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

��� �� ��	
 �
�	
���� ������ � �����	����� �� ����� ������ ��� �� � ! ��
"	�����!�� ����#�$%&� #�'�� 

(��')*  �+* ,�
��� -�∗

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

�.�� :��� 01���2)���3 �4�  �� �151� 6�78#� #-��)7��'9 ���( 4�  .��;6'<��1-6��<� �<7=5 %( ���<2)<�� ��� .("(#<	 
4� �2)� " >�  ?@��� 6��( >�  �= .(
��#3 A&2 �3 B2"C; D�-�1-E �'�9 6��<� B��(#<; " F���; 6'<��1-6< #3 �� ��
4� �2)'�9 6"� #3 !&G F)H1�� �2)G#9 6��)���� �(1� ").I&G J�K�( .��/,( .�*�( �� �2 .&3
9 �1L�� D�(&+M�64�<  N#=
��#3���1=� "�(�#3)&�&G .��1=� !���I %( O; �2%��)( 19#; P(#; !�-*�� �3 �
� " O'6<�"#*'�( Q1'�"#'��<3"� �<��#3 �&�&<G .

�*� #3��3
( R
��#3 D�3 �26#*�
��; �(&�� D6'��1-6?	( �� ��2)?	( " S$ �G�T�( �2�
.I �� �� F'G >2I " S$ .��U=2 �G�T�( �2 
��(� �15" ��( �*	#$ .?	(�2)���� >=� " >2I �G�T�( 
#*=� #)��� %( ���; 6'��1-6&<��(� .��<� (� �.��� <
��)�#9 <6��<� V�-

���G����� �(1� )��#3 ��1� �4�  "�2).I %( F,�8 3 �� �(� .��� �26��� #*���2)4�  �� �151� �<2)<��#3 ��1<� �F<,�8 
���� �(1�)�" ���( ���3 �; %( ��6'��1-6 #3 �� �151� ��4�  (�(� �2)� !�-*��  �(U�
��( .�*�
UK9 %( F,�8 R
�)�</�1� -

�2)7,( ��T�<� �� �(� .��� Mg/Ca <�( �6&
� ��* <6 <� .(U6763 S<$ " W1<7X� O<6#*�
'�<9 �� (� B<�� D6��<� B��(#<; " F�
��;6'��1-64�  �� ����� �(1� " �2)��#3 ��1� �3 �� &��(� 6'�9 #-��6�5�� F)��; 6'��1-6(#G �� " 4�  W17X� %( �
�T9 �3 Y6#

��Z�3 .

�0�����1�� �:G#96��)[��; 6'��1-6�[!��� )���� )[UK9 
�/�1� ��2)7,( �.

2
 3
 
W1\X� 4�  4�  F�(1] B�� ^2#3��( #-
&'
 #3 %�� .
���$ R�; F�(1])4�  %��)+9 �3 �66#	 01� " _&G DI�2&�
)

4� %��)�!&��� W#*�� )!1X� ); �3 " 4�  F6'�9 6"#)
!&��� W#*�� �.I %()�$C
" �2)&�*�2 4�  ]�.[#L� �3

�(#3)" "
F]�[��� 01� ��'�9 6b�9 �X9 4�  �� !&G F6#
7c( F��] ��6!��� �^)���� )(#G "
X� Y6d���( .

U�#� _e	)(
�" W(�1$ .(#6+�3 �� ��( 6!1� �*G� D-
�2)%#T�( 3 " �*	#$ �(#c f#$(% "6H1�� %( #*��2)#; .(15 

��( !&G]�.[(
@ _e	 D�g"%"U� 6��3 >��� %( 
�)
&c
=�*96c( %( ���9#� # ("( �� �� �13 O6!&G (&5 f1��

 ��(]h[�3 ��1@)7,( D*	#$ F'G �� �( _e	 
.(�"� �3 .(#
G#96��)�3 "� i1\ 6� !�(� �T�� D�1��1G ..&G ^� �3 

�� j�T9�(
�)�6�� �3 D�1
�); " �(%I 6"#�)�� F &� �3 
�)
�6�� �D�1
�E��2)3 ?=] ^� 621� D�.1$Z "'�9 �26" F

P#*�$
&�*	� .(
�1G �3 " ?=] ^� ?@��� D)%
X� ��6Y
T�����G #L� %( (� 6=6��
(#3 )'�9 6��; F6'��1-6^2(#	 �

��( !�#�]h.[

∗D/79 �W1k�� !&��
1� :lmnllol )plnn(#3�=� �:lmnlqrn)plnn(�'6�"#*'�( ��; �:hkhademi@cc.iut.ac.ir 

W��^2�%1���=G �!)�����3��X/, %( ��)�s�9��



����  ��*K8 .(#
( ����G ���� " ����G�173 �7K� �M

1� %()�
( �1�� #-
�2�1�� �7=5 %( .(#)" >�  &�3#=� 
�6�� >�  �=6��� .�"&8 ���s( �8��� F� %( &,�� 
.(#

(�(�)7c( 6>�  ^
� �6��( >�  �=]�.[4� �2)*�( �
�( �W1�
&)( " W1�
*t����3 W1�9#96�3 V�/hM ��/h� "

�/�s.("(#	 &,�� #9
4�  D�2)'�9 (� �1�� 6� F�&�2�
]�.[��;6'��1-6��� �7=5 %( ���2)����(6	���:��� ��( 

4�  ��H1�� " �2�2)G#9 6��)� " >�  ?@��� 6>�  �=
��6" �3 �
��d�� !C)��"�  6P#*�$ �����
%)��(� ]s.[

.1�9#3(� " .1��&�2]u[.(��'=2 " ����3 �]r[�"(6�(#	( D)
��� �1v8 �� &��13���; 6'��1-64�  �� (� �H1�� " �2�2)

(
�" &��#� P�(U$ .(#���#3 �� �(
!�-*��  �3 .(#-�2"C; D
(
��� D�!��G( ()��( !&�� .

�37� �1@�(#3 ^�� !�-*��  "� )v8��; �16'��1-6�� �
!&G �g(�( 4� &�( :w�((�� x�( �36!��� %( .&)���� )H " �(

'�96�3 F%����  _�1, .�� x�( �3 ��1� ��6!��� %( .&)
����)(#	 "� �3 
� !��G( ^�� &���1G :( W"(
��� �'��
��;6'��1-64�  #*�3 y�� �� ��2)��#3 ��1� ���(� �15" 

@ (z� "�I#	 
�2&�)�9'6!��� %( 4�  F)���� )x�( �3 
��� " �&��
( #-
��� �'����; 6'��1-6#@ %( �
(#	 ?
�2&�)

H1���(z$)3I�
��3 �)� �3 6�1G �	�{( 4�  N#= .�3_��T]
�
�E �� #-6(#G D
d���#3 ��1� #*�3 y�� ����� &c�	 �
��;6'��1-6��( �]o.[

(#3)'�9 6�5�� F)��� ���; 6'��1-6� �6� U�"� �3 .(19
(#	
�#� !��G( ^�� &� :w�((�(12
$&���� ��2)�
&���� #-
�6�1g�� ��'6�6*'=�( " �6&T9 " �
.I F��; �3 �26'��1-6" ��
H(�9��6��#@ %( 
 ( ��1� �� �� 4�  W17X� ?6� #�%( .(19

2(#=2�!�#*�$ )��� ���; 6'��1-6��� �3 ���2)�T9 6#)
1��b S$ &����
e�( " ��T9 |6#)�
�#3 J�� }3��� �� #-]o.[

X��,�.(��'=2 "]�['�96��; %����  F6'��1-6�� (� �
4� �2)*�3 W�X� ���E .�*�( 6��)!�#� P�(U$ &�( .J&]

��; �15"6'��1-6��1=� �� ��2)!��� )���� ))y���2)
'2I����9#� (� �
�� ��6��; &�73 " !&6'��1-6�� �
�
�G�-�U�2)*'�(�"#���; .�'� ^2 �G�T�( "6'��1-6�3 �

�7� _��3#�61��b ^
?	( �� ��2)��*X9 �4�  �2)��1� 
��#3�Z�
7�.I �� &��13 (#3 �2)'�9 6%����  F

��;6'��1-64�  �� ��2)
!�#� �g(�( !&G ��&�( .�"(6g��"
.(��'=2]��['�96�5�� F)��� ���; 6'��1-64�  �� (� �-

�2)~$�I "'2�( H1�5 
*� �� .(#6�K)�9��6��" S$ 
( �� >2I
4�  D&��#� P�(U$ �2 .���# �Xd3( "�]��[��

��#3��2�
4�  �� �� �2)'2I �� " >�  ?@��� 6�=>� 
( H1�5
�d3(� �&��(� J�K�( .(#()/�� �36��� �1v8 D��2)
*'=�(6��; " �6'��1-6� �3 �6f#*�� F3�c �31@� .(U

 !&2���&��#� .�31X�)�T�� �� �� �2)P/ET)�T��
$&���3��T9 �3 6�#+9 " #(%( #*$�U3�/���� ����; 6'��1-6�
��� �3�*'=�( 6&T9 �
� F��1G .�~=263 D6" S$ �(&�� D

�6��; �1v8 .(U6'��1-6�d3(� �)�(� ��+� " �T�� )!&2��� 
&G.

��#3 �(&+9 �E#$(��2�
��� �1v8 �� ���; 6'��1-6�(�
4�  ��H1�� " �2�2)(
!�#� �3�b .(#� ^� &�(6�" ����

��#3 �(&+9��2�
'�9 " �1v8 �� 6��� F���; 6'��1-6�� (� �
4� �2)'�9 6"� !&G F)H1�� �2)G#9 6��)��#3 ��1� �

�3 &�G�3 !�(� �(#c6��( 4&�( �� .H1���2)G#9 6��)( �� 
.(#
U�#�)�519 F3�c P#*�$ %( ��(��1 #3 ^�� �7=5 %( " !�13 -
#9
���� �(1� D)4�  �2)'�9 6( �� !&G F
��d�� D

� H1�X��&�1G .( (z�
��#3 A&2 �3 B2"C; D�#b1� F�(1] 
'�9 ��6��� B��(#; " F���; 6'��1-6 #3 �� ��4�  %( �2)
'�96"� !&G F)H1�� �2)G#9 6��)( �� 
U�#� .(#)_�1, 

�	#$.

*�4�2����� ��	
 �
��d��)��#3 ��1� �3 �6B�3 #*��2)c#G �31�5 "�.�*<�( 

<� F��G (� .��/,(��1<G .<��#3 ��1<� j�<���9#9 �<3 <6�� V
!#*�$)�#] �2)	(#�5 <6��
ln" �<5�� q�c�6�<9 �<�lq
" �5��lpc�6��=G ���	(#�5 W1<@ "<6��
��" �<5�� lp

c�6�9 ����" �5�� n�c�6c#<G �<��&<��(� �(#<c )F'<Gn.(
�6�-�6��� D)%( ��d�� �� ��Z�� nu�9�n*��<� �5�� 6" �(#-
�6-��6$&���3 D�%( ��Z�� ou�9nm� �676�9 #*=66<� #�&<�� .

� ��d�� 0�/9�(6�� �d� %( U<
%( �oq� �<9 #<*� nrq� �� #<*� 
�966��( #]n�.[$ BG1;62��3 ��d�� 6B<G1; 01� %( #*�-
�2)36��3����(1� �� " !�13 >�9 ")�3��6�1G F)�<3 6Z�<3 ��
26$ BG1; 01� S62����(&� �15" ��d�� �� .



&75 nm!��=G �n���3 �nlmp 4�  � #3 �� �6'��1-6��; B��(#; " F6'�9 �� #b1� F�(1] )�2. . .��

��!5+c1�6	(#�5 �6��
��d�� )��#3 ��1� ��(�#3 ��1=� j��� ").��/,( .�*�( �� !&G .

���� 6���
�"( H��*�(6���� �+��d� f��( #3 j��� ��2)�%6D���G�

�2#�G)�1  ]nl[4���( �]nq[!��3I "]n�[�� �36f�
n:��pppp �� �76�13�% .��%�� 6D���G��9 �1�� 6!&G �&�(
&G J�K�( .��#3 %( O; !�-�I��2)(#X, �
7� %( 6?	( ��2)

*��6'��(&+9 u�6"� �� 4�  N#=)H1�� �2)G#9 6��)�3
��6�( �D�1g( D6�( �D�1-6D�1-��6� �D�167; " D�16D�1

 P#*�$
��1=� &��13 �*	��(�#3)�	#$ _�1,]nl�9n�.[
��1=��(�#3)4�  %( ���� �(1� " �2)�3" V�#� _�1,l��3
�(#'9&G.��� ��
#2 �� �
��1=� j��� %( >�(�#3)!&G 
��1=� �3 �2
&'
(#3 " j17�� #-)��#3 ��2)&+3 )��1� 

&�*	#$ �(#c !��/*�( .W"&5n�% _�\��� 6D���G�j��� 
��#3 ��1��� .��� (� �&2�.

7� 89!��=GN#=6��24�  )���� �(1� D� "�+��d� ��1� )�2]nq�9nu[.
N#=6� !��=G�2)���� �(1� ��e] H1�� 01�)�2 

�D�1g( Ed #6K�( !�� &�%��).��� " y�� ���� �)#*���  )(#�17-��(
�D�1-6�( Or ��6g�; N#� &�%��).��� " y�� ���� �N#� )(#�17-�� (
hD�1-6�(�D�16� OMq >2I " .��� 
qD�16� Mr �
Z�3 N#� &�%��)S$ " y�� ���� �.��� H"��9(
sD�167; Pl .���#*���  )�2)
MD�167; Pl .���N#� )�2 



����  ��*K8 .(#
( ����G ���� " ����G�173 �7K� ��

��1=��2)���� �(1� " 4�  )�"I }<=5 %( O; )W�<�*�( "
��%I �3
><�( %( ��<�� �!�-���676#<*=)&�&<G !�(� �1<T] .
Ot� ��1=� �� �2)��#3 ��1� ��I D3#� ����( P"� �3 
B�#9

 ] P"� %( !��/*�( �3 >2I �(&��6K�����*�$#3 �S<$ �(&<�� �
%19 " .1*�( P"� %( !��/*�( �3
!%(&�( })_(�� )4�<  �<	�3 (

�3 ; P"�6+9 �t66&G D]nu.[(#<3)+96<6 ��<�� D
�<7� #6" ^
��6U
] P"� %( W17X� J16K�����<��" �<3 6" D(#<3 )!%(&<�( -
$6#)� �(&�� 676��1=� �� W17X� OP"� %( �2 y�� K�<��"

"� %()3I y�� _&G ��19 6�<�1=� �� !&<G &&<G !��/*<�( �<2
]nu.[!%(&�($6#)pH�7� �6�� �^6U
<� " J1676�� W1<7X� O

!��\])�	#$ J�K�( 0�TG( .
;6��#3 %( B��2)��� ����G��<�1=� ��<�� �� �<2)��s 

�� �5��*�6&�&G >�  �(#-.(#3 )��%I 
B�2)��<� �<���G�
����G ���
f���1=� ���� ��2�2)��#3 ��1� �;69 B6��<=

&�&G .&� _�*�( %(
W��+� B��(" �3 ^�(#3 )_��3#� Az8 �2
>=� "�2)&<G !��/*<�( W17X� .�<�1=� �� �1<51� S<$ �<3 �<2
1�*�G)&G ���  #d�� HI �3 �#'� .(#3)!��� Az8 )I<��

��( HI %(6��Clp%&<G !��/*<�( .�<�( Az<86�2&)%( D<2I 
��1=� � �26%( !��/*�( �3 U��<=69 <�6_(#*�36_�<�3#'��)J�<K�( 
&G .%�� !���I %( O;)�2)�"( <6(U<5( ��)�<�1=� #<2 w<7*�� 

)� �f�6DG " �7 ('/96��<� " &�&<G >�<���G�"� �<��9 )
&<G J�K�( f� B�3]nr.[�(&<��qp�6<7�%( J#<$ #<2 f�

 %19 �c� �3 ��1=�
9 �X9 " D6�2��=)%�<� 0�T<G( )�"#<7� �<3 
��6U
%�� 0�TG( �^)��*; �"#7� �3 69 W�=]( �^6<9( ��<�3 ��=6D7
7$6"� W1')��1=� �2)�� %( !&<G 0�TG( <6U
9 W�<=]( " ^6��<=

��#$�
��� �� )��p *��� �5�� 6"� �(#-)��1=� �<2)0�T<G( 
��*; %( !&G6&�*	#$ �(#c ^]nu.[��1=��2)96P(#; �3 !&G ��=

 ( 1<<9#; R�<<�
W&<<� O<<'D8)Bruker AXS, USA ( ��
!#*�$)��9qpD'�( �]#� " �5�� �/pc� #2 �� �5�� 6��
��*�" ��qp�6#5 _&G " ��" 17
.��p�67��3 " #t�I �"6�7

��%I �� O<� A&<2 U7	 <
 U<�#� !�-�)<7; !�-�<�(� ��'9<6>
��t�( �� �� �9���6UK9 �
�2�(�1=� " &�&G �)( 19#; P(#; 
O<'

9 %(6�2��=)�9 ��1=� #2 w7*�� 6&�&G �.
&2��<� )(#3!)�
��<+6T@ �<��8 �� �6�<��1-6��; �<�

��1=� 4�<  %( !��1<�� �<�� " �<E1� �76  )�2 �(1<� " �<2
����)��#3 ��1� ��<
�; )"� D3#� ��E �3 ��1<6�6�1�I )�<2

 �
Z �3 " !&��T�E BG1; e@ %( )( &<G !�(� .�<�1=� D<
( �<3 �<2
 2 ��<3"� �<�"#*��( Q1��"#�6�6E�<*�W&<� S-3500N �� 

7; !�-��(���'96�� �9��� >&�*	#$ �(#c ���#3 ��1� .
�#96�(�1=� ^�2)�;
�(&)��� ���; 6'��1-6��1=� �� ��2)

��#3 ��1���(U	( J#� �3 EXCEL ���<+9 Y3("� "�!&<G �<g(�( 
" Y�19
>3 " �1]no[�(&G !��/* .�3��#3 �1L���^�� #<9
D
�2#*�(��;)'�9 �� #b1� 6%19 " F
��� }���; 6'��1-6���
UK9
�/�1��2)7,( ��	#$ �(#c !��/*�( ��1� .UK9
�)�</�1� �<2)
7,(�(#3 )��<�� 
" #<
!C)%( #<*$�U3 n3 W�<=]( �<3 "<6#*�
D

z; .��#$�
#)X� �� D'=� 6�(U	( J#� YSPSS&G J�K�( .

:����� � ;�
 #3�"
$C��2)	6U
'�G "6=6��
4�<  ���<� �(1<� " �<2)

)?	(�2)C(<��#3 ��1<��W"&<5 �� �!&<G !�(� .��<� &<�( .
� !&2��� �'���E�7� �1G6���<� �(1� �)4�<  "�<2)��1<� 

��#3�'2I �(�(� " !�1<3 )pH7c <6��
&�*�<2 .(<
(#<G D
Y
��8�X� �15" %( 67c Y6��
'�9 .��% �� 6F.I���2 .�<6.(U

 �1G " S$)4�  �� ���� �(1� " �2)��#3 ��1� �9#9 �3 <6%( V
u/��9�/ql " &,�� r/q�9n/mm �� �%
�9 #<*� #<3 O�= <66 #
��&��)W"&5�.((
�*� D
� .��� R�4�  �� &�2��2)��1� 

��#3�(#G �� 
�T9 �3 Y6( �1G " Z�3 #
!&G ��K&�(.
���� R
�*� f� ����G �� �2 ��1=� )���<� �(1� " 4�  )�2

F'<<G ��)�<<2�"l!&<<G !�(� B
�<<=� &<<�( .�� �6'<<��1-6��;
���#3 �<7c ><
 O'
( 19#; )�2 �<68�� �� )1<c ))q/np �<9 

u/np ��(� J"#*�-�I .)�<�� �<9 ���� .�(� ��#$��p �<5�� )
�<7c Az<8 " ���<� .&G �Ge*� �]�3 �(#-6*��� !&<G ��<
 )

�� �1G)F'G)�2�"l.(�<7c �15" D6�~=2 J"� !�� )q/u
�1v<<8 #<<3 )&<<6g�9 U<<6� 0�T<<G( J1<<
U6�� ��<<=69 �� J"#*�<<-�I

 ��( �6'��1-6��;]nu.[%( !��/*<�( �3 �6���1-6��; �g����G
 �7c�/np �<7c �3 ��
�U� F6�� �3 J"#*�-�I np�<'6� J"#*�<-�I 

�<7c %( �Z1<=+� F<6�� D6<=2 �3 ���( F��� )q/uJ"#*�<-�I 
G )(#3�� !��/*�( �6���1-6��; �g���� �1G]nm.[

�G�-� P(#; �� ��1=� )�2 �<7c �0�T<G( J1
U6�� )�2 )np
)��� " ^6��*; ��=69 " W1'67$ D769( ��=69 #b( �� �� J"#*�-�I

��p �=� )#66�9 �(#-6*��� �5�� !&<�2� .��� �&�� �1v<8 )
���'6� .�7c "� )p/�"ll/lX/<, �<3 �*�<3(" J"#*�-�I _�

�� !&
� U6� ���� J1� " J"� �1G)F'G)�2�"l.(



&75 nm!��=G �n���3 �nlmp 4�  � #3 �� �6'��1-6��; B��(#; " F6'�9 �� #b1� F�(1] )�2. . .��

7� 8<	 _�\���6U
'�G "6=6��
��1=� �2)���� �(1� " 4�  )��#3 �!&G .
Mg2+Ca2+Mg2+

/Ca2+H4SiO4>2I S$�I D3#��DG �6�7f�
��1=� 

?=]
)*���6#*=(pH 

EC 
)dS m-1(meq L-1 G Kg-1 

�6!��=G N#=)n)� P#*�$ 4
"� �*	�)H1�� �2)Ed(
Az �� –�Mh/��/�� �/��/M��/���/���� sM�/�h�� ��� �h� 
C��+��/��/�M �/��/s��/�sM/���� ��s �/��M� Mh� ��� 

�6N#=!��=G)�)P#*�$ 4� 
"� �*	�)H1�� �2)Or(
Ayz �� –�M�/��/h� s/�h/M��/��M/��s� ��M �/�h�s h�� ��� 
Byz h� –����/�s/�h �/��/M�M/���/���� ��� �/���s h�h h�� 
Clp+qr/rm/ur o/lu/u�o/pmp/pll� lnp p/lqup lup nop 

�6!��=G N#=)l)4� P#*�$ 
"� �*	�)H1�� �2)OMq(
Az �–�M�/��/�M �/��/��s/���/��hM �h� �/�h�� hh� ��� 

Byz1 �� –���/�h/�� ��M/���/��h/��s� ��� h/��M� ��M h�M 
Byz2 hM –���h/��/�� �/��/��s/�M�/��M� ��� M/�h�� h�s �Ms 
Bz ss –hMM�/��/s� �/M�/���/��s/��M� �s�/���� h�h ��s 
Css+��/��/�h �/��/��h/��s/�h�� ��s s/�h�� �s� ��s 

�6G N#= !��=)�)P#*�$ 4� 
"� �*	�)H1�� �2)Mr(
Az �h –�Ms/�h/hh �/s�/�ss/���/��h� �M�/�h�� h�� �sh 

Bky1 h� –�h��/��/��/��/��h/�h�/��MM �hM h/��sM h�� hs� 
Bky2 s� –h���/�s/��/�� �/�h�/�ss/�h�� h�� �/���� h�M hsM 
By �� –s���/��/s�/�� M/���/��h/���� h�� �/���� h�� h�h 
C��+��/��/�� �/����/�M�/�h�s �hs �/���� h�� h�� 

�6!��=G N#=s)P#*�$ 4� 
"� �*	�)H1�� �2)Pl(
Az s–��s/�h/�h s/sh/�s�/���/�h�M �sh �/�hs� h�� �s� 

By1 �� –s��/��/s�/�� M/���/��h/���� h�� �/�h�� ��� �s� 
By2 M� –���h/��/��/�M/��s/�Mh/���� ��h M/�h�� h�� �s� 
By3 �� –M���/��/��/�� M/�h�/��h/���h ��� M/�hM� hs� ��� 

C��+h�/��/h� �/�� �/�� h�/���/��s� hss �/hh�s h�� �s� 

�6!��=G N#=)M)P#*�$ 4� 
"� �*	�)�31�� �)Pl(

Az �s –���/��/sM/M�/�� M�/��h/���� ��� M/��Ms h�� hsM 

Bk1 �� –�s��/�s/��/�� �/�h�/�ss/�h�� ��� h/���M hs� hMh 

Bk2 s� –���M/��/��/�� M/��h/�hM/���� ��� �/���� h�� hh� 

Bz �� –s���/�s/h� �/M�/M��/��M/���s ��s/�h�� h�� h�M 

C��+��/��/�� �/��/�� �M/���/���s ��� �/�h�� �s� ��� 



����  ��*K8 .(#
( ����G ���� " ����G�173 �7K� ��

=��

"

��!<�G�-� P(#;�2)( 19#; 
f� B�3 �� O')w�((?	( By� %( 6!��=G N#=))l(")H(?	(Bk1� %( 6!��=G N#=))u.(
Mg-Eg = ��1=�)�� �3 !&G 0�TG( 6U
9( " J167$ D76�W1'Mg = ��1=�)�� �3 !&G 0�TG( 6U
�J1K=��1=�)�*; �3 !&G 0�TG( �6" ^

K-550 = ��*; �3 !&G 0�TG( ��1=�6�9 .�(� ��#$ %( O; ^��p*��� �5�� 6�(#- .�7c �(&]( V�8 #3 �2I!&G �g(�( J"#*�-�&�(.



&75 nm!��=G �n���3 �nlmp 4�  � #3 �� �6'��1-6��; B��(#; " F6'�9 �� #b1� F�(1] )�2. . .��

��!>�G�-� P(#; �2)( 19#; 
O'96��="��6U
0�TG( J1 +9(67$ D76W1' "4�  f� B�3 ������ �(1� " �2)��#3 ��1� ��=� �� 
�("(#	 #-���
36��; #*�6'��1-6�),�\* ( �7c���/MIJ"#*�-� (?	( ���2)S$ �G�T�( )By(��� �� 
?	( �3 ���2)>=� �G�T�( )Az "Bz (��&�G�3 .�(&](

�7c V�8 #3 �2I�g(�( J"#*�-�!&G &�(.

�7c �15")nq9 �� J"#*�-�I 6�� ��=6U<
�<3 �<� 0�T<G( J1
969( ��=67$ D76�3 W1'nr�9 J"#*�-�I 66� .�'� #�3 &2�6#-��

 *'=�( �15"6�" ���( ���9 J&] 66��<� .�'� #�*� �� 6�<K)
9 �#3���69( ��=67$ D76!&�2� .��� W1')#7� �1v8 
�<�( �.

�7c�2)r�ro/q"�q/l�I�J"� _�X/<, �<3 �*�<3(" J"#*�<-

 #7� J���E " J1�
� �6�<=2 �� U)�<�1=� �<2)<��#3 ��1<� �
<� !&2����&�1<G .�<7c �<G1t=2 F<6�� �<3 �<2)!�� )" J"� 

!�� �<3 �
#7� J���E)�g�<���G )(#<3 ��<6�6�1g�� J"� " W"( 
!�� �7c %( &
�3 �6�6�1g��)�<6�6�1g�� J1<� )q/�J"#*�<-�I (

�#<� !��/*�( .�<7c �1<5" J&<] F<6�� �<3)<
�1v<8 �!&<G ��



����  ��*K8 .(#
( ����G ���� " ����G�173 �7K� ��

=��"

?@

AB

4�  �� �6�6�1g�� H1�� " �2�2)<��#3 ��1<� �&�<� _�<Tb( 
)F'G�.(

�*�
��#3 %( F,�8 R��G�-� 19#; �2)( 19#; 
3 �O<' <6 #-��
 ��� �1v8��2)#7� �U9�(1� <
*'=<�( ��6� " �6�<=2 �� �<')

4�  H1�� " �2�2)��#3 ��1� ���( )F'Gl.(<3 �<519 �3 �
( �1v8
��� D�4�  �� ^2 �2 ���<� �(1<� �� ^<2 " �2)��1<� 
��#3��3 �� #L��( !�-*��  �� &��
D��<��4�<  �� �<2 �<2)

��#3 ��1��b�(19 ���( .��� �_1�#� "]l[�("(#	��1v<8 
�����2)
 #3 �� (� !&G ���4�  �2)~$�P#*�<$ 
�<*	�

 "� #3)H1�� �2)G#9 6��)��3 �� �( %( 
(#U�#� .)�3��<6F
�;
�(&)(
��� D�(#G �� �2
�("(#	 " >�  Y�.Iy�� �� �2-
�2)31�� �	#+� ��d�� ���&��� .

��;6'��1-6�G�-� 19#; �� ��2)( 19#; 
���� �� O'
^� #
�=2 �� �.("(#	 �9)4�  �2)��#3 ��1� �&<G !&2��<� .<�"�

���� �(1� ��)�� �3 6�( " D�1g( D6��<� D�1-�;��6'<��1-6�
&�� !&2��� .���� �(1� F3��� ��)�� �3 6� D67; " D�16D<�1

"�8)���� 
�519 F3�c #���� ���; 6'��1-6&��13 �)F'G�2)
l"q.(

��!C�
� �G�-� U6�"#*'�( Q1'�"#'��3"� ����� �(1� �� )G#9 D� �3 6��)."�\9
#"w�( """H"36��� �1v8 J&] #-�����; 6'��1-6�3 �
9#96H1�� �� V�2)�( " D�1g( 6D�1-)���� �(1�)�6N#=�2)n"�("�\9 "
#"Q�9�"�6( �1v8 U
��� D��3 (� 9#96H1�� �� V�2)�(6D�1-
–�6� �D�167; " D�16D�1)���� �(1�)N#=6��2)h���s"M(��d�� ��)��#3 ��1� �� .��� �&�2�.



&75 nm!��=G �n���3 �nlmp 4�  � #3 �� �6'��1-6��; B��(#; " F6'�9 �� #b1� F�(1] )�2. . .�h

=��"

?@

A

��� �1v8 J&]���; 6'<��1-6���<� �(1<� �� �)" D<�1g( 
�(6���� �1v8 " D�1-
% #
( ��
��� D�4�<  �� �<2)'�<9 6F

"� #3 !&G).I�2)F'G�2)l"q((
� H�9%�3 (� �]�( D�&2�
 ��� �1v8 !�-*��  Z�=*8( �����; 6'��1-6( �� �
4�  D�<2

(U�� ���( .( �*T�(
*8( D��<� �1v<8 �<� W�=�<
�� !&<G ��
4� �2)��#3 ��1� ��("I _�1, �3 )*� �� "6�K)%( W�<�*�( 
#@
HI ?
� (� &G�3 ��3 �6�T� U
��� &
�	#$ !& .�"��1<�1	�1� )

* ������� "
% #
( ��
��� D�4�  �� �2)#L� ��1� )F'<G-
�2)�"�((
( �� (� W�=*8( D
��� D��("I !�-*��  )�*<G(� 
3� �� &G��&��]�p.[X��<,�.(��<'=2 "]m[4�<  �� �<2)

*�3 " W�X����E .�*�(6��)���<  " ��_1<�#� "]l[�<6�� U
<< #3�4�<<  %( �<<2)<<~$ �(<<
U<<�#� .(#)'�<<9 6%��<<��  F
��;6'��1-6!�#� P�(U$ (� �&�( .

��!D4�  %( � #3 �� ��3"� ��"#*'�( Q1'�"#'6� �G�-� U
�)��6G#9 )���� �(1� )"� !&G F6'�9 )�2 .�*G� !&63�9 ^2 �� " &�73 )�2
 #
"�\9 �� �6'��1-6��;"�9 w�(x"�3 ���� D
( )�5�� F6'�9 �3 ?	( �� V69#9 )�2Byz)!��=G N#=6� )�(�Bz)!��=G N#=6� )l(�Bky2 

)!��=G N#=6� )q(�By1)!��=G N#=6� )�("Bk2)!��=G N#=6� )u(&��(� .



����  ��*K8 .(#
( ����G ���� " ����G�173 �7K� ��

 1� %()�
� #-6��<� .(U���; 6'<��1-6���<� �(1<� �� �)
�(6D�1-��63 D�164�  %( #*��2)'�9 6"� #3 !&G F).I-

���2)F'Gl.(� .�13 #*=�6��� .(U���; 6'��1-6( �� �<
D
4�  %19 " �2
}
( � (1�'
��� D�� �� 64�  N#=�2)��1<� 
��#3���!&�2� .��� &�(19)(
+c(" D<6(#<G �<� &<G�3 �
Y
'�96( F
��� D�( �� 
4�  D��<� �1v<8 " !�1<T� ^2(#<	 �2�
��;6'��1-63 �6<�� x�( �<3 #*�6H1<�� %( !& �<2)<G#9 6��)

��( .
��� �(&�����; 6'��1-6���� �(1� �� �)� D<� �3 6" D<�1

4� �2)P#*�$ 
.I %( �*	� #�9 �<2
�<T
(�(� " !�1<3 .��<')
%19
� }6 #=�
&�( � (1�')F'Gl.((#<G �<3 �<519 �3 (z�
Y

��; �!&G ��6'��1-6( �� �� �151� �
4�  D�Z�=*8( �2 (�(� )

b�(19 !�-*�� ���( ."
���.(��'=2 "]�n[�<6�<3 �<519 �<3 U
Z�
7�Tc %( 6��; ^� �(&�� F6'��1-64�  �� �151� �J&] ��2 

<3 j�T9�( �15"6��; D6'<��1-6-�1<-E " ���<'2% ��4�<  
%19
}
� �� .I � (1�'6(#<G " N#=
<G1g� Y6=6��
�<{18 )

U�#� �	#3I)��; �<� &<��#� �<3�b .�*�3#] �1�� 6'<��1-6�
( �� �151�
4�  D!��� %( �2)���� )�
��( �*	#$ �� .

���
��)�6��� .(U���; 6'��1-6H1�� �� ��2)�*�3(" 
!�"� �3)7;64�  �3 D�1�2)P#*�$ 
"� #3 �*	�).I�2

��8�� .�13 V��� %( 6��� .(U���; 6'��1-64�  �� ��2
���� �(1� �3 �T��)��( .36��� �1v8 .�13 #*��

��;6'��1-6!��� �3 �T�� �)���� )� .��� �Fc(&8 �� &2�
��3���� %( ���; 6'��1-6( �� �151� �
4�  D!�-*��  �2
(U�� �
��(� .�8�3(6�� " D
?]��[��; �1v86'��1-6(� �

4�  ���2)'2I ��ce9�3 �x�( �3 .�*�3#] �� ���2 W( �G� 
��6H1�� %( !&�2)� D� �3 6D�1�7;6	#+� D�1���&�� .
"#�()]�l[��; �1v8 �� ��( &�*+�6'��1-6H1�� �� �-
�2)�*�� �
�� "
�E�()�*	#3I �3 ��d�� 6#���( D
H1�5 �� D

�1�� �(#] "� #2�("I !�-*�� ))W��*�(
#@ %( �*	�
" ��3 ?
HI ('�9 �1  "67�)�1�"� �3 !(#=26S$ " �(&��(�.

��; �1v8 J&] " �1v86'��1-6���� �(1� �� �)4�  "-
�2)��#3 ��1� �� %( !��/*�( �3 �6�"#*'�( Q1'�"#'��3"� �
�6��#3 U�&G.�
�G�-� U�2)�61'�"#'�"#*'�( Q��3"� �

� .����( �� &2�
��� D�36#*��3�*G� _�1,�2�
W1@ �3 
3 �9 &�E6� !� %( #*�6� �3 " ."#'
*��	e� �^2 �� " F'G

3�96!&)F'G�2)�"s(3 �� "6��� �3 !(#=2 ��(1� #*���2�


�7� &����6��� " S$ ����2)�T9 6#)�
� #-
� !&��1G
)F'G�2)�"s.(�
�� ��6��; &�73 " !&6'��1-6�� �
�
�G�-�U�2)�6�"#*'�( Q1'�"#'��3"� �2�$ �� ��6�3 U

Ae� _�1,�2)3�9 ^2�� 6� !&
� !&�'�9 #3 ��Z� &�1G6F
�5��)(
��� D���(� .#�
=�.(��'=2 "]��[�6�15" U
�*G��2)��� &�73 ���; 6'��1-6!&]�c �� (� �)O��2)=]6?
���(�)#$�(6������ &��� H1�5 �� �2)'�9 6�5�� F)(
D
����	#+� �!�#� &�( .2(#=2���; 6'��1-6��� " ���2)
�T96#)�'8
(#G .�13 &]��� %( �
(#3 ^��8 Y)'�9 6( F
D
����4�  �� H1�� " �2�2)B�3 �2)U�#� )(
13 " .(#
!C

��#3 ��1� j������(� .
36#*�
��� �(&�� D���; 6'��1-6�?	( ���2)S$ �G�T�( 
?	( "�2)&G !&2��� >2I " S$ .��U=2 �G�T�( .?	(�2)
���6>)Az "Bz (�7� "6>)Bk (?	( �3 �T���2)
�
�t6>)By (����
#*=� #)��� %( ���; 6'��1-6.��� (� �

&��(�)F'G�2)l"u.((#3)'�9 6��� F���; 6'��1-6�� �
X�6�3 4�  Y(#G
G1g� Y6=6��
"
!C()Tc %( 6X� F6Y
7c6��
)Z�3 �6��+	 �H4SiO4"Mg2+�6��( %�]o.[2(#=2�
��;6'��1-6?	( " ��2)�� �3 Z�=*8( >2I " S$ �G�T�( 6F
(#G
d�G1g� #L� %( �� ��( 6=6��
( �� 
?	( D%( O; �2

�7� H1��6�3 ^F'G�2)&; S$ " >2I 
� &�I
&.�E6D
(#G
d�(U	( �3 
� B6�� .(U6U
X� �W17X� J16T���� Y�(�
(#3)'�9 6��� F���; 6'��1-6� ^2(#	 ����"I]o.[.&�("

( �� W"12
� ���6U'� 1
1')#�I 
�']��[� "6.(��'=2 " _17
 B�(#� ��]�u[���� !&2��� �3 �
��� .("(#	 #���; 6'��1-6�

?	( ���2)�7� 6��"&; !�-*��  �3 >6(#3 >)( �1v8 
��� D�
( ��
� D4!�#� !��G( �2&�( .

�"(6g��.(��'=2 "]��['�96�5�� F)��� ���; 6'��1-6�
4�  �� (��2)~$�'2I "�( H1�5 
*� �� .(#6�K)H1�� 

( �� >2I " S$
4�  D&��#� P�(U$ �2 .K�%#3 " .(�("%(�
]��[�6��#3 �3 U�4�  �2)36#���( D
3 �(#] �� D6#*�
D
�6��� �1v8 .(U���; 6�1-'�64�  �� (� ��2)~$�P�(U$ 

!�#�&�( .��� �_1�#� "]h[�]6�]�3 S$ H1�� �� &��(� !&
(U	(
�T�� BMg/Ca "pH&3 " !&G 4�  W17X� 
9#9 D6V
(#G
(#3 V���� Y)'�9 6��; F6'��1-6( �
� ��K��1G .

�3 ��#3 �1L���(
�(&� �� D6�2#*�(��; %( >)!%(&�( $<6#)
3 !&G6#*�
b�9 D6'�9 �� (� #6��; B��(#; " F6'��1-6&��(� �



&75 nm!��=G �n���3 �nlmp 4�  � #3 �� �6'��1-6��; B��(#; " F6'�9 �� #b1� F�(1] )�2. . .�s

UK9 %(
�/�1� ��2)7<,( �&<G !��/*<�( .( �� <
 7X9 P"� D<6F
�<2#*�(��; �<3 �_�]e@()!%(&<�( $<6#)&5 �1*��<	 "� !&<G <
&

#+9
� w�( " �1G
^2 #3 �1=] �1X� "� _�1, �3 �1*��	 "� D
� ^���&�1G .�*�6�2#)!%(&�( $6#)�3 !&G �(�#3 _�1<, �<2)

�=� U�#� ^2
� !�(� B��*�(� �� &�1G)(<
+9 �<2�(�#3 D6<6 D
!&���)-�1-E �b�9 6�(z$#)�*� #2 6#2 #3 #
�1*��<	 "� %( >
{#	���( .(#3��3
�*� D6�2#�
�*�(� �� ).I�2
&�G�3 .��'

 (�(� }c(" ��)b�9 6�(z$#)
�2�1*��	 #3 .��'){#	 �
.��<'
 <� (z� �&�*�2��#<� �1\<9 .(1<9(<
�*� D6(�(� �<2#)j�<T9�( 

&G
&)�3
&'
9�1, �� W�8 &�#-�( �� <
 �*� D6�*<�(� �<2#)
(�(� &�G�3 �*G(� _"�/*�)&G j�T9�( 
/�� &�&�*�2 .�<E #2

"(%
�)36�*�(� D)�*� "� 6�3 #���U� �5�� 
��Z� &G�3 #*'
 �*� �� ��(� .I #36(�(� �<2#)b�9 " �#<'7=] 6�(z<$#)_"�</*� 

(z� " !�13(�(� )+{ j�T9�( 6/��3
&'
&�#-]��.[
F'G�!%(&�( )�2#6�*� D63 j�T9�( �67� �� (� !&G )#6$-
4�  )�<{#	 )�<2�1*��	 �<3 !&<G �<��#3 )���<� �(1� " �2 

�/�1� �
UK9 �� !&G �T��X� �� .��� �7,( )�2 &<2� .�<K�I %(
�<<$C
" %( J(&<<'~62 �<<� �<<3 4�<<  �<<	�3 " �<<�I D3#<<� )�<<2

 ( )�2#*�(��;!%(&� !&G )#6$ .��� (� )�(� ��+� j�T9�( #-
� )
�
UK9 �� (z� �&��(&� �/�1� )�$C
" D
( %( �7,( )�2 !��/*�( �2

&�� .�� !&2��� �T�<� �<� �1<GMg/Ca �pH�S<$ �(&<�� �
W17X� O676� .(U6� 4�  �� �6'��1-6��; ���� �(&�� "" �2 

� " &
&<<G j�<<T9�( )(�(� �<<��#3 ��1<<� )���<<� �(1<<� �<<3 �<<T�

&�#-
&'
 .�$&���<�� " �<67
( ��6*'=�( �(&�� D63 �'�I W�8
 �'
#*'�())�1G � �G (4�  �� �6'��1-6��; �(&�� �3 " �<2

 �<� !&
� �/�� 01� %( )&
&G j�T9�( )��� �(1� �1<G .j�<T9�(
 �<� �6'<��1-6��; ���� �(&�� " )�1G D63 �/�� �<7] &<�(19

 �6'��1-6��; ���� .(U6� .�13 #*=�4�  (� �T�<� �1<G )�2
 4�  �3 &<2&3 �6<{19 �~$ " �'2I )�2 .!&2��<� D6<�~=2

�� �6'<��1-6��; ���<� �(&�� �3 S$ �(&�� D63 j�T9�( �� �1G
 �<�( #9&
&G >2I �(&�� �3 ���� D
( D63 j�T9�( %( .�<3 _��<T]

 ���<<� )�(&<<
�; Y
(#<<G �<</8 " F6'�<<9 �� S<<$ B<<�� #<<-
�
>2I B�� %( #*�63 �6'��1-6��;��( .

#-
� _�'� %( �'�
( �T�<� " �6'<��1-6��; �(&<�� j�T9�( �
Mg/Ca �(&<�� " W1<7X� J1<
U6�� .(U6� D63 j�T9�( %( #*�63 

��( �6'��1-6��; ���� .�3�T�<� D<
( #<-
� _��T]Mg/Ca 
4�  �� (� �6'��1-6��; ���� B��(#; " F6'�9 �� ��( " �<2

 �<� W#<*�� ���#3 ��1� )���� �(1� �<� &<�� J1<
U6�� .(U<6�
 �
���9 �3 W17X� .�� ��( �K
�*� )�*�(� �� ���#3 D
( R
�*�

 _1<�#� " ����  #*�6;]l[���<� D6<3 j�<T9�( �<6519 )(#<3
 &��13 !�#� �g(�( S$ " �6'��1-6��; .F� �� �� #L� �3 �� &��

 4�<  �� �6'<��1-6��; F6'�9 �<=6� " >�<  ?@�<�� )�<2
 ?<	( F6'�9 �3 �'
�U� j�T9�( >�  _�<�3#� �<G�T�( )�<2 �<2

)>6�7� ("$S)>6�t
� (��(� .�3�� #L� �3 �7� �1@ &�� ��
 4�  �
�6=6G1g� Y
(#GH1�� " �2 !&<��� D66+9 B�� )�2 )(

��(� �6'��1-6��; ���� F6'�9 J&] �
 F6'�9 �� .

��!E���
��)�7c _&G )q/u��; J"#*�-�I 6'��1-6�G�-� P(#; �� ��2)19#; (
3 �� O'6�("(#	 #-���36( #*�
��� D�?	( �� �2)�G�T�( 
S$)By (?	( �3 �T���2)>2I �G�T�( )Bk ( >=� ")Bz (��( .� Z�3 �(�1=� ^�� �� !��/*�( ��1� �(&](6-��64�  D�2)��( w7*�� .A"#8
���+� _"�/9 ��3��� ��d� �� �(�p�/p� .��� (� D'�(� .1�%I �&�2�.



����  ��*K8 .(#
( ����G ���� " ����G�173 �7K� �M

��!F�
UK9 P"� �3 �2�1*��	 F67X9 B
�=��/�1� )4�  " )���� �(1� �� #-
� )�2#6�*� " �6'��1-6��; D63 j�T9�( #-��63 �� �7,( )�2 -
��( ���#3 ��1� )�2 .

�3 519 �1L��6/�� j�T9�( ��<36��<� D��<2)*'=<�( 6" �
��;6'��1-6( � ��G " �
I �� ^�� D
��; �6'<��1-6�1<51� �

4�  ��2�)��#3 ��1� �*'=�( %( 6( �
��( !&G ��K
 �6�#
���+9 Y3("��36��� D�*'=�( 6����; 6'��1-6%( !��/*<�( �3 �

����+�);6�����)"
>3 " �1]nm[�#96&G ^.
5 palygorskite + 15.6 H+ + 24.4 H2O = 3 smectite 
+ 7.56 Mg++ + 15.6 H4SiO4
Log K smectite-palygorskite = log Mg++ + 2 pH + 2 log 
H4SiO4 = 5.75

�*�
7� �� �(� .��� R6�)4�  �2)��#3 ��1� �?	( %( ^]( -
�2)��� 6�7� �>6� " >
�t6!#*�$ �� >)�;
�(&)��� �
��;6'��1-6� }c(" ��&�1G)F'G�.(� _��T] �3
( �� #-
D

4� ( �2
��� D���; 6'��1-6�; �� ��( �
#9�(&
(� %�	 D
'�96� F��" �&2���3� #L��(#G �� &��
�; Y
�(&)��� �
��;6'��1-6?	( �� ��2)�3 �T�� >2I " S$ .��U=2 �G�T�( 

4� �2)�
��#3 ��1� #-�36��( #*� ..��U=2 �1v8
*'=�(6��; " �6'��1-64�  �� ��2)��#3 ��1� �W�=*8( �
'�96��� F���; 6'�1-6*'=�( %( (� �61�9 �
� ���" �&���
Tb(( _�
� �]�( D63 _�]e@( &��%�6#*�)��( ..(��'=2 " (%13 

]�m[��d�� ��)�1$�9�; 6�)*�(��I 69�"(� " #-�1� " D�]lp[
31�5 B�3 ���(
� ���6U'�1
!#�3 �3 1'$6#)�(�1=� %( 

�;
�(&)*'=�( 6����; 6'��1-6(#G �� &��(� .��� �
(#3 Y)
'�96��=*8( F���� ���; 6'��1-6=�( %( �*'64�  �� ��2)

(
�� ?@��� D6���.
���
��)�; �(�1=� 
�(&)��� ���; 6'��1-6�(1� �� �
����)G#9 6��)�6��8 U��; %( 
�(&)36��� #*��
��;6'��1-6H1�� �� ��2)7;6� " D�16�3 �T�� D�1

H1���2)�( �D�1g( 6�( " D�1-6D�1- ��6��( D�1)F'G
o.(7]6��� �1v8 J&] ^�#���; 6�1-'�6H1�� �� ��2)
�(6(#G �D�1-
G1g� Y6=6��
(
H1�� D��8 �2��; %( 
�(&)

T������ ���; 6'��1-6'�9 " �6��=*8( F�*'=�( %( .I 6�
��( .( �7]
�G"� �3 #�( D�� �{(" 6�" ����] �3 ��3 6!&)

9�"(� " #-�1��]lp[�
'�Z� %( 
�(�1=� .�13 ?	1��� F�2)
�;
�(&)*'=�( 6����; 6'��1-6; �� �63 B6���;
�(&)"
�;��
�(&)��� ��2)
	�� !&G ����� W��+9 .��% .�1T� 

(#3 H1�� " 4�  W17X� �(#�*�();6B36��(#G 
Y
G1g�6=6��
4�  H1�� " �2�2)&c
=���( .



&75 nm!��=G �n���3 �nlmp 4�  � #3 �� �6'��1-6��; B��(#; " F6'�9 �� #b1� F�(1] )�2. . .��

��!G�; �(�1=� 
�(&)�6��; ^*�6'��1-6��*'=�( 6�#9 f��( #3 �6G V6=6��
��1=� �2)4�  ���� �(1� ")��#3 ��1� �3 �� 6�; #-��
�(&)
36��; #*�6'��1-6?	( �� ��2)?	( �3 �T�� S$ �G�T�( �2)�;�� " �>=� " >2I �G�T�( 
�(&)T�� �(
��� D� #3 �� �?	( �2)Xd� �"

H1���2)��( D�1g( .

�!���� 
�37� �1@�4�  �� ���� �(1� " �2)��#3 ��1� ����� 
F3�c #

�519���� ���; 6'��1-6� �
� !&�&�1G .������; 6'��1-6�
( �� �151�
4�  D3 �26�� x�( �3 #*�6���� �(1� %( !&)�� "

��(1�)�6&G !&2��� %����  !�-*��  �3 U.^��#9
F�(1] D
'�9 �� #b1�6��� F���; 6'��1-6( �� �
�T�� ?@��� D

Mg/Ca �pH� �6� .(U676��� �1v8 �(&�� " W17X� O��2)
��( |e�( " >2I �S$ .��� .��U=2 �1v8��2)�T9 6#)

��� �3 >2I " >=� �S$ &�������; 6'��1-6� ��.��� &�(19
!&�2�)'�9 6( F
��� D���
X� >6�T9 Y6#)&G�3 .�
U
�G�-��2)�6�"#*'�( Q1'�"#'��3"� ��6�'8 U
'�9 %( �6F
�5��)��� ���; 6'��1-64�  �� �H1�� " �2�2)��1� 
��#3���(� .�#96�; �(�1=� ^
�(&)*'=�( 6����; 6'��1-6�

!&�2� .���)�;
�(&)��; 6'��1-64�  �� ��2)~$ ��1G �
'2I "���#3 ��1� ���(� .�"�(#G 
G1g� Y6=6��
(#3 )

�;
�(&)(
��� D�4�  �� �2)~$�364�  %( #*��2)" �1G 
'2I���( .

�37� �1@�� #L� �3 �� &�� �'�96�1v8 " F
��;6'��1-64�  �� ��2)��#3 ��1� ���9 �3 
�~�)�%6D-

���G�� ��d�� 6��( �*�3(" U.(#G �15"
3(�#� Y�# ("( �� 

!�"�)G#9 6��)��� �3 !(#=2 )%
( W1@ �� (12 ��
�3 �!�"� D
�&9
'�9 �3 #K�� R6&3 " !&G S$ F
9#9 D6(U	( �3 V
�T�� B

Mg/Ca(#G 
(#3 Y)'�9 6��� F���; 6'��1-64�  �� �" �2
H1���2)(
!&G ^2(#	 ?@��� D&�( .

4��� H�
U2
���2)(
1� %( B2"C; D)*+�, !�-��(� ���<9 .��/,( 6D

&3 �� ��( !&G
�1�6�(��&c �7����1G .�~=26��'=2 %( D)
��%I
!�-��2)XRD "SEM 7; !�-��(� ��'96�� �� �9��� >

��%I J�K�(
@13#� _���(U-��t� �)���1G.

I8��
 
[1] Brady N. C., Weil R. R., "The Nature and 
properties of soils. 12th edition", Prentice Hall, 
New York, (1998) 881 p.  

]�[��Tc
0 .�.�"�6�=)( _e	 
.(#"�G !�-��(� _(���*�( �6&
�.��#� #�2�3)�hM�.(

[3] Khademi H., Mermut A. "Source of 
palygorskite in gypsiferous Aridisols and 
associated sediments from central Iran", Clay 
Minerals 33 (1998) 561-578. 

]�[��3�
J.|.��1� ��0.�3 �)��13 )J.91'7� ��J.�.�
"4� �2)(
.(# :1� _Z1X9
����G �� D�
&� �
#
!#�3 " �

�(�#3)"� _(���*�( �6���)�h�� (����X/, .



����  ��*K8 .(#
( ����G ���� " ����G�173 �7K� ��

[5] Khademi H., Mermut A. R., "Submicroscopy 
and stable isotope geochemistry of carbonates and 
associated palygorskite in selected Iranian 
Aridisols", European Journal of Soil Science 50 
(1998) 207-216. 
[6] Henderson S.G., Robertson R.H.S., "A
Mineralogical Reconnaissance in Western Iran". 
Resource Use Ltd. Glasgow, UK (1958). 
[7] Burnett A.D., Fookes P.G., Robertson R.H., 
"An engineering soil at Kermanshah, Zagros 
Mountains, Iran", Clay Minerals 9 (1972) 329-343. 
[8] Singer A., "Palygorskite and sepiolite group 
minerals", in: Dixon, J.B., Weed, S.B. (Eds.), 
Minerals in Soil Environments. Soil Science 
Society of America.Madison (1989) 829–872. 

]�[X��,�J.|.���  ��|.#� �
=6J W�Tc( .�.�"����G�
"
'�9 !1X�6��� F��2)���4�  �� �2)#	 ��d�� �#�� 

*�3 " W�X����E .�*�(6��)"%�"��� .1�	 " J17] �)}3��� "
T@6+�!��=G ��)�h�� (i�h���.

[10] Owliaei H. R., Abtahi A., Heck R. J., 
"Pedogenesis and clay mineralogical inversigation 
of soils formed on gypsiferous and calcareous 
materials, on a transect, southwestern Iran", 
Geoderma 134 (2006) 62-81. 
[11] Khormali F., Abtahi A., “Origin and 
distribution of clay minerals in calcareous arid 
and semi-arid soils of Fars Province, southern 
Iran", Clay Minerals 40 (2005) 191-203. 
[12] www.irimo.ir/english/statistics/climn/index.asp  
[13] Nabavi M. H., Houshmand-zadeh A., 
Bakhtiari A., "Anarak geological quadrangle map 
of Iran no. G7. Scale 1:250000", Ministry of 
Mines and Metals and Geological Survey of Iran, 
(1986).  
[14] Nabavi M. H., Houshmand-zadeh A., "Khur 
geological quadrangle map of Iran no. H7. Scale 
1:250000", Ministry of Mines and Metals and 
Geological Survey of Iran, (1987).  
[15] Amidi S. M., "Abadeh geological quadrangle 
map of Iran no. G9. Scale 1:250000", Ministry of 
Mines and Metals and Geological Survey of Iran, 
(1983). 
[16] USDA-NRCS., "Soil survey laboratory 
methods manual", Soil Survey Investigations 
Report, No. 42.Version 3.0 (1996) 693 p. 
[17] Jackson M.L., "Soil chemical analysis 
advanced course", 2nd edition., 11th Printing, 
University of Wisconsin, College of Agriculture, 
Madison, WI, U.S.A. (1979) 991 p. 
[18] Weaver C. E., Beck K. C., "Miocene of S.E. 
United States: a model for chemical sedimentation 

in a peri-marine environment", Sedimentary 
Geology. 17 (1977) 1-234. 
[19] Farpoor M.H., Khademi H., Eghbal M.K., 
"Genesis and distributon of palygorskite and 
associated clay minerals in Rafsanjan soils on 
different geomorphic surfaces", Iranian 
Agricultural Research 21 (2002) 39-60.  
[20] Verrecchia E. P., Le Coustumer M. N., 
“Occurrence and genesis of palygorskite and 
associated clay minerals in a Pleistocene calcrete 
complex, Sde Boqer, Negev Desert, Israel”, Clay 
Minerals 31 (1996) 183-202.  
[21] Viani B. E., Al-Mashhady A. S., Dixon J. B., 
“Mineralogy of Saudi Arabian soils: central 
alluvial basin”, Soil Science Society of America 
Journal 47 (1983) 149-157.  
[22] Aba-Husayn M. M., Sayegh A. H., 
"Mineralogy of Al-Hasa desert soils", Clays and 
Clay Minerals 25 (1977) 138-147. 
[23] Aqrawi A. A. M., "Palygorskite in the recent 
fluviolacustrine and deltaic sediments of southern 
Mesopotamia", Clay Minerals 28 (1993) 153-159. 

]��[#�
=�0.�e5 �6( .�.���  ��|.�"'�96%19 " F
}
��;6'��1-6��� " ���2)���4�  �� !(#=2 ��� �9 " �2�-
�2)&��� H1�5 "���G�173 �7K� ����� "����G�(
�.(#

 !��=G�)�h�� (is�s�ss�.
[25] Vanden Huevel R. C., “The occurrence of 
sepiolite and attapulgite in the calcareous zone a 
soil near Las Cruces, New Mexico”, Clays and 
Clay Minerals 13 (1966) 193-207. 
[26] Millot G., Nahon D., Paquet H., Ruelian A., 
Tardy Y., "Lepigenie calcaire des roches silicatees 
dans les encroutements carbonate en pays sub-
aride Anti-Atlas, Maroc", Science of Geology 
Bulletin 30 (1977) 129-152. 
[27] Eswaran J., Barzanji A. F., “Evidence for the 
neoformation of attapulgite in some soils of Iraq” 
Proceeding of 10th International Congress of Soil 
Science, Moscow, 7 (1974) 154-161.   
[28] Kenkel N., "On selecting an appropriate 
multivariate analysis", Canadian Journal of Plant 
Sciences 86 (2006) 663-676. 
[29] Bouza P. J., Simon M., Aguilar J., del Valle 
H., Rostagno M., "Fibrous clay mineral formation 
and soil evolution in Aridisols of northern 
Patagonia, Argentina", Geoderma 139 (2007) 38-
50.
[30] Monger H. C., Daugherty L. A., 
"Neoformation of palygorskite in a southern New 
Mexico Aridisol", Soil Science Society of America 
Journal 55 (1991) 1646-1650. 


