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�A:I��94� �R9f�%&f"� Ce���$�9, ���4  P�+ :�J��"�' :.���MZ"�' !
/ �� E"	�� :�J����' % O��/��95&+ �4M ��/%/&	 #/ �J :�J
�X9R �	�+ �+ � �� E">��+9)"Ml�/(If �95 V�9Y �+ �
 %?(��/ $OJ�.� I+�3 ���B �� )XPL.( 
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:��+B&z� �:9=� 0/&
/ ����  ���M % ���� �9)+ �)G� ���

���� ����,�� J�����'
�+"M&, �5��  �9j�� &+ (M�` ��.	 % ��� !""*, % �
�"4"  g

���7���^]���M #/ �7�� �O"K� :�f"� �����' �89;"K�B :�J
��94� �� �9W9� �
&)M % V%O"R/ �#�M9
L�RZ"�' #/ :/ :�J

�
2G, E"	���7�� :O�B I4F �+ :/ .�
2G, #/ �5&+ d
�>� �J
$O  �;��T� :��>5�� 89�&	 �+ $/&4J0B :8%OW �� �J :�J�

%1$O  $�/� P
�4� O�/.

+�5�7�7�� 2"���B d
�>� ����' % 89;"K�B :/.
����'2M&� ����'2M&� ����' �" �` ����' �" �` 89;"K�B 89;"K�B 89;"K�B 89;"K�B 89;"K�B ���M 

�� ��^�1��� ��y ��� xxx�2"���B $��4  

v�x/�x ��/�x ��/�x ��/�x ��/y� ��/yx x�/y� �/y� x�/yx SiO2

���/vv��/vv��/v�x�/v��x/v��x/v�/vy��/v�x�/vTiO2

���/�v ���/�v ��/�v ���/�v vv/�� x/�v ��/���/�� ��/�� Al2O3

���/�� ���/�� v�/�� �x/�v y�/�y x�/�y ��/�� �/�� ��/�� FeO* 

���/�y��/y���/v�x/��y/v�yy/v���/v�v�/v���/vMnO 

xy�/v���/�y��/�x��/vv��/�� �y/�� v�/�� �y�/�v vy/�� MgO 

�v/���/��y�/�y��/���/�y/�x�/��x�/�v�/�CaO 

vvvv���/�yx/���/��v�/���/�Na2O

vvvv���/v���/v���/vyv�/v���/vK2O

vvvvv�/vvv��/vv�]�/]F

vvvvv��/v���/v��x/vvvx/vv��/vCl 

���/�vv ��/�vv ���/�vv �x�/�vv yy�/�� ��/�x ���/�� ���/�� �y�/�x Total 

�xx/����/�vv/����/���/�x�x/��/x��y/�x��/�Si 

vvx/vvv�/vvv�/vv��/vv��/vv��/vv��/vvv�/vv�/vTi 

v��/vv�x/vvv�x/v��/����/��/v���/����/�AlIV 

���/����/��y�/����/���/v��/vyx�/v�x�/v��/vAlVI 

���/���/�v��/�v��/�y��/vy��/v���/v�v�/v���/vFe2+

v�y/vvxy/vvy�/vv�/v���/��y�/����/v���/���y/�Fe3+

�v�/v�v�/vv��/vvx�/vv�x/vv��/vvyx/vv�y/vv��/vMn 

v��/v��/v�x�/vv�y/v��x/����/�xxy/����/����/�Mg 

x��/vx/vx��/���/vy��/�y��/�y��/��v�/����/�Ca 

vvvv���/v���/v�v�/v��y/v�y�/vNa 

vvvvv��/vvx�/vv��/vvx�/vvyx/vK

�� ���v�v�y�������vMg# 

����Andr 

�y �����yGrs 

��v��Sps 

����Pyp 

�� ���x�xAlm 

���/ &+ 89;"K�B :��>5�� 89�&	1q% 0�"�M/ ����' : �
�R &+�10�"�M/ $O  �;��T� O�/.
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O)W�\$��4  �10�>�+�, ��q\] ���M��� �����  �����.	 !"�# $�-
�W &"�K, % �G�>5�� . . .���

+�5�9�7�� 2"���B d
�>� :/�
&)M % O"K� :�f"� �V%O"R/ �#�M9
L�R .
�
&)M O"K� :�f"� V%O"R/ #�M9
L�R ���M 

q1 1r�]� \s�\�p^rts��4 2ۀ"���B 

\p^/1t qpp/1s p1/^r \�\/^r ]p�/q\ ss1/qp ts/sr s^/ss SiO2

]t/]]ts/]]tp/]]1t/]1]s/]�sq/]]]TiO2

rr/1] �rr/1� rt/q1 11/q1 tp\/1\ tst/1r sp/1] ^q/1] Al2O3

pt/1^ �1q/11 �\1/1^t/1^1q/t1tq/p�ss/]]p^/]FeO* 

^1s/]11s/]]]�^/]1^p/]�t/]]]MnO 

\\^/�t t�s/�p t]t/�\]r/�]]]]MgO 

1s�/]�]q/]]1p/]1pp/]^]^/1q qt�/1q ]s1/�p]t/�CaO 

q]s/]�^t/]\�t/]\]\/]]]^\^/�� p1^/�] Na2O

1p]/]]p�/]1\\/�] ]p�/�] ]]�1t/]��\/]K2O

\pq/r\r/r^q/^^s/^\^/�\1p/�]]H2O 

t]�/�]] tp/�]] �1/�]] qp/�]] p\/\\ �]r/�]] ts/�]] \1/\\ Total 

r]^/1s\/1�pr/q�p\/q]�/q]]t/q\q/1\1/1Si 

]]q/]]]^/]]]1/]]]�/]]�1/]]]\/]]]Ti 

1\t/�q]�/�p�1/]p�/]AlIV 

1t1/�1t/�rs�/�r�r/�
sps/1t1t/1]tps/�]tpr/�

AlVI 

�sq/1p\/��11/]�qs/]]]q/]]]t/]]]Fe2+

]]]]]q^t t1p/]]]Fe3+

]qr/]]�\/]]]]�^/]]]p/]]]Mn 

^p�/1p11/1�^\/]�p\/]]]]]Mg 

]1\/]]��/]]]1/]1/]\q�/�\^^/�]^\/]]pt/]Ca 

]s�/]]1p/]��r/]]]\sr/]\11/]Na 

]]s/]]]s/]K

\q \]Ab 

^pAn 
]qr/]]�/]prt/]pts/]]]

�]Or 

tq t\tttpMg# 

�] �sXPs 

ss s]Ms 

^^Phl 

�r 1]Cel 

�� �1Pg 

���/ &+ #�M9
L�R �
�"4"  89�&	pV%O"R/ �0�"�M/ t/�1 O"K� :�f"� �0�"�M/ ���
&)M % 0�"�M/ 1p$O  �;��T� 0�"�M/ O�/.

+2/���) 
(,/ �/O*,"�")"� :�J !
/ �
�"4"  g"M&, �� �9W9� (
89;"K�B #/ �Jqp/s�,�/r��/ &"U>� .89;"K�B �� �9W9� :�J 

Z"�'("��, :�J�/�94� % �J&>�/��R &+��+ ���7�� :�J :O�+
89;"K�B]�][V�O� �+ % �"M��&Q % �
2"X%��+ i/9�/ #/ �

O�>�J O�);��9J9
2"��)If s.(
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:��+B&z� �:9=� 0/&
/ ����  ���M % ���� �9)+ �)G� ��y

 

A:�K94� &+��+("��, :�J�/�89;"K�B :O�+ �J]�][89;"K�BO�>�J O�);��9J9
2"�� V�O� �+ % �"M��&Q ��
2"X%��+ i/9�/ #/ �9W9� :�J.

L���� 
����' �+ �
��� :��F/ OY�� % $�9+ 0O��4�B #/ ��@ i/9�/ #/ �J

O�/ &
# �&  :0O��4�B)tr�,r1OY��(�b9�%&' �)�t�,q1
OY��(�%&"R �)1�,�]OY�� (!",�����/ %)��,�1OY�� .(

�
2G, ����' !
O�Q �=&F C7�� :�>�/� ���
�"4"  :�J 
�	/&'94M &
%�z, % �	&' V�9Y :�O*>� )X Ray Maps(

O�O  �"�, .!
/ #/ �f
 �	/&'94M &
%�z, % �;"M&, V/&""U,
����'If �� �Jr��/ $O  $�/� 0�.� .

��7���)M &Y��F 0���>��� :O�+�� /� (
2"�� % (" �+ 0/9,
$O
OR &"h�, �
 ����' C
&� O � �e �OG� ?�W % ��.>�/ :
�/� �;�� $O�%&�R ��9'&'�]����1.[2�-�� I+��� ��

��7���>�9"R :O�+�+ 0���>� %�+ 2M&� #/ PJ�M V�9Y
�� 0�.� �" �` �e ����' O � % �9);, &-��"+ �M OJ�

��/ $O�%&."R ��9'&'� .�/O���+ �!JB #/ ��>�9"R�� V�9Y
�� P
/2	/ �" �` �+ 2M&�O+�
.

5��	 &�:�� 
$�9+ ("��>R #/ ��@ O"K� :�f"� #/ O�,��;F 0B �
��� :��F/ %

�
9f�9�)s]�,ssOY�� (�"�%��� �)�r�,1]OY�� (�
�"�9'/��R)���,�1OY�� (�"R9'9)	 %)1�,^OY�� .(

09",�M 0/2"�W9� ("�")"� :�J !"+ 2"� �f"� ��>5�� �� �9
�1/q�,�p/q��/ &"U>� .

�M�2�<MN 
#�M9
L�R �",�9�B �/O�� 0B �� �M ��/ �";�B i9� #/^�,�]
��/ OY��.

O�5�N- 
V%O"R/ �"��>�"R $O�#�� 0/2"� % O�>�J !JB #/ &"�	 �J

 #/ ���B �� �9W9��^�,1��� &""U, OY�� O�M.

L��#� 
�
&)M/9�/ #/ �J !"+ ���B (
2"�� �OF % $�9+ (
2"�� #/ &"�	 iqs

�,^t��/ .

������
	���� 
$�
% �"4J/ #/ ��9'&'� :��� % ��.	 &"�� !""*, �� :/

!"�# $�-
�W �5�� �/��95&+ �
/2J9M :�JO�
/&	 % �>5�� 

��/ .
a%�H�� :��� % ��.	 [
/&  ��%/&+ :�J ��9� :�J

 E��M9�&, �/2	/ 6&� #/ $��K>�/ I��  ���&+]�q[�����
d����.	 % :�/��/&3 :�J���&+ #/ IY�` :�J�/�94� :�J

�J�-.
��#B$�%OT� ����"��M :�/O
�R :.
�+89;"K�B �9W% �)M �9e % �
2"X%��+ i9� #/ :�J

��94� �� ����' % �";�B ��
&)M �V%O"R/ ��"M��&Q :�J
�� l)>�� [
/&  �� %&+�' �>.'&+ ��9'&'� &-��"+ E"	

��b�+ ��>;�� ��.	 % [�9>� :��� ��9'&'�.
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O)W�\$��4  �10�>�+�, ��q\] ���M��� �����  �����.	 !"�# $�-
�W &"�K, % �G�>5�� . . .���

A:�P��7�� E",�4  P
�4� % �	/&'94M &
%�z, 2"���B �+ �M ����' �� !JB % (
2"�� �2�-�� �("�)M &Y��F :O�+^q�=&F C7�� #/ :/ �7�� 
$O  �"�, ����'O�/ .��/ O�/ $O�B !>� �� �)"4f, V�T"=9,.

% O"K� :�f"� �#�M9
L�R �89;"K�B �����' !>	&' &j� �� �+
�+ V%O"R/ 2�L/��R E
 0/9�FZ"�' ���/O�� ���7�� :�J % ���

�+ E��M9�&, �+ �M ��.	 ���#/ ��/ V��;F $O�B:
Kb 1/�±\/�] P =

C°q1±t]\ T =
P�M/% 0B :��;� &+ �M ��9'&'� :�J ��.A	 % ��� [
/&  �J

 O�&
# �/&3 �+ �O�O  �;��T� ��9'&'�)���M :��z>5/ ���F-
#/ �J]�^[8%OW �� % $O  ��;>3/q$O  �	&*� O�/:(
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:��+B&z� �:9=� 0/&
/ ����  ���M % ���� �9)+ �)G� ���

1) 12An + 15Ts + 4Gr = 24Czo + 3Tr + 10Pyp 
2) 2Czo + Pyp + Qtz = 2An + Ts 
3) 19Ts = 16Czo + 3Tr + 14Pyp + 8H2O 
4) 6Czo + 4Gr + 5Alm + 15Qtz = 18An + 3Fact 
5) 12Czo + 15Fcel + 5Alm = 6An + 6Fact + 15Ms 
+ 2Gr 
6) 6An + 6Tr + 15Ms + 2Gr = 12Czo + 15Cel + 
5Pyp 
 
�9W9� ("�M&
# 0/2"� #/ $��K>�/ �+ I",%� �G����� $#%&�/

 �0B ��:��� !""*, :/&+ �;���� �/2+/H�� �9'&'� :�J�
��/]�t��r.[I",%� #/ Z"�' �� �9W9� :�J�+ 2"� �J �9j��

�
2G, �G������7�� :�+ :/ �O�B I4F��/ ("�M&
# (M &
���� 
�9+ 0B #/ &>4M I",%� �� �9W9� $�->�� [�9, �M a#/�&R2
�

$#/O�/�9  :&"' .�M ���B &-��"+ I",%� ("�M&
# (M :/9>T�
 #/ &>4M ���s]] �W�� $�9+ �/&-">��� :��/ ]�t��r[.

�+ �W9, �+Z"�' �� I",%� �9�` % �J $&>�' �/�94� ���>�/ �+
("��>", :�J#�	 :�/O
�R �/�)I",%���"�4)
/��"��>",] (�p[

#/ &>."+ ��9'&'� ��.	 b�4>`/�1��/ $�9+ ��+9)"M .
�f;  �+ �W9, �+$���5� I
O;, �f">�L%&>R :"�9;"K�B :�
�
L9)M/ $���5� �+]�\[Z"�' �� ����' �9W% ��7�� :�J
 ��.	 I3/O` &-��"+p��/ ��+9)"M .

$&>�' �/�94� �+ �W9, �+ 89;"K�B :�/O
�R :]1][�9�` %
89;"K�B ��9'&'� O�
/&	 �e (M�` ��.	 ��
2"X%��+ i9� :�J

 #/ &>."+t���/ $�9+ ��+9)"M ��/��� �#/ $��K>�/ �+ �G����.	 
�/O��Ti%Al  89;"K�B �� �9W9� ]1�[��.	�]�,�r��+9)"M 

:��� %^t]�,t1]�� 0�.� /� �/&-">��� �W�� OJ�.
�Y�5��� V�;��T� #/ IY�` d
�>� :��� �G����.	 

8%OW^��/ $O  $�/� P
�4� .

+�5�G���M :��z>5/ (X�F �J]�^.[
���M 6�� :��z>5/ ���F 

#�M9
L�R Pl 
B�",�9� An 

�";�B Ab 
����' Grt 
�b9�%&' Gr 
�%&"R Pyp 
0O��4�B Alm 
89;"K�B Am 
�"�9�&, Tr  
�"M��&Q Ts 

�"�9�">M/%&	 Fact 
2,�/9M Qtz 

�
9f�9� Ms 
�"�9'/��R Pg 

�"�%���%&	 Fcel 
�"�%��� Cel 
�"R9'9)	 Phl 
�
&)M Chl 
V%O"R/ Ep 

�
2"X%#9�")M Czo 
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O)W�\$��4  �10�>�+�, ��q\] ���M��� �����  �����.	 !"�# $�-
�W &"�K, % �G�>5�� . . .��x

+�5�H��� V�;��T� d
�>� �Z"�' �G����.	 ��7�� :�J0�7)� :��+B 

���)�/&-">��� �W��(��.	)��+9)"M(

1/�±\/�] E��M9�&,]�q[

<�1$&>�'("��>", :�J#�	 :�/O
�R :�/�]�p[

<p
$���5� �+ �"�9;"K�B $���5� I
O;, �f">�L%&>R �f; 

�
L9)M/]�\[

<t&>�' 89;"K�B :�/O
�R : $]1][

�r��]��.	 89;"K�B �G��]1�[

��.	�G�� 

q1 ±t]\ E��M9�&,]�q[

>s]] I",%� �G�����]�t��s%�r[

t1]�^t] ��� 89;"K�B �G��]1�[
����G�� 

L�-��( 
�+��7�� �+�.� �>"�9"	/ _e��� �� �)M�9e �/%2;� �>"�9"	/ :

��M % #�� �� &h9� I�/9F % �J :��
# i9�, #/ ��9'&'�

 % O��/��95&+2
�4, �� &h9� :�J�9>M�	 % ��9'&'� l)>�� i/9�/ 

0B�k�
��, #/ �J�'B !
/&+��+ ��/ :��
# �'O"k"R :/�/� �J :

��9'&'� %!"�#���&+ 62)>�� ��7�� �>5�� _"3� :�J

H��>5�� ���/ �f
&+�	%&>R %.O` �, �>"�9"	/ _e��� ��

0�f�/ O
�+ �+ E4M���&+&TY :�J/H�� ��
��� ��>5��  �

��9'&'� !"+ �
�"4" 9XL % �G����.	 ��9��"3/ lM �+��&' 

%� ��95&+ #/ � �� ��9'&'� �P�/�%&	 �+ �>�+/% ��9'&'�

�TKY�9'&'� ��$OF�3:/��9'&'� %�f"���
� % �,�%�G� :�J

$�9, �9K� #/ IY�`0%# % �J' V�9Y 6#b 2
�4, � &+ :�J�&".

O�
/&	 �-�9-Q �:��"� �> �' 0&3 6%� �4"� [�/%/ ��

�"�9"	/ ��
2-
�W % I"f.,H�� % �J�9'&'� :�J��+ �>�+/% 

0BH�� % �9+ :��
# (�;� V�f� :/�/� �J�9'&'� :�J�C3/% 

�4
O3 /� �>"�9"	/ _e��� ���"�9"	/ #/ &,$O��4"3�+ % �J #/ �
�J

�R$��3 H��j� �� �4
O3 :/�� &O�>	&']11.[!
/ #/ �� %�

H�� $�->��5 2"� 0/&
/�9'&'� :�J��e��� �>"�9"	/ _e��� 

!"X�� O���� ]1q[�/%2;� %]p[�R $�->��5 �+ �W&+�� V�*73-

$��3 H��$O  �/O4)3 �4
O3 :/O�/ .�� ��%8�� �+ &"5/ :�J

�	&."R �+ �W9,�
2G, #/ IY�` :�J�7�� :���M :/2"� % �J 

a%� �	&."R��� :�J ���G����.	 �
�"4"  g"M&, !""*,

H�� �"�9,%&R� V�*��7� 6�G�/ % ��9'&'� :�J!% �G��

�R9,%2
/�!"+ H�,�-�, ����# % �f
L9�%&>R m�;,�/ �F94G�-

H�� % �>"�9"	/ :�J�9'&'� :�J�0B $/&4J $O  ! %� �J

��/ .!
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