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SiO2 ��/\� �]/\� ��/\� n�/�� ��/^] ^^/^� �]/^�
TiO2 ]n/] ]]/] ]�/] ]�/] ]]/] ]]/] ]]/]
Al2O3 �n/�\ ��/�\ n^/�^ n]/�� ^]/�\ ��/�� ^�/��
FeOt ]]/] ]^/] ]^/] ]n/] ]]/] ]]/] ]n/]
MnO ]�/] ]�/] ]]/] ]]/] ]�/] ]]/] ]]/]
MgO ]]/] ]�/] ]]/] ]�/] ]]/] ]]/] ]n/]
CaO �]/� n�/� ^�/� ^�/� ^�/� ��/� \�/]
Na2O �]/^ �n/� nn/^ ��/� ��/� �]/�� ��/��
K2O ��/] ��/] ��/] �]/] ]�/] �]/] �]/]
BaO ]]/] ]n/] ]]/] ]]/] ]]/] ]]/] ]�/]
Total ]]/�� ]�/�]] ]]/�]] �n/�� ^�/�]] ��/�]] \�/�]]

Si ^�/�] ��/�] \]/�] nn/�] ^�/�] �\/�� ]�/��
Al n�/\ n�/\ \�/\ ^\/\ n^/\ ]�/� ]n/�
Ti ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]
Fe ]]/] ]�/] ]�/] ]�/] ]]/] ]]/] ]]/]
Mn ]]/] ]�/] ]]/] ]]/] ]]/] ]]/] ]]/]
Mg ]]/] ]�/] ]]/] ]]/] ]]/] ]]/] ]�/]
Ba ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]
Ca ��/� ��/� ^�/� ��/� �^/� ��/] �]/]
Na ��/� \�/� �]/� ]\/� ��/� �\/n ��/n
K ]n/] ]�/] ]n/] ]�/] ]�/] ]�/] ]�/]

Sum cat. ��/�� ]�/�] ��/�� ]]/�] ]]/�] ]]/�] ]]/�]
XAn ��/n� ^�/n\ ��/�� �n/�^ �^/n^ ��/\ \n/�
XAb ��/^� n�/^n ��/\^ \�/\� \n/^� ��/�� �^/�^
Xor �^/] ]�/� ��/] �^/� \�/] \]/] ]�/�
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TiO2 ]�/] ]n/] ]\/] ]�/] ]�/] ]]/] ]�/] ]]/] ]\/] ]]/]
Al2O3 \�/�^ ]n/�^ ��/�^ \�/�� \�/�^ ��/�n ^]/�� �n/�^ �n/�\ �^/�n
FeO ��/] �\/] n^/] �^/] n]/] �\/] ��/] ��/] ��/] ��/]
MnO ]�/] ]n/] ]]/] ]n/] ]\/] ]^/] ]n/] ]]/] ]�/] ]�/]
MgO ]]/] ]�/] ]]/] ]]/] ]]/] ]]/] ]�/] ]]/] ]n/] ]]/]
CaO \n/� ]]/� ]^/� ]�/�� ��/� �]/\ ^\/�] ��/� ]]/� ^�/^
Na2O ��/\ �\/^ ��/\ ��/\ ��/^ �\/� ��/\ \�/\ ��/^ ��/�
K2O n�/] ��/] n�/] ��/] nn/] �n/] �^/] �n/] n�/] ��/]
BaO ]]/] ]�/] ]n/] ]]/] ]�/] ]�/] ]�/] ]]/] ]�/] ]]/]
Total ��/�� ��/�� ��/�� \�/�� �]/�]] n�/�]� ��/�� n�/�� ��/�� �]/��

Si nn/�] �n/�] �]/�] ��/� n]/�] ]n/�� �]/�] ��/�] �n/�] �]/�]
Al ^\/\ \n/\ ^]/\ �]/\ ^�/\ �\/� ��/\ �^/\ \]/\ ��/\
Ti ]]/] ]]/] ]�/] ]�/] ]�/] ]]/] ]]/] ]]/] ]]/] ]]/]
Fe ]�/] ]�/] ]\/] ]�/] ]�/] ]�/] ]n/] ]�/] ]�/] ]�/]
Mn ]]/] ]�/] ]]/] ]�/] ]�/] ]�/] ]]/] ]]/] ]]/] ]]/]
Mg ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]�/] ]]/]
Ba ]]/] ]�/] ]]/] ]]/] ]]/] ]�/] ]]/] ]]/] ]]/] ]]/]
Ca ��/� ��/� �^/� �^/� ��/� ]�/� ]�/� ��/� �\/� n]/�
Na ]\/� �\/� �]/� �n/� ��/� ��/� ��/� �^/� ��/� \�/�
K ]�/] �]/] ]�/] ]^/] ]�/] �]/] ]^/] ]\/] ]�/] ]�/]

Sum cat. ]]/�] ]�/�] ��/�� ]]/�] ]�/�] ]�/�] ��/�� ��/�� ]]/�] ��/��
XAn �n/�^ ^�/�n ��/�� nn/\n ��/�� �^/�� \�/\� ��/�� \n/�n ]�/nn
XAb \�/\� ��/\n ��/\n ��/�\ �]/\n ]n/�] ��/�\ ]]/\] �n/\� ^n/^�
Xor �^/� \�/� ��/� ��/� ��/� \�/� \�/� ��/� ��/� ��/�

E�F��$%��$G	�� :�2�
�YH�S "/EP5
��
��9 EQ
�� 2-�/���6A�U%,*	 �F6*>#��
��)56�/ !#2�8%#�)9, �
();�� 4 �F61J)`�,< nY-' ��(1�.� ��,F� �99 5#I

'#O#��
1J�F���/ !#��F��� 2�!6��% � ")5�/ #,
$
)�E�
")5�/ �4 " � G(();�� 4 �� ��� �F�!� 26��%#,
$

�2	 !�/ >,�/�: 4 �A�U%,*	 "/ �F61J9 5#�E� I
G�4
,��/� "L9)5�)�J � ")5�/)Y-'�.(A�U%,*	 �F6*>#��
?�4 

�/ !#2���� �� 
�4 �� ();�� 4 �F6�
��/�E/6�*	 #")5�/ G
4#5�)�J �  2.#;�J � �# 2O9 �6,��/� )`�,< n.(

?5� HA�U%,*	�F6*>#�
���)� %� 4���� �/�)O� �� ,&46A�U%,*	 �F6*>#��
)�@�/�)O�
"/ �]�\[.( L+7�4�.� [)Y-'n(.
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4Z)C���/W� 4#�� 0��4� ,OS/6P*: 1/ 
/ �%�&' ���9 � �%�&'�)*4 �*P� � \�]

C��DB��/��F6���J#E�
'"/� @E��� 2-�/�(wt %) A�U%,*	�F6$��-�J ();�� 4 �F6�#�*	 �Z)�/ !� -#G�?�4 �/ !#2�8%#�)9, �`)� 	 
�2:�%�6) 4l�%/ n��9/#1W(1J�F.

Sample No. gr-1 gr-2 Enclaves-1 Enclaves-2 Enclaves-3 Enclaves-4 Enclaves-5 Enclaves-6 Enclaves-7 

SiO2
]^/^\ \\/^\ ��/^^ �n/^\ \^/^\ ��/^� �\/^� ��/^\ ��/^\ 

TiO2
]]/] ]]/] ]^/] ]�/] ]^/] ]n/] ]�/] ]�/] ]]/]

Al2O3
�]/�� ]n/�� �^/�� ]�/�� ��/�� ��/�� ]n/�� ��/�� n^/�] 

FeO ]�/] ]]/] ]^/] ��/] ]�/] ]�/] n�/] ]�/] ��/]

MnO ]�/] ]]/] ]]/] ]]/] ]�/] ]]/] ]]/] ]�/] ]]/]

MgO ]]/] ]]/] ]]/] ]�/] ]]/] ]]/] ]]/] ]]/] ]�/]

CaO ]n/] ]n/] �\/] �^/] �]/] ]�/] ��/] ��/] ��/�

Na2O \\/] ��/� n�/n ^^/� �\/n ^\/] n\/� ^n/� �n/^

K2O ^�/�\ \�/�� �n/�� ��/�� ��/�� ^�/�\ ��/�n ��/�� ��/�

BaO ]]/] ��/] ��/] ]n/] ]�/] ]�/] ]�/] ]^/] ]\/]

Total n�/�� �\/�� ]]/�]] ��/�� ]�/�� ]�/�� ��/�� ��/�� ^\/�� 

Si ��/�� ��/�� ]�/�� ]�/�� ]�/�� �]/�� ]�/�� �^/�� ��/�� 

Al ��/n �n/n �n/n ��/n ��/n ��/n �n/n �n/n n�/�

Ti ]]/] ]]/] ]]/] ]�/] ]�/] ]]/] ]]/] ]]/] ]]/]

Fe ]]/] ]]/] ]�/] ]�/] ]�/] ]�/] ]\/] ]�/] ]n/]

Mn ]]/] ]]/] ]]/] ]]/] ]�/] ]]/] ]]/] ]�/] ]]/]

Mg ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]�/]

Ba ]]/] ]�/] ]�/] ]]/] ]�/] ]]/] ]�/] ]]/] ]]/]

Ca ]�/] ]�/] ]\/] ]n/] �^/� ]]/] ]\/] ]�/] ��/]

Na �]/] \�/] ��/� ��/] ��/� ��/] ��/] ��/] n\/�

K ��/n ��/n �n/� ]]/n ��/�� ��/n ��/n ��/� �]/�

Sum cat. ]]/�] ]]/�] ��/�� ��/�� ]]/] ��/�� ]�/�] ]�/�] ��/�� 

XAn ��/] �\/] ��/� �]/] ��/] �]/] nn/� �n/] n�/�� 

XAb ]�/\ ��/�� ^�/�� �n/�n ]�/�� ��/\ �^/�] �]/�� ��/^] 

Xor ��/�� ��/�^ ��/^� ��/�\ ^�/�n �n/�n ��/�� ��/�� ��/�� 

�	��5 :4#5)#���&5 ��9�&�� 	#E
$�)<)� ��();�� 4 �F�
�/ !#��F68%#�)9, ��%/ 1J �/,�� ��();�� 4 �F���5�]

,H�� ����/ !#��F\�5^,H�� �%/ ./
$��9���();�� 4 �F
�)�>/6�E;% ����/ !#��F�4g�� �)�>/6[9g�� �5

�g�� @ �)�>/6��
Y�4E;% � E� > �
�,���)'.�5## 9 5#I
'#O#��
1JY��+ �F  �)� ���5## g�� 1J�F�%]�][.

] De Pieri and Jobstraibizer)�� ([ ,�,�2N� �9�*+ 
g�� �)�>/65#� �4��#YZ�4 1�)4 �#1/EMg, Si, Na, Ba �

�@#
$1�)4 K�Al�� 9 5#I4#5)#��%�F ." ?�4
��6"/
AlN>)� �� #��F6�<����3 ��#��/� �F�- � �,'AlVI ��

4# 2.4#5)#��F6�E� �5  8H ();�� 4 
G�4 8H �%/ "/ �9 
�
!W��F64#5)#��F6�O!�� �
�%/ ]��[.4#5)#��� �F
%#[2��F6�O!�� �
�)! !� ������ !� �6��5 �4 ##���� A/ 

��N	 � ��.	#��F6�,�"�% �F�
1)3 F, H2O, O2�SiO2

zL��9 l��S,�/]�n[.Y�/)+
.��< 1�-�/ �,'��#&����3 �� 
N>)�#��2:�% �64#5)#��%/ �2:�% $-O� /� �F .9 5#I

4#5)#�g&% �� �F6�/ ! #7)2#,6�O!�� =4�5 6�,�)� 
 !
!,�E��9/#1W]�\���[��� 6�"/,!]�^[��02%�: �
�/ !#��%�F]�����[.]�����[.l�%/  4���,&46]n][

&� �/,��#E
4 �� [#5)#�();�� 4 �F)X%)2� �)C �4��/n(
4#4 �� 1J �/,�� "/  2.#5)#��/ ! #��F)X%)2� �)C �4��/](

�%/)Y-'\.(N*h���3����J#��%#	��,#*#@)!)*	 ��#� �
/
�)2�#��4#5)#��F6();�� 4 /)2c� �/,�� $2'/� �4 �F6Al 

4 Y9#$]�/��5��/��)� 	 ,S/�  F �� ��;�� �/,�� �4 �
Fe/(Fe+Mg) ��]/]�5��/]Z�4 6X:nn/])`�,<\(��

� 2�!64#5)#��F6&R�&� "/ #E
4 � [#5)#��F6�/ ! #��4 �F
/)2c� $2'/�6Al Y9 \\/n�5�\/n�)� 	 ,S/�  F �� ��

�;��Fe/(Fe+Mg) ��n/]�5�\/])`�,<�(�E� �
�4 G
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,*<�]���O' ���" �1�2��n�� g&%%�&'�' �#O���9��F�P&%������)5 �/ !#2�. . .\��

% IT>#	��,#*#� �/ > ��!#,� )Y-'^�D�/.(�'�;�/
4#5)#��F6();�� 4 �F)Y-'^�D�/(���.�/6!�)�J (,+ "/ �
�

!�)�J�3�� #�2%)@ E/61JF��%]n�[.1/ 0.F�W@8*2�� �
,&���]�������� [4 e�;5�/# % $6�O!�� �
9 5 �4 /� #I

'#O#��
4#5)#�%� 4 �F��� 9 ,�/ .�&4 �/�)O�  4]��[9 5#I
4#5)#��F6();�� 4 �� �F� 2�!6�)9 /"�
�;'*>#��
(SA) �
4#5)#��F6�/ ! #��� �F� 2�!6�)�J @ #$(P)� �/ > �!#,� 
)Y-'^�s.(

?5�IN>)�#4 �#5)#��F6();�� 4 �� �)<)� �/ ! � �F#��F68%#�/�)O� �� �)9,���,&46�#9 5 "/ ���82%/ �4 �F�-#' I#O#��
1J�F)�/�)O�
�@
"/ �]n][.( L+7�4�.� [)Y-'n(.

C��DH��/� �F6���J#� E
Q"/� @E �� 2-�/�(wt%)4#5)#��F6�/ !#�8%#�)9, �`)� 	 �2:�%�6)l�%/ 4���9/ #1W(1J�F.
Sample No. gr-1 gr-2 gr-3 gr-4 gr-5 gr-6 gr-7 

SiO2 �^/n� ]�/n\ �]/n� ��/n\ ^�/nn ��/n� \^/n�
TiO2 ��/� n�/� ��/� ^�/] ��/] \�/� \^/�
Al2O3 �n/�� ]�/�� ��/�� ^�/�� ^�/�� �n/�� ��/��
FeO ^�/�� �\/�� ��/�� \�/�� �n/�� \]/�� ]�/��
MnO ^�/] ^\/] ��/] �]/] ^^/] \�/] ^]/]
MgO ]]/n �]/� �\/� ��/� ]\/n �]/� ��/�
CaO ]�/] ]�/] ]]/] ]]/] ]n/] ]n/] ]]/]
Na2O ]�/] ]^/] ]�/] ]n/] ]\/] ]n/] ]�/]
K2O ��/� ��/� ��/� ��/� ]^/� �]/� ��/�
BaO ��/] ��/] ]\/] ]]/] ]]/] n�/] �^/]
Cl ��/] ��/] n�/] n]/] ��/] \�/] �^/]
F �n/] �^/] ^^/] \�/] n�/] ^^/] ��/]

Total ��/�� �\/�� ^]/�� ��/�� �^/�^ n�/�� \n/��
Si ��/\ �\/\ ��/\ ��/\ ��/\ ��/\ �\/\

ALIV ��/� �\/� ��/� ��/� �^/� ��/� �\/�
ALVI n^/� �\/� �n/� �\/� ^�/� n\/� ��/�

Ti n�/] n]/] ��/] ]�/] �]/] n�/] nn/]
Fe2+ ��/n �n/n �n/n ��/n �\/n ��/n �^/n
Fe3+ ��/] ]�/] n^/] ��/] n^/] �]/] �]/]
Mn ]�/] ]�/] �]/] �]/] ]�/] ]�/] ]�/]
Mg ��/] ��/] ^�/] ��/] ��/] �n/] ^�/]
Ba ]n/] ]n/] ]]/] ]]/] ]]/] ]�/] ]n/]
Ca ]]/] ]]/] ]]/] ]]/] ]�/] ]�/] ]]/]
Na ]n/] ]�/] ]n/] ]�/] ]�/] ]�/] ]�/]
K �\/� ]n/� ��/� ��/� ��/� �^/� ]�/�
F n�/] ��/] n�/] n�/] ��/] n\/] �\/]
Cl �n/] ��/] ��/] ]�/] ]�/] �\/] �n/]

Sum Cat. ]]/�� �n/�^ ��/�^ ]�/�� ]]/�� ]]/�� ]�/��
Mg/(Mg+Fe) �^/] �\/] �\/] �^/] ��/] �^/] �\/]
Fe/(Fe+Mg) ��/] �\/] �\/] ��/] �n/] ��/] �\/]
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4Z)C���/W� 4#�� 0��4� ,OS/6P*: 1/ 
/ �%�&' ���9 � �%�&'�)*4 �*P� � \��

 

?5�JD�/ (N>)�#4 �#5)#��F6();�� 4 �� �)<)� �/ ! � �F#��F68%#�/�)O� �� �)9,���,&46'#O#��
�#�F�- )�@ �/�)O�
"/ �]����\[.(s(
N5##$ %6�O!���
();�� 4 � �F �/ !#��F68%#�)9,  4l�%/ 9 5#I'#O#��
4#5)#��F)�/�)O� �@
�"/]��[.( 4#5)#��F6EP5 
��,'

();�� 4 �F6�
��/�E4 � x*�� ��L+ �4 #5)#��F6�/ ! �� �)<)� #�")� ��L+ �4 �F6��/� 1�.� �,',�/.

C��DI��/� �F6���J#� E
Q"/� @E �� 2-�/�(wt %)4#5)#��F6();�� 4 �F6�*	#G8%#9,�)�`)� 	 �2:�%�6)l�%/  4���9/ #1W(1J�F.
Sample No. En-1 En-2 En-3 En-4 En-5 En-6 En-7 En-8 En-9 En-10 En-11 En-12 

SiO2 ]�/n\ ^�/n^ �^/n� ��/n� \\/n� ��/n� ]n/n� ��/n� ��/n� n\/n� ]�/n� \\/n�
TiO2 ^�/� ]�/� nn/� ��/� n]/� n^/� ��/� ��/� ��/� ��/� ��/� n]/�
Al2O3 ��/�n ]�/�� ]^/�� �^/�� ]�/�� ��/�� �n/�� ��/�� �\/�� �]/�� n]/�� ��/��
FeO n�/�] �\/�� �]/�� ��/�� \�/�� n]/�^ ]�/�� ]]/�� �n/�� n�/�� �\/�� �\/��
MnO n]/] ��/] ��/] �^/] ��/] �n/] ]�/] �n/] �^/] n�/] �]/] �\/]
MgO �]/�� \\/�n �^/�n ��/�n ��/�n �n/�n �n/�n ��/�n \]/�n ��/�n \]/�n ^]/�n
CaO ��/] ]]/] ]�/] ]�/] ]]/] ]^/] ]�/] ]�/] ]]/] ]\/] ]�/] ]^/]
Na2O �\/] �]/] n�/] ��/] n^/] n�/] �]/] n�/] n�/] ��/] �]/] n�/]
K2O ��/� nn/� �^/� �n/� n�/� ��/� ]^/� ��/� ��/� �^/� ��/� ��/�
BaO ]�/] ]]/] ]�/] �]/] ��/] ]�/] ]^/] ]�/] ]]/] ]�/] ]�/] ]n/]
Cl n�/] \�/] ��/] ^n/] ��/] \]/] \n/] ��/] \�/] \�/] \�/] \�/]
F �n/] ��/� ��/� ��/� ��/� ]�/� ^�/� ��/� ^�/� n�/� �\/� \\/�

Total \�/�n ��/�� �\/�� �^/�� �n/�� n]/�� ��/�� n\/�� �^/�� ]�/�]] ��/�]] ��/�]]
Si ��/\ ��/\ ��/\ ��/\ ��/\ ]�/^ �n/\ �\/\ �n/\ ��/\ �\/\ ��/\

ALIV ��/� ��/� ]�/� �n/� ��/� ��/� �]/� �\/� ��/� ]�/� �\/� ��/�
ALVI \�/] ]^/] ]�/] ]^/] ]�/] ��/] ]]/] ]\/] ]]/] ]�/] ]�/] ]�/]

Ti nn/] ��/] ��/] \�/] ��/] \�/] ��/] ��/] ��/] ��/] ��/] ��/]
Fe2+ ��/� ��/� �n/� n�/� ��/� ��/� �\/� �^/� �\/� nn/� �n/� �\/�
Fe3+ ]�/] ]\/� ��/] ��/] ]n/� ^�/] ��/� ]�/� ��/� ��/] ]^/� ]]/�
Mn ]�/] ]�/] ]�/] ]�/] ]�/] ]�/] ]�/] ]n/] ]�/] ]�/] ]n/] ]n/]
Mg ^�/n ]�/n �^/n �n/n ��/n ��/n ]^/n ]�/n ]�/n ]n/n ]�/n ]�/n
Ba ]]/] ]]/] ]]/] ]�/] ]�/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/] ]]/]
Ca ]\/] ]]/] ]]/] ]]/] ]]/] ]�/] ]�/] ]�/] ]]/] ]�/] ]�/] ]�/]
Na ]\/] ��/] ��/] ]�/] ��/] ]�/] ��/] ��/] ��/] ��/] ��/] ��/]
K ]]/� ��/� ��/� �]/� ��/� �^/� �n/� �]/� �^/� �^/� �^/� �\/�
F ��/] ]n/� ]�/� �^/] ]\/� ]�/� �^/� ]^/� ��/� �]/� �^/� �]/�
Cl ��/] �\/] ��/] �^/] ��/] �n/] ��/] ��/] ��/] ��/] �n/] �n/]

Sum Cat. ��/�^ ]]/�� ��/�^ ]�/�� ]�/�� ]]/�� ]]/�� ]]/�� ��/�^ ]]/�� ]�/�� ��/�^
Mg/(Mg+Fe) \^/] \�/] \�/] \�/] \�/] ^]/] \�/] \�/] \�/] \�/] \�/] \�/]
Fe/(Fe+Mg) ��/] �n/] ��/] ��/] ��/] �]/] ��/] �n/] �n/] �n/] �n/] �n/]

����� ,&46Abdel-Rahman)  ]��([ �;�� FeO*/MgO 
4 ��#5)#��F6g&% �F6*>#��
�4  4/ 4 ]�/�4 �� �#5)#��F6

g&%�F6�J @ �)#�4  4/ 4 l)&��/n4 �� �#5)#��F6G��9 �

*>#��
1J �/,�� �^/��%/ �,' �2	 !  M� �� ./ ��
$
���,&46��O5 �4#5)#��F6&R�"/Al�4 �;�� �4 Z6Fe/Mg 
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