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20 U�1. ����� ��"V,  �6�� 
��)*+, -�(���. A�� 	. ���3��. �� �HW. �W��X �XRF   A�� 	. ���3��. �� �X�� �W��X �ICP-MS  �

%�� Y�� 
��Z�<. [&*X :	. 0�,��8X ��Gb = � ����/Ub =\����.��(�.  

Sample Ub Ub Ub Ub Gb Gb Ub Gb  Gb Ub Gb Ub 

SiO2 43.47 46.68 41.97 40.93 47.35 50.26 40.75 41.71 50.41 44.3 49 44.86 

Al2O3 2.64 14.26 2.74  1.84 14.18 16.62 0.66 1.73 15.47 3.34 16 2.63 

CaO 2.64 10.78 2.31 1.84 10.99 11.92 0.92 1.67 8.83 3.23 12 2.96 

Fe2O3 8.38 9.72 8.31 8.33 9.68 10.26 8.16 8.14 11.58 8.52 10 8.64 

K2O 0.01 0.46 0.01 0.01 0.45 0.14 0.01 0.01 0.23 0.01 0.1 0.01 

MgO 41.18 11.51 41.46 42.32 11.23 7.75 42.05 40.45 6.34 37.95 7.9 38.31 

MnO 0.13 0.17 0.13 0.13 0.17 0.17 0.12 0.12 0.13 0.13 0.2 0.13 

Na2O 0.14 2.19 0.05 0.05 2.19 3.01 0.04 0.05 2.76 0.27 2.6 0.05 

P2O5 0.01 0.11 0.01 0.01 0.1 0.09 0.01 0.01 0.14 0.01 0 0.01 

TiO2 0.07 0.62 0.07 0.03 0.6 1.42 0.01 0.03 1.68 0.11 1.2 0.05 

Cr2O3 0.42 0.1 0.36 0.39 0.09 0.04 0.37 0.35 0.01 0.35 0 0.37 

LOI 2.7 4.09 4.17 5.41 4.06 0.26 8.89 7.42 2.38 3.07 0 3.56  

Total 101.8 100.7 101.6 101.3 101.1 101.95 102 101.7 99.97 101.3 99 101.6 

Ba 1 74 1 0.5 79.2 15.9 0.8 1.9 44.2 0.5 11 0.5 

Cs 0.01 0.34 0.01 0.01 0.33 0.02 0.01 0.01 0.62 0.01 0 0.03 

Co 95.7 39.5 92.6 97.7 38.7 39.3 94.8 95.9 38.2 96.5 43 92.6 

Cr  2973 733 2425 2727 807 328 2427 2345 139 2408 339 2572 

Gd 0.23 2.14 0.16 0.08 2.31 3.83 0.05 0.07 4.01 0.27 2.5 0.16 

Rb 0.2 11.7 0.2 0.2 12.4 0.8 0.3 0.2 4.1 0.2 0.4 0.4 

Sr 1.3 283.4 7.1 2.5 298.2 184.7 1.1 0.9 157.6 1.9 175 2.3 

Th 0.05 0.28 0.05 0.05 0.38 0.05 1.43 0.52 0.71 0.05 0.1 0.05 

Zr 2 21 2 2 25 51 4 2 87 2 29 2 

Rb 0.2 11.7 0.2 0.2 12.4 0.8 0.3 0.2 4.1 0.2 0.4 0.4 

Ts 0.03 0.04 0.04 0.04 0.02 0.04 0.04 0.04 0.13 0.04 0.1 0.03 

Tc 0.11 0.02 0.08 0.13 0.02 0.01 0.11 0.1 0.02 0.08 0 0.08 

Ni 2009 110.3 1945 2059 112.6 89.3 2116 2032 44.7 1832 100 1858 

V 77 247 78 66 272 296 47 60 333 84 278 100 

Hf 0.2 0.9 0.2 0.2 1.1 2 0.2 0.2 2.7 0.2 1.1 0.2 

Ga 2.6 12.3 2.8 2 12.9 16 1.2 1.9 18.1 3.1 15 3.1 

Ta 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Th 0.05 0.28 0.05 0.05 0.38 0.05 1.43 0.52 0.71 0.05 0.1 0.05 

Nb 0.1 1.2 0.1 0.1 1.2 1.6 0.1 0.1 2.6 0.1 0.7 0.1 

Y 2.1 15.6 2.2 1 16.5 27.5 0.5 1 31.3 2.8 19 2 

Sn 5 5 5 5 5 5 5 5 5 5 5 5 

W 1 1 1 1 1 1 2 2 2 1 1 1 

Sc 11.9 36.8 12 10.6 36.8 37.3 8.3 10.2 36.1 14.8 37 14.8 

Tm 0.04 0.26 0.03 0.03 0.28 0.41 0.01 0.02 0.49 0.05 0.3 0.04 

U 0.05 0.18 0.05 0.05 0.22 0.05 0.05 0.05 0.13 0.05 0.1 0.05 

La 0.2 3.9 0.1 0.1 4.3 3 0.1 0.2 4.4 0.1 1.3 0.1 

Ce 0.2 9.8 0.2 0.1 10.3 9.8 0.1 0.1 12.5 0.2 4.2 0.1 

Pr 0.04 1.44 0.04 0.03 1.48 1.6 0.03 0.03 2 0.06 0.8 0.03 

Nd 0.2 7 0.3 0.1 7.2 8.9 0.1 0.1 10.7 0.4 4.9 0.1 

Sm 0.12 2.04 0.1 0.03 2.02 3.04 0.03 0.03 3.45 0.2 2 0.07 

Eu 0.04 0.72 0.06 0.03 0.71 1.12 0.03 0.03 1.25 0.08 0.9 0.03 

Tb 0.06 0.43 0.05 0.03 0.45 0.78 0.01 0.03 0.86 0.08 0.6 0.05 

Dy 0.32 2.77 0.35 0.16 2.94 4.92 0.05 0.17 5.52 0.45 3.5 0.33 

Ho 0.07 0.59 0.08 0.03 0.64 1.04 0.01 0.04 1.18 0.11 0.8 0.07 

Er 0.23 1.73 0.2 0.14 1.79 2.91 0.03 0.11 3.38 0.31 2.1 0.22 

Yb 0.28 1.76 0.25 0.14 1.76 2.77 0.03 0.13 3.26 0.38 1.9 0.27 

Lu 0.04 0.24 0.04 0.02 0.27 0.41 0.01 0.01 0.48 0.05 0.3 0.04 

Mg# 85.73 60.04 85.9 86.02 59.51 51.34 86.13 85.76 42.91 84.51 52.08 84.28 

  
���	 ��6��2����� ��.�;W ]�.�� �  

��
� ;�T� r���	# ;E0�F
 �+�
 ;TF�
 �� �����
�+��$�
 	(��U. ��(�	\G a�E0�F
  ;�T� � @�1:100000 

 [�\
 +� ;TF�
 �� ��*�
GIS ),-. /�0��1� @�	# ��# 
8��) /�� ��(�	
 Q��	. 2Q-
 .( @�$�W�� �(	.

;�T� �(� r��� 	# ;TF�
 +� ��*�
 � �$ �(�* ;# Q(�6 �
./�� 	(� m	� ;#  

;��>?
 8
�� ;��.	< @�$�W��  � (A+�#�+�$ �(+Y3 @�$
� ;��>?
 ;# ; !#�� �(�	#�
 ./�� � �0��1� @�$

;��>?
 ;��
 8
�� ���C� �#��+ @�$ 8�� �I��

72  



��������	 ���� 
�� �
������ ����� ����14����� � 28 � ��!�	 � "���# 99  

 

 

D��1 ;# ; !#�� J� �,< �!���� a�#��+ � ����1  �$
�
$ @�$�W�� �-�. ),-. /�0��1� +� .����# � � (A+�#�+�

�
 ��(� �#�9 ;# �(�	#�
 � �0��1� @�$�W�� 	(�� � ���
/(A+�#�+�$ .��+��� +�wW ;TF�
 �(� +�  ���� �	x9 �$

 y�T� �9	# +� ���+�� ����	1 H��� � �+� � ; !��
/>!6 +� � 4�z	# m�F� I�+ ���� ; !�� @�$

�	�. @	 !<�9  @��(� Q?W �W�� �(� .��+�� (�#	�)
. � ; ����3 J��2 +���� ;TF�
 @�$�W�� 	(�� �� �$

 8��) /��3 -AI�� .(  I�+ �;TF�
 �(�	#�
 @�$
��-6 � ��+��  ��� (� BO� � �	�. �. ���+ @	 !<�9 �@�
;����3 @��#  �
����$ +�"� � /�� [�� 
 �. B(+ �$
��� 8��) ���3 -BDX# @�$�	#�
 .( +� ���6�1 @�$

Q0�� ;E0�F
 �+�
 ;TF�
$ 	. ��� �	9 /0�W ;# � �� !
�
 ��(�  +� ���� a+�G ;# �(�	#�
 ;��>?
 .����
;��>?
 �
 ��(�  ����1  @ I�� .����   �(�	#�
 @�$

��	#�
 �	��
 8
�� ;TF�
 +�  ���O�+�$ � �	#�
 �(��0�
 ����	1 +�wW ),-. /�0��1� �+�# �
k(� �� .�� !$ �	#�


;{
+ �
 �3 +� /(B��
 @�$�) ���#u 8�3-  C .(
D��1 DX# � ��+��+�9	# ;TF�
 +� �����	1 v	 !
 �� �$

�
 D��K �+ ;TF�
 �� @��(� ;# �O0�N �$�W�� �(� .��$�
;��
 �8�� �� �.�>� �@	 !<�9 � BO� I�+ � I��

;(P �# �� ! ��� +� ����1 @�$�W�� .�� !$ R��� @��#
;��>?
 �# �+��
 M�N� ; X�
3 Q$ +� J�1�
�	 0�� @�$

��� 8��) ���3- D.(   
 

LF� 2. �4C�  ���	 �0� �������	 �4C� 	. �0� [���, 	�� )*+, -�(���. 	. ����� �����100000/1  � .��F�� � �6���.) �C^��

1978.(  

73  



��������	 ���� 
�� �
������ ����� ����14����� � 28 � ��!�	 � "���# 99  

 

 

LF� 3. A �)*+, -�(���. ������/ � ���'���	��� 
��09.� (B �������/ 0���� _��� � %�� ���, 
��09.� (C9 (�`/� ��a 
��

�������/ 09.� �� -�"���D .�4�H� 
��09.� (  

  

%�������  

M�<	. I��),-. /�0��1� ������ @�$�W�� ����� 
�/�0��	0 �/(A+�#�+�$ �
 /��!<�	�K � �	#�
  .����#

���<@�$ ��G� 8���.|��$� I�� �(� �$  ��(��0x�
�!<�	�K����< ��!<�	�K�.+� �  ./�� �,<�(A,K

#�+�$/(A+����< @�+�� �K����	��
 5c�T
 +� �$ @�$
 � �� !$ �!<�	�K����< �>< � �!<�	�K�.+� ��(��0x�

;��� /1�# @�+�� S�
�>� @�8��) ���4-A�(��0x� .( 
)Wt%30  �.40) �!<�	�K�.+� �(Wt%30  �.45 � (

) �!<�	�K����< Wt%8-10( ���< �(� ������ @�$
I��  �� �!<�	�K�.+� .�� !$ �$ SP�>E
 � /(B��	# o��
8��8��) /�� +��4 - B���< .( ;(���L � ��	1 @�$

/(A+�#�+�$ +� ��*�
 � B.+��< ��� ��K	� �8��f�� �$
/�0��	0 ./�� /�!�<���< @�+�� �$ �!<�	�K����< @�$

)Wt% 35-40) �(��0x� �(Wt% 55-60 �!<�	�K�.+� �(
)Wt%10-15;��� /1�# @�+�� � ( �
 @�.����#  ;# �(��0x�

 /�� ����	1 �� !�� @�+�� � 8�� �K�. a+�G

8��)4- C���< .( ��!<� � /�0��� <� �/(	�< ;(���L @�$
�
 �$3���< @�+�� �$�	#�
 .����# � �!<�	�K @�$

;��� /1�# � �,<�(A,K !$ @�u�� �9	# +� �� uI �$
�
/1�# ���. )�� �. J� 1x� @�$ ��$��
 B�� �+ J� 1x�
�	<�!<�	�K����< . )Wt% 55  �.40;>�� SP�>E
 ( 

8���# �. +��I�� �(� +� 8��  8��) /�� �$4-D .(
 �� D�# �,<�(A,K50  a+�G ;# M�N� � �>?W �G+�

;`�. � /�+�8�� @�$ ./�� +��  
   

�����&'  

�
k(� ��+	# @�	# I�� � �(��>���CA @�$ � 9���
 ),-. /�0��1����� �� G� 	G��� @�$ )��>< � ��	1 ���

I�� Q�!���� ��!<� ��B�
 ./�� ��� ���2 ����# �$ 
50.41   �.40.75 /�� ����� +� �G+�  &��*)1 .(+� 
+���>� ;TOc��
� @��#�(��>��  ���+��>$ � r�#�0)
1986 �/��
 &��
 n1994;��>� ( �$+� |���\
 

+�	6 �	#�
 �. �	#�
�	��K �
  8��) ��	�
5.(  

74  



��������	 ���� 
�� �
������ ����� ����14����� � 28 � ��!�	 � "���# 99  

 

 

LF� 4 .�0�"/%�� �#�F���F�� ����Z, 	. 
.�)*+, -�(���. �0�	�� 
��A ���� ��a9 � �b��.�/ -��� �� -�'���	��� ( � �!����#�,�. 
��

 � 5 �� ����(c.B (  �-�'���	��� �� �!����#�,�. 
����H� -���C����(c. ( �-�(�	�( �� �!����#���H� � �����#�� �� �0�  ���/� 
��D( 

�H� -��� �����/�"� �� de�C�� �0�8^R ��� �� ����Z, Y��,) ������/ �� 	*���'*# � �!����# 
���40  ���� ��F� [&*X � -�. �0� ����/ ��.��

���� 
.�� �f�.�. � �����) 	. ��2010(.  
  

 LF�5. �.���� TAS �� ����HR 
��0�!�.)  �-��� U0��) 	. ���# �.���� (f�H�� ��.��1994( *# ������ h � 5 
�� �� �Q(�^� ���� �C^�� 
��

������� �.�R ����/��F�# � ����/ ���0;� �� ��\����.��(�. � d��� h��W �� ������/ 
.�� ���3��. ���� [�*X ���.���� Y��, �� .0���/ �� ��

�� ���.� h��W.0����  

75  



��������	 ���� 
�� �
������ ����� ����14����� � 28 � ��!�	 � "���# 99  

 

 

	G��� a�	��`. @�$+���>� +�  8��)6 +� ;��>� 	$ +� (
 ;!(�T
 J( ����� ;# Q(B��
 ��!<� �Q(B��
 +��T
 �#

�-. ��B�
 +� q9���
 ���2 �� �
��   	$ � ���
�
 ���� Q(B��
 +��T
 +� D(�B1�  I�� �(� ;< �$�

D�#/�� ��� �-. 	.  ���+��>$ � 8��()2012 .(
 +� S�\�*	. ��E( /�� +�
��� 	U�� J( �Q(B��


���< 	�K����< ��!<�	�K�.+� ��(��0� @�$ B<	> 
 �!<�
�
 ���< �(� �# ;< �.�E(�
 +� ;� ���  &��E. &�W +� �$
�
  ~�� +� .����#Al  B<	>. ;# 8(�>. ;< /!$ @	U��

D�#)�l
 +� 	.  �� �3 	(��T
 �	(� �+�� �(�>
�
 @�$
/(A+�#�+�$ � /�0��	0�
 ; ��< �$�	#�
 ;# �$  .���

�
 �(�	#��# (�T
 +� ;< ���+ ;?� � �(� ;# ���. �# ;!
J�1�
�	 0����$  � ���# +�
��� 	G��� �� 	�T1 �$�	#�


;���� �
 �(�>
�
 a�E(�
 D(��* �� @�  ��B�
 .���#
J�1�
�	 0�� +� Q(�� ��!<� /�� ./�� ��(�K ;TF�
 �$

�-.�
 �+ Q(�� ��!<� �
��  �< �����	 03 ;# ���.
r����6�  ��� /O!� �J(� � �����)1995��� n �2004 n

0�C�K ���+��>$ � J�2006 .( a�	��`. +���>�+�Al2O3   +�
 8#�T
MgO  D(�B1� �#MgO  +��T
Al2O3 �
 D$�< �#�( 
8��) 6 +��T
 D(�B1� �# .(MgO +��T
 CaO  D$�<

�
  ��W +� ;< /�� +�
����� 	G��� ;�>* �� Q�!�< .�#�(
�
 )�l
 ��1 �+�� ��X# )�Y  &�c +� ;?� � +� ���

< ��X# )�Y ��(�	1�
 �(�>
�
 @�$��1 �+�� Q�!� ��� 
8��)  6(  ���!�(�)1986.( 8#�6 �� !O>$ ��# �-*�.
MgO  �Fe2O3 +��T
 D(�B1� �# /��  MgO +��T
Fe2O3 

�
 D$�<;��>� �� �wE# +� 	U�� �(� �����	1 .�#�(  �+ �$
�
 I�� +� �!<�	�K � /� ��
 @P�# +��T
 ;# ���.  @�$

/!��� ;E0�F
 �+�
 ;TF�
  8��)6��!<� +��T
 .( TiO2 

 v�B1� �#MgO �
 D$�<  )�Y �# 	U�� �(� �	(� �#�(
�
 5(�
 @�$��1 89�� ��X# ���� ���< ��> 9�� �+��  �$

�>� ;��>� �� �wE# +� ��!<� �(� @P�# +��T
 ��� �$
�����3 +� �!<�	�K @P�# +��T
 ���$�  �	(� /�� �$

9�� �+�� ������* a+�G ;# Q��� �.���< ��>   @�$
�$3�
 +�� ���  ���!�(�)1986 () 8��6( . +��T


@�$��!<�K2O   �Na2O  +��T
 D(�B1� �#MgO  D$�<
�
  �+�� ��+�� 8(�>. ��X# )�Y +� 	G��� �(� �	(� �#�(

���� 5(�
 @�$��1  8��)6.(  �� ;E0�F
 �+�
 ;TF�
 +�
 J�1�
�	 0�� 8
�� ;< �+�� ��*� ���� ��	


(A+�#�+�$) (�$�	#�
) J�1�
 � (/�0��	0 � /�
.����#   

	G��� ;!(�T
 +�^�
 ;#  �<�9 +���I�� ;TF�
 @�$
 �# ;E0�F
 �+�
E-MORB �  N-MORB���� ;# /O!� �$

/(+��< � ��� �-. � ��� ��N )+�
 C1  J
 � ���)
 �4����1989��� ��+	# � +�?�$ ;# (8��) ��� @�$7  �

8.(  �<�9 +��� 	G����+�� .�� !$ B�"�� +��!# M�� @
 � �T(	2. +��O. �c JO� �<�9 +��� 	G��� /^�N

�
 &	 �< ��X# )�Y �# ����� +��� 	G���  ����
 ���!�(�)1986 ���
� ���X# )�Y ;*+� ���# P�# .(

 �� �(P�# D(��* M(	] @�+�� ;< /�+�
 ���< )�Y
 �(� �����	1 ;?� � +� � Q$�	1 �/�� ����� +��� 	G���

���
 ��?(� �>
�
 +� �+ 	G��
 ���# 	
� �(� .��< ��	

 	 >< ����� � JO� +��� 	G��� ��# �����	1 H, 9� ;<

 +� � �E]� ���" .��� @��0��(�  	G��� 8��)7 (
 �(� ���
 ;�W�� +� ��X# )�Y ;*+� ���# P�# �� ����

I�� ./�� �$
��3u" �0�u� +� �����u 	U�Eu  ��(�
�>� .���+�c ;#  ��<�� M+���>� REE  a��2. �$

 � ; ���� )+�
 �# �����"���+@ 
��# ;#�E-MORB  

��+�� .��<� �$@ ; ��
 &��� 
 ��(��0�  ��,<�(A,K
 �� !$ 8��f�� � /�+�
 ��!<�	�K�.+�� ��!<�	�K����<

��1 r��� ��>$ 	#@ 	G��� ���� # ;< LREE �+ /O!� ;# 
HREE �+��� ��*� ���< B<	> 
 .#��# �(�	� 9����( 
LREE � HREE  �$ @P�# ��X# )�Y ;*+� 8G�W

�
 ���
 ;�W�� )�Y +� /�+�
 ���< &�> W� ;# ;< ���#
./�� ; ��� /<	�  /#�L � @���
 ���+	G��� REE �� ��

���$� @ 
k(��  �>
�
@ ;�0�� �
  ���!�(�) ���#1986 .(
 ;!(�T
 +�)��>< 	G��� @��0�  8��)8 ( ;# /O!�

NMORB N�� 	G��� +� �<��� �
��LREE  ;# /O!�
HREE �
 ��(�;< ���� �
 )�Y DT� ;# �+ �3 ���.

 .V(	2. �. ��� /O!� ��X#HREE;��>� +� �$�$@ 
 0��u1�
�	u���  ��$�	#�
0� �u��@ 
u!Ft 
 �u�-#��  �+

�#  E-MORB  +� /�+�
 +�wW DT� 	# 8�0� ;< ��+��
��(�	1 X# )�Y�� /�+�
 5O�
 J( �+�� �+��� +�� 

 ���.+�
)1993 .(
 _K ����. �
 +� ;< ��>� ���#� ��
;< 8�0� �(� ;# /�� ; ��� ��*� /�+�
 HREE  +� �$

�(� ��<�  
>
 B<	����	
 .+�G +� ��  �+�� /�+�
  ;<
� )�l
� � �� ��$��X� )�l
 �+�� B�� 	G��� �(� ��

O�M .u-�
���HREE 
 +� �$u. )�l�u� 8��u ��

�	
���I�� +� ;��(� &�W . ;����(� ;E0�F
 �+�
 @�$

 +� ./�� ���>� /<	� )�l
 +� /�+�
 � /!��

76  



��������	 ���� 
�� �
������ ����� ����14����� � 28 � ��!�	 � "���# 99  

 

 

��$+���>@ .�O����  �@	U�� ��" r��� 	# 	G���
+�
����� D$�<@ ��  /��+ ;# �" @�+T1� +�\
� 	
M. 

��� 8��) ���9.( )+�
 ;��(� ~	1 �# ;# �$  ;����
i� O!� a�*+� �#P(� X# )�Y ���� ;#  �����# ��
3 ��*�

����	1 /O!� _K� )��>< 	G���
 �(�# �����
 ;#�� ��
�3���# �$  ���!�(�)1986 .(
 �#� ��$�)�� 810 ( +�

�  ;< Q�#�( ;# /O!� 	G��� ��>.N-MORB ��� ��N 	.

 �# J(�B� +��!# /-#��
 �E-MORB  .��+��  
    

  
LF� 6. ����� D�� ������� h.���S, 
���.����L��C� �� �HW. 
��0�!�. h.���S, �MgO  .-�. �0� [���, (��	� 0W�� 7!9 ��)  

77  



��������	 ���� 
�� �
������ ����� ����14����� � 28 � ��!�	 � "���# 99  

 

 

LF� 7. �6(.�W��X 
 )���� ����� ��
 
������/ � \����.��(�. ��^�P )��� ��C� �0� +, �� �0� ��+�V-��0�� �� -8!� �0� �� C1 

 �1���� \� �  ��)1989.(  

    

  
LF� 8. �6(.
  �W��X)���� ����� ��
 ������/ � \����.��(�. ��^�C  ��P )���� �� -8!� ��0�NMORB   �1���� \� �  ��)

1989(.  

    

LF� 9. �Z�X 0�G �.����
 �+�V����� �0�����
 ����/ � �F����.��(�. 
�� ��^�P )��� ��C�+, � �0���+� ��0�V��  �� -8!� �0�

����/ ��(�.  �1���� \� �  ��)1989(. 

78  



��������	 ���� 
�� �
������ ����� ����14����� � 28 � ��!�	 � "���# 99  

 

 

LF� 10. -8!� �!��C� -+2 ������� \�F3, 
���.��������� 
�Z�X 
���+, )��� �� �C^�� 
����P � �0� .�0�  

  
i;�  

 /O!�La/Ce I�� +� �>-
 q9�� � J�1�
�	 0�� @�$
�
 J�1�
�
 � ���#���� ����. �>
�
 Z��
 M�<	. ���$�

 ��>1�$) ���#1988 ��>1�$ n2003 ���+��>$ � �� �1 n
2003# n ���+��>$ � ��
�+�1998 ��(�K a�	��`. .(La  �

Ce ������ !$ Z��
 ;�W�� ���$�  ���!�(�)1986 .(
 �0�T �� 	G��� a�	��`.V, Co, Cr, Ni  8��) +�11 (

 8#�T
La/Ce ��� ���� ����� ����u /O!La/Ce  +�
;��>� �/�� J( �� 	 >< �$+���>� �(� ��>. +� ),-. @�$

 8���. 	# ���
 �(�I�� ;�0�� @�>
�
 J( �� ;TF�
 @�$
�
 ; ��
 �� ; 1	
 ���
Q$ .���#  M�<	. +� ���"

 ���W +� ;�0�� @�>
�
300 �K�K ��*� 8��� 	U�� ��
�
k(� ���" �# �>
�
 � �+���
 �(�$)�l
 ����. @�$

 ; ��
 (V(	2. ;�0�� 8W�	
)  ;�0p�� DX# +� ; 1�( 8���.
 �	 �(�) ���#2010� +� .(I� +��T
 ;E0�F
 �+�
 @�$

D�# 8��� �� 	.300 �K�K/�� ��  &��*)1 �(� �(
I�� �(� ������ @�>
�
 ���# ;�0�� 	����� ./�� �$

 /O!�(La/Sm)N ; ��
 ���
 ��# B(�>.; ��K � @� @�

79  



��������	 ���� 
�� �
������ ����� ����14����� � 28 � ��!�	 � "���# 99  

 

 

�
 ���� �+ ���!�(�) �$�1986 +� /O!� �(� +��T
 .(
 �4���� J
 � ���) J( ���W +� ; ��
1989(  +� �

D�# ; ��K �� 	.25/4 �
 ������ � ��� ���(	�) ���#
2004 /O!� +��T
 .((La/Sm)N ;��>� +� /�0��1� @�$

 ���W +� ),-.34/0  �.37/1 /O!� ./�� 	G��� @�$
 ����
 +��T
 Q<Ce/Pb, Zr/Hf �
k(� ��G�. @�	# @�$

; ��
 5O�
 I�� +� @�; �K ;# ; !#�� @�$ ���
 @�$
�����6��
 ���2 �� � �	 �(�) ���2010(�T
 .(u ;!
/O!�;��>� @	U�� @�$ �-. )+�
 �# ;E0�F
 �+�
 @�$

 �+ ��� ��N )+�
 �# ��(�B� /#�	6 ��� ��N � ���
�
 ���� ��$�) 8��11 ���(�* q�X�. +�^�
 ;# .(

��
� ������ @�>
�
 8���. �0�> W� ��� ��9 � � 9��
I�� +���>� �� �;TF�
 @�$V  8#�T
 +�Ti/100 

 �_(��	�)1982;��>� +���>� �(� +� .�� ���2 �� (  +� �$
����\
 ��<��#���	K�� �. )+�
 @�$ )SSZ(  +�	6

�
 ��	�
 8��)12  +���>� +� �#�9 ;# /�E]� �(� .(�0�
 �r	�K)1981;��>� ;< /�� ��-�
 ( J�1�
�	 0�� @�$

;��>� � ;\2G ��+� +���� +� �(�	#�
 @�$ @�$
��
 +�	6 ��<��#���	K� ��	�
 8��)12  ;# �(�	#��# .()

�
 	^�I�� 8���. ��+ �# [O.	
 ;E0�F
 �+�
 @�$
 ��# �3 D��+�	1 � _� .�'� ������6� ; ��K 8���.

R��#��E
�
�) ��`1� � a�0 @�$ ���+��>$ � +�K1399 n
 ���+��>$ � ���<��2010 ���+��>$ � &�	�. n1983 n

 �@+�P�2013�# ( ���>�. a�E0�F
 ;# ��� W� ;< ��
.�+��  

  

 LF�11.  -8!� h.���S, �.�����(�C��. �W��X 
��.  

80  



��������	 ���� 
�� �
������ ����� ����14����� � 28 � ��!�	 � "���# 99  

 

 

  
LF� 12 .A �.���� (V  L��C� ��Ti/100  �f��.��)1982 �(B%�� -�QR�� (  
�� �� �Q(�^� ���� �C^�� 
���.���� Th/Y  L��C� ��

Th/Yb  ���,���)1993.(   

  

�V��� 
��/  

 /�0��1�)��* +� 56�� ),-. �� �� 2. ���2�.3 4	�
I�� �	#�
 � /(A+�#�+�$ �k(� ;# J�1�
�	 0�� @�$

;��>?
 �# � ��� 8���. Q$+� ���C� ����1 @�$
I�� �(� ./�� ��� ; X�
3 /1�# @�+�� �$ M0�N @�$

)�� �. J� 1� � J� �0�(+�� �+P���	
�
 J� 1�.����# 

���<�3 M0�N @�$�(��0x� �$ ��!<�	�K�.+� �
 a�	��`. ��+	# ./�� �,<�(A,K � �!<�	�K����<
 �(��0x� ���< �T(	2. +��O. �� ���� ��G� 	G��� �(��>��

�3 +� �,<�(A,K V(	2. ��� � �!<�	�K ��
 �$ .���#
 /(+��< ;# /O!� ��� +�?�$ ;# �<�9 	G��� @�$+���>�

I�� )+�
 ��
 ���� J�1�
�	 0�� � J�1�
 @�$ ;< �$�
�3 ;# /O!� �$N-MORB ��� ��N +��!# /-#��
 � 	.

�# J(�B�E-MORB   ��(��>�� J��2. @�$+���>� .��+��
/O!�a�	��`. � +��T
 Q< 	G��� @�$ Zr, Nb, Y, Ta, U, 

Ti  8#�T
 +�Zr/Nb �
 �����3 ;< �$� J( ��  �$
��� 8G�W ; ��
 �� ; 1	
 ���
 ;�0�� @�>
�
 +��T
 .���

�u! /O(La/Sm)N ;��>� +�0��1� @�$u � ),-. /�
/O!� ����
 +��T
 Q< 	G��� @�$Ce/Pb, Zr/Hf   /#�	6

;��>� J(�B���N )+�
 �# �+ �$�
 ���� ��� .�$�
�
k(� I�� � �(��>���CA @�$/(A+�#�+�$ ����� � �$

�
 ���� ),-. /�0��1� @�$�	#�
 @�>
�
 ;< �$�
�3 �������$�
 @�+�� �$ ./�� � �'0�. /  

  

 

 � �F4,��.��0R  

��
��!(�� 	# 9u�� ��P �
����� �� 	�#�	� � ��+��� 
�	 \
 ;(	�� ; 1�(@�$ �(�� ��
������ @�	#+�< ;< ;# 
@��N D�#	. ;0�T
 J>< �����>� @+�B���f� �(�>�.  

 

d����  

��E
�
�+�K �.m �@	^� �.o �8�E>��� ����� )1399 ( 	# @+�	

 �>���CA;�-K 8���. ����� �. [�\
 � � �0��1� @�$

��	(�; 1�( ;(	�� ���
� �(�� @�$ �+�� �@�	#+�< �����
14 �+�>� �27 � �158-171.  

) H ��0�+� �!�C+1394I�� �(��>�� M�<	. ( @�$
�D(	# ��" ;TF�
 +� � �0��1� J�1�
 � J�1�
�	 0��  4	�

��(�K .��	(������+�< ;
�� ���+�105�.  
JO�) � �m�+1394I�� �(��>�� M�<	. ( � J�1�
 @�$

����1 )	N � �0��1� ;��>?
 �� J�1�
�	 0��  ��	�
 &�>�
��(�K .��	(������+�< ;
����+� �97 �.  

) r ��(�F�1394I�� �(��>�� M�<	. ( � J�1�
�	 0�� @�$
�(�]+ ;>�" ;TF�
 +� /�0��1� J�1�
- a	U����#3  4	�

��(�K .��	(��������+�< ;
��+� �101�.  
;E�6) + �����1390/�
�	< Z��
 � �>���CA ( �	2(��K @�$

&�>� ��)��* �. )	N)��* ����$�� )	N .��	(� 4	�259 
.�  

+ �@�+��
 )1394/�.��(	K �>���CA (I�� � �$ J�1�
 @�$
�J
�� ;TF�
 ��(�K ���	(� 4	������+�< ;
��.��+�90 �.  

Barragan, R., Geist, D., Hall, M., Larson, P. and 

Kurz, M (1998) Subduction controls on the 

composition of lavas from the Ecuadorian 

81  



��������	 ���� 
�� �
������ ����� ����14����� � 28 � ��!�	 � "���# 99  

 

 

Andes. Earth and Planetary Science Letters, 

154:153-166. 

Delaloye M. and Desmons, J (1980) Ophiolites 

and mélange terranes in Iran: A 

geochronological study and its paleotectonic 

implications. Tectonophysics, 68: 83-11. 

Delavari, M (2013) Different geodynamic settings 

for Sistan suture zone ophiolitic units: 

discussion of textural evidences and mineral 

chemistry of crustal sequence ultramafic-mafic 

associations. Petrology, 4:39-58. 

Fitton, GJ. James, D., and Leeman, WP (1991) 

Basic magmatism associated with late 

Cenozoic in the western United State, 

compositional variations in space and Time. 

Journal Geophysical Research, 4: 96-86. 

Hafman, AW (1988) Chemical differentiation of 

the earth the relationship between mantle, 

continental curst and oceanic crust. Earth and 

Planetary Science Letters, 16: 90-68. 

Hafman, AW (2003) Sampling mantle 

heterogeneity through oceanic basalts: 

isotopes and trace elements. In: RW Carlson, 

Ed. Elsevier- Pergamon, Oxford, 42: 61-101.  

Le Bas, MJ., Le Maiter, RW., Streckeisen, A. and 

Zanetti, B (1986) A chemical classification of 

volcanic rocks based on the total alkali- silica 

diagram. Journal of Petrology, 27: 745-750.  

Martin, H (1993) The mechanism of petrogenesis 

of the Archean continental crust comparison 

with modern processes. Lithos, 30: 373–388. 

Middlemost, E. A. K (1994) Naming materials in 

the magma/igneous rock system. Earth Science, 

37: 215-224. 

Niu, Y (2004) Bulk- rock major and trace element 

composition of abyssal peridotites, 

implications for mantle melting, melt extraction 

and post- melting processes beneath Mid-

Ocean Ridges. Journal of Petrology, 45: 2423–

2458.  

Odinga, M., Lioyd, B., Squire, P., Griffiths, and 

Cormic, P. M (1978) Geological Quadrangle 

map of Naranow 1:250000. Geological Survey 

of Iran.  

Paulick, H., Bach, W., Godard, M., Hoog, C. J, 

Suhr, G., and Harvey, J (2006) Geochemistry 

of abyssal peridotites (Mid-Atlantic Ridge, 

15°20′N, ODP Leg 209): Implications for 

fluid/rock interaction in slow spreading 

environments. Chemical Geology, 234: 179–

210. 

Pearce, JA (1981) Statically analysis of major 

element patterns in basalt. Journal of 

Petrology, 17: 15-43. 

Saccani E., Delavari M., Beccaluva L. and Amini S 

(2010) Petrological and geochemical 

constraints on the origin of the Nehbandan 

ophiolitic complex (eastern Iran): Implication 

for the evolution of the Sistan Ocean. Lithos, 

117: 209-228. 

Shervais, J. W (1982) Ti-V plots and the 

petrogenesis of modern and ophiolite lavas. 

Earth and Planetary Science Letters, 57: 101-

108. 

Snow, J. E., and Dick H. J. B (1995) Pervasive 

magnesium loss by marine weathering of 

peridotite. Geo Cosmo Acta 59, 20:4219–4235.  

Srivastava, RK. and Singh, RK (2004) Trace 

element geochemistry and genesis of 

Precambrian subalkaline mafic dikes from the 

Indian craton: Evidence for mantle 

metasomatism. Journal of Asian Earth 

Sciences, 23: 373-389. 

Sun, SS. and McDonough, WF (1989) Chemical 

and isotope systematics of oceanic basalts: 

implication for mantle composition processes. 

In: Saunders AD, Norry MJ (Eds.), Magmatism 

in the ocean basins: Geological Society Special 

Publication, 313-345. 

Tirrul, R., Bell, I. R., Griffis, R. J. and Camp, V. E 

(1983) The Sistan suture zone of eastern 

Iran. Geological Society of America Bulletin, 

94: 134-150.  

Uysal, I. E., Yalcin, E., Karsli, O., Delik, Y., 

Burhan, Sadiklar, M., Ottley, C.J., Tiepolo, M., 

and Meisel. T (2012) Coexistence of abyssal 

and ultra- depleted SSZ type mantle peridotites 

in a Neo- Tethyan Ophiolite in SW Turkey: 

Constraints from mineral composition, whole-

rock geochemistry (major-trace-REE-PGS) and 

Re-Os isotope systematic. Lithos,132-133: 50-

69.  

Whitney JA. and Evance, F (2010) Abbreviations 

for names of rock-forming minerals. 

American Mineralogist, 95: 185–187. 

Wilson, M (1993) Igneous Petrogenesis, a global 

tectonic approach. Chapman and Hall, 466p.  

Winter, J (2010) An introduction to igneous and 

metamorphic petrology. Pearson Prentice Hall, 

702p. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

82  



��������	 ���� 
�� �
������ ����� ����14����� � 28 � ��!�	 � "���# 99  

 

 

 

 

 

  
  

Petrology and geochemistry of Tahlab ophiolite, northeastern Taftan volcano 
 

H. Biabangard *1, M. Boomeri 2 and P. rigi 3  

 

1, 2, 3- Dept., of Geology, Faculty of sciences, University of Sistan and Baluchestan, Zahedan 

 
* h.biabangard@science.usb.ac.ir 

 

 

Recieved: 2020/3/6        Accepted: 2020/5/20 

Abstract 
Tahlab ophiolite is located at the Southeastern of Taftan volcano and the Sistan suture zone. This 

ophiolite (Upper Cretaceous) exposed in the Flysch zone (Eocene). Harzburgites and gabbro's rocks 

are main part of this ophiolite that studied in this article. Ultramafic rocks have olivine and pyroxene 

minerals.  Mafic rocks have plagioclase, pyroxene and olivine minerals. Serpentine and chlorite have 

secondary minerals. They are dominant granular, ophitic and sub-ophitic textures. All of REE 

elements in spider diagrams compared to enrichment mantle have low depletion in HREE and low 

enrichment to LREE, relatively flat slope, and more similar to E-MORB. Transition elements diagrams 

(V, Co, Cr, Ni) in against to La / Ce ratio show that differentiation of olivine mineral. High Mg 

number in the samples (42.91 to 86.02) shows that magma resulted from partial melting from mantle. 

Also (La/Sm) N in the samples are between 1.37 to 0.34 that show they are mantle source.  

Tectonomagmatic diagrams shows Tahlab ophiolite has belonging to extensional oceanic intraplate, 

so it seems this ophiolite formed by subduction of Neothytean oceanic during Cretaceous between Lut 

and Afghan blocks.  
 

Keywords: Tahlab ophiolite, tholeiite, subduction, Sistan suture zone, Taftan 
 
 

 
  
  
  
  
  
  
  
  
  
  

83  


