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(&=a� ��4. ��0�7��� ��b�����1 �4�. �"3��1 D).  �/7,�M �,�"3 �� �26"�#. . .�a�

��%4� �
+u!� �3 �2�+(��7,+ ! �2Thermo  ICAP  6500 
ICP(. �
<5H (�.���� �1�M ! �'"	 "J�-' �^&k)REE ( �3
u!�ICP MS  (1 �3 !4lithores research �
��4�. �
<5H

(-7	"# �+"@ .�
<5H  �/*�+� �� ��!"7)�+ �.�+�"F<
� 6�2
 �3 6%= $%&' ! {%���@+ �����  !"# �� �+����1 ���Z4&1 P�7
"3

:
 �+  ��A7,+Cameca SX50 .�+�"F<
� �*3!� ��!"7)�+ �
�	"# $�5�+ .�
<5H ��&1 �H��&4' S
+". �� �.�+�"F<
� 6�2

 E�7�! �315 kV %H"F I(. �20 nA"�1+(C 0�
"= 0��� �10s�
�x�� "x@5 µm.�7	"# �+"@ P5-, ��%� (�+ .

H0�I� ��� �
Y-, �1�5�9 �+�26	��+"7�!+ ����%4' �:7��F", �-� (. �� �(�+

 0%7��7�3+!+ �*-� �3 
Y-, ��23 ��1"H �+ "7*�. l�4���

��1��  ��A7,+ �2��2�+�%4� ! �%.6�*H �R� ��S����-

7M�,�+ �3 �%3"� 
Y-, �� �2�1"H {�,+"3 <���1 l��2
 (. �7M�,(�+ .! �3
+  _
W,+ ��1 ��D-�26+ �� �%=%� 
�

Y-,��,"#� "3+"3 �� �2��3 ! (-�!��� �2"/��*� 0+%-'6
Y-,,�-.���A7,+ ��%� � �+"@  �#�(�" .<5H �+ jF
��26

.�4���1 ��!� ���26	��+"7�!+ �'%45� �3 89 :���*� �(
�!� (.���26 �%H +6F !�3"k >�4. �4�@ �� �%=%� �7,%�

1"H "^� �+ ��'%45� �". !�. l�4���
�!� �3 ���2�
�1�3
+� I�%J
 �"1 L%A� �'%45� �� :I!�AH �(�+(��+�.

�	
���� �
�
�+�%
�:1"H�. l�4���
�+�%
��26�!� �� �%=%� ���26

 �%H+6F !��7,%6	��+"7�!+ �'%45� �". ! 8"k >�4. �:
3 89�>!(= �� �(��,+  (.  �+� 0�*� ."7,�%	 �+(��
�� �

+
��1 ���+�f/�b �Ha�/���H��� "�(-1.�+ �� �%
����� �2
"
NiO �TiO2!MgOH"H �3 ���+ l���/�h�n/����/�haa/�

!n�/�ah�n/����! (J�� ��H��� "�(--1 .��0+< 
Mg#(Mg / (Mg+2 + Fe2+))*100)+ �� 
��1 ��3��

f�/�bhb�/���7� ��,+ ".
:
+� �� ���1 �
+ l�1"H�'%45� �7��!� 6�2 (�3 89 6

)>!(=a(09 �
"7,�%	 !  �%3 I!�A7� �+ �2��/�� �H fb/�b �
NiO09 �� �+ �2 a/��H��/��MgO �+ ��/�� �H ��/�� !
Mg# �+ ��/�� �H fb/�b�� "���H (-1.

J�%'<,�"3��+�%
��26�!� �� �%=%� ���26F ! K�"3 �3"k >�4. P�3 �7,%��'%45� �". !6	��+"7�!+ �3 89 :�(.
sample M30-OL-l M30-OL-2 M30-OL-3 M30-OL-4 M30-OL-5 M30-OL-6 M30-OL-7m M30-OL-7c M30-OL-8 M30-OL-9 M30-OL-10 M30-OL-11 M30-OL-12
Phase Ol Ol Ol Ol Ol Ol Ol Ol Ol Ol Ol Ol Ol 

Rock type Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite 

SiO2
�n/��  ��/��  ��/��  n�/��  n�/��  n�/��  an/��  n�/��  �b/��  n�/��  b�/��  an/��  na/��  

TiO2
�a/� � � �b/� � � � �b/� �a/� ��/� � � �a/�

Al2O3
� ��/� � ��/� ��/� � � � � ��/� � � �

Cr2O3
��/� � �a/� �a/� �a/� ��/� � � � � �a/� � �b/�

FeO ��/f f�/f �a/f �n/f ��/f ��/f �n/f n�/f ��/f ��/f n�/f �f/f ��/f

MnO ��/� ��/� �a/� �b/� ��/� ��/� �b/� ��/� �b/� ��/� ��/� ��/� �b/�

MgO ��/��  �n/��  ��/��  ��/��  ��/��  ��/��  �b/��  a�/��  �n/��  ��/��  a�/��  b�/��  ��/��  

CaO �a/� ��/� �b/� ��/� ��/� �a/� �b/� �a/� ��/� ��/� ��/� �b/� �b/�

NiO bn/� b�/� b�/� bn/� ��/� b�/� bn/� b�/� ��/� ��/� b�/� bb/� ��/�

Na2O �b/� �b/� � ��/� �b/� �a/� � �n/� � ��/� � �b/� �f/�

Total ��/��  ��/��  �a/���  �n/��  �a/���  n�/��  �a/��  b/���  b�/���  ��/��  nn/��  ��/��  ��/��  

Si 1 1 ��/� � ��/� ��/� ��/� ��/� � � ��/� �f/� ��/�

Fe3
��/� ��/� �b/� � �a/� ��/� � ��/� ��/� ��/� �b/� �b/� ��/�

Fe2
�n/� �f/� ��/� �f/� ��/� �n/� �n/� �n/� �n/� �n/� ��/� ��/� �n/�

Mg fb/� fa/� fb/� fa/� fb/� fb/� fa/� fa/� fb/� fa/� fb/� fb/� fa/�

tot. cat. b b b b b b b b b b b b b

Mg# �a/� ��/� �a/� ��/� �a/� �a/� ��/� �a/� �a/� ��/� �a/� �b/� ��/�

Mg1# n�/��  ��/��  ��/�a  �n/��  �b/�a  �f/��  a�/��  �f/��  ��/��  bn/��  ba/�a  ��/�a  ��/��  

Fo n�/��  ��/��  ��/�a  �n/��  �b/�a  �f/��  a�/��  �f/��  ��/��  bn/��  ba/�a  ��/�a  ��/��  

Fa a�/f f�/f ��/n �b/f fn/n ba/f n�/f ba/f ��/f �b/f �f/n b�/n ��/f
Standards: SiO2(diopside), TiO2(rutile,Astimex, synthetic),Al2O3(disthen,MAC),Cr2O3(chromium Oxide, Astimex, 
synthetic), FeO(fayalite. USNM,Rockport), MnO(rhodonite, Astimex.Franklin, USA),MgO(Olivine,USNM, San 
Carlos), CaO(diopside), NiO(NiO,synthetic), Na2O(jadeite), K2O(K-Felspar). Opxite=Orthopyroxenite. Fe3+ and Fe2+ 
are calculate from stoichiometry. Fo=100Mg/(Mg+Fe2+).Fa 
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0�
�+"� ��%F 6(4C+ �6(4R� �-.�%&3 �&5�0+"
+ �,�-. ���1 ! �, �a�

 J�%'>:
+� �� �%=%� �
%��+ 6�2<����9 �+ �*�3 �'%45� �� �%=%� �7��!� 6�2(�3 89 6.
Sample M30-OL-l M30-OL-2 M30-OL-3 M30-OL-4 M30-OL-5 M30-OL-6 M30-OL-7m M30-OL-7c M30-OL-8 M30-OL-9 M30-OL-10 M30-OL-11M30-OL-12

Phase Ol Ol Ol Ol Ol Ol Ol Ol Ol Ol Ol Ol Ol 

Rock type Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite 

SiO2 �n/��  ��/��  ��/��  n�/��  n�/��  n�/��  an/��  n�/��  �b/��  n�/��  b�/��  an/��  na/��  

TiO2 �a/� � � �b/� � � � �b/� �a/� ��/� � � �a/�

Al2O3 � ��/� � ��/� ��/� � � � � ��/� � � �

Cr2O3 ��/� � �a/� �a/� �a/� ��/� � � � � �a/� � �b/�

FeO ��/f f�/f �a/f �n/f ��/f ��/f �n/f n�/f ��/f ��/f n�/f �f/f ��/f

MnO ��/� ��/� �a/� �b/� ��/� ��/� �b/� ��/� �b/� ��/� ��/� ��/� �b/�

MgO ��/��  �n/��  ��/��  ��/��  ��/��  ��/��  �b/��  a�/��  �n/��  ��/��  a�/��  b�/��  ��/��  

CaO �a/� ��/� �b/� ��/� ��/� �a/� �b/� �a/� ��/� ��/� ��/� �b/� �b/�

NiO bn/� b�/� b�/� bn/� ��/� b�/� bn/� b�/� ��/� ��/� b�/� bb/� ��/�

Na2O �b/� �b/� � ��/� �b/� �a/� � �n/� � ��/� � �b/� �f/�

Total ��/��  ��/��  �a/���  �n/��  �a/���  n�/��  �a/��  �b/���  b�/���  ��/��  nn/��  ��/��  ��/��  

Si � � �f/� � ��/� ��/� ��/� ��/� � � ��/� �f/� ��/�

Fe3 ��/� ��/� �b/� � �a/� ��/� � ��/� ��/� ��/� �b/� �b/� ��/�

Fe2 �n/� �f/� ��/� �f/� ��/� �n/� �n/� �n/� �n/� �n/� ��/� ��/� �n/�

Mg fb/� fa/� fb/� fa/� fb/� fb/� fa/� fa/� fb/� fa/� fb/� fb/� fb/�

tot. cat. b b b b b b b b b b b b b

Mg# �a/� ��/� �a/� ��/� �a/� �a/� ��/� �a/� �a/� �a/� �a/� �b/� ��/�

Mg1# n�/��  ��/��  ��/�a  �n/��  �b/�a  �f/��  a�/��  �f/��  ��/��  bn/��  ba/�a  ��/�a  ��/��  

Fo n�/��  ��/��  ��/�a  �n/��  �b/�a  �f/��  a�/��  �f/��  ��/��  bn/��  ba/�a  ��/�a  ��/��  

Fa a�/f f�/f ��/n �b/f fn/n ba/f n�/f ba/f ��/f �b/f �f/n b�/n ��/f

W,+�D-:W,+��+ D-�^"�H��I+"X��"H
��1 ��1"H�Z���
Y-,�26	��+"7�!+ �1"H !  �%3 :�� 09 l��3 (�+%H 0+%-'
��4�6��+"	 X�	 
�2(-6�%.  ��A7,+ Y-, "3 "U%� ]�.[
1"H�W,+ l�D-�26$!"1 R� ��  (. �%&Z7� �+��S�26`&7�� 
�3
()
"/R� ! �,+ I!�A7���%&ZH S��<X�� "H
"U%� D��' �
�1"H ��+ l
��1 ��1"H ��7Z�+ ��,�2�+ l
��1 ��U�H �RH �"

��,"#���%#"#� !��u%�7,�H��� "��! ��%.�+
�
�H��;<= I+"��,+ ]�.[+ �3 �=%H �3
P�3 �)-�26�����

W,+�D-��� �� ��-H ��26�+ "HO�3 ����=�� 67��, ���+"#
U�H �RH��H "��. "�4���
+"@ � ��#�1"H �(�"�+ l
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�
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#_�X�� 
1"H�Z�"� �09 
�%H l
zF ?
"6O�3 6"J�-' 60%o Fe �Mg 

!Al3��4#�� �W,+ !��,+ D-]��[� �1�"/��*� (�+%H
A��(6+"3 61"H ��� l
�!+ ?�(.�3 �.1"H�W,+ l�D-�26

�!�  !"# !� �� �%=%����263 89 �'%45� �>!(= �� (6�2 
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�,+  (.  �+� P.W,+�D-�26>!+  !"# )�!���-
�26F��7,%63"k >�4. �3 89 �'%45� �". !�((+�+�6

a�/�n hfb/����! (J�� �Cr2O3���/�b h�n/�f (J�� 
��!�Al2O3�+(�� !  �%3 Cr#09 �� �3 "3+"3 �2��/�b h�/n� !

Mg# �3 "3+"3 ��/�bh��/���,+ .W,+�D-�26$!�  !"# 
)+�
:�26�!� �7�(1"H�H!�A7� l��3 �(��+� �%~6~ �1 �`

Al2O309 �� �2��/a� h��/ab�+(�� �Cr2O3��/��h��/�� 
! (J������+(�� �Cr# �n�/�b �H f�/�n~ !����� `
"Mg# 
09 �� �2�a/�� �H n�/�� �,+.1"H �W,+ l�D-�26$!"1 �+�

�!� T%� !� �� �%=%����%� �,�"3��'%45� �� 6
	��+"7�!+�3 89 :��+�%4� �� �(Cr2O3�� "3+"3Al2O3�� 

D).��,+  (.  �+� 0�*� .+ �1 (-o"2
W,+ ��D-!� �� �2
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(&=a� ��4. ��0�7��� ��b�����1 �4�. �"3��1 D).  �/7,�M �,�"3 �� �26"�#. . .�an

J�%'B���9 �W,+ <�D-�26�!� �� �%=%� ���26F�3"k >�4. P�3 �7,%��'%45� �". !6	��+"7�!+ �3 89 :�(.
sample M30-1m M30-1c M30-2m M30-2c M30-3m M30-3c M30-4m M30-4c M30-5 M30-6 M30-7m M30-7c 

margin core margin core margin core margin core   margin core 

phase Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp 

Rock type Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite 

TiO2 aa/� a�/� a�/� aa/� a�/� ab/� ��/� a�/� b�/� aa/� aa/� ab/�
Al2O3 �b/a�  �n/a�  ��/aa  ��/aa  ��/a�  a�/aa  b�/aa  ��/aa  ��/ab  bn/aa  b�/aa  nf/aa  

Cr2O3 a�/��  ��/�a  f�/�a  ��/�b  �b/��  �a/�b  nb/�b  ��/�a  ��/��  b�/��  ��/�a  f�/�a  

FeO a�/a�  fa/ab  �a/aa  nn/a�  f�/aa  ��/aa  ��/aa  �b/a�  �f/a�  ��/a�  f�/aa  n�/aa  

MnO a�/� a�/� a�/� a�/� ��/� ��/� ��/� ��/� �n/� a�/� ��/� �b/�
MgO ��/� a�/��  �n/��  ��/��  �b/��  �� f�/��  ��/��  f�/��  b�/��  ��/��  f�/��  

CaO �a/� � ��/� � � �a/� ��/� ��/� � �a/� �b/� �
NiO �b/� ��/� ��/� ��/� �a/� �a/� �a/� ��/� ��/� �a/� �a/� ��/�

Total �f/�f  �� ��/��  n�/�f  �f/��  bb/��  �b/��  n�/�f  ��/���  �n/��  �n/�f  ��/��  

Ti ��/� ��/� ��/� ��/� ��/� ��/� � � ��/� ��/� ��/� ��/�
Al n�/� fa/� fb/� fa/� f�/� fa/� fa/� fb/� f�/� fb/� fb/� f�/�
Cr ��/� ��/� ��/� �f/� ��/� �f/� �f/� �n/� � �b/� ��/� ��/�
Fe3 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �b/� �b/� ��/� ��/�
Fe2 ��/� �a/� ��/� �f/� ��/� ��/� ��/� �f/� ��/� �a/� ��/� ��/�
Mn ��/� ��/� ��/� ��/� � � � � � ��/� � �
Mg �/� �f/� ��/� �a/� ��/� ��/� ��/� �a/� ��/� �f/� ��/� ��/�

tot. cat. b b b b b b b b b b b b
Mg# ��/� �f/� ��/� �a/� ��/� ��/� ��/� �a/� ��/� �f/� ��/� ��/�
Mg1# �a/��  ��/�f  a�/��  n�/��  n�/��  aa/��  af/��  ��/��  �a/��  bb/�f  n�/��  �a/��  

Cr# �n/��  ��/��  ��/��  ff/��  f�/�n  n�/��  n�/��  ��/��  n�/�b  b�/��  ��/��  nn/��  

J�%'K*�3����9 �+ ��2<6W,+ �D-�26+� �� �%=%� 
:�26�!� �7��'%45� �� �%=%� 63 89 �(.
sample M30-1m M30-1c M30-2m M30-2c M30-3m M30-3c M30-4m M30-4c M30-5 M30-6 M30-7m M30-7c 

margin core margin core margin core margin core   margin core 

phase Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp 

Rock type Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite Dunite 

TiO2 aa/� a�/� a�/� a�/� a�/� ab/� ��/� a�/� b�/� aa/� aa/� ab/�
Al2O3 �b/a�  �n/a�  ��/aa  ��/aa  ��/a�  a�/aa  b�/aa  ��/aa  ��/ab  bn/ab  b�/aa  nf/aa  

Cr2O3 a�/��  ��/�a  f�/�a  ��/�b  �b/��  �a/�b  nb/�b  ��/�a  ��/��  b�/��  ��/�a  f�/�a  

FeO a�/a�  fa/ab  �a/aa  nn/a�  f�/aa  ��/a�  ��/aa  �b/a�  �f/a�  ��/a�  f�/aa  n�/aa  

MnO a�/� a�/� a�/� a�/� ��/� ��/� ��/� ��/� �n/� a�/� ��/� �b/�
MgO ��/� a�/��  �n/��  ��/��  �b/��  �� f�/��  ��/��  f�/��  b�/��  ��/��  f�/��  

CaO �a/� � ��/� � � �a/� ��/� �/� � �a/� �b/� �
NiO �b/� ��/� ��/� ��/� �b/� �a/� �a/� ��/� ��/� �a/� �a/� ��/�

Total �f/�f  �� ��/��  n�/�f  �f/��  bb/��  �b/��  n�/�f  ��/���  �n/��  �n/�f  ��/��  

Ti ��/� ��/� ��/� ��/� ��/� ��/� � � ��/� ��/� ��/� ��/�
Al n�/� fa/� fb/� fa/� f�/� fa/� /fa/� fb/� f�/� fb/� fb/� f�/�
Cr ��/� ��/� ��/� �f/� ��/� �f/� �f/� �n/� � �b/� ��/� ��/�
Fe3 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �b/� �b/� ��/� ��/�
Fe2 ��/� �a/� ��/� �f/� ��/� ��/� ��/� �f/� ��/� �a/� ��/� ��/�
Mn ��/� ��/� ��/� ��/� � � � � � ��/� � �
Mg ��/� �f/� ��/� �a/� ��/ ��/ ��/� �a/� ��/� �f/� ��/� ��/�

tot. cat. b b b b b b b b b b b b
Mg# ��/� �f/� ��/� �a/� ��/� ��/� ��/� �a/� ��/� �f/� ��/� ��/�
Mg1# �a/��  ��/�f  a�/��  n�/��  n�/��  aa/��  af/��  ��/��  �a/��  bb/�f  n�/��  �a/��  

Cr# �n/��  ��/��  ��/��  ff/��  f�/�n  n�/��  n�/��  ��/��  n�/�b  b�/��  ��/��  nn/��  
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	��+"7�!+�3 89 :�>!(= �� (��,+  (.  �+� 0�*� .+ ��
�
Y-, �+(�� �2Al2O33��a/�hn�/�!MgO3��
b�/�ahb�/����! (J�� ��H �� ����,+ ".��0+<Ni+ �� 
�

Y-, �2ppmabf� ha��� !Cr ppm�n�h��f��,+ .

�Z��La(N)/Yb(N)3���/b�H�/f� �� �,+ 0�,% .%/�+6
#(-1+"F�REE) (. ��5-�3�(-1 �3
�(+"36�!� ���2

"�H
��Z�
SM "
:)�(�7	"# �+"@)D).�(� 0�*� !�(2�
Y-, �1�261�M "J�-' �+ "^� ��%� ��H ���� � (. (�+ .+
�

�H�#(.����3 (�+%H���8!L D*�3�Y-,  �/7,�M I�%J 
(.�3 �7	"# .

J�%'L���9���%4� D1 Y-, <�26�!� �7��'%45� �� �%=%� 6	��+"7�!+ �3 89 :�(.
sample B26 D9 E36 M30 Z3 9 

(Dunite) Du Du Du Du Du Du 
SiO2 ��/bn f�/b� �/b� �a/b� f�/b� ba/bn
Al2O3 b/� a�/� n�/� b�/� bf/� b�/�

Fe2O3(T) � �n/� b�/f ��/f ��/n ��/�
MnO ��n/� �a�/� ���/� ��f/� ���/� �fb/�
MgO bb/�� ��/�� b�/�a ��/�b �f/�a b�/��
CaO �b/� a�/� ��/� ��/� �a/� ��/�
Na2O �b/� ��/� �b/� �b/� ��/� ��/�
K2O ��/� ��/� ��/� ��/� ��/� �a/�
TiO2 ��n/� ���/� ���/� ���/� ���/� ���/�
LOI an/� b�/n a�/�� �b/� b�/�� �b/f
Total ��/�f ��/�f ff/�n b�/�f nf/�f f�/�f

Sc b � b b � a
V �� � a� �� �a �
Cr b�b� �n� ��f� an�� an�� an��
Co �a� �a� ��f ��� ��� f�
Ni an�� a��� a�n� a��� abf� a���
Zn �� �� �� �� �� b�<
Ga � � a � � �<
Ge f/� �/� �/� f/� �/� �/�<
Zr a � � � � a
Sb �/� �/� �/� �/� b/� �/�
La �a/� a�/� ��/� �b/� aa/� �n/�
Ce ��/� af/� ��/� �/� a�/� ��/�
Pr ��/� ��/� �a/� ��/� �b/� �a/�
Nd �f/� ��/� �/� ��/�< �f/� ��/�
Sm �b/� ��/� �b/� ��/� �b/� �a/�
Eu ��f/� �a�/� ���/� ���/� ��a/� ���/�
Gd �b/� ��/� ��/� �a/� �a/� �a/�
Dy �a/� ��/� ��/� ��/� ��/� �a/�
Er ��/� �b/� ��/� ��/� �b/� �a/�
Yb �a/� ��/� ��/� �a/� ��/� �a/�
Lu ��b/� ���/� ��n/� ���/� ��f/� ��b/�
Ta �b/� ��/� �b/� ��/� �b/� �b/�

Mg# ��/�� bn/�� ��/�� f/�� �b/�� bn/��
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��(2��1 �/7,�M�26:Residual dunites [20-25]. replacive dunites [17, 31-34].cumulative dunites [26-31]. 
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