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Rock Type Granodiorite 
Sample.No � � � � 7 � 8 f � �c �� ��

SiO2 �7/�� ff/�c ��/�� ��/�� c7/�� ��/�� c�/�� �c/�� �7/�� 8�/�c ��/�� 7�/��
TiO2 ��/� 7c/� ��/� 8�/� �f/� 8f/� �c/� ��/� �f/� ��/� ��/� ��/�
Al2O3 88/�� 88/�� ��/�� �7/�� ��/�� 7�/�� ��/�� �c/�� �f/�� 8�/�� c�/�� �8/��
FeO ��/�8 �7/�� ��/�� ��/�7 ��/�7 cf/�� ��/�� c�/�8 ��/�8 ��/�� �7/�� ��/��
MnO ��/c ��/c �c/c ��/c ��/c �7/c �c/c ��/c ��/c ��/c 7c/c ��/c
MgO f�/�� �7/�� ��/�� f�/�c ��/�c ��/�� ��/�� 7�/�� ��/�� f�/�� ��/�� �7/��
CaO cc/c cc/c ��/c 8�/c �7/c cf/� ��/c ��/c ��/c ��/c ��/c �8/c
K2O c�/f 8�/8 �f/8 f�/8 ��/f ��/f ��/� ��/f c�/f �8/� 87/f ��/f
Total f7/�7 f�/�7 ��/�7 �f/�7 �8/�7 8�/�7 ��/�� f�/�� ��/�8 ��/�7 �8/�� ��/��

No. of O2 �� �� �� �� �� �� �� �� �� �� �� ��
Si ��/7 ��/� �8/� ��/� ��/� ��/� �c/� ��/� �8/� ��/� �7/� 7�/�

AlTotal �8/� ��/� ��/� ��/� ��/� ��/� ��/� �8/� ��/� ��/� ��/� ��/�
Al IV 8�/� 7�/� 77/� �f/� 8�/� ��/� fc/� 7�/� 8�/� �7/� ��/� 8�/�
Al VI ��/c 88/c ��/c ��/c ��/c �f/c ��/c 88/c �c/c �f/c ��/c ��/c

Ti ��/c ��/c �8/c ��/c ��/c ��/c ��/c �f/c ��/c �c/c ��/c �8/c
Fe ��/� ��/� c7/� ��/� ��/� �f/� �8/� �8/� ��/� c�/� ��/� ��/�
Mn c�/c c�/c c�/c c�/c c�/c c�/c c�/c c�/c c�/c c�/c c8/c c�/c
Mg c�/� 8�/� ��/� ��/� �c/� 7�/� ��/� f�/� c7/� �f/� f�/� f�/�
Ca cc/c cc/c c8/c ��/c c�/c �8/c c�/c c�/c c8/c c�/c c�/c cf/c
K ��/� 7�/� ��/� 7c/� ��/� 7f/� ��/� 7f/� 78/� f�/� 8�/� 8�/�

Mg/(Mg+Fe2) 78/c 7�/c 77/c 7�/c 77/c ��/c �c/c 78/c 7f/c 7�/c 78/c 7f/c

1ادامه جدول

Rock Type Granite- 
Alkaligranite Quartzdiorite 

Sample.No �� �� �7 �� �8 �f �� �c �� �� �� ��
SiO2 8�/�� ��/�� c�/�� �7/�c �7/�� 7�/�� c�/�� �c/�� �7/�� ��/�c ��/�� ��/�c
TiO2 �f/� �c/� ��/� �8/� ��/� ��/� ��/� c�/� �f/� ��/� ��/� ��/�
Al2O3 7�/�� 7�/�� �f/�� ��/�� 8f/�� 7�/�� 7�/�� ��/�� 7f/�� 8�/�� 7�/�� �8/��
FeO ��/�� 8�/�� c�/�8 7�/�� �7/�� ��/�� 8�/�� ��/�� ��/�� 8�/�� �7/�� ��/��
MnO ��/c ��/c ��/c ��/c 7�/c ��/c ��/c ��/c ��/c �f/c ��/c ��/c
MgO ��/�� 7f/�� 8�/�� f�/�� ��/�� 87/�� c�/�� 8�/�� ��/�� 7�/�� 8�/�� f7/��
CaO ��/c ��/c ��/c ��/c ��/c �8/c ��/c ��/c ��/c �8/c ��/c 78/c
K2O ��/� ��/f ��/f ��/� f8/f ��/f �f/� ��/f ��/f ��/� ��/f 8�/f
Total ��/�� ��/�8 ��/�7 �f/�7 ��/�7 7�/�� f�/�7 f�/�� �7/�7 �f/�7 �7/�7 �7/�7

No. of O2 �� �� �� �� �� �� �� �� �� �� �� ��
Si �f/� �c/� �8/� �c/� �f/� �f/� ��/� ��/� ��/� c�/� �c/� cc/�

AlTotal ��/� ��/� �8/� ��/� ��/� �7/� ��/� ��/� ��/� �7/� �8/� �f/�
Al IV 8�/� �c/� ��/� �f/� �c/� fc/� f�/� f8/� 8f/� �8/� 7�/� 8�/�
Al VI ��/c f�/c ��/c �7/c ��/c ��/c ��/c ��/c ��/c �f/c 87/c �7/c

Ti ��/c �f/c ��/c �c/c �c/c ��/c �7/c ��/c ��/c �7/c �7/c �7/c
Fe �c/� ��/� ��/� ��/� ��/� cf/� cf/� c7/� c�/� c�/� �f/� c8/�
Mn c�/c c�/c c�/c c�/c c8/c c�/c c7/c c�/c c7/c c7/c c7/c c�/c
Mg ��/� f�/� ��/� �f/� fc/� �c/� �8/� f�/� ��/� f�/� 8f/� f�/�
Ca c�/c c�/c cf/c c7/c c7/c ��/c c8/c c7/c c�/c c�/c c7/c c�/c
K �c/� ��/� ��/� f�/� 87/� ��/� fc/� ��/� 7f/� 87/� 7�/� �8/�
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Mg/(Mg+Fe2) 78/c 78/c 78/c 7f/c 78/c 7f/c 7�/c 7f/c 78/c 78/c 7f/c 7f/c

-�,/?�1�
���T �#� L
� !1-�/ g�/�!6L���F �PQ6 
�QF))W%()��1X�% A)�!	<_�%/!2 ���F/ #�%/ �,' �B%�e� 3b .( 
Rock type Quartzdiorite Granodiorite Granite- 
Sample.No � � � � 7 � 8 f � �c �� �� �� �� �7

SiO2 f�/7� c�/�c c�/�c 8�/�� ��/�� ��/�� ��/�c ��/�� 8�/fc �7/�7 f�/7f 8�/�� ��/�� ��/�c ��/��
Al2O3 �f/�� �f/�� ��/�� c�/�� 7f/�� 8c/�� ��/�7 f�/� c�/� 77/�� ��/�� ��/�� c�/�� ��/�7 77/��
Cr2O3 ��/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c
Fe2O3 �7/c �7/c �7/c ��/c ��/c �7/c �7/c c�/c �c/c ��/c �f/c ��/c ��/c �7/c ��/c
FeO ��/c ��/c ��/c �8/c ��/c ��/c ��/c cf/c c�/c ��/c ��/c ��/c �8/c ��/c ��/c
CaO 8�/f 7�/�c �f/� f�/7 ��/f ��/�c c7/�c ��/� ff/7 �8/8 f�/f c�/�c f�/f c�/�c ��/8
Na2O ��/� ��/� f�/� f7/7 ��/� c�/� 78/� c�/� ��/� 8f/� 8�/� f�/� �c/7 �c/� c�/�
K2O ��/c �7/c ��/c ��/c �8/c ��/c ��/c ��/c ��/c ��/c ��/c ��/c cf/c ��/c ��/c
total ��/�� �8/�� f�/�f c�/�cc c�/�cc f8/�� c�/�cc 87/�� ��/�8 c�/�cc ��/�� �c/�� �c/�� f8/�� �8/��
Si �f/� ��/� �f/� ��/� 8�/� 8�/� �8/� f�/� �8/� f�/� �7/� 8�/� 88/� �8/� f�/�
Al �7/� ��/� �f/� /f/� ��/� ��/� ��/� ��/c ��/c �c/� ��/� �f/� �c/� ��/� ��/�
Cr c�/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c cc/c
Fe3 c�/c c�/c c�/c c�/c c�/c c�/c c�/c cc/c cc/c c�/c c�/c c�/c c�/c c�/c c�/c
Fe2 c�/c c�/c c�/c c�/c c�/c c�/c c�/c cc/c cc/c c�/c c�/c c�/c c�/c c�/c c�/c
Ca ��/c 7�/c �f/c �8/c �c/c ��/c �f/c c�/c �8/c ��/c ��/c �f/c ��/c �f/c �8/c
Na 7f/c �c/c ��/c 7c/c ��/c ��/c ��/c cf/c �f/c ��/c 7�/c ��/c ��/c ��/c �7/c
K c�/c c�/c c�/c c�/c c�/c c�/c c�/c c�/c c�/c c�/c c�/c c�/c cc/c c�/c c�/c

XAn 7�/�� ��/�� ��/7� 88/�� 7�/�8 �f/�� ��/7� cf/�f f�/7� �8/7f ��/�� ff/7� f�/�f ��/�c ��/7f
XAb ��/78 8f/�7 c�/�� c�/�� ��/7c ��/�� ��/�f ��/7c f7/�f f�/�� ��/78 �8/�� �8/7c f�/�f �7/��
XOr @A/> >C/? DC/> @C/@ EC/> F>/> ?G/@ DE/>> ??/> FG/> H@/C FC/C D@/C GG/C HH/>

IJ� 
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c�/8J&% �� ��O<�)�T!6 #!2/!2 $f�/�J&% ��  �O<-OT �
*H#��
!2/!2 8�/�!%  �,' �1	!" !Y� �� <�O<�:"�� �


-.4#�,&O� @<2#4)#��B��  �/,�� �/ ���>1%/ �2 �O�O<
.��C#&�/
�F/ �% $#[4 ,##�%/ �,' $./ !2
K*M/ �_�%/ $

2#4)#��O<��):� �O<�)�/!" 
�)
1��/)F  �L4
�)
1���
�!1�"<-OT ��*H#��
�!1�" �2  �1	!" �/!H <�)�T!6 #$

�:4
�,��/� @� ���):� �O<�/!" #1��!1�" �� <�)�T!6 #$�/!H
�1	!",�/)@-'�.(

!" $##[4
�#4)#2 K#^!4 �
!x �/ 3b#�^/ �",�L :�/,��
!"
�� a#e�  ��01%�X �/)� �2 �:"�� 3b#�^/ �",�L#$

1X�%�/ 3T �1#�/!" <�O�:"�� �^ <�)x �2 ��%/ �1�2
�O G)%� �/ �1.�<)Z)�S(D�#]/ ���] V̀):[�� �1'/� 

�#�/!" Z)� <�OI,#�^/ �̀1B�� <,&1�O ]�c[.�{&
/ o!	 �2

 LCMg  Fe!2 <!0
� �&#.��C �/<aX �� �#4)#2 A��[4 
A�y4/),��C A)*e� (�#4)#2 ����/,� �l�X !q/ �#6)")*	

!"
",�L�2 @#{.4 �2 �1�2/  !#U1� �
 /� 3b#�^/ #4)#�
��!^ �� T!2 �/,�� _�%/!2  ,�/Fe/Fe+Mg �� ���1� ,� �  �

!"
,��/� W#�.4 ���  3b#�^/ �",�L ]��[:|�/(,� �
 �^ \
��^/�#4)#2�,&
/L	 s�)l �2 ��� \O�^ �2 </)�

�)*B4 �	!.#6 (�&M S
L#&� !Y� �/ �� !4 �)' .G(]/ ,� � ��#

 �^�#4)#2�,&
/L	 s�)l �2 �/ </Fe �&M �� !4 �)' .�/�):� ��
Fe2+-Fe3+-Mg �]��[<�O,#D)1#�/!" �� �#4)#2 K#^!4 �

�!1�" �� ���2 A�BC<�/!" #��O<1&0� #1�$
/  �1	!" �/!H 
�,&O� 3�.�<�F/ a
/!' #,</
��)4 $<=)>� <�%/ 

)@{'8.(aX })NX �#4)#2 K#F!4 �$#? <�O�#0��#!��
�% S1�#% �
�4 Oxybiotite-Annite- Phlogopite 3�.� /� 

/  ��/�
$�#0��#�O!�/ ,&4��B+ :
quartz–fayalite–magnetite (QFM)-nickel–nickel 
oxide (NNO)-hematite–magnetite (HM) 

����
V�2 !<!"
",�L��F/ #/ �� 3b
��):� $�/!" �2 �O#��O<
�B'3�.X� Z)� �/ I�/!"  #1&0� Z)� �#1�]��[SO�/)X�
,��/� ./!2�&2
$()B� !2 �)�] �2 �C)4 �2 �O<	�� #k]��[��2

� !Y��,%� �F��):��O<%�!2 ��,' �
&[���):� �O<
�/!"#1��2 �/ ��'!% #4)#��:� ��<4�:"�� �/ #S�3�.X� �B' �/ 
Z)�I/ ��
/  ,&1�O ��N&� $
/!2 ��01%�X $<+):;� @F�

:[4 @2�H#�%/ S.�
1] /!��� �� #� _�#6)-% !-��#L
,O/)'<BH �/ #�+):;� �)�] @�O<4#��1#�+1&0�#�±

�2 �� L4�/)F#��<��):� �/ 2 ��O#!0���#0��#!<�F/ #2 3b#$
NNO  HM /!' �2  ��)2
��F/ a
\���'/ ��/� .����
!

V�2<!"
",�L��F/ #�:"�� �� 3b<�/!" #1�2 �#!0�� 
e� k#a
��#1X�% $�'��.	 �/!0:O  ��)2 �
�O�!� <�H�  3�.� /� �O
��,O�]��������[.
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�6�D|�/ (2#4)#��O<.F#4 J�� LB% �,#�2 �!0��,&?���+ �)� �� W�.� <�/
��):� k<�/!" #1�G i(2#4)#�)��q 
��%!"� A)ye� �F ��
6#�1	!.>�T ��#A)B� i�%/ �O (��*]/<2 �/ #4)#��O<� / #/�/� �F �<D !F)t*6 #,' S�
A�X�/  ,�O�
4�6T �/ #s i�%/ �(�OL4�/)F<:.? ���

�/!" ��):�#1�*H#��
L4�/)F ���B�� �<�OL4�/)F �<')��X �2 �C)� �",'�!X  �'�] �� #�<�)*2 �'�� .,O/)' �/ L4�/)F �/,X�-.4  \&4 #@
2#4)#��O<')��X �2 �,' �)*B1� ���2 � �:.? �T!	 !q/ �� 
�)*B4 ,&���2 �9  � i,&1�O ( �y4
!<2 @��  � !O �/ #4)#3�.� SO ��&F �� /� �
��,O�.

�6�H[4 ##!% $<�:"�� �
' _�%/ !2 #:�2#4)#�]f[.�!1�"�O:A:*H#��
�C:-OT��*H#��
�P:�)�T!6#$.



���)%����2!H�/b�,]/ �3/!
/ �%�&' ���F  �%�&'�)*2 �*;� fc

�6�F�% �/�):� �
�4Fe3+-Fe2+-Mg !" $##[4 �)Y&� �2
���2 A�BC <�O,#D)1#�/!" �� 3b#�F/ �",�L]��[.

/!2�&2
$%�!2 �2 ��&1%/ �2��O<*BH �]��[�2 �C)4 �2  
%�!2#��< � �,' (�;�/ <��F �2#4)#J&% V̀�:1]/ ���O<
�/!"#1���N&� <%�!2 ��)� �-.4 @l�] �#�� �:"�� @

��N&�<.�/� !	 �,&1�O .
;&%�����2���>1%/ �/�/,�� S#��1#4 �#4)#2 :��#$�&%��� 

�/,�� S#��1#4 ���#4)#2 ]�7[�!2_�%/ �Y*M Ti </!2 �B' -
�&�6/<�O<$#�)�T!6 �&2 �,' �%/ .�O��� ���/)4&,SO�2

S#%!4 !
���� Ti  Mg/(Mg+Fe)  < � �
�/�):� �
�4 � 
���%)@-'�( SO�2�B%�e� <T�� A)�!	 !
� �2�%� 
,
T :

T = ([ln(Ti)-a-c(XMg)3]/b)0.333  

Coefficient a b c
Value -2.3594 4.6482e-9 -1.728 

3T �� �^T�C�� K�] !2 ��� ��% <�1��/!"Ti �/,[4S4/ �O
�
 A)�!	 ,]/  ��)(apfu ��;&�2 �2 �,' ���3b#�^/ XMg 

�2 !2/!2Mg/(Mg+Fe)  a�b c<�O!1�/��6 A ,C V�2
,&1�O .!
���� </!2 A)�!	 $
/XMg = 0.275-1.0,

Ti = 0.04-0.6 apfu  T = 480-800ºC �%/ !B1[� .!2
!" A��[4 <��� ��&%��� $
/ _�%/ $#2 ���2 A�BC <�O,#D)1#�/

�8� �4 8�c�C�� �1��% <�/!")�#0��#$����C�� <
1��%��/!" (�%/ �,' �B%�e�)@{'f.(

;&%��.	��2���>1%/ �/)1e�<�)�T#&#S@F)AlT(
�#4)#2 :;&%��.	�J&%�O!2_�%/ )1e�<�)�T#&#S@F

>�T#A)B )AlT(�' ��A /,1� �%/ �Fa%)4 3�",&O b6 
>*1���(�;�/ �,' �%/]������f[.��/ ;&%��.	�J&% -

�O<�/!"#1�!2_�%/ )1e�<�)�T#&#S@F2#4)#�/!2<� /#$

��2 a%)4 
')#/,]�[�/!2<;&%��.	�J&%�O<�/!"#1�
�/,[4<�/3��[� $6/P �D/�/ ,'.���1+/ !2/
$�%/ �F��.	 

�B%�e� �,' �/ ���>1%/ �2)1e�/<�)�T @F#&#2 S#4)#�� �
J&%�O<�/!" #1�2 S;] \O�F @l�] �#4)#�:"��  �<

x 3T �/!:O��%/ \�/� !	 ]�[.&d:O#2 $#$)1e�/<@F
�)�T#&#S��2#4)#� ��.	 ��:;�/ ��)4�O<�/!"#D)1#,<�

x�B4�/��)C  ��/� ./!2<�4#
,/
$p!	#��3�",&O b6 ��/��O<
})2!� �2��.	 ��:;�/ ���x�&� �|*1� �/!"#1�/��F�/@BH 

 �2g ��O<�
!0<@�� ;&%��.	��2>�T#A)B ]�[ �#L
;&%��.	�!��>%/
���)2 �2)1e�/<�)�T#&#S@F2#4)#�

���
,��!F ��  �C)1� ,�,' �F}�B4�/ �2#��2)X�2#$
)1e�/<�)�T#&#S@F2#4)#��2��.	 ��:;�/ �/!H!2 �%/ .!2
_�%/ �1�
�/
$ b6\O��2/L	/
\��.	 ���:;�/ AlT2#4)#�

�#L/L	/
\��
,2� .�2:O#$��#@]�[6#���&. �!F �F��-
3/)4 �/)1e�/<�)�T#&#S@F2#4)#��23/)&+ 
k��#$

�&%��.	 ��J&%�O<�/!"#1����>1%/ �!F .����[�<2!;4�
3T �2�/!H �
!�%/ :

P ( kb ) = 3.03 × AlT − 6.53 ( ± 0.33 ) 
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/ ��
�����[� $AlT)1e�<�)�T @F#&#2 S#4)#_�%/ !2 ���
�F/ S4/#�%/ 3b ./ �/
/!2 g � $<[4##/ ��.	 $
�,' ��;

 �<J&% �O<�/!" #1����2 A�BC ��N&� ��:;�/ (�0&O 
' ���>1%/,.�1�
� 3�.� ���&�/� �F ,O�<U4##�� ��.	 s/!
�+):;�<�/!" #D)1#,<2 ���2 A�BC #$kb f8/��4kb �7/c

)� �2#0��#$kb ��/�(U4 ��##�%/ !.)% �/<�
2 �!0#$AlT

2#4)#�C ��.	  �
0#!<�-.4  #�/!H!2 }�B4�/ �O�����F Z)� @
�%/]�[.,2
!"/ �F s�)l $AlT2#4)#�� �!p @2���
K

�)�T �/ Z�B'/#&#S)Al2O3 /(CaO + Na2O + K2O)(��
k
%!4 �/�):�#/ �,�)' S
2 a2/ � $#$AlT2#4)#J&% ��O<

�/!"#1��%/ �/!H!2 �����F Z)� �2 )@-'�:(���O�����F <
 � �G!%<�)�  #J&%�� 3,B�O<�/!" #1�:�/�<AlT���
�O�����F<J&% �� �*H  $OT �h� �O<"�/!#1�:

�/�<AlT<�/����J&% �� $1�0&4 �����F �O<�/!" #1�:
�/�<AlT<�/�����/!"#��O<���F 3 ,2 /��
:AlT<�/�.

AlT2#4)#J&% �� ��O<�/!" #D)1#,<2 ����2 A�BC #$�c/��4
fc/�U4 �� ##/  �%/ !
/ �F �%�&[� 3/,2 $
J&% $�O
��/)4�
���F /��
,��/� /� �*H  $OT �h� )@-'�.(

%�!2 ����O<*BH �1	!" s�)l ���/
W�.� ���N&� $
���F ,O/)' �F �,'/��
	�)6 h� #!<�2 �� #��</ }��� �/ 
$

� ��N&�
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*#6 !6  k#*#1#�%/ k]�����
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��%!"���.�2 �� @H/,] ����2 A�BC �/ )��N&�<���>�� (��2
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�c[.h6AlT2#4)#[� �#��</!2<�.4 #[4  W##Z)� $
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�1X�&�' ���F �'#:�����F�2#4)�#��2#$ �K�NH �T�#� 



���)%����2!H�/b�,]/ �3/!
/ �%�&' ���F  �%�&'�)*2 �*;� f�

�6�G�N2/�<!p
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��N&� �� <
���2 A�BC.
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.�2��/2#4)#��Oz/)X 2#4)#��O<���2 � A��[1� �,' 

,��/� .&d:O#$2#4)#��O$#2 �#0��#!NNO  HM �/!H 
�1	!"  LC��#�/!" <�O <!% 1&0�#1�/
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