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�%�@ �� �"3("1 V��P0� _
. &  /��-� �1(T �1 ���$ !� 6�5
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��� � ���"� D[. � �� �
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�� +�(&]w.[V. ""�3 �F�B�I �.TiO2��� �1 ]�f[ �F �

��(�XFeO*�
�@  1 #
. 1�%1 ��$. �0�1.� �$ �.�(=� 6�1 �
�3
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���1 : ���($� �+%=5 1 2. 
. �$�%& ���F � �$�%&�()1 �)B� �d�

)	#->7
�0� L"���IEPMA �"3("1 ���F )W% (��(3 6. 1�.���1 6�5 )]�$. 1 6��0T�$ <(� 	���$. �+& �Q$�8� 2a"�F. .(
Lithology $B��B� $B��B�F����6
SAM.NO Par_1 Par_2 Par_3 Par_4 Chf_1 Chf_2 Chf_3 Chf_4 

SiO2 ��/�� �c/�c �/�� �f/�c �c/�w ��/�w �/�w ��/�w
TiO2 wc/� ��/� �f/� �f/� ��/� ��/� ��/� d�/�
Al2O3 �c/f� ��/f� ��/f� �/f� ��/f� fc/f� ��/f� ��/fw
FeO c�/f� �c/f� �/f� dc/f� c�/f� ��/fc ��/fw f�/fw
MnO f�/d ��/d f�/d �f/d f�/d f�/d ��/d �f/d
MgO c�/f� ��/f� �w/f� ��/f� �f/f� �f/f� ��/f� c�/f�
CaO ��/d fw/d fw/d fw/d d�/d d�/d f�/d f�/d
Na2O ��/d ��/d ��/d �c/d ��/d ��/d ��/d �w/d
K2O d�/� ��/� �w/� f�/� �w/� �w/� ��/c f�/c
Total �/�� c/�� ��/�c f/�w �/�� ��/�w ��/�w �f/�w

Cations per 23 Oxygen 
Si ��/� �f/� ��/� �w/� c�/� cd/� w�/� ��/�
Al w�/� cd/� w�/� wf/� w�/� w�/� c�/� ��/�
Aliv ��/� d�/� f�/� �d/� f�/� wd/� d�/� d�/�
Alvi ��/d ��/d �w/d wf/d w�/d ��/d w�/d wc/d
Ti ��/d ��/d ��/d �w/d ��/d ��/d ��/d �c/d
Fe ��/f �w/f ��/f ��/f dc/� �w/� fw/� dc/�
Mn d�/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d
Mg ��/� ��/� ��/� ��/� �w/� ��/� �c/� ��/�
Ca d�/d d�/d d�/d d�/d df/d df/d d�/d d�/d
Na f�/d fc/d f�/d fc/d f�/d f�/d d�/d ff/d
K wf/f ��/f ��/f �f/f ��/f �c/f �d/f �d/f
F fc/d f�/d d�/d dc/d d�/d d�/d ff/d f�/d
Cl df/d d�/d d�/d d�/d dw/d d�/d d�/d dw/d

Mg/(Mg+Fe2) w�/d w�/d w�/d w�/d wf/d ��/d wf/d w�/d

)	#- 7
���>
Lithology $B��B� $B��B�
SAM.NO Ijo_1 Ijo_2 Ijo_3 Ijo_4 Seg_1 Seg_2 Seg_3 Seg_4 

SiO2 �f/�c ��/�c �d/�� �c/�c �w/�c ��/�w ��/�w �c/�c
TiO2 wc/� f�/� �f/� ��/� ��/� ��/� ��/� �c/�
Al2O3 ��/f� w�/f� ��/f� ��/f� f�/f� �d/f� ��/f� ��/f�
FeO ��/f� f�/f� ��/f� ��/f� �f/f� f�/f� ��/fw ��/f�
MnO �f/d �f/d f�/d f�/d ��/fd ��/d ��/d �w/d
MgO �c/f� ��/f� �w/f� ��/f� �c/f� cf/f� wd/f� fc/f�
CaO dc/d d�/d fw/d d�/d f�/d dw/d dc/d df/d
Na2O w�/d d�/d ��/d �f/d ��/d w�/d �c/d wf/d
K2O �w/� fc/� ��/� �w/� fw/� ��/� �w/� �w/�
Total �d/�w �d/�� ��/�c cd/�w ��/�c c�/�� ��/�w ��/�w

Cations per 23 Oxygen 
Si ��/� �w/� ��/� �f/� w�/� ��/� c�/� �c/�
Al �w/� �f/� �w/� w�/� �f/� ��/� �w/� ��/�
Aliv fw/� d�/� f�/� fw/� ff/� f�/� d�/� ��/�
Alvi wf/d w�/d ��/d ��/d ��/d w�/d ww/d ��/d
Ti ��/d ��/d ��/d �f/d �d/d ��/d �f/d �f/d
Fe �w/f ��/f �f/f d�/� dc/� ��/f f�/� ��/f
Mn d�/d d�/d d�/d d�/d ��/d d�/d d�/d d�/d
Mg ��/� wd/� �w/� ��/� �w/� ��/� �d/� �d/�
Ca df/d df/d d�/d df/d d�/d df/d df/d dd/d
Na f�/d d�/d fw/d f�/d f�/d f�/d fc/d f�/d
K ��/f ��/f ��/f ��/f c�/f ��/f ��/f ��/f
F f�/d fd/d ff/d d�/d d�/d d�/d f�/d f�/d
Cl d�/d d�/d d�/d d�/d dw/d d�/d d�/d dw/d

Mg/(Mg+Fe2) w�/d w�/d w�/d wf/d wf/d ��/d w�/d w�/d
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+)b�����=& ��2�0��� �f��� ��(3 �="&(uN � �B%$��-	 � ��� �(8� �� J"�* � �.���1 6�5. . .�d�

)	#-?L"���I 7
�0� EPMA �"3("1 ���F )W% (��(3 6. 1 J"�* 6�5)]�$. 1 6��0T�$ <(� 	���$. �+& �Q$�8� 2a"�F. .(
Lithology $B��B��/�'C $B��B�
SAM.No keder_1 keder_2 keder_3 keder_4 sar_1 sar_2 sar_3 sar_4 

SiO2 w�/�� ��/�� d�/�� �c/�� c�/�� ��/�c ��/�� ��/��
TiO2 ��/� ��/� �f/� ��/� w�/� w�/� w�/� cd/�
Al2O3 �f/f� ��/f� f�/f� �w/f� ��/f� ��/f� w�/f� ��/f�
FeO w�/� wc/� w�/� w�/� ��/f� c�/f� c�/f� ��/f�
MnO f/d d�/d d�/d ff/d ff/d f�/d f�/d f�/d
MgO w�/�d d�/�d df/�d c�/f� ��/f� �f/f� ��/f� cc/f�
CaO d�/d d�/d d�/d d�/d dw/d dc/d d�/d d�/d
Na2O �c/d �w/d ww/d ��/d ��/d ww/d wf/d w�/d
K2O �c/� cw/� cw/� �w/� ��/� ��/� ��/� �w/�
Total ��/�w wd/�w wd/�w cw/�w cf/�� ��/�� ��/�� �f/�w

Cations per 23 Oxygen 
Si c�/� c�/� ��/� ��/� ��/� ��/� ��/� �w/�
Al ��/� ��/� ��/� ��/� w�/� w�/� wc/� w�/�
Aliv ��/� �f/� ��/� ��/� d�/� d�/� dw/� d�/�
Alvi ��/d ��/d �d/d �c/d wd/d �w/d wf/d w�/d
Ti ��/d ��/d �c/d ��/d ��/d ��/d ��/d ��/d
Fe d�/f d�/f d�/f d�/f c�/f �d/f c�/f c�/f
Mn df/d df/d df/d df/d df/d d�/d d�/d d�/d
Mg wd/� ��/� �c/� ��/� ��/� �c/� ��/� �c/�
Ca dd/d dd/d dd/d dd/d df/d df/d df/d df/d
Na ��/d ��/d f�/d ��/d fc/d �d/d f�/d f�/d
K ��/f �c/f �c/f ��/f ��/f �w/f ��/f ��/f
F dc/d f�/d d�/d d�/d d�/d f�/d �/d f/d
Cl d�/d d�/d dw/d df/d d�/d d�/d d�/d d�/d

Mg/(Mg+Fe2) �/d �/d �/d �/d w�/d ww/d w�/d w�/d

)	#- 7
���?
Lithology $B��B��/�'C $B��B��/�'C
SAM.No ayob_1 ayob_2 ayob_3 ayob_4 nar_1 nar_2 nar_3 nar_4 

SiO2 ��/�c ��/�c ��/�c f�/�c �c/�c ��/�c �c/�c ��/�c
TiO2 ��/� ��/� ��/� �/� ww/� w�/� w�/� wf/�
Al2O3 df/f� ��/f� �f/f� �f/f� ��/f� fw/f� w�/f� �c/f�
FeO ww/f� ��/f� �w/f� ��/f� f�/f� ��/f� �c/f� �c/f�
MnO ff/d f�/d f�/d fc/d f�/d f�/d f�/d �/d
MgO ��/fw ��/fw ��/fw ��/fc �c/f� ��/f� ��/f� ��/f�
CaO f�/d ��/d d�/d dw/d f�/d d�/d d�/d f�/d
Na2O w�/d w�/d cd/d wc/d ��/d ww/d w�/d w/d
K2O �f/� ��/� f�/� �f/� �c/� ��/� cf/� c/�
Total �f/�� �w/�� �/�w ��/�w ��/�w ff/�c df/�c ��/�w

Cations per 23 Oxygen 
Si c�/� cc/� c�/� w�/� c�/� c�/� cf/� ��/�
Al �w/� wd/� �w/� ��/� cf/� �c/� w�/� ��/�
Aliv d�/� d�/� d�/� d�/� f�/� d�/� dw/� ��/�
Alvi w�/d wc/d ��/d ��/d w�/d wd/d w�/d ��/d
Ti ��/d ��/d �d/d �f/d ��/d ��/d ��/d ��/d
Fe cc/f c�/f c�/f ��/f �w/f dd/� ��/f w�/f
Mn df/d d�/d d�/d d�/d d�/d d�/d d�/d d�/d
Mg c�/� �d/� cw/� dc/� ��/� ��/� w�/� f�/�
Ca d�/d d�/d df/d df/d d�/d df/d df/d d�/d
Na �f/d f�/d �f/d �d/d fw/d �d/d f�/d fw/d
K ��/f cw/f c�/f �w/f ww/f c�/f cd/f ��/f
F dc/d d�/d dw/d d�/d d�/d d�/d f�/d d�/d
Cl d�/d dc/d d�/d d�/d d�/d d�/d df/d d�/d

Mg/(Mg+Fe2) w�/d w�/d wc/d cf/d w�/d w�/d w�/d w�/d
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. �$�%& ���F � �$�%&�()1 �)B� �dw

=2Gz�. (J
L"%� � #5I 6�5�,"� A.(�. #""X3 �QC: ���Y �.�(=� �� �.�]�[H �(�"3("1 ��/0$�T #""X3 �$� 1 ��(� 6�5]w[)A:�"3("1 6�5
 ��"��.B:�"3("1 � ���$ !� �. DW�[ 6�5C:�"3("1���1�� �()Q3 �. DW�[ 6�5.(

=2Hz�. (�� �+
� D,& #
. �� �"3("1 A(� �$  5+�(& :�"3("1 <(Q"P�I � #�F� "@ ���$ !� �. DW�[ 6�5)Bt-1(�"3("1 ��"��. 6�5 )Bt-

2(�"3("1 ��
 )F �1 �+& 2�$ !� 6�5 )Bt-3 (��C%� ��H �(B
. 6(�"3("1 LQ$ �+"-F 6�5–�(�: "3 6.S�-� J�"u� F(p)@ �1 4�� �  )Bt-
2(��C%� ��� i�+F 6(�"3("1V (%"�$ ��C%� �� �
 )F �1 �+& D
+Q3 � 2�$ !� (�"3("1 �. �0!�1 � +
+& J�"u� F(p)@ 6.�.� �F �"��. 6�5

6}(P���G�. H(
. ��C%� �� �"3�@I �. �
�5.
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=2IH � z�. (1 �
�=!�� 6 $ #""X3 �"3("1 �="& ]�$.  ]��[.� 0�!�5:A:��
�"):C:�,5I9��
�"): P:#"�(�I @ .�(_"8� #""X3
 g�� ]�$.  1 �
�=!��(%0,3]w[.

���I 1 !
!+�L��=!�� 2a"�\. 6��/0$�T�"3("1 K"\ 3 E
 k �. :
Lb ��%
. o 	 �1Mg �Fe�  G%* �
 /6�� �"3("1 <��X3  1 

<�G3. _T)<()8�+��b (�"3("19�0&.+� �W�T  l. �"@(!()	
 �+&�1 !
!+�L�)W. 2a"�\. � 3
�3 D��* #""�+%5�  6

F 3"& K"="��
1"3("�(1 +5.(T �.
�.+�� ]�$.  1Fe/Fe+Mg �� ���0� +��� �� � !
!+�L�

S"�-3 D1�: ��� � 2a"�\.+�. ]��:[z�.(
��\. +���Z�\
�+%
.L	 V�(W �1 �"3("1 �\ �1 6. ��� Z5)�()Q3 �	 -"@ �
 (�.

�%M #5I  U� ��  3 �(& .H(V�(W �1 �"3("1 �\ ��"[. +���
�+%
.L	 %� �. 6."L
�%M J��  3 �(& .. 1�%1
%M #�1 2�(1 "3("�
#5I �.
%� �"L
�1 J !
!+�L��F. "2+& � $ <(k �� 2a
��.+!/0�1 �. & �� � �0&.� 
��F. _
Z1 �"3("%M ��#5I �. 
+5.(T �(1]��.[3�(W ��". & �� �()Q3  !. �,
[. _"�1 � ��

 !
!+�L��@"
�F. #"1 ��(& '�B�. 2a"3("%M ��%� �. "L
J
,-3"+& +5.(T D]��.[1�)F �(k��=5 6�T} 
=5. �1  "�

�(� �h�"�� �H $ �2+Q6� �� � Ok �6�� �(b(� 
�5+%1 =F6(��,�� 9�(3()@";)���. +%���"�9 0T�(� �1 �
a�

�T}
	�(@ A(�  " 6�. ��
��!+0�N ",��5�=!�� �1 ��Q3�. �� 6
 $6I�1 �F ��(1 �& $��F. j�0Q�� 
-�� S�-� ���I �-

+�(& .1"3("��56��C%� 6$� 1���[ �+& 6��(1 `�1 #5I 
2�-� �F�+%5�6,-3 ". & �� ���I D
_ !
!+�L�`�1 6

�F."�$. 2a .����
`�1  6 !
!+�L��F."2a. ��
��(=� #�5
4%$ �1�56�Q&�(�I"#A(� I4%$ ��56A(�0%/� "0�]��[

J5�.(T�+��.� .. 1�%1
#�  U� �1���(=� +$��56$� 1��+& 
��=�63�=!�� �. "J��Q&�(�I "�. #A(� I. �� 
� ��(1 ��C%� #

.
#��/0$�T. 1 6=X3 D1�: �*(=B� DF"�$. J)D,&w.(
�
0[ . ��� �� "�� ]"@(,$� ,��"L+5.(& 6Q: �. "�(�[ D

�*(=B�63"��0"�+0%/�"�±�1 �� L3�.(F "��6��(=� �. �5
��.� �(b�.
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($ �.6�
 / !
!+�L��F. "��(=� 2a�56�� ^81 ��(� 
1"�5 	�1 #6NNO)�"D,9�F."� +"D,(�HM)3�=5"�9

0%/�"�(� �. :�!". & �� �=!�� �()Q3 �F +� 
_ !
!+�L�
`�16�F. "u�3 .� 2a"� +�+%F .����
`�1  6 !
!+�L��F."2a

�=!�� ��64%$ �561 �^81 ��(� " /��
8� ;"_��"#-
0T�$�&��-	 �. /=5 � ��(1 �
�5� � 6�! 1� 2�-� .� �5�-
+5�]��9�c.[. 1�%1
#�1 ��%0$. �1 $� 1��56)Q: �]f�[�1 �

�1 �b(3$� 1��56�+& '�B�.  1��6��F �1"3("j̀ �=0[. ��
4%$�56��(3 �56}(P� 6��(� ��C%� $� 1�,-3 DW�[ �"D

�� �=!����C%�6-�.�� 	 �+%0�5 .

����
������ �� �	
��	� ��	��	� 
��"#B%$�����"3("1 �� J"��0"3 �.+�� ]��[�U)M ]�$.  1 �
Ti6. 1 �Q& �%�@.6�56�$. �+& �%1 #"�(�I @ .. �.
�� #"#

. 1 7%$���6��� �Q$�8� 64%$ �56�"=* �="F 3 �1 E"K
�. !"u(0"+6�"� 1 � �1 L�.6���(& .�� �5��� .(3�+%�1<(� 	 
�
0[.� �1  ��Q$�8� +�(& :

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

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

 

2I �� �\T�b�� K�[  1 ��� �0��$ 6��. !Ti �� J3. �.+�� 
�
 <(� 	 +[.�)(apfu ��B%�1 �1 �+& ���2a"�\. XMg  1. 1 

�1Mg/(Mg+Fe) �a�b�c+%0�5 `�1 6�5 0�.��@ .#
.
  
���� 6. 1 <(� 	XMg = 0.275 - 1.0, Ti = 0.04 - 0.6 

apfu �T = 480 - 810ºC�$.  Q0X� .�7%$��� #
. ]�$.  1
,-3 6���"D��(3�56�"=* �="�* � �.���1 E"~O0T. J

�
��6+��.� J5�1 .+1
3 3 #"��� �F K6. 1 �+& �Q$�8� 6
��(3�56#"1 �.���1 ��� �3 �c��b�� �0��$ 6�. !)�"/��"#
�wd�b�� 60��$ ��. ! (��[ �� ��(1"��� �,6,-3 "��(3 D-
�56�*"1 J"#�d� �3 c���b�� 60��$ ��. !)� �1"/��"#

ccw (�$. �+& �Q$�8� .. 1�%1
�1 #1(T��
� �+��F �(&
�"/��"#��� 6,-3 "��(3 D�56�"=* �=" �3 �.���1 E
j�Q�fd 

�b�� �0��$ 6��(3 �.  0=F �. !�56�*"�$. J.

���������!�
 �� �
�+J ���=6 �)AlT($����� 
B%$��-	 �4%$ (08� ]�$.  1 �56�(�I "%"P�I DF J"<(Q 

)AlT(&�� ��_$(3 �F ��(1 <�.+0� 2�!+%5�a@P)0�� �

�$. �+& '�B�.]���t9��[.B%$��-	 ��.�4%$ �56}(P� 6
(08� ]�$.  1.6�(�I "%"1 DF J"3(". 1 �6��. "_$(3 ��1 #


&(".+]�[���B%$��-	 ��b�4%$ �56�. ! "u(0"+6
�.+X36+& �u.�. #@.N 2��X� �. ..  1 ���0*.
-	 �F �$. #��

�+& �Q$�8��1$�"�)6(08�.6�(�I DF"%"1 J"3("�� �
4%$�56�. !"u(0"+61 JB[ Z5�F DW�[ �"3("�=!�� � �6

�$. 2I �. =5]�.[%e=5"#1"(08� #.6�(�I DF"%"�� J
1"3("��(3 ��=B�. ��-	 � ��56�. ! "u(0"+6��.� �(b� ��Q3�. .

. 16�3"
. +
� 	 #"��2�!+%5�a@��.� �56��-	 �1 �(1 � 
�. ! z)0�� Ek�%� �� ��=B�."u(0"+6g�� �1 � DQ: �. �F .� -

�56�
 /6B%$��-	 D�� �P�I �1 "<(Q]f[� �"LB%$��-	 �
 ��P$.
(08� �1 ��(1 �.6�(�I "%"1 DF J"3("����
�� F �� �

�1 ��Q3�. �F +�+& �b(0�"1(T ���1"(08� #.6�(�I "%"DF J
1"3("�=B�. ��-	 �1 ��$. �. : 1 �.�0� ]�$.  1
2I 7Z5�a@ �

.L	. �1
���=B�. ��-	 ZAlT1"3("� �".L	. L
� Z�
+1� .�1
=5"#��"D]�[@"� �F � F ���%-�(08� �. 2.(36�(�I "%"J

1 DF"3("2.(%* �1 �
�� ;"4%$ �� 7%$��-	 #�56
�. !"u(0"+6� F ���P0$. .1 B3 ����X��� �. : �1 2I 
�$.  :

P(b) = 3.03 × AlT − 6.53 (±0.33) 
. ��
�����X� #AlT(08� 6�(�I DF"%"1 J"3("]�$.  1 ���

�F. J3."2a�$. .. �.
. 1 g�� #6X3"". ��-	 #
�+& ��B
�� ���=B�. '�/%564%$ �56��(� $� 1�75� �(8�9�">�+

+& ���P0$. .�0�
� 2�-� 7�5�%�3 �%�.� �F +""� ��-	 V. "L
. 16%$4�56��(3 �56�* � �.���1 "3��P0� J+%.+1
V�(W #

�%�.� �F64%$ �� ��-	 �56��(3 �56�.���1 kb ��/d�3kb 
�c/d)� �1"/��"#kb c�/d(�3 ��""�3 �%�.� � ��(1  ""V. 

1 ��-	"#kb ��/f�3kb f�/f)� �1"/��"#kb w�/f(�$. .��
��-	  1. 1 �� E=* �.�(=� ��.�.]��[5. 1 J6��(3 �56� �.���1 

. 1 J56��(3 �56�*"$ 3 J"+& J)D,&c.(�0�
� 2�-� 7�-
5�%�b E=* �F +
L/
%���(3 �56��+[ �.���1 ��/�F" 0�()

��(1�$. ��[ �� �"��(3 �,�56�*"�=* �� J�����+[ �/c
F" 0�()+%0&.� �. : ..
�1 �+& �Q$�8� |�=*. #$� 1��56

)Q:���C%� �� 6��(� $� 1��.(�=5 ���.� .. 16�=* <��� �
. 1 �F6�b
L/
%���(3 6�"��.� �. ���P0$. �1 >�+�56

.
@(3�L�X3""�+& #�f/�F" 0�()�$.]��.[
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=2K�$ �.�(=� �
�3Fe3+-Fe2+-Mg �14%$ �� 2a"�F. �!+�L
 ! #""X3 �(U%�75� �(8� 6�59>�+"�]��[.0�"$ ���$ J�
�3 
xybiotite-Annite- Phlogopite �. +%3��Q* �5 	�1 :quartz–fayalite–magnetite (QFM)-nickel–nickel oxide (NNO)-hematite–

magnetite (HM).

=2L4%$ D",-3 E=* ���. 1 75� �(8� 6}(P� 6�59E=* �.�(=� 6�� >�+"�–��-	 .

��'��7/�6 ���B���� ���������M ������ 	 ��'�6'� �� �N
�����$

&�.".+�(1 +�0X� ��.(=51 �F "#AlT1"3("��-	 � �
�b
/" 6,-3 �"�$. �. : 1 ��Q3�. �5�����F A(� D]�.[+1
#

 !. �F V�(WAlT1"3(" � D1��� �� �
�(�I �. A�Q&. K"%"J
)Al2O3 /(CaO + Na2O + K2O) ( ��
$ 3 �.�(=� ;"J

. �+�(&
1 _1.�� #"#AlT1"3("4%$ ��56�. ! "u(0"+6�1
�$. �. : 1 �����F A(�)D,&�:(

f9�5�����F 6�� �H $ 6�(� �"4%$�� 2+Q�56
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���F 2�+1.��
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4%$�56��(� $� 1�$ 3 "+& J.��%Y �� �,D,&��11(T�
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� �+���(=� ��(&�56�0�1.���(3 �1 �56�� �.���1 � 0�!6

� �. : '���!"+�  ..
�F �$�%X� 2.+1 #AlT1"3("��(3 �� �-
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. #
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