
�����  ��� �	
�
�

�
�	 �����  �������� �
���  1� ���� �! 1395  

%&. 180-160  

����� �� 	�
��
�� � ����� ����� �� ���� ���� ��� ���
 �� �� ! ����
 �����  

������ �	
��∗ - �	
�
 �����	� ����	
�� �����	� �����	�  

  ����	 
��	-  �����	� ������������� �
 !� ��"��	��	
�
 �����	� ����	
��  

��#�$ %&��' -  ���	
�� �&
( ��#�� '	 �����	� �)��� *�+

  

  

,���� %
#-. :05/02/1395          7#��� ��#8
 :18/06/1395  

  

  

�,-./  
0�1�23�,�� � ��0��� ����� 4-�5 ��
 
6 �7� �-  89��� �:�;� 4;3!5
�  �<  =>��?� 
6 0� ,��� 

 @<3--A! �5��5�  ��� �7�;�� B�� �	
�
!��-C�
D��� � �	
�
�

�
�	
D��� ,?��� .   ����?� 4?;< 
6

0  

E�� 3-FG! 
7 4-�5=>�� � 3--A! �-CH< 
6 �
I! 0�1� ��� 0���     � �?�
3  �?  =?�J7 �5<
�< �<

4-�5 @�KF< =>��0  ��-0C 

���� 
�1/ �.;	
�
�

�
�	 –  L��?� �.-7
�.!
�

� : 3��<
�?�  ��<3?! 

�.�5  ��)P(L.� �  0P
Q)BS(2,R � �
�S!  0?P
Q   �?T.�5(AF)  U;3?P �  V-?�  �?>�   0?1KW

�����
�(SMF) 63�,� 0�>< .3-FG! ��
3  =1W 0�<6< 
6  0?�1� 3  �-CH<  0?��� ��?� ��< X�?Y�W 6 

 �� 
�
 07
�7)3 0��� 5< 07
�7 � L-�� ���3 0��� 5< 07
�7 �<�
 ��?� ( 0?   0C-?��   ��Z�?�6XRF 

� 
<,S� � [�W 4-Y! 07
�7 3� �-�C� @�� 30  0C-��    ,?;63: %J?T� 6
�?73  �3��-�C� ��Z��6 .

���

���� 5< �,�\ =�,  ];��7 �.;	
�
�

�
�	 –  4-?�5 �6
  ^�  5< ��T7 �.-7
�.!
�

�  =>�?�

 ���
� [;,H�! � �C�: _
`> �6�,I� 
6 0Y��`� 6

� 0S`�� 
6 �K�W 0?   ��?;�    �
��?> �?J  
6

�� 0S`��,��  .�6<6 � 
�
 ���11   L��?� <
 3?a�R :Na2O� MgO� AL2O3� SiO2� P2O5� 

SO3� K2O� CaO� Fe2O3 �Sr � Br 07
�7 0�� 
66<6 ��T7 �� .b
���
6    6

?� �7�?� �65�; 5<

07
�7 
6 0Y��`�0��� ��� �?� 3--A! �<
<6 3a�R �6 ��<�
 � L-�� ���   4-Z7�?-� � ,�?�� CaO  
6

0��� L-�� ���X�K;3S! 20٪ ��0��� 5< 3��� �<�
 ���,��  . 0?��� 5< 3&��R ,&
6 3--A! 4;<  ��?�

�� �-CH< 3--A! 5�� B; 5< ��T7 �<�
 0  L-���7�� 
6 0� ,��    �;�-�-?� �:65<
?� 0  d��Q ���

 ,�7��Fe2O3 )12٪ 3�T-  ( �AL2O3 )18٪ 3�T-  (�� 3!5
�  0S`�� 
6,��  . ����� 4;< ];��7

0�1� L��.! 5< ��T7��� 0��� 5<
�< �
��> �J  �<0  0C-�� 4-�5�� �-CH< 3--A! � =>��,�� .  

  

  

�,-C� ��:	<�: 4-�5=>�� �K�W0��� ��-CH< 3--A! ��6�  ���  ��-�C� @�� 3� �5<
�<.XRF 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;  
∗ <�=>� ��?>#��:  E-mail: Maghsoud@ut.ac.ir  



3-F�! 
7 4-�5=>�� � 3--A! �-CH< 
6 �
I!...  161  

 
0�,S�  

,+ @!��A7  �&��40٪  �� C�D EA�?� 	� F��G HI' G	, �
(
+  *'	)AAAS1, 2013 .( G	 M�+ �	
#	 7��+��+ EA�?�

N�' C#  7� O��$ 	� ���! *��>� ���$) �7P��Q1377 ( G	 M�+ ,!35  �	STU+
�
 ��@�!  �T�	S�#� 	� EA�?� F#	 G	

����$�. ,! ��	V��"��� 2.1٪7� M$�. 	� �	
#	 *��>� G	 W 7(�?!	
. F#
 ��+ ,! �?T��X �T  & �S!
� MY+ ��

7� �	
#	 7Z
$ �$�+) �����[�1381 .(,+ G	
�\ MY+,?�. & �T�	S�#� ���
]��� ��T,'�� ��TMY+ �� �	 ^�?� G	 ��T

 �	
#	 �
 D�+,+ �_#&  ��	� ���& �� 'G�D ,�@� ��,!  *��T	�X �T  ��T�?#	
� *D�?$ �O��� ,+���& ,+  ����&X�X �T 

F��G �?���7� `�� `�@Z	 & *D�'�$�+ .�+ EA�?� 
 ��+ ��N
��?� �?��� ���+ <��$	 �7��+� ,'�� ��T 7� ��#� �	  ,! ��$

,+ ,@�'&  7��@Z	 �?��� a@ Y� ��T
 �	��.)�S�'2 �2001 :��'3 �2005 : ���'2014 : ��	����T & �S�'2013 :�	��T4 

 ��	����T &2015 :O(�+5  ��	����T &2015 :)b(	�6  ��	����T &2015 :)�+ & ��#7 �2015 :F#��	8 T & ��	����

2015 :���!9  ��	����T &2016( F��G *D�')�&&10  ��	����T &2012 :��� '	11  ��	����T &2014 :
�!��12  &

 ��	����T2015 : ��	����T & c?�2016( � 7+�'�)F����13  ��	����T &2014 :
 >��d14  ��	����T &2015 : ��?���!- 

�>�
���15  ��	����T &2015 :�	��T & *��16 2015 (T & 7�#���&���)N�+ 7
��17  ��	����T &2015(  
e� � & <
 ?!

7� ���$ . ���� F#	 ���GF� *D�' G	  f#�Z�
 E#
A  f#�&�� & �T O>( ��T  7(��Xd�+ & 7?���&
� ��T) & N�+ 7
��

 ��	����T2015 :
�@+G�' & g�� ��!G&	18 �2012 :�S��19  ��	����T &2008 :
@! & %�@�20 �2013 (C�D EA�?� �� 

,?�. 
+ ,'�� ��T 7� 
e	 �	 ��	-( .
 >�?� & g��!21 )1999 (�	��T��� ��T  h#	
$ G	 7�# 	� F��G �&�<
 ?! ��??! 

7� ���+ i�+�'� �?�	� . �F�?j�T���T ��A N
��?� ,! 7��@Z	 i	
���
 ,+ *]>� i��+ C�D EA�?� ��T�?#	
� & �T

 )�>�7� �?$�+ 7� ���� M?!	& �X ,+ *]>� & �?T�) �
 >�?�1997(M?!	& F#	 � 7(_#& �� �T 7�
��?� & 7+�'� ��T

7� 	��. �����??! .7(_#&7� 
e� � `�@Z	 
���
 G	 ,! 7+�'� ��T & ��$ ���>!	 �<b[�	 �����' �	��� & V�� O��$ ���$

7��! ,#S"
 ,+ 
"?� ,! 7#����$ 7(�G	�T �� �T^X �	�T& 7� ^�A
� �$�+)C+ 7� & F�
�22 �1985 :k#
+ 
#��23 �

1970 :�&��24  �1994 :N�@+ & *#	&25 �1995 :��d� '	26 �1998 :��>���1 �1993 .(7(�G	�T ,���� �	
+ 7#����$ �� 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;  
1  -  American Association for the Advancement of Science 
2 - Swezey 
3 - Tsoar 
4 - Hamdan 
5 - Bogle 
6 - Douglas 
7 - Yan and Bass 
8 - Ellwein  
9 - Qiang 
10 - Wood 
11 - Stevens  
12 - Lokier 
13 - S. L. Forman 
14 - Lancaster 
15 - E. Kalinska-Nartisa 
16 - Refaat and Hamdan 
17 - Nottebaum 
18 - Ozkaymak and Sozbilir  
19 - Ramsey 
20 - Melosh and Keller 
21 - Kocurek and Lancaster 
22 - A. Lerman and M. Meybeck 
23 - R. W. Fairbridge 
24 - Derver 
25 - Withe and Blum 
26 - Stallard 



162  �����   ����	
�
�

�
�	 ����� ����� ��� 
���� 1 ����� �! 1395  

 
�l�� m�!

 7��#�$ M�� i�+�'� �G�+ 7� �?!)7 �G��(2  ��	����T &2015( m]' & ����
 7��!���T �N��?���X ��>!	 

�FTX �`#�' �N�#S�?� �)� . i�?+
! `�>@! & f�@�' �7 ��
( )7���n & ��	����T  �C+ 7� & F�
�1985 .( �� F�?j�T

EA�?� �+ 7(����+ ,'�� �?��� , >>( & *>' i�+�'� �� �7��!��� >$ m]' ���+ ��T i�?+
! `�>@! G	 HI' F��G 

,+ d,# ��T 7?�#�. 7� ��
()f� + & %��3 �2000 :c?#�4  ��	����T &2001  : ���d� '	1998 : ���>���1993 : 7o��

 ��	����T &1393  .( ����+ i�+�'� �	�	� EA�?� �	
+ 7+�'� & 7�#����������� *�pP& 7'�
+ �&
?#	 G	,+ ��q?� 

 *'	 ��&
P & 
#S(�� �
�	 ��X , $-( *�pP& 7'�
+ & O���
) ��	����T & N�+ 7
��2015.(  

  g��	 i�p��I� ,+ ,��
 �+ MT&_. F#	 ��\`�� >�
�  �+ r�]
�	 �� , �
( i��l
�e8
 F��G,?�. 
+ *D�' ,'�� ��T  �	

 ���� & �	
#	 HI' ��)7� & Fn5 �2013 : ��	����T & ��� '	2014 : ��	����T & 
�!��2015 : ��	����T & �&&2012 .(

F��G *�pP& *D�?$ & 7'�
+ ,+ *>Y�7(_#& E#
A G	 ,p��I� ���� ,�I?� *D�' �D MY+ �� 7+�'� ��T G	�T	 ��&

 ,+ fs' & , D	�
.
�e8
 7(_#& 
+ `�@Z	 
���
 ��T��!7 7'�?$  7+�'� 
l�?Q &,+ �_#&  7�	&	
� & i	
���
 �l���X �T  ��

 ��T ,?�.,'�� 	� ),'��,'�� & O�>� ��T�	&� ��T (7� , D	�
. ��$ . & *D�?$ MT&_. F#	 t�T
�e8
  N�� �?#	
� &�

 ��
+)�GF� *D�' Z	 
���
 &`�@ (,?�. 7�
��?� & 7+�'� O���
 & <�[
 
+,'�� ��T7� ��&�D MY+ �� �	�$�+ . �&X��#

7�,?�. �+ r�]
�	 �� MT&_. F#	 ,! ��$,'�� ��T,���
+ �	
+ & ���+ F� >Y� ��D V�� G	 G	�T	 ��&�D MY+ �	 �S#�

 7@��u
 i�p��I� *��N�"�	 ��$ *'	 . 

0Y��`� 6

� 0S`��  

� 'G�D �� '	 
+ v��+ 7 ��>� �+ �67282 7� UZ	& �	
#	 �
 D�+ ^�?� MY+ �� 
 ��@�!  �$�+) 7#���	
�� ���G�'

 ����!1375 .( ��(�#� G	 �� 'G�D ,�@�F��G 7'�?$ MY+ & F#
�?�	 F�+ ,�@� ,�	�	 7�	
(�.�
 &  �X �
 D�+ ��T

7� 7+
Q ,[ul G	 7�Y+  �$�+) �7
�]��ZX1383 �7P��Q �1377�A 7#bQ � �7����1388 (,s
  �� ,p��I� ���� ,'�� ��T

,?�	� 
+ E]I?� & G	�T	 ��&�D MY+ �� �MT&_. F#	7� <�.�! f#�Z�
 �
 D�+ & 7+�?� ��T  i�� Y� �	�	� ,! �$�+

 7#���	
��) w
Q˚31  �
˝20˚31  7#���	
�� <�A &˝54˚48  �
˝30˚49 (7�  �$�+) O�$1 .( ,p��I� ���� ,�I?� *p'&

 �&��3677 U+
�
 ��@�! 7� �$�+ . G	�T	 ,+ m�


 ,+ ��&�D ^�?� & �
 D�+ ^�?� *�' G	 7#���	
�� 
q� G	 F�?j�T

 7��eb� g
�$ ,+ 
 D�+ *�' G	 & S�
��	� �� '
�$ & 7�	
� ,��D�&� ,+ m�


 ,+ ��&�D <��$ & �&�D G	 & 
���	� &

7� �&�[� �$�+ . V�u
�	 �+ �����\X f#�Z�
 i�Q�u
�	 �� & ,�I?� ��&�D MY+ �� ,�I?� ,I�� F#

�?@+215  & 
 �

*>. 

F#  V�u
�	 �+ ,�I?� 7+�?� MY+ �� ,I��10 7� �#�� HI' G	 
 �  �$�+) O�$2 .( & ��� F������ �7��@Z	 ��(�#� G	

�� .�?�' ��� >#	 �� ,p��I� ���� ,�I?� %��+ 7���G �G�+ 7A �G	�T	 753  ,��')2010-1957(m�


 ,+ � :25.4  ,���

 & �	
( 7 ��'209 �7@� 
 � 7�  �$�+)���! 7'�?$	�T ���G�' *#�'.( 

                                                                                                                                               
1 - Johnsson 
2 - E. Garzanti 
3 - Mush and Bettis  
4 - Ding 
5 - Z. Chen and G. Li 



163  

  
�\ �<  

  
07
�7 �
��� � =-YH
� �  �<3�� 0Y��`� 6

� 0S`�� �R�e!
< �,�! � ��0f0��� ����<.  

) ���#��[� & F#�X1389 . & 7���!

	
��@�?!�  ��G�' & ���� Y+,'�� �?'7 

 ��X �� ,! ���	� �S�&
+ ��
]��� ��G�' &� <�.�! f#�Z�
 �� �

3--A! �-CH< 
6 �
I!...  

L.�1: 0f! � 0Y��`� 6

� 0S`�� =-YH
� 0��� ��� �\ �<

2: 07
�7 �
��� � =-YH
� �  �<3�� 0Y��`� 6

� 0S`�� �R�e!
< �,�

�	
�
�

�
�	 �  

 ��(�#� G	 ,p��I� ���� ,�I?�F��G 7'�?$  ��&�D MY+ ��(�� �	&
�7  <��G�

 O��$ )��� �&
( 7?�#�. ��T��G�' �X �� ,! �$�+	
��@�?!

 ��	����T & 7����&X1390) ( O�$3( ��X �� ,! ���	� �S�&
+ ��
]��� ��G�' &� <�.�! f#�Z�
 �� �

3-F�! 
7 4-�5=>�� � 3--A!

 

 L.�2

  

  

4-�5 ����� �	
�
�

�
�	 �

 ��(�#� G	 ,p��I� ���� ,�I?�

 ��	����T1390 (7�  O��$ )��� �&
( 7?�#�. ��T��G�' �X �� ,! �$�+

 ���	� �S�&
+ �����\X)



164  �����   ����	
�
�

�
�	 ����� ����� ��� 
���� 1 ����� �! 1395  

 
 ��G�','�� �?'7  �����\X) G	 M�+90٪ ( �� 	� f#�Z�
 M$�.�
+7 �
�( MY+ �� ���� Y+ �	
��@�?! & ��&�D ��T

��	� �S�&
+ f#�Z�
 �
 D�+ & . 
q� G	c?' $'�?7 ,#d G	 O�� � �����\X ��G�' ��T,'�� �?'7  ���� &d,# ��T 

 7����)�	����T & ����	1 �2015 (7� F'��@. �
 7���� F'��� F' �+ & �	�� O��$ ���� Y+ �	
��@�?! ��G�' & �$�+

��$ ��	-�+�'� F'��@. �� 7�TX ����' �+ )
(	G ��T��G�' G	 Ol�� ��	&X  ��	) �7p�I�1372 �439 – 440 .

 �7
�]��ZX1383 �256.  �����	1391 .g�T2  ��	����T &2004.(  ��(�#� G	F��G 7'�?$  F� >Y� ��� �� ,�I?� F#	

F�n  
P�� <�� �� )
(	G �	�� ��T,+ ^�>� 7� f#�Z�
 �X �� ,! �#X  O�	
� �	� +	 �� �TO�$ (�
� 7�  �?$�+

) �7
�]��ZX1383 . ���?�
+	1371 . ���	G M#&��1385 . �7P��Q1377 . �7p�I�1372 . �*��	�1384 .(  

N�� �+ f#�Z�
 ���n ,p��I� ���� ,�I?� �� ������������ ��(�#� G	 f#�Z�
 ��
 D�+ ^�?� MY+ �� G	�T	 f#�Z�
 ��T

 O>( hD ,' F�?j�T & 7���$ MY+ �� <�.�! f#�Z�
 & ��&�D MY+ �� �����\X f#�Z�
 ���&�D ^�?� �� �&���

+ �� ���Q & �&��� f#�Z�
 7+�?� MY+ �� ���	�&� O>( �<�.�! f#�Z�
 �� ,p��I� ���� ,�I?� �
 D�+ <��$ MY

 ��	� ���& ,�I?� �
 D�+ ^�?� MY+ �� G	�T	 O>( G	 7�Y+ O>() O�$4 .(N
��?�  �� m��\ ������������ ��T

O��$ ,�I?� : ,�I?� 7���$ MY+ �� �T�?�+X) ��	����T & 7p�u$1390(���� � ^X �T,s
 � ,'�� ��T  , >+	& <��$	 & �	

g��� Os#� O��$ �X ,+  �T��]� & �T) O�$5 ^ & a�	 (^X ,�]$ �,�I?� 7���� & 7���$ MY+ �� M�TG & �T  & �T

 i�Q�u
�		��$��"# ,+ ,@�'&  ,�I?� �� ��
]��� f#�Z�
 ,'�7 �$�+ .  

  
L.�3:  d3:<5 
6 d
�� ��3: �
�Z7 0�-/ �
��)�6�31  5< 0��3:3 3  ��<
�.�� �2004 (.  

  

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;  
1 -Ahmadi 
2 - Homek 
3 - Bahroudi 



165  

 3;
a! �  �<3�� ���
� [;,H�! =-YH
� �C�

�� ��T7 <
 [;,H�! �I`� ���,75�� �  �\ B-!���,�6.(  

  
�����  0S`��)h�< ( L.� �)i(23�,�� �  ���

j
�� Lf;
  ��)2 ( ���.K7 �)3.(  

7'�?$  & 7#�'�?$ ,p��I� ���� ,�I?�

 ,��� G	 fs' & �#�
( x	
Y '	 7�#����������� ��T)Dem ( ,��
 *�� 
 � 7'

�$ ��T�� !�� O��$ ���p� &� �MT&_. F#	 �� ,�	�	 �� �T	

�����#* ��	� E�u@
 ,+  & ,@l�� ��T

3--A! �-CH< 
6 �
I!...  

  
4-�5 ����� [;,H�! =-YH
� �<3�� ���  �C�: _
`> � ) 3;
a! �  �<3�� ���
� [;,H�! =-YH
� �C�

�� ��T7 <
 [;,H�! �I`� ���,75�� �  �\ B-!���

 =-YH
� �  �<3�� �.;	
�
�

�
�	 ��1�3�,���\ ��  ���,75�� 
64-�5 �����

L��� 0S`�� �< :0f! 0��� ���  �<)1 (23�,�� �,�7�� �\ 0�� <� ��� :j
�� Lf;


��� G	 ���u '	 �+ *>Y� MT&_. F#	 ��,  ��T1:250000  &1:100000 F��G 7'�?$

7'�?$ N
��?� &  ,��� G	 fs' & �#�
( x	
Y '	 7�#����������� ��T

�#�
( ���u '	 7Q�u
�	 r�ID ,��� & m�$ ,��� .�$ ��T�� !�� O��$ ���p� &� �MT&_. F#	 �� ,�	�	 ��

��	� & 7���� �
����� 7+�'� ��T,+ ��A  & 7'�
+ ,��(	�������

�$ , D	�
. �
�(.  

3-F�! 
7 4-�5=>�� � 3--A!

 

 

L.�4 :,75��  ���4-�5

 L.�5:  =-YH
� �  �<3�� �.;	
�
�

�
�	 ��1�3�,��

0��� L��� 0S`�� �<

k�
 � 6<
�  ��  

��� G	 ���u '	 �+ *>Y� MT&_. F#	 ��

,���  ��TF��G 7'�?$

�#�
( ���u '	 7Q�u
�	 r�ID ,��� & m�$ ,���

 7�#�����������- ��	� & 7���� �
�����

,"� � �$ , D	�
. �
�(



����� ����� ��� 
���� 1 ����� �! 1395  

 :
 �	��. `!	

 M�TG �T )P( 
 �	��. �

`D&  �� >T�! ,�]�)SMF (7�  �$�+

M]?� & �TF��G ��T*'	 7 D�' . G	

,��� & ,�I?� 7��������� ��T �7�#����������� C�
��$ ��T

,P�� 
#G & EA�?� *��>� & 7��TG ��T �T

����� 4;< 
6.  

  

7(_#& F�?j�T & ����������� & O�$ �� i��+ ,! *'	 ��T�� !�� G	,s
 7+�'� ��T ��T

 O���
 7'�
+ *�� �� 	� 7��#�$ C�! �	

N
��?� & �T,'�� ��T,s
 *>Y� ��	 ��T

, '� �?+�  G	 ,! �$N	�!
T 3  & ,����

 �$ ��&X�
( ��&�D MY+) O�$2 ( 7���


 ,��	

 C# G	 O�>� �		��$��"#  E�Q ��

 t	 �X f�#	 ��� '� G	 �T)1XRF ( ��

 ,��� ��'7 �	
(  �	
+����X G�'�  *��

 ��>!	 �� & 7 >#G & 7�X F+
! �	�� �i�+�'� �� ����� ^X & *+�A� ���� F#	 �� ,! �$ ��	� i�	
�

F D�' 
e	 
+3 )L.O.I ( , u(�7 ��$ .

C ̊1000   ,��� ��'7 �	
(  & , D�'

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;  
1- X-Ray Flagrances 
2 - Ignition 
3 - Loss on ignition  

�����   ����	
�
�

�
�	 ����

 �.;	
�
�

�
�	 ���

����- �.-7
�.!
�

�  

 7�#����������� ��T�� !��-  7���� �
�����'�
+����7 O��$ MT&_. F#	 �� :

 7��TG ,P�� ����
 N�Q)AF ( ,P�� O�$ 
 �	��.)BS( m#
P 
 �	��. �y�. `D&


 �	��. F#	 G	 ���u '	 O��� �T)z
��T (��'�� ,+ ���+ )�>�M]?� & �T

GIS 10.2 ,��� `�'

 *�� 
 �	��. ��T,��� & ,�I?� 7��������� ��T

N
��?� ��G	��	 i�]'�[� ��T,T	
+X ��T,�]$ & �T,P�� 
#G & EA�?� *��>� & 7��TG ��T

��,W1: %>�� ���)l37�� ( 
�. 0��3: �,� ����� 4;< 
6

7�# 7(_#& F�?j�T & ����������� & O�$ �� i��+ ,! *'	 ��T�� !�� G	

�$�+ .7(_#& ,p��I� &
?#	 G	,s
 7+�'� ��T,'�� ��T O���
 7'�
+ *�� �� 	� 7��#�$ C�! �	

� `T	
� ����G �	G	�� ��7�?! .,+ ��q?� ,s
 �� `�@Z	 
���
 
e	 7'�
+N
��?� & �T

O��$ , '� &� ,+ �	 :1 (,s
,'�� ��T O�>� �	2 (,s
,'�� ��T �	&� �	, '�

 ,+ �
 D�+ MY+ G	 ,p��I� ���� ,�I?� 7��A �� '	� �� ,���� �$ ��&X�
( ��&�D MY+

 ����$ ,���� ��?
 & ���$ , �
( 7[I' i�+�'� G	 �T2  G	,s
 �T� ,'�� ,��	

 C# G	 O�>� �	

��X *'�+.  
l�?Q F��p
 *�� ,�	�	 �����& ,+ ,���� ����&X t	 �X f�#	 ��� '� G	 �T

�$ ��
+ �
�+ )��� *�+

 .,���� %&� F#	 �� �
 	� +	 	� �TC ̊1000  ,���

 ��>!	 �� & 7 >#G & 7�X F+
! �	�� �i�+�'� �� ����� ^X & *+�A� ���� F#	 �� ,! �$ ��	� i�	
�

7� 
�Y]
 ��$ , D�' �	�� ,+ ,! ���
( �G& �*'�G	 , �� F D�' 
e	 
+

i�?+
! �	��� ��
�� ,]'�[� O���+ %&� F#	 �� &
?#	 G	 ���� 
#G �� ,! ��TC

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

166  

 
 �.;	
�
�

�
�	 ���

����

 7�#����������� ��T�� !��

 7��TG ,P�� ����
 N�Q

) <&��1 .(
 �	��. F#	 G	 ���u '	 O���

N
� �T�	S�	� GIS 10.2

 �m�$F��G 7'�?$N
��?� �

�#�
( ���u '	.  

07
�7 :�3- � 
�
  

��'�� & `�@Z	 ��T�X 7�#

,'��7� �	-(
e	 �	�$�+

�X �T � `T	
� ����G �	G	�� ��

,'��O��$ , '� &� ,+ �	

{�p�� 6  ,+ �
 D�+ MY+ G	 ,p��I� ���� ,�I?� 7��A �� '	� �� ,����

,���� ����$ ,���� ��?
 & ���$ , �
( 7[I' i�+�'� G	 �T

100  ��'7 �
 � ��X *'�+

�����	� �$ ��
+ �
�+ )��� *�+



 N�"�	XRF  ��>!	 �� & 7 >#G & 7�X F+
! �	�� �i�+�'� �� ����� ^X & *+�A� ���� F#	 �� ,! �$ ��	� i�	
�

F D�' O���+ F+
!2 7� 
�Y]
 �

i�?+
! �	��� ��
�� ,]'�[� O���+ %&� F#	 �� &
?#	 G	

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;



3-F�! 
7 4-�5=>�� � 3--A! �-CH< 
6 �
I!...  167  

 
7� 
�Y]
����
+ �
 ��>@! , D�?$ %&� G	 `�>@! i�?+
! �l�� E�Z� ,]'�[� �	
+ ,! *'	 NGd ����$1  ��$ ���u '	

E�Z� G	 7�# ��?!	 �
 ,! 	
n�	� F#

,���� `�>@! i�?+
! �l�� ���&X *'�+ ��T7� ^�>[� 7+�'� ��T & ��$

 F�+ �X ��ID5 – 1٪  �$�+ 7�))��d2  ��	����T &2005.(  

E�Z� C#��#
@!&���T ��'	 M?!	& )�'	
+ ����
+ �
 ��>@! ��� '� ��! %&�3 i�?+
! �+ ����� ��T,���� ��7� �T -

 ,! �$�+ ���,"�  G�( M?!	& F#	Co2 7� �	GX ��$)&
�
�( & �>��.4 �2006 :7�u�	5  ��	����T &2016.(  
CaCO3 + 2HCl → CaCl2 + H2O + CO2  

,���� `�>@! i�?+
! �l�� �	���7� *'�+ 
#G <��
� G	 �T �#X:  

����3 =
�∗�.
�∗�.�
∗���

����∗�
  

CaCo3 = �l�� i�?+
! `�>@!  

=V  G�( `"�Co2 ��
���$�  ,���� G	  

1.79=  &
�
�( & �>��. <&�� G	 ���X *'�+ m#
P)2006 ( �$�+ 7�)1.79  ���� 7?p#20  ���� F������ & ,���1017  � �T

����#��GX h�[� <��'�.( 

2.28= �	�#�. ��Q  

=P ,���� �G&  

  ���$ �`�>@! i�?+
! ���&X *'�+ *�� &
?#	 G	6  i�+�'� G	 ,����*$	�
+ ��$ �#�
( ,]'�[� ��� '� F#	 �+.  

 
0���; ����� ���  

,��D�&� M�TG & �T 7(_#& �T 7� S#
+X ,P�� C# *D�?$ ���@! ��T  �?$�+)7�	
�+6 �2013 .( 7���� �
 EA�?� ��

 <�p�,+ �_#& �� >T�! ��  ��Tn�F ����D ��&X
+ �	
+ �7��TG ` >�' 7u�! & 7�! O�@[
 �
�e8
 *���p�  ��T

�?#	
� 
+ 7���� �
  %
 >( & 7��������� ��T�X �T 
e|� 7�  �$�+)��'���	 & C��+��+7 �2001(. ,��D�&�  & �T

M�TG 7� �X �� ,! *'	 ��T�� !�� G	 7�# S#
+X ,P�� ��T �
 *�pP& ,+ �	�
  �
+ 7. ,�I?� 7����)
@! 
 ?�. &8 �


 ?�.8 �2002 : �
�@+G�' & g�� ��!G&	2012(. ,��D�&� ,! 	
n �T & ,�]$  i	
���
 ,+ *]>� 7��TG�G�F *D�' 

7� ���� M?!	&  �?T�) �
��� 7�	
��! & ������1387 . ��	����T & 7�	
�+1393 . �7]�ID 7
��+1388:  & 7?���]#�

���?(�s'	9 �2008.(  

3��<
�� ��<3!  �.�5  ��)P(  


 �	��. `!	

 M�TG �T G	 
 �	��. 7#�T ,! *'	 
+ )�'	 �X 7� �	�
 e8
i	
� 7���� �
 	� '�
+����7 �	��	
Z . 
 �	��. F#	

}�
'  G	 ��T�GF� *D�' 7� M#��� �]?�  �T�)�&�10  ��	����T &2011 .( ��&X
+ *�� 7]'�?� ����p� 
 �	��. F#	

7� f#�Z�
 7(��Xd�+  �$�+) �
@! & %b�2013.(  

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;  
1 - Bernard calcimeter 
2 - F. Lamas 
3 - Dilute Hydrochloric Acid 
4 - M. Pansu and J. Gautheyrou 
5 - J. T. Elfaki 
6 -Bahrami 
7 - Burbank and Anderson 
8 -Keller and Pinter 
9 - Ribolini and Spagnolo 
10 - Devi 



����� ����� ��� 
���� 1 ����� �! 1395  

,+ *��>� ,P�� +, *'� 7� X�# & 

 G	 
e� � ,! 7�A�?� �	
+ 
 �	��. F#	

  
7� F�#�. ,p��I� ���� ,�I?� O! �	
+  �]?� i��+ C��� �
 G	 F#	 ,! �$�+

)3677 U+
�
 ��@�! ( *D�?$ *�� &

, '� �?+� �$ . MY+ ��1  ,�I?� ��

 &1 7�  �$�+) O�$6 a�	.(  

7� S�Y+X ,P�� ��T  �$�+) & ����!G&	

7� ~n *�' ,+ ,P�� 7(�$ k! G	 ���� �$�+  
(	 & �$�+50 

��+ �T	�D *'	� *�' ,+ 7(�$ k! �$�+ 
 �! . ,n 
T �O!��

7� ,P�� 
 ��+  �$�+) �7�	
�+2013.(  

 ,P�� *'	� *�' ,!1098 U+
�
 ��@�! 7�  �� ,! �$�+

aZ�
 �	S�� �7(��Xd�+ ,+  

7� �]?�  ,P�� G	 ���� 
 �! 
#���� & �$�+

,P�� �
�( i��l 7(��Xd�+ ,! 7���G 7� O�$ ����! ��T  �
�(

  ,p��I� ���� ,�I?� ,P�� �	
+1.8 

 ���'���	 & C��+��+2001.(  &
?#	 G	

�$�+.  
 �	��.y�. `D&  �	
+ �� >T�!

 �
�@+G�' & ��� ��!G&	2012 .( M#�'
�

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;  
1 - Percent of basin asymmetry 

�����   ����	
�
�

�
�	 ����

<�A ,�]$ 7�	
(&���T ,P�� )�]$,T�� 7@l	 & 7Q
�( ,+

7+�#G�	  ���GF� *D�' �]?� �� ,P�� T�� 7��TG 7� �$�+.  G	 
e� � ,! 7�A�?� �	
+ 
 �	��. F#	

7� F�#�. ��?$�+  �$�+) �
 ?�. & 
@!2002.( 
 ��,W2: �.�5 ��<3! 3��<
�� 3;6�S���. 

 <&�� G	 ,!)2 ( �	��� �*'	��.P 7� F�#�. ,p��I� ���� ,�I?� O! �	
+

7� ,p��I� ���� ,�I?� �� �$�+ . ,p��I� ���� ,�I?� 7(�
 >( ,+ ,��
 �+ &
?#	 G	)

*D�'  MY+ ���n ,+ ,p��I� ���� ,�I?� �MY+ 
T �� �]?�, '�

 ,+ 
 �	��. F#	 ,p��I� ����0.1 7� ,��� �� & �'� m�


 ,+ ��p+ ��T : MY+3 �2  &

0P
Q  )AF(  

�	� 7�# ,P�� M�TG �� 7���� �
 7(�$ k! ��&X
+ ��T 7� S�Y+X ,P�� ��T

 
 �	��. G	 ���X *'�+ �
��AF  ,+ ,n
T100 �S�C# 

 7� ~n *�' ,+ ,P�� 7(�$ k! G	 ���� �$�+

 G	 ,n 
T & *'	 7(�$ k! �&�+ ,P�� 7?p# �$�+50 ��+ �T	�D *'	� *�' ,+ 7(�$ k! �$�+ 
 �!

C# 

  ���� �$�+ �# C��� �
 G	�GF� *D�' 7� ,P�� 
 ��+

 ,p��I� ���� ,�I?� 7@l	 ,P��1780 U+
�
 ��@�! 7� �$�+ . ,P�� *'	� *�' ,!

61.9 7� �$�+.  

 0P
Q L.� 3��<
��BS1  

�7���� �
 O�$ �!��� �	 ���	� .O�$ ,P�� �� <�A ���G �+ aZ�


2001) �
#	� k#��
 �7 ��$ 

BS  & ,P�� ����! O�$ G	 ����,+ U]
  �X�GF� *D�' 7� �]?�

*D�' 7� � >#	 �# g��	 �$�+ .,P�� �
�( i��l 7(��Xd�+ ,! 7���G

Dehbozorgi and et all, 2010.(  

 ,�I?� �� m�


 ,+11422  &61906 7� 
 �  �	��� ,! �$�+BS 

 �����
�)SMF(  

 ��D F��G HI' ��T,+ ,@�'&  ��T�� !���GF� *D�' 7� <
 ?!  ���$) ���'���	 & C��+��+


 ���.�?��� ��T y�. `D& 7� �� >T�! 
�	 F#	 �� ��	�

e|� �$�+

, ���
 f#�Z�
 ���X
+ &  �T���u '	���� 7� �	
Z  �#
�() �
�@+G�' & ��� ��!G&	

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

168  

 
F#	 
 �	��. G	 `�>�
 <�A


 �	��. ���u� �	
+ 7+�#G�	

�GF� *D�' 7� �]?� 7� F�#�. ��?$�+

���T ��A  <&�� G	 ,!

7� ,p��I� ���� ,�I?� ��

 �
!��! 
 �+�GF� *D�'

 ,+ 
 �	��. F#	 ,p��I� ����

3��<
�� �7�����7 0P
Q


 �	��. N�Q 7��>�T�� �	� 7�# ,P��

 �
�@+G�'2012.(  

 
 �	��. G	 ���X *'�+ �
��

 G	 ,n 
T & *'	 7(�$ k! �&�+ ,P�� 7?p# �$�+

 ,+ 
 �	��. F#	100 �S�C#

 ,p��I� ���� ,�I?� 7@l	 ,P��

 
 �	��. �XAF  �&��61.9

 0P
Q L.� 3��<
��

,P�� �T� <�p� �7���� �


.( ���'���	 & C��+��+2001

 
 �	��. �d�+ �	���BS

�
#	�  �+ �	
�T �	�GF� *D�'

)Dehbozorgi and et all, 2010

 �	���Bl  &Bw  ,�I?� �� m�


 ,+

7� �$�+.  

 3��<
��V-� �>�  �����
�

�T����	�  ��D F��G HI' ��T

 & ��&X
+�G	��	 (�
� 
 ���.

�G	��	 (�
� ,]�  ��T, ���


;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;



169  

 ,�]� C# ��"#	 ,+ M#	
( C��� �
 ��	 ��
(

 EA�?� �F��G *D�'  F�+�?�+3-1.4  &

1997 .( �� '	 �� 
 �	��. F#	 �d�+ *]>�

�G	��	MY+ �
�( a@ Y� ��TSMF 

0S`�� 5< �J  3� 
6 �����
� 01KW.  

  

 
�����
� )SMF(  �J  3� 
6)i.(  

 7��! �# & 
�?Q ��G�# O�>� �	��#� ��$ O��$ ,! *'	 :

AL2O37��! �,
���@�' ��T SiO2
u>� � 

 N��>�	
 '	 �Sr  N&
+ &Br ��#� ��$ 

,���� O! �� �`�?! `! �T 
�?Q ���n �O�>� ��T

٪ ,���� �� 7�	&	
� F#
 ��+ �	�	� �T

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;  
1 - Bull 

3--A! �-CH< 
6 �
I!...  

,]� ��"#	 m]' 7p�]A 7� �� >T�! ,�]� �� &�! & ��! ��T  ,�]� C# ��"#	 ,+ M#	
( C��� �
 ��	 ��
(

) �
 ?�. & 
@!2002.(  

	
+ �� >T�! ,�]� �+ EA�?� �F��G *D�'  F�+ �]?� ���>+1.6-1 EA�?� �

F��G *D�'  F�+ �]?�5-1.8 7�  �$�+)<�+1  ��	����T &1997

 O#d� G	 7�# �� 'G�DF��G *D�' 7� �]?�  �$�+) ��&
>D & �	����1389 .(�G	��	

 <&�� �� ,p��I� ���� ,�I?� �	
+)3 (7��$�+.  
 ��,W3:  3��<
�� 3;6�S�V-� �>� 0S`�� 5< �J  3� 
6 �����
� 01KW

�J  =-YH
��.�5 ��<3! ��� ��)P( �)h�< ( ��5<,7< :�3- 3��<
�� V-� �>� �����
�

 � 
�
)XRF(  

 �	�� & 
l�?Q 7'�
+ �����& ,+ ,s
 MY+ ����&X,'�� ��T 7��! �# & 
�?Q ��G�# O�>� �	

Na2O `#S�?� �MgO *>�!�+ � �# N��?���X ��>!	AL2O3

SO3�  `�'� .K2Oi�?+
! � �TCaO FTX ��>!	 �Fe2O3 N��>�	
 '	 �

 .( �l�� 
(	L.O.I �# ,���� G	 	� �	
� �	��,���� O! �� �`�?! `! �T

 F������ �+ �T40٪ i���@�' & �T) S
�	�! 
 ��+7� �?$�+ ( �+25.8٪

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

3-F�! 
7 4-�5=>�� � 3--A!

 
,+ ��A ,]� ��"#	 m]' 7p�]A

 ��	� 7T��

. `�� >�)

 
 �	��.y�. `D& 	
+ �� >T�! ,�]�

 �&�+ �+ EA�?� �	
+F��G

 O#d� G	 7�# �� 'G�D

) O�$6 ^ ( <&�� �� ,p��I� ���� ,�I?� �	
+

 L.�)6 (�J  =-YH
�

  

 ��
3 07
�7 ���  � 
�


,'�� ��T O�>�  
 �	�� & 
l�?Q 7'�
+ ��

7��! `#�' ��TNa2O

P2O5i�u��' � SO3

 *'	) ����$ <&��4 .(

i�?+
! O��$ F������ �+ �T

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;



����� ����� ��� 
���� 1 ����� �! 1395  

7� �	
Z ��p+ ��T��
�( . & 
l�?Q 
�#�

 L-�� ���0  0C-��  ��Z��6XRF.  

  

m�


 ,+ 	� 
l�?Q F#
 ��+ O�>� ��T :

 N��?���X ��>!	 &)1.8٪ (7�7��! 
�#� ,! �?$�+ �T

,'�� ,���� ,' 
T �� �T G	 

d�+ �	&� ��T

 �<�
 ���0  0C-��  ��Z��6XRF. 

  

,'�� ,+ r�+
� ,���� & O�>� ��T3 

59.6٪ 7��$�+ . F�+ i&�u
 F#	
+�?+

 <&��6.(  
6
�73  �3��-�C� ��Z��6.  

 

 & 7���� �
����� ��T
 �	��. G	 ���u '	 �+ *>Y� ,! ��+ NGd ��	

 .M�TG U#
' M?!	& ,+ ,��
 �+  & �T

M�TG `!	

 
 �	��. �  �T)P ( 
 �	��. F� >Y�

f#�Z�
 ��&�[� �� �	 F#	 &
?#	 G	 ���	� �	
Z ,�I?� ��T

7� M#��� ,+ 
 �+ 	� �T��	-( .
 �	��. P  �	
+

�����   ����	
�
�

�
�	 ����

�T  FTX ��>!	)3.1٪ ( N��?���X ��>!	 &)2.2٪ (���#�� ��7� �	
Z ��p+ ��T

 G	 
 �! ����&X2.7٪ ,���� O! O���
 	� �T7��?T�.  
07
�7 [�W ���ZT;��5\ ��
3  5< �,�\ =�,  ���0��� ��� L-�� ���

 ���& ,+ ,���� ����&X,'�� ��T,'�� �?���T ��	&� ��Tm�


 ,+ 	� 
l�?Q F#
 ��+ O�>� ��T

i���@�' ��T )24.6٪( FTX ��>!	 �)2.7٪ ( N��?���X ��>!	 &

7� O���
 	� 
l�?Q O! �?T�) <&��5 .(i�?+
! �	��� ���� F#	 ��,'�� ,���� ,' 
T �� �T

  

07
�7 [�W ���ZT;��5\ ��
3  5< �,�\ =�,  ����0��� �� �<�
 ���

����
+ �
 ��>@!(  

 ��T, �
( ��$  �`�>@! i�?+
! F������ ���&X *'�+ �	
+3 ,'�� ,+ r�+
� ,����

,'�� ,+ r�+
� ,����7� �	&� ��T F������ ,! �?$�+�X �T m�


 ,+ :40  &59.6

,s
 `�>@! i�?+
! F������,'�� ��T �&�� �� �	&� & O�>� �	20٪  �$�+ 7�) <&��
��,W6:  �,�\ =�,  �-�C� @�� 3� ,&
6 4-Z7�-�0  0C-�� 6
�73  �3��-�C� ��Z��6

 7���� �
����� ��T
 �	��.- 7�#����������� 
F��G,?�. 
+ �]?� *D�','�� ��T & 7���� �
����� ��T
 �	��. G	 ���u '	 �+ *>Y� ,! ��+ NGd ��	

F��G �G	��	 & i�$ �7�#������������
�( �	
Z ,p��I� ���� �,�I?� �� 	� *D�' .

F��G g��	 7 � i	
���
 ,+ �T *D�')�
 ?�. & 
@! 2002(M�TG `!	

 
 �	��. �

 .�"�XG	7# ,!  G	 M�+80٪ ,?�.,'�� ��Tf#�Z�
 ��&�[� �� �	

f#�Z�
 7(��Xd�+ ���+ ��>�T�� �# ��>�T & ��'�� �i�$ 
 �	��.7� M#��� ,+ 
 �+ 	� �T

170  

 
7� �?$�+  G	 �p+ ,!�X �T

7��! ��T���& ,+  G	 
 �! ����&X
 ��,W4: �6<607
�7 [�W ���ZT;��5\ ��
3  5< �,�\ =�,  ���

,'���	&� ��T  
 7'�
+ ����!7 �T� 

i�?+
! �T)41.2٪(i���@�' �

2.2٪ 7� O���
 	� 
l�?Q O!

40٪ �$�+ 7�.  

 ��,W5: �6<607
�7 [�W ���ZT;��5\ ��
3  5< �,�\ =�,  ���

 `�>@! i�?+
!)����
+ �
 ��>@!

 ���$ G	6 ,���� ��T

,'�� ,+ r�+
� ,����

,s
 `�>@! i�?+
! F������
��,W

];��7 � nI   

 7���� �
����� ��T
 �	��.
 �+ ����. ��
�e8
 F��G

F��G �G	��	 & i�$ �7�#�����������

,��D�&�F��G g��	 7 � i	
���
 ,+ �T

7'�
+���� 7��$�+ .

f#�Z�
 7(��Xd�+ ���+ ��>�T�� �# ��>�T & ��'�� �i�$ 
 �	��.



3-F�! 
7 4-�5=>�� � 3--A! �-CH< 
6 �
I!...  171  

 
 EA�?�1  �
4 m�


 ,+ :0.1 �0.3 �0.19  &0.1 7��$�+ .���T ��A 7� ��#� ,! �	�	� ,�I?� O! �	
+ 
 �	��. F#	 ��$

7� F�#�. z
�F��G G	 ���� ,! �$�+7� ,�I?� �� �]?� *D�'�$�+ . F#
 ��+ ,�#��I+F��G *D�'  ,�I?� 	�1  &4 

7��T	 7@l	 O>( ���& �X O��� ,! �$�+ ,�I?� �� G	1 ,D�$ ���& & ,�I?� �� <�.�! f#�Z�
 �+ �	
�T 7@>( ��T4 

7��$�+ . ���� N&� 
 �	��.�G	��	 (�
�  
 �	��. ,�I?� �� ��$AF 7� 7��TG ,P�� 7��>�T�� �# 
 �	��. F#	 ,! �$�+

 7@l	 ,P�� & ,�I?� �	
+61.9 7� *'	� *�' ,+ ,P�� 7(�$ k! G	 ���� ,!�$�+ .7#�"�XG	 ,!  �d�+ �
��50 

 
 �	��. ��AF F��G G	 ����7� �]?� *D�'F��G �S�� 
 �	��. F#	 �
�� ,p��I� ���� ,�I?� �� ��$�+ 	� *D�'����
 7� -

�?! . �# ,P�� 7(���! 
 �	��.Bs F��G i�$ & �	��� ,! *'	 �
 �	��. 
�#�,P�� *D�'7� ���� 	� �T �T�

)2002 Keller and Pinter,( ,p��I� ���� ,�I?� �� 
 �	��. F#	 �	��� �1.8 7�F��G G	 ���� ,! �$�+ *D�'

7� ,�I?� �� h'� ��$�+ . 
 �	��.y�. `D&  �# �� >T�! ,�]�SMF  ,]� 7(��Xd�+ i�$ ,! *'	 ��� !�� S�� ��

 7@>( r�ID �� '	� �� 	� �� >T�!,+ 7+�D 7� �����T� . ,�I?� �� 
 �	��. F#	 �	��� F�+1 ) MY+3 ,�I?� ( �
2.2 

) MY+2 (7� ��'�� ���$�+ . MY+ ��1  O���+UZ	& ��$  ��$ m]' 	� 7�	
(�.�
 ���$X 7� >�$ C# �O>( hD

 MY+ F�?j�T �*'	4  �	�	� S�� ,�I?��D�$ 1.1 7� ���

. ���+ %�. `T & � '	� `T �X O��� ,! �$�+

��$��"#	 7� G	�T	 O>( hD �+�$�+ . MY+4 O>( ���& O���+ S�� ,�I?� �
�� �	�	� S�� ���	� ��T1.4 7��$�+ . z
�

 F�#�.y�. `D&  ,�I?� �� �� >T�! ,�]�+
���� F��G *D�'  �]?� ���>+)7@>( (7��$�+.  

  

0f! ��� 0����<  

,?�. 7(�?!	
. 
q� G	,'�� ��T  G	 M�+ �,�I?� �� �	80٪ 7� UZ	& <�.�! f#�Z�
 7+�?� MY+ �� ,! �?$�+,+ ,@�'& 

M�TG,T	
+X & �T<�# m�$ ,+ ,��
 �+ ��T & M�TG ^�?� *�' ,+ f#�Z�
 ��T
+��# ��#
+ ��$ ��	) O�$2 .(,s
 -

,'�� ��T �&
( &� ,+ ��������� & 7]>� ������&
! ��(�#� G	 G	�T	 ��&�D MY+ �� �	, '� �?+� 7����$ :1 (,s
-

,'�� ��T 
#G 
 ��+ ,! O�>� �	 & ���	� �	
Z *�!Ty� ,��(  �� i�+�'� 7#�"+�� & *!
� ��eX�X �T 7�� ��#���$ .

,s
 F#	 �T�� G	 7D
+ �� �T,+ i��l *'� ����Y�  �+ �	
�TC# ,#d �	  �&� �� 7�TX ����' G	�X �T 7� ��#���$ .

) O�$7 .(7(_#& G	 7�#,s
 F#	 G��+ ��T
 & , ��# M#�'
� i��+ ��������� ��T �	��T 7�	
(�.��X �T 7� ,! �$�+

7� 7�	��� ��! �+ ��?
 ��eX �	�
�X �T  �
! ��T��� F��G �&� �� 	�) O�$7 (,s
 F#	 ��&�D MY+ �� 
 ��+ ��T

 ��#� ,�I?�7� ���$ ) G	6 ,s
 ,'�� O�>� �	��#� ��$  ,�I?� ��5  ��
�X �T 7� ��&�D MY+ �� MY+ �� ,! �$�+

��?@+ ,�I?� ��T m�$ F�+ & ���	� �	
Z̊5-2  �
 V�u
�	 &200 7� UZ	& �#�� HI' G	 
 � �?$�+) O�$2 .(2 (,s
 ��T

,'�� HI' �� C�D O�� �� ,! �	&� �	�X �T g��� Os#� 7=I+ *!
� G	 ���� ,! �T�X �T 7�7� ��#� ��$�+ & ��$

 ���� C# ���G	��	 (�
�  G	 M�+ �
 7Q�u
�	 ��$10 � F��G G	 
 �7� ���� 	,s
 F#	 ����	� 
 ��+ 7(�?!	
. 
q� G	 �T

$��m� ��T  G	 
 �! & �	��T2̊ ,+ �_#& 7� ��#� <�.�! f#�Z�
 7+�?� MY+ �����$ .,'�� 7Q�u
�	 HI' �
 �	&� ��T

 
�!	��80 7� ��#� �#�� HI' G	 �
 � ���$) O�$2.( 



����� ����� ��� 
���� 1 ����� �! 1395  

 
 �5
��T� ���)A( �3eQ B; ��,�6��;<  o`� 
6

 & 7�G& 
q� G	 ���� F#	 �� ,! �?$�+ 
 ��+ 7�"�

 7'�?T 
q� G	 & 7(��#�' �	�	� ,! ���	� �	
Z

  
7<6 �:,-;�� � 5<,7< ��K;3S! �:,�63: =-YP� 5<00��� ��� 0S`�� �<��
3 6

�.  

f?� 7� & 7��! ��G�# G	 ,�#��I+ ��?$�+

7��! �l�� ��?
 �	�� & �T���& ,+  ����&X

7��! & 
l�?Q 7(�?!	
. �	���� ,+ 
(	 ��$ ,��
 ��T) O�$

 �l�� F#
 ��+ �	�	�) G	 M�+90٪ ( ,�T ��

�����   ����	
�
�

�
�	 ����

0��� 0f! B; 
6 L-�� �<=�6^�  4-�5 
6 pH<� ���
� �����
 �5
��T� ���

 �\ ��
 0� �<0  0C-�� ;B ^;0  =�< �,� =J� �.�\ ���-�)B  �C(.  

7� S#� *@�' & S#� ,'�� V�� G	 ,p��I� ���� ,�I?� 7+�'� ��T & 7�G& 
q� G	 ���� F#	 �� ,! �?$�+

�?$�+. ��&�[� �� 
 ��+ i	�� �G	��	250 �
 �&
��  7'�?T 
q� G	 & 7(��#�' �	�	� ,! ���	� �	
Z

,]� �+ �
( ,+ C#�S� O�$7� ����D M#�' ��T �?$�+) O�$8.(  

 ��
.��3.-� 3;
a!)3�
���-  (7<6 �:,-;�� � 5<,7< ��K;3S! �:,�63: =-YP� 5<

,s
 F�+ 
l�?Q �7+�'� &,'�� ��T �	&� & O�>� �	`T f?�

 7��! �� �,+ ��A ,���� N��
 F�+ g
 ��7� ��#� �T��$ .7��! �l�� ��?


i&�u
 `T�+ �	&� & O�>� �	���	� �G��+ ��T .7��! & 
l�?Q 7(�?!	
. �	���� ,+ 
(	

 f�@�' & `�>@! i�?+
! 7�	&	
� �l�� ,! ��$)S
�	�! ( �l�� F#
 ��+ �	�	�

172  

 

 L.�7: 0��� 0f! B;

0��� 0f! �\ ��
 0� �<

  

,���� ��T 7+�'�  
,����7� S#� *@�' & S#� ,'�� V�� G	 ,p��I� ���� ,�I?� 7+�'� ��T

7� *@�' ��&�[� ���?$�+

,]� �+ �
( ,+ C#�S� O�$

L.�8:  ��
.��3.-� 3;
a!

 �#� G	7��! 7'�?$ ,s
 F�+ 
l�?Q �7+�'� &

 
�?Q�Y�� ��$ 7��! �� �

,s
,'�� ��Ti&�u
 `T�+ �	&� & O�>� �	

9(7� ��#� � f�@�' & `�>@! i�?+
! 7�	&	
� �l�� ,! ��$

,����7� �T�?$�+.  



3-F�! 
7 4-�5=>�� � 3--A! �-CH< 
6 �
I!...  173  

 

  
 �
��� L.�9:  
<6
�70� �,Y  �7�� �7<�<3� ,&
60f! 3&��R � ��0��� ����<�
 � L-�� �<.  

  ��	n �X�S� 7��! �+ r�]
�	 �� ,!7� %
�� ��D �� 
l�?Q & �T,���� F������ ��$�+,s
 �T,'�� ��T �	&� & O�>� �	

7��$�+ .7��!  i�u��' & `�'� . �`#�' �`#S�?� �N��?���X ��>!	 & FTX ��>!	 �?��� ��T� >�{���  h#	
$ G	 
e� �

^X #	�T&7� 7M?!	& �	
+ ^X ��o� ,+ G��� 
l�?Q F#	 ����
 �	
+ 7?p# ��?$�+ ,@�� G	 7��! 
�#� �� 7#����$ ��T

i���@�' �G�' �T� �	
+ �T�X �T 7��$�+ . ��>!	 ����
 ,+ 
"?� FTX ��>!	 & ^X F�+ 7���'�
	���T M?!	& ,���� �	
+

7� i�+�'� �� FTX�"�	��) �k#
+ 
#��1970 : �C+ 7� & F�
+1985.(  
Fe2O3+ H2O  ~  Fe2O3. 3H2O 

7� `#�' ����
 ,+ 
"?� ^X �+ )� 7��! F�+ 7��# <��]
 �#��$ ) �&
�
�( �>��.2006.(  

+Na-clay + H+ ~ H-clay + Na  
 ,�I?� ��,+ ��q?� 7��! & 
l�?Q i	
���
 �l�� 
 �+ g��,s
 ��T,'�� ��T & O�>� �	,s
,'�� ��T C# ��	&� �	

,>#���,'�� 
l�?Q *]>� )�'	 
+ ,#�'&� �	,'�� & O�>� ��T *�
#-. N�"�	 �	&� �	) <&��7 ( ��>!	 �l��  ,!

 FTX)Fe2O3 (,'�� ��m�


 ,+ �	&� & O�>� ��T :3.16٪  &2.8٪ 7��$�+ . N��?���X ��>!	 �l�� F�?j�T

)Al2O3 (,'�� �� ,+ �	&� & O�>� �	m�


 :2.29٪  &1.8٪ �$�+ 7� .,���� O! �� 
�?Q &� 
T �l�� �?n
T �T

 G	 
 �! 7+�'�6٪ 7�7� ������ 
 �+ i	
���
 ��&� �`�?! ���+ �l�� ,+ 	� i	
���
 *]>� 
(	 ��	 �$�+ ,�#��I+ ���$

,'�� N��?���X ��>!	 *]>� ��'�� �l��,'�� ,+ O�>� �T �&�� �	&� ��T18٪ ]>� & 
 ��+,'�� FTX ��>!	 * �T

,'�� ,+ O�>� �&�� �	&� ��T12٪ 7� 
 ��+�$�+ .,'�� 
l�?Q 
�#� *]>� �`#S�?� �`#�' �?��� �	&� ,+ O�>� ��T

i�u��' �
u>� �f�@�'m�


 ,+ N
+ & `�'� . ��T :30 �20.5 �4.5 �20 �21.7 �25.2  &9.1٪ 7� �?$�+)<&��7 .( F#	 , ]�	

	
 '	 
�?Q �	
+ *]>�7� 
���
 �&�+ 7
��]Q ,+ �# �l�� 
ul N��>��$�+ . <&�� ��)4 ( *]>� �	���L.O.I  �	�� �#

*'�G	 , �� ,'�� �� i�	
� 
e	 
+ ,+ C#�S� ��	&� ,+ O�>� ��T60٪7� W7� 
�	 F#	 ,! �$�+ 7��! ���& O��� ,+ ��	�


,���� �� )� �l�� ���+ d�+ F�?j�T & ^X ^-� *�@+�Z & O�>� ��T,s
 �� 7�X �	�� i�?+
!,'�� ��T �$�+ O�>� �	

��$ 
�Y]
 ����#��GX �� d�+ ���
( �+ ,!��	.  

  

  

  



����� ����� ��� 
���� 1 ����� �! 1395  

 =K�7 �  �<3�� �<�
 � L-�� �<�\ ��.  

  

7������+ (7�$�+ �?) �&
�
�( & �>��.2006( �

 7#����$ ��+ & 7#����$ �7�#S�� ��T�?#	
����& ,+ ���X ��	) & �#���n

 �� `�>@! i�?+
! �l�� ���+ d�+ O#d� G	 7�# )
(	G ��T��G�' ��

1385 . �7
�]��ZX1389 .( �	���� ,+ ,��
 �+

)3 ,s
 ,����T,'�� �� & O�>� �	3 

 O�>� ��T40٪ ,'�� & �	&� ��T59.6٪ 7�-

 tb D	 �	�	� �	&� ��T32.2٪ )
 �! (7� -

��$��"#	 ,+ ,@�'&  E�Q �� ����100 

 (7� O�>� ,���� ,' F�+ ���$�+ . �+

p+ ,+ � ���#� ��$  ,#d �	
] ' ,! *'	

 ��'7 
 �  &#C d#,  �	� 7 #
���! ,'��

  
�<�
 � L-�� ���.  

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;  
1 - Chamayou and Legros 

�����   ����	
�
�

�
�	 ����

 �
���  ��,W7 :�7�� � 3&��R ,&
6 4-Z7�-�0f! ���0��� ��� =K�7 �  �<3�� �<�
 � L-�� �<

 �F��G �� ����� � �	�	� �#8�?� 7��p�  �#& 7�X  ���G i	�����)7������+

�� �T  F��G 
e	 
+��!&G�'  7#����$ ��+ & 7#����$ �7�#S�� ��T�?#	
�

 ���& & ���& F#	
+�?+�X �T  �� `�>@! i�?+
! �l�� ���+ d�+ O#d� G	 7�# )
(	G ��T��G�' ��

�#F *'� 7� )
(	G �$�+) �7p�I�1372 . ���	G M#&��1385

,���� `�>@! i�?+
! �l��,���� �T ,p��I� ���� ,�I?� �	&� & O�>� ,'�� ��T)

�	&� �	) ( O�$10 .(,���� `�>@! i�?+
! F������ O�>� ��T

,s
 `�>@! i�?+
! F�+ *]>�,'�� ��T,'�� ,+ O�>� �	 tb D	 �	�	� �	&� ��T

7� NGd , �� F#	 
!�$�+,'�� G	 N&� ,���� ,! � ,��	

 C# G	 O�>� ��T��$��"#	

 �$ , �
() O�$11 ( `�>@! i�?+
! �	��� F#
 ��+ �	�	� &)48٪ (

 E�Q �� �	� 7 #
���! ,'�� ,#d &� ���
]��� ,��	

 7'�
+60 7 ��' 
 �p+ ,+ �

 fs' ��XG	�p+ G	 
 �! �	
] ' �+ 7'� ,#d ���� &� �5  ��'

11 .(  

 L.�)10 (07
�7 �7<�<3� ,&
6 
<6
�70��� ����<�
 � L-�� ���

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

174  

 
 �
���  ��,W

�-�C� @�� 3� 

+
!?i��T �F��G �� ����� �

i�?+
! 7
��]Q ,+�� �T

)&
��1 �1990 .( ���& & ���& F#	
+�?+

,P�� i�+�'� ��T�.�#

,���� `�>@! i�?+
! �l��

,s
 ,����,'�� ��T�	&� �	

�$�+ .V��"��� ,s
 `�>@! i�?+
! F�+ *]>�

�$�+ .7� NGd , �� F#	 
!�

 ��'7 
 ��  �$ , �
(

 E�Q �� �	� 7 #
���! ,'�� ,#d &� ���
]��� ,��	

 7'�
+

 *>Y�25  ��'7 
 � fs' �

��#� ��$  *'	) O�$11

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;



175  

  
�\ � 
�
 q<3: �  �<3�� 
6
� . 0T7<3! ���
	

�� �\ �3��-�7��,�� .  

,���� G	 7�#	S�	 ��&� �	�	� 7��! ��T

 f�Q
+ ��&� �	�	� `�>@! i�?+
! & �?$�+�X �T 7� *]>� 7?p# �$�+

 O�$12.(  

  
0��� � L-�� ��� �<�
 ���)1(  ,7�
 �

Na2O. MgO, Al2O3, P2O5, SO3, K2O, Fe2O3, Sr, Br.(  

M�TG `!	

  �T)P( 
 �	��. �AF  7��>�T�� �#

 �# �� >T�! ,�]�SMFF��G G	 ���� � `! *D�'

��&�D ��T (7� ,p��I� ���� ,�I?� ���$�+ . G	

���

. ,! ��X *'�+ ,"� � F#	 7�#����������� ��T & �T

MY+ �� �T	�$ F#	 ,! �?$�+ 7+�?� & ��&�D ��T

7��$�+ .N
��?� *�pZ�� �+ r�]
�	 �� -

��$  ,�I?� ��5  ��
�X �T  MY+ ��

�! & �	��T EA�?� �� �	&� �	 G	 
 80  
 �

3--A! �-CH< 
6 �
I!...  

0��� 0f! 5< 0��� =�<63  0T7<3! ���
� �����
 
6 L-�� �<0  0C-�� �\ � 
�
 q<3: �  �<3�� 
6
�

150 �7��� 3�� �� ���
	 5< �,� =�<63  07
�7 0� ,�� 100 �� �\ �3��-�7��

  7��! &  
�?Q��T��� ��$ ,���� ,�T �� ��T9  &  
�?Q,���� G	 7�#	S�	 ��&� �	�	� 7��!

,'�� ,+ O�>� �	7� 
P�� ��Q �	&� ��T f�Q
+ ��&� �	�	� `�>@! i�?+
! & �?$�+

 ��#�� �	,+ ��A  F������{�]#
�
 20٪ 7� 
 ��+ �l�� �$�+) O�$

�R 4-Z7�-� @<3--A! ,7�
�7�� � 3&� ���)L.I.O, Sio2, CaO (0���0��� � L-�� ���

 5< 3��� 4-Z7�-� �  3&��R 4-Z7�-� @<3--A!3.5 ٪ )Na2O. MgO, Al2O3, P2O5, SO3, K2O, Fe2O3, Sr, Br

O��$ ,p��I� ���� ,�I?� �� 7��������� ��T : 
 �	��.M�TG `!	



 �# ,P�� 7(���! 
 �	��. �7��TG ,P��Bs  
 �	��. &y�. `D&  �# �� >T�! ,�]�

 h'� �)MY+ 7���$ & 7+�?� ��T ( �#�$ �
)MY+ ��&�D ��T

N
��?� �+ �	
�T ,�I?� 7�	
(�.�
 & m�$ ��T���

. ,! ��X *'�+ ,"� � F#	 7�#����������� ��T

��A 7� r�]
�	 �� 7@>( r�ID �+ `�� >�MY+ �� �T	�$ F#	 ,! �?$�+

 F�#�. 
 �	��. & ���$SMF  
�	 F#	 
����+)GF���]?� *D�' (7�

,s
 �?��� 7�#����������� ��T,'�� ��T V��"� G	 �O�>� �	6 ,s
  O�>���#� ��$

��?@+ & i�Q�u
�	 �� ��&�D ��T)100  �
200 
 � (,s
 & ���	� �	
Z,'�� ��T�! & �	��T EA�?� �� �	&� �	

3-F�! 
7 4-�5=>�� � 3--A!

 

 L.�11: 0��� 0f! 5< 0��� =�<63  0T7<3!

150

 V��"� ,>#��� G	11 

,'��,'�� ,+ O�>� �	

,���� ,+,'�� ��T ��#�� �	

 L.�12:�R 4-Z7�-� @<3--A! ,7�


 5< 3��� 4-Z7�-� �  3&��R 4-Z7�-� @<3--A!

  

�7-0� :-3�  


 �	��. 7'�
+ G	O��$ ,p��I� ���� ,�I?� �� 7��������� ��T

 �# ,P�� 7(���! 
 �	��. �7��TG ,P��

)MY+ �
 D�+ ��T ( h'� �

,��� 7'�
+N
��?� �+ �	
�T ,�I?� 7�	
(�.�
 & m�$ ��T

��?@+ ,�I?� ��T,+ ��A

7� ��#� 
 �+ ,�I?� F�#�. 
 �	��. & ���$

,s
 �?��� 7�#����������� ��T

��?@+ & i�Q�u
�	 �� ��&�D



����� ����� ��� 
���� 1 ����� �! 1395  

 7��������� ��T�� !�� 7'�
+ ,"� ��XG	 *�� 

,s
 7(�
 >( & 7(�?!	
. F�+ & `�� >� r�]
�	 *D�'-

<�# 7+�?� MY+ �� �	&� ��T <�.�! f#�Z�
 ��T

7� ��#� 7#�>�( ���$) O�$13  &2.(  

  
 [;,H�! �  _�K!
< 
6 �����
�.  

O��$ 7��! & 
�?Q ��G�# ,p��I� ���� ,�I?� �	&� & O�>� �	 :��!7 ��T  `#�'Na2O `#S�?� �


u>� �P2O5i�u��' � SO3 `�'� . �

��#�
( 7#�'�?$ ,! ��	


 ,+m�  �
l�?Q

 7�	&	
� �l�� F#
 ��+ �	�	� N��?���X ��>!	 & FTX ��>!	 �f�@�' �`�>@! i�?+
! �?���) G	 M�+97٪ (7� ,�I?� ��-

�>� �T �?��� 7#����$ 7(�G	�T ,+ )

��$ . �� `�>@! i�?+
! �l�� ,�#��I+

 i	
���
 *]>� �	�	� &32.2٪ 7��$�+ . �	��� 7
��]Q ,+

�� 
�	 F#	 ,! �$�+ g�D�T & i�+�'� 7�#�Z 

 ��	����T &2001 :7o�� & ��	����T 1393( .

,#d �+ �	
�T F�# gG�� 7'� ��T) G	 
 �!5 

�	����T & ��&��d ����� F#	 ��2 )2012 (,#d ���& ��T

,���� �� FTX ��>!	 O��$ 
�#� 
�?Q &� �l�� F�?j�T-

 N��?���X ��>!	 &)2.29  &1.88٪ ( *]>� �+ &

 m�!

 �l�� �� 	� 7��� M�� 7(�G	�T ,�#��I+ ��$�+

,���� �� ,p��I� ���� 7��! ��G�# G	,'�� ��T & O�>� ��T

,'�� ,����&� 
T �� 
���
 �&�+ N��>�
 '	 7��! ��?
 & ���+ �	&� & O�>� ��T

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;  
1 - Ding 
2 - A. C. Londono 

�����   ����	
�
�

�
�	 ����

MY+ �� <�.�! f#�Z�
 7+�?� ��T��#� ��$��	 . 7��������� ��T�� !�� 7'�
+ ,"� �

,s
 7(�?!	
. F�+ ,! �$�+,'�� ��TF��G �+ O�>� �	,s
 7(�
 >( & 7(�?!	
. F�+ & `�� >� r�]
�	 *D�'

	� f�Q
+ r�]
�	 �	&� �	�� .,'�� 7(�?!	
. 
�	 F#	 �T�$<�# 7+�?� MY+ �� �	&� ��T

M�TG f#�Z�
 m�$ *�� G	 
e� � �+ ��T,+ i��l 7� ��#� 7#�>�(

 L.�13 :0�1� =-YH
� B-!��� 0TS70��� ���07�>6�
 � �< [;,H�! �  _�K!
< 
6 ��

07
�7 �J  @�Y��`�� 
�
 ���  

O��$ 7��! & 
�?Q ��G�# ,p��I� ���� ,�I?� �	&� & O�>� �	

N��?���X ��>!	 AL2O3 ���!7 ��T ,
���@�' SiO2
u>� �

CaO FTX ��>!	 �Fe2O3 N��>�	
 '	 �Sr  N&
+ &Br ��#�
( 7#�'�?$

 7�	&	
� �l�� F#
 ��+ �	�	� N��?���X ��>!	 & FTX ��>!	 �f�@�' �`�>@! i�?+
! �?���

,s
 �� `�@Z	 
���
 �T	�$,'�� ��T7��! �l�� ���$X tb D	 �+ O�>� �	�>� �T

,'�� ,+ *]>� �N��?���X ��>!	 & FTX ��>!	 �`�>@! i�?+
!7� ��#� �	&� ��T��$

 �	&� & O�>� �	,+ ��A  F������40  &59.6٪  i	
���
 *]>� �	�	� &

,���� O�>� ��T32.2٪ ,���� G	 
 �!7� �	&� ��T�� 
�	 F#	 ,! �$�+

i�+�'� 7#d�+ MY+ �� 7#����$ 7��$�+ )c?#�1  ��	����T &

,#d ��"#	 
�	 F#	 �T�$ ����� �� 7 #
���! ��T60  ��'7 
 � �. ,+,#d �+ �	
�T F�#

,s
 G	 N&� ,���� ,��	

 ��,'�� ��T7� �	�$�+ .�	����T & ��&��d ����� F#	 ��

7� `�@Z	 
���
 G	 ���� 	� ���+ i�+�'� ���� �� 7!�D�?�	�. ,���� �� FTX ��>!	 O��$ 
�#� 
�?Q &� �l�� F�?j�T




 ,+m�) :3.16  &2.8٪ ( i	
���
 *]>� �+12٪   N��?���X ��>!	 &

7� i�+�'� 7(�G	�T ���� 
�	 F#	 ,! �$�+ m�!

 �l�� �� 	� 7��� M�� 7(�G	�T ,�#��I+ ��$�+

 ��	����T & 7 �G	
(2015 .(V��"��� ,���� �� ,p��I� ���� 7��! ��G�# G	

 
���
 �	�	� 
�?Q �� ��	&�7� �?$�+ ,'�� ,����&� 
T �� 
���
 �&�+ N��>�
 '	 7��! ��?
 &

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

176  

 
 �#�� HI' G	,+ �_#& MY+ ��

7� `��,s
 7(�?!	
. F�+ ,! �$�+

,'�� ��T	� f�Q
+ r�]
�	 �	&� �	

7� ,! �$�+,+ ,@�'& M�TG

 L.�

07
�7 �J  @�Y��`�

,s
 ��,'�� ��TO��$ 7��! & 
�?Q ��G�# ,p��I� ���� ,�I?� �	&� & O�>� �	

MgO *>�!�+ � �#N��?���X ��>!	

K2O �i�?+
! �T CaO

 7�	&	
� �l�� F#
 ��+ �	�	� N��?���X ��>!	 & FTX ��>!	 �f�@�' �`�>@! i�?+
! �?���

�?$�+ .,s
 �� `�@Z	 
���
 �T	�$

,'�� ,+ *]>� �N��?���X ��>!	 & FTX ��>!	 �`�>@! i�?+
!

,����,'�� ��T �	&� & O�>� �	

�� `�>@! i�?+
! ,����

O���+ 7(�G	�T �#�$ i�+�'� 7#d�+ MY+ �� 7#����$

,#d ��"#	 
�	 F#	 �T�$

7 ��' 
 � (,s
 G	 N&� ,���� ,��	

 ��

7� `�@Z	 
���
 G	 ���� 	� ���+ i�+�'� ���� �� 7!�D

 �	&� & O�>� ��T


 ,+

 i	
���
18٪ 7�7� i�+�'� 7(�G	�T ���� 
�	 F#	 ,! �$�+

�7� �G�+ i�+�' �?!) ��	����T & 7 �G	
(

 
���
 �	�	� 
�?Q �� ��	&�

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;



3-F�! 
7 4-�5=>�� � 3--A! �-CH< 
6 �
I!...  177  

 
*'	 .! i	
���
 ��&� F������ ,>#��� C# ��7��,'�� 
l�?Q & �T & 7�	&	
� *]>� M#	S�	 G	 ���� �	&� ,+ O�>� ��T

 �l��9 ,'�� �� 7��!& 
�?Q,'�� 
 ��+ 7#����$ 7(�G	�T G	 ���� ,! *'	 ���+ �	&� ,+ O�>� ��T *]>� O�>� ��T

,'�� ,+7��! ����
 & �	&� ��T *'	 ��#�
( ���� ��T) O�$12 .(�� `�>@! i�?+
! 
�?Q ��?
,' ,+ *]>� O�>� ��T

,'�� *'	 , $	� 7�T�! ��&� �	&� ��T) F������19.4٪ ( i�?+
! 7#�"+�� & <b[�	 & �� >$ ��#�( S�� 
�	 F#	 ,!

,#d ,+ `�>@!,s
 7?�#�. ��T,'�� ��T ��$ x��D h�[� G	 �# & �	,+ ,@�'& M�TG*'	 ���+ �T . 
���
 �T	�$ F#	
+�?+

�A
� ��&� C# G	 `�@Z	,s
 �� G	�T	 ��&�D MY+ �� C�D ��&� ,+ ^,'�� ��T7� G��+ & ���$X �	�$�+ .V��"��� �

^X 	�T& 7� �G�+ ��	&X i�+�'� 7(�?!	
. & m�!

 �� 	� 7��� M�� C��� �
 & �??!)��&G & 7'&���X1 �2011 :

��@�"�'���'	2  ��	����T &2007 ( &,+ ��A & <�[
 
����+ MT&_. F#	 k#� � 7@! ,?�. O���
,'�� ��T �	,+ ,@�'&  &�

 
�	F��G *D�' ),?�. 
 >+ F ��# V�u
�	 E#
A G	,'�� ��T 
 >+ m�$ M#	S�	 & �	�X �T ( `�@Z	 
���
 &) �# ����� �	�#�.

,?�. *�]�
,#d ��"#	 & �Ti�+�'� ����� & HI' �� 7 #
���! ��T (7(_#& ��(�#� G	�I?� �� 7�
��?� & 7+�'� ��T ,

7'�
+���� 7��$�+.  

  

p ���  

• �ZX 7
�]�� ';;7@Q�� �1385� �5-4 ����� �<3;< .� �	;;i	�� ';;���G� �G�F '�?$7 & i���� !	 7��p� ���! .�	
�
 .

�n� N&�.  

•  �7�
� ��'�� �P� & �	�'	 �7+�][� �N	
�$ �7����&X1390 �r-I� �
��>
 s;
  �
�Z7 0�-/ � � 
�
 ���

 
Z-�< @� 
�
 ��7�.�–  4�
-�)�
���\ ,75�� (���
� ��e7 �<,-� 
6 ��
�56 �:6���<�3� �s�3� .

 ,��?@��F��G 7'�?$  i�[ul �`T�G�� ����$ �`"?. <�' ��	
#	60 – 45.  

•  & �	
�� �F#�X�&� ��	�S  ���#��[�1389 ��Z��.� L-CI! ��\ �sJ� ��� ��
�� ��e7 �<,-� �
�)d3:<5( �

 ����$ �` >�+ <�' �F��G N�@Q ,@"�78 ,[ul �96-87.  

•  ����=
 ���?�
+	1371 �07�>6�
 ��� <53:d� ,��

 �
 ! ,���p� �7]�� �
 ! 	��� �]Q) _���	 	�� �i	� 	�����S#
]
 �.  

•  �
��	 �����	1391 �L.� ��-7�.�  ��
 3  �373!<
� �<50��� t��  
6 �
�W�u\i3u ���� 

C�,���-��� .�.#�� ,��� <�' ��	
�
 �����	� ����	
�� �����	� ��$�	 7'�?$��!.  

• N	
�$ �7�	
�+ . ��	� ��� p� ��[� & ,��	 ��
]!	1393 �L-CI! �3��
�	 0P
Q ��� �T.�5 �  �6�e��< 5< 

,�<
� �	
�
�

�
�	 B-7
�.! ( 0Y��`� �6

�: 
�1/ 0P
Q �T.�5 ��3>,& 0!v� �@<6�� i�
�� 

����
 � ��-C: .<�' �`T����n ����$ � 48  i�[ul222 – 199.  

•  �`#
� �7]�ID 7
��+1388 �%-JT! ��Y�-= ��� �.-7
�.!
D7 
6 0P
Q s;3 \ ��/
S73H �  �6�e��< 5< 

3��<
�� B-7
�.!
�

� � B-�

�
�	 ��� ����$ �7#���	
�� ��o� ,@"� �25 . i�[ul50 – 23.  

• �	 �#�#� & �	 7@�� '	 �N�$ �7� ���j#� �7���n . ����'1379 � 2
� ,CW �	
�
�

�
�	) ���,�;\3�0��<6 <� �

0�<3 \ <��6�  � �CQ�� �(,��

 � :*�' i	��� �	 ��� p� ���	 
 !�.  

• ��	GM#&��� 7@Q �1385� �5-4 ����� �<3;< .� �	;;i	�� �]!
��	;;
� �	
�
 .�n� N&�.  

•  �*��	�>���[��F �1384 �0;3E7 �-�d 
6 	
�
�

�
��	 �,@"� 7�@Q _.&7�T� 	������ 	��ul�.  

• a�'� �	�]Q� 1384 �@^
I! �`-I� � 	
�
�

�
�	�.; LQ<
� ����� ]-C> d
�� 
6 373!<
� .>�+;;* & 

F���# 7#��T�
( N�@Q F��G 7'�?$ .���G�' �G�F '�?$7 ���!.  

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;  
1 - Amorosi and Zuffa 
2 - Scarcigilia 



178  �����   ����	
�
�

�
�	 ����� ����� ��� 
���� 1 ����� �! 1395  

 
• oC�� ����3-7 �;�-�<3AW ���5�� �1375 � )���� ,���250000/1G	�T	 �
+ �. 

• 
�$��	 �7p�u$ .��"� �7Q	SD . �7��l ��"� & 7@Q �7#b�1390 ���
3  � 0�;�S� @�-&
a> ����T��> � 

=J;
 ��-CH< ��,�. \ 0Y��`� �6

� :�5
Q ��� ��
�� � �3�5 s-J \ .,��?@�� 7�@Q 7�T&_. 7'�?�� 

����+X & ^X .N&� <�'.  

• 7�bQ 7�����A� ���[�� 1388� 	
�
�

�
�	� �<3;< .
�� f��Z`"?. ��n �  .�	
�
.  

• ���& �7o�� .`'�Z ��S#SQ .@Q7 ��[�#��m�]� � . & F>� ����[�@Q7 
]!	  ���. 7>�$1393 �� 5���5 i\ � 
��< 


�<373! 4-�� �  <�e���6 5< ���3;w��
 ��-9��A� � 	��-�
� 3&��R <�C& [� 6<5\31� ._.&MT �T� 

������������ !7� �'<�'�N ��$ ��3�� >�G � 1393 ,[ul �21-1. 

•  ��	 x
� �����[�1381 ��:,��<3� �;�-�<3AW ���
<sZ;
 �1� �<3;< . i����[
 ,>'�� i	��� �	O�?� �T  &

 �l �*>Y� ��n �U
	
�169.  

• ������� �	
�� & ���� 7�	
��! �
���1387� � �;5
< �S7 B-7
�.! ��Y� 
6 �-E�! ��7�� 07�>6�
 0Y��`� �� 

�6

� 07�>6�
 4�!� ,@"� MT&_. �T� 7#���	
�� �7p�]A ����$ 66 �  �l55-37.  

• � 7T�(�� �
up� ,���T & ���[� �7��#���p� ��P���[� �7���!1390 � 0Y��`��
<�:5  �;�-�-�
�	 ���

4 3��
,-� ���
�� ��
�� 4;6�-� 
6 j�3� � 2v;< �5�J� ��� .=e7 ����� 0C��`�# & *>�+ <�' � .

 ����$66 ,[ul �33 – 23.  

•  �7p�I� ���#��T1372� 4-�5 ����� �<3;< :/-0� ����� d3:<5� i	��� �	 ���G�' F��G 7'�?$ ����! ��n 

*>Y�. 

• ����� �O��Q 7��P� �N��� F�>� & ���[�	�]Q �7#���1384� L-CI! ��Y�-= ��� �.-7
�.!
D7 �  �6�e��< 5< 

k�
 ��� �	
�
�

�
�	� ,@"� MT&_. �T� �7#���	
�� ��&� �N&� ����$ 48.  

• - ��	���� �P���[� & `'�Z  ��&
>D1388 �,�<
� B;	
�
�

�
�	 � 4-�5 ��>��� B-7
�.! �K�W 
6 0ZCW 

����5
> 
6 0` <
 �  �,� �
I! �
<
���7 ��� d3:<5 4-/ �6

>� ,��?@�� i����[
 �7#���	
�� ����$ 94� 

,[ul 111.   

• �7�
! �]#
� & 7] "� �7���#1389 ��6
! �	
�
�

� �
I! � L-.T! 
6 U��u ���,�;<3� 0��� ���  0ZCW �<

 ����5
>)�6

� 0Y��`� :5<
�< ���� t;
( �N&� ����$ �<&	 <�' �C�D EA�?� 7#���	
�� i�p��I� ,@"� �

 ,[ul42-25.  
• American Association for the Advancement of Science, 2013, AAAS Atlas of Population and the 

Environment. http://atlas.aaas.org/ (accessed 02.11.13). 
• Amorosi, A., and G. G. Zuffa, 2011, Sand composition changes across key boundaries of siliciclastic and 

hybrid depositional sequences, Sedimentary Geology, v. 236, iss. 3-4, p. 153-163. 

• Amir Ahmadi, Ebrahim Moghimi, Seyed Mohamad Zamanzadeh and Reza Motamed, 2015, The Effect of 
Sandstone Composition on Distribution of Tafoni Landforms in the Aghajari Sandstone, Northwest of 
Masjed Soleyman, Iran. Hindawi Publishing Corporation Advances in Geology. Volume 2015, Article ID 
862714. 

• A. Ahmadi, E. Moghimi, S. M. Zamanzadeh and Reza Motamed, 2015, The Effect of sandstone composition 
on distribution of tafoni in Aghajari sandstones (NW Masjed Soleyman, Iran), Hindawi publication, 
Advance in the Geology. Article ID 862714, 10 pages. 

• Ana Cristina Londoño, Steven L. Forman, Timothy Eichler, James Pierson, 2012, Episodic eolian deposition 
in the past ca. 50,000 years in the Alto Ilo dune field, southern Peru. Palaeogeography, 
Palaeoclimatology, Palaeoecology. Volumes 346–347. Pages 12–24. A. 

•  Lerman and M. Meybeck, 1985, Physical and Chemical Weathering in Geochemical Cycles. Vol. 251. 
Press by, Kluwer Academic Publishers. 

• A. L. Ellwein, Shannon A. Mahan, Leslie D. McFadden, 2015, Impacts of climate change on the formation 
and stability of late Quaternary sand sheets and falling dunes, Black Mesa region, southern Colorado 
Plateau, USA. Quaternary International, Volume 362, Pages 87-107. 



3-F�! 
7 4-�5=>�� � 3--A! �-CH< 
6 �
I!...  179  

 
• Bahrami, S., 2013, Analyzing the drainage system anomaly of Zagros basins: Implications for active 

tectonics. Tectonophysics, 608:914-928. 
• Baroni,C., Noti, V., Ciccacci, S., Righini, G., Salvatore, M.C, 2005, Fluvial origin of the valley system in 

northern Victoria Land (Antarctica) from quantitative geomorphic analysis, GSA Bulletin, 117: 212–
228. 

• Bahroudi, A., Koyi, H. A., 2004, Tectono-sedimentary framework of the Gachsaran Formation in the 
Zagros foreland basin Marine and Petroleum Geology. 21, 1295-1310. 

• Bull, W. B, 1978, Geomorphic Tectonic Classes of the South Front of the San Gabriel Mountain. 
California U.S. Geological Survey Contract Report, 14-08-001-G-394, Office of Earthquakes, Volcanoes and 
Engineering, Menlo Park, CA. 

• Bull, W. B, MCFaden, L. D, 1977, Tectonic geomorphology north and south of the Garlock fault, 
California . Annual geomorphology symposium, State university of New Yourk, PP. 115 – 138. 

• Burbank, D.W., Anderson, R.S., 2001, Tectonic Geomorphology. Blackwell Science. 
• Ciccacci, S., Fredi, P., Lupia Palmieri, E., Pugliese, F., 1986, Indirect evaluation of erosion entity in 

drainage basins through geomorphic, climatic and hydrological parameters. International 
Geomorphology, 37: 233–248. 

• Chamayou, H., and Legros, JP, 1990, Les bases physiques, chimiques et minéralogiques de la science du 
sol. Presses Univ. France, 593 pages. 

• C. Swezey, 2001, Eolian sediment responses to late Quaternary climate changes: temporal and spatial 
patterns in the Sahara. Palaeogeography, Palaeoclimatology, Palaeoecology, Volume 167, Issues 1–2, Pages 
119–155. 

• Christopher S. Swezey, Arthur P. Schultz, Wilma Alemán González, Christopher E. Bernhardt, William R. 
Doar III, Christopher P. Garrity, Shannon A. Mahan, John P. McGeehin, 2013, Quaternary eolian dunes in 
the Savannah River valley, Jasper County, South Carolina, USA. Quaternary Research.Volume 80, Issue 
2, Pages 250–264. 

• Drever, J.I., 1994, The effect of land plants on weathering rates of silicate minerals. Geochimica et 
Cosmochimica Acta. Volume 58, Issue 10, May 1994, Pages 2325-2332. 

• Ding, Z.L., Sun, J.M., Yang, S.L., and Liu T.S., 2001, Geochemistry of the Pliocene red clay formation in the 
Chinese Loess Plateau and implications for its origin, source provenance and pale climate change. 
Geochemical ET Cosmochimica Acta, (65) 6, 901–913. 

•  Devi, R.K.M., Bhakuni, Bora, P.B., 2011, Tectonic implication of drainage set-up in the Sub-Himalaya: a 
case study of Papumpare district. Arunachal Himalaya, India. Geomorphology, 127, 14–31. 

• Dehbozorgi, M. Pourkermani, M. Arian, M.  Matkan, A. A. Motamedi H. Hosseinias, H., 2010, Quantitative 
analysis of relative tectonic activity in the Sarvestan area,central Zagros, Iran. Geomorphology, Volume 
121, Issues 3–4, Pages 329–341. 

• Eduardo Garzanti, Sergio Ando, Marta Padoan, Giovanni Vezzoli, Ahmed El Kammar, 2015, The modern 
Nile sediment system: Processes and products. Quaternary Science Reviews 130. Pages 9-56. 

• Edyta Kalinska-Nartisa, Christine Thiel, Maris Nartiss, Jan-Pieter Buylaert, Andrew S. Murray, 2015, Age 
and sedimentary record of inland eolian sediments in Lithuania, NE European Sand Belt. Quaternary 
Research 84. Pp., 82–95. 

• F. Lamas, C. Irigaray, C. Oteo, J. Chacon, 2005, Selection of the most appropriate method to determine the 
carbonate content for engineering purposes with particular regard to marls. Engineering Geology 81. 
Pages 32– 41. 

• Guarnieri, P., Pirrotta, C., 2008, The Response of Drainage Basins to the Late Quaternary Tectonics in the 
Sicilian Side of the Messina Strait (NE Sicily). Geomorphology, 95. Pp, 260-273. 

• H. Tosar, 2013, Critical Environments: Sand Dunes and Climate Change. Geomorphology, Volume 11, 
2013, Pages 414-427, Current as of 5 March 2014. 

• H. Tosar, 2005, Sand dunes mobility and stability in relation to climate. Physica A: Statistical Mechanics 
and its Applications, Volume 357, Issue 1, 1 November 2005, Pages 50-56. 

• Homke, S., Verges, J., Garces, B., Emami, H., Karpuz, R., 2004, Magnetostratigraphy of Miocene–Pliocene 
Zagros foreland deposits in the front of the Push-e Kush Arc (Lurestan Province, Iran). Earth and 
Planetary Science Letters. 225, 397-410 

• Johnsson, M.J. Basu, A., 1993, The system controlling the composition of clastic sediments. Processes 
Controlling the Composition of Clastic Sediments, Geological Society of America Special Paper 284, Pp., 19. 

• Jin-Liang Feng, Hai-Ping Hua, Feng Chena, 2016, An eolian deposit–buried soil sequence in an alpine soil 
on the northern Tibetan Plateau: Implications for climate change and carbon sequestration. Geoderma 
266. Pp., 14–24. 

• J. T. Elfaki1, M. A. Gafei, M. M. Sulieman, M. E. Ali, 2016, Assessment of Calcimetric and Titrimetric 
Methods for Calcium Carbonate Estimation of Five Soil Types in Central Sudan. Journal of Geoscience 
and Environment Protection, Pp., 120-127. 

• Keller, E.A., Pinter, N., 2002, Active Tectonics: Earthquakes, Uplift, and Landscape, Prentice Hall Earth 
Science Series. 2nd edition. Prentice Hall Inc., Upper Saddle River, New Jersey. 



180  �����   ����	
�
�

�
�	 ����� ����� ��� 
���� 1 ����� �! 1395  

 
• Kocurek, G., Lancaster, N., 1999, Aeolian system sediment state: theory and MojaveDesert Kelso dune field 

example. Sedimentology 46, Pp., 505-515. 
• Muhs, D.R., and Bettis, E.A., 2000, Geochemical Variations in Peoria Loess of W estern Iowa I ndicate 

Paleowinds of Midcontinental North America during Last G laciation. Quaternary Research, Vol. 53, Pp., 
49 – 61. 

• Melosh, B.L., Keller, E.A., 2013, Effects of active folding and reverse faulting on stream channel evolution, 
Santa Barbara Fold Belt, California. Geomorphology 186, Pp., 119–135. 

• M.A. Hamdan, A.A. Refaat, E. Abu Anwar, N.A., 2015, ShallalySource of the aeolian dune sand of Toshka 
area, southeastern Western Desert, Egypt. Aeolian Research 17 Pp., 275–289. 

• M. Qiang, Y. Jin, Xingxing Liu, L. Song, Hao Li, F. Li, Fahu Chen, 2016, Late Pleistocene and Holocene 
aeolian sedimentation in Gonghe Basin, northeastern Qinghai-Tibetan Plateau: Variability, processes, and 
climatic implications. Quaternary Science Reviews 132. Pp., 57 – 73. 

• M. Pansu and J. Gautheyrou, 2006, Soil of analysis Mineralogical, Organic and Inorganic Methods, 
published by Springer-Verlag Berlin Heidelberg 2006. 

• N. Lancaster, 1997, Response of Aeolian geomorphic systems to minor climate change: examples from the 
southern Californian deserts. Geomorphology,Volume 19, Issues 3–4, July 1997, Pages 333–347. 

• N. Lancaster, S. Baker, S. Bacon, G. McCarley-Holder, 2015, Owens Lake dune fields: Composition, sources 
of sand, and transport pathways. CATENA, Volume 134, November 2015, Pages 41-49. 

• N. Yan, A. C.W. Baas, 2015, Parabolic dunes and their transformations under environmental and climatic 
changes: Towards a conceptual framework for understanding and prediction. Global and Planetary 
Change, Volume 124, January 2015, Pages 123-148. 

• Ozkaymak, C. Sozbilir, H., 2012, Tectonic geomorphology of the Spildağı High Ranges, western Anatolia. 
Geomorphology 173. Pp., 128–140. 

• Peter M.J. Douglas, Mark Brenner, Jason H. Curtis 2015, Methods and future directions for 
paleoclimatology in the Maya Lowlands. Global and Planetary Change xxx (2015) xxx–xxx. 

• R. Bogle, M. H. Redsteer, J. Vogel, 2015, Field measurement and analysis of climatic factors affecting dune 
mobility near Grand Falls on the Navajo Nation, southwestern United States. Geomorphology, Volume 228, 
1 January 2015, Pages 41-51. 

• Ramsey, L.A., Walker, R.T., Jackson, J., 2008. Fold evolution and drainage development in the Zagros 
Mountains of Fars Province, SE Iran. Basin Research 20. Pp., 23–48. 

• R. W. Fairbridge, 1970, Rock weathering. Plenum Press, New York. 
• Ribolini, A., Spagnolo, M., 200, Drainage network geometry versus tectonics in the Argentera Massif 

(French–Italian Alps). Geomorphology, 93. Pp., 253–266. 
• Steven L. Forman, Alfonsina Tripaldi, Patricia L. Ciccioli, 2014, Eolian sand sheet deposition in the San 

Luis paleodune field, western Argentina as an indicator of a semi-arid environment through the Holocene. 
Palaeogeography, Palaeoclimatology, Palaeoecology 411. Pp., 122–135. 

• Stallard, R.F., 1988, Weathering and erosion in the humid tropics. In: Lerman, A., Meybeck, M. (Eds.), 
Physical and Chemical Weathering, Geochemical Cycles NATO Science Series C, Mathematical and Physical 
Sciences 251. Kluwer, Dordrecht, pp. 225-246. 

• Scarciglia F., E., Le Pera and S., Critelli, 2007, The onset of the sedimentary cycle in a midlatitude upland 
environment: weathering, pedogenesis, and geomorphic processes on plutonic rocks (Sila Massif, 
Calabria). In Sedimentary Provenance and Petrogenesis: Perspectives from Petrography and Geochemistry, 
Arribas J., Critelli S., Johnsson M. (a cura di), Boulder, Colorado, U.S.A.: Geological Society of America, 
2007: Geological Society of America Special Paper, v. 420, p. 149-166. 

• V. Nottebaum, G. Stauch, K. Hartmann, J. Zhang, F. Lehmkuhl, 2015, Unmixed loess grain size populations 
along the northern Qilian Shan (China): Relationships between geomorphologic, sedimentologic and 
climatic controlsOriginal . Quaternary International, Volume 372, 22 June 2015, Pages 151-166. 

• White, A.F., Blum, A.E., 1995, Effects of climate on chemical weathering in watersheds. Geochim. 
Cosmochim. Acta 59, Pp., 1729-1747. 

• Zhong Chen and Gaojun Li, 2013, Evolving sources of Aeolian detritus on the Chinese Loess Plateau since 
early Miocene: Tectonic and climatic controls. Earth and Planetary Science Letters. Volumes 371–372. 
Pages 220–225. 

 
 


