
Arc
hive

 of
 S

ID

www.SID.ir

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

كاربرد تركيب كروميت به عنوان يك نشانگر سنگ شناختي در شناسايي خاستگاه
)جنوب استان كرمان، ايران(ي اولترامافيك ده شيخ مجموعه

2 حميد احمدي پور،٭1 سيما پيغمبري

�������  !�" #$%& ���'� (�!) #�*+�,� -�) .$/�0�1234��31356,%�7 �
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>� ," <���:چكيده �!�$%>@�� �� �'A'� B�� C�?�;'DE� C�?F!	��,%-�$, C��	�: 6�-�%�� G'�A �� HI,$ J!� #� F!	��
)6��%> 6�-�, (K<� �: �> ��,��,� �'A$ L=-�� 6,M!� $ �? .�
O�':"��? �� ���>  
,�;'DE� C�?�&P
$ %Q� ", J!� #� CC�?

�� B!��7 L=-�� K�� $� �: �-	�:/�7$�R-� %*
/<
 �: M!� �
�!D!� #�&/
� ", �> �'� .�,/�� $ #�': ",/&%
� S,'�, ", T$, K��Cr# �� 
 !: 6U8/V2 �7 W2/2W /0�� $ ��, %!X-� Al2O3 !Y�) 6U �� )8���,V/VV (��, .��,� 6�!� Z�'0 �: �> ($� K�� K!<+7 C,
#/� �[�� �/�, ", ���� K�� �:Cr# ", $ %7 ��7 Al2O3��\ /�%7 .�!�$"%� �� �!�$%>�;'DE� C�? �: �
�!D!� %Q� ", J!� #� C

�!�$%> ($� K���
O�':"��? �� �'A'� C�?��, �![� �? .�!�$� ���;'DE� �� �'A'� BQ���� C�?K<� �: �!�$%> �J!� #� CC�?
�� #/?�+� L=-���'� .�-��Q� �: T$, C�!-!�$%> �� �'A'� S,'�, �:�+� �[!>%7 %�-�� �<!��] �� �/�, J!� #� C�? C,�,� ($� C

�!�$%> �:�+� �
�!D!� ^!>%7�
O�':"��? ",/&%
� C�?/�-�? �? .�!�$%>�!-!�$%> �� �'A'� C�?  
%-+!: C,�,� J!� #� C�?
 6,M!� $ #�': ($%> �,/��Cr#6U �� ", �?23�743��, %!X-� .�!�$%>  
,#%-�& �� ��<!-�O �,�'D� �� �?�!�$%> C�'=[-� C�?

#",/& ", #/��� �,%I �-!�!�': C�?/�%!& .�!�$%>�!-!�$%> �� �'A'� C�?�!7$/
%) %-+!: $ �? �,�'D� �� J!� #� �;'DE� C�?
 �-_��  !�"TiO2�: �[�� Al2O3 wt%#%-�& �� �!7$/
%) C9�,�$%	 C`�: ��a�� C�?�� �,%I /�%!& . !�"� 
'!�, �E����� �

�!7$/
%) C,%: �> K�!b�,#/�?� 6�+� �/� �[��c� J!� #� C�? /��A �D!� T��d7 C�?��� C)C°31W ��, C°�WfW ( 
, C,%:
@�����? .%
���� 6P!�>, �&/�M
%& Z�[��c�51/�+�7 �? �!�$"%� C,%:3V/1+�!�$� C,%: ,��� ��/: �?�� �> /?�'7�� /�,

�'� #/
� 9�,�$%	 C`�: hi��� . !�" �!dI'� �S'DE� ��#��� F
 �'A$ �: �9�,�$%	 C`�: �-_���-�') ", �> C/!�>, CC
�� ���, #/� h-+� #/�$�$%	 ��'��!I,�!7$/
%) K!<+7 C,%: �[���� j!c� /�,'7�!-!�$%> $ �?/��: J!� #� �;'DE� C�?.


%,6؛ <%��6؛ "$6 ,:% 	%$�,�+�؛ <%$�!�؛,$�-%,��	! #� F�DE� CJ!';�: كليدييهاهواژ, .

مهمقد
�!7$/
%) T'Dd� ���> �!�$%>�-�'& C�?�-�') $ C, C

K�,'; K:��� �� �> /!R� %*��+� F
 6,'�; �: $ #�': ��'��!I,
@��  !!d7 C,%: ���, ($��� �&�",'? !�" j!c� $ �
,"-

@�� �-_���� �-_��� 6�:M!� C�?�'� .�
�!D!� ^!>%7
 M!� $ �+�: G$k j
,%� $ �A�� �: C��
" /] �7 �!�$%> 

��,� �*-�: @�� �: #",/& 9�>,$]�-1[.�[��Mg# 
�� �> ��,� �*-�: �
��� �: � 
'!�, �: T��d7 T�] �� K�!b�,

 ��, �-	%& Z�'0 T��d7 �6U]8-5.[�D7, �[��Cr# 
(Cr/(Cr + Al))& �_��� �� C��
" 9�� ���' �D&�� C

��'& �: ��-�,��A�� �> C,��7 6,M!� �
 �+�: G$k C�&/�
�� 6�+� ,� #�*-��_j!c� �� $ /?� !�" C�?L=-�� �-_��

∗ R=7 �T'n�� #/��
'� �%:�D� :1888W15)W1V�(�<!�$%-<�, ��) �:peighambari@pnu.ac.ir 
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�') C/D], �C%[DX!) 6,%
, ����� ���> $ ������'=: �=E� ��t

)�-+) /����6$" $ ��'��!I, 6�!� C�?9�,�$%	 C�?(� 
, 
��, Z$�R-� �[��]2�4 .[�;'DE� �� �J!� #� F!	��,%-�$, C

K�� ^!>%7 %*
/<
 �: CO'�'-!� %? �� �'A'� �!�$%> C�?
K�!b�, ^!>%7 ��,  <D� C��,'� �� ��$ �#�': Z$�R-� �: �?

/��: �-�,� ����'bD? %*
/<
 .�� �d� ��,�, �� �: �7 �'�
���%: ", #��R-�,@�� ��
,%c0 C�?*�%
$�u7 ���%: �C��

SEM ���> �D!� $#�'7 L=-�� C�? CO'�'-!� �� �!�$%> C
 !!d7 C,%: 6U �<!-�O �%:��> ���%: �: �J!� #� F!	��,%-�$,

�v�
��7 $ ���� C�D&�� ^!>%7 !�" C#� �;'DE� �-_��
B
",�%b: J!� .

 روش بررسي
���> �
�!D!� ^!>%7  !!d7 �'Q�� �:�;'DE� L=-�� C�?C

F!	��,%-�$,�w%: �J!� #� F!	�� ", �=�!0 x"�� C�?5W
��'D� $ �/�/� �!�7 6�D�U �]$%����> #�*+�,� �� �*�� C

#�*-�� �: $ #M!��-�  :%> ", �+�') �: yb�LEO1530 
�
ME7/�/� ��$%-<�, C�,�%: %
'u7 $ ��D> �D!� C.C,%:

���> ^!>%7 h!I�  !!d7���> ��? M
� �: L=-�� C�?#/�$�>%) C
��$%-<�, JEOL Superprobe 8900 O�-�$ �: kv�5 %aI $

#/� #/!:�7 '7%)nA�5 ��'� �6�D�U %-��'� #�*+�,� �� 
���%: $ �=0, %0��; /!�>, �
�!D!� C�?NiO $Cr2O3�,%I 
/�-	%& .Fe2+ $Fe3+ �[��c� �E��%u�; ^
,%z {��, %: 
/�/� .

 شناسي مجموعه ده شيخزمين
#�'7C�;'DE� ", �+�: J!� #� F!	��,%-�$, �-!7$/
%) C�?

�!]�� �-!�'!	, /�:%D> �� �> ��, 6�-�, G'�A �� �I/�R�, C
��, �!-!�$%> �����>  
/�| 6�:M!� $ #/� HI,$ 6��%> . 
,

 #/� #/�,� {%&," �I%� G'�A #���> �� /�:%D>)K<��(
]f[��!-7 �-!�'!	, /�:%D> ", �+�: $ �-	%& �,%I ���!� �$�_ 

�!�'!	, �> ��,�!�'!	, �: ,� ��,%-
/� C�? K0$ �!��D!? C�?
�� /�>]3��W .[#/!�; �: T�> F� C]��[�+�: �!]��  
, �

�!��] ",}/��� �daI �:'�A C�6�A%!�/6�*A�:�#�': 6�>�$�
�!�'!	, ", $��, #/� ,/A M
%!� C�? .�') G���]�8[ 
,

 �+�: ,� �?P�~� �!�'!	,�� M
%!� P�~� �!�'!	, ", �� �> /�,�
�[���, �-	%& �,%I {%&," �=0, ��,%7 �I%� G'�A C.

#M!�U $ J!� #� F!	��,%-�$, �;'DE� ", �6U �$�E�  !*�� C
 !�" 6$" $�  !: C��-_�� #�&/
� ��d
 �6,%
, �-_��

}/������ C�A {%&," $ 6�A%!���'& �: ��%!& ��[
%�7 �> C,
&��'_%: �� !�" #�}/��� 6$" �-_���$ T�D� �� 6�A%!�

��, �-	�
 6'D�_� G'�A �� {%&," C��-_�� 6$" .C ��a��
 C�-�,� �6U �� �> ��, ��=	 C��-_�� C,�,� ����%: ��'�

�&/�,� �=> G'�A C'� �: T�D� $ C�$�_ T�D� C'� ", �?
��, G'�A $ C%-_�: .�;'DE� ", J!� #� F!	��,%-�$, C

$ G'�A �D�K�& Z,",'� �: �=�& �: G%\ �&/�,� $ �? C�?
�;'DE� �: {%&,"9�: �� $ #/� K0$  !*�� #M!�U CC�?

�� C��!-�: C,%�'=*�> �: ���D���'& �: �/�� ��,�, �> C,
�� ,�  !*�� #M!�U #/� ��
 C,%�'=*�> ���D� 9�: �� 6,'7

 �%> #/?�+� M!�)K<��G(

و بررسي  بحث
 اري واحدهاي مجموعه ده شيخنگهاي سنگويژگي
�;'DE�@�� /],$ $� ", J!� #� CK!<+7 �=0, �����

��, �-	�
 :�(@��  
%-D�� $  
%-+!: �> F!	��,%-�$, C�?
�;'DE� 9�: $ #�,� K!<+7 ,� J!� #� C8(�
` C�?$%:�& C,

#�'7 �I%� T�D� �� �<|'> 9�: Z�'0 �: �> C
��,� 6'D�_� F!	��,%-�$, .:"��? ", %-+!: �
O�'3W/0�� 

�;'DE� �*�� C�?/],$ 6�:M!� $ #�,� K!<+7 ,� J!� #� C
��, �!��>$%!) $ �!-!�$%> ��!�$� %!Q� C%*
� .�!�$"%� �?

6'D�_� Z�'0 �:�!��] �� �E���� �7 �%� F|'> C�? C
/��,� �M�$%: #�'7 ���D� .�;'DE� �� �!�$� $� �: J!� #� C
�� #/
� �=0, K<��'�.�!�$� ,� ���� S'� C�,'� C�?

)K<�8L�,(BQ���� $ K<� ��/; �)K<�8$ G�(
�� K!<+76'D�_� Z�'0 �: �> /�?� �%-��>� /] �� �
�?

�� #/
� #�'7 �I%� T�D� 9�: �� %-+!:6U "%� $ �/�'� �: �?
�
O�':"��?��, BQ���� $ ����&�� Z�'0 �: 6�:M!� C�? .S'�

�: �!�$� ($� Z�'0�!-!�$%> 6'�,%!) �	~\�� #/?�+� �?-
�'� .�!-!�$%> �J!� #� �;'DE� ���~\ $ �? �-!�$� C�?

�� #/
� �-
O�':"��? 6�:M!� @�� �� �#,%D?/�'� .#�'7 C�?
�: ^=\, �!-!�$%>�
` �
 K<� ��/; Z�'0 �� $ /�-�? C,

#��)�&� �: ��,'� C,#/� HaI �-!�$� C�? /�,)K<�8Z.(
$%>�!-!��	�: ��[��\ �? F?%& %!Q� �
�D&�� �!�$, C�?)K<�
8�(C�,'� �#/�>,%) �)K<�8}(#�'7 $�R] �'_ �� ,� C,

#�%>/�, .�: �!��>$%!)�&� Z�'0F
,� $ �? C�?
 C�?/],$ (�D7 �: Hi��-� $ �!��>$%!)'7�, $ �!��>$%!)'�!=>

@��/��,� 6'D�_� #/� ��
 ����� .: �!�$%> ���>�Z�'0
@�� C�?/],$ %-+!: �� #/�>,%) %!Q� #�%[��� �����

�
O�':"��?�!�$"%� ��?�?�!�$� $#,%D? �: $ �-�,� �'A$ �?
#/�?� K!<+7 �=0, ���> � 
'!�,���? �!-!�$%> C.
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/=Ar�#��D� �pM!
�) ��p�� �%:��> #�*-��_ �
����� �� �-_��� @�� %*��+� F
 6,'�; �: �!�$%> ^!>%7 . . .��� 

� ,�1Lشكل��a�� �!dI'� G �6,%
, �-!�'!	, C�?/�:%D>  !: ���%: ��'� C� !�" �+�� $"�, ����� J!� #� #�'7 $ �!Y]f.[

7��$2L�, (�!�$� Gشكل �
O�':"��? $ C�,'� C�? G �J!� #� C�? (��
O�':"��? �� �!�$� ��/;�(���? ��
O�':"��? �� BQ���� C�? �!�$�
Z(�&��!-!�$%> �: Hi��-� Z�'0 �: �-!�$� C��?�(��`$/� �	�: �: �!-!�$%>}(,'� �	�: �: �!-!�$%>C�.
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�') C/D], �C%[DX!) 6,%
, ����� ���> $ ������'=: �=E� ��s

���%: %
$�u7 M!� $ �)'<�$%<!� C�?SEM �� �!�$%> 
CO'�'-!�K�� ", �>�] �L=-�� C�? �!�$%> L=-�� S,'�, $ �?
@�� ���;'DE� C�?��, J!� #� C.�
O�':"��? �� ���> ��?

 %�>,/] ��,$,%	 �: K�!b�, ($%>1K<� �: $ /0�� L=-�� C�?
�� #/
��'� .K�!b�, ���� S'�)Spl1 ( ��,� ���� �-[��)�7

%aI1%-� �=!� (�: �~��> �7 �,� K<� �~��> S,'�, ", $ #�':-
�� %!!X7 K<�/�> .$  
'!�, �!�$, C�?�'=:  !: %-+!: S'�  
,

 ^=\, $ #/� #/
�  �>$%!)'7�,C�,�%:�� K��� y�A ", �
�?
 /�-�?  �>$%!)'7�, $  �>$%!)'�!=> � 
'!�,)K<�1L�,.(


%&/,") ,�3Lشكل� K�� K�!b�, ($%>)Spl1 (�
O�':"��? ��  
'!�, C�? C�,�%:�� �:G �J!� #� C�? (($� K�� K�!b�, ($%>)Spl2 ( �:
C�,�%:���
O�':"��? ��  �>$%!)'�!=> C�? �J!� #� C�?�(�: K�!b�, ($%> ($� K�� K<�)Spl2 ( 6U 6$��  
'!�, y�A ", �
�? C�,�%:�� $

��
O�':�"��? ��Z(K�!b�, ($%> ($� K�� C�?)Spl2 (�: $ ��,� M
���~>$%!	�') �,%i, �� K<� ��
O�':"��? ��  �>$%!)'7�, C�?�(
�!�$"%� ��  �>$%!)'7�, ��~>$%!	�') �!��] ��  �>$%!)'�!=> $ K�!b�, ($%> F!-<=bD!� �;'DE� �J!� #� C�?}(��,� K�!b�, ($%> C�?

 #���)Spl1 (�!�$� ��  
'!�, C�,�%:�� �: �J!� #� C�?�(��,� ���:%\ �	�: �: K�!b�, ($%> C�?)Spl2 (�!�$� ��� �J!� #� C�? (($%> ��,�
 ��"'� �=_,� �	�: �: K�!b�,)Spl3 (�!�$� ��!� #� C�?J.
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/=Ar�#��D� �pM!
�) ��p�� �%:��> #�*-��_ �
����� �� �-_��� @�� %*��+� F
 6,'�; �: �!�$%> ^!>%7 . . .��� 

K�!b�, ($� S'�)Spl2 (�: $ #�': K<� �: �~��>Z�'0 C�?
�� %?�� �R=-���'� .6U ", ��d:#%R] �? �-�,� C�/d-� C�?

#/� %)  �>$%!)'�!=> �: �> /�,)K<�1G.(%*
� �_%:
K<��: $ BQ���� C�?  
'!�, C�? C�,�%:�� $ /��,� �=<�

MA $ /��,��K�!b�, �� G'�c� ($� K�� C�? /�'�)K<�1
�.(6,��<D? $ �*)]�1[y��E-��� G$k ", ���� ,� �	�:  
,

$%!)'7�,�� ('!�!�'�U $ ($%> ", ��\  �>/��,� .K�!b�, C�?
�� M!� ,� ($� K�� 
'!�, �: #,%D? 6,'7 "%� �� ��� K�� C�?

��~>$%!	�') �%> #/?�+�  �>$%!)'7�, C�?)K<�1Z.(
�: M!� K�!b�, �> ��, C�$U��
 �: ("`�X!7 Z�'0 C�?

� #/?�+�  �>$%!)'7�, $  �>$%!)'�!=> 6$�� �+
,/A��'�.
K�!b�, ($%>�!�$"%� �� �'A'� C�?�� ,� J!� #� C�?-

K<� �D!� �7 K<� �'_ S,'�, �: 6,'7 �,�)Spl1 (�: S,'�, M!� $-
K<�)Spl2 (�%> B!��7 .K�!b�, ($%> ($� K�� C�?)Spl2 (

 
'!�, {�D7 Kc� �� �
  �>$%!)'�!=> ���> �� �̀ 'Dd�–
�~>$%!	�') �,%i, �� $  �>$%!)'�!=>� �>$%!)'7�, C�?

�� #/
�/�'� .��'& K�!b�, ($%> ", %*
� C,)Spl3(Z�'0 �: �
F!-<=bD!� �	�:)symplectic(� �>$%!)'�!=> �: #,%D? 

�� #/
�  �>$%!)'7�, 6$��/�'� )K<�1�.(6U�;'DE� �?-
�!��] �� �=<� �-!<!�%!� C�?��~>$%!	�') CC�?

, �: Z�$�E� �� $  �>$%!)'7�,#�,� K!<+7  
'!��: �/�, C�'i
�: K�!b�, ($%> ���U �� �>�_�� Z�'0  
'!�, �D� �: C,

��, �-	�
 w%-�&.
���> ", K�!b�, ($%>�!�$� �;%	 C�?�: $ #�': �? Z�'0

K<�K<� �D!� �7 �,���,�  !: �,���, #/�>,%)  
'!�, C�? .
%
$�u7 ���%:SEM�!�$� �� �> ��, 6U ", �>�] �?C

�	�: �: K�!b�, ($%> K<� �� �BQ���� Z$�R-� �=_,� C�?
��,� �'A$ :K�!b�, ($%> ����� K<� ,� C�,� K<� C�?
�� K!<+7 �� $ #�': #��� ��=_,� ��-_�� %Q� ", �> /?�
�!�$� %-+!:�� #/
� �? �'�)K<�1}.(C�,�%:�� ", �
�?

K�!b�, ($%>  
, ��  !-��)%� $  
'!�, y�A
� �?�� #//�'� .
�: �($� K<���,� ���:%\ �	�: $ #�': K<� )K<�1�.(
%
$�u7 ���%:SEM�� 6�+� �<� �>/?�  ?U �,/�� �: �
�?

K�!b�, ($%>  
, �� `�:�� %Q� �: �> /��,� �'A$ �? ���� /��
/���: ����%&� ", .K�!b�, ($%> ('� K<� �> /�-�? �
�?

9�:6U ", �
�?#/� 6��%&� �?K<� $6"'� Z�'0 �: �
�?

6U ��#/�U �'A': �?/�, .��"'�  
,�: �? K:�I 6�': M
� K!��
/�-�!� ��$%-<�, %*�$�>M
� �: �
ME7 .�!-!�$%> �� C�?

�;'DE��: �!�$%> �J!� #� C�: �7 K<� �'_ Z�'0 $ K<�
�:�� #/
� �
`'�'>'7�$, �7 �
`'�'>�, �
 �-��[�, "�	 Z�'0-

�'�.

ي اولترامافيك ده شيخمي كروميت هاي مجموعهشي

�
ME7 �
�-��!�$%> ", �_%: �
�!D!� C�� �'A'� C�?
@�� C�?/],$T$/A �� L=-�� ����� C�?�$8#��$U 

#/�/�, .���%: {��, %:�
ME7 $ �)'<�$%<!� C�? C
�!�$%> ��
�!D!��
O�':"��? �� �'A'� C�?�;'DE� C�? C
'� $� �: J!� #��� B!��7 S/�'� .K��� �> ���� S'�

�!�$%> /�",/&%
� C�?)Spl1 ( C$�]Cr#)Cr/Cr + Al (
)8/V2 �7 W2/2W(�TiO2)%�>,/]8/W��"$ /0�� ($ %7`�:

Al2O3)8���,V/VV��"$ /0�� ($Mg#)Mg/Mg+Fe2(
)2/V4 �7 2f( !Y�)K�!b�, ($%> �: �[�� C%7($� K�� C�?-
/�, .#�,�] C�?�a�� �
ME7 ", K0�  
, �!��] �7 M>%� ", C,

 �,/�� ����'� %!!X7 ", 6�+� �K�!b�, ($%> ", K��Al2O3", 
��,� �!��] �D� �: M>%� .�:%*
� S,'�, �: ��
��� �� �=> �'i

��,%> �K�!b�, ($%>6U C�? ", �?Al2O3$Mg# ", �#�': ��\ 
�,/�� %Q�Cr# $TiO2��7 !>%7 %Q� ", $ �%7 �: ��
�!D!� ^

�![� ��!�: �!�$%> ($� K�� ^!>%7/�, .�!�$%> ($� K��
�
O�':"��? �� �'A'� �?)Spl2 (K�!b�, K���  !: M
� C�?

��,� C,�,� �
�!D!� ^!>%7 ��c� ", �> ��, C,Cr# %7  !Y�) 
)V4/88 �7 24/5� ($Al2O3)82�7f/V5��"$ /0�� (C%7`�:

K�!b�, ($%> �: �[�� C�?��, ���� K�� .Mg# $TiO2

", ^!7%7 �: S'�  
, ��V/5W �7 �f/24 $W8/W�7�5/W/0�� 
�: #�': %!X-� ��"$ 6,M!� �> C�'iTiO2 !
�) K��  
, �� %7
��, T$, K�� ", .�:�+� 6,M!� $ �[!>%7 �?�[�Al2O3�� 

�!��]K�!b�, ($%> C�?K�!b�, ($%> $ T$, K�� C�? M
� C�?
K�� ��,��� ,� ($� 9�>,$ �%<=D; �: 6,'7#",/& C�?–@��
�,� �[�� .K�!b�, ($%>�
O�':"��? �� �'A'� C�? #�&/
� ", �?

 y�'!-�, C/�: #�� {��, %: $ �
�!D!� ^!>%7]�V[�� �
#%-�& �7 K�!b�, ($%> CAl ��!�$%>)�!7'<!) (�� �,%I-
/�%!&)K<�V.(�'& G$k /�
,%	 �: ��[!>%7 /�$�  !�| $ �-

9�>,$ �
#",/& �=c� C�?��� #�,� �[�� @�� /�'�]2.[
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�') C/D], �C%[DX!) 6,%
, ����� ���> $ ������'=: �=E� �r�

�&P
$ %Q� ", �!�$%> ", K�� �� ��-	�: $ �)'<�$%<!� C�?
�!�$"%� �� %Q� ", ��=> �'i �: �> /��,� �'�] J!� #� C�?

 �� K�!b�, ($%> ($� K�� ^!>%7 �:�+� ��
�!D!� ^!>%7
�
O�':"��?#�� {��, %: $ /�-�? �?�, C/�: y�'!-]�V[�� �

#%-�& �MA Z�/� �: $ K�!b�, ($%> CAl ��!�$%> �,%I �?��-

/�%!&)K<�V.(K�!b�, ($%>  
, 6,M!� �?Cr# !Y�) %7)�2
�7V/14 ($Mg# C%7`�: )5f�75/4� (�'A'� S,'�, �: �[��

�
O�':"��? ���?/��,� .K�!b�, ($%>  
, �� �,/�� ��?TiO2

 !Y�) %7)W8/W�7�1/W($Al2O3C%7`�: )1/1f �7 1/52 (
�
O�':"��? �� �'A'� S,'�, �: �[��/��,� �'A$ �? .

�1Kجدول!b�, ($%> �
�!D!� ^!>%7 �
O�':"��? �� �'A'� C�? �?)Hz (�!�$"%� $C�?)Lhr (�;'DE�#� CJ!�)�:K�� �����8:($� K��.(
Sample DJ5 DJ5 DJ5 F0 D10 D10 T3 D5 D5 D5 D10 DJ5 DB5 H22 H22 DD10 DH10

Lithology Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Lhr Lhr Lhr Lhr Lhr 

1 1 1 1 1 1 1 1 1 1 2 2 1 1 1 2 2

core mid rim mid rim core mid rim 

SiO2 W8/W W8/W W W1/W W W1/W W1/W W W5/W W W8f/W W�/W W5/W W W WV/W W

TiO2 W3/W �8/W W2/W 8/W W2/W �8/W 8�/W Wf/W WV/W Wf/W �1�/W W1/W W3/W W4/W Wf/W WV/W W�/W

Al2O3 5/8f W3/8f V3/83 1�/8W 51/82 V/84 V1/81 V4/14 38.14 24/13 21/1� ��/18 28/1f 43/V1 Wf/V� 31/58 32/5W

Cr2O3 1V/13 W2/13 f/14 28/V2 41/V� 4�/VW V1/VV V3/1W 1V/1W V/8f 12 W3/1V 88/83 W8/8V 4f/82 f8/�V 35/�4

Fe2O3 V1/8 W8/1 8V/1 52/1 V1/1 25/8 18/1 15/8 �4/8 W4/8 81/8 W8/1 32/� 45/� Wf/8 W VV/W

FeO 1f/�4 W8/�4 3/�2 �f/�3 15/�2 42/�2 �5/�f 31/�V 11/�5 8�/�5 22/�4 V1/�4 1f/�2 88/�V 3W/�1 5f/�1 14/�1

MnO 1V/W 8V/W 8f/W V8/W 8f/W 83/W 15/W 1/W 8f/W �2/W 8f/W 83/W 8�/W �3/W 8/W �5/W �2/W

MgO V3/�8 2f/�8 38/�8 51/�W �5/�1 ff/�8 45/�� W8/�5 31/�V �3/�5 4�/�8 53/�8 12/�V ��/�2 W1/�2 �f/�4 VV/�4

CaO W W�/W W W W W W W�/W W8/W W W W W W W�/W W�/W W

NiO W8/W 8/W 8V/W Wf/W W4/W �f/W 8V/W 88/W �5/W 8�/W �8/W ��/W 8/W 84/W 85/W 13/W 1V/W

Total 2/�WW 8/�WW 4/�WW f/�WW 5/�W� f/�WW 2/�W� 2V/�WW W2/�W� 44/�WW 23/�WW 54/33 f/�WW �/�WW �/�WW 41/3f 1/�WW

Cations (Structural formula on the basis of 4 oxygene) 

Si W W W W W W W W W W W W W W W W W

Ti W W W W W W W W W W W W W W W W W

Al W�/� � W1/� 45/W 31/W 34/W fV/W 82/� 84/� 18/� �W/� �1/� 83/� V1/� 12/� 2f/� 2�/�

Cr 31/W 31/W f3/W �5/� 33/W 34/W W4/� 23/W 2f/W 21/W fV/W f/W 22/W 51/W 53/W 18/W 1f/W

Fe3 W5/W W4/W W4/W Wf/W Wf/W W2/W Wf/W W5/W W5/W WV/W W5/W W4/W WV/W WV/W WV/W W W�/W

Fe2 VV/W V1/W V8/W 5/W V�/W V8/W V2/W 12/W 12/W 12/W VV/W V1/W 13/W 11/W 11/W 1�/W 1W/W

Mn W�/W W�/W W�/W W�/W W�/W W�/W W�/W W�/W W�/W W W�/W W�/W W�/W W W W W

Mg 52/W 54/W 54/W V3/W 53/W 5f/W 51/W 2V/W 21/W 2V/W 52/W 52/W 2�/W 24/W 24/W 23/W 4/W

Ca W W W W W W W W W W W W W W W W W

Ni W W W�/W W W W W�/W W�/W W W W W W W�/W W�/W W�/W W.�

tot. cat. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Cr# Wf/Vf 82/Vf 81/V2 21/2W 1V/5� 38/V3 33/53 1�/15 31/V1 VV/18 83/V1 53/V� 24/11 3W/82 V1/1W f�/�5 ��/�3
Mg# �2/52 WV/54 2f/54 V2/V3 38/5f f/54 5f/51 8/2V V5/21 W1/2V �f/52 84/52 3f/2W f3/22 8f/24 8f/23 31/23
Y Al 5/W 5/W 58/W 1f/W V4/W V3/W V8/W 21/W 2V/W 22/W 55/W 52/W 25/W 48/W 2f/WfV/W f�/W

(FeO/MgO)Liq V4/� V/� 13/� 22/� 85/� 1V/� Vf/� 8/� 85/� 85/� 5V/� 55/� V�/W �4/� ��/� 88/� �1/�
Al2O3 liq 35/�5 f2/�5 �f/�2 f4/�1 V3/�5 23/�5 4�/�V f2/�4 35/�4 83/�f 25/�2 45/�2 W3/�f W5/�3 55/�f 2W/8W 8f/8W
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/=Ar�#��D� �pM!
�) ��p�� �%:��> #�*-��_ �
����� �� �-_��� @�� %*��+� F
 6,'�; �: �!�$%> ^!>%7 . . .�r� 

�A'� K'� �� �$�!�2جدول!b�, ($%> �
�!D!� ^!>%7 BQ���� C�?)Dun�:����� K��8:($� K�� (�!-!�$%> $)Chr.( 
Sample DD5 DD5 DD5 DD5 H17 H17 M4-1 M2-3 2,3 4 M5-1 F5 M5-3 

Lithology Dun Dun Dun Dun Dun Dun Chr Chr Chr Chr Chr Chr Chr 
Type 1 1 1 1 2 2

SiO2 W81/W W�W/W W54/W 515/W W�3/W W�1/W WV/W W1/W W�/W W W8/W W5/W W
TiO2 8VV/W 854/W 141/W 1V/W 8W3/W �25/W 8V/W �f/W 18/W 8V/W 8�/W �f/W �4/W

Al2O3 W4/82 8�/82 52/8V f4/81 f�/�W f�/�W 3f/�1 f1/�1 2W/�3 3W/�2 83/�W 58/�8 V�/�1 
Cr2O3 �5/VW 18/13 8f/VW 42/VW 42/58 54/5� �f/5f 3V/55 1V/V4 W4/51 V5/53 V1/55 5W/5V 
Fe2O3 V5/V 84/V 3V/5 35/V WW/4 �W/f W f5/8 45/1 WV/1 f5/8 31/1 V2/V

FeO �W/�f 2V/�f V2/�f 58/�3 15/8� fW/8� fW/�V 15/�V 8f/�4 fW/�1 f�/�1 WW/�4 �V/�5 
MnO 11/W 85/W 1�/W 13/W V8/W VV/W 83/W 8f/W 15/W 8f/W 11/W 1f/W 1�/W
MgO W�/�8 5V/�� f�/�� 1f/�� W5/f 4W/4 11/�8 W1/�1 23/�� f4/�1 f2/�8 �1/�� 1f/�8 
CaO W W W8/W W1/W W W8/W W W W W W8/W W W
NiO W2/W Wf/W �/W W3/W W2/W W4/W W4/W �4/W �V/W �8/W �4/W WV/W �4/W
Total 1f/�W� V3/�WW 4f/�W� 45/�W� 28/�WW 2W/�WW f5/33 5/�WW 1/�WW 8/�W� f�/33 2/�WW V/�WW 
Cations (Structural formula on the basis of 4 oxygene) 

Si W W W W�/W W W W W W W W W W
Ti WW2/W WW2/W WW3/W WWf/W WW5/W WWV/W W�/W W W�/W W�/W W�/W W W
Al 31/W 3V/W ff/W f2/W V8/W V8/W 51/W 58/W 48/W 28/W 13/W Vf/W 5�/W
Cr 32/W 35/W 32/W 3f/W 13/� 12/� V4/� VW/� �4/� 1/� 51/� V8/� 1f/�
Fe3 �W/W W3f/W �V/W ��/W �4/W 8W/W W W4/W W3/W W4/W W4/W �/W ��/W
Fe2 V5/W V4/W V2/W V3/W 53/W 2W/W V/W 1f/W V5/W 12/W 14/W V2/W V�/W
Mn WWf/W WW2/W WWf/W W�W/W W�8/W W�8/W W�/W W�/W W�/W W�/W W�/W W�/W W�/W
Mg 5V/W 58/W 51/W 5�/W V/W 1f/W 53/W 28/W 55/W 2V/W 28/W 5V/W 53/W
Ca W W WW�/W WW�/W W WW�/W W W W W W W W
Ni WW�/W WW8/W WW1/W WW8/W WW8/W WW8/W W W W W W W W

tot. cat. 1 1 1 1 1 1 1 1 1 1 1 1 1
Cr# �f/5V �2/5W 1f/58 13/51 2W/42 �3/42 21/41 W4/41 fV/2� f�/24 V3/43 f�/4V �2/41 
Mg# �f/5V V2/58 8f/51 35/5W �3/VW 21/1f 42/53 f8/2� 24/5V �f/2V V�/28 f5/51 1�/53 
Y Al V2/W V4/W VV/W V1/W 8�/W 8�/W 82/W 82/W 12/W 1�/W 8/W 8V/W 85/W

(FeO/MgO)Liq 5W/� 28/� 5W/� 25/� 34/� Wf/8 33/W f3/W 11/� f5/W f�/W 8W/� 34/W
Al2O3 liq 14/�5 VW/�5 �5 f8/�V 2f/�W 2f/�W ff/�� f1/�� 24/�1 f5/�8 V4/�W 15/�� 2f/�� 

�4Kشكل!b�, �!dI'� �!�$%> $ �? �;'DE� C�? �� �,�'D� �� J!� #� C�
�7Cr �Fe3+ $Al]�V.[M�!� C/d: C�?�,�'D� �� BY~;  
, �:�+�
#/� #�%:��> �:/�,.
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�') C/D], �C%[DX!) 6,%
, ����� ���> $ ������'=: �=E� �rr

�� �
�!D!� ^!>%7 %Q� ",�!�$%> 6,'7 �� �'A'� C�?
�!�$��%> B!��7 B�� #$%& $� �: ,� BQ���� C�? .�
 T$, �-�� 
�!�$%>#��� C�? #�': ($%> ", ��\ �C)4V�43=Cr# ( $
K���Al2O3f2/f�743/�1 �/0�� Mg# 82�72/1f $
TiO2�2/W�714/W��, /0�� .^!>%7 %Q� ", #$%&  
,

�!�$%> ^!>%7 �:�+� ��
�!D!� �!-!�$%> ��/d� %Y�_k C�?
��, .�-���!�$%> ", ($� C^!>%7 %Q� ", ��'A'� C�?
!D!��
O�':"��? �� �!�$%> ���� K�� �:�+� ��
� ����?

 �> C, ��'& �:Cr#6U �� ", �?f/5W �7 1/51 �Al2O3", f/81 
�78/82 �/0�� Mg# ", 5W�75V$TiO2", 8/W�71/W/0�� 

��, %!!X7 �� .�,/��TiO2�!�$%> ", ($� �-�� �� �[�� �?
#�': %7`�: �
O�':"��? �� �'A'� S,'�, �:�!-!�$%> �: $�?

��, F
�M� .6�': `�:Cr#6U �� ��� �'_ �? %: C/?�� /�,'7
 �: ���� C�?�D&��Mg##",/& /���� �`�: /��: �-!�!�': C�?

]�5��2 .[#�� {��, %: y�'!-�, C/�:]�V[�!�$%> �C�?
�!�$� �� �'A'��� �,%I ($%> ", ��\ 9�: �� �? /�%!&

)K<�V.(
�&P
$ ",� C�?�!�$%> w$�!-!�$%> �� �'A'� C�? C�?

�;'DE��� J!� #� C6,M!� 6�': `�: �: 6,'7Cr2O3 !Y�) $
�,/�� 6�':Al2O3�%> #���, .6,M!�Cr#�!�$%>  
, �� �?
", $ �`�:23�743�� %!!X7 ���] �� /�> �,/�� �>Al2O3

�!�$%> �: �[�� !Y�) �%*
� C�? ", $ #�': %7�W�7�2/0�� 
�� %!!X7/�> .�!�$%>  
, �� �?Mg# ", $ #�': `�: 5W�748

/�> �� %!!X7 .�!�$%>�!-!�$%> �� �'A'� C�? %Q� ", ��?
 �,/��TiO2�!7$/
%) ", %7 ��\ ", 6U �,/�� $ #�': �?�1/W�7
15/W��, %!!X7 �� ��"$ /0�� .�&P
$ ",�!�$%> C�? C�?

�!-!�$%> �� �'A'�$� ��?6U C,ME� �[!>%7 /� �: �[�� �?
�!7$/
%) �� �'A'� S,'�,���? .#�� {��, %: y�'!-�, C/�:

]�V[��'D� �#%-�& �� �-!-!�$%> C�?Al��� �,%I �!�$%>-
/�%!&)K<�V.(

K<� ", �> �<���|�?C5)G $ L�, (C�?/�$� ���,/!)
K�!b�, ($%>  !: �� �7$�R-� �[!>%7 �� �'A'� C�?

':"��?�
O��!�$"%� $ �?�!�$%> $ �?�!�$� �� �'A'� C�?-
�!-!�$%> $ BQ���� C�?�� �> ��,� �'A$ �? 6�+� /�,'7

#/�?�#/�?� K!<+7 Z$�R-� C�?/�
,%	 C/��: S,'�,  
, C.��
�,�'D�Mg# �: �[�� Cr# ]4�2��4�8V[)K<�2(��'D� �-

#%-�& �� �-!�$"%� $ �-
O�':"��? C�?�!7$/
%) Ch!D; C�?
�!7$/
%) �7�!7$/
%) �> {'I C'=A C�? #/� ��7 C�?
�� G'�c��� HI,$ �/�'����] �� /�'��!�$%> �> C�?

�!�$� �� �'A'��!-!�$%> $ BQ���� C�? �� ��,�'D�  
, �� �?
#%-�&#",/& C�� �,%I 6U �: F
�M� �
 �-!�!�': C/�%!& .($%>
K�!b�, �-�'!) C/�$� �'A'� C�?#%-�& ",�!7$/
%) CC�?

 #/� ��7)�!7$/
%){'I C'=A �7 T��!:U C�? (#%-�& �7
#",/&�� 6�+� ,� �-!�!�': C�?�� �'_  
, �> /�?� /�,'7

#/�?� 6�+�#",/& 9�>,$ C�!7$/
%) �: �-!�!�': C�? C�?
/��: J!� #� #/� ��7.

 !�"� 
'!�, �E����� �6,M!� {��, %: �> K�!b�, 
Al2O36,$ j�'7 $ #�': "�	 $�  
, �� ]85[�A�� #/� C/�:

 C�?��� ���,C°31W ��, C°�WfW�!7$/
%) C,%: ,� #� C�?
�� ��/: J!�/?�.�� 6P!�>, �&/�M
%& 6,M!� �c7 /�,'7

 �&�'�U $ �'=[7 6�<� $ �!dI'� �=DA ", �R=-�� K�,'; %!��7
�=!�$ �: �-�'&�-�') �,'� C%&� �i #/!�>, C, C����

�-�'& C,]82[�%!*: �,%I .�[��c� C,%: 6P!�>, �&/�M
%& C
)∆logƒO2(QFM) ( !�" ",�$ {$�? T�: �E����� 

6,��<D?]82[����d7 �[�� �,/�� ", 6U �� �> /� #��R-�,
Fe2+/Fe3+ {��, %: K�!b�, $  �>$%!)'7�, � 
'!�,  !: 

9�>,$6Fe2SiO4 + O2 = 3Fe2Si2O6 + 2Fe3O4�R-�, #�
/� .�: C,%: {��, %: �6P!�>, �&/�M
%& 6,M!� 6��$U ���

���%: {%!) $ 6'��!>��) C�?]8W[{'�'>�U $ 6'��!>��) $
]84[��+	 �GPa �/� �-	%& ��> �: .�[��c� C,%: C

@�� �� 6P!�>, �&/�M
%&�-�'& C�?�;'DE� C, �J!� #� C
 
'!�, ������ ",�,$ K�!b�, 6,��<D? $ 6]85[/� #��R-�, .

#",/�, $ Z�[��c� �: �-�:,$ �
�-� �� 6P!�>, �&/�M
%& C%!&
 T$/A1#/� #��$U /�, .�� �Q]~� �<���| �&/�M
%& �'�

�!7$/
%) 6P!�>,�;'DE� C�? ", J!� #� C51/�+��
�!�$"%� �7 �?3V/1+�!�$� ����, %!X-� �? .$ 6'��!>��)
 {%!)]8W[M
%& ��!�$� 6P!�>, �&/�@�� ", %7`�: ,� �? C�?
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/=Ar�#��D� �pM!
�) ��p�� �%:��> #�*-��_ �
����� �� �-_��� @�� %*��+� F
 6,'�; �: �!�$%> ^!>%7 . . .�rp 

�;'DE� %*
��� �-!7$/
%) C�?�: Z�[��c� �: �> /��,� ���
��,� ��,'�D? J!� #� �;'DE� ", #/�U.

دهنده تعيين تركيب شيميايي ماگماي مادر تشكيل

هاكروميتيت

C�D&�� �
�!D!� ^!>%7  !!d7 C,%: �!�$%> �
�!D!� ^!>%7
 �%:��> ������,� .���%: �> ��,  
, ", �>�] �:%E7 C�?

 6,M!�Al2O3�[�� $FeO/MgO�!�$%> �� �: �D!�-�� �?
#",/& ^!>%7�-�:,$ ���� C�
�!D!� ^!>%7 /�|%? �/�,
�!-!�$%>�� �? /�> %!!X7  
'!�, �: T��d7 %�, �� /�,'7

]��8�8f .[�� �d� �E�
, �� 6,M!� ", #��R-�, �: �7 �'�Al2O3

$FeO/MgO�!�$%> �� �!-!�$%> �� �'A'� C�? ^!>%7 ��?
@��  
, ���� C�D&�� �
�!D!��%>  !!d7 ,� �? .

5Gشكل $ L�, �@�� L=-�� C�?/],$ �� K�!b�, �[!>%7 Z,%!!X7 �;'DE� ������
O�':"��? �=DA ", J!� #� C�!�$"%� ��?�!�$� ��? $ �?
�!-!�$%>�?.

�,�'D�Mg# �: �[�� Cr#K�L�(,6شكل!b�, ($%> C,%: �!7$/
%) T��!:U #�$/c� �J!� #� �;'DE� L=-�� C�?/],$ L=-�� C�? K�� �: �?
 �': $ F
� ", ]2[C,�U $]4[#%-�& $�!7$/
%) Cy�!>$�? $ %�'=: ", K�� �: {'I C'=A C�?]�4[%+!	 $ %�'=: �]�f[6,��<D? $ �+
, �

]�3[�!>��) ${%!) $ 6'�]8W[#%-�& $�!�!�': C'�!�'
 ", �?]8�[T,$ �� 6,$ �]88[6$%��> �]81[�<�'�'!�,� $ '�':'� �]8V[/��: �� .
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�') C/D], �C%[DX!) 6,%
, ����� ���> $ ������'=: �=E� �r�


/$7!�3جدول%) C,%: #/� �[��c� C��� $ 6P!�>, �&/�M
%& !� #� �;'DE� C�?J.
Rock types sample spinel type Olivine type Ycr Spinel Al2O3 Olivine Al2O3 Temp (°C) ∆log(ƒO2)FMQSpinel TiO2Spinel Fe3#

Harzburgite F0 � � 5f/W V5/8� W��/W 33W 45/8+ 8WV/W WV3/W

Dj5 8 8 V8/W ��/18 W��/W 352 43/8+ W83/W W1V/W

DO1 � � V4/W �5/83 WW3/W 315 f2/8+ �V2/W W1V/W

Lherzolites DD10 � � �2/W 5V/51 W�5/W 328 5V/�+ W85/W WWf/W

DH10 8 8 84/W 2f/V� W84/W �W4V W�3/W W

DH10 � � 81/W 8V/V2 W��/W 31� f4/8+ Wf4/W W�5/W

Dunites DD5 � � 4W/W 43/�1 W��/W �WVW �3/1+ 888/W W42/W

H17 � � 42/W f�/�W W�8/W �WfV 3V/1+ �2V/W �W8/W

6,M!� �> �E�U ",Al2O3�!�$%> �� #",/& ^!>%7 �: �? C
�� %: ����6��'� $ �'=[7 %�, �� �,/��  
, $ ��%& %!!X7 ��� C�?

�D��� ,�� �/�> ��'� ���� C�D&�� ^!>%7  !!d7 C,%: /�,'7
�%!& �,%I #��R-�,]2�83�11[. 
'!�, �'A$ ", ��\ C�?Mg �

�!�$%> ($%> ", ��\ C�?)43Cr#~ ( $Al2O3/] �� )���
�2 ($%> ���!-!�#",/& ^!>%7 %*��!: �J!� #� �;'DE� C�?-

j!c� �� �-!�!�': C�? 9�,�$%	 6$" C�?]1V[6�+� $ ��,
#/�?�#",/& C�!-!�$%> C,%: �-!�!�': C��, J!� #� C�? .
�,/��Al2O3#",/& �� �'A'� �!�$, �!-!�$%> ���� C,� �?
�� T�'� $ T�'� T'�%	 ", #��R-�, �: 6,'7]15[0 �: %
" Z�'

�%> �[��c�:
Al2O3wt%chromite = 0.035 (Al2O3)2.42wt%liquid 

#�,� 6�%:��> �: �:�!-!�$%> �: �-�:,$ C�? #� �;'DE� C�?
����d� �� J!� �,/�� �`�: CAl2O3#",/& K!<+7 �!�$, C

#/�?�@��  
, C�$/] �� �?V4/�W ��, �4/�8�:�� ���-
/
U .: �-�:,$ %7`�: %
�����!-!�$%> ��!�$� $ �? �!�$%> C�?
 �,�)f5/�8 �7 24/�1 (��, .��
��� %
���� CAl2O3�: ���

�!-!�$%> ", #/�U  
'!�, �� /!�>,  
, %
���� �: J!� #� C�?
�!�!�': �?)8/����W(�!�!�': $�-
"/�U C�?)1V/�1�2/�� (

]12[#/�?� 6�+�6U F
�M� ��!�: �?�[� C%*
/<
 �: �?
�,�.

�[��FeO/MgO �[�� �: M!� G,�� FeO/MgO�!�$%> �?
T�'� T'�%	 ", #��R-�, �: $]15[�:�� ���/
U:

Ln{FeO/MgO}spinel = {0.47-1.07YAlspinel + 
0.64YFe3spinel + ln(FeO/MgO)melt} 

�> C�'i �::
YAlspinel = Al/(Al + Cr + Fe3), YFe3spinel = 
Fe3+/(Al + Cr + Fe3+)


,�!-!�$%> ���� C�D&�� C,%: �[��  J!� #� C�?33/W�7
8/��!�$%> C,%: $�!�$� �� #/�>,%) C�? �?44/W�7f5/W�:-

��, #/�U ��� .�!�!�':  
'!�, �� �[��  
, �,/�� �?2/W�
1/W�!�!�': �� $�-
"/�U C�?�5/��24/W#�': ]12[�:�+� $

�!-!�$%> ���� C�D&�� ^!>%7'DE� C�?��, J!� #� �; .
�� ,� �-!�!�': C�D&�� ^!>%7  
,%:��:�: 6,'7#",/& 6,'�; C

�!-!�$%> �����	%& %Q� �� J!� #� C�?.
�: K�!b�, ($%> �
�!D!� ^!>%7 {��] %*��+� F
 6,'�;

 !�" j!c� $ M�O$%-) C,%: �-	%& %Q� �� 6�:M!� @�� �-_��
 �'� ��]��2�11�14�1f .[M!�  
, %: #$~; 6,Cr# �!�$%> 

�:j!c� �_�� 6,'�; !�" C�? #/� �-_��� M!� �-_��
 ��,]13.[���%: %:��: 6,��<D? $ �<-����> C�?]11[�
�!�$%>  !Y�) 6,M!� �: C�?Cr# $Al2O3%
���� $ `�: 
#�%-�& CTiO2K�!b�, ��� 6�+� ,� �
�? F
 ", �> /�?�
#",/& ^!>%7 �: CMORB#/� �'=[-� �/�,���] �� �>

�!�$%> C`�: 6,M!� �: C�?Cr##",/& ", �'=[7 %*��+� ��: �
�?
 �-_��  !�" j!c� ", �>�] �'_ �> ��, �!�!�': ^!>%7

��, �+�,�$%	 /�| .�!�$%> �hi���  
, �� 6,M!� C,�,� �?
 ", ��!Y�)Al2O3$TiO2/�-�? .�,/��Cr#K�!b�, C�?

�!7$/
%) �� �'A'�!I, h!D; C�? ��'���W�75W]2[$
�!7$/
%) 9�,�$%	 6$" C�?1f�7fW]�3�8W�VW [��, .
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/=Ar�#��D� �pM!
�) ��p�� �%:��> #�*-��_ �
����� �� �-_��� @�� %*��+� F
 6,'�; �: �!�$%> ^!>%7 . . .�r� 

C`�: �,/��Cr#K�!b�, �� �!7$/
%) C�? /�| 6$" C�?
�!7$/
%)  
, �� �+�: �_,/& C`�: 6,M!� �: ,� �+�,�$%	 �?

�!7$/
%) �: �[���� ��'��!I, h!D; C�? /��,�]4�V� .[
 6,M!� �/� �-R& �<���|Cr#K�!b�, ($%> �� K�� C�?

�
O�':"��? �� �'A'� ���� ", �J!� #� �;'DE� C�?V2�7
2W�!7$/
%) �: $ #�': %!X-� F
�M� �+�,�$%	 /�| 6$" C�?

K�!b�, ($%> �� 6,M!�  
, �> ���] �� ���, �� �'A'� C�?
�!�$"%� !Y�) �?�!7$/
%) �: $ #�': %7��, F
�M� h!D; C�? .

�� �> /�|%?j!c� ", �_%: /�| �
 {'I �: �-�:,$ C�?
�!�$"%� M!� �+�,�$%	6U ($%> �/; �> ��,� �'A$ �
�? �?

�!7$/
%) �: �:�+����%: �: �A'7 �: ��$ ��, ��'��!I, C�?-
Z'[��7 $ �D��I /���� ��a��  
, �� #/� (�E�, C�?]V8[�

���!7$/
%) 6,'7�-�'& ", �YMA ,� J!� #� �;'DE� C�?C
�-+) %
" �> �	%& %Q� �� ��'��!I, w%-�& T�] �� C�?

��, �-	%& �,%I 9�,�$%	 j
,%� �� yb� .�,�'D� �%:��> �:
Al2O3�: �[�� TiO2)K<�4(�!�$%> ��� �'A'� C�? 

�!-!�$%>�!�$� $ �?#",/�, �7 ��?#%-�& C,�!�$%> C6$" C�?
�� T�X�, ,� 9�,�$%	/�> .�,�'D�  
, ��($%> K�!b�, C�?

�
O�':"��? �� �'A'��!�$"%� $ �?#%-�& �� �J!� #� C�? C
�!7$/
%)  !: x%-+� $ 9�,�$%	 6$" C�?MORB�� �,%I -

/�%!& .�: %
���� 6P!�>, �&/�M
%& C,%: #/�U ���
∆log(ƒO2) FMQ �!7$/
%) ���;'DE� C�? J!� #� C

����%&� $ �_,/& $ G$k �i 9
��>, 9
,M	, %*��+� C/d: C
��, .�� %Q� �: ^!7%7  
/: F
 �
 C����%&�  
, �> /��
#",/&#��� ", ��\ C#/�U �'A': C/!�>, j
,%� �� �,/:U C

K!<+7 C,%: ^���� �a!c� 9�,�$%	 j!c� �> �E�U ", $ /��:
#��� ,� 9�,�$%	 6$" C`�: j!c� 6,'7 �� ���, �,/:U C�?

�	%& %Q� �� ��a��  
, C,%:.
#$~;���%: {��,%: /� �-R& �<���|  
, %: C�?

#",/& ^!>%7 ��
�!D!�'YO#/�?� K!<+7 C�!-!�$%> CC�?
#",/& �: J!� #� �;'DE�#'& $ #�': F
�M� �-!�!�': C�? C

�-�'&TU #/
, ", �<
 9�,�$%	 6$" C`�: �� C,6�<�  
%7 �?
#",/& K!<+7 C,%:9�,�$%	 j!c� ,�� ���, �-!�!�': C�? ,� 

���!-!�$%> K!<+7 C,%: 6,'7�;'DE� C�? J!� #� C
�%> ����+!).

�7Z,%!!X7 TiO2(wt%) �: �[�� Al2O3(wt%)Kشكل!b�, ($%> �� @�� �� �'A'� C�?6U �!dI'� $ J!� #� �;'DE� L=-�� C�? �?
j!c� �: �[�� !�" C�?L=-�� �-_�� .#%-�& !�" C�?, K�� �: L=-�� �-_�� 6,��<D? $ �<-����> "]11[��, .�� #/?�+� �<���| �'�

�!-!�$%>#%-�& �� J!� #� C�?K�!b�, ($%> C�� �,%I �+�,�$%	 /�| �: �-�:,$ C�?/�%!& .
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�') C/D], �C%[DX!) 6,%
, ����� ���> $ ������'=: �=E� �rt

 برداشت

�;'DE� �� �!�$%>�!7$/
%) �� J!� #� C�: M!� $ �? Z�'0
��/;�� #/?�+� �-!-!�$%> C�?�'� ./?,'� {��, %:

<�$%<!�K�� �)'@�� �� �!�$%> ", �R=-�� C�? C�?
�;'DE� L=-�� ���> �D!� ��c� �: �> ��,� �'A$ J!� #� C

�� M
�D-� %*
/<
 ", M!�/�'� .�
�!D!� ^!>%7  
, %: #$~;
�!�$%>#",/& ", �'=[7 �: �-�:,$ #�*-��_ ��? ,� �-!�!�': C�?
�� ��<�U�"�� ./
%) �� 6P!�>, �&/�M
%& Z�[��c��!7$ C�?

#",/& �%<=D; 6�+� J!� #�#��� �: #,%D? C, j
,%� �� �,/:U C
��, C/!�>, .�� L=-�� /?,'� ", #��R-�, �: ^!7%7  
/:

{�!���� �Z$�R-� C�?#�'7 6,'7 ,� J!� #� F!	��,%-�$, C
�!dI'� �� �> �	%& %Q� �� ��'��!I, %R�'-!� ", �+�:

 !�"D? 9�,�$%	 6$" C`�: �-_��#��� �!��d	 �: #,% �,/:U C
�-�') ", h-+� C/!�>,��, �-	%& �,%I #/�$�$%	 ��'��!I, C.

 قدرداني

�� ("` �'_ %: �E�
, �� %->� B��_��>%� Z�D]" ", �> B!�,�
 �� �> 6�D�U �]$%����> #�*+�,� ", �-�, �'�	$%) $ 6,%!��

��
M?  !��7FD> $ �?�*+
��"U C�?��
 ,� �� �D=; C�? C
#�%>B!Y�D� C�,M*��b� �/�,.
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