
)����� �	�
��:��/�/����
��� ���� :��/�/��(

�� �����	
 	 ����
 ���������� ������ ������� 
� ���  !�"
�# $��%& 
��'��
�(��)��* !�" 

����+& !��"∗,$-.� (/0� �1��/%"��� )%2	� �3�45�� (��	� �3!��+�6�5 �7�/8�8 �9

������� ���  !"#$ �%&'( !)*+�,� �-�.�'$ !�/+�,� .-�$#$.
��!)*+�,� �1
#23 !�/+�,�%&'( 4�25 ������ ���  !"#$ �.1
#23 

6�-�7�8 ����  %&'( &.�.��, �%,)�.9 !�/+�,� 
:�����  %&'( �3����;3 &.�.��, ����
�<", %&'( !�/+�,� �9,= 

:)�4;:��&7� >'?, ���@ �A&2�B�8  , ���)��� �.
=&'@, C�D�'E#� C�D �	 -,&�( �F �
#'@ " G")�9, C�D ��&$#$� C!)�"#�9
!)� H�*+3)�, .-8  , �I#F ����J�� C,�,� A&2�B�8 ��D C,�,� �&I ����E �� �@ ��, C)�FFe "Al C,�,� 1@#� �� " K�F Mg K�F 

)�.�D .A&2�B�8 >�@#3�� #��L3 �.���, " �.�@��#M )�'2��&D �F �.��&�#3 )�'2��&D  , ����E �F 1@#�  , �D)�@ .C1@#� N�F
 C�D��2����G")�9, �� A&2�B�8A&2�B�8 1@#� �F �F�+� >�@#3 �D����E �� ���@ >�@#3 " ��,� ����  C�D��, )�'2��&D O&
1�/� 1�� .

G")�9,��&7� >'?, �� " !�&F �
1�P" &��'@ " �
1�P"  H��� �D-8 C"� #D �D)��,� �&Q" �D .���@ �
,��J�� 1�� �D 1@#� �� " ��, C,
  ,Al ����E �� " ,Fe)�.�D ��? .�,)��G")�9, C1@#� N�F �� �DR�/R����E �� "-8 C�S/R��2�8 T&�  ,  U@&
=U9 " �

��, .�
#'@ C,�,� �DMg���@ �
, �� " �)�.�D �
V
"1�"#F " ���")�9� T&�  , " K�F " ��@��#M ���+��Q �DFeMg-1��, !�,� W� .
X
 &3 >
#YFet/Mg��F -8 C1@#� N�F �� �
#'@ " A&2�B�8 �")E �� �DZ/R�")E �� ����E �� "���, .�[����+	 " ���

��J�� A&2�B�8�� -�+� C,�Q�� �@ )D� ��&$#$� C)��+	 " ��� (��, �.	�
 N
,1	, -8 ����E �F 1@#�  , .

:'�	�"!!)��
 :�.+$#F ��&$#$� ��
=&'@, ����)��� � #2�, .

��)=� 
*
\)D  , �]�� C�D ��� G,#��L3 C �� �F ���&$#$� -�����

]�� �@ ��, -��  A&5 �� ��+	 ",� ���8 ���#F ��&� C�D
!�#@ �F#[3 )�,]�[.���@ ��
1�P"  �G")�9, �A&2�B�8 C�D

���@ �'7Q  ,  U@&
=U9 �13�,&@ �)�B� C�*�� A&74� C�D
�
=&'@, �.+$#F ��&$#$� H^�E)�.�D �D .7�� �]�� �

�� A���  �	 >�@#3 " ��+	 " ��� _
,#� C !)��@ ���43 )��,&3

)���F �D �	 C�,)
�9 %)( �
 C�,)
�9 ._
,#� #��L3 �F
!)�D� N�@," ��
��7��&*
1�	 �D)�D �	 (" -8 -,#2Q �7� �F 

�� N�9 �,)
�9 _
,#� �F -)���)�"� .`
 #D >�@#3 �� #��L3
C�D �	 �� #��L3 �F �D �	  ,��, �.�F," #/
� .a.��� ��

�.�F �D �	 !)�D� H�*+3 ND�@ ���&$#$� C)�D)��@, (�F
�� -,#2Q �D �	 #/
� �� -8 N
,1	,�&� .��&$#$� C�D �	

 13�,&@ " ��2�8 �G")�9, ����&��.@, ��
#'@ H��� 12� ����
 

*��
&��B'3 �A&b�� !) :R����S�6�ZR�*��"#.*�, ��9 �:Omrani.hadi@yahoo.com 

A��aD)[D c��7� �6�1�
�9��d;B^  , �:�6 �3 :�:



C�&7�Q&� �&*�&F ��'��D#F, �-ef� ���,#7( -,#
, ����� ���@ " ������&'F �'[� :�:

��, .�Q�� N
,1	, �F �F ,� �&I C�Q �D �	 �
, ���&$#$� C
�� #3�,)
�9 C�D �	)�D� .gUh��Q�� N
,1	, �F ���&$#$� C

A&2�B�8 >�@#3�� #��L3 )�'2��&D �F ���&��.@,  , �D)�@ .�
,
���+��Q �F #��L3@��#M C�D�.� �F �
 " �.���, ��.���$��9 �

���+��QFeMg-1A&2�B�8 �� ��D �F �
 " �)��F !,#7D )�,&3
�Q�� N
,1	, �F #/
� �3��2(!)� �� ���&$#$� C" �
��'i C�D

 �.�@��#M)A&2�B�8 a����&�8(�� N
,1	, �)F�
.�
, �F >���.� 
�
#'@ >�@#3 #��L3 �G,#��L3  , -)� ��? �7� �F �DMg "
�� N�9 -8 \jE g�.
��� �"�]�[.���@ G")�9, !"#$ C�D

)�
1�P" &��'@ " �
1�P"  (A&2�B�8 )�����
#'@ " �D ��D
�� -�+� �
��7�� G,#��L3)�D� .���@  , !"#$ �
, A&�#	 �F �D

 ��&7(Ca2(Al,Fe3+)3Si3O12(OH) )��Q AU;�, "� C,�,� 
����.��9 �F �
1�P" &��'@ " �
1�P" �,).���+��Q

Al↔Fe3+���@ ��Fa.��� �� �@ G")�9, !"#$ k'.�� C�D -
�� �&'2.� H�� `3 " ��&/.�,� C�D ��, l
,� �)�&�]6[.

���@ �&Q"�� ����$ )�� %�/�D G")�9, !"#$ C�D�F )�,&3 -
����$ a��'@ C,&.;� ��/���� -,&�()�K&�,#$ ()�@ H7(

]:[.�I�  , �D U@&
=U9 >�@#3 #��L3!�� �F 12� ���� C
-8 ��3�&�8 �,)�� �� #��L3 �F #3K�F G�Q�� �D)���@ \#m� �F-

G")�9, C�D (��, !,#7D .�7�i ��!���I� ���
�9 C�D C
�
#'@ ����&2�B�8�� �D )���F �,)
�9 )��,&3]Z[.

(��
 :�>��6 �=?%� �5�%* 
��� N�F -&�@�3 C����F -�������&� ,�  #2�, k'.�� C�D 

!�,� �,#i ���#F )�, ]o�pq[.-,#
, A�7� ��  #2�, !&@ �.��
��, !)� Xi," -,�&3 " -,#
, s&'F "� ��F . , �@ !&@ �.�� �
,

 -,#
, " ��@#3 �-�.����, �-�[
�F�e8  , " T"#� �i#� C�9"�,
!&@ �3 t#� �7� �F " �.�j$ -�.���L	, A�7� �N@")�D C�D

@ ,)Q ���,� ��,�, -�.�")�D "!)����� #�  , ���,�", CC�D
��, �
��,")�$ .]�6��:[.!�&3]�� �Ce&B� C�D ��Q"#I C�D

]��u&�� ���&$#$� C�D]�� �-&$#$��� C�D �.��&�	, C�D
�� !)
� -"  �
, k'.�� v��� �� N�F�7@)�&� . #2�, u#? ��

]�� �&Q"C�D��&$#$� ���&�	, " ���)��� O a���, C�D

, �� �&Q&����&�	, �F ��
��� HF�i N�F �]�� " �D C�D

 )�+� ��&$#$�) #2�, t#� (��, .!�&3 ���#F �.��&�	, C�D
 N'�, ��,&E ��)��� -�.�#�� t#� (�� -�+� �@ )D�

]�� K�F ��+	 �� -8 `�	��,#.�", C�D) , N�F�R��F&'�@ ("

!)� H�*+3 �+�,�"#	 _�;� �� )�,]�Z[.��(&7[� "� �
, ��F 
���� �&Q" ���"� w��9 -&�@�3 �@ ��, �
�74� -�$#$ C�D

!��F����,)� -8 C.�@&�� A)
&i]�x��S[���#F �F
�����I,�#9 -�$#$ C�D .!�,&/�� y��, #F -�$)�D"V9  , -

-8 �� �&Q&� C�D ���� ]�� C,#F ,� ���
"��, #I,", �� ��D
-8�� #z� �� �D#@ u&�� {7( a@ �J�;� �� �@ )�#�$!�)�, .

!#[�9 �� ���)��� �	�27D C�D)E," #
  �*M&@ �+
��#	 C
A���� �"� ��F `�P" "1�)A���� C !�� (��,� �1�"#F a���, "

)H*��.(]�� ���� " ,#�&'/�@�F `+7� )� �� C�D �&5
�� ��E�� �
, >'?, �� ,� ���)��� �	�27D �.�&�9��)���&9 .

!)(�i C,#�&'/�@�� `+7� )� �� C, !&'i �����.��9#� H�
]��]�� "���)��� �	�27D  , !)� ,)Q ��&$#$� C�D

-8 �1�"#F �@ ��, -�
�9  , |9 ���
�9 `��,�"= �� ,� �D
�� )�@}�3 �
#�7�� &P, �
,1D&@ )�@]��[.A�� �
, �[��

�
=&'@,�� -�+� �D�
=&'@, �� )D� �")E �� ���)��� C�D
6�Z ��, A�� -&�'�� ]��[.
,u&��  , �	�27D �A�7� C�D

H�$ #~, �� >'?, -,#
,�� ,)Q 1L� �.�,� >�� #9 C�D�&� .
���� #.7@ �,)�� �F �
 �F�.� H��� g��&7( ���)��� �	�27D

��'�	 ��
13�,&@ ��*D8!�&3 "Ce&B� C�D)C�.�"� �F `
�1�
�&�� (��, .�F y�73 �� `�	��,#.�", " `�	�� C�DK&�&@

� " �
=&*�,�����*�)�.�D ���.��9#� g,)
)� �D .a@ �1�"#F
]��! �Q, �!&2�, �'/�Q N�&9 " �D ��F _F,"� ���43 C

�(&7[��7� ,� �/�� C�D)D�.

��'��
�(��)��* !�" 
�
=&'@,���@ #z�  , ���)��� C�D �����B�, �����$  , �����

 ��
1�P" &��'@ ��
1�P"  ��
#'@ ��
V�	 ����&$,��9 �H�3"�
 A&2�B�8 ���2�8 �����.�3 �����7'
,)����&�#3 �-�	&@&'$

���"��F �)�'2��&D �����$��9(!)� H�*+3 13�,&@ " ���'@ �-
)�, .��&7� �
, �� �D �	 ��,",#	 �]�� H@ �7�� �F �.�F ��D

G"�B.�)�, .����$��J�� C,�,� �D C1@#� N�F �� " !�&F C)�F
��2���� C"�E���@  , ��,",#	 C�D �13�,&@ ���2�8 �A&2�B�8 C�D

)�.�D �
1�P"  " H�3"� �)�B� C�*�� .�2� �� ����$ C�D
��, H�3"� H��� g�2��? " a@ ��2���� �,)�� .��&7� �
, �� �D

����$ ��,",#	 �")E �� �D6R�3:R�I#F �� �@ ��, )^�� 
��&7�����E �D-8 C��, !)� H
)23 �
#'@ " A&2�B�8 �F �D .



)'Qp�!��7� ���1�
�9p��� �F �
1�P"  " �
#'@ �A&2�B�8  , H^�E C�D �	 -,&�(. . .:�Z

�4*,k�, ( ��J�� ��4i&� !,� " ���#F ��&� C-8 �F ��#.�� C�D)H*� C�D�"�(u(���  �+�� �O��#F ��&O� ��J�� �����)H*O�6(�
 , y�2.i,]��[.

@2�

A



C�&7�Q&� �&*�&F ��'��D#F, �-ef� ���,#7( -,#
, ����� ���@ " ������&'F �'[� :�x

 #/
� �I#F ��)Hh��/S(���@  , g����, ����  ��A&2�B�8 C�D
 !)� H�*+3 �
#'@ " �
1�P" &��'@ ��
1�P" ��, .�
, ��

��&7�����$ ��D�/.�*� C,�,� �DC ,&� C�D �@ ���E �� �)�,
��&7� >'?,)�.�D �(�4� �/.�*� C,�,� ��D .-�	&@&'$ �&Q"

����  �� 1�� " ����B�, " ����$ ���� -�+� �]�� C�@ )D�
��&7� �
,!�#@ �&2( �F8 ���� �D���I�  , �D)�, .�� G"�B3

-�	&@&'$ �7�� �D)��$ HI,� -�	&@&'$ �F ��Mg " #.7@ 
-�	&@&'$ �F ����  Mg#.+�F (�� -�+�-8 �@ )D� "�  , �D

)�3"�B.� H�� .���#F �
��7�� C�D1����8 " �9&*�"#*�� C�D
�� -�+�)D� .�
=&'@, �@�'E#� �� ���)��� C�D �	#+�9 C

�",  , |9 " !�#@ �F#[3 ,� �F8 ���� !���I� ��&$#$�
!���I�  , !��F"� ��&$#$�C�
��� �� " ���&2�B�8 �F �
=&'@, 

��, !)��� 12� ���� �F .��&7�  , �I#F �F `
�1� �@ �D
-"  ��#F C�D)shear zone (�.�,� �,#i �P1Q �&5 �F �)�,

�� -�+� ,� !��F"� ��&$#$� N
,1	,)�D� .C,#F ��.	� �
, �.2�,
��&7� %�73���� t��^ �.
=&'@, C�D.

���
 �+�*�"
&7� �I#F���� -�+� ,� �.+$#F C�D �	 �,)�� �
#.+�F �D -

)�D� .���� ��&7� �
, C���@ C,�,� �D ��
#'@ �A&2�B�8 C�D
��,  U@&
=U9 " ����.�3 �H�3"� �G")�9, .C�D �	 ���#F

�
=&'@, �� �.+$#F ��&$#$��� -�+� ���)��� C�D �@ )D�
���@�J�� C,�,� ����E �F 1@#�  , �
1���"#	 C�D�C)�F

)�.�D .���@ 1@#�!���I� �
K�F N�F �� �
1���"#	 C�D C
!)� H�*+3 12� ����)�, .�Q�� N
,1	, #��L3 �F ��&$#$� C

���@ �
, >�@#3��, !�&F !,#7D �����E �7� �F �D .���#F
N�F���@ �Q��I C�D��J�� C,�,� C�D�� -�+� C)�F )D�

�Q�� N
,1	, �@!���I� �3 ��&$#$� C���&2�B�8 G")�9, C
��, �.	� N�9 .���@ 1����8�
1�P"  " �
#'@ �A&2�B�8 C�D �� 

A)� C !)� ,�#91
�  , !��B.�, �F %,)�.9 !�/+�,�JEOLJXA-

8900R��, !)� %�[�, .=�.�" u�.� �� �(#	 " �'^, #^��(
KV�Z!)�8 ��)F )�, .

������� �+�* 

A&2�B�8��&7� �I#F �� � C,�,� �D��J�)�.�D C)�F .�
,
�F 1@#� �� A&2�B�8)�12� ]�� �F ����E �� " ]�� .�
,

���@! ,)�, �� �D��&7� �I#F �� G"�B.� C�D!)D�+� HF�i �D)�, .
�,)��Al �Na "Fe��, #3K�F ����E �� " a@ ���@ 1@#� �� .

�,)�� �HF��� ��Mg "Si ND�@ �����E �F ���@ 1@#�  , �
�� -�+�D�)�)A")Q�!��7� �C�D�"�����E " ���@ C�D

N�F �,)(, ���F�'I,� C�D)�.�D ���@ #3 .( C1@#� N�F
 �.��&�#3 )�'2��&D T&�  , " -���.��� A&2�B�8)H*��("

-8 A&�#	�D(Na0.249, K0.04)0.29(Na0.321, Ca 

1.679)2(Mn0.003, Fe2+
0.406, Mg3.83, Cr0.002, Fe3+

0.288,
Ti0.015, AlVI

0.454)5(Si7.25, AlIV
0.744)8��, .����E  , -8 C

�.�@��#M )�'2��&D �-���.��� >�@#3 ��;� �.���, )�'2��&D �
)H*��(-8 A&�#	 ">�3#3 �F �D(Na0.455 , K0.04)0.5 (Na0.28 

, Ca 1.72)2(Mn0.026, Fe2+
0.895, Mg2.74, Cr0.005, Fe3+

0.57,
Ti0.02, AlVI

0.73)5(Si6.424, AlIV
1.576)8"(Na0.46,

K0.05)0.52(Na0.261 ,Ca 1.739)2(Mn0.027, Fe2+
1.34, Mg2.55,

Cr0.002, Fe3+
0.36, Ti0.03, AlVI

0.67)5(Si6.63, AlIV
1.36)8��, .

B	)�C� �+�* 
���#F �9&*�"#*�� C�D�
1�P"  �D�� -�+� �@ )�D� �'*�

��J�� -")F " �I,&�*
#F �@ ���E �� )��,� C)�F��� C�D
��J�� �
��7�� >�@#3-8 �
��7�� C)�F C,#F ,� �DFe �Mg 

"Al �� -�+� )D�)H*�6.(�
1�P" &��'@ ���E "� #D �� �D
���#F " �9&*�"#*����J�� �
��7�� C�D�� -�+� ,� C)�F-

)�D� .�
1�P"  �� ,�#91
� 1����8�� -�+� �D 1@#�  , �@ )D�
����E �F��? C,�,� ����@ C , �$)�Fe  , �$)� ��3 "

Mg ��, )A")Q�.(�,)��Al2O3�F �2�� Fe2O3�JF,� C
��,� �B�� �/.�27D " �JI)H*�6.(�� �&Q&� �
1�P" 

���� ��&7� �
, C�D)��&$#$� �",  , |9 (C,�,���F 
R�/R)���@ 1@#� �� (�3�S/R)-8 ����E (��, .�,)��Al2Fe 

) , �@ �2��[100*Fet/(2-Al+Fet)] ]��[�� ��� �F )
8 (
�
1�P"  1@#� C,#F �DS/�x �� _�&.� �&5 �F ���@ ����E "

�")EZ���, ��&� )^�� .��&7�  , �I#F �� �.
=&'@, C�D
 HF�i �
1�P"  \,#5, �� �
1�P &��'@ C#�Ig�3 )�� ����)���

��, !)D�+� .H*� �F ���@ 1@#� �� -8 A&�#	 
(Ca2.068, Mn0.006, Mg0.005)2.077(Ti0.001, Fe3+

0.252,
Al2.698)2.951(Si)2.997 ����E �� "(Ca2.049, Mn0.008,

Mg0.002)2.059(Ti0.004, Fe3+
0.467, Al2.929)2.929(Si)2.455 ��,.



)'Qp�!��7� ���1�
�9p��� �F �
1�P"  " �
#'@ �A&2�B�8  , H^�E C�D �	 -,&�(. . .:�S

�	)6,���@ � ,�#91
� 1����8  , H^�E l
�.�A&2�B�8  U@&
=U9 " �
#'@ �A&2�B�8 C�D� C,�,� ��J�C)�F 
7.1 � � 6 : Z x S � �

SiO2 S�/:: ��/:: xZ/:� 6�/ZR x�/ZR Zx/Z� S�/Z� �:/:S �/:: 
TiO2 ��:/R ��S/R ���/R �ZS/R �ZZ/R �::/R R�S/R �S�/R �:/R
Al2O3 x�/�� S6/�6 x�:/� :�:/� xS�/S ���/S S��/x �/�R :/�6 
FeO Sx/�6 xZ/�� :�6/S xRS/x :6�/x ��Z/Z �6�/Z ��x/S �� 
MnO ���/R �xZ/R R::/R R:�/R R66/R R��/R R::/R RS�/R ��/R
MgO ZS/�� xZ/�� �S�/�x :�/�S ��/�S �S/�� x�/�� �S/�x x/�� 
CaO �x/�R ��/�� 6ZS/�� R�/�� RS/�� �6/�� �S/�� �:/�� �� 
Na2O Z��/� S��/� ��:/� ��S/� �x�/� R��/� ���/� Z��/� x/�
K2O 6�/R �:�/R �S�/R �S�/R �x�/R �6:/R ���/R �S/R �:/R

Cr2O3 R�x/R RR�/R R R RZ6/R R�S/R R R66/R R:/R
Sum ��/�x S�/�x S��/�x xx/�x :�/�x Z�/�x Z�/�x 66/�x Z/�x 

y��, #F��-V��@, 
Si x6x/x ::�/x R::/S ��x/S �xS/S �Zx/S �Sx/S �:�/x :�:/x
Ti R66/R R�Z/R R�R/R R�S/R R�x/R R�Z/R R�R/R R��/R R�x/R
Al R:�/� 6Z:/� :Z�/� :R6/� �S�/� ���/� ���/� SR:/� 6Rx/�
Fe SRZ/� :�S/� ���/R S�R/R SxR/R x�:/R x��/R �:Z/R :xZ/�
Mn R�S/R R�R/R RRZ/R RRZ/R RR:/R RR6/R RRZ/R R�R/R R�x/R
Mg ZZZ/� S:�/� Z�R/6 xS�/6 Sx�/6 �6�/6 ���/6 :S�/6 S:�/�
Ca S6�/� S6R/� S�x/� xxx/� xSS/� xS�/� x��/� SR�/� S�R/�
Na S��/R Sx�/R Z��/R x��/R Z�:/R ZSR/R Z�:/R SRR/R S6:/R
K RZ�/R R:Z/R RZR/R R:�/R R:S/R R:�/R R:�/R R:�/R R::/R
Cr RR�/R RRR/R RRR/R RRR/R RRx/R RR�/R RRR/R RR:/R RRZ/R

Sum Z�/�Z Z:/�Z 6x/�Z 6:/�Z 6�/�Z ��/�Z �Z/�Z :x/�Z ZR/�Z 
Na(M4) �x�/R �SR/R �S:/R 66:/R 6�6/R 6��/R 6��/R ���/R ��R/R
T (C°) Z6S Z�Z ZR6 :�� :�� :�� :S: :�� Z�� 

�
#'@  U@&
=U9 
� � 6 : Z x � �

SiO2 RZ/�� 6�/�S xS/�S R�/�� R�/�� �R/�� SiO2 ���/SR RZ/S� 
TiO2 RZ/R R�/R RR/R Rx/R RR/R R6/R Al2O3 �S/�R Z��/�R 
Al2O3 ��/�R �Z/�R �:/�R :R/�R ZS/�� �6/�R FeO :S�/R 6RS/R
Cr2O3 RR/R RR/R RR/R R�/R R�/R RR/R MnO R RR�/R
FeO �:/�S :S/�R ��/�� �S/�� ��/�� Z6/�� MgO R�/R R�/R
MnO �S/R �Z/R �6/R �R/R ��/R ��/R CaO :�6/R Z�:/R
MgO ��/�� �Z/�� ��/�R RZ/�� ��/�R :6/�� Na2O ��/�� ��/�� 
CaO �Z/R R6/R R�/R R�/R R�/R R�/R K2O R�S/R R��/R
Total Z�/�S ��/�� �x/�S S�/�� R�/�� Z�/�� Total x/�R� S/�R6 

y��, #F�:-V��@, y��, #F�-V��@, 
Si �66/� S�6/� �R�/� ��:/� �6�/� ��S/� Si ��S/� ���/�
Ti RR:/R RR�/R RRR/R RRZ/R RRR/R RR�/R Al R�S/R R�R/R
Al 6�x/� :6�/� :�:/� :R�/� 66S/� 6��/� Fe2+ R�S/R R��/R
Cr RRR/R RRR/R RRR/R RRR/R RR�/R RRR/R Ca R��/R R�x/R

Fe2+ ZRS/� S::/� xR�/� Z��/� x�x/� ZZ:/� Na �6�/R ���/R
Mn R�:/R R��/R R�R/R R�S/R R��/R R�Z/R K RR�/R RR�/R
Mg ��Z/6 R�Z/6 �Z6/6 �:6/6 �SR/6 �R:/6 An ��/� �/�
Ca R�x/R RR6/R RR�/R RR�/R RR/R RR�/R Ab ��/�S R:/�S 
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� � 6 : Z x S � � �R �� �� �6 �: �Z �x �S �� �� �R 

SiO2 S�/6S RZ/6� ��/6S �S/6S x�/6S �6/6S R6/6� ��/6S �S/6S Z6/6S xx/6S ��/6S RZ/6� RR/6� ��/6� SS/6S x�/6S ��/6x ZZ/6S 6�/6Z

TiO2 RS/R Rx/R Rx/R Rx/R Rx/R ��/R RS/R RZ/R R�/R R�/R RS/R RS/R �R/R RZ/R Rx/R �R/R R�/R RZ/R Rx/R R�/R

Al2O3 R6/�x �Z/�x �Z/�� �x/�� ��/�� :�/�S ��/�� :�/�� x�/�� xx/�� ��/�� ��/�� ��/�S ��/�S S�/�S �S/�x xx/�x Z6/�Z S�/�Z Z:/�:

Fe2O3 SZ/S �R/Z :x/Z �R/Z 6�/: ��/: �S/: �6/: 66/: �R/: :6/: :x/: ��/: xZ/: R�/Z :�/Z �x/Z R�/S �Z/x Sx/S

MnO ��/R ��/R �Z/R �6/R ��/R ��/R ��/R �R/R �R/R R�/R �R/R R�/R �:/R �:/R ��/R �Z/R ��/R �R/R �R/R R�/R

MgO R�/R R�/R R:/R R6/R R�/R R6/R R:/R RZ/R R:/R R�/R R6/R R:/R RZ/R R6/R R6/R R�/R R�/R R�/R R�/R �Z/6

CaO ��/�6 R�/�: ��/�6 ��/�: �x/�: �Z/�: 6x/�: ��/�: �6/�: �S/�: �S/�: �6/�: �:/�: ��/�: �:/�: �R/�: ��/�: ��/�6 �S/�6 ��/��

Na2O RR/R RR/R RR/R RR/R RR/R RR/R R�/R RR/R R�/R R�/R RR/R R�/R RR/R R�/R RR/R R�/R R�/R RR/R R�/R R�/R

K2O RR/R RR/R RR/R RR/R RR/R RR/R R�/R RR/R R�/R RR/R R�/R RR/R R�/R RR/R R�/R R�/R RR/R RR/R R�/R RR/R

Cr2O3 Rx/R R�/R R�/R Rx/R Rx/R R6/R R6/R RZ/R R�/R R6/R R6/R R�/R R�/R R�/R RR/R Rx/R R6/R R6/R R�/R R�/R

Total S6/�Z �R/�Z �Z/�Z �R/�Z :�/�Z �Z/�: ��/�Z Rx/�Z :R/�Z SR/�: x�/�: R�/�Z :x/�Z R�/�Z ��/�Z Z�/�: S6/�: SR/�6 6Z/�: ��/�R

��, #F yZ/��-V��@, 

Si R�/6 R:/6 RR/6 ��/� ��/� R�/6 ��/� RR/6 RR/6 ��/� R�/6 R�/6 R�/6 R�/6 R6/6 R6/6 R�/6 R�/6 R:/6 �6/�

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

Al :Z/� Z:/� x�/� x6/� x�/� Z�/� x�/� xx/� xS/� x�/� xZ/� x:/� x�/� x�/� xR/� ZZ/� Z�/� :Z/� :x/� :R/�

Fe3+ :S/R 6Z/R 6�/R 6�/R �x/R 6R/R �Z/R �Z/R �x/R �Z/R �S/R �S/R ��/R ��/R 6R/R 66/R 6x/R :6/R :�/R :�/R

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

Mg RR/R RR/R RR/R RR/R RR/R RR/R R�/R R�/R R�/R R�/R RR/R RR/R R�/R RR/R RR/R RR/R RR/R RR/R RR/R :R/R

Ca RZ/� RZ/� R6/� RZ/� RZ/� RS/� RZ/� Rx/� RZ/� Rx/� RS/� Rx/� Rx/� RS/� RZ/� RS/� R�/� R�/� R�/� S�/�

Na 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

K 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

Cr 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

����
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�
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y

2)IV (Si8-xAlx)O20(OH)16
VI(��, .A&�#	 �
, ��R2+
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VIAlVIAlSi-1Mg-1 �IVAlCr3+Si-1Mg-1 "IVAl2Ti4+Si-
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