �" �Q0= �"/K ) ���(<(=> /�!

EM% , ��. �-$�/'7(D $4���- ��!/, �$�9� �U,#$F� 
�> �� �
�9���" �= #% �O) T�" *
� �� ��!/�)��" ��Q 

8%�)��!/�$�,� /K ) )��" ���. � ���(<(=> /�!��!/
��07� /,� �
�$7$%0IL @��78� &#% ��)�-� �87� , d��) /�!
&��� �$�<= �� , �0% &��" ��� �" /�R� ? ��
�$7$%0IL /�!

Z$N� �� �� �0% 6�O	 �$5 , ~�N= d� \�8A�� ���)�-� /�!
�� �;�"# ���.

8/�<��� (LHF /�!�09"���"�5 �	�" �" +H�0
 .4(d��) �	�" �" +H�0
LHF /�!�09"g���"�5 , �h.�(�$%�] �" *��,�$F0 $9� �09"/&#% ��- 
��,��	 �'8�M% ,(XPL).U(60A$<�> &#% �8C0) �09"(XPL).

8/�=���(*
0$�� &#% �8
@'�#
� /�!�09" (PPL).4(�$%�] �" +H�0=��/&#% ��- (XPL).�(, &#% ��)�-� @��� �" *��,�F0 $9� �09"
�$%�]/d��) (XPL),U(/�$	,�}�X /�! G
�� �� �$F0-09	 �09"(XPL).

>?� '
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/#7]� ���$��7]��0F ���
� �)� % ���� , �)� %�09" �93� ���

>?�(
'

�
�$7$% /��b'��� �� ��07� ���07� +� ��!TAS)EM%2�
���(^�)� �" ��(Na2O + K2O) - SiO2]�[���07� , �)� 

]�[�� Zr/TiO2�" �A��Nb/Y��<8)� �)� &#% &)EM%
24 �(�" �� ��07� �^�)� *
�)��" ��0� �' ) /�!���

&�8�-/�� ���; �
+#�> , �
+#�> G$8��+�" ����+�" #��$- .
K ) ^�)� �" �8��+�" /�!]�[K ) &�,#N� �� �8��+�" /�!

X�" d$ $�0�> (high alumina basalt) �� ���; [95� , #��$-
���+�" k@Q+� �$�	 /�! Mg�8	�- EM% ,#�� .��#��Al2O3X�" 
���+�" ��&# !� ��(� �!/���� �09A= &+�#- +� G$	�� /�!/

�$�,�/&#�+�) /�>�)X�" \�8A�� /�!��(	 �� �! [Q0� ��
&+�#- �� d$ $�0�> @��7=/�09A= �?�" , &#% &#��� �;�" 

�� �87� /�!��(	 �� +H�0
LHF �0%]go[.���07� ��)EM%
2��� �(��07� ,� +� k@Q �" �/�$�" �&#% ��)�-� /��07� �� �!

&�8�-/9; �A% $��
�� ���; #��$- ./�) *$" +�� �A% /�!
9;$��
9; ,$��
^�)� �" ]gg[#% &��� ��(� ���07� /,� .�"

K ) /�) �)��" �0P � &#% �I��� ���07� +� *
��> /�!]gh[
)EM%n��� �(#% &��<8)� �.��+, #R�� ^�)� �" ���07� *
�
9;$�!�/(Na2O + K2O) *!> /�!#$��� ,(FeOt)d
@$ � ,

(MgO)�)� &#% d)� .��07� �^�)� *
��")��" ��0� /�!�
�#Q #�,� +�
M!> �
�7-�� T�B9;$��
F$,�/��#  � .���;

M!> � N � *$" +�� �� �! ��07� *8	�-�B9;$��
��8$j�0= ,
�� \X�78]���07� +� ��O" ���)�-� �9? �" #��0=#%�" �! .

���07� ^�)� �" *$ �7!]g1[)EM%n4(&+�#- ���. � /�!
M!> /�) ���B9;$��
#���� ���; .�> +� /��#O= /�$- ���; �!

&�8�- ��/�> ���)�-� �9? �" \X�78]� �8$j�0= �)�!.

8/�B��� (K ) �$O;0� � ���(<(=> /�!��./@
,�� B���07� �� �
#�+] TAS�[4 ,(���07� �� �! K ) *$7! �$O;0�Zr/TiO2-Nb/Y 
]�[.���(��!:�F0= �9�� :&�
�� ����+�"/�F0= :�F0= p"�� , �
+#�> :�
+#�> G$8��+�".

8/�C��� (&+�#- �
�7-�� /�) *$$O= ���07� �� ��. � /�!AFM+� E�� ]gh[4 ,(���07� �� �! K ) *$7! �$O;0� K2O�" �A�� SiO2

+� E��]g1[.EM% v"�.� �! ���(�2.
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#9Q ���&��7% ����8�"�=�w�� K )) *$�+ &�'
�Q , �7$%0IL �/��'�&+�#- �8C�*)0I� /�!. . .���

�
��� ����� ��	
 D�6	��
��"/&#�+�) /�7-�� �8C�) *$�+ Z$N� *$$O= /&+�#- +� ��!

 �
�# � ^�)� �" �� �=0AM ? ���07�]gm[�)� ��3 �" 
�� &��<8)��0% .�� &#!�(� �M�� D �0%)EM%���� �(�

*$
�F ��0
 E$���8F �" �R� ?(LILE) �" �R� ? �" �A�� 
X�" ��0
 E$���8F(HFSE)-# ���F ��"$�8(/�� ��(� -

# !� .�R� ? ��
+ \�8A�� ~�N= �9? �" �-# ���F *
�LIL �� 
��)�-� 60q��)� ]g2[.�R� ? *$ �7!LIL �" �A�� 

HFS#���� /�8($" �-#% � 5 .? *
� �-#% � 5 +� �R� 
�-u
,Z$N� YC�% /�! �)� �(���,�	 /�!]gn[.��0" X�"

LILE/HFSEK ) �� �3$8� �� ��)0; vq� � /�!/�,�, 
/�@Q�LILE /X�" �8%0- �,�� �" &#�,�,�	 �N<R �� �0Q0� 

�� �0Q0" �> #
>]g�[."$��3 �/< � ��R� ? Ti, P ,Nb 
F �" �3 � ��$�#
#�,� �� ~�@'
+ /0'�� T�R� ? U��$$V=
��07� 4�$7��� ��)� &#% �!&# !� ��(� #��0=//�$- EM%

K )� �" �#%�" T���,�	 ��. � �� �!
�� *$vq� � �� �� E
&��% T���,�	�!/+� �� &#�,�,�	 �<)08$� +� &#% ��+> Nb 

+� , �$�	LILE� 5 &0- �� �#��/�8%0- �� T
�@	� /�#"�
 .
]g�[" �� #�#�8O� $ ���3/�< � Nb&# !� ��(� /

Z$N��$%�] /�!�/&��; 6�O	 ��� �� ��-�0�> ��� �� , �)� /�
40)��!/�8)0F /�)� &#�> �0Q0" &#�,�,�	 .�� ? ��	�q +�

Ti�� �#Q /�!+�	 �� �8]�� �" #��0=
(���$8 '�0��8$= E�� �
" , ��$- ���; *<)� , *��,�$F$��3 �/#!� ��(� �< � .

�� ?Ba �R� ? # ��� Ti,Nb" /���� $��3 �/�)� �< � 
&#$�? �" ��/]g�[#%�" �8�"�, T���,�	 �" #��0= �� .��
+

]g�[K ) �� �)� #�8O� /���� T���,�	 &�'8)�C �" �
�!
"$��3 �/�R� ? +� �< � Ba, Nb, Ti# %�" .�� �	�q +�

 EM%)�4 �(K ) �
�$7$% [$��= ���. � ���(<(=> /�!/
)��" ��0���8%0- �" /�$�,� ]ho[�)� &#% ��3 �" .�M�� D

�� &#!�(� EM% *
� �� �� 4�$7� �R� ? ���,��	 ��0%
��07���. � /�!/)��" ��0� �*
� ���,��	 �" �"�(� \�A
��= �

���+�" �� �R� ? 6�] *$? �� , �)� �(���,�	 vq� � /�!
 *$
�F ��0
 E$���8F /���� 4�$7� �R� ?)LIL(�-# ���F �
X�" ��0
 E$���8F �" �R� ? �" �A�� /�8($")HFS ( �� ��(�

# !� ."$��3 �/�R� ? �< � Ti  ,NbHf, Ta, ,Zr �� 
&# !� ��(� �=0AM ? ���07�/K ) �" �8�"�, �
�7-�� /�!

^0;T=> /�!&��% ��M97? ��� �� �� �)� ���(	�!/+� �%�� 
�� �0Q, �" T���,�	 # 
>]hg[.��
���/��07� ��. � /�!/

)��" ��0�����+�" �" �#Q �T���,�	 vq� � /�!
, /�09" T
�8)0F T
X> # 
>�	�> �� �� /��� #$
�= �"0C �" �!# �.�!

�
+#�> �= ���+�" +� �� ��. � /�! &+�#- [$��= E$�� �" # D
�� �$$V=�8)0F T
X> 6�78]� @$� , #  ��R� ? �
���� �/� 

K ) �" �8�"�, �� �R� ? *
� *$'��$� +� �8($" ���. � /�!
�)� T���,�	 ��. � /�! ���+�".�" �$A% ���07� *
�

K ) /��" &#% �I��� /�!���07��$��O	 +� ER�] /�! /�!
 �)� �A= UH	 G$I,+0 ) ���(<(=>]hg[.

EM% ��)���(��07� ���C ���� �R� ? �" �A�� �!
" �
�# �$3 �" &#% ��$�)� �8(]hh[.EM% �� �M�� D

�� &#!�(�K ) �� 4�$7� �R� ? U��$$V= #�,� ��0% /�!
 ��0" &�'8)�C d! �" ��X� �� ��)� /+�0� T$" , d� �98��

 ���� ���>]h1[.�-#% � 5 �C�0 M
 /�!0'�� *$ �7!
 +� GA) ���C ���� �R� ?+�La �= Sm �R� ? �" ��
��� �� 

' ) ���C ����*$��07� ����0C �� d(D �" �!.�-#% � 5
 +�LREE �" �A�� HREEK ) �'8�"�, �/�) �" �� �!
M!>�B9;$��
�� ��(� #!� ]hm[.�+ Z$N� *$$O= /��"$*-

8C�)�K ) ��. � �� �0Q0� ���(<(=> /�!/)��" ��0� �
�
�F �" �8($" �� �<98�� /�!���07� +�/4�$7� �R� ? ���,��	 

~�N8����)� &#% &��<8)� # 8�!.���07� ^�)� �"Hf/3-
Th-Ta ]h2[���07� ,Nb*2- Zr/4-Y  ]h2[&+�#- /�!

&�8�- �� ��. �/�� ���; �
�7-�� ��7� #��$-)EM%���� �
4 ,.(��07� ���� &��$F +� iF *$ �7! ��9�� ���07� �" �!

Mg- FeO- Al2O3]hn[)EM%���(��07�&�8�- �� �!/
@Q�$%�] , �)0; �
�/&��; 6�O	 �� ���; /�#��$- .�" �	�q +�

 ���07� ^�)�Zr/Y- Zr ]h�[)EM%��U(�� �P� �" �� #)�
&#�+�) �
�7-�� ��7�/K ) T���,�	 +� �%�� ���. � /�!

�8)0F G
/&��; �8)0F G
 �
+ �" �)0��$;� �)� &�0" /� .+�
4�$7� �R� ? �A��Zr/Y�(= /��" @$� �+ d
L� Y$$*-

8C�)������ &��<8)� ��0=]h�[.�� �-� �� U�0R *
� �"
&+�#- �!1Zr/Y>�+ �#%�" $*8C�)���7� �" v9O8� /�!

&��; ���(<(=> �-� , /�1<Zr/Y��7� �" #%�" ���(<(=> /�!
�8�"�, �)0��$;�#�� .K ))��" ��0� ��. � ���(<(=> /�!�

�A�� /����1Zr/Y>� , # 8�! &��; ���(<(=> ^0; &,�- �-
�� ���; /�#��$- .�+ Z$N� *
��"� "$*8C�)��
�7-�� 

��. �/)��" ��0� ��� �� Z$N� �" ��0=�$%�] /�!/6�O	 
&��;����� �8�"�, /�.
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/#7]� ���$��7]��0F ���
� �)� % ���� , �)� %�09" �93� ���

1

10

100

1000

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Rock/Chondrites REEs-Nakamura, 1974

1

10

100

1000

Ba Rb Th K Nb Ta La Ce Sr Nd P Sm Zr Hf Ti Tb Y TmYb

Rock/Chondrites Thompson, R.N., 1982-double

8/�E��� B��
�Q �=0AM ? ���07� �!/&+�#- ��. � /�/@
,�� B�
�# � ^�)��" &#% ��3 �" ��
#�+]gm[.(���� EM% �"�(� �!2.

8/�E4B��
�Q �=0AM ? ���07� �!/&+�#- @
,�� ��. � /�B�8%0- ^�)��" &#% ��3 �" ��
#�+/��
��� , ��$�,� /&�8�- �" �> //�:! ���+�" 
(���,�	 vq� ��.&�8�- &# !� ��(� K�� /�8���C ��. �/���+�" �)� T���,�	 vq� � �" �8�"�, /�!]ho[.(����EM% �"�(� �!2.

8/�E�B��
�Q ���07� �!/&+�#- ��. � /�/@
,�� B�
�# � ^�)��" &#% ��3 �" ��
#�+]hh[.���(� EM% �"�(� �!2.
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#9Q ���&��7% ����8�"�=�w�� K )) *$�+ &�'
�Q , �7$%0IL �/��'�&+�#- �8C�*)0I� /�!. . .��w

8/�F4 , ��� B�+ �$O;0� $*8C�)���
�Q �!/&+�#- ��. � /�/)��" ��0� �]h2[.���(� EM% �"�(� �!2.

8/�F�B�+ �$O;0�$*8C�)���
�Q �!/&+�#- ��. � /�/)��" ��0� ����07� �� ]hn.[ gB`�8�- @���� �
�@Q /�! ���+�" hB/�! ���+�" 
�$%�] , �)0; �
�@Q/&��; 6�O	 /�1B�8(F /�! ���+�" �)0��$;� ��$� /�!mB�)0��$;� �
�@Q /�! ���+�" 2B&��; /�! ���+�" /�.UB�:$O;0�

�+$*8C�)���
�Q �!/&+�#- ��. � /�/)��" ��0� ����07� �� ]h�[.���(� EM% �"�(� �!2.

����	 �?���-� ������� 
��"/��. � /�!�7-�� ���78]� &�'8)�C *$$O= /)��" ��0� ��

�I��� �" �= #% `H=/�7-�� &�'8)�C ��(�" 4,� 6#� /�!
&#�+�)/K ) ��. � /�!/)��" ��0� ��0% *$$O= �.��
EM%�!/&#% d$)�= )EM%��4 ���� ��(]h�B1g�11[�

&# !� ��(� #87� W0.C/&+�#- [$��= �$$V= #�,� �
�!
 ��� E $})� �$�,+�� +� �(�" 4,� �98�� U�Q�� �" �� �)�

&#% v8(�&+�#- �'��$" �p.� � W0.C , #�� +� �� �)� �
�!
���- �$�,+�� �(�" 4,��� ���
�8	�- �(#�� .��#?� *$ �7!

�W0.C *
� /,� �" �8	�- ���; ��(�&# !�/4,� U�Q�� 
# 8�! �(�" .&�8�- �	�q +��!/�8%0- /�$�,� (PM)�

]ho[&#% ��= �8%0- (DMM) �]11�1h[�8%0- &# 
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/�$- ���; �" �Q0=��07��!��. � //)��" ��0� ��8)�� �� /
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�� ��!���07� �� &#%&+�#- [$��= U��$$V= #�,� ��0= /�!

�8%0- �(�" 4,� U�Q�� +� ER�]/4,� #�,� �� �� ��. � 
��� 6�A�� &#% � 5 �8%0- �(�" .�� �M 
� E$�� �" ���

�07� ��!��Yb"$��3 �/�7� ��(� �< � �$�,+�� *
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����-�7� ���K ) *
� &�'8)�C #��0=#%�" �!.��07� *
� �� ��!
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/#7]� ���$��7]��0F ���
� �)� % ���� , �)� %�09" �93� ��y

ب

# %�" .��07� �M 
� �" �Q0= �" *
��"� ")��" ��0� /�!��8($" �
#�,� +�WAM&# 
�7� �� /�8%0- G
 /�)� &#% � 5 

&��� /,�$F&#�+�) /�7-�� �� �<- ��08" #
�% �#��/K ) -
)��" ��0� /�!�� ��7! �4,� +� \�7$�8�� �� ��$� �
�7-�

�8%0-//�7-�� �M9" �#%�" &#�> �0Q, �" ��� E $})� �$�,+�� 
�#Q /�7-�� G
 ER�] �&�'8)�C
(��$�� 60q �� �� �)� 

K ) , &��� �;0=�)� &��,> �0Q, �" �� �P� ��0� /�! .�!

�8)0F T
X> �� # D �R� ? �
���� �� ��� �> ���C� , /�
��
7� &#%��	�- &#
��� ��0= .�� �P� �" *
��"� "&+�#- �� #)�-

��. � /�!/)��" ��0� �&0- �(�" 4,� +� �/�8%0- �� /�
&��% �" ^�7= ���!/�8)0F +� &#% v8(� /�)0��$;� 
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# %�" �8	�- �(
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�8)0F/�)� &#�,� ,�	 ]g�[��0�7! �#���� .

8/�GT�"�!/, 4 , ��� �B�8�" 4,� � N � �0� �$5 /�/]h�[.��� E $})� �$�,+�� /��")�0� *8	�- �P� �� �,#"
Ol+Opx+Cpx+Sp),] (Ol+Opx+Cpx+Sp 1o[����- �$�,+�� /��" ,���)�0� *8	�- �P� �� �,#" , �" Ol+Opx+Cpx+gt)  ,

(Opx+Cpx+gt ]1g[.(DMM= depleted MORB mantle) ,(PM= N-MORB, E-MORB) ,(WAM= Western Anatolian 
Mantle) .�8%0- +� 4,� /�! #�,� �'��
�7� �EM% /,� W0.C/&# !� ��(� @$� � N � �! /,� p"�� W��� , &�0" �$�,� /4,� �98�� U�Q�� 

�)� �(�" .�	 �! &������+�" �" W0"�� Z)��" ��0� ��. � /�!�# 8�! .

8/�G4B�
�= ,� ���07� Sm/Yb �" �A�� Sm&# !� ��(� /4,� /�! � N � ]h� [ .�8%0- +� 4,� /�!#�,� �'��
�7� EM% /,� W0.C/
p"�� , &�0" �$�,��!/&# !� ��(� @$� � N � �! /,� /�98�� U�Q�� � 8�! �(�" 4,�#).WAM= (Western Anatolian Mantle .&���-

���+�" �" W0"�� Z�	 �!��. � /�!/)��" ��0� �� ��(� �� �# !�.
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�8%0-/&#% ��= /�(WAM= Western Anatolian Mantle)  .&������+�" �" Z�	 �!��. � /�!/)��" ��0� ��8�"�, #��.
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�8)0F �-�0�>��07� �� /�8($" /��)� �8	�- S�3�� �! .�"
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/#7]� ���$��7]��0F ���
� �)� % ���� , �)� %�09" �93� ��x

!/X�" �
���� *$ �7 Ba/Th ���3$8� �� #��0=/�,�, 
609N�(���,�	 �,+ /�!�#%�" &#% ��3
� 4�b� ��0� �,�� �" .

��07� �0D �EM% �" �Q0= �" *
��"� ")��" ��0� /�!�/���� 

/X�" �
���� Th/Nb *$
�F ,Ba/Th�� �# 8�! �3$8� ��0=
�8)0F T
X> �� �	�-/�=��$��= ��
X�" ��. � /�7-�� ��

�)� �8%��.

8/� :S��� B���07� Rb/Y�" �A�� Nb/Rb  ]1n[.��07���. � /�! ���� /�7-�� T
X>�'��$" �� # 8�! /�07? /#�,� /���� �)��" ��0� /
�>�
X�" �8)0F ��0� �" �!#�� .���(� EM% �"�(� �!2.

8/�:S4BK ) /+�) 6#� 
�+ �AFC ]1�[��07� /�$- ���; ��. � /�!T�" �� �)��" ��0� //X�" �
���� �" �
�!r&# !� ��(� �/
�8)0F d�! , �-�0�>�> ���� /�7-�� �� /��)�! .���(� EM% �"�(� �!2.

8/� :S�B���07� Th/Nb �" �A�� Ba/Th ���07� /�07? #�,���. � /�!�
#�+ /B� @
,�� &# !� ��(�8)0F �-�0�> /&#�+�) /�7-�� �� /� -
�> /# 8�! �!.���(� EM% �$A% �!2.
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