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Mg a�/� �b/� �b/� ��/� �^/� ]a/� �^/� ��/� ��/� ��/b b]/b �a/�
Ca ^^/^ ^^/^ ^�/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^ ^^/^
Na �b/^ ��/^ ��/^ �b/^ �b/^ �b/^ �a/^ �a/^ �^/^ ��/^ ^�/^ ��/^
K ^^/� �a/� ��/� �a/� ^�/� ^^/� ^a/� ^�/� ^�/� �^/� ��/� ^�/�

Mg/(Mg+Fe2) ��/^ �b/^ ��/^ ��/^ ��/^ ��/^ �a/^ �a/^ ��/^ �]/^ �a/^ ��/^

?51 9��"�,
Location Prachan Shekarnab 

Rock Type PR�] PR�� PR�a PR�� PRb^ PRb� CHa CH� CH�^ CH��
SiO2 ^^/ba ��/ba ��/ba ��/b� ]�/b� ]�/b� ��/b] �^/b] ^�/b� �]/b�
TiO2 a�/] �a/] ��/� ��/] ab/] �b/] �^/� ��/� ^�/� ]]/]
Al2O3 ��/�� ^�/�b ��/�b ��/�� b�/�� �a/�� aa/�� ]�/�� ��/�� ^^/�b
FeO �b/^^ ��/�^ ��/�� ��/�� ��/�� ��/�^ ��/�� �a/�] �]/�b �a/a�
MnO ^�/. ^�/. ^a/. ^a/. ^a/. ^�/. �]/. ��/. ��/. �b/.
MgO aa/�� ��/�] ��/�a ��/�� b^/�� ^�/�� �a/�� ]^/�^ ]�/�� �a/�^
CaO ^^/. ^^/. ^^/. ^b/. ^�/. ^�/. ^�/. ^^/. ^�/. ^�/.
Na2O ��/^ �b/^ b�/^ ��/^ ��/^ �b/^ ��/^ �]/^ b�/� ��/�
K2O ��/�^ b]/�^ ]�/�^ ^a/�^ ��/�^ b�/�^ ��/� �a/� ��/� a�/�
Total ��/�� ��/�� ��/�� ��/�] b�/�� ]^/�� ��/�] ��/�] ��/�] �^/�]

Si 5/81 5/80 5/87 5/79 5/82 5/80 5/46 5/52 5/57 5/46
Al ��/� bb/� b�/� ��/� ��/� b�/� ��/� ��/� ��/� b�/�

AlIV ��/� �^/� �b/� ��/� ��/� ��/� ��/� �b/� �a/� ��/�
AlVI �^/^ �b/^ ��/^ ^^/^ ^^/^ ^^/^ ^^/^ ��/^ ��/^ �]/^
Ti ^/�a ^/�� ^/�� ^/�� ^/�� ^/�� ^/a� ^/a� ^/a^ ^/��
Fe ]]/� ��/� ��/� ��/� ^^/� ��/� ��/� ba/� ^]/� ��/�
Mn ^�/^ ^�/^ ^�/^ ^�/^ ^�/^ ^�/^ ^�/^ ^�/^ ^�/^ ^�/^
Mg ]�/b a�/b �^/� b�/b b^/b ��/b ]�/� �^/� ]�/� ��/�
Ca ^^/^ ^^/^ ^^/^ ^�/^ ^^/^ ^^/^ ^^/^ ^^/^ ^�/^ ^^/^
Na �]/^ �]/^ ��/^ �a/^ �a/^ �]/^ ��/^ ��/^ ba/^ ba/^
K ^b/� ^�/� ^�/� ^^/� ^^/� ^b/� a�/� a�/� aa/� �b/�

Mg/(Mg+Fe2) ]�/^ ��/^ ��/^ ]b/^ ]�/^ ]�/^ ��/^ �^/^ �]/^ �^/^

�3�264##$��01%�F %�!2  ��0�)0h 2#4)#��C9�P"�� �
��)>4 ��,>' M��>61� ���>2 �  �>C9A)>B� 9��)>� �>%�!2 �>% �/�)>P� �� �>4�

TiO2-FeO-MgO ]b[.
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,*L�����P' �����2 ��b�] W#�.4 9/!2 �#4)#2 D5 ()#&#�)�K x�� �%�!2  ���5 �P#'. . .��

�3�Ey�/ ()r4
� !#8)-% !-���5 �/ ��C92#4)#�)Bt(�/ �#)
$Ol)(��5 ���,5)1&0�#�(Op)(�	�2  ��/�9/,62 [C )�)�XPL(g i(
)r4
� !#� !1-�/ �)-% !-�)BSI (���;)r4 �� �)L)� 9�C
� iy�/ !(2#4)#��C9� / # �p �99A)B��
�C��5 �/ ��C9�,54�8K  #�.7()r4
!

�#� !1-�/ �)-% !-�)BSI (2 ���;#4)#�� / #4�8K  �#�.�(2#4)#�2 7�)o �2 �D-' )�1��3)" ($�5 !#8 3 �����2!Z �	�2 9/�/� 9�C .
�()r4
!92 D��  � !C �/ #4)#[C ��&5 �.

*5 ���p �����2 �B" 3/)4#4)#��C9�,' M��61� ���2 � 9
�!1�"9BD-'��2 �2 #4)#��C9)��j 
/�/� �9��5 ��C9

4�8K#4 � ��#�5/  D#�C,9$CK –4#��1#0&C�PC ()�,��/� .

����� F������ �������
2#4)#��1�/ )�+ ���h ,��L M)*@� ��

&6��K#��

%#	 �,#*#8)")*	 ��#/  �
�)1�#�8 !2 �5 �%/ �
�9/
$
�/�)P� ���	 ���h9!
�6*����h 3/)&+ �)ASPE (p/!=�

,'�,�//!2 �5 964##5!4 $#� O#�C�-9�.C �L ��%�2 ���"
� ��5�� � ./ ��
6*����h $�c1�  � �##!Fe/(Fe+Mg) Al 
total�,' �1	!" ��5 �2 4!4 �2 �5 ,�/#!" WF�' O
",�:�

�5/#�)�K!8  3k#2 �)*<4 3��� �� �P"�� 3�)2 �&#4)#�%/ �
]�b.[5!4#� O#�C�-9%�!2 ��)� ���&h �-��D-'�y�/ 
8#2  !P*V �� �%/,#4)#2 ��  �#�K OYV $#%  �#	 �,#*#�

�:�  
�K OYV �2 Q#�,��/� �/!VC  #�
 !P*V �� Q
8)")*	#�,&1�#� .&_PC#$�PC 92#4)#��C9%�!2 ��)� ��/
2 R)�#4)#��C9&Z�&� �/ #:
[)D-'�g(c4  ��)2 ##!

5!4#%)�@� O�P� 3�.� �,&C�]��.[

0����	 :���G�� � '� ��� H�:IJ�	�
2#4)#��5 �/ ���C�
5!4 �5 �%/ #3�.� 3K O�,&C�9 
"k�-

�C9�P"�� 9�%/ ���� .5!4#2 O#4)#/!' ~2�4 R)PS� �� �
d
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�.5��/!P+ ����2!V ���5 3/!
/ �%�&' ���5  �%�&'�)*2 �*S� �a

�P"�� �)*<4�
/!2�&2 ��%/ �,' �)*<1� 3K �/ �5 �%/ 
� $�-
3/)&+ �2 3K �/ 3/)4
6� Q#/!2 O%�&� ��9�%�&' �
@�#d

��#$1F�&'��!5 ���B1%/ �C,#`)1#�/!" .$Pp!�/,<+]�[�2
���K �/ ���B1%/#�C:9�5/ �% #,Al2O3�MgO  FeO*��

��5�2#4)#��
�*�� �/�)P� Q��/� �`/�/ )D-'�(H&% �5 -
�C9,#`)1#�/!" 9� !" �% �� /� ���,&29��H&% �,&5�C9

�
�#*V/:C)5��  �
)A(H&% ��C9�)�K!8 #2 �5 $#4)#��C9
3K�)�K �/ �C#&#&Z ()�)% �2  9% OYV #	 �,#*#1#�P4 Q
D

 )-�� �2 �/!PC �n)P6�  ,��/�
 �
� �
��5 !0��C9
�)�K#&#%)#*#�!5 �����" D�� 7�-
!
 �
�)�/,�K �
,&1�C �

��)F!2 ,#`)1#�/!" D��'  9R)� S-Type��,�)')P( 

�C,#`)1#�/!"9/:C)5 �
�-CK ��
�#*V R)� �/ I�)= �2 �5 
&Z d%)1��&� �/ #:
B�K �2 �/!PC �n)P6�  ��)2 [#�*5 M)<#[-

 �/�
8 �#�*5 $�5 !#[,&1�C x�/� !	 �2 �1�2/   �/�)C.(
 D-' ���6V)� #��)P� ��C9%�!2 ��)� �)r4 �2 
�,�K �� !-

,�/ .��)P� (�P4�C92#4)#�C,#`)1#�/!" R)� �/ �9R)� I,&1�C 
8 ��  �&�9C� �/!V �"#2  !P*V �2 �5 ,�!#4)#�

�/!"#`)1#�C,9%)V ��-CK ��
�#*V.�/� !	 ��1�2/  ,�/ .��
�/�)P�Al -Mg]��[�#H&% :�C9?!5 �)@� ��� 3����=
�!1�"9&�#:
 n�2 [�
�#*V  �-CK �<'� �/!V �"#,�!

)D-'](�1� �2 �5 
�C�/�)P� e9$Pp!�/,<+ ]�[�J��5
/)�PC����/� .

�3�Ky�/ (%�!2�� R/)�/ #�C�-9&�  $CK #:
[<YV ���h �/�)P� �� �/��]�b[g(2#4)#��C9���K ��)� #2 R)� �/ :#4)#��C9&Z�&� �/ #:
[
,&1�C ]��[.

�3�L64##!% $9�P"�� �
' \�%/!2 #P�2#4)#�]�[.�!1�" �CA:�
�#*V �)..5 �=�&��(C:�-CK��
�#*V �)x�/� !	 �=�&� (P:�)�K!8 #$
)@�#d�C9��)F!2 9.(
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,*L�����P' �����2 ��b�] W#�.4 9/!2 �#4)#2 D5 ()#&#�)�K x�� �%�!2  ���5 �P#'. . .��

�3�M64##!% $9�P"�� �
�/!" #`)1#�C,9��)� �%�!25!4 \�%/ !2 #' O#P#��
2#4)#�]��[.

� |!= �/
5!4 !0#' O#P�2#4)#/,L �2 ���V ��
H&% 
�/!"#1��#�8 !2 �)F 3�2:
�9��� ,&29�<B�/ �
�/!" #���%�C

��)" �2/95L �#3/��-PC  H��]�][c4 O�p !2##�<�� 7/!
Fe/(Mg + Fe)D2��� �� AlIV2 �� #4)#�/�)P� �9�`/�/ /� 

�/!" R/)�/ �,&&5 /,L �5 ,��!5#��8 !2 �C
�93K ��01%�F -
�%�C ./ ��
��)P� �/�)P� $�C92#4)#%�!2 ��)� ����
�!1�"9�/!" #��C9/:C)5 �
R)� I� �/!V �"#�2 �5 ,�!�1� 
e

%�!2 �/ Do�p��C9')`T #P�D5 H&% ]��[�/)�PC �J��5�
��/�)D-'�.(

=�	��"�� 
�5�� �� !"�%I	� �� ���I�� N�����
��#4 �/,�� e&%��� $#��1#2 �� [#4)#�]��[��*Z \�%/ !2 �
Ti*8�1� �� #��C9�)�K!8 #�%/ �,' �&2 $.� �����2 [C ,�/)4
%!4#���� [
!Ti  Mg/(Mg+Fe) �9
�4 � �/�)P� Q�


���%)D-'a([C  �2�<%�@� 9T� M)�!	 �� 
K �%,2 !
,:

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

-1.7284.65E-092.3594Value

3K �� �5T�L�� O�p !2 ��� 91��% ���/!"Ti �� [4/ �/,�� 
M)�!	 ,p/ 
�(apfu) ��S&�2 �2 �,' ���5/ #�3kXMg !2/!2 

�2Mg/(Mg+Fe) a�b c��8 �C!1�/9,&1�C n�2 ./
M)�!	 $
/!29���� 
!Ti=0.04-0.6apfu�XMg=0.275-1.0  

T=480-800ºC�%/ !<16� ./!2�&2
S&%��� $���)4 �C9
/ �/ ���B1%/ �2 g��!-'  3�h/!8
3�)2 n�2 �2 �L)4 �2 z � $

�/,��Ti3K 3�-�/ �C�8
� !#��.���9�/!" M��64 #`)1#�C,9
�
/ \�%/!2 3/��
��� $2 �e&%#$]�^ �4 ��^�L�� 91��% �-

�/!")�#0��#$�b^1��% �L�� ��/!" (�%/ �,' �<%�@�
)D-'a.(

�3�Oc4 �/�)P�##�<�� 7/!Fe2+/(Mg+Fe2+)D2��� �� AlIV ]�][.
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�.5��/!P+ ����2!V ���5 3/!
/ �%�&' ���5  �%�&'�)*2 �*S� �^

�3�P�/�)P� 9��,PC��#4 e&%��� $#��1#2 �� [#4)#�]��[.

=�	
��Q��I'� �� !"�%I	� �� ����������� N)AlT(������
S&%��.	 �H&% )1@� \�%/ !2 �C/9�)�K #&#B�K D5 [#M)<

)AlT(' � ����@� d%)4 �5 �%/ M /,1� #B*1�� $�(�S�/ 
�%/ �,']�a��^[.�� S&%��.	 �H&% �C9�/!" #1�

)1@� \�%/!2/9�)�K #&#2 D5 [#4)#/!2 �9� / #d%)4 ��2 $

')#/,]�[�9/!2S&%��.	 �H&% �C9�/!" #1��/,64 9�/

,' �`/�/ $8/T 3��6� ./ !2 ���1+/
�<%�@� ��.	 �5 �%/ $�2
�/ ���B1%/)1@� /9�)�K D5#&#2 [#4)#H&% �� ��C9�/!" #1��

2 [Sp xC�5 Do�p#4)#�P"��  �9= 3K �/!PC �x�/� !	 
�%/]�[.&_PC#2 $#)1@� $/9�)�K D5#&#2 �� [#4)# �

��)4 ��PS�/ ��.	�C9�/!" #`)1#,9�Y2/�9/��/� �)L  ./!29
�4#
/ ,
�!	 $#��3/!0.C k8��/� �C9��PS�/ ��.	 �2 {)2!� 

�/!" y*1�� �=�&� ��#1�z � �2  D<V �/ �5 /� �C9�
!09
S&%��.	 D���B�K �2 #M)<]��[�  #:S&%��.	 �!��B%/ 
�
)1@� �2 ��)2/9�)�K #&#2 D5 [#4)#�,��!5 ��
���)1�  �L

�2 {�<4�/ �5 ,�,'#2)F ���2#)1@� $/9�)�K #&#2 D5 [#4)#�
�%/ �/!V!2 ��PS�/ ��.	 �2 .�1� \�%/!2
/ e
$xC k8 �2 �

/:	/
���PS�/ ��.	 xAlT2#4)#� �#/:	/ :
� x�
,2� .PC �2#$
O<%]�[8#� �5 �!5 ���&.�)1@� �/ 3/)4/9�)�K #&#D5 [

2#4)#3/)&+ �2 �
�� Q#e&%��.	 $H&% �� �C9�/!" #1�
�!5 ���B1%/ .2!S4 ����6��� �/!V �2 3K 
�%/ !:

P (kb) = 3.03 × AlT − 6.53 (± 0.33) 
/ ��
����6� $AlT)1@� /9�)�K D5 #&#2 [#4)#\�%/ !2 ���

�5/ [4/#3k�%/ ./ �/
/!2 z � $964##�#4)#2 �)*<4 ��.	 $
H&% ���C9�/!" #1���)� �%�!2,' ���B1%/ .�1�
3�.� e

��C�&�&�/� �5 ,9c4##�+)PS� �� ��.	 7/!9�/!" #`)1#,9
2 3�h/!8#$Kb ��/^�4Kb ��/^�+)PS� �� �9�/!" #`)1#,9

2 g��!-'#$Kb b�/^�4Kb ]^/^�/!" �+)PS� ��  #`)1#,9

�
2 3/��#$Kb ^a/��4Kb�a/�c4 �� ##�%/ !./!2�&2
$
2!S4 ����6� \�%/!2���
�,' �+)PS� !2 ���/  ��.	 �/,�� 

A)B�9?!5 �2 3����=#$Kb ��/^�4Kb �a/�)� �2#0��#$Kb 
^]/�(�%/�*��5 ��/)�PC&@&� �� �,�K �%,2 ��.	 �2 �

3�!5 ?�,��� �/ Do�p #S&%��.	 $�2#4)#�� �D-'�
/!29H&% �C9�/!" #`)1#,9�%/ ]�[.

0�������G 
�T��� ��� :��� �� !"�%I	� �� �U�	
��Q :
������

9/!264##���5 R)� $/��
2 d2/ � �/ #$AlT�)� �<��  �
Mg/(Mg+Fe)2 �� #4)#��/!" #`)1#�C,9�$8/T �� �,61� 
W�.� �2 �/!PC�!5 :*	 R)� 3]�[���  �
��9H&% �2 3K -

�C9�/!" #`)1#�C,9?!5 �)@� ��%/ �,' ���B1%/ 3����=
)D-'�^.(�/,�� AlT2 �� #4)#�H&%�C9�/!" #1�/:	/ �2 �
x

-.4 �P+#/:	/ D
� x�
�2  ,2� 3/)&+
3�.� Q/!2 !"9�� /!2 
H&% ��.	",'�� ���B1%/ �)'�.��&h�� �- �C�/�)P�9D-'

�^ �� �,
���)'���� 
� !#0��#$AlTH&% �� �C9�/!" #1�
�2 �1�2/ �C�����5 9 � �g!% 9�)�  #�8 3,<#
�2  �%/ $

/:	/
+ xH&% �P",'�H&% �C9�/!" #1�4!4 �2 #� O
!
/:	/
� x�
,2�:

H&%�C9�/!" #1��2 �1�2/  � �g!% �����5 9�)�  #3,< 
>~*V  $CK �f� >$1�0&4 >H&%�C9�/!" #1�,V�	 

���5/��
./ ��
��� $
",&5/!8 ,� � �����)P� ����  �C
!AlT

2 ��#4)#��C9�/!" #`)1#,93�h/!8 �)@� g��!-'  
(AlT=2.3)�/!" �2 �2�.� #`)1#�C,9�2 �1�2/ ���;9��% 

g!% � �9",&5/!8  ���)P� ����  �C
!AlT2 �� #4)#��C9
�/!"#`)1#,9� �)@� 
3/��(AlT=2.67)�/!" �2 �2�.� #`)1#�C,9

�#<'���; f� 9��% ��%/ $8/T �� $CK)D-'�^.(
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