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

÷

����������	�
 �������� ��
 ���� ��� �	�)���(��	  ��
 ����	  	� 	�

��!�" #�$%&� ���*'(�)* +,	  -���.���&� ��/� (0

������  !"#$ ��%� &�'� (�)*�+� ��,�#- .'�/ (!012345��4647�8+0
+ �8+0�9 
:�(!01.'�/ �8+0�9 ���*�; "'�- (�)*�+� �<��=�>+ �,�#-8+0
+ 

6�8+0
+ �8�?�/ ����� �!@ .	 A!�B �B0- 

-�12 :C
+� +"�D E0F </�;�
� <�G)�H
 8��,+ (� ����I# &+0�; 8"J� <�� ! K�9�#��"��+� �H�!0; <HB0� 8+0
+ <���L�, ..
+
C
+� CG@ �)#, <�G"N+! .'; �� (0'9 <0��B�L O�� �; �G�+� �H�!0; �'�%�!���- �� !<��,+�P�1 �>0- <�G �E0F ��I#� �;0F
 +"�D"��+� �+0> .���B .�B!0'� ! Q%R'S�@ ��'9%'; �/TB%
UT� C
+� .
+ ("#G� P'V*9 �W$+ <�G"#��G �G .�.
/"�@ �G/TB%
UT�
�'9%'; �G<.G@ XWF+ �+�)%Z�/�[ ���/�\:FeO(Q%R'S�@ �.�B!0'� ! "#WR��%G%
H#)� ]%� /+ �G�
U!+ X'B09 <+�+� �G 

(En 0.50-0.58, Fs 0.14-0.22, Wo 0.25-0.31)"#��G .��� C
+� �%WR9 ��*	 !A!� �; �G ��� ^W��� <�G�! Q%R'S�@ ��'9%'; �?#,��*	 
.�B!0'�%#'WB �,�0;"-�%WR9 <��� .
0�*'; �B ��7_����, �`�� /+ 0�aB ��*	 ! �+017�,+ ("- b�*� ��;%W'B .�'G��

<�a1�� C
+� .
+ ("�/�,�G�
�'W>�,+ !�1"�H
01 8c'�B+ �d���B �%WR9 ! P'V*9 8@ ("�/�, <�G �,+ ��
/ �G .0e� /+(�)
�` 
���L�, .'�/C
+� f'g� �� +"�D E0F <�G (��> 8!�� �Jh%� �**B("- P'V*9 �**B �h%N ]%� /+ <+"�+.

-4����)  �	�:C
+� </�;�
� <�Gi�a'- ���Bi�?#,��*	���i�#��<HB0� 8+0
+ .

#���� 
C
+� �� +"�D E0F <�G(0��1 .'�/ �*�� E0F <�,�#-

�_____/�+"�D ]:�� ["��+� �+0> .C
+� .
+ �H�!0; �G���7
E%#` <0��%W'B E0F �� ! �H
 8��,+ �� +"�D 8��,0�-

(0��1Q%d .'; �
�'	+0l` <�G'6_°76�9'66°76! �>0- 
o0D �
�'	+0l` <�G'[�°6:�9':_°6:p>+! ���a- "#��G .
C
+� �G� �� �,�0; ��%� <��I# <8"J� E0, ! <!�

).'�q�B (&+0�; �"��+� �H�!0; K�90h�N Q�N ����'��J	 <�G 
�	�*�B+ ���B K+0��,+ !<"'S�%,0'F <�G <!� �B r�� .
09 
8%a#L� ���B &+0�; 8"J� �� </�, �,+ K�9 f,%9 �B0-

 ���� �!@ .	 A!�B �,+ &�?�+ Q�N ��]��[ .[C
+� E0F <�G
 �+"�D �; �H�!0; P'�";A0��1�*�� �� rB .'�/ <�,�#-

("*� �	0J� "�+ .�!� .
+ /+ .
+ s"G tG!c� �,�0; ! �	0J� 
O#,<��)����B �C
+� �%WR9 f
+0- .''J9 ! �,�#- �; �G 

���B �a'- �0;��B �,+ .�B!0'� ! Q%R'S�@ ��'9%'; <�G.

���#�5�� ��$�� ��	�
 
.'�/ (�1"
� /+ 0; �<���L�, �,�#- �
��r'��9 <"#;

 .'WB%�-+]6[��� +"�D �>�! (0��1 �#�� 8+0
+ <���L�, 
��+� <�` <HB0� .E%,� P��- ��I#� �)#, <�G"N+!<�G 

P'- ! ��'�%�!� ! �VG@ <�G���;+! .
0R��B �9 .
0R��B0� �; 
.'*'��,+ ., <�G"N+! .
+ .'; �� �)#�("�0'10; �� �9��Rd 

CG@ �� ! "#��G O#���B O�� &0B �9 .-!� <0��B�L <�G
, <0, C
����� �; �W�1 <��,+��>0- �R
0�9 �("
� �;0F 

�����B </�, ���B �B �%- <�G<�01%1�� <"'�B+ !
P�1 <��,+� �>0- <��,+� �; �G�CG@ /0� �; C
�H� ! �;0F -

�'�%9��!0�,+ <�GP'- ��+��Gs%9 ! HR, <�,�� <�G &�?�+ <+ 
�,+ ("-]��[[.���B (0��1 C
 �� <"'�B+ ! <�01%1 <�G
 /+ t';6P;�> �;%L �; �����B �H�!0; Pg� �� <0��%W'B 

∗.SW9 �Q%u�� ("#�
%�:_:3276v63v7�0;�a� :_:3276v6:22�V'�!0�V�+ ��� �:m_jamshidi@pnu.ac.ir 

8���;�9 �&!� w��a- �r�*G ! ��'; Q�,��xgS$ /+ ��y� �9 ��� 

�!��67 #8	��



<"'*a` �W> ��"; <"ag� �(�+/ 8+0
+ �,�#- ���B ! �,�#-�%W; �W?� ��z

"#��G ("G�*�]�[."J� (��� &�� �; +"�D E0F �����B ��
���B P��- K�9 &+0�; �����B <�G<�01%1 �B �,+ <"'�B+ !

�; (+0aG�Wd�;9�#;0B �O#���B �� �� ("
��%- .���B /+ <�G
<�01%1 P;�> .��1 ��#9 ("G�*����B ! (�%; <�G<�01%1 

�; f�	 �
0'� ! �
0��S,+H
� {%V, ! ��!0�V�+�
H?9�I�� <+
�0�H
� �; ��!0�V�+ 0)-/+(EPMA) ! �,+ b'�*9 P;�> 

���B�'a,+ ��
/!0, P��- <"'�B+ <�G �; (+0aG �'�%,
�� ("
� �
�!/@ ! �'Bq��%-�"]:.[�� 0e� �; �� �B ",�

+� �%`! O#���B �� .'�q�B ���B ��+%� �L0;��]:.[�
H?9
���B���B P'V*9 |D�; .G@ �'�!+ <�G "#��� .G@ <"'�B+ <�G
G�B ("- O#���B �� �'�%a'� ! �'9�a �G�1 }"- �; +� 8@

 <H'�@ O��0B�,+ (� ]:.[�Wd�; E0F �� ��"J� (��� (0��1
CG@ +"�D��'�%�!� �,+P�1 �B .'
�� 0aB �� �%`%� <�G

 <+�+� H'� ��"J� �'N��<��,+��>0- ��;0F"#��G �; ��! 
(�%a� PaD 0'l�� X'-"�+ .�;%#`� �%`%� P�1 .
09 �; C
�H

CG@ <0'1�+0> |D�; �-�}0~ (0'9 �
q �/�� <�G (+0aG �+�
CG@ ��#B �� s%9 ! P'- E!�#9 �;�'�%9��!0�,+ <�G ! �+�

(�%9�,+ ("- <+ ][[.C
+� .'; (0'9 <0��B�L O�� �; <�G 
.
+ �� ���,01� "G+%- �B "��+� �H�!0; �)#, <�G"N+!

C
+� �,+ ("G�*� P;�> H'� �G .C
+� G�� �<��,+�P�1 <�G
 ��I#� �+0>"��+�.

�����	9����� ���� ��� �	� 
C
+� ! CG@ �P'- �)#, <�G"N+! .'; +"�D E0F <�G
CG@ �9 (0'9 <0��B�L O�� �; ! "��+� �H�!0; ��'�%�� <�G

 .-!�("
���"�%-)PV-�.(O#, .
+ �	�; �G��+�<+�9
��+�H
�<+!��+� 8�'�<+9 �� ! �,+ ���B X'B0 8@ �,�#- �G

�a'� /TB%
UT�PV-�; �9 �+� XWF+ PV-�;�
H?9 ���@ �1"-
�,+ ("G�*� P;�> .! Q%R'S�@ ��'9%'; P��- C'	�� <�G ���B

PV- }�%$ �; .�B!0'� �a'� �9 �+� �� ("
� �+� PV-"�%- .
���B���B P��- O#, �
%��� <�G ��
0WB ��'�
0, ��,� <�G

�B%B%� ��'�WB���B ! .G@ "'�B+ ! .P��- �D0	 <�G
 �,+ .G@ "'�B+)PV-:.(���B X'B09 ��,+ 0; ! �,�#-

�1c
!�� ��	�; <�G8@ 8+%9 �
 /�;�
� +� �GH
�"'��� !0;�1.

:1
'^�+ .'; C
+� �H�!0; (E ���'�%�!� CG@ ! P'- �)#, <�G"N+! (! P'- �)#, <�G"N+!�CG@ {(P'- �)#, <�G"N+!.



"W`��(��a- ��8���;�9 �[���O#, �,�0; +� �a'- .'�/ ! �,�#-C
E0F <�G. . .��[

:1
.C
+� ��%V,H
� 0
!�=9 ^�+ �+"�D E0F <�G (PV- �'9%'; C'	�� ���B PV�- ��a'� �9 �+� ����B ! /TB%�
UT� ��; (+0�aG �+� ! �"�B <��G
���B �%� �� �G/TB%
UT� ���,01� /+ �-�� �
%��� <�GXPLE �(��+� 8�'� �	�;���B �<+ �%�� �� .�B!0'�%#'WB C'	�� <�GXPL} ! { �(��	�; 
��+���+� 8�'� �9 <+���B �; (+0aG <+ �%� X'909 �; Q%R'S�@ C'	�� <�GXPL !PPL.

����� ;�� 
/+ ���,�0;O#, <�G�<��)�O#, �
�G���,01� �; �� 0�aB 

pI�� �'�9 (�)*
��/@ ��"J� �+%� <�!@0	 }��'�g9 HB0� 
8+0
+�/�� pI�� ��"- �'�9 �W�'$ .�
H?9�I�� ��B /+ <+�<�G

C
+� .�B!0'� ! Q%R'S�@ ��'9%'; �/TB%
UT� +"�D E0F <�G
���B (�)*
��/@ �� ��"J� �+%� <�!@0	 }��'�g9 HB0� �,�#-

 (�)�,� /+ (��S�,+ �; 8+0
+EPMA Q"� SX�__ �L�, 
�B0-<�V��B("#G� E��- U���! �; ���+0	 �%*B kV �7 !

8�
0` }"-nA:_ "- &�?�+]2.[

< ��	  ��
�	=��) 
���B /+ �G���,"W	C
+� ("#G� P'V*9 �W$+ <�G E0F <�G

 +"�D"#��G .Z\���,"W	 �%W; /+ �I�� �
H?9 "- �-/+�0�H
� !
�
��� ("�@ �,� �;�, �+�%a� 0; �
�9Or-Ab-An ]Z[r,�

 "�"-)PV-6.(C
+� �� �%`%� <�G���,"W	 +"�D E0F <�G
�G�%W; ! "#��G .
/"�@ ]%� /+ XWF+ 8�,01� ���,"W	 <("-

0�*';("- ��'R�@ 8@ �
�'a'- X'B09 ! "�+ �� �G(0��1 <
�+0> �'R�@��+�)Q!"`[(!)PV-�.(

>?$� ��	  ��
 
�+"J9[�/+ �I�� \�'9%'; �%W; A/+�0�H
� A!� �;�!0�V�+�

"�"- �
H?9 .�����'9%'; �'9%'; /+ �'�!+ <�G �; �
%��� <�G
 /+ (��S�,+ �
�9 �, �+�%a�FeO + MnO �10*TiO2�MgO �

]3["�"- C'VS9)PV-\^�+.(�B �d��� �
�'a'- X'B09
 ��(0��1 �'9%'; <�+0> �
%��� <�G"��+� �� �,�0;<�G <"J; 
.
+tG!c�"�"- s�N �
��� ��'� /+ .�
�'a'- X'B09

�'9%'; C
+� <�G �+�%a� �� +"�D E0F <�GASPE]�[��
(0��1 <�+0> �'9%'; "��+� �+�%a� �� !Si-Fe/(Fe+Mg) 

�� XWF+(0��1 �'9%'; <.G@ <�G �� ��%a� "#~ ! �+�
(0��1 �'9%'; <<�Gr
H'#� �� �+0> �+� "�0'1)PV-<�G \�E

{.(



<"'*a` �W> ��"; <"ag� �(�+/ 8+0
+ �,�#- ���B ! �,�#-�%W; �W?� ���

:1
0C
+� <�G/TB%
UT� X'B09 (0��1 !� �� �B +"�D E0F <�G "��+� �+0> �'R�@ ! .
/"�@ <.

@��" A�I�� �
H?9 �
��� C
+� /+ /TB%
UT� ���B <+ +"�D <�G.
/TB%
UT�–�%W; � /TB%
UT�–�%W; �

���� +:� /�. ::/�. :6/�. :2/�. :7/�. :3/�. :5/�. :v/�. :4/�. 6_/�. 36/: 32/:. 37/:. 33/:. 35/:. ��/:. �:/:. �6/:. �2/:.
SiO: 2:/33 76/37 _�/33 _6/33 :3/37 64/33 2v/37 _6/33 _4/33 �4/35 45/37 4:/33 44/33 77/33 v3/33 :�/3_ :5/74 4v/3_ 7�/37
TiO: _6/_ __/_ _6/_ _6/_ _6/_ _�/_ _2/_ _6/_ _2/_ _�/_ __/_ _:/_ __/_ _6/_ __/_ _v/_ _6/_ __/_ __/_
Al:O6 :/:_ :_ 56/:_ :7/:_ 2v/:_ 2:/:_ 62/:� 73/:_ _�/:_ _5/:_ v:/:_ 52/:_ 74/:_ 45/:_ 37/:_ _6/:6 :�/:2 �v/:6 33/:_
FeO 2:/_ 3/� 62/_ 27/_ �v/� �7/_ 3v/_ 2�/_ v3/_ 6/_ __/_ __/_ _2/_ ��/_ _:/_ v7/_ 6�/_ �4/_ _2/_
Mno _�/_ _6/_ _:/_ _2/_ _:/_ _�/_ __/_ _�/_ __/_ _:/_ _�/_ __/_ _�/_ _�/_ _�/_ _�/_ __/_ __/_ _�/_
MgO :3/_ 3v/_ �4/_ �5/_ �6/_ _7/_ 2/_ __/_ 25/_ _2/_ __/_ __/_ _�/_ __/_ __/_ _7/_ _�/_ _:/_ __/_
CaO 22/_ :/_ 64/_ 2�/_ :4/_ 25/_ v:/_ 23/_ 25/_ :6/_ :�/_ :6/_ �2/_ 2�/_ �4/_ _v/5 �/v :7/3 7/:
Na:O 42/�� v�/�� 75/�� _:/�� ��/�� _6/�: _6/�_ v4/�� 44/�_ 4/�� 42/�� v:/�� �5/�: v�/�� �5/�: vv/5 �3/5 6�/v 46/�_
K:O 62/_ �:/_ 35/_ �4/� :4/� �2/_ _3/� 67/_ 53/_ �5/_ _v/_ _v/_ _7/_ _4/_ _5/_ 33/_ 64/_ 72/_ _2/_

@��" #���� A
/TB%
UT�–�%W; � /TB%
UT�–�%W; � /TB%
UT�–�%W; �

���� �7/ : . �3/:. �5/:. �v/:. �4/:. :_/:. :�/:. :v/6. :4/6. 25/2. 2v/2. 24/2. 7_/2. 7�/2. 7:/2. 76/ .\ 72/2. 77/2.
SiO: 27/73 5v/37 75/75 ��/33 23/33 _v/3_ 43/74 6/32 5v/36 �7/75 :6/3_ ��/3� 2�/3� 75/74 _�/3_ :4/74 5�/3_ �5/3�
TiO: _:/_ __/_ _:/_ _:/_ __/_ _�/_ _�/_ _v/_ _7/_ __/_ __/_ __/_ _:/_ _�/_ __/_ __/_ _2/_ __/_
Al:O6 _2/:3 23/:_ 32/:7 :� _v/:_ _3/:2 :6/:2 73/:: _7/:2 3:/:7 64/:7 75/:2 ��/:2 66/:2 _v/:7 �/:7 75/:2 57/:2
FeO :�/_ __/_ :/_ _7/_ _�/_ :6/_ �v/_ 72/_ 66/_ 6/_ :6/_ 6/_ :4/_ �:/_ �6/_ �7/_ :/_ �2/_
Mno _:/_ __/_ __/_ __/_ __/_ _:/_ _:/_ __/_ __/_ _�/_ __/_ __/_ _�/_ __/_ __/_ __/_ __/_ __/_
MgO __/_ __/_ _:/_ _:/_ __/_ __/_ __/_ 77/_ 65/_ _�/_ _�/_ __/_ _�/_ __/_ __/_ _6/_ _�/_ _6/_
CaO 64/4 73/: 75/4 _4/: 27/: �7/5 62/5 :6/�_ 7/�_ 43/v v2/3 �/3 ::/3 7v/5 _6/5 :�/5 4:/3 �7/3
Na:O :3/3 25/�_ 2�/3 _6/�_ v5/�_ 33/5 5�/5 _7/_ _:/_ 5/3 36/5 _v/v v3/5 4/5 37/5 3:/5 v7/5 _3/v
K:O :4/_ _:/_ 6�/_ :�/_ _3/_ 26/_ 23/_ _3/� :/� 66/_ 23/_ 7v/_ 77/_ 22/_ 24/_ 7�/_ 7�/_ 72/_

@��" #���� A
/TB%
UT�–�%W; � /TB%
UT�–�%W; �

���� 73/2. 36/�. 32/�. 37/�. 33/�. 35/�. 3v/�. 34/�. 5_/�. v6/�. v2/�. v7/�. v3/�. v5/�. 64/ .[ 2_/ .[ 2:/ .[ 73/ .[ 75/ .[
SiO: 7:/74 :6/37 25/33 43/35 55/35 4:/37 5/35 �/33 33 _:/32 4v/33 2�/33 �4/35 _6/33 �v/35 35 43/35 v7/35 4/35
TiO: _:/_ _2/_ __/_ __/_ __/_ _:/_ __/_ _:/_ _6/_ __/_ _:/_ __/_ _:/_ __/_ _7/_ _:/_ _�/_ __/_ __/_
Al:O6 _7/:7 62/:_ 56/:_ 43/:_ 64/:� :2/:� 74/:_ 47/:_ 54/:_ vv/�4 4v/:_ 73/�4 _:/:_ 7�/:_ v�/:_ 22/:_ _:/:_ 24/:_ _4/:_
FeO �3/_ :3/_ 23/_ :v/_ 22/_ 72/_ �v/_ 6�/_ 66/_ �v/_ :2/_ �2/_ 26/_ :5/_ :7/_ _7/_ �v/_ _5/_ �2/_
Mno __/_ __/_ __/_ _:/_ _6/_ _�/_ _�/_ __/_ __/_ _:/_ __/_ _:/_ __/_ __/_ __/_ __/_ _�/_ __/_ __/_
MgO _7/_ __/_ __/_ _2/_ _:/_ _7/_ _�/_ _�/_ _:/_ _�/_ __/_ _6/_ __/_ _�/_ __/_ _6/_ __/_ __/_ __/_
CaO �4/5 :5/_ :3/_ 6:/_ :6/_ �v/_ �5/_ �v/_ :�/_ _2/_ :5/_ :5/_ �4/_ 6/_ ��/_ _4/_ 67/_ ::/_ :2/_
Na:O 2v/5 _v/�_ 62/�� v:/v v5/v �2/�_ 5�/�_ 55/�� 5:/�_ :2/� 7v/�_ 33/�: 4/�� 27/�: 26/�� �4/�: �� :v/�� 7�/��
K:O 7:/_ _5/2 64/_ 3/� :7/� 4/� 36/_ 24/_ 4/� 73/�2 37/_ 25/_ :7/_ 26/_ �5/_ �v/_ 63/_ _4/_ �:/_



"W`��(��a- ��8���;�9 �[���O#, �,�0; +� �a'- .'�/ ! �,�#-C
E0F <�G. . .���

:1
B^�+ (�'9%'; C'VS9 �'9%'; /+ �'�!+ <�G �, �+�%a� �� �
%��� <�G p`0� �
�9]3[E �(��%a� (�)
�` �+�%�a� �� ��'�!+ ��'9%'; <�G ASPE 
]�[{ �(�+"�� �+�%a�Si �; �R�� (Fe/Fe+Mg) �'9%'; XWF+ �'9%'; ]%� /+ �G .G@ <�G ��%a� /+ ��J; ! �+� r
H�'#� �'9%'; ]%� /+ �G "#���G �+�
]v.[O�� �,+ �'9%'; ���B }!�S�� <�G�%W; 0)��*� �+�%a� .
+ �� ^W��� <�G.

/+ ("�@ �,"; �
����
H?9 H
��-/+�0��'9%'; �G)Q!"`
�(�� 8�*� ���B .
+ �B "#G� /+ �
q�; HB0a9 �GMgO 
)%��/[\ ���/�(/+ �#'
�� �+"�� !Al2O3)%��/[����/[� (

'#�aG ! "��+� +��'9%'; .��%� <�G�,�0; HB0a9 <+�+� �;
/+ �
q�; �R��FeO)%Z�/�[���/�\ ("#��G ..
+0;�#;

�'9%'; �
�'a'- X'B09 �� 8�*� �G ���B .
+ �B "G� ]%� /+ �G
�'9%'; �%WR�� �a1�� /+ r'���� �%d �; ! "#��G �'�!+ <�G
("- "�+]�.[

@$%C�D ��	  ��
 
<+0;���B �a'- .''J9 C
+� Q%R'S�@ +"�D E0F <�G��y

Q%R'S�@ �%W; !� /+ �I���
H?9�I�� <+"�"- <+0; ���� 
b'�*9(�)�,�LQ%R'S�@ ]%a?� ��+!+0	 /+ �G)Na+Ca+K (

 �+"�� �; �R��Sir'��9 ��,+ 0; ��%�0	 "N+! 0G �� <"#;
 8+��VaG ! P',][z[0; �B "- (��S�,+�
��r'��9 .
+ <"#;�

Q%R'S�@ GC
+� <� Q%R'S�@ �H` +"�D E0F <�G �
�a1�� <�G
 "#��G)PV-Z^�+.(

@��".�I�� �
H?9 �
��� ���B <+ C
+� .�B!0'� ! Q%R'S�@ ��'9%'; <�G +"�D <�G.
�'9%';��%W; � �'9%';��%W; � �'9%';��%W;�

���� 26/�. 22/�. 27/�. 23/�. 25/�. 2v/�. 24/�. 7_/�. 7�/�. 7:/�. 76/�. 72/�. 77/�. 2/�. 7/�. 5_/�. 5�/�. 5:/�.
SiO: 77/6� 3:/66 5/67 5�/67 7�/67 75/67 6�/6: �7/63 :6/65 :2/63 7v/66 77/62 5�/62 23/6: _3/63 :6/66 5/62 �3/66
TiO: 4:/� 2v/: �:/6 v5/6 2/2 22/_ :6/_ 64/2 v5/6 4/6 : :v/: ��/2 __/_ �3/_ _2/_ _5/_ __/_
Al:O6 :7/�6 66/�6 76/�: 3:/�6 6�/�6 _v/�2 5�/�7 v:/�: _2/�6 �5/�6 5�/�6 v:/�6 6:/�6 4v/:: :4/:: 7v/:� v6/�4 �2/:�
FeO 65/:4 �6/:3 :5/:2 :4/:7 23/:7 _4/:v 75/6� _3/:3 :�/:7 54/:7 :4/6_ �:/:v 6v/:3 23/�v 6�/�7 75/�5 v6/�5 v6/�v
Mno __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ __/_ :7/_ :5/_ :5/_ :/_ :4/_
MgO 46/4 47/4 43/v 7:/v 2�/5 5v/�2 6:/�6 67/�_ 4 _v/4 :7/�_ 37/�_ 64/v �6/:� 62/:_ 76/:6 47/:: 27/::
CaO 6:/_ 26/_ 44/_ 2/_ �6/_ 6�/_ �6/_ 44/_ 75/_ 7v/_ :v/_ 6v/_ 66/_ �6/_ �7/_ �:/_ �6/_ �5/_
Na:O �7/_ :2/_ :2/_ 6/_ �:/_ _4/_ �6/_ :2/_ ��/_ �5/_ �v/_ :/_ �5/_ �v/_ �5/_ �6/_ ::/_ �:/_
K:O 24/4 v6/4 �5/�_ :v/v 32/4 3/: 53/: 42/2 4/3 _6/5 3�/7 43/7 3/v _2/_ 62/_ __/_ _2/_ _:/_
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���� 4/�. �/�. :/�. 6/�. 2/�. 7/�. 3/�. 5/�. v/�. 4/�. �_/�. 6_/�. 6�/ �. 6:/�. 66/�. 62/�. 67/�. 63/�.
SiO: 55/6v 74/2v :/2v 3v/25 �6/2v 2�/2v :6/2v _3/2v 33/2v 5/2v :v/2v :4/25 vv/25 �v/2v 3v/23 :7/2v 75/25 :2/2v
TiO: 7�/_ vv/_ �:/� _v/� �3/� 44/_ _4/� �4/� �/� 4v/_ 43/_ _3/� � 44/_ �2/� 42/_ 46/_ vv/_
Al:O6 _v/�4 _�/5 5�/v 3/v _5/v 44/5 _5/v _6/v _3/5 �/v �6/v 62/v :7/v v/5 6:/v 56/5 33/5 3�/5
FeO v3/�2 74/�6 :4/�2 v3/�6 ��/�2 62/�6 _6/�2 77/�6 72/�6 �3/�6 24/�6 5/�6 v3/�6 7:/�6 :�/�2 _7/�2 _v/�2 ::/�2
MnO �2/_ 24/_ 2/_ 6v/_ 26/_ 26/_ 22/_ 2/_ 2v/_ 26/_ 2v/_ 27/_ 22/_ 22/_ 22/_ 6v/_ 22/_ 2:/_
MgO �v/�3 6v/�2 7v/�6 54/�6 2v/�6 _5/�2 v:/�6 32/�6 v7/�6 _2/�2 v2/�6 :�/�6 4/�6 _v/�2 37/�6 4v/�6 �5/�2 �2/�2
CaO �2/_ _7/�� �4/�� :6/�� ��/�� _7/�� 64/�� :4/�� :2/�� 47/�_ _v/�� �2/�� 43/�_ 73/�� 34/�� ::/�� :�/�� �/��
Na:O :3/_ 73/� 5/� 55/� 33/� 35/� 5:/� 56/� 52/� 35/� 36/� 7�/� 2�/� 67/� 5v/� 25/� 7�/� 23/�
K:O 3v/6 2�/_ 2v/_ 2v/_ 7:/_ 7:/_ 77/_ 7:/_ 22/_ 2/_ 24/_ 24/_ 2v/_ 7/_ 34/_ 24/_ 7�/_ 2v/_
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���� 65/�. 6v/�. 64/�. 2_/�. 2�/�. 2:/�. 26/�. 22/�. 27/�. ���� 63/�. 65/�. 6v/�. 2�/�. 2:/�. 26/�. 22/�. 27/�.
SiO: 76/2v 32/2v 7:/2v 37/24 63/2v 64/25 24/25 74/2v 63/25 SiO: :�/72 5�/72 66/77 54/77 v4/7� 7:/24 6�/75 35/73
TiO: v4/_ 43/_ 43/_ 54/_ 4/_ � 4�/_ v6/_ 44/_ TiO: 23/_ _5/_ �6/_ _5/_ v4/_ 54/_ _2/_ �2/_
Al:O6 2v/5 54/5 4v/5 7v/3 _:/v :6/v 57/5 26/5 4v/v Al:O6 27/: 55/� 52/� _2/� 35/6 46/2 37/� 74/�
FeO 5v/�6 _v/�6 4�/�6 4�/�: 74/�6 73/�2 2v/�6 5v/�6 5v/�6 FeO :5/5 :v/�� 24/�_ 54/�_ �:/v v5/�� v3/4 v/�_
MnO 22/_ 7/_ 22/_ 7�/_ 25/_ 22/_ 2v/_ 7�/_ 27/_ Fe:O6 43/� 75/� 36/� 75/� 64/: :4/: 72/� 32/�
MgO 6:/�2 5/�6 v4/�6 2v/�2 :2/�2 54/�6 76/�2 v2/�6 _3/�6 MnO �3/_ :2/_ :6/_ :v/_ �7/_ �4/_ ::/_ :3/_
CaO �/�� _�/�� _:/�� _4/�� :�/�� �v/�� :2/�� :2/�� 2v/�� MgO 22/�5 _2/�7 47/�7 64/�7 74/�7 4:/�7 6v/�5 33/�7
Na:O 6v/� 24/� 3/� 2�/� 2v/� 2v/� 72/� 6�/� 33/� CaO ::/�: �2/�: 75/�: :5/�: 65/�: 34/�� 37/�� :3/��
K:O 23/_ 22/_ 22/_ :4/_ 2�/_ 72/_ 7:/_ 26/_ 3/_ Na:O :6/� vv/_ v/_ 47/_ 26/� _7/� v�/_ ��/�

K:O �2/_ �2/_ �6/_ _3/_ �6/_ �6/_ �6/_ ��/_
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���� 64/�. 2_/�. 23/�. 25/�. 2v/�. 24/�. 7_/�. 7:/�. 76/�. 72/�. 77/�. 73/�. 75/�. 7v/�. 74/�. 3_/�.

SiO: 75/76 34/73 24/75 �3/75 76/72 55/77 :6/72 65/77 3�/77 6�/73 7:/77 v6/77 2�/73 56/77 v/77 73
TiO: _6/_ _:/_ �6/_ _6/_ _7/_ _:/_ _4/_ �:/_ _3/_ ��/_ ��/_ ��/_ _5/_ _7/_ _2/_ _3/_
Al:O6 ��/6 66/� 5:/� 67/� 46/� �4/� 22/� v�/: 75/� 3/: 6�/� �5/� :�/� v2/� �6/� 6:/�
FeO 73/�_ :3/4 52/4 v2/4 3:/�_ _:/�_ 66/�_ 7�/�_ 7/�_ 5�/4 7v/4 44/v :3/4 52/4 5�/4 44/v
Fe:O6 76/� 7:/� 36/� 76/� 77/� 7:/� 74/� 3:/� 73/� 3�/� 3�/� 3�/� 75/� 77/� 72/� 73/�
MnO :/_ :�/_ ::/_ :v/_ :�/_ �5/_ :3/_ �v/_ :6/_ �4/_ ::/_ :/_ :7/_ :6/_ �4/_ :�/_
MgO ��/�3 76/�5 27/�7 74/�3 v5/�7 5v/�3 �7/�7 _3/�5 v3/�7 73/�5 �4/�3 65/�3 22/�3 4�/�7 77/�3 65/�3
CaO 45/�� 5�/�� 5/�� 77/�� _2/�: 74/�: 5v/�� 72/�_ 2�/�� v:/�_ 52/�� 3:/�� 55/�� 6/�� �2/�: v3/��
Na:O 3v/_ 77/_ 5v/_ 5:/_ v�/_ 33/_ 56/_ v3/_ 55/_ 33/_ 75/_ 77/_ 7v/_ 52/_ 7/_ 74/_
K:O �2/_ _4/_ ��/_ �:/_ :3/_ _5/_ ��/_ _v/_ ��/_ _v/_ �/_ _3/_ �/_ �:/_ _v/_ ��/_
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][�[
T ◦C

][�[
.�/26 764/: :67/_ 653/_ �36�5/� 4:/747 
.�/22 245/: :43/_ 2_2/_ _674�/� :3/32: 
.�/27 6_6/: 633/_ 645/_ 22v_4/_ 37/357 
.�/23 253/: 224/_ 657/_ 45::v/_ 62/5_6 
.�/25 222/: 7�3/_ 62:/_ v576:/_ 7v/5�4 
.�/2v 7_3/: 7/_ 2v2/_ _36�v/� :4/56: 
.�/7_ :46/: 7_�/_ 2�2/_ 2�554/_ v6/5:: 
.�/7� 6:5/: 22�/_ 6v4/_ 7:_v�/_ :4/5_: 
.�/7: 653/: 224/_ 6v3/_ 334:v/_ 7�/5_2 
.�/76 776/: :6v/_ 653/_ :_774/� 2:/74v 
.�/72 76�/: :33/_ 2_6/_ �6v46/� 63/3:6 
.�/77 275/: 2v2/_ 63:/_ 4�25�/_ 7v/5�: 

f,%�� 22:/: 647/_ 64:/_ v34/_ 57/355 
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f,%�� :�/: v:/: 65/6 57_ 2_/: v__ 67/�
��+"���,+ s+0g�+ 65345�4:v/_ 22v:33v77/_ 2:2:_7/_ 6v:7:4/_ 672527/_
���� Alt P P P T, ºC P T, ºC P

.�/� �4/� 75/� _5/: 37/: 57_ 57/� v__ 57/_

.�/: 274/� 5�/: 2:/6 46/6 57_ 4_/: v__ v:/�

.�/6 276/� 34/: 64/6 4�/6 57_ vv/: v__ v_/�
.[/\ 635/� 6:/: 43/: 7_/6 57_ 7�/: v__ 23/�
.[/Z 67/� :7/: v5/: 2:/6 57_ 26/: v__ 64/�
.[/y 674/� :4/: 4:/: 23/6 57_ 25/: v__ 26/�
.[/� 636/� 6�/: 42/: 2v/6 57_ 24/: v__ 22/�
.[/� :_:/� 3:/� �6/: 5�/: 57_ v_/� v__ v_/_
.[/� 637/� 6�/: 47/: 24/6 57_ 7_/: v__ 27/�
.[/[z 653/� 63/: __/6 72/6 57_ 77/: v__ 24/�
.[/�z 266/� 3_/: :4/6 v�/6 57_ 54/: v__ 5:/�
.[/�[ 644/� 23/: �:/6 37/6 57_ 32/: v__ 74/�
.[/�� 6:�/� �6/: 5:/: :v/6 57_ 6�/: v__ :v/�
.[/�� 2:�/� 77/: :6/6 57/6 57_ 52/: v__ 35/�
.[/�\ 6_v/� _5/: 33/: ::/6 57_ :7/: v__ ::/�
.[/�Z 6_6/� _7/: 36/: �4/6 57_ :6/: v__ :_/�
.[/�y :v5/� 4v/� 77/: �:/6 57_ �3/: v__ �2/�
.[/�� :37/� v4/� 22/: _�/6 57_ _5/: v__ _7/�
.[/�� 6:7/� �2/: 52/: 6_/6 57_ 66/: v__ :4/�
.[/�� 627/� :6/: v7/: 64/6 57_ 2�/: v__ 65/�
.[/\z ��7/� :3/� 34/� 6_/: 57_ 26/� v__ 23/_
.[/\[ 67�/� :7/: vv/: 2:/6 57_ 22/: v__ 64/�
.[/\� 647/� 22/: �_/6 36/6 57_ 36/: v__ 75/�
.[/\� 6�5/� ��/: 5_/: :3/6 57_ :4/: v__ :3/�
.[/\\ :36/� vv/� 26/: __/6 57_ _3/: v__ _2/�
.[/\Z 76/� _�/6 5v/6 :5/2 57_ :�/6 v__ ��/:

f,%�� :6/� _:/: 7v/: _4/6 �4/: :6/�
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