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Rock TypeZRB�RZRB��ZRB��ZRB�kZRB��ZRB�TZRB�mZRB�� ZR�� ZR�S ZR�� ZRkR ZRk� ZRk� PR� PR�R PR�� PR�S PR�� PR�R

SiO� �S/�� ��/R� ��/�� ��/�R ��/m� ��/�� �S/TS �S/�� TR/�� TR/�m T�/�m ��/RT TR/RS TR/�� Tk/R� T�/�m T�/T� T�/T� T�/mS T�/��

TiO� �/�T �/�m �/�� �/k� �/k� �/�� �/�R �/�� R/�� �/R� R/k� �/R� �/R� �/R� R/kS �/R� R/�� R/�� R/�� R/�� 

Al�Ok T/�k T/�T T/�� T/T� m/�T �/�� �/�� T/�R k/�� �/�� �/kS �/TT �/kS k/�� R/S� �/Sm R/m� R/mS R/T� R/�T 

Cr�Ok R/RR R/R� R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/R� R/RR R/RR R/RR R/R� R/Rk R/R� R/R� R/RR R/RR 

FeO S/�� �/Tk S/kR S/kk S/S� S/kT S/�� S/mR �/�� T/�� �/RS S/�S S/�� S/k� �R/k� �/�� �R/RR �k//T� �k/�m �k/�R

MnO R/�� R/�� R/�k R/�S R/�� R/�� R/�� R/�m R/�� R/�� R/�� R/�� R/�k R/k� R/k� R/�� R/kS R/S� R/Sk R/S� 

MgO �k/�� �k/�� �k/�� �k/�� ��/S� �k/m� ��/R� �k/�� ��/mT �k/�� ��/mR �k/S� ��/�� �k/mS ��/Rm ��/k� ��/�T ��/�S ��/�� ��/RR

CaO ��/S� ��/Rm ��/S� ��/T� ��/T� ��/mT ��/k� ��/k� ��/�� �k/�� �k/�� ��/m� ��/R� ��/�T ��/�k ��/TT ��/T� �/RR R/�� �/�k 

Na�O �/�� R/�� R/Tk R/�� R/�R R/�R �/�� R/�S R/�m R/�� R/�S R/TR R/TR R/T� R/�T R/�R R/�k R/�� R/k� R/RT 

K�O R/RR R/R� R/R� R/R� R/R� R/Rk R/RR R/R� R/RR R/R� R/R� R/R� R/R� R/RR R/R� R/R� R/RR R/Rm R/RT R/R� 

Si 1/76 1/81 1/78 1/77 1/77 1/81 1/76 1/77 1/83 1/86 1/91 1/82 1/83 1/87 1/97 1/88 1/95 1/95 1/95 1/96

Ti R/Rk R/Rk R/R� R/R� R/R� R/Rk R/Rk R/R� R/Rk R/Rk R/R� R/Rk R/Rk R/Rk R/R� R/R� R/RR R/R� R/R� R/RR 

Al R/�� R/�T R/�� R/�T R/�S R/�� R/�S R/�k R/�� R/�� R/�R R/�R R/�� R/�m R/R� R/�� R/Rk R/Rk R/R� R/R� 

AlIV R/�� R/�m R/�S R/�� R/�R R/�m R/�S R/�� R/�� R/�� R/RS R/�T R/�� R/�R R/R� R/R� R/Rk R/Rk R/R� R/R� 

AlVI R/R� R/R� R/Rm R/RT R/R� R/RT R/RR R/RT R/Rk R/R� R/R� R/RT R/RT R/Rm R/R� R/R� R/RR R/RR R/RR R/RR 

Crk+ R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR 

Fek+ R/�m R/�k R/�m R/�� R/�� R/�m R/�T R/�� R/�� R/RT R/�k R/�� R/�� R/RS R/R� R/RS R/R� R/RS R/R� R/RT 

Fe�+ R/RR R/�� R/�R R/RS R/�� R/R� R/RR R/R� R/�R R/�� R/�T R/�� R/�k R/�S R/�S R/�� R/�� R/mT R/mk R/m� 

Mn R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/Rk R/Rk R/Rk 

Mg R/�k R/�� R/�k R/�� R/�� R/�T R/�m R/�k R/SR R/�� R/�R R/�m R/�� R/�T R/�S R/�� R/�� �/�� �/�R �/�� 

Ca R/S� R/Sk R/�� R/�R R/�R R/S� R/S� R/�� R/S� R/�� R/�� R/S� R/Sm R/SS R/S� R/ST R/S� R/R� R/R� R/R� 

Na R/�R R/RT R/R� R/R� R/Rk R/RT R/�m R/Rk R/Rk R/Rk R/Rk R/R� R/R� R/R� R/Rk R/Rk R/R� R/R� R/Rk R/RR 

Wo T�/Sm �S/�S T�/�S T�/kR T�/�� T�/�� Tk/kS Tk/R� ��/�T TR/mR T�/�� TR/�� �S/T� �S/mT ��/�R �m/RS �m/�� �/RS �/�R �/k� 

En �T/�� ��/R� ��/�T ��/S� �R/�R �k/�m �m/m� ��/S� ��/mT ��/Tm k�/Tk ��/S� ��/k� ��/m� �R/�� ��/�T ��/�� mk/�� m�/�� m�/��

Fs R/RR �/�R T/T� �/S� �/Sk T/kR R/RR T/�� T/mR m/S� S/km m/�S �/�S �/�� ��/S� ��/�� ��/�m k�/�� kk/�k k�/��
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:�2� 5�&�&<
Location Prachan Shekarnab Kordan 

Rock Type PR�� PR�� PR�k PRk� PR�R PR�� CH� CH� CHk CH� CHT CHm CH� S� S� Sk S� ST Sm S� SS

SiO� T�/kk TR/TT TR/k� T�/m� T�/Tk TR/SR TR/�� TR/�T TR/�m T�/k� TR/�� TR/�T TR/R� TR/k� TR/km T�/R� TR/�� TR/�� TR/mk TR/�k TR/TR

TiO� R/Sm �/RT �/R� R/�S R/S� R/�m �/R� R/S� R/S� R/S� �/R� �/Rm �/�R R/�� R/Sk R/S� �/R� R/S� R/SS R/S� R/�T

Al�Ok �/�m �/�� �/SS �/R� �/R� �/�� k/�� �/T� �/k� �/kS k/T� k/T� k/�� �/Sm k/�R �/�� �/TS k/�� �/�� �/�k �/k�

Cr�Ok R/R� R/Rk R/R� R/R� R/R� R/R� R/RR R/R� R/RR R/R� R/Rk R/R� R/R� R/RR R/RR R/RR R/R� R/RR R/R� R/RR R/RR
FeO S/Sk �/�� �/kS �/kT �/mT �/�k �/R� �/�� �/m� �/T� S/Sk �/Rk �/R� �/m� �R/R� �/�� �R/kR �R/�� �R/RR �/�k �/Sm
MnO R/kT R/�T R/kR R/km R/k� R/k� R/�m R/kT R/km R/k� R/�m R/�T R/�S R/kR R/k� R/k� R/kT R/kk R/kk R/k� R/kS
MgO ��/R� ��/�S ��/RR ��/T� ��/�T ��/�� ��/Tm ��/Rk �k/�m �k/�k ��/�� ��/k� ��/�T ��/mR ��/S� ��/S� �T/Rm ��/�� ��/k� ��/S� ��/��
CaO ��/m� ��/S� ��/mS ��/�� �R/Sm ��/S� ��/�R ��/�� ��/�k ��/km ��/�T ��/k� ��/�R �R/�� ��/�T ��/�R �R/�� �R/�R �R/�S �R/�� �R/�m

Na�O R/�� R/k� R/k� R/kT R/�� R/�� R/�� R/m� R/T� R/T� R/�� R/S� R/k� �/RR R/RR R/kR R/k� R/RR R/RR R/k� R/RR

K�O R/R� R/R� R/RR R/R� R/RT R/R� R/R� R/RR R/R� R/R� R/R� R/RR R/RR R/�� R/RR R/R� R/R� R/R� R/R� R/RR R/R�
Si 1/92 1/87 1/87 1/95 1/89 1/88 1/85 1/88 1/90 1/90 1/87 1/84 1/85 1/85 1/88 1/88 1/87 1/88 1/90 1/89 1/90

Ti R/R� R/Rk R/Rk R/R� R/R� R/Rk R/Rk R/R� R/R� R/R� R/Rk R/Rk R/Rk R/Rk R/R� R/R� R/Rk R/R� R/R� R/R� R/Rk
Al R/R� R/�k R/�k R/R� R/R� R/�� R/�� R/�� R/�R R/�R R/�T R/�T R/�� R/�� R/�� R/�k R/�� R/�� R/�� R/�� R/��

AlIV R/Rm R/�R R/�R R/R� R/RS R/�R R/�� R/R� R/RS R/R� R/�� R/�k R/�� R/�� R/R� R/�R R/�R R/R� R/RS R/R� R/R�
AlVI R/Rk R/Rk R/Rk R/RR R/R� R/R� R/R� R/R� R/Rk R/Rk R/RT R/Rk R/R� R/RR R/RT R/Rk R/R� R/R� R/R� R/R� R/R�

Crk+ R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR R/RR

Fek+ R/Rm R/�R R/R� R/R� R/�k R/�� R/�� R/�� R/R� R/R� R/�R R/�m R/�� R/�R R/R� R/R� R/�� R/RT R/R� R/R� R/Rk

Fe�+ R/�� R/�S R/�R R/�� R/�� R/�� R/�R R/�� R/�� R/�� R/�S R/�� R/�m R/R� R/�� R/�R R/�� R/�S R/�S R/�� R/�S
Mn R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R� R/R�
Mg R/�S R/�� R/�S R/SR R/S� R/SR R/SR R/�S R/�S R/�� R/�� R/�� R/�� R/SR R/Sk R/S� R/Sk R/S� R/SR R/S� R/SR
Ca R/Sm R/S� R/Sm R/S� R/S� R/Sm R/S� R/S� R/ST R/ST R/S� R/S� R/SS R/S� R/SR R/Sk R/S� R/SR R/Sk R/S� R/S�
Na R/Rk R/Rk R/Rk R/Rk R/RT R/Rk R/R� R/R� R/R� R/R� R/R� R/Rm R/R� R/R� R/RR R/R� R/R� R/RR R/RR R/R� R/RR
Wo �m/�� ��/�S ��/R� �T/S� �T/m� ��/�� �S/�� �m/mS �m/�k �m/�R �m//�� �S/�m ��/�� ��/S� ��/�m ��/�S �k/ST ��/Rk �k/m� ��/km �k/�k
En ��/�S ��/Sm ��/�� ��/�� ��/SS �k/TT �T/�� ��/�R ��/�� ��/�R �k/SS �T/�� �k/RT �m/�� �k/m� ��/�� ��/SS �k/�� ��/S� ��/�k ��/SS
Fs ��/�T �/�m �R/�� ��/m� �/TR �/�S T/�� �R/�k ��/mm ��/TR �/Sk m/�� S/�m T/�m ��/�R �R/ST ��/�� ��/Tm ��/�m ��/�� ��/k�

6	)�
 ���� 	���� 
<!"�8����8 �(GB �- �3��34(8!*4G�� ���8 *$/�3 

8�2!1A ;*$G%��- \�)?Z- �341*% "%�� ��B �� 
�G �� ��./#�_�
D2 �!!�# "4�G �� �
DK'� �!�� �!"�_�#

�G ���
]�R[-�% �
	 P!7
%'+!G!��
� ��,	 ���� =��% 
� 
 *�7��8- !1Y),�0 ��,	��8- !1Y(- ��/_!� ���*��-i  .
<!��-'��_ �- "�8��4#!(!\�+�34H�� !��-4C'��	 �0 �

�'G)�M2M1T2O6/�3*$.�B ��
��.T2�8 !1'�3�
U�!�
Si4+�Al3+ �/G8 1�+�- �0 �Fe3+)�B L'GH�
��.T�0-�0 �
�#-(�B �� �
��.M1)L'GH� �0�(Al3+�# "3A �-��� �
	��!/�DK'� �� �*% s�j� !�T� �!72�8 !1'�3�
*$��� 

Fe2+�Mg2+�Zr2+ �Mn2+3�  ��Ti4+�Cr3+�V3+�Ti4+�
Zr4+�Sc3+�Ti3+�B 
7.
� "�*�'% .��_X�0 M2�[�$) -� 4
1'nMg2+�Fe2+�Mn2+� �!7Ca2+�Li1+�Na1+C�g%- 

��1A L'GH� �8 *$$8 ��*N �� �3��#- .
���0 �'U$� �0*$�48�2 �- !< ;!:$# �� �'B'� "�8�� -

�34��^$� 4��'� #��0�-�0 �4/#� !0���� �0 !��� "c
H$#��,	�:$# �34��� �0 ���� �=��N *$041A�/_-��< �3

��/_�# C'��	 zJ# �41A#��0 �3�*%.-
��8 "��0 �B'2 �0 
 �-�K!�42�8 !1'�0 �3����  :�c<!"�8���34Ca-Mg-Fe 

(Quad) ��c<!"�8���34Ca-Na �kc<!"�8���34Na �
�c�
< �.!"�8�� �3)Other (��2!l��*�'%]��.[
<!"�8���34#��0 ��'� ��-�'G� �� J-Q �� ��/� 4"3A c

$�!7
lc�(8!'j2 l
*# �- � �*% �
�2 l�*$/�3 )=+%k
{�- .(- ��
x_�% �-�'G� "�34J�Q�0�$0�^0-� 4�
�

� �9#�O��*�'% :Q = Ca + Mg + Fe2+�J = 2Na ± 
R+ (R: Al, Fe3+, Cr3+, Sc3+)-�04-*B
Q<!"�8���34

��� Ca-Mg-Fe =+% �-�'G� �- k*% ���6/#- W]��.[
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�,8��8����0�K 1-�
- �#�$% ���8 � �#�$%�'(0 �(H� ��R

,06@{�- (���*$04<!"�8�� �-�'G� �� �3J-Q]��[W(�G�
< Q!"�8���34��'� #��0��-�'G� �� En-Fs-Wo]��.[

��$n �-�'G� �� �+�
�*���'%�<!"�8���34��'2 4
5'6�4�
�� W���+% � 1-����/� 4�
�<'!< �*!"�8���34
��'245'6� 4�� 1�n-�< � 1-��8 ��/� 4I�- 
� � �
�<'!� *
<'2�-!"�8���34�� 1�n-�< ��/� 4(8!2�/��-'$!�-�K �

�/	� *�- .�$9� �04��/_�# C'��	 4-
��8 "�8�2 �!;
(8!<'$!�8��"�34��'2 �� �'B'� 4�
1-��Sm/T� c
�S/�SWO �m�/�mcTk/k�En ���/�cR/RFs ��'2 �� �4

1�n-�<�S/��c�R/��WO �SS/�� c��/�REn �S�/��c
�S/�Fs ��'2 �� �4W���+% �m/�Sc�k/�mWO ���/�T c
�R/��En �mm/��c��/TFs 1-��8 ��'2 �� �S�/�� c
Rk/��WO ���/�mcS�/��En �Tm/�� c�m/TFs /�3*$.

-'/O�4Ti �Al(8 !<'$!"�8����D	 �0 �3!# �!(!z��-*  

-4�*% �'(9/� 1A �- �8 - �9�� �0 �
L-'�- �� �[�$) "
�3�G ��4��'2 -
/�(K �!��
"��+�A�< �)2�2 �0 �8!-7	- ;
Q

��
*0� (./�0���-� ]����k[g2 �-�'G� �0 �B'2 �0 !!\-� Ti – 
AlIV ]��[� �!1-7�<!
2 "!��/!(8 �� l!<'$!"�8��0 �3!�.��

��8 �'B���342!��/!l�-�)2!/$.�'��/!�(�#- :$# ��
)=+%�{�-.(�'2 ��?) �0
yAl �Si< �� !"�8���34��'� 

#��0���'  �0 �-4��'G� �8 �#- �-�'G� �� �3Si �0-�0 �� 
L'GH�Al�B����n ��,3 ��B��]�T[)Al�/_�# =8�

��	�'�(�� ��4X�0 �4� �-�K L�9%- P_ � !*��)=+%�W.(
-�0�$0
DK'� "!(8 �!<'$!"�8���34�B����n �=��8 �'Z �0 

�0Si,�0 �'Z �0 ���0Al(AlIV)� �< ��'%.

,06A{�- ((8!<'$!"�8���34��^$� 4��'� #��0���4g2 �-�'G� |!! \-�AlIV-Ti ]��[W(��4�-�'|G� Al-Si(8 �!<'$!"�|8�� �|34��'|� 
#��0�X�0 �� 4�B L�9%- P_ 
�B����n ��.�� �-�K � !*��]�T[.
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*(B�����G% ��1�/�0�2 ��k�T "�8��!<'$!(8 �#��0��'2 �� �'B'� 4�3�'O� 45'6� 4�3. . .���

B�		�� ��)C�� �;�� �	��D0��E4 F	0�
% �-!G�<!� "�8���-�0 1-'24�#�$% �
O�!P

�'/+2't��<!+��,2 � �G �� !�G �� L'� x4��0 ���0 ���� .
#��0��34]�m[./�0-� �0�8�2 !(8 ;!<'$!8��8�2 �0 "�!;

%!G!��
�G �� 4�*���# 41A8�2 �3!��-� *.�-�'G� p�#- �0
g2!!\-� Ti + Cr + Na �0-�0 ��Al]��[(8!<'$!"�8�� �3

3��!�5A �
�2 �8 *��-� "!
*4-�O[ \�)?Z- �0 �
�:$#
��.�4�#-)=+%T.(
��p�0 ]�k[�)!���� �8 ��-� �*
�Si �Al �Ti 1��� 

��/_�# �+9%4<!�B�� �0 "�8��(K!��
./�0 ��0 � �/%-� 
- �- ���6/#-
"/%�#��# �4�34�G �� �
+62 =0�K l3 �- !a

*$/�3 .�4���� �- ���6/#- �0 
�SiO2�Al2O38�2 �� !;
%!G!��
<!"�8���# ��34�34�G �� �
(K �9%!��
(K �!��
�
�!(K �G!��
�G/� l3 �- -� 
�#- ��'G� 7)=+%m{�-(- �0
"

�-*�� �0 �B'2 �0 p�#-Al2O3�SiO28�2 !% ;!G!��

(8!<'$!#��0 ��'� "�8����-Si$f �2�G �� � *$/�3 �2!l�

(K �9%!��
�(K!��
)��'G��34�
�� 1-����/� 4(K!��
�
��'G��34�
�.����/�  (K �9%!��
�-�K *��-� (� 1�,� -��-
*$3� .�-�'G� ��TiO2/Al2O3�)=+%mW(0!�/,��'G� �0 �3

��!�'9G8 =TiO2:$# ��G(K �- ��34(K!��
� �*% ��� 
0!�/, �� ��/� 4�:$# �34�'2 !/��+3A�c(K!��
�-�K

�/	� *�-.
DK'�! �-�K �!�4<!"�8��+62 �-�'G� �� �3!+�Ca ��
 =0���Ti + Cr �-�'G� �Ca =0��� �� Ti]�S[��./#�_

��G2�(8!<'$!"�8��� �� �3!-73'8 1-*�
� �-�K � !*��
)=+%�.(

,06Gg2 �-�'G�!!\-�Ti + Cr + Na  �0 �9�� Al]��[.��'G� ��8- 3�� �3!�5A �
*��-� ".

,06HD2!!�# "4�G �� �
��'G� 8�2 �- ���6/#- �0 �3!% ;!G!��
<!"�8��{�- �3 (g2 �-�'G�!!\-�SiO2-Al2O3]�k[W(g2 �-�'G�!!\-�
TiO2-Al2O3]�k.[
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�,8��8����0�K 1-�
- �#�$% ���8 � �#�$%�'(0 �(H� ���

,06I{�- (DK'�! �-�K �!�4(8!<'$!"�8�� �-�'G� �� �3Ca �0 �9�� Ti+CrW(�-�'G� ��Ca �0 �9�� Ti]�S[O�!+,2 P!=
(8!<'$!"�8���34��'� �#��0 �-73'8 �
�#-.

B�		JK�6 ���L	#;6�0	)	��;
8�2!% ;!G!��
<!"�8�� -� �3���/#-� �� 1-'24D2!!� ��� "

:$# ��,	�341A =��N ��0 ��8 �0 �3 .�O2!0�H2 \���&�H�- 
� 1�,� �*%�� �8 *3�!1-7AlVI(8 �� !<'$!��,	 �0 "�8��

 �#- �/�0-�]��.[-�0�$0
8�2 �- ���6/#- �0 "!% ;!G!��

<!"�8�������- �0 1-'2
0��-�% 
	 P!7
%'+!G!��
�0 l8�N 

��'G�U� �3!,�0 ��,	 � ��� ���,	 ��)� 
 *�7�(�8-!1Y
�_-��< �G ��.

9������
8�2!% ;!G!��
<!"�8�� �3#�!�(4G�� �-�0 4��� QH$# 

:$# ���34�5A 
� W'�O� "��'% .-�04#��0 ���� 4
+,2!< =!"�8��H$#��� �- �3��34�
� ���6/#- ���'%:
{�- (H$#����< ��� �- ���6/#- �0 !,���$4]�R[�� �- �4
�-�-�	�2�8 !1'�34	���� !/�Fe2+�Mg �Ca���0 1-'2
��-
0����� 4< �'(92 !"�8�� &-*K- �3�8�.�^0-�4�
p�#- �0 �
-
H$#��� "�<!�#- �*% ���$,.

T(°C) = {1000/(0.054 + 0.608XCpx - 0.304Ln  
(1 - 2[Ca]Cpx))} - 273 

�||||||^0-� ��4X�||||||0 XCpx �||||||0-�0 �||||||0 �||||||#- :
XCpx=[Fe2+/(Fe2++Mg)]Cpx .-||||
H$||||#��� "�-�||||0 4

(8!<'$!"�8���3�
<'2�- �0 �8 !"�8�� l|3 �|3�|
�*$|%�9� ��
�/�
�'9K =0�K ��� �r-�- �*3� .- �- ���6/#- �0
� ��� "|!.��!"
���4+,2 !(8 =!<'$!"�8�� ��*N �3�RSm �|B�� 4/��|# �-

�-� )�!.��!��� "4+,2 !< =!"�8�� �� �3 ��'|24�|
1-�� ��
 ��*||N�RRT 1�||n-�< ��'||2 �� �����*||N�RT� ��'||2 �� �
W���+% �� ��*N���k ��'2 �� �41-��|8 ����*|N���k 

�B��4/��# !�-�. (��-
0���*% *�-.
W(H$#�����^0-� p�#- �0 4<!���$,4]��[��<�0
�4]9Z

� �^0-�
�
T Cpx

 = (33696 + 45.45P) / (17.61 - 8.314Ln  
[(1-X)/0.95]-12.13[X]2)

- ��
C'��	 "X�(8 �-*�� !DK'� �� l!�M2�#- .
- ��
� �- �^0-� "!.��!+,2 ��,	 "!< =!"�8��)qO9� ��

H$#��,	�(8 ;�N �0!*% ���6/#- ��0'( .�0�$0-
����D� "
���4H$#��� �- �*�A �#� �0 �<!"�8�� ��3��T��B�� 4
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