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m/jz y/zp zwp/vzw/xztumxBt1 
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[���,#$ �'� %, �?/(L �/���*�3�? ., `	�a ���4�[�� I�?
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!*�?*����-$*5 �#� ����F$�� &,�D .W1B�4 �?%1�'/#3�
,�,�-(B :��� �33��/*�3�? d.�,'?�$*���3B ��]�*(� /g

W1B " �,��� �?%1�'/_'= �� �� C�'Q� " �?%#� J�,���� I�-
� �"#5 �?�� *���� ��Na �,'� ��'5�C-�; #4 ,� -���� ��,h$
B :K,#� ��/, �#9 �3�#����� �4 �,'� I��?-'��7 ��)#���/" �

�����?-���(*N9�� :�*�'5):+5�?-|"�.(��#4�
�/B'+�"#+��/, %, :T�K J#F��� �,� 0��� #3�4 [�� I

�� #4 !"1)���?-�4 �!*5 ��/9'/� �/�F? �� C-<�, �?-
�� ����3�, �4 -~Q� <�, �,��4 �,*
� �4 0"*B I/>*�, ��

a S�'T �4 ��N	�a �� ��,� �';"/+P9 :4�L #/#(� �4 !,#F? d��
��� !*��'5):+5�.(4 �'�K &*)/9'/<�, �� �A� ,� �-

�B�� �4 0,'9��,*-,���� I��� �,� �N�� >�  �Q� �� 0��� 

!*�?�-�,'? �N�� *�"� �$*�<�, �F� �4 �?-@�4 ����, .
�lF?/~Q� <�, �� C9�,'� �4 ��]�*(� �N�� I�#3F� >�  

<�, �F� �4 " !�'4�?-��3~9 �,�� I/,C�, J#F���, �35,� E.
�4 �;'9 �4 �3��'9#B X,#B UX, ���� [�� %, �0"*B I):+5

�(�(L ��?-�|/�"��/�4 &#3�.�D9#9 �/� " C9�,'� �4 `/�+
),�(/��#� ���/�(�(L "�?-��/�"��/|%'9�", �4 &#3�.�D 

�(L "�?-�|/����/|"��/�� �4 /(�"#+/�(L " I-��/�
N	D �4 �@�F3K, &"#3�.�D/��� �'4#��'5.
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%*�D �	,%�4�3��/�'4 !*?��� :4�L C., ���,#� I�#� *���/�
���;/��]�*(� I� �?��'5  #4 �� "��4 \=�
� !*��,#B S�'T
�% ��/��-� [�� " >�  �� !*��'5 .#���/�@'FO� ��d
� �'��'+�� %, �'(4 C���, �]��[	"�:��5 ��, I+F� 

�/�+-�,*4D ),�(/�(�/% *5�4 C�, ,#�(/� ��!��4"� �'(N9 %, *�,'9
�����?-	", /6� �/�?��]�*(� #-�a�%,K�/, C��'5 ��A 
]�|[.�3���4 U	��D %, !*�D ���/CXRD��'F� -, [�� �I

0"*B):+5�(��K���� �'�K %, ��?-���),�(/�("
'+���, �� ����, ��'F� I.#� *5���/� �/,C�, *��%��MD E

"���3B 0'/��, g.�+�!�.3��  %, �?-���3B 0'/,#� g�*�
#(��3�4 0*5 /9'/��, �.P��4 " 0'3($,/*(]�[���CF?�,�"*�
,#��89 ,� *�/�� *�*��� .*N9 !"1O4��?��]�*(� :-��3B /g�,�

)%'9�, :�� (��� �4��?-����/� C��,*
� *�,'9-��3B /�,%D g
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�,-D�� ���/(�"#+/<�,�� IA"Crt �� :T�K 0"*B � ,#$ ���� [�� %,/�XPL.

�,-E9#B %'9�, /3�<�,�� !*5 A"Crt �� :T�K 0"*B � ,#$ ���� [�� %,/�XPL.

�,-F#���/3�<�, �� %'9�, 0*5 Crt )��,� ("N	D ��]�*(�/3��'Q� _'= �� �� J�*N9 _�K �� �'  ��4 :#���/��, �)�2(��0"*B
:T�K � ,#$ ���� [�� %,/�–XPL 
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�!'+5#B ��'ZO��'B�']����� 0,#�, ����5 ���� " ����5�'(4 �(A� ��|

 

�,-G� ,#$ [�� \Q
�/�,'? ��"�K !*-�?%'9�, -9#B /3��� "�W1B " !*5 ��?%1�'-#���/3��?C9�,'� !,#F? !*5 -g	�� u��,� XPL �
�2PPL.

�,-H4 �'�K /9'/#(� �4 �'(�� ���� �T�K 0"*B:� ,#$ ���� [�� %,/�u��,� XPL �2 �PPL.

�,-IX,#B �5�.� '9#B Yn�, �,'? ���� [���!*-�/�,#$ .
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*(;��!��F5 �|�0�3��% ���� ���� ����#$� >�  " S"�P3� �.�� #3�4 "� �� �?. . .���

% E��," ���#�0'K+�; �C.�INa+���'5:
3NaAlSi3O8 + K+ + 2H+ → KAl3Si3O10 (OH)2 +

6SiO2 + 3Na+

SiO2, �� !*5 �,%D ���, I+F� E��," I�'T �4 �C9�,'� S�
�'(4��'5 �3��� I�� ��'�D _W S�'T �4 �/(/��L�4 �*��F4 .

�B :K,#� ���������#$� ��
4 ���-_'(~� Si �� �';'� 
_'(~��?-4��#$ �'��7 C9�,'� ��+�9 ,� �/� :�, " *�?��I
C9�,'��?-'��7 ��4 �����, �V,%'� S�'T/� �d��4 " �'(4 C
5'�� �;'� �O�'� ��% �� /���F �/� #?�f !#�*�'5 .

,#� �@�F3K,�#(� *��3�, �� �?��]�*(� 0*5 �%, YB " �(K#� I
#���/3�� J� 0*5 �*?� .�3��U]��[,�89 ,� �	�K I/�*
��*�� .>�  " [�� \=�
� �� !*?��� :4�L ��,'� %,�?-

, �4 �3�4,"�� I/��, �';" J#F/*�?-" %�� �� I?D J�[�� -
� " �?/�% C/��-%���,%D �4 �@�F3K, �� ��, >� -%, I?D 

������, �3�4," �?]��.[	'V�� �';"/�/~Q� <�, �� ��,�I
�4 �� 0"*BXRD89 /�!*5 *]�u��[? #7, �� �@�F3K, /	"�*/C

*5�#� *��/, �� ��, <�, I�� ��A�? \L," �� �'5/	"�*/C
*5�� */(/S�+�?-�'	D /�/&'�,�)~�/�, ^/*-(=���," E-
�?-%�+�9 `;'� #/��� :��?-�������, !*5 ] .��: [

	�+	D���]�*(� + H+aq → #���/� + K+aq + SiO2

#���/� + H2O + H+aq → 	'V��/�/� + K+aq 

5 #6� %,/F/���,����#$� �'� I�% gAK �'�K �� ���-MD %, 
~� ��/� ^/+�9 g3�/� :��'5 ]��.[�#= %,���� ��?-

�����" /	'+/" �HIV, �� �';'� �0"*B I]�[%, �@�F3K, 
�,'?�$*��/�+)#���/�(4 "/9'/, ����, !*5 ��A .

+��;- ��0&J)<�- ���:(��#4��?-�/B'+�"#+�0��� 
��[�� ���4 �� *?��?-,��#B �
Q�� I/#�F �4 d/!#-
5/, ��-��� "��?-(T, �W1B :��5 0D ��(� %1�'/d
)�"�,#4@�"*K ����(%(� �/B'�/I��"#)��(%	", �/'�I
)��(%��� "��?-�*� )%, #3F��(%��, .*B�!*-#(� �3�

	", 0*5/'�I�?�'�'� "�3�W1B 0*5 �!�'4 `	�a �?%1�'
(� !"1O4/B'�/I��"#��,'� �� �?-P�D �4 /" _'N�='(�� ��%,

#(��B, ��/�?#B " S"*/*N9 ��!*5 :*�, .�3��'9#B X,#B UX%, 
, ���� [���, �';" 0"*B I���� I�89 ,� �?/�� *�*��):+5

�(�4 ��'=-�(L �� -Å���/��(L �C9�,'� �4 �?-Å���/�
"Å��/��"�,#4@ �4 ��(L " �-Å���/�B �4 /I��"# �'4#�

���'5.

�,-K,'9#B �5�.� X,#B ��,'? g� ���� [�� %, Y+��4 !*%*�D �	,%�3�.
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�!'+5#B ��'ZO��'B�']����� 0,#�, ����5 ���� " ����5�'(4 �(A� ���

�9 \=�
� ��/<�, :T��*K %, !*5 ��?-Crt1 "2Crt2 
�
Q��-	 �_�5 �3� /	�'3/�+�?��� !*?��� �,�,� �� *�'5-
F /!#,-� %, /	"#+/��?-��W1B C�� " %1�'/#�'�� C����?-
W1B���� ��~	 %, :� �� " *�,%1�'����5�[�� �4��� �?-
%*�D�3	,%�4 ��� �';'� � " ��, �
Q�� �/B �,*
� C/�� I��"#
E�4�?-��3~9 �,�� �4 0"*B I/g�2 0,C$/#-E?�� ��3��
��, .,#4��4�� #6� �4 I���3~9 E�4 *���,�,� 0"*B I�d
,��%*�D d�3�*5�4 !�#� \QL ):+5�.(

*N9�	", :/'�#(� �4 I�����	'4 ���)='(���#(� %, ���
��,/��� " I?D *��?-���(�4, �� `	�a S�'T�J� 0"*B I
��*?�):+5��.(,����#$� �'� I�[�� �� ��T'Z�� �?-
%�4-%�4 #4, "-�a�%,Mg	", �� /'�I�#9 �?/N��C� ��4 d

#3��'���*��,� ��� �����'5 .,�,#� I��4 �� *�/��-�4 ��,'� 
�,*
� 0*5 ����,-Al �@�F3K, �K��
� "�P(3�� #��4 MD 

	",/'�� S�'T I�$/�#.�lF?/�,*
� I-Mg�/��, I+F� C
, ���,#� I��'5 q��  *�]��.[, ���	", �A�/'���� I�)#� �%�� 

�F$�����4 �� ��, 	�/@�4 E�4 �� I3�#$ �,#L :-#�-
*($��4 E0,'�)�+��B�� %, �#9�,*���� I��?-�/(/9�+�

� �3 ��5��'5 .�4F?/	� I/<�, #��, �� :�?-,�� I/J#F
	",/'�I*N9 �1��� �?�!*5 :N	�L ^
� " *�,�0D %, L�4 �?�!*��� 

��,)�"���3���(����� �� -�,'? �$*����;�� .
�3��	��D %, !*�D ��*4 U/CXRD <�, A-,�0"*B I

):+5��(��K�#(� �'�K �VC; �,*
� �4 ��, �� ���'F� I
�3� �� ��,�� U/B'+�"#+�89 ,� /�� *�*�� ., ����'�K �A�

�(L-Å��/�9 �� /��F���uK'$ ��-, �'�K ���� I���, 
�3� *�2#?�, '9#B U�<�, �� Y+�?-�� �� !�,� 0��� b(3�� 

#
9 G� E�4�#(� &�F9 ��N��	� �4 �?/:pH�, ��3N�� /*-
#�9 >� �4 " !*5 `/!%,*�, �� #3�-�/*�3�? �(.
	,�",/3�� �'� 0*5 ����#$� #.�� ��, �?�'(4 0D �� �-

B/.4D #7, #4 I��"#/#-P�D �4 /�35� CN� _'N,-)	,�",/�(
*N9�� :�*�'5):+5��.(,�P�D I/�F$�� _'N��)	",/�(�/��

,#5 �� �+(4�+�9 %, YB ^/��� �� " [�� :-�B/�+�9 I/:
��, !*5 .q"# Ca �Mg "Si, �� �,#5 I�� ^�`;'� *�,'9

+�9/B, " C9�,'� :/� S"*��'5 .,����#$� �'� I�<�, �� �?-
A�Bt1 "Bt2@"#B�� %, :T�K 0"*B �%*�D �	,%�4 ��3��4

� �'�"�� !*��'5 .�lF?/��#4 I�B/I��"# _'= �� �?
�/� 0��� J#F��� *?� B �N��/I��"#�?-���4 �5�� �4 C

<�, �F��?-~Q� �,C�, _�K �� ��,*
� �'�K " ��, E
�*�,�B/�5�� I��"#� �Q� ���5�� *�,'9�0D _�
3�, %, �?

*5�4 ��� @�4 %,):+5��.(�4 &%@��"D��-4 �� ��, /#3�
B/I��"#�?-��#4 \=�
� �� �';'� ��'� %, !*5 
(�/B'�/*�3�? I��"# ., �����7D 0"*B I-*N9 %, �W1B :�%1�'

#� �4��/#(� " ���)�4)�O5 S�'T�(?�$ "���� �4 ��?-
�����!*���4 �'5�'=-4 �� �� /W1B `	�L ��,'� #3��%1�'

	" !*5 �PK��4VC; �'=��_'Z~� �4 :��� ��?-�,'? �!*
*N9�!*5 :*�,):+5�?-�|"��.(3+F�, �'�K/<�, �� �-
�?-,��4 �� 0"*B IXRD�/89 C/�� *��'5]�u��[�@�F3K, 

�,'? #7, ���$*�B/I��"#�#(� ��, ���, !*5 ��A �]��.[%,
,#4 �� �A�D-�B��,*-3+F�, /#T��) �4 �Mg"Si�/%�

��,]��[�4 ,h	� #6��#�9 �4 *������ `��?-	", /'�" I
#(����Mg�89 /��� 0'2 " !*5 I-�/�B g3�/�,h	 ��, I
Si %���-� %, /F� q��  g3��,#5 " �'5�,#4 ^-+�9 /:

3+F�,/�g?,#�*5 *?,' .

�,-L�F�-�/B'+�"#+�%,�,� d�%*�D d�3�0"*B �� m"�K -W1B ��� %1�'�F d/!#-5/, ��-��� �1���� ����, "/!*�5 *u�F�� 
��,�XPL �2 "PPL.
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*(;��!��F5 �|�0�3��% ���� ���� ����#$� >�  " S"�P3� �.�� #3�4 "� �� �?. . .���

�,-6M�,'?�$*�	", /'�#(� �4 I�<�,�� �Bt1)��,� �F� (<�, "A)�2 �F� (0"*BmuXPL.

�,-66, '9#B �5�.� X,#B �<�, G� Y+A)9/��FK-110 (  0"*Bm.

�,-6D�,'?�$*�B/I��"#)Px (P�D �4/_'N )Amp ( <�, ��Bt2  0"*B mu��,� �F� XPL �2 "PPL.

52
5.

00
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�!'+5#B ��'ZO��'B�']����� 0,#�, ����5 ���� " ����5�'(4 �(A� ���

 

�,-6EB �'�K /I��"#�?-��<�, �� CA)b	,(B "/I��"#�?-<�, �� #9 �5�� Bt1 )M(B0"*muXPL.

�,-6F�,'? �$*�#(� �4 ��]�*(� �<�, �� �A0"*B mu'Z9 ���,� �F� #XPL �2 "PPl.

�,-6G#(� �'�K�)�O5 ��<�, �� Bt2 0"*B mu'Z9 ���,� �F� #XPL �2 "PPl.

-�;�>9� � ���� ?�� �� ��� 
�
����-�%" *T�� � #4 �'� :� #T��) >�  �� �';�?-

� 0��� #3�4 [�� �'� "� %, :T�K�*?�)_"*;�(��
�/.��/�%" *T�� I���, /�?*-�4 �3�4," #T��)Ca ,Mg "

Fe%*�D �	,%�4 %, :T�K 0"*B >�  �� �3�4 �/�,#$ %, #3�/�

	" ��,��/.��/�%" *T�� I���, /�?*-�4 �3�4," Na "K
�,#$ #3�4 [�� %, :T�K 0"*B >�  ��/��	,%�4 %, #9@�4 

%*�D�3���, .�3���4 U� S,*?��� %, !*�D ���/B'+�"#+�
!�,��?-89 ,� @�4 /�� *��4 �*���'=-��#4 �� �� �\=�
� 

�,#$ %, :T�K 0"*B �4 �'4#�/� �'� %, �?��]�*(� ��/(�"#+/�I

NO�
P
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*(;��!��F5 �|�0�3��% ���� ���� ����#$� >�  " S"�P3� �.�� #3�4 "� �� �?. . .���

<�0=D�4 C/	��D %, :T�K :� #T��) � #4 �,*
� XRF.

Fe2O3Cao K2OMgO Na2O
C/	��DXRF 

�/�,#$ 
��/�|�/���/���/���/�A
�|/���/���/���/���/�Crt1 
��/���/���/���/���/�Crt2 
��/��|/�|�/���/���/�R

�3�%*�D �	,%�4 
�|/�� ��/���/���/���/�A
��/�� ��/���/���/���/�Bt1 
��/�� ��/���/���/���/�Bt2 
�|/�� ||/���/���/���/�Bt3 
��/���/���/���/���/�Crt1 
��/�� ��/���/���/���/�2Crt2 
��/���/��|/���/��|/�R

%'9�",)��3B/g�,� (N	D "/	� �� *�3�? �/��
� 0�'4 @�4 :�#
Na "K, �� �%*�D �	,%�4 �4 �N�� 0"*B I�3���, .0�'4 @�4
N����,*
� K%*�D �	,%�4 [�� �� �3�)R(�,#$ �4 �N��/�

��� �'�K �4 ��, I+F�����'��7 ���'F� �� �-�,'? �!*-
*5�4 �3�4," 0D)�(L-�|/�| :+5 �� �(� ����,*
� *�,'9-

%,K�,*�.� �'  �� ,� -'�4D %, " !�#� ��$'(; 0D /#-*�� .
� �#= %,���� �'�K #.��?��B 0'2 /	", �I��"#/'�I"

W1B��(� %1�'/� �� d/��
� 0�'4 @�4 ��	,%�4 %, :T�K J#F�#
#T��) :�Ca�Mg"Fe, �� ,� �� I/�,#$ �4 �N�� J#F/�

;'9/� ��*��.

R-���� 
,#5�(L, ^/F����#$� �9 ��, !*5 `;'� �
Q�� �	,'3� �"
B/�3�'-$ S�'T >�  " [�� /*�9 #7, �� " �#�*

�,'?�$*� #4 ����� ��?-
�� &"�/#�9 X'�3�� C�*�'5 `.
�lF?/+�9 I/<�, :�?-3�W /+�:��+9 �% �3���~Q� #�)<�,

Bt (% ����� "�� �� >�  &'	'� ��/�	,%�4 %, :T�K J#F
%*�D�3�� ,� �4 �'�K �4 0,'9/���#3���?-#�9 �hB `�#-

B 0'2/	", �I��"#/'�W1B " I��(� %1�'/F�+�9 &*) "/:
:��+9 <�,��� �3���/�,#$ %, :T�K J#F/4 �'�K �4 ,� �/#3�

�?��]�*(�-��3B /F�#� "��/��?-&"�
� CA9 �4 #9��N�� �
�,�.

S=��� 
]�[� #�.#4*� �-G.�"��N���%/5 I/F�"�#�� 0,#�9

?�.��,���)���� (����~PT.
[2] Jiménez-Espinosa R., Vázquez M., Jiménez-
Millán J., “Differential weathering of granitic 
stocks and landscape effects in a Mediterranean 
climate, Southern Iberian Massif (Spain)”, Catena 
70(2007) 243–252. 
[3] Cassiaux M., Proust D., Shtari-Kauppi M., 
Sardini P., Leutsch Y., “Clay minerals formed 
during propylitic alteration of a granite and their 
influence on primary porosity: a multi-scale 
approach”, Clays and clay minerals. 54(2006) 
541-554. 
[4] Cho H.D., Mermut A.R., “Pedogenesis of two 
forest soils (Kandiustults) derived from 
metamorphosed granite in Korea”, Soil Sci. Soc. 
Am. J. 56(1992) 517-525. 
[5] Suzuki M., Tagai T., Hoshi T., Takeda H., 
“Oriented growth of chlorite and zoisite in 
plagioclase as alteration products- examples of 
graphoepitaxy-”, Mineralogical J. 17(1994) 181-
188.
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�!'+5#B ��'ZO��'B�']����� 0,#�, ����5 ���� " ����5�'(4 �(A� ���

[6] Eggleton R.A., Banfield J.F., “The alteration of 
granitic biotite to chlorite”, American 
Mineralogist. 70(1985) 902-910. 

]�[�#F�,';-&.�",� ���#+?� 0�-�.�"��#4��	,%�4 �?-
�"�  _�F5 �� ��4D *�, M'�;-�]?'� ��)0��PT, 0�3�, (�4

?�.���'$#$� #4 ��4 �;�� �4 /O� ��/���D #4 !�,� J� b"�(A� �
(4���5�'���� "����5�,�!��F5 �0,#�)���� (���u|�.
]�[� �']�����.���K ���.l��A�% ��&.�"�������5�E�4 

5'VW " G�/F�>�  �?-+�9 /[�� %, !*5 :�?-���� -
��D " 0'$#$��(L I/���K�� �� /?@ �/0�A"���5�'(4 �(A� ��

��� "����5�,�!��F5 �0,#�)���� (����u|��.
]�[.�?#��0.�"789/���� �,'� #-"�- #4 �T'Z  /S�
�/C�5'+/F/������ "����5�>�  �?-$/01"��B �0�����

���5����%�"��� !*+��,� �*5�, -$ !�.��,� �/�01 )���| .( 
]��[���K��.�"'�4D �O	�Q����� >�  :��+9 " �,'� _�
3�, �

 #4�>�  �?-(.�; �K�� /?@ �/0�A"�B ��0����5��� �����
%�"��� !*+��,� �*5�,-$ !�.��,� �/�01)���|.(

]��[������  ���'���(T�K" /C-�>�  "%�, X�,C$�4��
�,�, �,*O3�, " \4����	C�, �*�4 ��5� �#�+4�2 �"�#���X �

|�|)����.(
]��["���� !�,% E.�"�%/I���5�,�0,#"��%"#�, E�,� #�� 
)���� (����~PT .

[13] Arocena J.M., Pawluk S.M., Dudas J., 
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