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

÷

���� ����	 �
��� ����� ��
 �	 �����MW-IR) (��� �ICP-AES 
)����� ������:��� ��� Stoob !��"� #��(

$��" %��&*

����� ��� !	"#$ ��� !	"#$ "%�& ���'(� 
�)* +�,-��
 ����. /01! +"2-��
 ��(�#3 45�) +&�6 

'(�)*:�78&9. 4�� 	
	
 �51�� ���5:53 ;5<�= >�	 �15( ?�	@ )A/�B��&�C5� (	
D0E3 �(	 F�G )� H�3=7��(�$���. 

�"I=��& �95�<� J=� �G�( K0��� ��(� �$ L5�<&	"58 �0�M	�E:z = H3O+(K, Na)1-z Al2-x (Mg, Fe(tot))x (Al1-x Si3+x 

O10) (OH)2"�
�6 455I= .�	0O#� 4�� M��$ 	�"��x)�05=�< P0:Q� M�8Mg &Fe(tot) ( �(	�$ )�"���$ �-:G R�I=	� AlVI-O-
Si +�E�6 	
 550-510 cm-1 455I= "3&�51�� �1S� �C 3 ���5:53 ;5<�=)	�T��U& B��U& �-8B	�T ��U&(V K0��� W

�X�$"�* �("$ .��Y#! 4�� 	�"�� 45$ �,E� :8 �$��)	� W��V )� J�>5#� � �� � (�Z� �$+"�*�$)���>Q= [5V �$ �=Q#( �:=� �-� �
������ +"3 �\U M�:('.(ICP-AES)  �51�� �5:< &)+"�* �(
 �$ �--< ?�3�I=	� +�E�6 	
 ���< 4�� D]U 	�0� )� OH 	
 

3800-3400 cm-1(	�"�� ��0���Fe(tot) ��X 	
 �-8 ��U&=I5
�6 45"�.$�;5=�= 45:8	�"�� ��8 �:< ^��05=�< )� ��5� M�8
��XM�(K, Na)   �� ��$>5� J8 _�-�3".

',���(��- ��.:���5� `�(&�� M�80=�.(MW-IR)aM)�� �(	�$ abC�� 0=�. R��. a>�	 �15( ?�	@a���< �:53�51��.

��(/� 
���< 4��E��&��� )� �C� �51�� �$ c&�I� 	�"$* M�C5� ���< M�8

�� 	�:-$ �I5 V 	
 �(	
&	 .��0#! �$ ���< 4��+
	&��� 
6
)�08d#( �)� �$0(	 M�8"#�*�� �G�T �$ 
&	& �$ �5�&� M�8

+"#8
 L5C-=d#( �1S� M�8�E-�� & �8�$0(	 M�8 BM	�&* 
�� D0�Z�
03 .�< ��5��< +	�3� 4�� �51�� ���&��� 
	0� 	

 �* 	�"�� ?�$0(	 	
��&��� & ^5e&)0f��. �$ g0$�� �E51. 

/	��T �( 
&"% �45#5(�8 �e�>80< h	>$ 
�"G	 L< P0:Q�
���<�� 
	&*�$ �(	 M�8 
03]�[���1< ���< +��:8 �$ &)�$

M	�"��/	��T ^� 
&"% (��#=
�)� :8���< �1S� �	 �	 M�8
 "#�*�� 	
���>��5� �$ 	�]6 &��06�6
�� L5C-= "8
 .

�$ �8	0-< �&>��)&	 )�5����< L$�k ���(* �$ J8 �< �	 
�O� )� 45#l:8 & M	&*�� & �3�
�$�5U0= M
�YEk� �"3�$ ��].

F�G ��* 45�m= M��$ �< �(� +"3 n!�$ �$ D0o�� �(	 M�8 

"��56 	��k �U0= 
	0� �E-5$ X�$ �(	 ��0= .
	0� �	 F�G
 4�� �1:U )� ����� 4�� 	
 nZ$�� D0�Z� 
�0��< 
03 

)�$��
 )� ^5���( +9�0$ [1E�� p��#S 	
 �* M
�$	�< L5���E.
�(� +
0$ q�r� .��(��$�(	�$ R��. �$ M)�� M�80=�. bC�� 

]�[?�	@ �$ )� �ECT0<����< �F�G 4�� �&�C5� �(	 M�8
)� "#=	� ! ���&��� ;5=�= �$ & �5EC:(� ��51�� ��5#5�0e�< �$

 	�"�� �5�&� ���1< �e>U)���< [5V & >=	�0< �(	 �5o M�8
�� �$ 	
 �	 J5(�E. 	�s("1� & �5 �* �e>U ?	0Y$
�56 .( 

���6 	��k �U0= �0��< 	
 �E-5$ ����) �	 F�G 4�� �<
 ^�q�V�-���)* ��U �E(	
 )� �Q#(��>Q= �$ M)�� 
R&	 R��. K0:I� M�8 0=�.$ �bC�� ���	 ?�	@ 	
 +9�&

"3 /�Q��]�[.	
 �	 F�G 4�� 4E��6 	��kq�V �	0$>� 
+
�E�6 �(	�$ ;U0� �=�� �1:U )� �< "3 ��"I� +
�� 4�� -

0=�$ �� ���< � (�Z�/�� R&	 �$ �8]A[$ �� &��>Q= �& M)��
∗4\1= �K0f�� +"#��0� :���AA�tuA�v�C5�&�EC�� ��. �:j.tarrah@yahoo.de 

& ��5$ K�(J-3 w	�:3 �/0( �>5��. �vxZ\S )� �yyz �= y{| 



q��V K�:U ����� �(�#3 ���< & �(�#3	01$ �1Q� ���

���5:53 �$ R&	 [5V 0=�. M}��� R��. �Q#(x)TEM-
EDX(]~[+
	 	
 �	 M�8))� �ECT0< ��&�C5� (>�	 �	 &

))� �ECT0< �/��&�C5� (	�3�
�< +.�E-5$ ^5C\= & M)�(�"U
 �	�C3* �T�6 �	 +
	 ?�	@�3� ���#o &�5EC:(� �6"3

))� �ECT0< ?�	@ 	
�/��&�C5� (�51�� &))� �ECT0< +
	 	

��&�C5� (�$ � �� �	J8��-� �(	�$ ^� 	
 ��� �
�


 M��$ �=��"�� 4�� _�-� 78&9.3�15( ?�	@ 4�� �< "
>�	)A/�B��&�C5� (�8�51�� +"��56�$ 	
 ;��o 	0r$ �< "#E

"#E�8 )bC�� 0=�. R��. �$ K�E#< .( �(
 +"�* �(
 �$ ���E�
& ���� �< "3 +"�� 4�� )�( �#5�)M��$W5k
 �G�#3 ;5<�= �=

���< 4��E:�� )� �C� ��0#I$ �51�� ���5:53 �(	 M�8�:�	

� 5<�= ��5�&� 
�0� )� M	�5�$ )� [5V M�80=�. �$ �Q#(

�& ���5� `�(&��:53 R&	 �= ��>5� �T �= )�(	�< & 0,$�0U
�(�.� ��E(
 	
 ?	0S 	
 �,�
 ?	� I$ �
0  ���6 ?�>5�Q= 

"#��� �E:5kTEM-EDX�U0= /&>� & ��E-5$ 7��
 �$"45�)
[5V�Q#( "]u[	0-< 	
 �� ��0,T ��0=[5V ^� �$ ��#(

M0=�.&
 +
�( IR  R&	 &ICP-AES  �:53 �(	�$ �$�51�� 
�G�
�.�

�O#� 4�� )� X�$ 7(�. �$ �(�. /&>�>5� �< �(� M	&�� 
	
45-5. 78&9. ]�[`�(&�� M�80=�. M
�$	�< ?���C�� �$ 

�(	�$ M��$ ���5��69�& M�8���< �\5< �,�0,T �1:U )� �8
E��	"#T P0� 455I= �+	�3� �5#5�0e�< 
	0� 	
3�:53 ��� "

���< �8�(	�$"�
�,� .R&	 [5V M�80=�. +�E�6 	
 �Q#(
���5� `�(&��(MW-IR: 4000-200cm-1)  "#:��0= M	�>$� 

+&�6 ���(�#3 M��$���� 	
 ��0C�0� M�8 �8 +
0$�$ &4��
;(�#� M	�<&)�( ��U ���* ���5:53 ;5<�= 455I= M��$�(.

�]� 4�� 	
78&9.��51�� �:53 �
0U0� ?���C�� �$ �U0= �$ 	

� �$ 7��=� D0E3 	0MW-IR R&	 &ICP-AES �� �(	�$ -


03 .	0O#� 4�� M��$��51�� ���< �1S� �C 3 )	�T��U& B
�-8��U&B	�T��U& ($�[5V ^:< `�(&�� M�80=�. �#(

	�"�� & ���5� �05=�< Mg	
 +�,��U �-8��U& &>5� � ��
�05=�< ��X ��5� M�8(K, Na) ��
��� 45$ �,E� :8 �r$�	 )� 

* +"3 455I= ���)�:53 �$�=(��51�� �5:< &+"�*�$ & ��>Q= )� 
�� �(	�$ �D]U [5V L51Z="�03.

��0 ��� 
�5V�#��&�EC�� ��0�� [5V 	
��O� )� ���5� `�(&�� +�E�6 �

7$�= �U0� 
"!M�8+�E�6 	
 4000-200 cm-1 K0V �� &

�0� M�8z/|�=z��� �$ 	
 �	 �E�&�C5� 
�56 .�,�0,T M��$
�<&)�([5V 	�$ �Q#( 	0� 4�� �5:8� & ���5� `�(&��R&	 

�$ pU���]uBv[
03 P0U	.
���< ���5:53 ;5<�= �55�= �8LS� 	
���Q$�U �$ M�8

 _�-�	�0� D]U )"���$�0� 
"! �� (�(� +��:8 [5V 	
 .
�5�06�	�. "5\( M�8�C5� 	
 K��� M��$/7��>�� �$ ���0C(0� 

Si )Mg&(Fe 78�< &Al )Na&(K )� D]U �0� K0V �
�t�/��E�&�C5� )cm-1 ~utv (�:( �$��u/��E�&�C5� 

)cm-1~u�u (�$�U �E�9#� ;5<�= �$ �e�C5� M��$�� �U 
03
 
	�
 
��) �5:8� c�-E<� nZ$ 	
 �8)�� 4�� _5�-= �<]u[.

4��
	�
 	��k ^�
>� `�(&�� �5%�� 	
 +�E�6 .+�E�6 	

 �< >5� ���5� `�(&��� 	
 78&9. 4� ��(� �U0= 
	0�

 ���5:53 ?��55�=M)	�$���< 	
 �� 	�C3* �8"�03 .���< M��$ -
�(	�$ �E3]6 	
 �(	 M�8 +�E�6 4�� 	
 �I��U 	�5�$ M�8

U0� K0V��E��6 /�Q�� �(��S'G �< )� M����*�(0= ���$ 
��	�C:8 &]t[�(� +"3 R	�>6 .78&9. 4�� ���. �$ �8

3�I=	� )� +
�\E(��0� 45$ �--< ?� L5�<&	"58 M�8)OH (
�-8 ��X 	
�05=�< & ��U& M�8 +"3 	0YZ� ���* �(0=

�(� 	�0E(� .$ �51�� �� 	�"$* M�C5� 
	0� 	
+9�& ��(	�$ �M�8
 �$ +"3 /�Q����-:G ?�3�I=	AlVI-O-Si "#�
0( 	�5�$ >5� 

�51�� M	�EG�( K0��� �$ �U0= �$ �< �(� +
0$ �$���. 
�"I= 
�� & �95�<� J=� ��0� L5�<&	"58:

z = H3O+ (K, Na)1-z Al2-x (Mg, Fe(tot))x (Al1-x Si3+x 

O10) (OH)2 )�(
�� +
�
 q�3 �E-5$ ��) 	

03:

�E��	�.xX�$ K0��� 	
 :! ?&�\= �1S� �C 3 	
 +")	�T -
��U& B�-8��U& B	�T��U& (��0C(0� ��-� �	 �51�� �$

��"8
 .�E��	�. 4��)x(�Q$�U 	�"�� +"##< ��5$ pk�& 	
��
�05=�< �,�
 �(0= /05#5�0�* �8)�E-5$Mg  &Fe(tot)(��X 	
 

�-8 ��U&�(� R�I=	� �0� 
"! ?��55�= �$ 	�"�� 4�� �< 
�-:GAlVI-O-Si 	
 +�E�6550-510 cm-1 �r$�	 ^�
�rG
	�
 .	�"�� �T �8x
03 �E6	>$ ��0� 
"!4�� R�I=	� 


�"!� �:( �$ �-:G �� L5� �ECT0<$ & "#<�bC!.	

�(	�$$ �[5V )� �:�k 4�� M���51�� +"3 >E#( M�8 ����
 	0Y= �$ �< 
0$ 4��x	�"�� ��� Mg �-8 ��X 	
 �	 ��U&

�� ��5$ "#<]�[.	
�(	�$ 7�� �$ M"I$ M�8Fe2+>5� 	
 
	�#<Mg."3 +
�$ �]�[.�Q5E� 4�� �$�	
�(	�$M�8 �E�5k
 

�C5� )� ��06��06 P�0�� �$/�51�� �U0= L$�k �5�m= �I5 V M�8



"1U��+	�:3 �A�>5��. �A�v �:53 �(	�$ ���5� `�(&�� 	0� �$ �51��MW-IR) ( &. . .��v

Fe3+���< M��$ >5� ��(�#3"3 _�-�]��[.L���= )� 
x&Mg�	�"�� �< Mg�:53 R&	 )� L$�k �51�� �5:< & �=

Z��� �("$ 48* L< 	�"�� ��(� � (�"�* .LC3��Q5E� �	
 M��$�v�C5� )� 
	�"��E(� ��0:� /�51�� P0� )� �I5 V M�8
�-8B�� ��-� &
 "8
.

�1�� '���2 � �
��
�
��
�.
	
 pk�& D0E3 �(	 F�G ��51�� ���5:53 ;5<�= �(	�$ M��$

6	0��$ ����r#� D0��#U4"��#�)Burgenland ( 7����=� H���3 	

 "3 D��E�� .	
 & ��(� ?��#$�< "k�� M	�53�= 4( �$ F�G 4��

 c	"#�0.�$&� �$0(	 +)0%)Oberpullendorf ( 
	�
 	���k]�[.
�� +
�\E(� K�\( & ^5���( p��#S M��$ �	 F�G 4�� )�
03 .

?�	@ 	
 ��51�� ���5:5�3 ;�5<�= 455I= 78&9. 4�� )� c"8
 >�	 �15()A/�B��&�C5� (�(� .�O#� 4��� M��$ 
&"�% �	0z

)� �ECT0< ?�	@ �$ �	 F�G 4�� )� /�6|+
���* M��$ �E:515� 
M)�� �(	�$ M��$ �O� 
	0� ?�	@ �
�< �"U ��U ��0:� �
�<

 "3 4�)0= M�Y#! &.)� �ECT0�< ?�	@ �"�E$��/y)� & �&��C5� 

�	 +
	 bs( ?�	@ 4��))� �ECT0�<|�&��C5� (+�,E�(
 ��$
 >��6 ><��)K"� (Junior Christ ���0:� ��C�	0r$ �"�3 �"�U

 >��	 �15�( +
	 	
 +"��* �("$ ����� )A/�B��&��C5� (	���k 
�3�
.

�345��
��
 �	���.
6)�� �7�8 ���8 �	 ����	 

?�	@ )� ��0:� ^�>�	 �15(��} ��0:I� R&	 �$ �< M�
���< _5�-= & ^5C\= �0Y���(� �	 M�8 M0,�� & �5�= 

M0=�. R��.x�* \S +�E�6 	
 �= �Au�#( R��. �$ �U	
 
��X K"� bs515�αCo k"3 � � .4�� 	
 �"5-< �$ R&	 

�,E�	&�� ^� �$ 7���)* 
	0� ��0:� )� M�5:G)
�I$� �$M
45I� (�-53 /X ^� M&	 ?�Z\S �M�(00l)���< �(	 M�8

	0Z� M�E(�	 	
 c �� ����:� )	�$ 	0r$"�03 .R��. M�80,��
 3� )� b. & 75. �51��16 415=� �$ P�5"�"3 � � K0C .4��

���< 
0U& /"! )� ��#5:V� M��$ �(	�$ +
	 	
 �E5EC:(� M�8
A/�B�
0$ M	&�� �&�C5� .

9)� :D]U "���$ R�I=	� �-:GAlVI-O-Si�51��	
 /�I$�= ?	0S �$ �I5 V M�8�C5� ���U& �-�8 ��X 	
 48* P0:Q� & J�>5#� 	�"�� )� 
]��[.��0:�L��3 �8 :�B)� ��0C(0�Goshen �|B)� �51��Solingen ��B)� �51��Plettenberg ��BL5�3TB �zB)� ��51��Baden �y&{B

�C5� �!0:Q� )� ��0:� �845�) 4:Q�� 	
 �4,#5=06 �:53�B)� �51��Baden ��B)� �5���(Sauerland ���B�+"3 �E5���( )0<	*��B�(��
)� d#��( Baden ��|B���51��H-35)� Fithian  ���B)� ���515�Steiermark  ���B)� ���51��Wisconsin ��zB�5�����( )�Ausschlag 

Zoebern��yBc0= )�Osterode &�{B)� �5���(Tanus.



q��V K�:U ����� �(�#3 ���< & �(�#3	01$ �1Q� ��t

;�"�
��� �� ��� �7�8 �	 ���<
 
��U�(	�$ >�	 �15( ?�	@ )A/�B��&�C5� (`�(&�� 0=�. �$

 ��k ^� ���5�KBr �O1o �$ u/��"S	
 ��#T 	
 �< 
45-5. 78&9.]�[[5V & �5�= �
0$ +"3 +
�
 q�3 M�8

 /)X �-�$ K"� �#( [5V �$perklin Elmer +�E�6 	
 
cm-1z��B������ 3".

bs( ��k �� �
�
 	��k �$ KBr���� M&�% M�8
 	�"�� �$ �$��$ �� ���= M	�"�� �$ >=	�0< & �5#5�0e�<���* ��0:� 	
 

�)* 
	0��"8�3 7$�= �5�� 	
 7�� +�E�6 M�8+
�$ /�� �$ 
� � >5� �1��\= R&	"�"3.M��$ 4��	0O#����0:� )� 


	�"��E(�Doerentrup )>=	�0< (&Langendernbach 
)�5#5�0e�<(��!0:Q� )� ��0:� 
	�"��E(� M�8 	
��:=	�.
 

45�) +
�\E(� �4,#5=06 �:533"

��=>7������� �7��� �	ICP-AES 
�1S� �S�#! 	�"��)>U (Si[5V R&	 �$ �Q#(�:=� �-� B

.������ +"3 �\U M�:('(ICP-AES) . 	
9+"C-8&
 L,#U M
�$	�< ?�I��r�)4,#5=06 	
 (455I=3".M��$

?�C515( K'Z�� M�8"5(� )� �8HNO3/HF"�
�6 +
�\E(� .)�
��5�+)�"�� �S�#! �:8 )� 75$ +"3 M�56Mg �Na &K
	0� 

"�
0$ �U0= .	�"��Mg�-8 ;5<�= 455I= M��$ 	
 ��U&
 �51�� �1S� �C 3)	�T��U& B�-8��U& B	�T��U& (&&


�05=�< ��0#! �$ ���* � �� �
	&* �("$ M��$ �,�
 �Y#! M�8
��X ��5�M��(� M	&�� .

?@	 � A��B
 
�(� 4,:8�� 	�5�$ �51�� ���< �:53 .�* ���5:53 ;5<�=

 +
0$ �5�E� ��
��� )� ��mE� &	�5�$�S�#! )� �=&�\E�Na, K 
,Mg (Fe2+, Fe3+) Fe ,Si ,Al�(� .pU��� 	
 K��� ��0#I$ 

M��$K2O ,SiO2 ,Al2O3��
��� ;5=�= �$ ��B|z�z�B�z
&��By%R	�>6�(� +"3]��[.���< 4�� �:53 	
 ��(0�

�05=�< [1E�� ��
��� �$��X ��5� M�8 +9�0$ M�K�� &� M�8
	�T ?�Z\S ;5<�= 	
 �=&�\E� 	�5�$ �#�>,��U �15(0$ ��U&

Al�SiIV �-8 ?�Z\S &�#�>,��U �15(0$ ��U&M�8 
Mg�AlVI  &Fe2+�AlVI &Fe3+�AlVI�(� �5U0= L$�k .

�=75. >�Q� ��&�EC�� �0C(&�C5� "#��� 4�0� �0#� L��C� )� 
�$��>Q=�r�� M�)EDX(53 ;5<�= �(	�$ M��$ ����< ���5:

 	
 �51�� ^� & �$0(	 ��0:�
	+"�	�
�$ �[1E�� ���< "#T
�������< +��:8 M�8)?�#$�<& ���1< ��8 (... L% W��V )�

K01Z� �$ �Q�	"= & �-#�>6 �
�< ��0:� )� M"5(� W5k	 M�8
 c]% �O� 
	0� +"3 D0(	 �� ?�	@ M�Y#! �(	�$ )� &

+"��:5k�$	01$Z�)�$ �51�� )�� �:53 �� � (�3".R&	 4�� 	

K01Z� )� +
�\E(� �$ �U0= �$ �= 
0$ 4�� �$ R'= M"5(� M�8 �=

 ��C�� "% ���5:53 ?��55�= )� ���:E%� �$ +"��:5k�$ D0(	 	


03 M�5601U �E51�� 	�EG�( .
0U& 4�� �$ �,#�	01$ �$ �E�$

 �5(��%�$ � ��K01Z� J5(�E. 	�"�� 78�< �$ �M"5(� M�8
��5� ��XJ-T 7��>�� M��� ��-� M�56
�
]��[.

[5V �$ �(	�$ R&	 	
 �#(+�E�6 `�(&�� M�80=�. 
�	"� ?�>5�Q= �$ �(�E(
 /"! ?	0S 	
 ����5� �0T

TEM-EDX  �&"$ �	 �51�� ���< ���5:53 ;5<�= 455I= �
K01Z� 
�$	�<�� J8��� M"5(� M�8"#< .4�� )� � 5<�= �$

 & R&	R&	�:53 �� �= ��0=	
�C 3 455I= �1S�)	�T -
��U& B�-8��U& B	�T ��U& (�05=�< &��5� M�8 �$ ��X

 �$0G ���E����� �(
 .�+&'! �$���< �5�m= �� �	 +��:8 M�8 -
�$ ��0=R&	[5V c]% �1��\= M	�,� 
�<
�
 78�< �� &.

=�� ���� '�� �� �1�� ����	 
M0,��.>�	 �15( +
	 	
 R��)LC3|(-��� _�"#< )� �<
���< �$ c&�I� M�8|:���C 3 �$�� �$ �51�� �� 	�"$* M�C5� 
��y/��� L5C-= �	 +
	 4�� 	
 ;��o �(	 )�� ��E�0���"8
 .

�5:8� L5�
 4�� �$ P0�0� 4��
	�
 ;5<�= 	
 �55�= �< 
�05=�<��X ��5� M�8�	 M� ��"#T ��� D]U �5Ik0� 	
 ��8

�:� �Q$ 
0G )� �Y�-�
	�]6]��[.���< ���( )� M�8|:�
��0� ��#= �5�01�	0�)�Z\S �1S�� �$ M���/��E�0��� (	�5�$

 & +"3 �8�� [5I���#T LC3 )� �< |�(� ����:� �.)� b
� rk &
 p��� �$ 	�:5=16 415=�5>5� K0C L$�k ?��55�=

�O%'� �* 	
 M�+"�
�:� 
03 .�"3 �8���1k8�\5I� M� )�
�1:U z{/�&��/��E�0��� b.�$ 	�:5= )�415=� 165�� K0C -
"��0= �,��5$�	 )� >5T�� 	�5�$ M	�"�� 
0U& & �E5EC:(� M�8

��X �� �=>�	 ?�	@ )� +"��� �Q$ g01��"3�$]�[.���< �,�
 )� -
>�	 �15( +
	 	
 �8����0= �5#5�0e�< �$ )�$"�"3 �1k :

{��/��E�0��� (45�&
 �$ >=	�0< &"�"3 �1k:8 �&"$ &s�30
)�|�/��E�0��� (�5 �* F"�� 	�5�$ M	�"�� &)�1k ���/�

�E�0��� ()0=	� &)�1k �|�/��E�0��� (+	�3��<
.
=�� ���� '�� �� ����� ���� ����	 

>�	 �15( +
	 	
 �51�� �:53 �(	�$ ��U�[5V )� �:�k 
MW-IR���6 	��k �(	�$ 
	0� .



"1U��+	�:3 �A�>5��. �A�v �:53 �(	�$ ���5� `�(&�� 	0� �$ �51��MW-IR) ( &. . .���

9)�CM0,�� 0=�. R��. X75. >�	 �15( ?�	@ )� (No treatment)   )� b. &(EG-treatmet)  K0C516 451=� �$ P� 3�.

�B+�E�6 cm-1 A~��BAt�� �--< ?�3�I=	� �5%�� �OH 
	
���< �(	 M�8)LC3 �#5��. [5VA(
�B+�E�6 cm-1u��Btu���5%�� �--< ?�3�I=	� Si-Si 

< �-:G ?�3�I=	� & >=	�0<����(	 M�8 
AB+
&"Z� u+"3 h	>$ 	�$ )[5V LC3 �#5��. M�8~(	


+�E�6 cm-1u�� Buu�)g0$�� �0� 
"! �E�5k
 7��0G M��$
R�I=	� �$ �-:G(AlVI-O-Si 

$]U M�8	�0��LC3 	
 A)[5V�#5e�. M�8 (�$ g0$�� 
�51��(I) &>5����< �5#5�0e�� L��3 +��:8 M�8(K) >=	�0< &

)Qz (E�8"#.	
 �5#5�0e�� D]U �$ �U0= �$cm-1 u~� &
R�I=	� �$ �* �30s:8 K�:E%�AlVI-O-Si +�E�6 	
 cm-1 

u��Buu� 	
 >=	�0< D]U M�8	�0� )� �C� �
0$ ��
>� >5� &
cm-1 u�� ]��[�$4������ 4�� M	�]6�5�m= "��$ �+�E�6 �8


03 c]% .	0O#� 4�� M��$ �E\6 �< ��#T �"3.�
 	��k �$ �

 ��k ��KBr M	�"�� �$ >=	�0< & �5#5�0e�< ���� M&�% 

	0� �5�� 	
 7���)* 
	0� ��0:� 	
 ���* 	�"�� �$ �$��$ �� ���=
���� 4�� M	�]6�5��= �"8�3 �� & +"3 c]% �8�� �#5:<
03 

)[5V�eX�$ M�8LC3 	
 M�8A&~.(	�"�� 455I= M��$���<-
�5#5�0e�� L��3 +��:8 M�8(K)&>=	�0< )Qz ()�R&	 

�$ �:< M)�� �(	�$	0� IR  �--< ?�3�I=	� +�E�6 	
OH 
)�5#5�0e�< M��$ ($]U 	�0� &�	
cm-1{��)>=	�0< M��$ (

"3 +
�\E(�]��[.�$ �U0= �$$]U M�8	�0� �	
[5V M�8
 �eX�$ LC3��� +"�
�< 
03 c]% L��< 	0r$ �� ���= >=	�0< 

�(� +"3 �C�	0r$ �#5-5$��E% �< 45e�. �:( �$ �� D]U 
�� 	��k X�$ �:( �$ �:< & 
�56 �< �(� ���% 	
 4�� )�

 �5#5�0e�< )0#8�(� 
0U0� �:< 	�"��.



q��V K�:U ����� �(�#3 ���< & �(�#3	01$ �1Q� �v�

9)� D�51�� �$]U [5V :I75. )�#5e�. M�8	�0� (b. &)�eX�$ M�8	�0� (���< c]% )� >=	�0< +��:8 M�8)Qz ( �5#5�0e�< &)K.( 

9)� E[5V �$]U u+�E�6 	
 �51�� +"3 h	>$ 	�$ cm-1 u��Buu�)R�I=	�AlVI-O-Si ( 75.)�#5e�. M�8	�0� (b. &)�eX��$ M�8	�0� ()�
���< c]% +��:8 M�8.

���	 �����)F� ��G� �����)��*�H&�I�5.�H&�I
��*�H&�(

�� �	 �51�� ���< �:53 	01$ 	
 ?��55�= P0:Q� ��(� �$ ��0=
 K0��� M	�EG�()�(
�"I= M�# � �$��J=� & �95�<���0� 


�< ��5$ L5�<&	"58.�-8 +�,��U &
 �K0��� 	
 
0U& ��U&

 &
 L��3 ����	* ��0C(0� ���< 	
 �< 
	�
Al�(� .4�>,��U
 �"3Al �(0= Mg &Fe(tot) 	�"�� �$ �< x�� ��5$ �
03

 7��>��Si +)�"�� �$ >5� �	 x)	�T �5Ik0� 	
U&��(+��:8 �$
 ��9#� ;5<�= �$ �E51�� 	�EG�( ^� L5C-= M�E(�	 	
 �< 
	�


�� 75.
&	 .



"1U��+	�:3 �A�>5��. �A�v �:53 �(	�$ ���5� `�(&�� 	0� �$ �51��MW-IR) ( &. . .�v�

LC3~[5V u+�E��6 	
 �	 +"�3 h	>�$ 	�$ cm-1u��B
uu� ���< c]% )� b. & 75. �� � /�,#8 	
 	��C= 	�$ �( �$ -

�� ��-� �+��:8 M�8"8
 ."����$ "�3 +	��3� ��< ���#T 4��� 

�-:G R�I=	�)AlVI-O-Si (�$	�"��x)�05=��< P0:Q� M��8
Mg &Fe(tot) (M�U �$ Al ��X 	
 �-8��U& ��r$�	 ^�� 	
 


	�
 	��k �rG)LC3�.(��$�U )� ��< ;5=�= 4�� �$ �"�3 ��U
 +�E�6 	
 D]U �5Ik0�550-510 cm-1 �� �"E$� ��0= P0:Q�

 	�"�� �05=��< M��8Mg &Fe(tot) �	 
	&* ��("$ .)� ��< ���#T
[5V �$ M�8 LC�3 ��X��45,���5� �0�� 
"�! cm-1z|� ��$

�� �(
 LC3 	
 �* �
�< 
	�& �$ �< "�*��
"�!|z/�M���$
�E��	�.x�� �Q5E� 
03 .�;5=�= 4�� �$ L��\= )�|z/�B|M��$ 
AlVI ���$ ���$��$ M
"��!{z/�M����$ &AlIV K0����� ����(� ���$ 

X�$ M	�EG�( ��$��$ M
"! ��$vu/���� ��(
 ��$ "��* .	�"���
 ��0���Mg �-8 ��X 	
 ��U&��)� "��0= �Y�#! 4��� 	�"���

 ��= �:53 ��>Q= )� +"�*�$(ICP-AES)  ��$ ���51�� ��5:< &
�-�-< ?�3�I=	� +�E�6 	
 ���< 4�� �$]U 	�0� )� +"�* �(


OH ����< �	 M��8)(3800-3400 cm-1 ��< 
0�3 � �(�Z�
 �* 	�"���t/���
03)K&"U�.(��5:< D��E%� �$ �0���� �

Fe(tot) ��X 	
�-8 ���U&(Fe(tot) = 0/25-0/18 = 0/07)	
 
	01$ ;5<�= ����� �1�S� �C �3 M��$ �51�� ���< �:53)	��T-

��U&B�-8��U&B	�T��U& (�� _�-�
03.

J��7�- �FK
��L J��� ��.��(K, Na)  
K0��� ��51�� �1S� �C 3 ���5:53 ;5<�= 455I= �$ �0#<� 

���< 4�� M	�EG�(���* 	
 �< �,�
 �E��	�. ^� �$ "��0=
�05=�< 
0 :<�� ��Z� ��X ��5� M�8"%�& 	
 �8 L��< �
03



�6 .L��< K��3� ��51�� ��:8 �� 	�"$* M�C5� 	
 �<�Q�* )�
�05=�< �$ ��X ��5� M�8"%�& M�8K&Na 
"! +)�"�� �$ ��5o 

�E��	�. ��(� 4C:�z�r$�	 	
 )�(	�"�� pk�& 	
 
0 :<
�05=�<��X ��5� M�8�� ��-� �	 M�"8
 .�$ �$��$ 
0 :< 4��

�0� 	�"�� +"3 
	�& M�8H3O+��X ��5� M�8"%�& �$ M�
D* �(0=�(� ]��� M�8 .

M�8"5�<� 	�"��Na2O/K2O/MgO )�0E(�()� +"��*�$
R&	 �$ M�Y#! �(	�$ICP-AES  K&"U 	
 �)/0�( �0E( (

�(� +"3 +
	&* .	�"�� K&"�U 	
 >�5� ��51�� �:<��)�0E�(
/&
 (�:��k 	
 �* 45�5I= �,�0�,T �< �(� +"3 +
	&*�B�

"3 +
�
 �5�0= .�+
��$ /��� M�8"5�<� 	�"�� & �51�� �5:< )�
 �05=�< ��0� � �� "3 � (�Z� �51�� M	�EG�( K0��� M��$ �8

 �05=��< M���$ ��E �� �< M��8K&Na 	
 ��E��6 	���k � ��� 
("1�s�* M�8	� )0=	� & �5 )L�G�
 
�"!�.>�E��� (L�< 	�"��� )�

 "�
�6 ��< .�05=�< 	�"�� �$ �$��$ ��X ��5� M�8y�/�M���$ K

&��/�M��$ Na ��(� )K&"�U�/	���T �0E�( .(�4:�� 	

�05=�< Mg  M	�EG�( K0��� ��(��$)��r$�	�(^�� ��0�#I$

 �-8 ��X M��$ +"#8
 L5C-= 	
 ��< "3 �E��6 �O� 	
 ��U&
<	�#Fe(tot) #� ;5<�= ^� �$ �E51�� M�8	�EG�( M��$ 9L$�k �E�

 �(� �5U0= .K&"U 	
 �51�� M	�EG�( K0����)��G* [��
	 (
�(� +"3 +
	&*.

%�(&M�05=�< 	�"����X ��5� M�8 M�K&Na)>E���. LG�
 
�"!� :�05=�< 	�"��)0=	� & �5 �* 	
 
0U0� M�8 (&Mg K0��� & �51�� M��$ 
(�* M	�EG�.

4 3 2 1

	
 �05=�< 	�"��|"%�& 
�51�� M	�EG�( 

�$ ���5:53 ��>Q=ICP-AES 
(%) 

[5V 	0� �$ �Q#(
IR 
(%) 

D0E3 �	 F�G 
A/�B�)�&�C5�(

MgVI NaXII KXII MgO Na2O K2O �51�� 

��/� ��/� y�/� {{/� )�|/�(�|/� )��/�({�/� �� 

z = H3O+(K, Na)1-z Al2-x (Mg, Fe(tot)x (Al1-x Si3+x O10) (OH)2
z = 0.18 (K0.69, Na0.13) Al1.75 (Mg0.18, Fe(tot)0.07) (Al0.75 Si3.25 O10) (OH)2

�51�� M	�EG�( K0���



q��V K�:U ����� �(�#3 ���< & �(�#3	01$ �1Q� �v�

�����	 
[5V R&	 �$ ���5� `�(&�� M�80=�. �5%�� 	
 �Q#( (MW-

IR) �51�� �1S� �C 3 ;5<�=)	�T��U&B�-8��U& B	�T -
��U& (�$ &R&	 �:53 �=(ICP-AES) 	�"��MgVI &� ��
�05=�<��X ��5� M�8(K, Na) )	�"�� 45$ �,E� :8 �r$�	 )�

+"3 455I= )���>Q=���5:53 ��51�� �5:< &+"���$ ��>Q= )� 
$]U [5V L51Z= &�(�(	�$ �3".�15( +
	 M��$ R&	 4��

���< �< >�	 �	 M�8|:�)� L��< 	0r$ �� ���= �* P0� �51�� 
"#E�8 +
�\E(� "�
�6[5V ^� )� 4E�U +��$ �$ &&
 �#(

���< �30s:8 ��� �M0=�. +��:8 M�8)�5#5�0e�< & >=	�0< (�=
��C�� "% "3 c]% .4��R&	[5V 
�$	�< �1��\= M	�,�

M	�5�$ 455I= 	
 & 
	�
 �69�& >5� �5#5�0e�< �E��	 "#T 
"3 �E��6 	�C$]�[.

�
���(N 
��� +"#��0� 45��) ���:=	�.
 )� �	 
0�G ���
	"�k & ��s�( ;=

�:53 4,#5=06 +�,-��
)��:�*(4E�3�]6 	��5EG� 	
 �V�G �$ 
?�	@ M)��( �"�U ?�>5�Q=���$ M)��� ��(	�$ /��Q�� XRD &

[5V	0� �Q#( 	0� �$ IR  M
�$	�< ?�I��r� +"C-8&9. )� >5� &
L,#U)	
4,#5=06 ([5V R&	 �$ M�Y#! �(	�$ M��$�Q#( 

�-� �:=� B.������ +"3 �\U M�:('(ICP-AES) 45#l:8 &
���� & �(�#3	01$ �1Q� /�EZ� ��	&�
 ��� )��$� ����� �(�#3-


	�
.

O&��� 
[1] Flehmig W., "Mineral Composition of pelitic 
Sediments in the Rhenohercynian Zone", In: 
Interacontinental Fold Belts. Case Studies in the 
Variscan Belt of Europe and the Damara Belt in 
Namibia (Eds. H. Martin and F.W. Eder, Berlin, 
Springer) (1983) 257-267. 
[2] Ottner F., Gier S., Schwaighofer B., "Ton Aus 
leobersdorf oder Stoob- Geeignete Materialien 
fuer einen Ringversuch zur quantitativen 
Tonmineralanalyse, Ber. Deutsch Ton – und 
Tonmineralgruppe Bd. 7 (2000) 214-221. 
[3] Tarrah J., Kasbohm J., "Zum Chemismus von 
2:1-Tonmineralen der Ringversuchsprobe "Ton 

Stoob" als Datenbasis zur normativen Erfassung 
der mineralogischen Zusammensetzung", Ber. 
Deutsch Ton – und Tonmineralgruppe Bd. 9 
(2002) 219-227. 
 [4] Kasbohm J., Tarrah J., Henning K. H.,  
"Transmissionselektronenmikroskopische 
Untersuchungen an Feinfraktionen der 
Ringversuchsprobe Ton Stoob", Ber. Deutsch Ton 
– und Tonmineralgruppe Bd. 9 (2002) 71-84. 
[5] Mirnezad H., Lankarani M., "Methods of device 
analysis in earth sciences", University of Tehran 
Press 3406, (1393/2014), 332 p. 
[6] Tarrah, j., "Mineral identification by 
spectroscopy in the infrared radiation (IR), Case 
study: kaolinite and carbonates", Iranian Journal 
of Cristallography and Mineralogy, Vol. 25, No. 1 
(Spring 1396/2017) 25-34. 
[7] Farmer V.C., "The infrared spectra of 
minerals", Mineralogical Society London, (1974). 
 [8] Besson G., Drits V.A., Dayniak L.G., Molair 
B.B., "Analysis of cation distribution in 
dioctahedral micaceous minerals on the basis of 
IR", Clay miner. 22 (1987) 465-478. 
[9] Stubican V., Roy R., "Isomorphous substitution 
and infrared spectra of layer lattice silicates", 
Amer. Mineral., 46 (1961) 32-51. 
[10] Flehmig W., Gehlken P.L., "Chemical 
variations in the octahedral composition of 
Paleozoic illtes and their genetic significances: An 
infrared spectroscopic study", N. Jb. Mineral., Mh. 
6 (1988) 249-258. 
[11] Deer W.A., Howie R.A., Zussmann J., "Rock 
forming minerals. – Vol. 3, Sheet Silicates", (1992) 
270 p.
[12] Ostrom M.E., "Separation of Clay Minerals 
from Carbonate Rocks buy using acid", J. 
Sediment. Petrol, 31 (1961) 123-129. 
[13] Van der Marel H.W., Beutelspacher H., "Atlas 
of infrared spectroscopy of clay minerals and their 
mixtures", (1976), 369 p. 
[14] Flehmig W., Kurze R., "Die quantitative 
infrarotspektroskopische Phasenanalyse von 
Mineralmengen", N. Jb. Mineral., Abh. 119 (1973) 
101-112. 

 


