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

�������� 
�� �
 �
 ��� ������ ����� ��������������  !" 

#��$ ����%∗&
�� '�!� �(����) *+*��
�� ��,) %

�.���� ! �"#$  %�&'�!� ��(�$')�* %+,- 
..���� ! �"#$  %�&'�!� �/�!�01�23 + 45,� %+,- 

&��-.:���) 6�* �(� �(�$7 5�89:! �;
<= /�>���2�� �"7?- �@1A� B
!,7 + ,�,5!C) �;1D=! E!,11F5 %��1"*! ������!?- .
���)6�* �� �(� /�> G+,�� H
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<= /�>�"	,23 I+� �2 ���� ! J,7 �� C5,K I!,K ��C� LM
! �(�,2�	,- �!,= .6�* /�>

 ��C� �;
<=�(�,2 NC@( /+� O1�P��
� �;
<= )Qf1�Qf2 (�"	,- �!,=<�! .Q@(O1�P
���Qf1 Q@( �2 �R��Qf2�;
<= ,5
�(! �"	,- �!,= /,5S�2 �	!,-CKC5 �1#=C� �� + %�C2 .T
�"��(�,2���) �� ��'� �(�$7 <>��)�;
<= 6�* /+� Q@( O1�P��
� 

Qf1 /!�!� �1R��U�(! H1�D) V	! �� �1W(�C&1��K + H1D1X�3 V	! �� �1"W;(! ���) .Q@( �;
<= 6�* �� �CXC� �
,W��)
Qf1�(! %<7 Y1W'5 �"7?- H'* �;1� Z1D=! �� .2��� ,[�<(��)%�+� �� ,	 ,"2C:,� /�>!E�$2,) \
!0	! + ]��"�! /�><$
 + �>

�1"W;(! Y1W'5 + ��C
 �1��#	 \
!0	! ^R( Y�D�5 \>�) �(! %<7 �
,W��) �� P��)�* /�> .%�+� �: H'* /�> ]��"�! /<#2 ,5
�C&1��K ���) /�X�� Y1W'5 +�(! %<7 �1W(�C&1��K /�>,R1	 �_��` ^R( �1�D) /�>�CD2 �CX+ + %�!� a� �1W( .��
���/

V	! NC@( �� H1D1X�3 /�>O1�P��
� ,&��'� �1R��U���) �2 �1W(�C&1��K + �1"W;(! /�>6�* �� ^15,5 NC@( �;
<= /�>
O1�P��
� Qf1 +Qf2�(! .+ /���� �!C� �2 �XC5 �2O1�P ���(���W
 ��� ,�! O
! Q@( 6�* �� ,"'12 �-<
�!C> P! �7�� <�!C5
Qf1+ Y1W'5 +V	! �� �1W(�C&1��K ,"'12 �_��`/�>H1D1X�3 bH1�D))Btk ( Q@( 6�*O1�P��
�Qf2 <7�2 .cC;d� ��

���) P! %���"(! V	! �(� �(�$7�
,W��) �H1�D) /�> V	! + �>�2 H1D1X�3 /�> /�!02! �!C$8<1��+eK �� \>/�>��
� O1�P-
�(�$7 NC@( �f�(�$7 +O1�P��
��� ���$'1K <�C7.

&0�����1� ���:�"	,23 G+,��g���) P��)�* �(� /�>gE�$2,) P��)�* /�>g�"7?- Z1D=! g/0),� �!,
! .
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���) 6�* �(� �(�$7 E!,11F5 P! �5�89:! �;
<= /�>

 ,�,5!C) �;1D=!]�bi["7?- �@1A� B
!,7 +�]k�l[�1�5
�� <$) .%P!<�! �� E!�m /]�#	 n� ��<#� �!C� P! \�2 O
,5

6�*oC(� + �>�� Y1W'5 !� /�>���) ,> + <$>� �(� ��
��(! �!<
�K p�* �
�1;17Cfq + �@1A� B
!,7 O
!,2�$2 

6�* Y1W'5 r�&$> �@1A� B
!,7 <>!C7oC(� + �> �� �>
���) + %<7 s�` n� \�2�� n� �(�$7 5�2 <�!C �!C$8 

�;1D=! B
!,7 P! �t*�7 �"7?-�2�+� ��)]��.[.���) cC� -
�>%<7 Y1W'5 �(� /oC(� �� %�+� /�>/�>�;1D=! 

�(! E+��"� ���u�
 O12 + ���u�
 .%�+� �� �,( /�>
%�&"(�* �� �W
01	 �-<
�!C> ���u�
 6<�! 01�+�<1> �2 /�>

oC(����` �� %�C2 %!,;> �>�+� �� �)%�2 oC:,� + r,- /�>
���) �01�+�<1> /�><$
3,	 �<7 ^��U Y1W'5 �(� /�>��-

<�C7 .���) <>!C7 �) �7!� ,[� �� �"�
�2��$5 �(� /�> 
v,8 /!,2�� �Cw <��!� �,2��) B(C"� �
�1	!,FX /�>

∗O�D5 �]Cx�� %<$�
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%�!P Z
,) �E�12�����* �!,
! �(�$7 ���) + �(�$7�CD2 �Dd� ��

v,8 + ��!<� �CX+ �
�1;17+<K �-<
�!C> S�2 �
�1	!,FX /�>
v,8 �� ��d
! P! <
<7 01�+�<1> B
!,7 Z> O1f�K /�>

���) �� �R� Y2�= E!,11F5�� /,1-CDX �(� /�> $)<]y[.
T
�<
,K)���� (���) �C�`���) ��1"W;(! /�> GCD�� /�>

D=! ,&��'� !� �1$1�Cf�) +��C2 ]�#	 + oC:,� + r,- Z1
%�+� �2 �R�� !0)�* /�><$
3,	>oC(� H'* + �,( /� -

�W1�+�<1> ��!+!,	 �2 %!,;> L� /�!?-��@$� �� O
!,)+! /
�(! %�,) ��12].[.�!��W;> + ,&�+,2)���� (���) �(� /�>

6�* ���2 !� ��"�W1X�5 �;
<= /�> �!C$8�*�7 E!,11F5 
�� ,�,5!C) �;1D=! ����;> P! + <��,) �(�,2 /0),� /�1(3

���)6�* �"*�$76�* + O(C�C> /�> �C	<� �;
<= /�>
 B(!+! ���u�
 O12 Z1D=! �) <$"	,- �d1"� O(C"�1DK
 %�C2 ���;> /0),� /�1(3 �� O(C�C> Z1D=! �2 O(C"�1DK

�(!]�.[���) �C�` ,&
� �(�,2 �� �15�;> + �1"W;(! /�>
���) �R1U +��K /�>�
,W��) �� �1�C1�( + �1W(�C&1 /�>

 ���P �� H'* �;1� Z1D=! �1;)�` �2 �1���(! J,7 oC$X
�3 Y1W'5 �(! %<7 %�!� �R�� �>]i.[EC�,� + ����* 

)���� (�� ��C-S B
!,7 �2 !� �1W(�C&1��K ���) Y1W'5
oC(� B1A� �2 %!,;> �!,
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+ �2C
! �!��W;>)�i}. (6�* �(�,2 �2 �;
<= /�>

��>��( �
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6�* �� <��,) ���$'1K !� ��@$� O
! /�>]z.[���) �(�$7

6�* oC(� �;
<= /�> �) �!� ��'� ��"�D- ��"(! ��� /�>
�2 �-<
�!C> /�><$
3,	 �2 �
,D) ���) Y
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�� �1"W;(!�(! %<7 r�d�! �"7?- oC:,� + r,- �!�+� ]}.[
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���'�� Y2�= ,t$8 /�!�,2�;� O1�P �) �(

 ��	!,-CKC5 /�>C&�! /!�!� + %<7 Y1W'5 �t�'� ���P �:
�-e
+>��'� �
!0)�* Y��W5 + �-<
�!C> /� �(!]|��{ .[

���) �(�,2 ��* �(�$7 �� �"�
� O1�P NC@( �� �> <�!C5
�89:!%CA� %��2�� �5 /O
CW5 + Y1W'5O1�P ��(�<$) �f!�! .
�CK,	)�i}� (O1�P NC@( �(�,2 �2��@$� �"�
� /

O1�P NC@( �) �	�
�� ��d$�	��2 �(� O1f�K �"�
� �D8
 �1"W;(! /+�` �$1�P,
P o3 /S�2 Q@( + ��
P �2C:�

 <$"�> /,"'12]��.[Z
,) �!��W;> + %�!P)�i}k (P! LK

 
1 -Geomorphic surface 
2 - Landform 

) �(�,2���O1�P �� �(� /�>��( ���� ! J,7 �u- /�>
���) �� E!,11F5 O12 /<
<7 G�R5�!O1�P cC� + �(� /�> ��(

%�,) I�!0- <�!]�..[�!��W;> + !PC2).{{z (���) �(�,2 �2 -
O1�P �(� /�>��( <��,) ��12 O1"�!q�3 H'* V:�$� /�>

 �)6�* B2!+� �(�,2 bO1�P��
� �" ,	 �(�$7!,2/
�*�$7���) Y1W'5 /�><$
3,	 6�* �� �(� /�> �> !� Z>!,	

��<$) ]�i.[���) cC;d� ��V	! �(� �(�$7 �H1D1X�3 /�>
V	!E�$2,) �7�R�! /�>�
,W��) + �> �XC5 ��C� H1�q+<K /�>

�(�,2 ��+ �(! %�C2 �!,&'>+eK P! /��1�2 /�+<A� /�>
%��2��O1�P NC@( O12 B2!+� /W5 + �"�
����) Y�� �(�$7
6�* �3 /�>�(! %<7 r�d�! �>.

��@$� �2 ���� ! /�!,�
! �"#$�  + /P�+�') ^@= �!C$8
 ��@$� + %�C2 �1;>! /!�!� ��2 ����� ! J,7 /P! ��W
 �!C�$8

�C��) ���+ ���(! N,�@� �C'�) ��@1A� ���
P �!,�A2 /�>
 �(�,2 �C$)�5 O1��P %��2�� �;) /�> O1��P �,�,5!C�) ��(�$7

��
�(�$7 6�* + �E��89:! + %<7 r�d�! V:�$� O
! �(�$7
 %��2�� �)<�! YW7 �&�C&w /�C�X+ V:��$� O�
! ��!�! /,1-

��!�.
�<> n�(! ,2 \>+eK O
!�
�K ,
P /�>�(! %<7 /�!?- 

�.�� �"	,23 G+,�� H
 /+� �"�
� O1�P NC@( �f�(�$7
 ���� ! J,7 

..��
��� + �(�,2���) /6�* �(� /�>� �;
<= /�> �C	<
 �A@( +)�W1�� (O1�P NC@( /+��(�,2 ��C� �"�
� 

i.���) Y1W'5 ,2 �;1D=! E!,11F5 /�>,�! �(�,2 �(� /�>
E�$2,)�� �
,W��) + P��)�* /�> ��* �� �CXC� /�> /�>
�;
<= 

���!$ 4�� 
��@$� �� + �+� %<$
!P �7� �=,7 \�2 �� �(�,2 ��C� /
�D �	�+<` /~�,�7 �=,7 oC$X /,"�CD1� �!,= ���� ! 
�"	,- �(!)YM7�(.%,"�- ]C: O12 ��@$� //�>

�f�1	!,FX°~��5‘��°~�v,8 + �=,7 �f�1	!,FX /�>°��
�5‘��°���(! �"	,- �!,= ���;7 .D=!1��@$� �D#	 Z��C� /

�5 H'* �(�,2!,	�(! H'* .�1&��1! �� ��� ��S�( O
%�&"�
 �+<` �� ���� ! J,7 �(�$7!C>./�y( �X�� "��1+ �!,&

�1&��1�+<` �-<���2 ��S�( Ok/�..�1D1�(! ,";]�l[.
�$1wO1�P ^��U /�>��@$� �"*�$7 Y��7 �(�,2 ��C� /

�$( ��1(!�+q Y17�CD&$� + �>3 ,!/�(! �(�5,� ]k[�
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<DX�|%��;7 ������2�i|{ ���);
<= 6�* +� �� �(� /�>/+� �NC@( O1�P��
����� ! J,7 ��

��+ %<17CK ,�,5!C� E�2C(� �2 �(�,2 ��C� ��@$� Q@( ,"'12
 �(! %<7)YM7�(]�k[.�>37 �(�5,� /�>�>3 Y�� /�>

�(�� �>3 �/!�>3 �!,
q+,-! /+�` /�>%C�= + ��P /�> �/!
�>3O1�C"12�+! /�>�>3 + �!�%C�= /�> �1�C�3 /+�` /!

<1f+,"(�-+�(! .H>3 O
!�>%�C2 ��
P ��"R�� I,"�- /!�!� 

]�k[�2 +�>3 %�&"(�* �!C$8 ��* /!,2 ��@$� /�> ��C� /
<$"�> N,@� �(�,2]�l[.oC(� ,"'12 ��@$� ,�,5!C� /�>

oC(� Y��7oC(� /�+<` �5 + /,1�R5 + �"	,23 /�> /�>
 /��2<$"�>]�..[

ا����ن


رد� �
���
در���
 	�و ����� ������

در���
 �� زا���� رود

 
5-"%��@$� �1#=C����� ! ��"(! �� �(�,2 ��C� /.

5-"+�'�� O1�P /��@$� �(�$7�(�,2 ��C� /)n�1���:.l{{{{(.A+QoC(� �,�,5!C� /�>JY17 ��1(!�+q /�>K�$( ��>3 /��>
�(�5,� �%��;7 �+<K ,�` YA���.%��;7 �+<2 ,�` YA� ..
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%�!P Z
,) �E�12�����* �!,
! �(�$7 ���) + �(�$7�CD2 �Dd� ��

O1�P NC@( �"�
���@$� P! %���"(! �2 �(�,2 ��C� /
LM8 ,1��5+,M��K �
!C> /�> n�1�� �2 �15�������/�
�'�� ���P�(�C'� /�!�,2%�!C>�� ,
+�t5 ��'�� ��(<$� /! -

<
�P�2 + �	!,-CKC5 /�>� �,M� /�> �!,= �f�(�$7 ��C� ��!<1
<$"	,-.NC@( �f�(�$7 P! LKO1�P P! %���"(! �2 �"�
�
I+���
� O1�P /�> �
!0)�* Y��W5 + �(�$7]|[],"$) +

��'�� /�><`!+a,)�*/�>O1�P NC@( /+� <>�7 �"�
�
+ ,�` �_��` /�;$>!� n�(! ,2 6�* �M
,�3]�y[��C� 

�	,- �(�,2.�3 P! LK ��C;��,2V	! P! /�! r�d�! �M1"�q /�>
<7.

��C;� �>6�* /%<7 %<12C� ��
�( �� �<7 �'* P! LK 
��! P! +�/,";1D1� )\���(�!<�� + <7 %�!� �CR8
%0
,&$( �>�;d` I+� �2 <�<7 O11#5 .�1�5 P! LK Y- /

%�&"(� P! %���"(! �2 c�R7! Y- �� �"
<1(! �c�R7!pH,"� 
]<���� Z>!,"� ! Y- �� c�R7<7 O11#5 .�-<$��(� �M
,"M�!

%��t8 �!,�"(! P! LK P! %���"(! �2 �c�R7! /�
!<> �� T$(
%P!<�! %�&'
��P3 /��� /��� /!,2 rPS E�A1At5 + /,1-

C°�~<7 r�d�! .%P!<�! /,1- I+� �2 Z1�D� E�$2,�
 �d$(��18�"'-,2<7 O11#5 ]�z[.%P!<�! 4
PC5!�m /LK E
�?` P!�C
 + ��3 �!C� ]CDA� /�> <7 r�d�! ��1K I+� �2

]�z.[V	! /�>�7�R�! �n� H>,-+ �W>3 /�>��C;� �
,W��)
���) /�>01���3 /!,2 �(�$7o��"�!<�<7 .�C[$� O
! /!,2

�D`,� ���w/��C;� ��;15 Y��7 �D) �>\1K P! /P�(!<X 
!0X!E!�m /�E!�m /P�(!<X!0X! ��;15 �//P�(!<X + %<7 

��C;� 01���3 �2 �>C5,K<7 r�d�! LW
! .C> + H
,"1) I+� P!�
]�}[�1�+! /�>��;15 ��/��C;� <7 %���"(! �>.r�d�! P! LK 

�1�+! /�>��;15!0X!/\� H�! �2 O7 i{{<�<7 !<X .
/P�(!<X!0X!/�D1( + n� �20
,- 0),� r�d�! <7.

��C;� /�>n����* /��� �� �~��X�/+ H'* �!,&1"��( 
o�1(3%<7 +��C;� ,> P! ��C;� +� ���D1� + O
PC5 ��,-

 c�R7! Z1(�"K �2 /,&
� + Z
0$1� �2 �W
<7<�.c�R7! P! LK
��C;� �>��!,= rS /+� + �1�5 �*!C$W
 �9��) �C1����(C( 

<7 H'* %�&'
��P3 /��� �� + �	,-<�.c�R7! /�><
9(! 
LK Z
01$� �2 %<7�2 �f!,= P!C5,K LW
! /!,2 OD15! �2 c�R7! 

� �� ]CW1D-1(C5�W����2 /+�` ]CW1D- OD15! /��� �� ��
�X��/�!,&1"��( E<� �2 ���8�( �	,- �!,= ./�><
9(!

 ��;15 �A5 Z1(�"K �2 %<7 c�R7!�
��,-/��� �� ~~� �X�� 
E<� �2 �!,&1"��( ��2 + �"	,- �!,= �8�(C5,K LW
! 1���3 0

<�<7.%<7 �1�5 /�><
9(!/�D"�� /�>��;15 �A5 I!,K �2
T$( C5,K�;17 ]<� LW
! �+P�H5 P! %���"(! �2 	%<$$) r��+
\2�5αCu- �2��
,X ��,��3 �D1� +q�"�+���!,= ��+ �D1� 
<$"	,- .���) �f�(�$7I+� n�(! ,2 �(� /�> /�> ��!<��"(!

<7 r�d�! ]�|.[�(�,2 /!,2 ��+,"W�! �CW(+,W1� /�>
�'2+�~�*CD) %��C�� �(� /�>�
�K /+� H'* //�>

�
S �2 L�( + ^t� O2,) ^�w �2 ��C1$1�C�3 9: P! /!
 ]<� �'2+� ��+,"W�! �CW(+,W1� �2 + <�<7 %�!� \7CK

L�1D1	�<$"	,- �!,= �(�,2 ��C�.

���!$ � 67$ 
���� ���� 8���9
�� � ������

��@$� �� ��C� /��(�,2G+,���;
<= �"	,23 /�> <
<X +
<��!� I,"�- .G+,�� �;
<= �"	,23 /�> + ��"�>C) ��$) �� 

G+,�� �(� S�2 �"	,- �!,= ,5<
<X �"	,23 /�><�!)YW7i.(
O1�P NC@( /�!?&��� G+,�� B1A� �2 �XC5 �2 �"�
� �"	,23

�R�� O( +r�� �2 /�>Qf1�Qf2 +Qf3NC@( /!,2 ��2
^15,5<7 r�d�! <
<X �2 Z
<= P!.NC@( �R�� O( O11#5 
O1�P�*�7 P! %���"(! �2 �"�
� O1�P /�> E�C  �"�
�

 �	,-]|��{.[O1�P Q@( �"�
�Qf1 Y�� �2 VR@$� 
G+,�� �;
<= 6�* /!�!� + %<
,2 �!<
<7 ��;
<= �"	,23 /�>

 ��1�2"����` �� �(! �C	<� Y��WC@( �) NQf2 +Qf3 
�"	,23 G+,�� <
<X Y�� �2 VR@$���* �2 ^15,5 �2 /�>

<$"�> �!CX + �"	�
 Y��M5 ��"R�� .
%��;7 a,;1��H
Q@( �� �� �(! �C	<� �;
<= ��* 

O1�PG+,�� �"�
� �;
<= �"	,23 /�>)Qf1 ( �M
�0� �� +
��RX c��5�! �� + ��"�>C� /�y{l �
�� Q@( P! /,"� 

! %<7 Y1M'5�(.�2�D ! \�2 +� P! a,;1� O
! �D� �C:
oC(�V	! Y��7 <
<X /�> /�>C ,AV	! �
 +

LWD�;)+<K��;
<= )^1),5V	!V	! + E�$2,� �7�R�! /�>-
n� �7�R�! /�> Btk (�(! %<7 Y1W'5 .V	! �7�R�! /�>

/!�!� n� ,
���� ik�5ly�2 %!,;> n� < �� ��;"*�( 
�
+!P �R#W�5 B(C"� �!� ��1�2 NC�+ / �X�� �2 �7�� �

<���
P �'* r�MA"(! + <
<7 .�"M� O
! ��C� �� �XC5 Y2�= /
V	!�3 Z� ��1�2 \7CX �>�� �(! �
�<
,D� <1(! �2 �> O
! 

3 - X-ray Diffractometer XD-610, Shemadzu 
4 - Monochromator 
5 - Scaning Electronic Microscope (SEM) 
6 - Philips 
7 - Pedocomplex 
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<DX�|%��;7 ������2�i|{ ���);
<= 6�* +� �� �(� /�>/+� �NC@( O1�P��
����� ! J,7 ��

,�! /���� �!C� + �'* Z1D=! �2 ��@$� ��* a,;1� ��C� �� 
4=!+ �� + �(! �1;>! /!�!� �M>3�2�� ,[�<(� �"7?- Z1D=! 

�@$��(! �"7!� �;�� ��1�2 \�� ��* O
! Y��M5 �� �.�2-
�� ,[�C:� <(�
!,7 �2 �R�� �"7?- ,"'12 ,�C� �2 �D#	 B

�(! %<7 �
!0)�* /�><$
3,	 ^R( .�2 Z> ,&
� �!,&'>+eK
��@$� �� �"7?- �;1D=! E!,11F5%�,) %��7! ���� ! J,7 /-

<�!]z��.��l .[V	! ��( YM7 �2 E�$2,� �7�R�! /�>
���! ��!C� �*,2 �� + ,";1"��( O
<$w ,@= �2 �M>3 /�>

�D1(C2 %<7 ���;1(�>3 //+�` + %�C2 }��5|.< �� 
<$"�> E�$2,) .�$1f�K \�2 ���a,;1�E�$2,� �7�R�! V	! �>

��
� �2�"	,'1K �(�$7�2�1�D�+,"K ���` + ���;1( YM7
�� %<>�'��C7.�+<` /+�` V	! O
! }iE�$2,) < �� +�k

�(! n� < �� .�"W� �CX+ r<8 a,;1� O
! �� �XC5 Y2�= /
V	! �� %0
,&$(�� �) �(! O
,
P /�> �?` P! �7�� <�!C5

%0
,&$( ��
� O1�P /�><$
3,	 ,�! �� �> <7�2 6�* �(�$7
)]+<X�.(

�

����

���و�� ا
	�� ه�
��ه���ن

ا�� 
ب

5-" :�#=!+ ,
Ct5)��! (O
��;� 4@�� +)o(�(�,2 ��C� �"	,23 G+,�� )Qf1��+ �;
<= �"	,23 G+,Qf2<
<X �"	,23 G+,�� (.

;��<%�-e
+��
� /�>6�* �f�1;17CW
01	 + �(�$7 O1�P NC@( �� �>�(�,2 ��C� ��
�.

V	! 
����� 

),";1"��((
Y���� ��� 

)H'*(

�1#�+
�"(CK /�>
�(� 

H>3 �1#�+
�
C��� 

< ��
%0
,&$( 

pH 
c�R7! Y-

ECe 
dS/m 

< ��
��3 �!C�

< ��
H>3 

< ��
O7 

< ��
�D1( 

< ��
n� 

Q@(Qf1  Thapto Alfic Torriorthents 
A�~b�10YR6/4 -Evd �� �/��/���/��/�� �/~� �/�� �/�� 
C��b�~10YR6/3 -Esd ~� �/��/�� ��/�~/�� �/�� �/�~ �/�� 

2Bkb ��b��7.5YR6/4 -evc 2 i sc ��/��/���/��/�� �/�� �/~� �/�� 
3Btb ��b��7.5YR5/4 2 n pf Emd �~/��/~��/�~/�� �/�� �/�� �/~� 
4Bkb ��b��10YR6/4 -evc 2 i sc �~/��/���/��/�� �/�� �/~� �/�~ 
5Bkb ���b��� 10YR5/4 -evc 2 i sc ��/��/���/��/�� �/�� �/�� �/�� 

6Btb ���b��� 7.5YR5/4 2 mk pf & 
po emd �~/��/��~/��/�� �/��/�~ �/~� 

7Btb ��~b��� 7.5YR6/3 1 mk pf & 
po emd �~/�~/���/��/�~ �/��/~� �/�� 

8Bkmb +��~ 10YR6/4 -ev m 3i sc �~/��/���/��/�� �/�� �/~� �/�� 
Q@(Qf2  Typic Calciargids 

A��b�10YR6/3 -Esd �� �/��/~��/��/�� �/�� �/�� �/�� 

Btk ��b��7.5YR4/6 1 n pf es f 2 esc 
rsm ~� �/��/��~/��/�� �/�� ~/�� �/�� 

C1 ��b��7.5YR5/4 -Esd �� �/��/�� ��/��/�� �/�� �/�� �/�� 

2Btk ��~b��5YR4/4 2 n po & pfes f  2 esc 
rsm ~� �/��/~��/��/�� �/�� �/�� �/�� 

3C ��~+7.5YR5/4 -Esd ~� �/��/���/��/�~ �/~� �/�~ ~/�� 
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%�!P Z
,) �E�12�����* �!,
! �(�$7 ���) + �(�$7�CD2 �Dd� ~�

%��;7 a,;1� /.Q@( + ,5<
<X �"	,23 G+,�� /+� 
O1�P �"�
�)Qf2 (c��5�! ���l|k�(! %<7 4=!+ ,"� )YW7
i(./!�!� a,;1� O
!�!C5�V	!�7�R�! /�>E�$2,� + n� �2-

r!C5 E�C V	! + �/�> C �� �291( /�!?&2C(� P! �7��
�(! �"	,23 G+,�� B1A� .V	!Btkn� �7�R�! YA� /�>
�"(CK �2 %!,;> �5�M1D1( YM7 �2 �>3 �7�R�! + �(� /�>
��!<��* Q@( /+� ��CK �(�> .V	!2Btk V	! ,
P C�2 

�+<` �� ��
P �����~~��;"*�( �,";1"��( �
+!P �R#W� �!�
�X�� �2�2 n� �7�R�! P! /<>!C7 + <
<7 ��W73 /E�C 
\7CK�(� /�> �+<` �� n� ,
���� +k�< �� �7�R�! +
�2 �>3 ��CK E�C  �+<` �� +i.< �� �(!.V	! C�7�� 

%0
,&$( �7�R�! P! /�!<
�K /!�!� + �
!0)�* <>!C7 <=�	 ��>
O7+� H'* ��� + ��( �;) + H'*�d1"� �) �(! /

oC(�%�+� �: /�!?-O1�P �!<
�K�� /�>�(! ��()]+<X�(.
O1�P Q@( 6�*�"�
�Qf3  + %�C2 �
!0)�* Y��W5 <=�	 

���) 01���3 + �(�,2 ��C� O
!,2�$2�	,&� �!,= �(�$7.
�2��
� �D) �C: 6�* L
,5�� E�$2,) ����� + �(�$7

�� ,11F5 O( \
!0	! �2<$)].{.[
�- ]�( �� �!��W;> + Y
�|yy��
� �(�,2 �2 6�* /!,2 �(�$7 V:�$� �W>3 /�>

YW7 �&�C&w H'*�3 /,1-�D`,� ���w + �f!�! !� �> /
��
�%0
,&$( /���� �!C� �� �(�$7%0
,&$( <=�	 + �!� 

<��,) ���$'1K].�.[]�( �� �"7�� ���~ O
! Y1;W5 �2 
�!C5���! �3 �2 !� Z'7 + Zd$K Y`!,� ��,) �	 .�"7�� ]<� ��

6�* r�� �2 rC( �5 ]+! Y`!,� �5 r���w Y`!,� + H1�D) /�>
�2 Z'7<7 %<1��� !0)�* �
,W��) �!C$8 <�].{[.�2 �XC5 �2
��
�E�$2,) ��'� �(�$7 6�* �� !0)�* /�> ��C� /�>

 ��(�,2O
! �� ��
� \>+eKE�$2,� �(�$7 �2 �> �!C$8
<7 %���"(! �R�� O( �*�7 .��
� �7�R�! V;8 + �(�$7

E�$2,) O( �2�
P�! /!,2 + %�C2 ���P �2 �"�2!+ !0)�* /�>
O1�P NC@( �R���2 �"�
��� ��) <�+�].��.{[.]+<X .

��
�E�$2,) �(�$7 �"7�� ]<� /�$R� ,2 �(�,2 ��C� /�>

)�|}l (�� ��'� !�E�$2,) �) �(! ��'� + <>� �� �>
5 �;( �2 �C	<� �;
<= 6�*�
,W��) Y1W' !0)�* /�>

�"	�
 Y��W5<�!.

������� ���=" 
������
�� 
��� ��� ���=" 

6�* /���� �!C���@$� /�> ��C� /P! �(�,2 /�><�P�( 
�(�5,))/�><`!+K4�K7+K10O1�P �'�� �� ��(�$7
 YW7.(Y17 +H1(!�+q /�> �;'w,(�(! �"	,- .���)-
�(�$7<�P�( O
! �>�� ��'� ��) <> /+�` �(�5,) /�><�P�(
 �+<`��O12 + �W1� < �� ��5~+ �1$1�Cf�) + �
,D) < �� 
Y17 /+�` H1(!�+q /�>il�5l{�W1� < �� �.{�5il

�1$1�Cf�) < ��<$"�> �
,D) �f0X ,
���� +]k[.�2C
! +
�!��W;>)�i}� (��C;� n� \�2 �(�,2 �2 H>3 �$( /�>
O1��"12�+! �(�� ��!�CD&$) ��$(��@$� Y17 + !,� ���� ! /

���) �2 !� 05�!C) + �
,D) ��1$1�Cf�) ��
9
! /�> �!C$8
���) �,) I�!0- �><�P�( O
! �� �CXC� /�><�]z.[

����
�� ��� ���=" ��>�� ����� ���(Qf1) 
YW7kbH1�D) V	! n� \�2 �7�&� I!,K ��! (2Bkb) 

O1�P Q@( �;
<= 6�* ���"�
�Qf1 �� ��'� !�<>� .
�D= �C�` /./�k ,&��'� Z
01$� �2 c�R7! ��;15 �� r+,"�&�3 

���) �C�` �(� /�>.:��(! �1"W;(! + �
,D) <$��� .
,&��'� ]CW1D- OD15! ���2 �2 ��C;� O
! ��;15 P! Y �` I!,K

�D= ��d
! + ���) G��R�! /}/�y <1f�5 �) �(! r+,"�&�3 
%<$$)1"W;(! ���) �C�` /�(! �.Z
,) �!��W;> + %�!P

)�i}k (�D= �CX+ 01� /|/�y �2 G��R�! ,�! �� !� r+,"�&�3 
6�*�� ]CW1D- OD15! ���2 �$�!� �7� /�> ���� ! J,7 /!

�"��!� �1"W;(! ���) P! �7�� !� �3 + I�!0-<�! .+ �C���X
 <
!,2 H�)�|}| (O12 ���) G��R�! ,-! <�<�"#��yb�z

�<7�2 r+,"�&�3�
S ��2 �2 �1"W;(! ���) �CX+ ,&��'� ��
P /!
 ,"'12 G��R�! P! �) �(!)�zb�}Å(�� /,1-CDX <$)]...[

;��<+��
�E�$2,� �(�$7O1�P NC@( �� !0)�* /�>��
�.

�1	,�Cfq Q@( 
�D��M5 �D`,� 

)�"7�� ]<��|}l(
2,� < ��$E�,1��5 

Qf1 III,IV |ibz. Calcic Soils – Pedogenic Calcretes 
Qf2 I,II i�b.z Calcic Soils 
Qf3 __ i|b.| __ 
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<DX�|%��;7 ������2�i|{ ���);
<= 6�* +� �� �(� /�>/+� �NC@( O1�P��
����� ! J,7 ~�

0 5 10 15 20 25 30 35 40 45 50
2Teta (Deg)

14.7 10.4
7.2

6.4
5.0 3.53.3

17.0

10.2

10.2

Mg

Mg-Eg

K-25

K-550

پج

0 5 10 15 20 25 30 35 40 45 50
2Teta (Deg)

14.2

10.4
10.1

7.2

6.4

5.0
4.7

16.8

3.5
3.3

ا�� 

Mg

Mg-Eg

K-25

K-550

 

0 5 10 15 20 25 30 35 40 45 50

14.2

17.1

10.4

7.2

10.2

5.0
4.7

3.5
3.3

10.2

2Teta (Deg)

Mg

Mg-Eg

K-25

K-550

ب

5-" ?n� \�2 �7�&� I!,K)��! (V	! H1�D) /�>)Bkb(�)o(H1D1X�3)Btb ( +)�(�
,W��))Bkmb (O1�P Q@( 6�* ��
�Qf1.
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%�!P Z
,) �E�12�����* �!,
! �(�$7 ���) + �(�$7�CD2 �Dd� ~�

�D= �CX+�1`�� �� �*�7 +� //�{r+,"�&�3 )�/�{ +k/�{ (
,2 ��S����) �C�` �1D
! /�>)�/�{ (�1W(�C&1��K +

)k/�{ (�(! .�D= /k/y�C�` �<d� <1f�5 01� r+,"�&�3 
�(! �1W(�C&1��K .�� Z1(�"K �2 c�R7! ��;15 �� O
! ,2 %+98

 /���.l�D= �!,&1"��( �X�� �*�7 +� /+ �1D
! �2 GC2,� /
�1`�� �� �1W(�C&1��K /�{�� %<>�'� r+,"�&�3 ) �C7 �
�
��,- ��;15 P! LKll{�D= �2 �!,&1"��( �X�� �*�7 H5 /

�� Y
<R5 O
! �� �1W(�C&1��K ���) ^
,�5 P! �7�� �) �C7
�(! �
��,- ��;15 .c�R7! ��;15 �� ��� �2 �D= O
! E<7 \
!0	!

 �$
0&
�X �d1"� Z1(�"K �2 K /�X �2 Ca +Mg o3 ,1�R5 +
�C15�) O
! �5!�<1> �(�>].i.[D=�<
<7 ��"R�� /./z

/��� �� �3 �?` + Z1(�"K + Z
01$� ��;15 �� r+,"�&�3ll{ 
�X���(! �1$1�Cf�) ���) �CX+ ,&��'� �!,&1"��( /.�D=/

./k�(� \�2 �� 05�!C) ���) �C�` P! �7�� 01� r+,"�&�3 
E�$2,)�(! �(�,2 ��C� /�> .�D= /�>{/l�z/k�l/i+i/i

%�� P! �7��
� /�>���) ,&�(! �
,D) + �1D
! /�> .��
���) �C�` ,2 ��S� V	! O
! �7�&� I!,K �(�,2 �cC;d� -
+ �1W(�C&1��K ��1$1�Cf�) ��1D
! ��1"W;(! ��
,D) /�>

�(! 05�!C) .6�* �@1A� B
!,7 + /���� �!C� �2 �XC5 �2 /�>
�� ��(�,2 ��C����) �!C5 + �1$1�Cf�) ��1D
! ��
,D) /�>

� 05�!C)���!� /���� �!C� P! %<1(� ��! �2 !.�<1(� ��! �2
���) �f�W1� /�>)�
,D) + �1D
! (6�* �� /���� �!C� P! /�>

�(! %<7 I�!0- Z> �!,
! oC$X].k.[r<8 �2 �XC5 �2
���)�C�` �2 �/���� �!C� �� �1W(�C&1��K + �1"W;(! /�>
�� ,[����) O
! Y1W'5 �) <(��2 �>� + !0)�* E�C  ,�! �
\$)!+6�* /�>O1�P�
�1;17��(! %<7 r�d�! .�>!,;>

V	! + �
�W(�C&1��K ���) �!,&'>+eK /C( P! H1�D) /�>
6�* �� �D"��%<A"� ES�
! /�>].l[0),� �]k�.y�i{[+

oC$X].k[�(! %<7 I�!0- �!,
! .��) + P�( oC(� /�>
A� �� Z1�D) �2 Z
01$� �R�� \
!0	! + Z1�D) E�$2,) ]CD

 �2 %!,;> 6�*pH�2 %<7 ��d
! ^(�$� �D1(+E�$2,) /�>
�2 %!,;> �1W(�C&1��K ]��"�! 01� + �1W(�C&1��K Y1W'5 /!,2

�2 �H1�D) V	! Y1W'5 ���P �� H>3 �<7 �$U YD8 �!C$8
V	!�(! %<7 ��12 �1W(�C&1��K P! H1�D) /�> 

]i{�.y�.k��i�k[.
V	! �7�&� I!,K �(�,2;
<= H1D1X�3 �)YW7kbo(

���) �CX+ ,&��'��(! �
,D) ��1$1�Cf�) ��1D
! /�> .

8 - Pedogeochemical 

 O1$u;>�2�� ,[��D= �CX+ �) <(� �1#� /�/�� r+,"�&�3 
�D= +<
<7 /�+�/�+ Z
01$� P! c�R7! ��;15 �� r+,"�&�3 
�D= /���;15 �� r+,"�&�3 ~~� �
,D) �CX+ ,2 ��S� �X�� 

<7�2 �"7!� O>3 P! �$U]i{�.y[.�
,D) O>3 P! �$U /�>
�!��W;> + �2C
! B(C5]z[H1D1X�3 P!��@$� �;
<= /�> /

�!��W;> + ���1) + L1= r��!]}[6�* P! ��"(! �;
<= /�>
�(! %<7 I�!0- ��"�D- .�
,D) O
! �� H
,	 O>3 ��!+!,	 �>

���3 �(��` \
!0	! ^R( <�!C5<$
!,	 �2 �> + �-<
�!C> /�>
W7 ,11F5 4
,�5�3 Y�C7 �>].y.[�D= V	! O
! �� /�/�� +

�D= <
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<= 6�* a,;1� �$1f�K \�2 ��
E�$2,)��
� �>�� %<>�'� �"	,'1K �"*�$7 ,2 �$2 + ��C7
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�!��W;> + !PC2 ���"8!).{{z(���) ��
,W��) �(�$7 O( �2 �>
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,W��) �� �1�C1�( �CX+ r<8 Y�!C8.
B1A�2 SC;#� �
,W��) /�>B1A� �!C$8 �Y1W'5 /�>

�� �"*�$7 �1W(�C&1��K<�C7]�������[V	! �� ��+ ��C�
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�K�� ^R( <�!C5

5 + �1W(�C&1��K ��C� �� ,�! O
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�� Y1W'5<�C7]l[.��
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�(! ��1"W;(! P! YW7.

5-"B�+,"W�! �CW(+,W1� ,
+�t5 �,R1	 + �1�D� /�>�CD2 P! �#��@� ��C� �
,W��) �� �
�M(�C&1��K /�>.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

03
 ]

 

                             9 / 14

http://ijcm.ir/article-1-465-en.html


%�!P Z
,) �E�12�����* �!,
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