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�	�' ! �C4	�
 �4,�2L,� 0� /)4�  )S7-�E�5.(

�,��! : #27%!&7,� 0�  �%�&' _�%5 &'�,��! �� ��:)� ��
 �!/j S��- �&7-89���H
2,�5 /B���]/B��

 �!/j � �9 ! H�*!&,#2),L*�����* /B�� �r2Z,A�Y 0� G
! S),\%5 K!&* /B������* /B���%5 H�*!&,#2.�5 0�  .
()% H
5 �� ���%&9��,�!� �' �Z�� �  �' ! �%5 &4+* � 

J�5� ?��� 5� 05 ��5� �	�' �L* �2v/�5 .Q). �	�' H,)U+ 
()% �� 05 �7Z- ! 0�5!Y�2- �� J/
� �  .�' H
2,�5 ���*
�C4�7- 05�5� ! J�2' S7-���* �' �* �%5 ��5!5&	 0�  0� 

J/- &# �
2���/�5 .H�*!&,#2),L* ���* �* �%5 ���j �� H
5
0�5!Y 0&,	�2# &C
� I5 �7
()% H
5 �� �2<2� 0�  !� �' � 

(�� ��2+1 �� 0� �q,. ! �.�2B ! WZ% ��'Y �LX5/. 0� 
�� J/
� ��
5/<�2- .�Z� 05�5� � �9 ���* H
5 �)D)� 0� 

��5� �5&@ S),\%5 K!&* ! H�*!&,#2.�5 ��)* �� �* �%5 S7-.
()% H
5 �� �2<2� S),\%5 �S7- �' P�2B �' fLg5 � 

�Z� 05�5�JI5/�5 �� ! �95WC
I ��Z
&�. ! [k)��� 0�  P!�A4� 0� 
.�%5 J/- S,7� .�,��! �� S),\%5 H,' ! J/)*5&# P�2B �' � 

���*0�5!Y 0&,	�2# ! ���Y ��)* �
 H
2,�5 0�  0� 
 J/- & �h H�*!&,#2),L*�%5 .���* I5 ��n' �� �S),\%5 0� 

�� J/
� H
2,�5 W
� 0� ��Z�!��/�2- .�2L' �4A7- r2Z,A�Y 0� 
7�. I5 c# Sj5&� �� ��,�' r�+4j5 �' �* �� ! �,��! S,

�,j�� ��29&9� �Lj&� T
 �3,4�J/�Y �2<! �' 05 S'�@ �/�5
/)4�  J/ ��� .���* H
5 0�2�)� ! J/,�* P�2B !� �' � 

�DAB J/,Z:@ �2� �� ! S7-05(PPL) �' �J/- J/
� (��/�5 .
V�' [
W,)� �5/�� S,�� �' ��,�' r�+4j5 �' ���Y ?�2' (�� �'

�%���Y �� .0� �2L'�2L' �4A7- P�2B �' r2Z,A�Y �
2��� 0� 
���* 0!� �,�!5 0� )H
2,�5 (J/- S,7�. /�5)S7-�6.(

S7-]�,�!� �#27%!&7,� &
!�F.� :E�5 (�v��4� J/,Z:@ �2� �� �,�!� �� H
2,�5 �4,�2L,� ! J/- J/,�* 0� �2L')XPL(6 e(H
2,�5 0� �2L'
)Oli ( H,4��#&% ! J/��+,@�')Srp ( �v��4� J/,Z:@ �2� ��)XPL(e
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Ott EF)� �0&@�' �0��C � ��@/)A%5 0&B�� ?5&
5 �%�)- ���* ! �%�)-�2L' �L3� 

S7-��,�!� �#27%!&7,� &
!�F.�,),4��#&% ! �,4,�!&* ��,)�*!&,# ��,��! �:E�5 (S7- 0� �2L'�+,� �. �5�S7- P�2B �' �,�!&* �5�
��< ! J/)*5&#�DAB J/,Z:@ �2� �� �,�!� �� �5� 05)PPL(6 e(�4A7-�2L' H
2,�5 0� )Oli(&,#2),L* �H�*!)CPX(H�*!&,#2.�5 �)OPX ( !

�2L' �4A7- r2Z,A�Y 0� )Am ( �v��4� J/,Z:@ �2� �� �,��! ��)XPL(�
�+)9�W' �' �40x� e(���* �� �,)�*!&,# �� H�*!&,#2),L* 0� 
XPL �
�+)9�W' �'40xP e(S),\%5 K!&* �,4,�!&*J2�@ ! �3���� (�� �' �/
/- �9/-�&X ���Y �' S7- �' 0� J��Z��,� 05�5� ! J&,. 05 0� 

 �� /,A% (�� �' �* H,4��#&%PPL �
�+)9�W' �'100x � e/)4�  `��� (S),\%5 K!&* = ! J/- EB �' 0�  (S7- S),\%5 K!&* �� �5�
 �� �,),4��#&%XPL �
�+)9�W' �' �40x.

�,)�*!&,# :()% H
5 �� �7N2* 0� �W�!&' P�2B �' � 
�,�!� �7
�W��' �  J/- �	�
 K&* ��Z
&�. �9�I52  (��/�5 .

���*J/
� ()% H
5 �� J/- J/+1 �2v �' � )I5 Q,'y�
/B�� (H�*!&,#2),L* )�,)�*!&,#2),L* (�%5 .I5 �
�  ��2+�

 �' ?/- ?�%&9� r�j �� H�*!&,#2),L* �-�� ��,�' 0� �2L'
2- �� J/
� r2Z,A�Y�/.��2+� I5 ��n' ��� �H�*!&,# �' � 

B�q,. ! �2+1 �� !� 05�5� �[k)��� �2:% �' S7- �' P�2-
�� �7
��' �L7-&9� ��
5/< 0� 0�4%5� ��� �'r�+4j5 

��,�' H�*!&,#2.�5 f,*&. �'J�2' I5 �*�Z� r�j ��
/)4�  ?/- �4,),4��#&% .()% H
5 �� S),\%5 0� �2L' � 

J/
� J/�� /�5)S7-��.(
�,4,�!&*:�12+3� �� 0� 	T,	��5&�/�� �� �2<2� �,�!&* �5

!�,���� Q
5W	5 p
�/. �' � �9 �  b�5/�� �* ����I ! /'�

 I5 Q,' �'��/B��'/%&�()% ?YH�*!&,#2),L* J/,���

���2- ]M�.[4,�!&*�,&k� I5��
5I ��Z.�5 �� �,�!� �'
�%5��12+3� I5 0��,�' �� �* 0�2v �' 0� &'5 �,�� 0I�' 

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
2.

36
1 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
2.

11
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
24

-0
5-

20
 ]

 

                             6 / 14

http://dx.doi.org/10.61186/ijcm.31.2.361
https://dorl.net/dor/20.1001.1.17263689.1402.31.2.11.4
https://ijcm.ir/article-1-1779-fa.html


/L<O��J��+-M?�4�'�. ����M ()% �%�&'���* �+,- ! �%�)- �,.!/
&#0�  . . .Ot} 

)?2N 	5,�2,�_!�!�2. ��_&Z@ ]M�[!��:)� ��2� �%�&' 
�&7-89(���Z.�5 5
H!�S��* ?�
�+� ! �%5 �9��!&*,�-

� 0&#1,��)0V�'o�/B��(����:)� 5
��3 J/-5/�.��*�-
� 0J/+1 ��5
H()%� K!&* \%5,S))�,�!&*(!H
2,�5 

/)4� .�'�<2. �'��.,[/)'0�<&� ]��[��5/�� !&*�,���
�!&*,4�,� 0�'�	�' J/)*5&# ���.z]/B�� �� !
�!&*,4�,� 0J�2. 50�t�.��� /B�� �%5.��()%� 0

T,	��5&	 ��:)� ��&7-89\%5,S)�  �9��'P�2B V
�� �

',H�5,2
H� 
�4��#&%,H� ! �9��,W�'P�2B � �2L'0

J/)*5&# ���),�I05I5�5,2
H�5&@ ��5�/.)U+ ,H����Z�!� �

I5 �5,2
H?!�� ���Y �
J/�%5 J/-.

J/) � S,7�. ���* H
&4�,' ! H
&4+�� �,�!&*
�,4,�!&* 0� �12+3� �%5 6�
��	 .�v��� �� ���* H
5

�+,� �. S7- �' fLg5 �#27%!&7,�S7-�5� �%5�&X ���Y !-
�� ?��� 5� 0/
/- �9/-/ � .fLg5 �,�!&* �,�!5 �	�' �' � 

�&X S,�� �' �<2. �' ��5 ���,� `,��. S'�@ ��
I �9/-
�5&@ 02C�5 ��)* �� � �2L' 0&,9�[  ��J�2. �	�' ?52. 5� 05

J�2. �	�' �� 5&
I ��5� `,��. ���Y 05&' �
!5I �' � �2L' �05
�M� J�5� S,7�. ���9 �% r�F.5 �<�����* H
5 �� �* /�5 � 

�� W,� �% r�F.5 H
5 ?52. 5� ���9/
�.�,�!&* ��2� 0� 
 �%�&' �� J/- ?�%&9� &4+* �
 J/�� ?�%&9� �52�5 ��PPL �

(��J2�@ ��3���� 0� J2�@ �. W�&@ �' S
�� 05 �� ! J&,. 05
J/- ?�%&9� �52�5�J�5� ?��� 5� J�,% (���2� �� ��5 �/�5 

�v��4� J/,Z:@(XPL) J&,./)4�  .�,�!&* 0� �2L' ������Y
�7-�C4 � �2L' H,' 0��	 ! J/�� J/
� ���* 0� �'

�%5 J/- &# H,4��#&% .��5� H,)U+  � �9 �,�!&* 0�  05�5�
��Z��,�/)4�  H,4��#&% I5 �
�  .?!W	5 H
2,�5 ��,�!&* ���* &'
 I5 W,� &C
����*�,4,�!&* J/) � S,7�. 0� � �%.H
2,�5

�,4,�!&* ���C)% 0� /j5! &
�% �' �Z�� �  ?2N �,�!� �� 
 &./
/- ���%&9� ���Y 05�5�/)4�  .�,4,�!&* �� ��2� 0� 

�%�&' W,��H
2,�5 S��* � H,4��#&% �' S
/Z. J/- I5 0&�5 ! /�5
 �%5 J/��+� �@�' ���Y)S7-�P.(

�,),4��#&% :�,),4��#&% �� J/) � S,7�. ���* H
&4+�� � 
(�� �' H,4��#&%-!� 0&4�*�X �LX5/. 0�  �%5 /,A% �. H

�DAB ���* P�2B �' �*�4-� �. 0505�'�2� �� ��I �C��/)N
 �n,Zv J/,Z:@J/
� ���2- .�#27%!&7,� �v��� I5 �X&' ��

��2+� I5 ��2� �,),4��#&% 0� �%�&'����* I5 0���Y �,�!5 0� 

 ! �,�!&* �H
2,�5 �'r�+4j5 ��,�' H,)U+  ! H�*!&,#2.�5
���* �
2��� 0� v~L�,�L* !J/
� I5 &C
� ��n' �� ��5 �J/-

()% H
5� ����* I5 0&�5 0� ?2N H�*!&,#2.�5 �H
2,�5 S��
�%5 J/�� J/
� H�*!&,#2),L* !.()% H
5 �� H
2,�5 ���* � 

 �
 ! �
2��� P�2B �' [  ! �,�!5 P�2B �' [ I�' J/- �2LZ4�
�%5 J/- J�5� `,��. .�,�!&* �' J�,% (�� �' �  S7-

 S7- 0� �2L'�' �. �5� S7-J/
� ��/�2- .��  ��2+� �X&' ��
EB �' ���Y �9/-��5� �2<! )S7-0�  �= ! �.(

���* �+,-�,.!/
&# �� �2<2� 0� � 
H
2,�5 :H
2,�5�,.!/
&# �� �2<2� 0�  0� �12+3� 6�
��	

J/- �),4��#&% fLg5/�5 .P/- ���* H
5 ?/- �),4��#&% �� � 
��2+� ��n' � V�'��2+� ��n' �� ��5 ��%�� � Q�' ?52. �
� 

 �� [��% P�2B �' 5� H
2,�5 ���* I5 &
I �27%!&7,�/
� .
H
2,�5� ���,.!/
&#� I5&k� f,*&. �'�Z�� 4X52)7
 �
/��5� )r!/<�.(

_�%5&'�5�2+� Mg/(Mg + Fe2+)�' �Z��Fe2+
/(Fe2+

+ Mg)  �H
2,�5 ��!/
&#�,. � �, �� �
&4%�2	 !�,�!W
&* 
��5� )S7-�E�5(!I5Fo89.79 �.Fo92.2 &,q4� �%5.
�5/�� NiO I5]�/��.�G/�/B�� ��I!�5/�� �' !r2+n� H
5

�,.!/
&# �� /,�*50�  �4-29 �%5.�5/�� FeO I5�/��.
Gz/y/B�� ��I! &,q4� �%5��7,��j�� &
���� Cr2O3W,N��

9 JI5/�5/- 0&, )I5 &4+*��/���I! /B��.(
H�*!&,#2),L*:H�*!&,#2),L* ?�2' K!����' �Z�� �L7-&9�

()% �� �4,.!/
&# 0� �12+3� J/
�&9 s1�' 6�
��	 �%5 �*
���* &C
� �' �Z�� ���* H
5 ()% �� �2<2� 0� )! H
2,�5

H�*!&,#2.�5 (&4+*�!� H
5 I5 ! �2- &,,q. b2�4%� ���+  
��2+���5� �2�j �4,.!/
&# 0�  .�4X�% r2�&	�0

_�%5 &' �%�&' ��2� H�*!&,#2),L*��Z%�D� ?",�*5 [.5
/
�&9.H�*!&,#2),L* ���,.!/
&#� 05�5� �5/��Mg# &'5&'

 �')y�/�–yG/�J5&+  ��'�5/�� Al2O3�CaO�Cr2O3!
TiO2f,.&. �' �]/��.�z/����I! /B��]y/�� �.�/�� 
/B�� ���I! &AB !�.�/�/B�� ��I! �%5)r!/<�.(H
5
���* 05�5� f,*&.0�  a%24�G]/�� –G/]G =Wo �G�

/]� –zz/�� En = !�/G–z�/�Fs =  ! �%5 J��0/)' 
�<&�]��[?��� ��/ � �*�+  H�*!&,#2),L*� &4�,' 

/,�#2
� /)4�  )S7-�6.(
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Ot� EF)� �0&@�' �0��C � ��@/)A%5 0&B�� ?5&
5 �%�)- ���* ! �%�)-�2L' �L3� 

S),\%5 K!&*:[�� S),\%5 H
&. �� �Z,*&. P5&,,q. &k� I5 ���*
()%�� ! �%�  �' �()% &' &�2� 0� /)
Y&	 [�	 05&' /�52.

 �7
�2v �' �!� ��*Cr# ���* H
5�� �  T
 ?52)1 �' /�52.
�,.!/
&# J�C4%�X H,,n. �� &C���� �2- J��A4%5 � ]�G.[

S),\%5 f,*&.K!&* 0� a,D� �� J/- �2LZ4� �5� EL4�� 0� 
 P!�A4� &' &�2� S��1 H
&4+�� �2LZ. a,D� �@5! �� ! J�2'

S),\%5 f,*&.K!&* 0� �%5 �5� .���* H
5 f,*&. ��4Z�5 �� � 
�� &,,q. ��N� W,� J/�!&�# ��29&9� ! ���%&9� &�5 ��! ���&9

 �%5 �wW< P5&,,q. H
5]�G.[
K!&* S),\%5� ���,.!/
&# 0� �' �12+3� Cr2O3V�'

)z�/]� –zy/�G ! �  �,��! �� ��I! /B����/�� –��/]z 
/B�� ��I! ���,4,�!&* (!Al2O3[*)�z/z–z/]/B��

 ! �,��! �� ��I!��/]/B�� ��I! ���,4,�!&* (`��� 
��/�2- )S7-��.(�5/�� Cr#=Cr/(Cr + Al)  �' &'5&'�/�
�.zG/���! �,��!��/��.z�/����,4,�!&* ��%5 �����j 
�*Mg#=Mg/(Mg + Fe+2)J&4�9 ���]/��.Gy/���

! �,��!G�/��.]�/��� &,,q. �,4,�!&* �� /)*)r!/< G.(
05�5� �  S),\%5 K!&* �5/�� FeO I5zy/�] �.�]/�� /B��

 ! �,��! �� ��I!�/�� –�]/�� ��,4,�!&* �� ��I! /B�� 

�5/�� MgO I5��/��.��/�� ! �,��! �� ��I! /B����/z
–�y/�G �5/�� ! �,4,�!&* �� ��I! /B��TiO2�� �,��!
 �.�G/�! ��I! /B�� ���,4,�!&* I5��/��.]/���I! /B�� 

/)4� .�)g�9/- K!&* S),\%50�  [��% I5Mg  !Cr ![*
?�2' Ti !3+Fe �����Y &C��,' �, �� �,�!5 H
5 ���* �%� 

]��.[

H,�I a,D��C4%�X ! �4X�%()% J�%�&' ��2� 0�  
�
�# &' f,�&. �
�,+,- ����0�  �
W3. �J/- ?2N S),\%5 !

�H�*!&,# ��?52. J�C4%�X !a
5&- S,��. �,.!/
&#0�  
�4-29 �12+3� �4,�2,	5 6�
��	 �&* H,,n.]�];��[05&' e

I5 �r��� f,�&. S),\%5� ��?52. �,.!/
&#0�  �4-29 5�I5
�,.!/
&#0�  �Z�5()% �- �,�A. �2+� .�H,)U+  �'J��A4%5 

I5 f,�&. H��!&,#2),L�� ��?52. �,.!/
&#0�  �4-29 &
I 
�4%2# �%2��,@5 !&
I �4%2# J��@055�I5[ `,��. �5�.

�5/�� �5�2+� _�%5&' Al2O3�' �Z�� Cr2O3����0�  
S),\%5 �2<2� ���,.!/
&#0�  �12+3�J�&' K�� 0�  H
5 

/
&#�,.!� ��J&4�9 �,.!/
&#0�  �4-2905/��5� �5&@
)S7-�P.(J&4�90�  ?29��29 `��� J/- ��S7-�P

�<5&� I5 �4	&9&' ]�z;G�[/)4� .
r!/<�H
2,�5 f,*&. H,C��,��,.!/
&# �� �2<2� 0�  ��&7-89 �12+3� 0� )��I! /B�� f�j &' (_�%5 &' 0��4X�% r2�&	 !�[.5
�*5���Y ���
�# 0��15 �5/�� J5&+  �' �?",.

()% �2� Whr Whr Whr Whr Whr Whr Per Per Per Per Per Per Per
��2+� Fa-32 Fa-32 Fa-32 Fa-32 Fa-32 Fa-32 Fb-25 Fb-25 Fb-25 Fb-25 Fb-25 Fb-25 Fb-25
SiO2 �]/�� G�/�� ��/�� ��/�� ��/�� �]/�� ��/�� yG/�� ]]/�� ]�/�� ]G/�� �/�� �/��
TiO2 � � � � � � � � � � � � �
Al2O3 � ��/� �G/� � � � � � � � � � �
Cr2O3 � � � � � � � � � � � � �
FeO �G/z G/z G�/z Gz/y ��/y ��/y �]/y yy/� ��/� ��/z �z/� �z/� �/�
MnO �G/� ��/� �y/� G/� �]/� ��/� ��/� ��/� �z/� ��/� ]]/� G/� ��/�
MgO ��/�z z/�z y/�� ��/�� �y/�z ��/�z �G/�z �z/�y �/]� �]/�y G/�y zz/�y ��/�y
CaO � � ��/� � � � � � � � � � �
Nio GG/� ]�/� ��/� ��/� G]/� ]�/� �G/� ��/� ��/� �]/� �G/� �G/� ��/�

�12+3� �z/yy ��/yy ]�/yz ��/yz z�/yy ��� z�/yy ��� z�/yy ��� yy/yz yy/yy ���
Si ��G/� ���/� ��y/� ��/� ��/� ��G/� ��G/� ��z/� ��/� �G/� ���/� ���/� ��]/�
Ti � � � � � � � � � � � � �
Al � ���/� ���/� � � � � � � � � � �
Cr � � � � � � � � � � � � �

Fe+2 ��G/� ��/� ���/� �y]/� �zy/� �zy/� �z]/� ���/� �]�/� ��G/� �]G/� �]z/� �]/�
Fe+3 �
Mn ��]/� ��G/� ���/� ���/� ��]/� ���/� ��G/� ��y/� ���/� ��G/� ���/� ���/� ��]/�
Mg ��/� �y/� �]y/� ���/� ��/� ��/� ��/� �y/� z��/� ��/� �yy/� z��/� �yG/�
Ca � � � � � � � � � � � � �
Ni ���/� ���/� ��]/� ��y/� ���/� ��/� ���/� ��G/� ���/� ���/� ��G/� ��z/� ���/�

�12+3� y��/� yy/� y�/� yzy/� yz/� yz�/� yz�/� yz/� yy/� y�/� yzG/� yzy/� y�]/�
Mg# y��/� y�/� y�/� y�/� y�/� y�/� y�/� y�/� y�/� y�/� y��/� y�/� y�/�

�
&4%�2	 zz/y� ��/y� y/y� �y/zy ��/y� ���/y� ��/y� �]/y� �y/y� ��/y� ��/y� ��/y� �y/y�
�,��
�	 z�/z �y/z y/z y/y ��/y �G�/y ��/y ��/z y�/� ��/z z/� ��/z �z/�
�,
!&A. �]/� �]/� ��/� G�/� ��/� ���/� �]/� �z/� �y/� �z/� ]z/� G�/� �G/�
H
2�5 K�� Fo Fo Fo Fo Fo Fo Fo Chr Chr Chr Chr Chr Chr

Whr = Whrlite & Per = Peridotite: Fo = Forsterite & Chr = Chrysolite 
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/L<O��J��+-M?�4�'�. ����M ()% �%�&'���* �+,- ! �%�)- �,.!/
&#0�  . . .Otu 

r!/<�H�*!&,#2),L* f,*&. H,C��,��,.!/
&# �� �2<2� 0�  ��&7-89 �12+3� 0� )��I! /B�� f�j &' (! 0��4X�% r2�&	 J5&+  �'
���
�# 0��15 �5/�� ���Y.

Rock type Whr Whr Whr Whr Per Per Per Per Whr Whr Whr Whr

Sample No. Fa-32 Fa-32 Fa-32 Fa-32 Fb-25 Fb-25 Fb-25 Fb-25 Fa-31 Fa-31 Fa-31 Fa-31 
SiO2 �G/]� �G/]� �/]� �G/]] �G/]] �G/]] ]] ��/]� ]]/]G �G/]G ��/]� G�/]�
TiO2 � � � � ��/� �G/� � � ��/� ��/� �]/� �z/�
Al2O3 ]G/� ��/� G�/� ��/� ��/� ��/� ]�/� G�/� ]�/� Gy/� ��/� ��/�
Cr2O3 ��/� � � � G�/� �G/� �/� ��/� ��/� �/� ]y/� ]�/�
FeO ]G/� ��/� Gz/� ��/� �y/� ��/� ]�/� ��/� ��/� ��/� ]y/�
MnO � � �]/� � ��/� � ��/� ��/� ��/� ��/� �y/� �/�
MgO �y/�z ��/�z y/�� ��/�� yG/�� zy/�� ��/�� ��/�� �G/�� �G/�� G�/�� zz/��
CaO �/�] �]/�� �y/�] ��/�� y/�] �z/�] Gz/�� �/�� ]y/�� y�/�� yy/�� ��/�]
Na2O �G/� � � ��/� � � � � ��/� �]/� �]/� �]/�
K2O � � � � � � � � ��/� ��/� ��/� ��/�
�2+3� ��� yy/�� ��� ��� ��� yy/yy ��� ��� ��� ��� ��� ���

Si y�/� yy/� yz/� � yy/� � yy/� yz/� y�/� y�/� y]/� y�/�
Ti � � � � ��G/� ���/� � � ��G/� ��G/� ���/� ���/�
Al ��G/� � ��G/� ��z/� ���/� ���/� ���/� ���/� ��z/� ���/� �/� �zy/�
Cr ��G/� � � � ��y/� ���/� ��/� ���/� ���/� ��/� ���/� ���/�

Fe+2 ���/� �]/� ���/� �G]/� �]�/� ��]/� ���/� ��y/� ��y/� ��y/� ��y/� ���/�
Mn � � ��]/� � ���/� � ��G/� ��G/� ���/� ���/� ��G/� ��G/�
Mg yy/� yy/� y�/� yG/� y��/� y�/� zy/� y��/� zz�/� zz/� zyy/� y/�
Ca yz/� y�/� ��G/� ��G/� ��G/� � ��/� �G�/� y]�/� y�/� yG/� y��/�
Na ��y/� � � ��z/� � � � � ���/� ��z/� ���/� ��/�
K � � � � � � � � ���/� � ���/� �

�2+3� � � � � yy/G yz/G � � � � � �
Mg# y]/� y�/� y]/� y�/� y]/� y]/� y�/� y�/� y�/� y�/� y�/� y�/�

�,�24%V! Gy/�z �G/�z ��/�y y�/]� y�/]� ��/]� y�/]� GG/]� �y/�y �y/�y �G/�z G�/�y
�,��4��5 zz/�z �]/�y �z y�/�� G�/�� ��/�� �y/�] �z/�� ��/�] �G/�] �]/�� ��
�
&4%�2	 �z/� ]�/� G�/� ��/� ��/� �y/� ]y/� ]y/� ��/� �z/� ��/� ��/�

Ac �]/� � � Gy/� � � � � z�/� y/� z�/� ]G/�
H�*!&,#2),L* K�� /,�#2
� /,�#2
� /,�#2
� /,�#2
� /,�#2
� /,�#2
� /,�#2
� /,�#2
� /,�#2
� /,�#2
� /,�#2
� /,�#2
�

S7-��+,- ���*0�  �,.!/
&#0�  �4-2905�&7-89 �12+3�) :E�5 (�5�2+� Mg#  �' �Z�� Fe#  05&' H
2,�5� ]�z[6 e(�5�2+� ��2,.�* 
Cr +Fe �' �Z��Mg  Al + &'05S),\%5 K!&* ��  aX6�2� ?��� J/) � �)
WC
�< �:�e�%5 )�(H�*!&,# f,*&. J/- �%�&' 0� ]��[e
P(�5/�� Al2O3�' �Z�� Cr2O3S),\%50�  K!&� �5�]�y;G�.[
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O}� EF)� �0&@�' �0��C � ��@/)A%5 0&B�� ?5&
5 �%�)- ���* ! �%�)-�2L' �L3� 

[,��. _�%5 &'�,.!/
&# 0/)' I5 J��A4%5 �' �4,�2,	5 0� 
S),\%5 �� K!&* �/1 � ]�G[�,.!/
&# �*/1 �' 0�  K!&* �

I5 Q,'�/.�� S,7�. �%2@ &
5W< �� &4�,' K!&* �/1 �/�2-
S),\%5�,.!/
&# 0�  J/) � ?��� 6�
��	 �12+3� 0� 

()% H
5 S,7�.�4%2# T
 �� Q�5�!&	 �' ��Z.�5 �� �  
�%5 �%2��,@5.

�
�# &' �5/�� Cr !Na /j5! �� 0��4X�% H��&,#2),L� -
0�  �2<2� ���,.!/
&#0�  -29�4�+  ��%�&' ��2� ��:)� 

�,.!/
&#� ��J&4�9 a,D� �%2��,@5 �5&@ /��5� )S�-z;
E�5 .(J&4�90�  `��� J/- ��S7-zE�5I5 �4	&9&'

 �<&�]G�[/)4� .�5/�� �5�2+� Cr2O3�� H�*!&,#2),L* 
�,.!/
&# � �' �Z��Mg#  ?��� ��/ � �*� �Z- ���Y 

�' 0��,�' �,.!/
&# 0�  �i2j ?�+* Q,# �12+3�0�  
�4,�2,	5 /��5� �*J�C4%�X ��Z.�5 &C��,' ���Y �'a,D� H,�I
�4X�% Q�5�!&	&'5 �%5 )S7-z6.(�5�2+� �
5�Y �4-29 

H
2,�5;S),\%5 )OSM  (S7- �� z�]GG[&'�5/�� _�%5 
Fo H
2,�5 !Cr# I5 K!&* S),\%5 [%� J/- �%5 .�
�# &' H
5 

��5�2+� ��2+�0�  ��2� �%�&' ��?5/,� �,.!/
&# �)�# 0� 
 Q�5�!&	&'5)SSZ(�5&@ /��5� .I5H
5 �5�2+� H,)U+  �2��� 

�%5 �*�,.!/
&#� �&n� �� �<�� �
V�' 6!^ I5 ���'
)��(%�5&@ �4	&9/�5 .H,)U+  �5/�� �5�2+� Cr#I5 K!&* 

S),\%5 �5/�� �' �Z�� Mg#  H
2,�5 I5 �<�� �
V�' I56!^ 
���' )���(!�,n@2� �4X�% H,�I �,.!/
&#0�  2L< 
_2@ 5�?��� ��/ �)S7-zP(.&'_�%5 H
5 ��5�2+� 

�,.!/
&#0�  ��2� �%�&' �.0/j �'�,.!/
&#0�  �<�j 
���'Y W
&,� !J�����&* ���)�# _&95I S'�@ ��
��� /)4� .�'
�<2. �'p
�4� J/�Y �%� �' I5� �5�2+� ��?52. 9�A�*

�,.!/
&#0�  �12+3� 6�
��	 ��H
5 Q !"# I5�<��0�  
0V�' 6!^ ���' I5T
�4-29 &
I �%2��,@5 S,7�. J/-/�5.

r!/<GS),\%5 f,*&. H,C��,��,.!/
&# �� �2<2� 0�  ��&7-89 �12+3� 0� )��I! /B�� f�j &'(_�%5 &' 0��4X�% r2�&	 ! �G�[.5
?",�*5.

Chr Chr Chr Chr Chr Chr Whr Whr Whr Whr Whr Whr ()% �2� 

Fa-38 Fa-38 Fa-38 Fa-38 Fa-38 Fa-38 Fa-32 Fa-32 Fa-32 Fa-32 Fa-32 Fa-32 ��2+� 

�]/��y/���/���/���/���/�z]/�z]/�]G/���/�zy/��y/�SiO2

�y/���/���/��]/���/��]/��z/���G/��Gz/��]/�TiO2

�y/]��/���/���/���/�� G�/�G �z/zz/]��/��/��]/���/�Al2O3

z�/]� �G/]� ��/]� yG/]� ��/�� yz/]� �y/�z zy/�G �]/�� ��/G� G�/�� z�/]� Cr2O3

�y/�� �]/�� ��/�G z�/�G �y/�y �z/�G ]�/]] �]/�� z�/Gy �z/Gz ��/Gz zy/�] FeO 

]�/�]y/�]�/���/��y/�]�/���/���/���/�G�/�]y/��/�MnO 

�]/�� �G/zz�/z��/y�y/�G G�/�� ��/�� ��/�G/]��/]��/G��/yMgO 

�G/��G/���/���G/���/�������CaO 

���������z/��]�/�ZnO 

G�/y� GG/yy �]/y� ��/yz G�/y� �y/yz ��] ��/y� ��� �G/zz ��� y��2+3� 

y�/�G y�/�G y�/�G y�/�G y�/�G y�/�G y�/�G y�/�G y�/�G y�/�G y�/�G y�/�G Si 

���/���G/��G/��]�/���G/��]/��]G/���y/���z�/��y�/�Ti 

zG/��z/�]�/���y/�y/��G/���/���/��GG/�Gz/����/�]��/�Al 

�z/�� ���/�� z�/�� ��/�� �G/y]�/�� �]/]��/]��y/�� ��/z�y/�� ���/�� Cr 

�����������0Fe+3 

��G/]y�/]�]/]Gz/]�z/��y/]��/�� Gz/�] �G]/y��/�� ��z/y��G/�Fe+2 

��]/��G]/����/���]/����/����/���]/��]�/���/��z�/���G/��y]/�Mn 

�G�/�]G/G��/Gzz/G��/]�G�/����/���/��y�/��y�/�]]G/�y��/GMg 

��z/���y/���]/����/���y/����/�����.��Ca 

�����������/�����/�Zn 

y�/�� y�/�� y�/�� y�/�� y�/�� y�/�� y�/�� y�/�� y�/�� y�/�� y�/�� y�/�� Total 

z�/�z�/�z�/�zG/���/���/���/��G/�zG/���/�z�/�z�/�Cr# 

��/�G�/���/���/�]]/���/���/���z/��y/���/���/�Gy/�Mg# 
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/L<O��J��+-M?�4�'�. ����M ()% �%�&'���* �+,- ! �%�)- �,.!/
&#0�  . . .O}� 

S7-zE�5 (�5/�� �+.5 ?2,.�� Na H��!&,#2),L� �' �Z�� Cr ?Y���,.!/
&#0�  �4-29 �&7-89 �12+3�]G�[H
5 �?Y _�%5&' �*
�,.!/
&#� ��J&4�9 a,D� �%2��,@5 �5&@ 6 e/��5� (�5�2+� Mg# �' �Z�� Cr2O3�� ,#2),L*�H�*!& �),�I0�  �,.!/
&#0�  r��,'Y !
�,.!/
&#0�  �' ��Y�2	 f,.&. �<5&� I5 �4	&9 &' ]G��G][� e/)4�  (a'5!� H,' Cr S),\% K!&* I5! �  I5 �
&4%�2	 H
2,�50�  ��
W+  

]G�[�
5�Y e�4-29 H
2,�5 ;S),\%5 )OSMA (!/�!� 6!^ ]GG[P5&,,q. �Z,*&. 05&' �,.!/
&# 0�  ��Z!r�n	&,g ]�G[�,.!/
&# �0�  �,j�� 
Q�5�!&	&'5 �%2��,@5 ]G�[?��� 5� J�5�/�5 .�,�!� H,)U+  �J�����&* �
d�2'I��  � ]Gz[�,�!� 0�  �<�j ��'Y ]���Gy [!�
d�2'I��  W
&,� 

]��[?��� J�5� J/-P e/�5 (�5�2+� Cr#  S),\%5 �' �Z�� Mg#  �H
2,�5 �,.!/
&# 0�  �,j�� Q�5�!&	&'5 ��%2��,@5 �,.!/
&# 0�  ��5&* J��@ 05
r�n	&,g]G�[!�,.!/
&# 0�  �,j�� r�,�'Y )aX_5&�5 _2��,@5 (]GG[?��� J�5� J/- /�5.

�-5�&' 
�.'_�%5&�%�&'0�  ��
5&DB0��C� ()% ���* �+,- !�

()% �,.!/
&# 0� �12+3� 6�
��	 �4,�2,	5&4�,' �,�!� I5 �
�,��! ,# !�,)�*!& �,),4��#&% ! �,4,�!&* H,)U+  !

J/- S,7�./�5 .�,�!�� [ �'S7-�
V! 05 [ �'P�2B 
J�2.05J/
� ��/�2- � �9 !J/��5�&'�� �
V0�  �*I�� I5

�,4,�!&* /)4�  .�,��!� !�,)�*!&,#� �'P�2B T
5� 

�� Q�'0�  �AL4�� ?2+)X� �4-5� !��5!5&	 �+* /��5�.
�	�' �LB5 ���12+3� �,��! !�,�!� 05 ��5� �%5!�,�!�-

�	�' 05�5� �  0�5!Y Q). /)4�  W,� .���,4,�!&*0�  
��:)� W,���	�'0�  �
V05!J�2.05J/
� ��/�2- ./ 52- 

�#27%!&7,� &C���� S��0�  EL4�� ���*� ���,.!/
&# -
0�  �12+3� /)4�  !�2<! �	�'�
�  ?2NI�' �2LZ. !��< -
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