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

÷

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

,��# -�./ 01�'�� (!�2�*

�����  �!"#� $�%&� � �'(�)�&* $+,&� � ��-�#&*�. $)/0 

34��5 :���*���* �123 (  �-� '�4 '�4��	�5� /6  �07
) /8 ��39: ;8�< ;��,: ;= /� (  '��2� ) +�� � >�. �
�525?9,
@5	 '�4
+#!�4 >�. .� 9� �� �B ;5,&: C
 /? ) �
�,-�9%5��D �93) �-�/8 E+4 �8 F4)7D G
 '����>�. )�� '��5?/: $�)� '�4

+? H�I�  J��	 ��!-  K � � ��!-/�? .�9L#� G
+8 ( � +":�>�. M/25� ) +�(�- � '�4��N#��92� +? '� �/8 .��92� �4�8O /D P#- 
�&8)� ��)/!,�  Q9,-)/,5� ) R,
  9:/D+�+? �-�/8 ./8���* S5*/: ��
��� J�-  � 9� �-�#?'����>�. )C
 /? �;��= '�4

 ) � +�� �;5,&: ��!�
��
�,-�9%5��D��-$�%!-�.D ��N#� �� ���* G
  ' /8 '� )B ) (��*�. ��6� 9:+
�/0 ���#&5 .P
�!��
@I: 
���9� �* � � ��&� �1�  '�4�� +�) T0 ��5!,2-  �,
/!,�  �0+#��-� �U�� ) V91W� X
@5#� ) X5�1* ��51
  �Mg/Ca G
/:/69�

>�. �� �
�,-�9%5��D F#* /D ) ;5,&: �� ;� 9Y �� >�. V91W� (  ���* '�3�� ) (��*�. ;5,&: /%��58 �* +#!�4 ��N#� '�4
/?�-Z�8 /5�U: �8 C
 .

37���4�89 ��':���*'�4�-� [�
�,-�9%5��D ['��5?/: [� 9� ����'[���9� �
@I: �1�  '�4.

(�4:� 
���* �-� '�4/56�:;8�< �07
) /8 ��39: �
�525?9,
@5	 '�4

+�� � >�. .J� $)/0 (  �
�,-�9%5��D S��\ ���* ��	�5�  '�4
>�. (  '��5�8 J� F�84�-  ]&. ^_�#� `�89-� ) �.

>�. �� ���* G
  �93) ' /8 � /
  `�89-� ) �4G5!��� �� ��8 
V�-abcd ]a[)Rg- V�- �� abhi ]i[O� @0 ��) +?

�-�/8 G
  ���-  $+&� $��?  ���* G
  jU#� �8 �4.
�� �
�,-�9%5��D ' /8 �1�  $�%!-�. )� �1* �9_ �8

>�. �4k/N� �* �-  $+? ( +#:��UY $��� (  �+5-� l�  �8 
����'(��*�. `�9� �8 ;5,&: )$�%!-�. )� ;��? �6� 9:

�-  X�� +#
B/	 :m� (n#- �� �
�,-�9%5��D ���* /!�8 
$��� (  >�. ;5,&: '�4+#
B/	 �_ ) �� � �93)����'�8

�� l� +-�)K(K9-� '�4+#
B/	 ^
/_ (  �
�,-�9%5��D -

�� �	�o  >�. M/25� �8 '��8 �
 �8B '� p09?�.����9�
�� @5� �
�,-�9%5��D '�3�� ;5,&: $+2Y +#
B/	 )� �8 � 9:

�/* $��? :���� (  �
�,-�9%5��D �,#
  ���* �0�( 94 '�4
 /%
� ) +
B �93) �8 �5#5�9q�* ) �5!,2-  ��51
  +#��� /%
�

�� �,#
  ^
/_ (  +� 9:�:�#5&� $ /24 �8 �>�. V91W� (  
���*`�#8/* �T0 +#��� '/5�U: '�4 ;5,&: ]2� ) �49?�

]r[.
O� @0 /8 �#8O��,24 ) ����. ]s[��
�,-�9%5��D �93)

 � 9� ������') � /
  `t	 �+�B Z�8 �8 '@*/� � /
   +3
�+? ;5,&: ) �-�:/* /. )  �� �1�  J9��5<  (  R5!: '�
�� 

�u�
�� ) �4KZ�:J� ;5,&: ' /8 �9? ) ^2Y X* '�4 '�4
�	�5� $� � �U�� ���9? .G
 � /%&4)7D �* +��/* ��58 

 vY�8 �T0 �#5&#�: �U�� F
 @	Mg/Ca )pH) $+?
∗G�1: �V9w�� $+#�
9� :xr�rr��rryr/8�2� �:xr�rr����z��,5�)/!,�  ��D �:hkhademi@cc.iut.ac.ir 

) ��58 V�-X&? {��2? �H)� ���!�8�:��|W�� (  ���r �: �r� 



����. �M/4�? ?�918 �1I�� /
  �-�#? ���* ) �-�# ���

�� ��I
  �
�,-�9%5��D ;5,&: ' /8 S-�#� C
 /? �9?
]r[.

�/%
� �&4)7D �� >�. �� �
�,-�9%5��D '�3�� ;5,&: -
�� ]4B ) T0 K9-� +��5D  � � /
  K9#3 �,4B ) �}0 '�4

 G
 >�.�/* O� @0 �4$ +�]z[.�./8�92� ��58 $ �* +�
 >�. �� �5!,2-  ) �
�,-�9%5��DS1\  ) +�� � �93) X4 �8 

>�. ~N- �� �
�,-�9%5��D F4�*  � �5!,2-  F
 @	  �8
!�� � n#4�24� +�]�[.

>�. �� �
�,-�9%5��D ���* ;5,&:+#�(�5� C
 /? G5�( -
$7
) �
�525?�-  '  .O)� (  �,
 $���!-  ��9� '���B '�4

 G
/:/69� �5�&: ��;� 9Y ����* G
  F#* /D ) ;5,&: �� 
���9� �
@I: �1�  '�4�-  .�
@I:���9� �1�  '�4)PCA ( ( 

V) +!�O)� G
/:'���B '�4 $/5�!� +#u �- �*C8 )� 
�� ��&�  � /5�!� +#u G58 $+? $+4�&� �U�� �524  ) +4�
�� ��58  � $+
+D ]
 /8 /69� '�4/5�!�+#* .O)� (  �9#*�:

���9� �
@I:�#5�( �� �:)��!� E +4  ' /8 �1�  '�4 �
�4
 �9u ��-�#&*�.KB�-�#? ��-�#? 94 ) KB ��
( C5W� )

G
  �
 ��* /%��58 �* �-  $+? $���!-  O)� �-  .
(  $���!-  �8�
@I:���9� G58 �%!�U24 ) �1�  '�4

���* ) �
�525? '�4/5�!� �-�#?�!�� 9:+� $��< `�89-� �8 ' 
 R�9: �9&* �� ��9w��D G-  � J�-  /8 $�%!-�. �"5U_ )

���* �4 �89. �8$)/0 '+#8 +##*]�[.�1
  ���,
/�  @
9� G
 
 G55": ' /8  � O)��.�?�4�� >�. �5�5* 'G5�( /
( '�4

�&* X�? �)+8 $�/8 ��* �8 +� ]y[.( $���!-  �8 �G5#}24
 �
@I: O)����9� ��1�  '�4�07
)'�4 �� 9Y ) >�. 

'�
9- ) `�� �/,12Y '/
pD/55�: /8 /69� �#5�(G5�('�4 
+? G55": ��%5&5��-  $]�[.

�-�/8 �'@*/� � /
  $7
) �8 � /
  m1!�� ^_�#� �� '�4
 � 9� �� �
�,-�9%5��D �9�= $��8�� '�+"!�����'>�. )�4

�-  $+? H�I�  .O/!�0 (  J��	 ��!-  �� '��5?/: `�89-� 
� 9� G
/!2�� �123 (  ) +�� ��9./8 '/5%2&u����'>�. -

��N#� G
  �� $+? ;5,&: '�4+#!�4 .93) �u/0  ���* G
  �
K � � ��!-/�? ��O� @0 �-  $+? ]�x[C
 /? ��) 

;5,&: m1!�� �93) )���* G
  � 9� ������'�90��90 �8 
>�. ) '��5?/: G- '�4$+�B/8 ��N#� G
  �� ���B (  �-�/8 

�-  $+&� ./69� ;� 9Y �-�/8 E+4 �8 F4)7D G
  �G
 /8�#8
 � 9� �� �
�,-�9%5��D ���* F#* /D ) ;5,&: ������')

>�. $+? ;5,&: '�4/8'�4+�(�- �m1!� �� '��5?/: $�)�
�	/0 H�I�  K � � ��!-/�? .

��9 ;�� 
��9� ��N#��-�/8 K � � ��!-/�? �� ��!-  �</? K9#3 ��
 �� ) J��	$/!�0 �
�5	 /�3 V9_ cs) �3�� aa�: ��5<� cs

) �3����) �</? ��5<� id) �3�� ss�: ��5<� id�3�� 
)c��-  j< ) ���2? �/Y ��5<� .G5%��5�  94 '��� ��Z�-

�� �3�� � /%5!��- �0+���8 ���5��- G5%��5� ��/��� /!2515� 
]��[�H�L�>�. �!89_� �2:]5!-9
 )�
��� H�L� >�. 

]5�/:/g
�4 �-  ]ai[.
����* /
�- ) �
�,-�9%5��D �9�= �-�/8 ' /8 ��-� '��4

 � 9� ��'���� G5�( H9- � �)� /�8 ��-�#? �&��� J��-  '��4
G5�( �-�#?a:a����� (  ���!-  �$���� ��92� '����� X��� 

��92� ��N#� '� �/8+?.( R�D (  ��
 /W�� '�4+�
�(�8 ��24 
^	  �,5!�� '�4 >�. M/25� K9-� /8 �!	�
 O/!�0 '�4 '��4

 G�-951D G5#�- �8 '��5?/:��G�-95� �G�-951D �G�-9!-951D 
G-9w��D��-�:/* �G-9q  ���92� G-9w��D '� �/�8 +�? .���92�-

>�. (  '� �/8 � 9� ) �4'���� ��- ��: )� ) S�*/� `�9� �8 
�8 �39: �8 � /,:�0�0�/!+? H�I�  +�(�- .V)+�3a��07
) -

G5�( '�4�� ��&�  � �-�/8 ��9� ���� �-�#?+4�.

<�42 =�	/"� ��92��4)G-� 9� '���� >�.'�4 ��9� �-�/8.
��92� $��2? +�(�- G-K9-� �9� 

�'��5!�8)PLQb(G-951D�G-9!-951D �-�� � /�91%#*n#- 

�'��3�\B)Pla(G-951D �-�� /�91%#* ��,4B n#- 

r�g2u 9�Y)Mcp(G-95� T0 ��5�9�)� �]4B n#- 

�>( �)Mrz(G-95� ]4B n#- ����� 

zH/�3)PEj(G-9w��D �G-9q  ]4B n#- ��5�9�)� 

��9u�-)KPes(�-�:/*�G-9w��D �5�9�)� �T0 ��,4B ���� 



+13��$��2? �����!�8�: �r�� '��5?/: `�89-� �� �
�,-�9%5��D j
(9: ) ;5,&: /8 /69� ;� 9Y. . .��z

��92�j23 (  RD >�. ) n#- '�4 $�%&
��(B �8 '�)B
+? ;�!#�$�]� (  ) $+? �/. K�5-B C-9: i�15� '/!�

+�+? $� � �9UY .�0+#��-� �,
/!,�  )EC ( )pH��92� �� �4
$( +�  ��U?  $���Y +? '/50]a�[.+��  /!5: O)� �8 ]4B �

��/* O)� �8 ��B G8/* ��9!-  O)� �8 T0 ) �!&0/8 
+
�/0 G55": �g5D O)� �8 >�. �	�8 ) /: F
��* ]a�[.

�8 ��U?  $���Y �� V91W� X5�515- ) X
@5#� �X5�1* � +��
 $���!-  ()ICP-MS(V+� Agilent 7500ce$( +�  '/50

+? .
���* �
�-�#? ' /8]2� ) T0  +!8  ��-� '�4 �V91W� '�4

`�#8/*��92� � (B G4B '�4+5�*  ) ��B � 9� ��4 �8 S5:/: �8 �4
X
+- `�!-  /	�8 �/N�� KB (  $���!- �]5!-  +5-  a�V��/� 

��75�*  KB��` /!5- /	�8 ) +��� ��8*`�#8/�'�`��95:
+�+? Ep= X
+- .$���B (  RD'(�- J� F�8 ��5�)  '�4

��92� +? ]5,�: �4]as[.� +�� s��15�H/0 (  J� ��92� /4 

�W: '�4��25: ��U? '(�- �8 X
@5#� �)/1*)��U? '(�- �8 

�)/1* X5-�!D) �	/0 � /< ��25: G15:  ���8V9,510 /8 ��92�-
'�4 (  ��U?  X
@5#� )��25:�
��/0 �� '��� cc� �3�� 

� /%5!��- 8/��92�'�4 ��U?  (  X5-�!D +? H�I�  ]a�[.��92�-
$+? ��U?  '�4C-9:O /D V+� R,
  9:/D P#-Bruker 

AXS, D8 �8F8�:H��,: Cu-Kα�8 �Y/-F8)� c/��3�� 

��(B �� ��5<� /4 ���*/� $�%&�� � �@��%&1D $�5#,: ��]

�5��g-  �� �#.�:��*�-�/8 ) +�+? m5_,
  9:/D O /D ��4�R
+�+? �5�: ��92� /4 m1!�� ��4��25: ( .�
@I:�25� �2*

���*��92� �� �-� '�4 ��9� '�4�-�/8 ) @�93 O)� �8 
H�I�  � ��,24?+]ac[.

� /8 �-�/8�
����-�#?-�9%5��D���= �� �5���
"5U_����B �U�� /
���� )-� ��4��92���� ��( $��9

.�4>��� ) ��� 9����'�)� G8/� ��u �8 �-�/8 ��9� 

�D�4��5#5�9�B �����9�
Z �8 ) $+? $+��U�u t_ (  ' 

+�+? $� � F?9D .
 ��92� G�4��8 ���)/!��  Q9�-)/�5� ���
8)���&V+�Rg515	 �-�/8 +�+?.

G
  ��F4)7D ��9L#��8 �8�
(� :X���G
/;� 9Y �� /69� 
�5,-�9%5��D ���* j
(9: ) ;5,&: ��
@I: �1�  ��4���9� 

+? H�I�  .��9� �
@I:�4���� � /8 �1�  ���
) /
���!0�@8 $7�/
( a8 )�2Y  ��58 V��C5W� �� G,2� �/
pD ��-/0� G
/!&

H/� � @	 SPSS+? H�I�  .' /8 R*�2
� ) F./u��)B/8 X�- 
���9� (  ]
 /4 �� �4/5�!� (  ]
 /4 R��
� ) �1�  '�4

 +? $���!- ]a�[.���9� G58 �N8 � �%�9%u G55": ' /8 '�4 
��1� �-�/8 �95�0��+#u $/5�!�+? H�I�  .K��!�  �8

S-�#����9� G
/:� ��)B/8 ' /8 �1�  '�4� +� ��
�,-�9%5��D 
����"��95�0��+#u �N. $/5�!�)O)��95�0�H�0 �8 H�0 (

+? �q �  S-�#� .�#"� ~N- �� G55U: S
 /o �51* '� �%c)
%a�	/0 � /< FI#- ��9� @5� .


 � >�� *?@
,*�9 ��� ,�� ,��A�����"�# ��'

�./8 �07
)'�4 �,
@5	 )�
�525? � 9� ����')>�.'�4 

��9� �-�/8 �� V)+3 i$��)B $+?+� ./8P
�!� G
  J�- �24 �
��92� ��9� '�4�-�/8 ]4B ��
( �: C-9!� /
���� ' � � 

+#!�4 .pH��92� ( @5� �4�/h�:i/d��&� �* �-  /5�!� -
�-���B ;5,&: ���( �� �
�51< C
 /? �93) $+#4� .� @5�

�0+#��-�>�. T0 ) �,
/!,�  �4��� 9� �'��� ��9� �-�/8 
(  S5:/: �8�s/��:c/a) /!� /8 R#2
( �-� bs/��:a/s

�� /55�: +���+#* .
���* P
�!���92� J� F�8 �-�#? � 9� '�4����')

>�.G5�( H9- � �)� '�4�#? ;,? �� �-��� $+
� �9? .
�5,-�9%5��D �� �-�/8'�4 9:/D ' � � R,
  ]
 �1< +
+? 

�1��	 �8 `�W�� �!-� �8 �98/� x�/��:x�/��1< ) /!�9��� 
�� /!2* `+? �8 '/%
���/x�-  /!�9��� ]a�[.��25:

�
��/0 cc� �3�� � /%5!��- vY�8 �?t!� �+? ���* Ep= )
�1< G
  �� �4�9? .�1< �,
�@� '�4x�/�)x/���� /!�9

�q�-�#?  � �5�-�9%5��D �� �3 9� ;,&� �8�(�- �8 G524 

�;5�� �Z92"� (  �1< ��/x' /8 /!�9��� �
�-�#? �5�-�9%5��D 

$���!-  ����/0 ]ah[.
�1< �93)�z/�G15:  ��25: �8 �* X
@5#� ��25: �� /!�9��� 

�8 V9,510z/��:y/��� ��,� /55�: /!�9��� ��&� +4� $+#4�
 G15:  ��25: �� �1< ��,� /55�: H+Y ��) ��-  �5!,2-  �93)

�-  �
/1* ���* �9�= /%��58 V9,510 .�1< �?9g24 ;5�� �8-
� �8 �
/1* H���u ) H)� �U:/� '�4 ��5#5�9q�* H)� ) V)  �U:/

 �B H9- �U:/� �1< (  +
�8 �5#5�9q�* �
�-�#? ' /8)��/x
/!�9��� (�/* $���!-  .



����. �M/4�? ?�918 �1I�� /
  �-�#? ���* ) �-�# ���

�?�%� O /D���* �9�= (  �*�= R,
  9:/D '�4 '�4
 �8 �5!,2-  ) �
/1* ��
�,-�9%5��D ��,5� ��5#5�9q�* �@:� 9*

��92� �� `)��!� /
�����-  m1!�� G5#- �8 '�4 .�8�8 �39: 
���* G
  �93) � 9� �� X4 �4����>�. �� X4 ) '��9� '�4

�� /L� �8 ��-�/8���* G
  $�%!-�. �* +-�>�. �� �4 '�4
�-  �6� 9: �-�/8 ��9�.$�/* O� @0 � ��,24 ) '�+5= +� 

]�y[>�. J� F�8 � /
  K9#3 �� �*�:�) '�4 V9-
$+? ;5,&: �
�,-�9%5��D ���* (  /!&58�-  .G
 
>�. G
  �� �
�,-�9%5��D �9�= � /%&4)7D l�  �8  � �4

$�92� �8�
(�  ��N#� �� j< ) '��5?/: `�89-� (  $+5-�+�  .
>�. /8 �&4)7D P
�!� �� ����( �� 9: ]
 �� �939� '�4

 J��	 ��!-  ��!-)/- ��N#�]��[( �&�8 �* �98 G
  /%��58
>�. �� �939� �
�,-�9%5��D � 9� (  ��4����'l�  �8 �,4B 

G
  �9�= �� @5� '(��*�. '�4+#
 /	 �*+#u/4 �-  $+5-�
>�. �� ���*�-  /69� ��5�8 �4.>�. �-�/8 '�4 �}0 

O/!�0 /8 �!	�
 K9-�'�4 '��5?/: �� �&�8 (  � /
  
'@*/�]r[G
  (  �./8 �� �
�,-�9%5��D �� ) /	 �* � � ��&� 

>�. �B �93) ) ]&. C
 /? �� ���* G
  '� +
�D ;5�� �8 �4
n#- ���-  $�98 ��N#� �89-� '�4 .>�. �-�/8 �8 '�4

 �� �
�,-�9%5��D �9�= �F* /� �� �
 9
�u ��N#� �D/* �(
>�. G
 ���� (  $+5-� l�  �8  � �4 @0 �-�:/* '�4$�/* O�-

+� ]�x[.

<�42B) �./8 �07
 � 9� '�4����'>�. ) H9- � �)� �-�/8 ��9� ��N#� �� ���B (  $+�B/8 '�4 
��92� ^2Y EC pH]4B T0 G8/*OCG? �15- J� Mg2+

/Ca2+Ca2+ Mg2+H4SiO4

(cm) (dSm-1)(%)��B (mgl-1)

+�(�-PLQbK9-� ')� �!	�
 O/!�0 >�. M/25� )�B '�4 
PLQb�x�/x�/y�y��/�xr�/.���xz/x��x�/��/x

A�x�x��/xr/�z/��  y/���/rzyr�yx�/x�/�z  �z/���/�
C1 �x��xr/x�/���y�/���/xr�z���xy/xy/zx  �/���/�
C2 �x+�r/xy/�rrx�/�y�/x�yz��xxy/x�/zz  �/�y/�

+�(�-Pla1 O/!�0 >�. M/25� )K9-� ')� �!	�
�B '�4 
Pla �ah/��/y�y�/�xry/.���xy/xr/rr  ��/��/�
A�x�xy�/x�/�z�y�/���/xz�r��x��/x�/��  ��/�x  ��/z
C1 zx��xr/�z�/�z/z�  �z/�y�/xzxry���/xy/��  �/�z  �/��  

C2 ��x �zxz�/x�/�z/�x  �/���/xyx�����/x�/y�  �/��  y/��  

+�(�-McpK9-� ')� �!	�
 O/!�0 >�. M/25� )�B '�4 
Mcp ��r/x�/y����/x�si/����x�/x�/��  ��/x��/x

A�x�x��/xz/�z/�z  �/�r�yry����/xy/�y  �/z��/�z  

C+�x��x��/x�/����/�z�/��x���y�r/x�/��  �/zy/�r  

+�(�-MrzM/25� )K9-� ')� �!	�
 O/!�0 >�. �B '�4 
Mrz ��z/xx�/y�y��/�x��/x����r/xz/��  �/ry/�
A�x�x��/xy/�z/��  ��/r�zxr���xz/xz/r�  �y/�
Bk zx��xii/�y�/�z/�r  �/ry�/x���x��x�/xz/�x  ��/x�/�
Czx+��/x�z/�z/z�  �r/r�z/x��ry�xxz/x�/r�  ��/�z�/�

+�(�-PEjK9-� ')� �!	�
 O/!�0 >�. M/25� )�B '�4 
PEj ��/x�/yz/�y  zy/�x�y/x���x�/x�y�z/x��/x
A�z�x��/xy/�z/zz  �/r�/���zx�yx�/x�/rz  �r/��/�

Bk1 �y��zz/��/�z/zr  r/r�/x��z���xz/xry�z/�y�/�
Bk2 �y+��/x�/�z/zx  �/�z�/x��z����z/xr��/���/�

+�(�-KPesK9-� ')� �!	�
 O/!�0 >�. M/25� )�B '�4 
KPes -a/���/y���/�x�r/.���xy/x�/��  �r/��/�

Ai����d/��/�zy�/ryr/x�����xxy/x���/r�/z
Bk �z��x��/x�/�z/zy  �/r�z/x�y���xx�/x�/zz  zr/�
2C yx��z��/xy���/���/x����y�x�/xz/�y  ��/�y/r

3B'k ��z �yxr/xyz��/rx�/xzx�x�x�/xy/��  d/��/r



+13��$��2? �����!�8�: �r�� '��5?/: `�89-� �� �
�,-�9%5��D j
(9: ) ;5,&: /8 /69� ;� 9Y. . .���

���=O /D�?�%�G15:  ) ��U?  X
@5#� '�4��25: (  R,
  9:/D '�4 � 9� J� F�8 �� V9,510'����>�. )4��92� �-�/8 ��9� '� '�4a�i�
s)c+#!�4 H/�3 ) >( � �'��3�\B �'��5!�8 '�4+�(�- �8 �!�8 ) S5:/: �8 �* .

�?�%� O /D R,
  9:/D '�4�� ��&�+4� �* 
>�. �24 �� ��
( �: X* /
���� �� �
�,-�9%5��D ��9� '�4

�-�/8 �* �� � �93) /%��58 ;5,&: ' /8 S-�#� C
 /? �93) 

 G5�( H9- � �)� �� ���* G�-�/8 ��9� ��N#� �� �-�#?

�-  .;,?'�4�	�5�  ��)/!,�  Q9,-)/,5� (  $+�B �-� �8 
��92� ��  � �
�,-�9%5��D �9�= @5��� +5
�: �4 +#*);,?i.(

P
�!��-�/8 � 9� ����'/%��58 G- �8 '�4+�(�- �* �-  G
  
G-951D ) G-95�$+�� �/8��8�< /
���� ���* ��39: ;

�
�,-�9%5��D+#!�4 � 9� �� )����'G-9w��D G- �8 �G-9q  
�� +���
 ���* (  '/!2* �	�
 $+??+.

�
@I:�25� ���* �2* �� �* � � ��&� �-� '�4�24 
��92� @3 �8 >�. '�4��92�'�4��98/'��3�\B +�(�- �8 �

� +�� � 9� (  F58 �
�,-�9%5��D '�����-���B .�!� P
��&� 
��>�. �� �939� �
�,-�9%5��D (  �&�8 �* +#4� �4 G,2�

 $�%!-�. �-  � @*�.+#?�8 �!? � .�9�= �,#
  V�2!=  �!U� 
>�. �� ���* G
  �� ) '� )B `�9� �8 �-�/8 ��9� '�4

 +
�8 @5�  � +?�8 KB �
 ��8 ^
/_ (  V��!�  �I5!� ���? � /L� .
�?�%�@
�!,� Q9,-)/,5� '�4�� ��&� �&8)� ��)/ �* +4�
 ���* G
 /!&58�!?� `�9� �8 V9_ �8 �
�4c�:a��)/,5� 

�8 )'��!�
����* �8 $ /24 �� 9� /!&58 �� ) $+5#: X4 �� '�4
�� $+
� '/5�U: �9?);,?i.() �
�,-�9%5��D �4 /24

���* '/5�U: '�4 /%��58 G
  ;5,&: ' /8 C
 /? ��98 +Y���
. �� ���*>�K9-� ) �4 �-�/8 ��9� ���� '�4�-  .��
�

 ;5,&: /8 ��Z� /
)��: G
  �� �
�,-�9%5��D +#18 ) $+5&*



����. �M/4�? ?�918 �1I�� /
  �-�#? ���* ) �-�# ��y

پاليگورسكاي

آهك

پاليگورسكايت

آهك

پاليگورسكايت

آهك

آهك

پاليگورسكايت

�� � ���* '�3�� ./8 �51< ) �9? �#5�(/
( KB /6  �-�/8
�25� ^_�#� �� >�. ;5,&: �� /
  K9#3 ]&.$�%!-�. 

>�. G
  �� �
�,-�9%5��D �9�= ' /8  � (��*�.� � ��&� �4 $
�-  ]ab[.���* G
  (��*�. ;5,&: G5#}24/6  �� �+�B Z�8 

+? O� @0 J��	 ��!-  �� �#5�(/
( KB�-  $]ia[.
>�.K9-� /8 �!	�
 O/!�0 '�4 G-951D G- �8 '�4

)Pla ( $��� �8 �U�� �
�,-�9%5��D '/!2* � +�� ( ���'��B
�-  � ��9./8 .>�. G
  �� ���* G
  � +�� ��98 /!2* ) �4

 �Z�2!=  �-�/8 ��9� >�. M/25� �� �B �. 9#,
 ��U
/�: j
(9:
>�. G
  �� ���* G
  ;5,&: $7
) C
 /? �* �-  G
  /%��58 -

K9-� (  $+? ��
 ���* �9�= $�%!-�. ) $�9U� X4 /	 �4 '�4
�-  $+5-� l�  �8 '��5?/: .DF�8 �� �&4)7 �</? '�4

]4B n#- �� �
�,-�9%5��D ���* �39: ;8�< /
���� ��!�8/Y-
G-95� '�4 �>�. ) G-951D $�%!-�. �8  � ���B (  $+�B/8 '�4

 � � ��&� �6� 9:]ii[.�-�/8 � ��,24 ) �!I= '�4]i�[
>�. ��  � �
�,-�9%5��D +#18 E�5�  �9�= (  $+�B/8 '�4

 '�3�� ;5,&: ���&� '@*/� � /
  �� G-951D $�)� `�89-�
�/* �	/"� ���* G
  .`�89-� �� �G5#}24��9w� `9� �?� �

�-  $+? O� @0 ���* G
  (  '��
( /
���� '@*/� � /
  ��
]is[.'�4�918 F?9D $+4�&� �8 F4)7D G
  ��

�918 /8 �
�,-�9%5��D �
�,-�9%5��D �* +? ���#&5D T0 '�4
�-  $+
�/0 ;5,&: T0 ` �� G!	/0 ;,? (  RD.

$��� �� �
�,-�9%5��D ���* � +������'�-�:/* G- �8 �
G-9w��D)+�(�-KPes(>�. )�B (  �!	�
 O/!�0 '�4

 ^	  @3 �8 ��U
/�:Bk $�98 ���,
 �./25� j
(9: ' � � )
�-  �. 9#,
 .G
  �� �939� �
�,-�9%5��D J�-  G
  /8

>�.�-  �6� 9: $�%!-�. ' � � ��
( V�2!=  �8 �4 .+5
�: ��
 �&8)� ��)/!,�  Q9,-)/,5� �?�%�@
� /
9�: �� �S1N� G
 

 V9_ �8 �
�,-�9%5��D $+5#: X4 �� ) +#18 E�5�  @5�c�:a�
)/,5��� $+
� �9	) �8 ��9?);,?i.(* ^	 5�1,�G
  

�!	�
 �* �-  �
�,-�9%5��D '/!&58 � +�� ' � � �M/25� '�4
 ^	  �� �
�,-�9%5��D �93) �* +#!�4 G
  /%��58 G5&5D

5�1*,��-  V92"� ]&. �25� ) ]&. ^_�#� �� ]s�
ic[.X
@5#� �9
 �5��"	 �X5�1* `�#8/* K9-� �8 �Z�2!=  

-  $+? X4 /	 �
�,-�9%5��D ;5,&: C
 /? ) �!	�
 F
 @	  �
]i�[.

���B�@
� m�  (  �&8)� ��)/!,�  Q9,-)/,5� �?�% (K �'��5!�8 +�(�- �8 �98/� ��92� (Q �>( � +�(�- �8 �98/� ��92� (��8 �9�8/� ���92�
` �H/�3 +�(�- (�9u�- +�(�- �8 �98/� ��92�.



+13��$��2? �����!�8�: �r�� '��5?/: `�89-� �� �
�,-�9%5��D j
(9: ) ;5,&: /8 /69� ;� 9Y. . .���

�-�/8 P
�!�'�4� ��,24 ) ����/. ]ih[/8���* '�4
]5q()@� /. )  �-� �$9* (  �&�8 �� ]5q(9#- J/0 ( '�4

� �
 �9�= H+Y � /
  K9#3 ��� +� ��&�  � �
�,-�9%5��D X* 
� � ./. )  `�89-� �� �
�,-�9%5��D �9�= �* +��92� ��58 ���B

 G-9w��D �8 V�2!=  $�%!-�. ��
(��9w��$+? ��
 ���* '�3�� 
�98/��-  .� /%&4)7D/%
� �]id[���* �9�= � '�4S*/ 
�51
 ��5#5�9q�* ��
/1* ��
�,-�9%5��D ��5!,2-  ��5!,2- 

n#- ��  � �51
  )`�89-� ) �4��9w��D �� � �g* ��N#� �� 
�� /
  �</? V�2?+��/* O� @0>�. �� �* ;5,&: '�4

$+5-� l�  �8 ���B �� �!	�
+�  .���B��58 �93) �* +��/* 
���* ���@24,2-  '�4�5! �/%��58 �
�,-�9%5��D �8 �51
 

�25� �251<  C
 /?����,&. ) ]&. G
  �� �1�	 '�4
 ��N#��- 9w��D �: �-�:/* $�)� (  C
 /? G
  �* G-G
  �� 

�-  $�98 X*�= �9&* (  F�8]id[.
H/�3 +�(�- ���!�8 ) $�)� �8 G-9w��D '�4 �G-9q )PEj ( )

>�. $+? ;5,&: '�4 /8���B�� �8 �
�,-�9%5��D � +� '/!2* 
�8 �U��G-/%
� '�4 /
9�: �� �B E�5�  ) �� � �93) 

S1N� G
  '�
90 @5� �&8)� ��)/!,�  Q9,-)/,5� �?�%�@
�
�- );,?i.(� ��
���� +�
�,-�9%5��D ���* K9-� �� �-

G- �8 '�4G-9w��D�>�. �8 G-9q  ���B /8 �!	�
 O/!�0 '�4
$+#4� ��&�>�. �� ���* G
  ��98 S��\ �-�4 .�� ) /	

 $��� �8 �U�� �
�,-�9%5��D /!&58����'�� ��&� �* +4�
X* �-�>�. �� ���* G
  (  �&�8 $+? �-�/8 '�4

�� � �
 @*�. $�%!-�. .� ��,24 ) �!I= ]�r[�-�/8 �� 
�
�,-�9%5��D �* +��/* ��58 '@*/� � /
  '��5?/: `�89-�

 � 9� ������'�����  ��!-  G-9%5�  ) G-9q  �G-9w��D 
�� +� �9�= .� �;8��� ��� +� �� ���* G
  (  ��39: ;8�< 

�	�
 G-951D ) G-95� `�89-�?+.�G5#}24� �92�D'� +
�
�
�,-�9%5��D X!�5- ��5!,2- /%��58 ) �5!,2-  '� +
�D�� 

��92� �� �
�,-�9%5��D �8 �B ;
+U: G- �8 '�4��15,&:9 �98 
]�r[.���&4)7D /%
� ]��[�^	  �� �
�,-�9%5��D �9�= -

'�45�1*,��]5�g
�>�. �./8 �� ]5��- )^_�#� '�4
�25� ) ]&. �� ) (��*�. $�%!-�. �8 J��	 ��!-  ]&.

���* /%
� ;
+U: �I5!�� � �U�� ���* G
  �8 �-� '�4+? $.
� 9� �-�/8 P
�!�����'>�. ) G-95� G- �8 ;,? '�4

 �!	/0/8>�. G
  �� �
�,-�9%5��D �* � � ��&� ���B S��\ �4

�-  .8 /!&58 $��� �8 ��
��� �� ���* G
  ��9����'/%��58 G
  
$�%!-�. �
�,-�9%5��D ���* (  �&�8 ��
( V�2!=  �8 �* �- 

� @*�.�� � .^	  ) �
�,-�9%5��D ���@24 �9�= �?�U�  '�4
 �N
 /? �1Y �8 Z�2!=  ]4BG5�( �
�525? G
  �� �* �- 

^	 �� +
+D ]4B ;,? �8 X5�1* K9-� (  RD �4B+
.G
  ��
 ' /8 �U-�#� C5W� �V91W� X
@5#� � +�� F
 @	  �8 C
 /?

�� X4 /	 �
�,-�9%5��D �9�= ) ;5,&:+
B ]rx[.�-�/8 �8
�8 `�89-� �� ���* G
  O/!�0>�. ) G-95� G- '�4

$+�B/8 �
�,-�9%5��D �* +? O� @0 '@*/� � /
  �� ���B (  
>�. G
  �� �939� $��� (  �4����'$�%!-�. �-  �!	/0

]i�[.� /%&4)7D �� �
�,-�9%5��D jU#� �-�/8 �8 /%
� 
'+
� V9-�4`�89-� ) �}0�8 �!�8 ) ���B �98/� $�)� �8 

9%5�  �)� �'@*/� � /
  �� G-95� $�%!-�. �6� 9: ) (��*�.
>�. G
  �� ���* G
  �9�= ' /8  � +�� � ���#&5D �4]r[.

>�. �� �
�,-�9%5��D jU#��,4B '�4�V �?� �<t:�8 
� 9� (  '�9"- ��!�8/Y �� �-�4����'G-95� G- �8 �

G-951D�-  $+5-� l�  �8 ]r�[.
G-951D G- �8 '��5!�8 +�(�- �8 �98/� �#? ' /�91%#* �

� 93 � 9#Y �8 G-9!-951D $��� G
/:����''��5?/: � �)� 
>�. (  /!2* �
�,-�9%5��D ���* ' � � /8 �!	�
 ;5,&: '�4

�-  �B .�
�,-�9%5��D �&8)� ��)/!,�  Q9,-)/,5� /
)��:
�&� ]u9* $( +�  �8 ) �!�,? E�5�  `�9� �8  ��� �+4�

);,?�(�*�8V�2!= ��
( '�
90 $�%!-�. ����!�  ) '� )B
 �-  �B ��98]r�[.' /8 '� )B ) �6� 9: $�%!-�. )� G
 /8�#8

>�. G
  �� �
�,-�9%5��D �9�=�� ���#&5D �4�9? .J�-  /8
F4)7D � ��,24 ) ��/*]rr[�( �&�8 $�%!-�.

>�. �� �939� �
�,-�9%5��D��&� �: ) �4 +�&� K9#3 '�4
�	���8 �� ��8 �8 $+? ;�!#� '� )B `�9� �8 /55�: �)+8 '�4

�-  .��92� �� �
�,-�9%5��D $�:9* E�5�  ��9� ��&� �: '�4
 P
�!� @5� '�9UY ��)/!,�  Q9,-)/,5� (  $���!-  �8 �-�/8

�/* +5
�:  � ���B.�
�!�� `�89-� �� �
�,-�9%5��D �9�= ' /8 
G58 ��N#� )� �G
/�#�  $�%!-�. �15,&:�9. ) '� )B)�8 $ /24

T0 ) �5�9�)� (���#&5D +?]r�[.
�� �!�0�* �9? �2
+< R5!: '�
�� (  �&�8 � /
  @*/�

�-  $�98 ]rz[.'�
�� (  � /
  F�8 G
  �-�:/* /. )  ��
  +3 �1� �-  $+? � /
  `t	 G!	/0 ;,? �,
�9_ �8 ���



����. �M/4�? ?�918 �1I�� /
  �-�#? ���* ) �-�# �rx

 ;� �� $� � �U�� G-95� $7
) �8 ) '��5?/: � �)� �8�9? .
�� (B '�
�� �8 G-95� '�
�� ��U:�  �+? X* �I5!� ��

�u�
��5,&: �9? ) ^2Y X* '�4+�+? ;.G
 KZ�: C5W� �4
J� ;5,&: ' /8 �
�525? /L� (   � �U-�#� X4 /	 �	�5�  '�4

 �-  $�/*]r[.�D �93) G- �8 `�89-� �� � ) /	 �
�,-�9%5�
 ��9� ��N#� �� G-951D ) G-95��-�/8��&� C
 /? $+#4�

G5�( H9- � �)� �� '@*/� � /
  �8 �8�&� �N5W� �-�#?
�-  .V9_ �8 ) $+5#: X4 �� E�5� �x�z�)/,5� 

���* G
  (  �&�8 '�3�� ;5,&: /%��58 �
�,-�9%5��D)$)tY
 /8 $�%!-�.�6� 9: (�-  .� /%&4)7D�/* ��58 $ �� �* +�

 F
 @	  S39� Z�8 '��� ) ^2Y X* KB �'��5?/:pH)
�-  $+? R515- �5�t= F
 @	  �I5!���]�[.

�-�/8 ��9� ��N#� ���� 9� �� �
�,-�9%5��D ���* �9�= 
����'�-�:/* G- �8 �98/� �9u�- +�(�- �`�U6  �8 G-9w��D 

+5-� .'@*/� � /
  �� �,5��=��G5!��� G
  �9�= +4 9? 
]4B n#- �� ���*G-9%5�  G- �8 '�4 �$+4�&� G-95� ?+.

�� P
�!� G
  �8 �39: �8 @5� ��N#� G
  �* ��0 � 9:( /6�!� 
�u�
�� ) �4KZ�: R5!: '�
�� �
 +3 (  RD ^2Y X* '�4

$�98 ) �251<  C
 /? )G5�( ) ;5,&: ' /8 �
�525?O/!�0 
�-  $+? X4 /	 �
�,-�9%5��D .J��	 ��!-  �* `)��: G
  �8

 � �
 +3 G
 /:�)( �-  $�/* �8/I: '@*/� � /
  (  .�9�=

����$��< `�89-� �� �
�,-�9%5��D (  '��
( /
 G-9q  $�)� ' 
 R�9: �9&* �� �-  $+? O� @0]r�.[�-�/8 J�- /8 '�4

�G5&5D� 93 `�89-� �� G5�( H9- � �)� /:� �-�#?� +� 
�
�,-�9%5��D ���* (  '/!&58�� � �93) �� �,
�9_ �8 

+? $+
� ���* G
  � +�� G
/!&58 G-951D `�89-��-  $.
F�8 G-9q  ;
 )  �: G-9w��D /. )  (  �u/0  m1!�� '�4

 ��&�  � �
�,-�9%5��D j
(9: (  �:)��!� '�49%�  R5!: '�
��
$� �+�  .�� /L� �8 G5#u C
 /? '@*/� � /
  �� �* +-�

 ;5,&: G
  �-  $�9U� X4 /	 G-9%5�  /. )  �: ���*]�r[.

(C��� (�DE�,8F� ��' 
��t. $���B'�4 ��5�9: �07
)'�4 ��. �� V)+3 �$��)B 

�-  $+? ./8J�- $��'+#8j3/� �� $+? �q �  ]�h[�07
) -
'�4 �8 ��.` /55�: S
/o )CV(( F58 �c' � � +��� 

��
( '/
pD/55�:�-  .� +�� )� G
  (  S
/o ` /55�: �-� �8
 $+�B��&�$+#4� �B �-  �� S1\  �07
)'�4 (  �-�/8 ��9�
/55�: � ��9./8 �
Z�8 '/
pD+#!�4 .pH)EC �8 S5:/: �8 

y/r+��� )��y +��� G
/!2� )G
/!&58 S
/o ` /55�:  � 

+#!? � ./8G
  J�-  (  G58 �07
)'�4 ��
�525?�0+#��-� 
(  ) �,
/!,�  ��5� 7
)�0���* '�4 �
�,-�9%5��D ��-�#?

G
/!&58 S
/o ` /55�: ��&�  � +�� �.

<�42G���&� '�4 '���B '�4/!� ��D ��.��9� '�4 �-�/8 )s� (N=.

/5�!� 
E /W� 
��5"� 

S
/o
 ` /55�:(%) 

G
/!2*
� +�� 

G
/!&58
� +�� 

G5%��5� �%�9u �0+5&* 

EC (dSm-1)yz/�i�d xr�/x��/�� �y�/xx�/��z/�
pH ��/x��/rrr/���/yyz/�x�/�y�/x

]4B(%) r�/�� ��/rx rrz/�� �z/�� �r/x��/x�
T0(%) ��/��/z� x�/x�/���/�r��/x�y��/x�
OC (%) ��/x�/��x x�y/x��/r�r/xr�/x��/�

Mg2+
/Ca2+ x��/xrz/z� x�/x�z�/xx�/x���/xz��/x

Ca2+(mgl-1)��/�y �/�� zz/�x �r/y� ��/r� yz�/x���/x
Mg2+(mgl-1)y�/r��/�y ��/xz�/�� yy/rrr/xx�/x�

H4SiO4(mgl-1)z�/r��/�� �x�/x��/�z ��/z�x�/x�r��/x
�
�,-�9%5��D(%) ��/�� �/zr xr�/zz rz/rx z��/x����/x�

�5!,2- (%) ��/rr/�� y�/r�z/�� �r/���r/x��/x�

  �51(%) �r/rr�/�� �/y���/�r x�/�r��/x



+13��$��2? �����!�8�: �r�� '��5?/: `�89-� �� �
�,-�9%5��D j
(9: ) ;5,&: /8 /69� ;� 9Y. . .�r�

V)+3�P
�!� S
 /o�07
) G58 �%!�U24 m1!�� '�4
 � 9�����'>�. )�� ��&�  � �4+4� .�� +� �8 �
�,-�9%5��D 

T0 /5�!� V��"� ]4B �07
) �8 ) �U�� �%!�U24)CCE ( )
�#"� ) ��#� �%!�U24 �5!,2- +�� � '���B � � .�8�-�/8 

	 ^'�45�1*,��]5�g
�>�. ]5��- )�25� ) ]&. '�4-
� �U�� �%!�U24 �J��	 ��!-  ]&.� +� �8 �
�,-�9%5��D 

+? O� @0 ]4B ) T0 � +���-  $]ib[.�� +� � 9� �� ]4B 
����'>�. )X
@5#� ) X5�1* �T0 �8 �-�/8 ��9� ��N#� '�4

 �8 ) ��#� �N8 � ��B G8/* ) ;* ) V91W� X5�15- �V91W�
�� +� ) �5!,2-  pH�#"� ) �U�� �N8 � � � ��&� � � .P
�!�

F4)7D O��,24 ) ����/.]�d[>�. /8 ) ]&. ^_�#� '�4
�25�3 ]&. � /
  K9# /%��58 G58 J9,"� �N8 � �* �98 G
 

� �8 �5!,2-  ) �
�,-�9%5��D� +� >�. J/!-� ;8�< �89_� 
�� � �93) .+��/* ��58 ���B�!<) �* O��8 G5%��5� �U�� 

(  F58 j3/� $�50 �/": ) /5�U: G5%��5� �8 ��Z�-s/�+?�8 
;
+U: �5!,2-  �8 �
�,-�9%5��D ���*���9?.

L#� �8$( +�  '�4/5�!� � +": F4�* �9 ) $+? '/50
 F#* /D ) ;5,&: �� �4/!� ��D G
/:/69� �5�&:

>�. �� �
�,-�9%5��D � 9� ) �4����'O)� (  �-�/8 ��9� 
���9� �
@I: �1�  '�4(PCA)+? $���!-  .���9� �* �I�B (  -

(  /!2* $7
) � +�� �8 '�4a( '/!2* F�8 m5�9: /%��58 
R��
� ) ��9� '�4/5�!� (  ]
 /4 �8 �U�� ���9� �B C-9:

���9� G
 /8�#8 ��-  �-�/8 $7
) /
���� �8 �1�  '�4≤a' /8 
+�+? K��!�  /5��:]�b[.���9� +#u K��!�  �8 ���� ��1�  

���9� /
�-�� Ep= '+"8 `�U-�W� (  �4+�9? .( ;��= P
�!�
���9� �
@I: �* � � ��&� �1�  '�4s� +�� �8 �1�  ���9� 

$7
)≤a$+�/50/8�� �s/da ` /55�: +��� $� �$( +�  '�4 -
+#!�4 $+? '/50)V)+3c.(���9� �* �I�B ( /8 �4 J�- 

�� S:/� +�� � �* �:�Yt_  � +�� �� ���� ���9� +#u �+�9?
 '�4/5�!� �Y92I� `�Yt_  XI= G
/!&58 ' � � �
@I: G
 

 +#!�4 �-�/8 ��9�]s�[);,?�.()� G
  (  H�%#4 �
@I: )
;51W: ���9�'�4 ��1�  �
�4/5�!� �� �%!�U24 ' � � �15. 

RD �+#?�8 Z�8 (  H�I� PCA�4�9W� �8��90/55�: '  ��3 
$� � ��+�9? �� G
/!&58 R��
� ) �8  � �9. ���!.  +#4�.

�� $+4�&� �* ��#u ����� �9?PC1 �8 ah/sb +��� 
$� � R��
� ) /
�- �8 �U�� '/!&58 `�Yt_  �#� � ' � � �4

���9� �-�4)V)+3c.('�4 ���9�PC2 �PC3 )PC4 �8 
�8 S5:/:ah/as �h/b)bh/h�]
 (  /!0�@8 $7
) O(�  �8 +��

���9� �8 �U��  � R��
� ) G
/!&58G5
�D '�4+�� � ��&� /: .
G
 /8�#8 ��� 9: �I5!� �	/0 �� ���9�'�4 G5
�D/:~5o9: �� 

� @5� ` /55�: ����&� '/!2� +�� � �8 ��
�9_ � +": �93) 
'�4/5�!� /!2� �8 S
 /o 'Z�8 $7
)c/�5
�:  � ����� G
  +

��+#*.

<�42H�07
) G58 �%!�U24 S
 /o � 9� m1!�� '�4'����>�. )�-�/8 ��9� '�4.
Palygorskite Smectite Illite CCE* Gypsum Ca2+ Mg2+ Mg2

/
+ Ca2+ H4SiO4 pH EC OC Si

�
�,-�9%5��D 1
�5!,2-  *��/x� 1

�51
  ��/x� ��/x� 1
]4B *r�/x� *��/x �x/x 1
T0 **��/x r�/x� ��/x� *r�/x� 1

Ca2+ �/x ��/x ��/x� *r�/x� x�/x 1
Mg2+ �y/x x�/x �y/x� **�r/x� ��/x **yy/x 1

Mg2
/

+ Ca2+ ��/x xr/x� �y/x� r�/x� ��/x **z�/x **y�/x 1

H4SiO4 xz/x xy/x� *r�/x� **�/x� x�/x **zy/x **�/x **z�/x 1

pH x�/x� ��/x �y/x **��/x x�/x **r�/x� *r�/x� ��/x� **�/x� 1

EC x�/x� ��/x �y/x� r/x� x�/x� ��/x rr/x r/x **z�/x x�/x� 1

OC x�/x� �r/x� r�/x� **y�/x� x�/x� *sa/� *��/x r/x **�y/x **��/x� r�/x 1

Si ��/x x�/x� **z�/x� **��/x� �z/x **z�/x **��/x **z�/x **��/x **�z/x� **�y/x **y�/x 1
*V��"� ]4B 



����. �M/4�? ?�918 �1I�� /
  �-�#? ���* ) �-�# �r�

<�42I���9� �
@I: (  $���!-  �8 $+? m5�9: �"2I: R��
� ) ) ���9� /4 X�- �$7
) � +�� �1�  '�4.
���9� $7
) � +�� X�-(%) �"2I: R��
� )(%) 

PC1 �b/�ah/sb ah/sb 

PC2 ds/aah/as �s/�� 

PC3 i�/ah�/b��/h�

PC4 ��/abh/h�s/da 

���J���9� $7
) /
���� ���9� �
@I: (  $+�B �-� �8 ;��= �1�  '�4�1�  '�4 

S
 /o ���9�'�4 ;��= (  F./u �8 $���!-  (  O)� 

) R*�2
� ) F./u � @5� X�- �
/4 (  �4/5�!� �� ~5o9: 

R��
� ) ;���V)+3��q �  $+? �-  .�8�9_�1� /
���� 

;��= (  S
 /o �� $7
) ���9��4C8 )� $+5}5D G58 � +": 

'��
( (  �4/5�!�  � �� ��&�+#4� .���9� ���� �8 G
/!&58 

� +�� $7
))�b/�(� +": $+�/50/8�� '�4/!� ��D /!&58 �8 

S
 /o $7
) /!0�@8 �U�� �8 /
�- ���9��4�-.���9� G
 
 $+�/50/8���07
) �
�4� +�� �9u �V91W� X
@5#� ) X5�1* 

) ;* ) V91W� X5�515- �V91W� X5�1* �8 X
@5#� �U��
�-  ;* X5#5�9�B .H9- ���9� �T0 /5�!� ;��? H)� ���9�
�07
) $+�/50/8�� ���9� ) ��B G8/* ) ]4B ��5!,2-  '�4

 ��51
  ;��? @5� H���upH)EC �-  .

���.)� ,K# 3��L �4A5 )N�) (
 N�) ;��(
���9� �$+�B �-� �8 P
�!� �8 �39: �8 '�4PC1 �: PC4 ' /8 

;51W: ) �
@I: ) '+"8 '�4H�I�  `�U-�W� �95�0��/L� �� 
+�+? �!	/0 .���� a��
9%&5D �5�)  /5�!� V+� �� ) $+##*

�95�0��+�+? V+� C-9: �Y92I� G
  (  /5�!� ]
 ��#: �* 
�95�0���#"� � ) ) � � `�U-�W� �?+.�S5:/: G
+8^U_ 

F5D�#58�aiX4 �N8 � �1Y �8 /%
� /5�!� /5�!� G
  �8 �N.
�  +5D  � `�U-�W� �8 �)�) $(�3  ��5�) +��/, .�*�I�B(  $���!- 

F5D ��U!Y  �:�U-�W� $95? G
  ( �� F4�*  � �#58 V+� �+4�
�95�0���	/%� � /< �39: ��9� $+? �q �  .�,�B ' /8 � 9!8

X4 ;,&�$+2Y X�- ) �/* ;=  � �N. ;* R��
� ) (  ' 
9%&5D '�4/5�!� �Y92I��
F5D ��  � �#58 (  �� � ���.� �4



+13��$��2? �����!�8�: �r�� '��5?/: `�89-� �� �
�,-�9%5��D j
(9: ) ;5,&: /8 /69� ;� 9Y. . .�rr

���9� ;51W: ) �
@I: (  $+�B �-� �8 P
�!� $���!-  �1�  '�4
+?.

���9� /
���� '�4PC1 �: PC4 ;�!�� '�4/5�!� � 9#Y �8 
)9%&5D �
$+##* (� )� +�9%5��D /5�!� � 9#Y �8 �
�,-�

 V+� �� ) �!�8 )�95�0�����0+#u �N. +�+? �8 /
( �N8 � )
+�B �-�:

Palygorskite = 30.352 – 13.748 PC4 + 3.841 PC3 
+ 2.926 PC2             )a(
R2

adj = 0.789

$���B �O)� G
  ��t���9� (  ]
 /4 ' /8 ) �8�6 � +�� ' /8 -
'�4PC2 �PC3 )PC4 �8 /8 /8 S5:/: �8 aii/is �ibi/i�
��b/�)h�b/a��+�B �-� �8 .V)+3 (  $���!-  �8t� +��t

�#"� ~N- ' /8 '� �c%'� (B �3�� )sc�8 /8 /8 ��a/i
�-  .$���B G58 ��
��� � +�� ) �4t�* �-  G
  /%��58 V)+3 
�24 ~N- �� S
 /o c%�#"� � �+#!�4 .�0�@8 ^1N� �+< 

$���BtV+� ��  � �B �524  �U5*/: �95�0� ) ���0+#u 
���9� �
@I:�1�  '�4 )MLR-PCA(�� ��&� G
 /8�#8 �+4�

 ���9�PC4)�T0 '�4/5�!� ;��?�0+#��-� ���* ) �,
/!,�  

�5!,2-  (���9� �8 �U�� '/!&58 �524  (  /%
� '�4
 �� �* �
�4/5�!� �I5!� �� ) �-  � ��9./8 ���9� G
 

 ��)B/8 ' /8 +�� � '/!0�@8 '� p0��8� +���
�,-�9%5��D 
/!&58+#!�4 �39: ;8�< �.

����"� �O( /8 (  RD �* +? ��&� ;51W: G
  ��)a(�8
R2

adj = 0.789�#"� ~N- )'� �)0.0001>(P<FV+� 
�-  ��N#� �
�,-�9%5��D � +�� ��)B/8 ' /8 �891N� .�
@I:

���9��1�  '�4/8�Y92I� R��
� ) ��!.�- J�-  (  ' 
�� ��* �8 ;* R��
� ) m5�9: ' /8 �4/5�!� �8 �,
�9_ �8 ��)�

/5\ �N. S5*/:�� �4/5�!� (  �2* � +": �!�U24 � 9:
�92� ��58  � �5�)  '�4/5�!� �� �939� `�Yt_  $+2Y �2�< .

G5�( C
 /? +#�(�5� >�. C5W� �� �
�,-�9%5��D ;5,&:-
525?$7
) �
��-  '  .^	  ) �
�,-�9%5��D �4 /24 j2I: '�4

G5�( C
 /? ;5�� �8 �Z�2!=  ]4B ) T0 �� �* �-  �
�525?
^	  G
 ;,? �8 X5�1* S5-/: (  RD �4 +
+D T0 ) ]4B '�4

��+
B .�U-�#� C5W� V91W� X
@5#� F
 @	  �8 �N
 /? G5#u
�� X4 /	 �
�,-�9%5��D ;5,&: ' /8  ���)B ]sa[.

<�42P���9� S
 /o >�. �� �07
) /4 X�- � +�� ) R*�2
� ) F./u O)� (  $+�B �-� �8 '�4 � 9� ) �4'����.
/5�!� PC1 PC2 PC3 PC4 COM 

�5!,2-  x�r/x�z�/x�y��/xxy�/x�h�d/�

�51
  ���/x�xr�/x�r��/x����/xcsh/�

]4B �x�/x����/x���/x�x�/x�dsh/�

T0 x�r/x�ry/x���/x�x�r/x�bs/�

V91W� X5�1* y��/xxzz/x���/xx�r/x�ha�/�

V91W� X
@5#� �zr/xx�y/xx�r/xxr�/x�bah/�

V91W� X5�1* �8 X
@5#� �U�� y��/xxy�/xxz�/x�xx�/x�hi/�

V91W� X5�515- ���/x���/x�r�r/x����/xhdd/�

pH ���/x���/x��z/xyz�/x�d�d/�

EC �rz/x�z�/x���/xz��/xh�s/�

��B G8/* ���/x���/x����/x�ry�/x�dc/�

;* X5�515- z�y/xz��/xr�y/x�yr/xd�a/�

;* X5#5�9�B yyr/x���/x�y/x�x��/xds�/�



����. �M/4�? ?�918 �1I�� /
  �-�#? ���* ) �-�# �r�

 �
@I: (  $���!-  �8 '@*/� � /
  �� $+? H�I�  �"��N�
���9� �1�  '�4]i�[�U�� �* � � ��&�Mg2+/Ca2+�

��  � F�� G
/!&58 T0 ) V91W� R515- � +�� ��!
+5- 
>�. �� �
�,-�9%5��D ���* F#* /D ) ;5,&: � 9� ) �4'���� 

V91W� (  �
�,-�9%5��D '�3�� ;5,&: /%��58 �* +�� � ��N#�
�-Z�8 /5�U: �8 C
 /? �� ) >�. .�8 G5&5D '�4/%&4)7D

$/�8���9� �
@I: O)� (  '/50 $�%!-�. +#!�� 9: �1�  '�4
���* ) �
�,-�9%5��D ���*�5"<9� ��  � �B �8 $ /24 '�4 '�4

55": G5N�1	 �� �,4B '�#:�* ]
 m1!��+##* G.�Y�  ���B
S5? �� �* +��/* V91W� X
@5#� ) T0 /
���� ��#:�* G5
�D '�4

�� ;2Y ���* G
  ;5,&: �� /69� ;� 9Y G
/!2�� � 9#Y �8 -
+##*]i�[.F4)7D /%
� ��>�. �-�/8 �8 @5� �4 ��N#� '�4

G58>�. �� �
�,-�9%5��D ���* � +�� G
/!&58 G
/�#�  '�4
 �-  $+? O� @0 �}0]si[.�8 ^_�#� �� �* �-  $+? �!�0

 (  F58 �0+���8��� $�98 � +
�D�� �
�,-�9%5��D ���* /!2515� 
�� ���. >�. C5W� (  �5!,2-  �8 �+? ;
+U: �8 )�9?

]s�.[>�. /8 �!	/0 H�I�  �-�/8�25� ^_�#� �,4B '�4 -
.� /
  K9#3 ]&]ss[>�. �./8 �� �
�,-�9%5��D ���* �-

�B ;5,&: ) $+? $+
� �4 /
�- ;
+U: ) ;,? /55�: �I5!� �� 
���*�-  $+? O� @0 �5!,2-  ) �51
  +#��� �4.

����
 
���* (  ��39: ;8�< /
���� �$+? �q �  P
�!� �8 �39: �8

� �� �
�,-�9%5��D � 9'����>�. )��9� '�4�-�/8 $+4�&� 
+? .�- �1* �9_ �8 $�%!-�.>�. �� ���* G
  ' /8 '�4

�� ��N#��92� ���#&5D � 9: :$��� (  $+5-� l�  �8'���� �
'� )B $�%!-�. '�� 9� �� ) (��*�. .8�
@I: �
�D/���9� '�4

�1� �_�#� G
  �� �
�,-�9%5��D ;5,&: �� ;� 9Y G
/:/69� ^
�� +� ) T0 ��5!,2-  �0+#��-� ) X5�1* ��51
  ��,
/!,�  

�U�� ) V91W� X
@5#�Mg/Ca +#!�4 .G
  �� �
�,-�9%5��D
^	  �8 $ /24 ��N#�5�1* '�4,�$+
��� G
  �* +? +� 9:

��&�+?�8 '/5�U: C5W� ]
 �� ���* G
  ;5,&: $+#4� .
�&8)� ��)/!,�  Q9,-)/,5� /
)��:)SEM (� @5� ;5,&: +
�

 � 9� �� �B '�3��'����>�. )�4�-.

+4 9?/%��58���* �* �-  G
  >�. �� �-� '�4 '�4
�25� ) ]&. ^_�#� $��� �15-) �8 /!&58 ]&.'���� )

G5�( �}�
��:�� V/!#* ��N#� �-�#?+�9? .C
 /? �93)
 ) �8 �/�G5�( ;5,&: �8 /I#� '��5?/: $�)� �� $7
) �
�525?

) ]4B �U�� F
 @	  �8 ) $+? T0 Mg/Ca  � C5W� �V91W� 
���* ;5,&: ' /8 �-� '�4�	�5�  � 9� �� '����>�. )'�4

�-  $�92� X4 /	 ��N#�.

�2��� 
[1] Henderson S., Robertson R., "A mineralogical 
reconnaissance in western Iran", Resource Use 
Ltd., Glasgow, UK, (1958). 
[2] Burnett A., Fookes P., Robertson R., "An
engineering soil at Kermanshah, Zagros 
mountains, Iran", Clay Minerals 9 (1972) 329-343. 
[3] Khademi H., Mermut A., "Source of 
palygorskite in gypsiferous Aridisols and 
associated sediments from central Iran", Clay 
minerals 33 (1998) 561-578. 
[4] Khademi H., Mermut A., "Submicroscopy and 
stable isotope geochemistry of carbonates and 
associated palygorskite in Iranian Aridisols",
European Journal of Soil Science 50 (1999) 207-
216.
[5] Owliaie H., Abtahi A., Heck R., "Pedogenesis 
and clay mineralogical investigation of soils 
formed on gypsiferous and calcareous materials, 
on a transect, southwestern Iran", Geoderma 134 
(2006) 62-81. 
[6] Bigham J., Jaynes W., Allen B., "Pedogenic 
degradation of sepiolite and palygorskite on the 
Texas High Plains", Soil Science Society of 
America Journal 44 (1980) 159-167. 
[7] Zaaboub N., Abdeljaouad S., López-Galindo 
A., "Origin of fibrous clays in Tunisian Paleogene 
continental deposits", Journal of African Earth 
Sciences 43 (2005) 491-504. 
[8] Wander M., Bollero G., "Soil quality 
assessment of tillage impacts in Illinois", Soil 
Science Society of America Journal 63 (1999) 961-
971.
[9] Jiang P., Thelen K., "Effect of soil and 
topographic properties on crop yield in a north-
central corn–soybean cropping system",
Agronomy Journal 96 (2004) 252-258. 



+13��$��2? �����!�8�: �r�� '��5?/: `�89-� �� �
�,-�9%5��D j
(9: ) ;5,&: /8 /69� ;� 9Y. . .�rz

[10] Abtahi A., Khormali F., "Genesis and 
morphological characteristics of Mollisols formed 
in a catena under water table influence in southern 
Iran", Communications in Soil Science and Plant 
Analysis 32 (2001) 1643-1658. 
[11] Fars Meteorological Bureau. From 
http://www.farsmet.ir/Amars.aspx.  
[12] Soil Survey Staff, "Keys to Soil Taxonomy",
12th ed. USDA-Natural Resources Conservation 
Service, Washington, DC. (2014). 
[13] USDA-NRCS., "Soil Survey Laboratory 
Methods Manual", Soil Survey Investigations 
Report, No. 42, (1996). 
[14] Jackson M.L., "Soil chemical analysis: 
advanced course", University of Wisconsin, 
Madison, WI., (1979). 
[15] Johns W.D., Grim R.E., Bradley W.F., 
"Quantitative estimations of clay minerals by 
diffraction methods", Journal of Sedimentary 
Research 24 (1954) 242-251. 
[16] Kaiser H.F., "The varimax criterion for 
analytic rotation in factor analysis",
Psychometrika 23 (1958) 187-200. 
[17] Farpour M., Khademi H., Karimian Eghbal 
M., "Genesis and distribution of palygorskite and 
associated clay minerals in Rafsanjan soils on 
different geomorphic surfaces", Iran Agricultural 
Research 21 (2002) 39-60. 
[18] Heidari A., Mahmoodi S., Roozitalab M., 
Mermut A., "Diversity of clay minerals in the 
Vertisols of three different climatic regions in 
Western Iran", Journal of Agricultural Science and 
Technology 10 (2010) 269-284. 
[19] Abtahi A., "Soil genesis as affected by 
topography and time in highly calcareous parent 
materials under semiarid conditions in Iran", Soil 
Science Society of America Journal 44 (1980) 329-
336.
[20] Badraoui M., Bloom P.R., Bouabid R., 
"Palygorskite-smectite association in a Xerochrept 
of the High Chaouia region of Morocco", Soil 
Science Society of America Journal 56 (1992) 
1640-1646. 
[21] Kianian M., "Soil Genetics as Affected by 
Topography and Depth of Saline and Alkali 
Ground Water under Semi-Arid Condition in 
Southern Iran", In, The 18th World Congress of 
Soil Science, (2006). 

[22] Lee S., Dixon J., Aba-Husayn M., 
"Mineralogy of Saudi Arabian soils: eastern 
region", Soil Science Society of America Journal 
47 (1983) 321-326. 
[23] Hojati S., Khademi H., Faz Cano A., Ayoubi 
S., Landi A., "Factors affecting the occurrence of 
palygorskite in central Iranian soils developed on 
Tertiary sediments", Pedosphere 23 (2013) 359-
371.
[24] Farpoor M., Krouse H., "Stable isotope 
geochemistry of sulfur bearing minerals and clay 
mineralogy of some soils and sediments in Loot 
Desert, central Iran", Geoderma 146 (2008) 283-
290.
[25] Bouza P., Simón M., Aguilar J., Del Valle H., 
Rostagno M., "Fibrous-clay mineral formation and 
soil evolution in Aridisols of northeastern 
Patagonia, Argentina", Geoderma 139 (2007) 38-
50.
[26] Verrecchia E., Coustumer M., "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. 
[27] Khormali F., Abtahi A., Owliaie H., "Late 
Mesozoic-Cenozoic clay mineral successions of 
southern Iran and their palaeoclimatic 
implications", Clay Minerals 40 (2005) 191-204. 
[28] Khormali F., Amini A., "Clay mineralogy of 
the Jurassic-Tertiary sedimentary rocks of the 
Kopet Dagh basin (northeastern Iran): 
implications for paleoclimate", Acta Geodynamica 
et Geomaterialia 12 (2015) 387-398.
[29] Jamshidi M., Abtahi A., "Formation of calcic, 
gypsic and salic horizons in selected soils of 
southern arid and semiarid regions of Fars 
Province", Iranian Journal of Soil and Waters 
Sciences (2001) 95-107. 
[30] Singer A., "Palygorskite and sepiolite group 
minerals", Minerals in soil environments (1989) 
829-872. 
[31] Aba-Husayn M.M., Sayegh A., "Mineralogy 
of Al-Hasa desert soils", Clays and Clay Minerals 
25 (1977) 138-147. 
[32] Chamley H., "Clay sedimentology", Springer 
Science & Business Media, (2013). 



����. �M/4�? ?�918 �1I�� /
  �-�#? ���* ) �-�# �r�

[33] Karimi A., Khademi H., Kehl M., Jalalian A., 
"Distribution, lithology and provenance of 
peridesert loess deposits in northeastern Iran",
Geoderma 148 (2009) 241-250. 
[34] Aqrawi A., "Palygorskite in the Recent fluvio-
lacustrine and deltaic sediments of southern 
Mesopotamia", Clay Minerals 28 (1993) 153-159. 
[35] Krinsley D.B., "A Geomorphological and 
Paleoclimatological Study of the Playas of Iran. 
Part II", DTIC Document (1970). 
[36] Jamoussi F., Ben Aboud A., López-Galindo 
A., "Palygorskite genesis through silicate 
transformation in Tunisian continental Eocene 
deposits", Clay Minerals 38 (2003) 187-199. 
[37] Wilding L., "Spatial variability: its 
documentation, accommodation and implication to 
soil surveys", In, Soil spatial variability. 
Workshop, (1985) 166-194. 
[38] Khormali F., Abtahi A., "Soil genesis and 
mineralogy of three selected regions in Fars, 
Bushehr and Khuzestan Provinces of Iran, formed 
under highly calcareous conditions", Iran 
Agricultural Research 20 (2001) 67-82. 

[39] Sharma S., "Applied multivariate techniques",
John Wiley & Sons, Inc., (1995). 
[40] Manly B.F., "Multivariate statistical methods: 
a primer", CRC Press, (2004). 
[41] Yaalon D., Wieder M., "Pedogenic 
palygorskite in some arid brown (calciorthid) soils 
of Israel", Clay Minerals 11 (1976) 73-80. 
[42] Eswaran H., Barzanji A., "Evidence for the 
neoformation of attapulgite in some soils of Iraq",
Trans Int Congr Soil Sci (1974) 154-160. 
[43] Paquet H., Millot G., "Geochemical evolution 
of clay minerals in the weathered products and 
soils of Mediterranean climates", In, Proceedings 
of the International Clay Conference, 
Madrid(1972) 199-202. 
[44] Emadi M., Baghernejad M., Memarian H., 
Saffari M., Fathi H., "Genesis and clay 
mineralogical investigation of highly calcareous 
soils in semi-arid regions of southern Iran",
Journal of Applied Sciences 8 (2008) 288-294.

 


