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

÷

������ �	
��
��� 

��� �� ��������� � �� ���  �!� �"�#�#$% &'�!() �� ��
�*��) +	�,	 -
��. 

�"	��)�/0 �
!1) 2�,�*3456 �7'��)	 -�"�58� 9�3�!� -	  �":�; �"�;���< =,4
�>+���� ���?� �@$�) -3

���� �! ���"��#$ %�&'��� �()�" *#+, %-.'��� 
��)�" %-.'����� �! ��� �! %�&'��� ��/�01 (



��0 :�� 2-� 3 ��40� (/#5� ���'6'!7 �,#89�:;< =�#+)> ��#? ��@A)� %B�/ C 1 D�81 E�#F �@ �)�#5" G+=�� <�H
% 6I %-00> 3J����@ ��H�&=�.1 B �H�/�H . F�0,<�"�/���/ ?� "� ���7 �')1 % )8$ ���> B L0/ <�! �
�8?�� �)�B� <�HM()�

�/� %-1 .�)�#5" (
� �N)����7 ��
"�@�1 ��)�#���! ��)��#./� ��)�B !��� =! ��)�BA� ��)�B !�� "� -0!��O, ���B� 	 P)! ! �@ �H
�3� B �)O+)=/��)O+)=/� .���>  &
� �
#��Q <�HR�O!�� ���
 +> S��1 ���7 �@ /�)=.8/� ��)�+> <�HS�� IBII �A!��#> ��B-�+> B

-0=�H .�)�#5" S).'!���"�@ �� �H ��#� ��40� <�H�/� @ �O�� �@ Si/Al�)�#5" �@ N> N
-/ <�H T
�A	� �@ U
�-! �@ B VB 1 ���
 �O�� B N)�+> ��-��Si/Al�)�#5" �@ N)�+> <�H  =')@ �����
�3��-@�
 .��  W� �@ -/� �>�)�#5"D#+X� �)��Y	 �+I � B� �Z �H -

�@�� ? <�H�=	 ? S.11�@ 0-����+I ����� B �)�BA� �N)����7 ��)�B !�� ��)�B !��� =! ����
"�@�1 ��)�#���! *B� �+I �
�)O+)=/� �3� B �)O+)=/� ��)��#./� .�)�#5" (
� S).'! <��� "�  =8> �H[\; �� &)=��/ �]�� �� ��B7 @�#1.


B	��
�7� ���:���"�@^�)�#5" �H^���/ ?� �@�� ?^�(/#5^2-� 3 ^%B�/ .

&)
/) 
�)�#5"_)X� �� �H()�" G+=�� <�H�� S).'! �/�01 -�#1

][�:.[���?�"�@��b)?����.8H B][[�)�#5" �� �H  W� "�
 %�&=/�$ �=/� ���c �@�@#/� ���#? ?� ��@�� ? N)����7 B

N)��!%� >-��:S.1 �#$ .�)�#5"  =')@ -�B� �Z �H�
�A��)� 
L0/ ��H�� S.1 �@#/� <�-� )? .�)�#5" �#+O! �@ <�H

P+d� �@�� ? %�&=/�$L0/ �� ���'6'!7 <�H�@ �=�@�B 
N=�)/ ��#0, �@ ()0e8H D�Y	 �
�� ? ()�" <�H%��B� 	<�H 

�� ���/ ?�<�=/��X6F �<�HS�? �&=�.1 ��H% 6I B �H �H
L0/ �� (
�f7 <�H =')@ <"�@ �� g�-H�]h.[_)X�

S).'!�)�#5" �
�)+i �! �j0$ �H)����pH =(k7 "� V�O1� B
���7 �> �/� P+d� ��% =�? �
��� �l��l��=��/ �]�� �� ?

 "�  =8> ��'	 B���/�3 �&� .�� S.1 D�-� )?]m�\[�

<-Y@ �/ ���7 ��=$�/B %�#@ "� ��]B��c S).'! n�'� <�H
D���> B �/� %-1���#! ���7 �=/#)3 NH �@ <�H T0>�B �


�'? @�#)!�> o
#Y! B E��-)H� B E��-)H < 
p3 �@ �H
D#+X�-���� �� �@7 <�H.��-�� B *#)0)�#�7 �N�)+)/ "� <��
" 
�#)!�> S).'! <� @ �>�$ �
�)+i B �
�)+i <�B q <�H
�)�#5"�� �H -��#! %-�7 @�')1 % )8$ ���/ ?� "� <�

���'6'!7��r/-+	 B �H-1�@ �H .�)�#5"L0/ �� �#]#� <�H-
<�H���'6'!7 �#0> �! %B�/ C 1 D�81 �� 2-� 3 ��40� "�
 W����> �
�)8)1 P)> ! B �/�01�/� %-'� �/� @ �i� �@ .

s-H �B� (
� "� (
� "�THBt3�)�#5" �
�/�01 �Y)OZ <�H
% 6I %-00> 3�&=�.1 B �HL0/ �� �H ())Y! ����'6'!7 <�H
S.1 ���#!�)�#5" < )?�H���>  &
� BB %� 8H �
#��Q <�H

 %�&=/�$�/���7.
∗(6+! �D#u�� %-0�
#� :�����l����h�.)�B =.�� ��3 �:zeynabmohamadi92@gmail.com 

B ��)@ D�/N=6H v��81 �*���c ���=��"��wX6F "� ���l �! ��x

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
4.

88
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

98
.2

7.
4.

10
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

02
 ]

 

                             1 / 12

http://dx.doi.org/10.29252/ijcm.27.4.885
https://dor.isc.ac/dor/20.1001.1.17263689.1398.27.4.10.9
http://ijcm.ir/article-1-1370-fa.html


���b)? ���?�"�@ ����OY1 g�yOZ ���������c <-8X� ��1#> <�Bz� �� 
� �/�01 ���> B �/�01�#+@ �+9� ��x

&/C�) �.��� =�)� 
�
�)	� {] D#Z % =�? �� �/� @ ��#� �)I��′|�◦l��!

′hl◦l� �
�)	� {] } , B′��◦|l �! ′|�◦|l D�81 ��
i�B k d �[:[;;;;;�/� %-1 ~i�B �
B�" .N)��!  W� "� -

()�" <-0@L0/ �,#89� �<��=$�/ �/�01 ���'6'!7 <�H
 k d D�81 <�=/�� �@ 2-� 3 �)I����0�3 �� C 1 k#0] 

�� 
� B <A> � �/� ~i�B  =$� � �)�B�� �
�8?�� ��#� �� �>|l
���� �� i %B�/ C 1 D�81 < =�#+)> ]���[.L0/ (/ <�H

 ���)� (/#5� <��B7�f7 B ���'6'!7��='�� B �/� �
z�@ <�H
 �@#/��"#� -0=�H )S.1[.(�#80$� P+d� <�HL0/ <�H

 �� %B�/ C 1 D�81 ���'6'!7<�=/��S�? -�B� �@ �
�H <�H
 k d D�81 ��i 1 B C 1 k#0] ��� %-
� �@ d -�#1.

�8�i k#0] B C 1 <�H�/� @ ��#� ��40�k#/� _/#! -
<�H B ���� �� �#+&0> -�"�/ T�@ D��Y� �> %-1 �Z�I� �?

�/� �
z�@ g /.

�.��<�,	�1D ��� 
�0d 2-� 3 ��40� ���)�#5"  W� "� -I�B (
 ! -I�B �
�"Eap

)���"�@ B < )	�#3 �
"-�7 (�/�)S.1[(�#80$� D#Z �>
 �B-I �7[;�#80$� D#Z �� �7 ����q B %�#@  =�#+)> 
�/�  ){=� .��)�#5" ���B� 	 B L�� �� EB�6! S)�� �@ -I�B (


-I�B  &
� "��� A
�8=� �H �#1)S.1mG��.(�7 P��d �	�@ 

% 6I B < )	�#3-)�>� �#]B �+, �@ �H�? �> �/� ��� <�H
�� %-
� A)� A� i L�� �@ (H7�#1 .�
"-�7 ��=
"-�7 -I�B

 ���"�@ B �=��"�@)(Ea-b % 6I�&=�.1 B ��H �H�)�#5" B�
�"
�� ��B7 @ ()0c �> ���� < =8> �)�#5" �?-0>� 3 �> �#1

k7 _
� 1 _/#! �7 <�H ��@A)� L0/ S�+�! B �/�01
 -1�@ %-1 D =0>]:��.[

E���.��< ��� 
�/� @�)�#5" �
�/�01 ��] �
� XF <�H ��@A)� L0/ B �H

%�� �Z ���7 -06/� <�H[:�� �'�O
��� B (
�B 	 B[:�\ 
9��-1 *�.��#8� �1�� @ S��1 SX� �� ���-)� ��> <�H

���>  &
� B �Y)OZ �)�#5" %-���� @�� �� ���7 %� 8H �
#��Q <�H
% 6I�e?� ��H�&=�.1 B �H�#@ �#80$� (
-0c "� �H .��]

�/� @ ��-Y! "� ���B =.�� �"�� 3A
� B �3#./B .)� <�H\;
~4�� �7 ��@A)� L0/ B �)�#5" S��1 ��#8� 2"�� B 2"��

-1 �)�! -�'� �/B� 	 B �� �! ��"��#$ %�&'��� �� �+�)F .
��#? ())Y! �#W0� �@ ��)�#5" <�H\�B� �@ �=)�#5" ��#8� 

��#3 �B� �@ �.
� <#! 3 �90/ �� 3(XRD) %�&'��� �� 
-�-1 �/� @ ��{��� .���> �8)1 P)> ! "� %��6=/� �@ �H

 D-� ��B =.��  &1"�� 3A
�Cameca SX100 ��=�B �@ 
kV [\��
 ] BnA[; �� 
� ��-Y� ��#� <�B7 	 A> � �� 
<� @:-1 ())Y! �+�)F 2"�� ~4�� ��#8� .

F��3G�� -k ��� 
� �'�� �� �/� @ ��#� ��40� %�&
�]�()�" �'�� �/� @ ��#� ��40� �/�01)()�" �'�� "� �=	 ? @ �/�01������/�
�
B�")�|�h(��#'> �/�01 ()�" ���"�/ (B���#8� % =�? �)�#5" "� <��� @-I�B B ���7 ��@A)� L0/ ��H (/#5� <��B7�f7 B ���'6'!7 <�H

�
z�@ B ���)�.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
4.

88
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

98
.2

7.
4.

10
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

02
 ]

 

                             2 / 12

http://dx.doi.org/10.29252/ijcm.27.4.885
https://dor.isc.ac/dor/20.1001.1.17263689.1398.27.4.10.9
http://ijcm.ir/article-1-1370-fa.html


-+]��%��81 �h��=��" ��|�� �)�#5" ��-$� % 6I %-00>  3 <�H�&=�.1 B �H �� �H . . .���

F��>G������� S.1 �@ �> 2-� 3 ��40� D�81 �)�#5" %A
��B %-1 %-0>� 3 ()�" �4/ �� L�� -)6/ �	 @ <�H-�� .I�B (
�-I�B �@ �O�� --
(1B� L�� ���� �)�#5" �B-@ �
��8H <�H < !)D�81 �8/ �@ -
�(k ���)�#5" -1� % 6I �� �HJ����@ S).'! B �H ��@A)� L0/ �� �H

� ��=
"-�7��)�#5" -0+@ B �1�� �#+@ "� �,�8=]� %�#8� -1� �=)�B 6/� B �,�Y1 �#Z �@ �> �HE �-�� ����#8�Zr/TiO2�@ �O�� SiO2��/�  @ 
�B� (
-0c -
#+	 B  =�e0
B]�[�)�#5" ��@A)� L0/ �7 �� �>-���� �� i �
"-�7 B ���"�@ % =�? �� �H� B����#8� SiO2�O��

�@Na2O+K2O<� @ ())Y! < / �
�8?�� <��&0/ ��40� 2-� 3 .�> @��/� �B� -���B� J� �@% =�? �� �
�)+i B�
�)+i �8)� J)�6! %-1 
�/�.

G�.����" �=�)������� +�<*�) G�. �!����
�)�#5" ��-$��� �� �HJ����@ �� ��#!�e?� ��H E�#F �@ B �H

L0/ "b>#
�b3 ���> �� �0)'��] B <"�@ ���'6'!7 <�H
 � > %-H�'� 2-� 3 ��40� _/�B-I)S.1<�H mkB�.(

�/� @�)�#5" ��@A)� L0/ -0
7 	 �$�01 �� �H Q�� <�H �� 
S.1S).'! �)�#5" V#� �@ ��@A)� L0/ R�O!�� B ���7 < )?

�/� ���A�� %-1 .L0/ S��1 ��@A)� _/�B-I B <"�@ <�H
�
"-�7 B ���"�@ �
�H �@ %-8, �	�@�')1 �&0/A
� <�

3#< )	�#3B �#+? �! < )	�%�#@ B�#+@ �1�� S��1 �7 <�H
(�>B )3#0)+> �"b>#
�b3 <�H�B-@ B ���/ ?� (
#)�� <�H

 �=
A&0
-
�-0=�H .%-���� @ �� L0/ �0)�"L0/A
� <�H
���> B (�>B )3#0)+> �"b>#
�b3 % )8$ J
 �� �-> <�H

�')1 %-1 ��/ ?� <�S��1�/� �)�+> B (H7 <�H-)�>� .
�
�3 @%�� <-0@()�"-
#+	 B  =�e0
B �
�)8)1�]�[L0/ �-

�)�#5" ��@A)� <�H �� �H% =�? ���"�@ �
�)+i �8)� �
"-�7 B

1- Winchester and Floyd 

�� i-����)S.1�E.(�@ �]#! �@ S.1����
�8?�� < / 
�
�)+i  F�0, V#89� ���#8� ��/�  @�@ �O��L0/ �)+)/ -

<�H ��40� ��#��/� @ �� % =�? �
�)+i �8)� B<B� " � �� i 
-����]�.[

G�.����" �=�)������� �!����
�)�#5" P+d��?t
B �H<�#� <�H %t
B <� �� 3 �B� �> -����

 �
A9! B �.
� #! 3 �90/ �"�� 3A
� �B� �@�B =.���())Y! 
-1-�.�/� @ ��/�  @<�H L0/<��&��]#! S@�i ��-Y! �"�

U
�=� ()0e8H �2"�� ~Z����1"�� 3A
� ��90/ �� 3 B
� P)> ! �
 ��-$� �
�3  @ ���B� 	#�)�#5" D��-1 ())Y! �H .

���>)�#5" <�H ��)�B !�� S��1 ���B� 	 P)! ! �@ ��40� �� �
��
"�@�1 ��)�#���! ��)��#./� ��)�B !��� =! ��)�BA�

 �)O+)=/� �3� B N)����7 ��)O+)=/�-0=�H ����� �� �> �)q#!
%������#1 .�> �/� �0=6?% 6I "� J
 �)H �H �8H
��#?-���-� NH �@ �� �)�#5" <�H�% 6I J
 �� �!��:V#� 

5" �)�#%-
��/� %-1 .

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
4.

88
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

98
.2

7.
4.

10
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

02
 ]

 

                             3 / 12

http://dx.doi.org/10.29252/ijcm.27.4.885
https://dor.isc.ac/dor/20.1001.1.17263689.1398.27.4.10.9
http://ijcm.ir/article-1-1370-fa.html


���b)? ���?�"�@ ����OY1 g�yOZ ���������c <-8X� ��1#> <�Bz� �� 
� �/�01 ���> B �/�01�#+@ �+9� ���

�����$�" 
B ���� ��40� �� �� ���B� 	 (
 =')@ �)�B !�� ����#8� <�H

J����@ "� %-1 �1�� @�&=�.1 ��H ��HL0/ 2#3�?� ��H B �H
�e?� NH �@ P+d� �,�Y1 ��"#/ E�#F �@ -)6/ L�� �@ �H

���>  &
� �@ <-1� �=)�#5" <�H%-
����#1)S.1mG��(.

!�� �)�B  �� %-)'> <�H�#+@ S.1 �@ �3#./B .)� ~Z��� ��
<�=/�� �#X� cN>� =� B �,�Y1 ��"#/ E�#F �@ ()0e8H B

�/� %-1 %-H�'�)S.1<�H|� �k �G�� .(S.1hG��
%-1 �1�� @ �)�B !�� n��$ ��#8� �.
� <#! 3 �� 3 <#&��

3 �
"-�7 -I�B �=)�#5" �?� "�#< )	�)(Eap�� ��'� �� �-H.

F��HG�� ��)�#5" "� �3#./B .)�  
#�! �=1� <�HL0/ �?� "� %-1 �1�� @ ��#8� <��=��"�@ <�H k �2-� 3 ��40���#./B .)�  
#�! 
%-0>� 3 �3 ��B =.��(BSE)��)�B !�� �0)�" �� �
"�@�1 "� ���
"-�7 ���"�@ L0/ "� �3#./B .)�  
#�! @ �	�@ �@ <�H�#+@ �> �.����

 "b>#
�b3(Pl)�')1 �0)�" �� %-
� <���"b>#
�b3 ��#1�)�#5" �@ �H�=1� <�H%-1 S
-O! <�% 6I B -�����> _/#! �H P+d� �=)�#5" <�H
%-1  3 �)�B !��E �-�� �S.1 <�H�#+@ �q , ~4�� �3#./B .)�  
#�! �0)�" �� �)�BA� ���� ��)�+> "� <�� 
#�! �� �
"�@�1 �3#./B .)� 

% 6IL0/ <�H���>  &
� �@ %� 8H S.1 <"#� E�#F �@ �=��"�@ <�H� ��=)�#5" <�H�~Z��=� %-)O4i �#� �� �3#./B .)� ~4�� (XPL) "� 
�Y4i�?� �� �)�#���! <�H �� �)�#5" "� <�� ��=��"�@ L0/��#+@ ���$ <�H��	 %-00>  3 E�#F �@ N)����7 S.1 �@ <�H� ���r./B .)�  
#�! 
�#� ��XPL% 6I �� �)O+)=/� N)�+> "� L0/ <�H �2-� 3 ��40� �=��"�@ <�Hg�% 6I  =/7 E�#F �@ �> �)=.8/� B �
 +> %� > �Z�I� �� �H

-�� ��� 
#�! �r�/B �)� "� �)�+><�H S�� DB� (I) B*B� (II) �� J����@�HB% 6I<�H L0/<�H <"�@ ��40� 2-� 3f �� 
#�! �r�/B �)� 

% 6I B J����@ "��')1 �0)�" �� �)�+> B �)�#5" �@ %-1  3 <�HB <� �� 
#�! XPL L0/ �� �#]#� �?� "� ��B-�+> "� %-1 S).'! �=
"-�7
A!��#> B.)"� -0!��O, <���=$� N5b, :Sco ��)��#./�Cbz ��
"�@�1 Mes ��)�BA� Nat ��)�B !�� Thm ��)�#���! Anl �N)����7 Stb- Ca 

��)O+)=/� N)�+>Epi.Stb�3� ��)O+)=/�Tetr. Nat ��)�B !��� =! Chl ���B-�+> C/S�
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F��IG�� ��)�B !�� "� �.
� <#! 3 �� 3 <#&�� (Na+) �?� �� �#]#� %"�-? �=)�#5" 2-� 3 ��40� <�Hk B��#8� �?-0>� 3 �j+j� ��
�#)!�>�.O1 � 	 <�H�)�#5" ��=$�/ �� <�2-� 3 ��40� <�H.�#)!�> ��=$�/ ���.O1� 	 <�H <� "� T)@ �)�B !��� =! B N)����7 ��)�B !����

�3� B �)O+)=/� ��)��#./� B �=1�� N
-/ -F���#)!�> (
 =')@ A)� �)O+)=/�-���� �� �=)	 � B� <�H.

� ��/�  @ �� N�� �#)!�> N
-/ ��1"�� 3A
� �
A9! U
�=
 �/� �7 <�#+@ ��=$�/)S.1�k(�#)!�>  &
� B-I �� �H

%��� g� ��Q7-�� .�O�� ()&��)�Tsi = Si/Si + Al �B-I 
x�/��/� %-1 �O/�X� )DB-]�.(�> �/� �0=6?

�)�B !��% 6I �O� <�H "�  =8> N)�+> -)�>� ��-�� �H\/;
��"B -F�� �=1� �)�#5" (
� % 6I A> � �� B %��� ��'� �@ �<�

N)�+> ��-�� U
�-!�/� �=	�
 T
�A	� �7 .�� �?t
B (
�
�)�B !�� � OH#	 ��40� <�H��8�7 �/� %-1 %-
� A)� ]\�

[[ .[*�9�� / D#� 	 �@ �)�B !�� ()&��)� �
�)8)1 P)> ! 
�#@ J
�A� ��)�@  O=Y� ~]� � �� �7 (
��8� B < W�%�@ B

E�#F (Na11.40, Ca0.40, K0.03)[Al15.61Si25.20O80]•16H2O
�/�.

����*) 
�e?� �� P+d� �)�BA�J����@ B �HL0/ <�H ���'6'!7 <�H

)�
"-�7 B ���"�@ (�� g�-H� . =')@ �7 �3#./B .)�  
#�!
�=1� E�#F �@�@ �<� ��" B -)6/ �! L���@ �> �/� �#Z 

���� S
�� �1#��$ D#8Y�. &
� %� 8H �@ ���> (
� n)�'! -
���>�=1� <�H%"�-�� �! <� �q , ~4�� �� ��� ��/� S.'� <�

�� %-
� ~@ � S.1 �@ �#1)S.1|E(.()@ �7 P)> !
�� �=	 ?  W� �� �)��#./� B �)�B !���#1.��-�� ()0e8H 

Si BAl�� �)�BA� �� �7 ��-�� �@ N
�A� ��)�@ -��#! �� �H
�)�B !�� -1�@ �)��#./� B]��[.N)�+> ����#� �$ @ ��

 �/� P��d N
-/ �@ �O��][:.[O�� �(Na + K) / (Mg + 
Ca + Sr + Ba) "� hl/��!l�/��/�  ){=� ���> (
� �� 

][�[.!�
�)8)1 �
A9 �)�BA� ��-�� 2-� 3 ��40� <�H
 _/#=��@  @� @ �� �m/�� B@� @ �� �@  m�-F�� 

��"B �/� %��� ��'� ._/#=� ��-����#8� �)�BA� <� @ -

�/� @ ��#� <�H�[�O�� B -F�� Si/Al  �@  @� @�;/[
�/� %-�7 �/-@ .�O��Na/Na+Ca�)�BA� ��40� �� �H

 �B-I ()&��)� �#Z �@ 2-� 3��/;�/� %-1 �O/�X� )DB-]
[.(�)�BA�� @ ��#� ��40� <�H  &
� �@ <��
" �H�O1 �/

  O=Y� ~]� �]�|��l��x[�O/�X� ()&��)� D#� 	 B ����
E�#F �@ ���7 <� @ %-1 

(Ca13.52, Na12.61, K0.39) [Al46.81 Si74.71 O240]•64H2O
�/�.

�����$�"	��$ 
J����@ �� �)�B !��� =!�?� ��H�H�e?� �L0/ 2#3 B �H <�H

B %��� g� �=
"-�7 B �=��"�@�)�#5" -0
7 	 �Z ()0e8H �
�"
�#+@ �1�� ()'��] �/� %-1 "b>#
�b3 <�H)S.1|�.(
�=1� �)�#5" V#� (
� �=/� ��#8� �� B %�#@ k�)8> ��=O�� <�

 �/� �)�B !�� �@�'� ��)�@ �3#./B .)�  W� "� B L�� -)6/
  =')@ �=�.1B� �4/�B �@ �>)S.1:G��(�0)'��] BCa B

Al <�] �@ Na BSi�#1 �� A
�8=� .�7 N
-/ "� �0d V�#��
 �?-1 S
#Z�� ��'� �Oj�-H� .�7 N)�+> "� �0d P4i

�� �=	 ?  W� �� �
���0? �#1][�.[��-���7 �����7
x�%-
� �O�� B -F�� D7Si/Al % =�? �� \�/;�/� . @

�4�� �"�� 3A
� �
A9! U
�=� ��/�THBt3 (
� �� <� ��-�� �
�@  @� @x;�O�� B -F�� Si/Al  �@  @� @ \:/[B %�#@ 

�8> ��-�� �/� (.8�K�Ba BFe+3 (
A&
�]Na BCa 
-1�@ %-1)DB-][.(�)�B !��� =! �@ <��)�@ �@�'! ���7 <�H

 ~]� � �� �/� @ ��#�][m�[:[�� ��'�-0H� .D#� 	
)�B !��� =! %-1 �O/�X� ()&��)� E�#F �@ 2-� 3 ��40� �

(Na13.02, Ca1.00, K.01) [Al15.86 Si24.27 O80] •16 H2O
�/�.
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���b)? ���?�"�@ ����OY1 g�yOZ ���������c <-8X� ��1#> <�Bz� �� 
� �/�01 ���> B �/�01�#+@ �+9� ���

  �
JK��B =.�� �"�� 3A
� �B� �@ �
A9! U
�=�(EPMA)�)�#5" L0/ �� �#]#� s Y� <�H2-� 3 ��40� _/�B-I B <"�@ <�H) .��b, -
"� -0!��O, <���=$� <�H :Sco ��)��#./� Cbz ��
"�@�1Mes ��)�BA� Nat ��)�B !�� Thm ��)�#���! Anl �N)����7 Stb- Ca N)�+> 

��)O+)=/�Epi.Stb ��)O+)=/� �3� Tetr. Nat�)�B !��� =! (.
�"�� Cbz Mes Thm Nat Tetra. Nat Epi. stb Anl Stb-Ca Sco 
&"�!" P5 P16 P5 P16 P5 P5 P5 P16 P5 
SiO2 ��/l� h�/h� �|/hl |�/l� ��/h� l/l� ��/l� x|/lx �|/h�
TiO2 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Al2O3 x|/�� ��/�x ��/�x �l/�� ��/�l ��/�x �l/�h ��/�� ��/�x
FeO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
MnO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
MgO ��/� ��/� ��/� �x/� ��/� ��/� h�/� ��/� �|/�
CaO ��/�| �l/� |�/�� ��/� lx/� l�/� |�/� �|/� �/�|
Na2O ��/� ��/h |�/| |/�� �|/�| x�/� �|/�� ��/� ��/�
K2O �|/� ��/� ��/� �x/� ��/� ��/� ��/� ��/� ��/�
BaO ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
L�!() x�/�� �|/�� ��/�� ��/�� x�/�� ��/�� h�/�� ll/�� hx/��

O �h �h� �� �� �� �x �x �� ��
�M"��$��

Si �h/� �l �/�| �x/�l l�/�h |�/|h ��/|� ��/�x �l/�h
Al ��/| ��/hx |x/�x lh/�l l�/�l ��/�� �|/�� hh/� h�/�l
Ti ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mn ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg ��/� �|/� ��/� ��/� ��/� ��/� h�/� ��/� ��/�
Ca �|/� h�/�| �x/x �x/� �x/� ��/x �l/� �l/h �h/�
Na �|/� ��/�� |�/| ��/�� �l/�| ��/� l�/�h �/xl ��/�
K �|/� |�/� ��/� �|/� ��/� ��/� ��/� ��/� ��/�
Ba ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Tsi  � xx/� x�/� l�/� x�/� x�/� �|/� xh/� �h/� x�/�
Si/Al ��/� x�/� hl/� x�/� l�/� x�/� ��/� �|/� x�/�

Na/Na+Ca ��/� h�/� |l/� �h/� �h/� �h/� ��/� �h/� �|/�
� TSi= Si/(Si+Al) 
 

�,��<�� 
���> (
�P+d��)�#5"  &
� �@ �)�B !�� �#c �H )S.1<�H |

� �k(��BA� ���>  &
� B �) E�0@ > B A!��#> -0��� �
#��Q <�H
�� %-
� �#1]�x.[B -)6/ �
"�@�1 <"#� E�#F �@ B (1B�

 B %-1 %-H�'� S.1 =')@ �/� �)�+> �@ %� 8H )S.1|
�.(S.1|�)�B !�� �@ %� 8H �
"�@�1 �1"�� 3 A
�  
#�! k

�/��>�
"�@�1 �@(1B� L�� �� �)�B !�� �@ �O�� < ! S.1 
�� %-
��#1 .�O��Na/Na+Ca ����#8� ��#� <�H�/� @ 

�B-I;[/;B��-�� TSi �
"�@�1 <� @  @� @ 2-� 3 ��40� <�H
 �@��-F�� �/� .�@ �]#! �@% =�?� �� ���-��=/� ~]�   O=Y� 
][:�[��[�[�N)�+> �
"�@�1 V#� "� ��40� �
"�@�1 �/� ���

�@ �7 <� @ %-�7 �/-@ D#� 	 BE�#F 
(Ca1,9, Na0.4)4 [Al4.3Si7.8O24] 12H2O�/� .

��"��)�$ 
E�#F �@ �)�#���!�Y4i <�H <�#+@)S.1|�(B �4�� �

�/� %-1 S).'! �)�B !�� �@ %� 8H �H�? .DB-][U
�=� 

%-�7 @�)�#���! �
A9! "� 2-� 3 ��40� <�H�@B�> A
� %�&=/� 
��B =.����� ��'� ��> -H���-��  @� @ ()&��)� �#Z �@�@

�;-F�� �O�� BSi/Al  �B-I��/[�/� %-�7 �/-@ .��
��#8�THBt3 (
� <�H ���-�� Ca �@ �O�� Na�/�  =')@ �

-0c HN
-/ ���] R��� �B-Y� �� %-1 ���A? A)� �7 ���
 �/�][�.[�)�#���! ��40� <�H 2-� 3 �H�O1<��)�@ �@ 

�)�#���!<�H�~]�  O=Y� ][:�[��m;�m[[�� ��'�-H� 
B<� @ %-1 �O/�X� ()&��)� D#� 	 �7�@E�#F 

(Ca6.62, Na3.29, K0.01,) [Al16.06 Si23.63 O80] • 24H2O
�/�.

������.	 
�#+@ L�� -)6/ �! s�61 �=/� ��#8� �� �)��#./� <�H

-0=�H)S.1m�.(�O��(Na+K)/(Na+Ca)��#8� �� <�H
/� @ ��#� ()@ �;�!:;/;�/� .<��
"  
���� �)��#./� 

����� N)/�=3 B N
-/ �y�� N)�+> �7 A)c�� ��)�@�/�)DB-]
[.(�� ��'� 2-� 3 ��40� �)��#./� �
�)8)1 �
A9! -H�
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�>��-�� Tsi �@  @� @�[-F�� �O�� B<�HSi/Al B
(Na+K)/(Na+Ca) P)! ! �@  @� @�@\�/[B;m/;�/� 

)DB-][(.��-��=/� �@ 2-� 3 ��40� �)��#./� � 4� <�H
 %-1���#�8H ���� �@#$ ][��mm.[()&��)� D#� 	

 2-� 3 ��40� �)��#./� E�#F �@ 
(Ca7.78, Na0.2 Mg0.02) [Al15.52 Si24.75 O80] • 24H2O

�/�.

N����"% 
N)����7% 6I %-00> 3 ��#0, �@ �H)S.1:�(�� �.)��I ��

�O�% 6I ��B�� L0/ <�H<�H _/�B-I B <"�@ (
�f7)���"�@
�
"-�7 B(%-1 S).'! �/�����'� -��#! %-0H� �7 S).'!

 ��()=����)�#5" �+I � -1�@ �
�" .�)�#5" �@ �7 %� 8H <�H
 �#ZD#8Y� �)�B !��� =! B �)�B !�� -0=�H .N)����7 �?� =�?

�> �Jc ���8�7 �-0+�
� �+8] "� ���] G+=�� R��� ������B
�� 
��7 <��-
�3 %-0H� ��'� �� % =�?<��/� ��'	 B ��� "� 

]�|.[�O��Si/Al ��#8� �� ��#� <�H �/� @ ()&��)� �#Z �@
�[/[�/� .N)����7 �� �O�� (
� �@ <�H %�&=/�$ B �@#/�

 "� T)@ ��#? ?�m/m�/� .N)����7 <� @�H<��40� ��-�� �
_/#=� �#Z �@@�@  @� ��-F�� )DB-][(B

�O��Na/Na+Ca   @� @ �@��/;�/� .�
�)8)1 P)> !
N)����7 ��40� �� �#]#� <�H 

(Na14.69, Ca0.14, Mg0.2)[Al17.25Si31.21O96]•H2O~]� � �@ 
�8+,][��[��m�[���� ���#�8H.

��57��.	 
E�#F �@ �)O+)=/��#+@ �X6F <�H S.1 <��d+% 6I �� P<�H

/L0<"�@ <�H��40� ��#� �/� %-1 S).'! �/� @ .���7
�1#$ �z#8Y� B <� E�#F �@ �! -)6/ L�� �@ Jc#> <�H�#+@

�@ ()&��)� ��Y@� �� B %�#@ L���/;�+)�  =�%-
� ��-�#1 
)S.1:�.(��-��TSi ���7 �� �B-I�[-F�� �O�� BSi/Al 

\�/m�/� %-1 �O/�X� )DB-][.( =')@ N)�+> �#)!�> (

�.O1� 	 <� ���7�� k#�X� �#1)S.1�k(B� (
� "� �%��B "� 

�)O+)=/�N)�+>�� %��6=/� �7 <� @ ����#1]����l.[D#� 	
N)�+> �)O+)=/� ()&��)� 2-� 3 ��40� ���E�#F �@ 

(Ca5.78, Na0.67, K0.03, Mg0.01)[Al9.82Si25.54O72]•28H2O
�/� %-�7 �/-@.

��57��.	 ��	 
2-� 3 ��40� C 1 D�81 �� B %�#@ k�)8> ��)�@ ���> (
�

%-
�O1 ��)�@ B)��/� �)O+)=/� �B� (
� "� �� �/� @<�H 

g� <���� �3#./B .)���
�8� !<%�#@ �)O+)=/� �@ �O�� B
"��)�#5"�X6F <�H <��/� . W� "� �)O+)=/� �3� P)> !

�
�)8)1���-�� N)�+> �)O+)=/� �@ �O�� < !z�@ N�)+)/ B
���� .U
�=� ��/� @�
�)8)1 �@A9! ���-�� �@  @� @ �7 �� 
�m-F�� �O�� BSi/Al �7 @� @ �@ ��/mBNa/Na+Ca  @� @ 
m/;�/� %-�7 �/-@ )DB-][.(%-1 �O/�X� ()&��)� D#� 	

�3� <� @E�#F �@ 2-� 3 ��40� �)O+)=/� 
(Na2.21, Ca6.91.78, K0.01)[Al12.81Si34.32O96]•32H2O�/� .

�"�� ��,�&,�"�O ��� 
L�� �@ �#./B .)�  
" �� �> �/� �/� ���> J
 �)=.8/�

%#�i �!�� %-
� <� �#1B"� <�B-Y� ��-Y!  =/7 E�#F �@ 
% 6I �/� %� > �Z�I �� �H)S.1:g.(��-$� S�� B� 

�)�+>I�)�+> BII*-�!  &��)@ ���> (
� �#+O! ��  $�! B
�/�)S.1:�.(�)�+>I�@ ��B�� %��#
� � =/7 E�#F 
% 6IJ����@ B �H %� > �Z�I� �� �H B% 6I A)� �H�? B �H

J����@ �/� %� >  �3 �b��> �� �H)S.1:f.(�)�+> II ���B
J����@�@ B �H�e?� E�#F ���>  @ G
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