
 ��� ����	
�� 
���� ���� ���� ��� �����6 )1388(                                                                          79  

  

 

 

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

"�&	 �	
��� �/ ���(
�
 ���  

  

��0�12 3�4�,  

��� ��	
��
 ����� ���� ���
��
 ������ ���� ��� ���!" ���� ���!#�  
P_ghazanfari@yahoo.com  
����  ������$�#�  

)���
�: 19/8/88  :8��9,22/12/88    

"��;< 

   %��  &�
 (%� ) )�� ���$ *+� ,�* �� -�$����. /�!� *
 .&�� �$1�  *��2 ���� ,�* (��#*�1) ��
" �� /�!� �� 3*+� �$1��4 &�
 ���
.&�� ��� 
��5� ��. -�6��7 �� 8��9 �� � ��#�!�. 3*+� -�!7  �:;�� *
�<#�7�7 � �&�� �$1�  *��2 ������ 
�* *��7 *
 � %��  &�
 8��9 *
 

�$
=�>  ����* ,�.&��� �%������ � %�� 
*�
 
+���� %��?� ,�*�
 � ����@ A�) ,*�	�33  ����� C��:� �� (�$�410  �6510 &�� /��.  ���
?�>  8���6 �� A���% &��� � ���!. %��F��$� � G��� ��H ��@ ��  ������% -��� ���H�� ���. �����	�7 .&�� ��� >��
6  >I�J� �� ���

�����$
=� ��	$��" ������� �&�
 ��� �����A�* �� ��� .���� �� -4 ����9 )K� ���6��7 ,�. �$��* ��� *
 �7 ���.������6 ������ �6 �
K� ,�
� L�M �� �* 
�9�� N���=�� ��� �
������7 ,�� *�7  ��* ,�.&�� . �*�O�� ��� ��,�����9 �� P� ���
 A��� ��	$�
 �� �
�Q$�� �� �C* ������ *
 ,�.

� �P��� �6������7 -4 �� ���!. �7 &�� A�� ��� *
 ��R� ��* ���7 &�$�!�� .���� ������� ����  �� *�!�6 � �/���S  �� *�!�6 �*�!�6 -��� N*�R-

 ��* �	�
 ,�.�$K��4 ��H �&�#����*�/&���7���7 ��*�� .��*�
 *�UV +�� &���#�I�7 � &������ -�
� ��* ,�.� )�� � W7 -�6��7 �7 �.
� *�M
����* X�
�� �7 &�� -4 �	��
� >5� ��� *
 &�$�!�� ������1 ��K� �	�
 �� .&�� �
�7 >!� �<#�7 �#��6 N����* ����6 ,��� �YZ�� �$�����!� N-

�$�* �� �$J���6�!� *
 ��#�!�. ��7.&�� �
�� 8��9 *
 -�6��7 ,�.
+���� )����1 �� ���� �/  
[���-�  ���7,: ���7 �%��  &�
 �8��* ��	$��" ���J� ���$J��� �&�$�!�� ��* ,�.  

  

���=�  

)����
"1  ���$ *+� � �
!" ���
���1 ]� ��#�!�.
)�� �^�V) ���� ,�* ��
"٠٠٠/٨۵٠ (_��� �$����7

 &��]1[)�� ��� .�� ��
" %�� ����� �^�V2 
&�
 ����� ��*
P�
� 
�� ,�. ����!7 � %�� ����� ���

� 
 ,*����6&K�*���3 ��#�!�.���4 �� 

� ]2[ &�
 .
��7 �� /�!� �� %�� ����� �� 8��9 �� � ��#�!�. ,�.

�� 
��5� ��. -�6��7 .

�   

%��  &�
 (%� )  &d�
 ���$ *+�   �d�. /�!d�   ,�*�
 �
1200 *
 �$����7 � ���50  �6150  �d� ��=� �$����7  .�d���

       � (/�!d�) �d�#�!�. ,�d� �� H�d� �d�
 �d� �!I�
 ,�.
�*
    
�* ��f���dd� � ��d� &dd�
 
*��  (8�d�9) �dd�. -�d6��7
    ��6���d!.��� �d� � �
�d!� �
�.� �* &�
 >7 %��  3*+�

 � 
����� �� &d��=� *
    �d� /�d	�� g�d�" 
*��  
�* .

�d 
�� � ����
 h�6�6 �� %��   -���9 ��
 �� -�=9 
�* ���  

  

   &d�� ���d�* *�� � 84]3[     WdfV �&d�
 �d�� ,�d.
�* .
�
�$J  )����1 ���$J.�7 ,�. )K� �� �* N����* �� ,�

   .���7 �� ��
� �6 &�
 *
 � �
�!� >!V ��
�
 

 �*�d2 �#��6 ,��Z$�     �� &d�
 �d�� *
 ��dJ� ,*��d��6 ,�
��  >�� �� � /�!� �� 8��9 �$1�� )��+1� ,� �6 �6  *�+.

�� �$� ��*]4[�� ��
 �� %��  &�
 .    �d� -� �d��  ,�d.
8��* �j������ � ����� &dK�*  �d����]5[ �����d�  �-

 &"��]6[ -��� �����  �d����]7[    -��	d
.�j� Fd��6
 �Q�$K� 
*����*��                                                                                                  .&�� �$1�  *��2

-�!�"* ���$=� �� ���    &d�
 ���6��d7 ���d�* �#��6 ,�.
%�� �       &d�
 �d�� ���d�9 �d���7 *
 �d7 �<#�7 �:;�� *


&�� �$1�  *��2 �
*�
 
+����  >��)1(  �d� �<#�7 -�!�"* .
 �� ]�
+� ,��Z$�33   *��d2 ������ 
�* ����9 ����7 *
 �$�

������� 
�* .
*�
    �d� ]d�
+� ,���*
 ��1370   *
 ��$��d��7
����7 ��	��9�    � �d�#�!�. )��d��1 �� >dR�V N����* A�

�� >!V � &1��*
 �* -�6��7   -�d�� �d�*�� .�d��!� ��d��-

 -��� _;:� ��� �����104  �6105 �� -�
� �* /�� .�.

,*�dd5� �� �dd�� &"��dd� ��dd�V�� �dd�� *
 kddV�Z� ���dd6



 ��� ����	
�� 
���� ���� ���� ��� �����6 )1388(                                                                          80  

  

�$
=� ��� ��	$��"7 �7 &��.     &"��d� �d� ,*��dJ� ]!
,��1��m9 �d� &�
 ��� �����
 ,��. � 84 � �����
  .�d�7

 ��$��* ��� *
)��� ��)�� ,�.���� ,�*   �d�� -�d����
��7 �� �<#�7 A�?� ,�. �$
=� �7 &�� �
��   �d�#�!�. ,�d.

 �(8��9 *
) ��. -�6��7 �� �� �$1�  �!
@�� (/�!� *
)
 n�=�4 ,�
 �. �� �� �<9�� � %������]8[     
�d9� �d��� �d�

�$
=� *
 �#��#� ,�=6�<���1   �� �* �#��d6 �����d� )K� ��.
%�� ��	$��" ��� .��$J��
 -�6��7 ]���6��� ,�.-��7 �6 

 -���� �� �
�Q$�����7,�.  o"��  ��	$d��" &"��� ,���
)K� �	�
 �#��6 ��� ,�. A�* �d$V .&���� 
�9�  ,�d.

�������* �� &J���$� +�� ����!��  �* ,��d���9 ���@ �
) �.
 -�
�,�6�6��  ���d7 �� �
�Q$d�� ��� .(�.�Q� �$Q  �-

 �d�* ,�.   ).�jd� �d�� *
 *
 �      �d6 &dJ���6 �#��d6 �d��
������ �d��� )��� ��� ,�   �d.
 pd��� �* ,�]9[.   �� L�d.

�$
=� ��	$��" ������� ).�+� ,�.    �
�d� �<#�d7 A�d?�
.&��    

  

  �>?�@� 84
  

�
+�� ���@ A�?�,*�	� -�!�"* �	$JZ!. ,��� *
 �.
���@ N�Y#�;� ,���  ������ 
�* ,�$"�� )K� �,*�	�

���@ -�$� ��=6��9 � �	���*�J"* ,��� &��
�� �.
.�� A�?� ]� *
  ����9 )K� *
W7 h��) �7 � �6

h���� (&��
 ,�6�
���
  ���!� +�#��4XRD�  W. ,���
���!��f�� ��* )K� ,��� W. � %�� ��7 ,�. �

 .&1� ����!)K� �� ��� �� ,*�
�� �V�� ,�.4  ��
.&
	� �J�� ��6 *��J� h�� >�#
  

���7 ������� �� ��$�� ��* ,�.H2O2    
��d� LqdV ,���
���
 �6 ]#� A�* �� P<� .�� �
�Q$�� �#43*+� ,�. �� �6
 ����$d�� ,�� *�7 �� �� .��
�  ��9 &���   � 3�d��64 ,�d.

���
 G�$�� -���2�7 ,�. �� �6 ]@63    &d#�V �d� -�����
*
 r�Y� ���
 P<� � �
*�4  �� �d6 ]@�7 ,�.2   -��d���

 ���� ��9]10[ &=9 ���!� �-4 �$1���� ��=6 �..  

���
�� �� C* ������ *
 ,�.    �d6�� A��d� ��	$d�
 ,�� *�7
) P<���1 P���(PW3710 A�* � ��*�� 
*�� ��� ,�.

:��$1�  *��2 �$"��� ���7  

16 -��� .�
��4 :*�!�,���   ,�d�
 *
 -
�7 ]
" � ��S��
��	
����4 

2    ,��d� �d2�� �*�d7 *
 ��S�� -
�
 *��2 :/����  �� *�!�6 .
]�  ,��
 *
 &���60 �$��� �9*
��s ,��� 
��   ,��d�

���7�*�6 ��* ,�.&�$�!�� ����� ��q� ]11[ 

3*��2 :���  �� *�!�6 .     ,�d�
 �d6 �*�d7 *
 �d.
550   �d9*

�$��� &��� ]� N�� �� 
��   ���d7 ������� ,���  ���d.

&���#�I�7 -�@ 

)�� ,���84 �� ,��     ��Sd�� �d!. ��*�d��
 ,�d�    �d6 �d.
*��2 ��	�. ��	$�
 *
 �.
XRD ]
" *
 /[ ,�*�
 �7

A�* .���� ,*��=	� P����   ���d7 ���d���� � �d����-

 A�* �d��� �� ��* ,�.  ,�d.]11 �12 �13 � 14[    ��df��
) &1�  >��2���7 t���� ������1 .(  A�* �d� +�� ��* ,�.

.��
�  ���Y6 �!7 �!��  

  

���<�
�#�  

?� �� �<#�7 A�33    ���d� ��Z$d� �$�   �d� u�d���L*[  ���d6
 )K��#��6      �d� �d7 �d���  %d��  &d�
 *
 ���6��7 ,�.

  �6 -4 ,�. �$
=�ka 12 ± 112 ����� ]15[ A�� ��� .
� j�� ���� ��%�� ,�.  � �$"��d� �d��@    �d� �d� ,*�d	�

 
��"*]16[  �V�� *�=@ ��]17[ )K�&�� ��q�.     �d� ��d��
���7 t�� � *��:� �7 &�� �$Q  �$d�
 ��� *
 ��* ,�.-

.&�� �$���� �
:� ,���  >��)3  ( �d�7 A�?�  �d	#� �  ��
 -���13 ��=6 �:;�� ��� A�?� .&�� ��� ���*� �  

 �V��1���� &��� ,�*�
 :   �d��� >d  �d� ,��� ,�  �� *�d�
 ��d=2 �� +��2 %�* �� C*   ,��Z$d� �d� ,�2   �d66/6   � �d$�

&"����# ����* ,�.��#5�
�* �/�	��6  ].�  �  �d.4- 
���� 
�9� .&�� +�	��     &d�*
 �#�d�#4 �6�<d���1 %�d�

       �dV�� �d�� �����d� )dK� *
 ��d� �d� /�d��7 *
 ���
�  *

���6��7 )K� ,�.
+���� �� �J��:��  �� �V�� ��� 
�
 -�
�

 &�� (&�
 8��9) ���6��7 ��	$��"]8 � 16[.  

  



 ��� ����	
�� 
���� ���� ���� ��� �����6 )1388(                                                                          81  

  

  

  

  

  

  

  

  

  

  

  

  

  
  

 >��1-  �<#�7 A�?� *
 ,*�
�� ���!� >5� � ����1��m9 &�Y2��  

  
 

 

 

 

  
  
  
  
  
  
  
  
  
  
  
  
 

  
 >��2- ) P��� �6�� A��� �� ,� ���!�XRD ���!� �(K1 )S �&�$�!�� =K=  �&���#�I�7Ch �&���7 =I �&���� =V�&�#����*� =  

 M����� = Q.(+6*��7 =  

  

Q 

M 

I & V 

Ch 

S 
Ch/V 

M 

M 
K K 

Q M(I) 

K/Ch 

a (Untreated) 

b (Glycol  treated) 

c (Heated treated) 

Ch/V 
S 

M 

K 

Q 

10 20 30 40 (2 θ) 



 ��� ����	
�� 
���� ���� ���� ��� �����6 )1388(                                                                          82  

  

 �V��2 ,�*�
 :7/1  �64  �$��� ���� �� ��Z$� �$�
���� ��* &��� �� &��� � ���* ,�$J7�" ,�

&"�� � ,� ��=2 �� >��!$� ,�$J7�" /�	�� �
�* ,�.
�"������$�� � ,�].�  �,� N*�R �� �6����7 ,�.

&���#�77 ���@���� 8*�� ,��� -�x������H � >��
�* 8*��� ��< .&� -�*��!. � %���]16[  ���� ���� ��

+�*���� ���
 �* �V�� ��� ��	$��" ����* ,�$J7�" *�

�
�7 -���� (&�
 /�!�) ��#�!�. ��� ��* �� �O� �� .���

���"
�* /���7 F�5� ]� *
 �V���6 �=� L*[ W7 ,� -

.&�� ��� ��
�  

 �V��3 �V�� �� �j��� ���= �� ,�Z!. ,�*�
 :2  � &��
Z$� ,��7/1  �63 ���� >  �$���=2 C* �� *���� ,� ,�

��=2 �6&"�� .
*�
 ���6 ,��
�* ����* ,�. ��) /�	��
����$�� &K�*�"�� �,��#��  �,����" � ,� ].�  � (,�

&J�� ,�. &"�� �j�� �� �6����7 �V�� ��� *
 ,
��
���@ �$
�� �����1 ��� �y� *
 �7 ,� ���  �� �������1,��� 

�$1* ��� �� ����s4 �V�� .���3  ,�$"�� /�!� ,�� ��
 �V�� �7 ,*�M �� ��� ������4 �� ,�* W�:$J� *�M

 �V��2  �V�� ��� ����* ,�. � j�� .&�� �$1�  *��2
��
� �6 �	��
��$
� 8����� F�5� *
 �8  ��S�� &�


�����
 �� �G�"9  .&��  

 �V��4) ��Z$� ���$
�� �� :23 �* �� (�$� �V�� ,3  *
 �
�� ,�$"�� /�!� �V�� ,�* �� W�:$J� *�M2  �$1�  *��2

���� &��� ,�. ��H �� �����6 , �*�
 �V�� ��� .&�� ,�
���� >  � %�* 
*���=2 ,�&"�� � ,����@ ,�. ,���

].�  �$J�� �	$Q�4 � ��# ��# �8*�� ].4 ,�.
�* � &���#�7�� /�	�� �
F�5� .����
 ����* ,�. &�

�=� Cz�x�{7 ���S��10 ��  ����* �V�� ��� *
 ���+7�"

�  ��������� ]9[             .  

  

C����  

���7����� �� ��* ,�. H�d� �6 ���6  �d�H ���d6   A�d� ,�d.
     Pd��� �d6�� A��d� .�d�*�
 
�9� N��Q$� ������1 �� �<#�7

���!�        �d��� P<d� �&�$�!d�� �d7 &d�� �d�� �	��d
� �.
#�I�7 �(&����)  d���7 �&d��� � &  ,�d. C*  �d�H �d$K��411 

W=����7 ���6     >�d�) ��$dJ. A�d� �d�� ,�.4  -�+d�� .(

���7���!� *
 ��* ,�.�
�6 ,�.����
 ,�W7 �� ,� �� �65 
 �6 �R*
54 �� -�
� �* �R*
 .�.
12 �V�� �� ���!� ,�.

*�=@��*�� ,��� ��� ���7 r�2
 ,�.    8�dK$�� �d�* ,�d.
 .��  
���
,�. �$
=� �� u���� C* ������ *
 �<#�7 A�� ,�.

 �&�$�!�� ,�*�
�$K��4 ��H&���7-  �&�#����*�
�� +6*��7 � (&����) ���� �&���#�I�7&�$�!�� .����� �� �

 ������136  �671  >7 ��	���� � �R*
5/53 �R *
�  ���7
���!� �!. *
 h#�s ��*&��.���7 �	�
 . �� ��* ,�.

�����1 h�6�6 :�� ��6*�Z� ��$K��4 ��H &���7 - 
.&���#�I�7 � &���� �&�#����*�  

  

DE	  

 ,�.
�* � ��#�!�. ,�.
�* �ZJ� ):� �$J��
 ,���
>!V -���� �� ��. -�6��7 �� ��	$��" �� N����* ����7

���7 �� �%��  &�
 � ��	$��" ������� ,��� ��* ,�.
���� F���� &"��� ,��� ��	$��" �V��� ����� �
�Q$��

 >��) ��5 .( 

�	$J9��  �1�� ���6 W7W7 ������6 � N����* ���|!. �
 8��;� &�$�!�� &"�� ,��� W7 ,��
 � (8����*) A*��

�� ����]14[ �*��J� �	$J9�� >�#
 �� �;���� ���@ .
 .
*��� 
�9� ��#�!�. ��	$��" *
 -����1 8����* � A*��

  &�
 *
 &���#�I�7/&�$�!�� �� &�$�!�� *
 %��
A*�+  �� ,*��J� &�� ��� �
*�4 �.]18 � 19[ 
�9� .

 �� �7 ���� �� �9�� � 
���. �� �Y��6 &�
 *
 &�$�!��
�� ���� � *�<���1 ����� 
 ���|!. .&�� ���4 &�


�$K�*��62  ��� *
 &�$�!�� � &�#����*� �� &�6���
 &�� ��� A*�+  ��V��]20[ . ��*�� �$1�  ��f�� ,�.

F��6 9� ]21[ �
�
 -�
�  �$���� �� P� �7 &��
 ������� 
�* �� (��$� � >Z!@ �����) -�6��7 ,�.
�*

&�$�!��  �� )��+1� ����� *�=@ �� r�Y� ,�. �$
=� *

 ]
" ,��. � 84 *
 �=�6 -��7 �6 ��* ���7 ��� .����

 &�� ��� ���
]22[ .  

 &�� �<#�7 A�� *
 W=� ��* ���7 ����
 &�#����*�
 >��)3)K� *
 ��* ���7 ��� .( &�
 -� ���  ,�.

�� d� %d� �$"��d�� ��d &]23[)�� &�#����*� . �� �6  



 ��� ����	
�� 
���� ���� ���� ��� �����6 )1388(                                                                          83  

  

Clay FSSil t M S CS

K1

K2

Ka5

Ka6

Kc1

Kc3
Kc2

LEGEND

6

4

2

0

8

10

14

12

Unit 3

Unit 1

Unit 4

Unit 2

Ka9

Kb1

Ka14
Ka13

m

24

22

20

18

16

Cylindrical Rhizoconcretions

Mottling

Branching  Rhizoconcretions

Irregular Calcrete

Nodules (Calcareous)

Nodules (Ferroginous)

Soil Layer

Gravel

Sand, Silty Sand

Silt, Sandy Silt

Mud, Clayey Silt

Mud with Organic Matter

26

  
>��3-  �*�J"* N����m6 �7 �<#�7 �:;�� �� ���?��� -�
� �* ,�.�.
  

  
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

>��4- �<#�7 A�?� ,�. �$
=� ��* ,�=���7 h�7�6 Av: average  
  

  

0

10

20

30

40

50

60

70

80

K1 K2 Ka5 Ka6 Ka9 Kb1 Ka13 Ka14 Kc1 Kc2 Kc3 Av.

F
re

q
u

e
n

c
y

 %

Chl -V Sm

Illite Kaol



 ��� ����	
�� 
���� ���� ���� ��� �����6 )1388(                                                                          84  

  

�$K��4 C* N*�RH�� )�� }H�!$V� .��4 �� ����  �6
&�#����*�&1�J� �y� *
 �.12  (W�S� ���
�4 )�7)

N�������2*� ,�.�
�� ,��13  ���$
�� .
�� �� �$"��
&�#����*� � j�� ���� ���Y6 ��#�� ���7 ����� 

� 

]14[&�#����*� .���� 
 �� �
�!. }�Z��:6 G�" ,�. �
�� �$"�� &���7 � ���� 
��]24[ .-�*��!. � /��]19[ 

 &�$�!�� � &�#����*� �7 ��
�7 ,��  �f�$� �y� *

 �$"�� %��  ,+7�� &�
 *
 &�6��� ,���� � 
���.

.&�� ���  

�� -�
� %��  &�
 *
 �* ,�$!7 ������1 &���7 .�.

���<.�7 �:;�� *
 �=�6 ��� �� ��H�� *��:� &�
 ��� ,�

�7�� &1�� ��* �� 

� ]25[ ,�.
�* �� ����!.�� .
-4 *
 &���7 _2�� *
 �7 �-�6��7 ����* *�� �&J�� �.

 ,�*�
 ��#�!�. ,�.
�*5  �620 �� &���7 �R*
 ����
]21[ . 

W=� &�����$
=� ������ ���6 ���#�!�. ,�.
�* ,�.
�� �%��  &�
 ���|!. ����]19 � 26[ -��� *
 ��� .

���7* ,�. >��) &�� ���7 ����� �<#�7 ��3 ���� �� .(
 ��$JK� ,�.*�7]27[�� ��� �O�)K� �$
�� ��* ,�.

� ������ 
 �y� *
 ����� &�#����*� � &�$�!�� �� }H�!$V
�$K�*��61۴   .&�� ���  

 &1�� �<#�7 A�� *
 ,�$!7 }�$ZJ� *��:� �� &���#�I�7
��
�� >��)3 A*�� �� �V��� *
 ���7 ��� .( �� )��

1000  � �$� ����pH  &�� -����1 (W7) ,���� �6 �~�"
]14[.  

���7�$
=� ��* ����� ,�d.  �d���7١۵    ��
�d:� �d����� 
�*
62 �3/20 �9/10  �8/6 �� �* �R*
 ���d7 ,��� h�6�6  ,�d.

 &d���7 �&���� �&�$�!�� ��*-   &d���#�I�7 � &d�#����*�
�� -�
����7 ��
�:� .�.
  �d� ��d� 
�� ��* ,�.   �dV��1 

 ������ 
�* ��	$��" 
��� *
 .&�� �J��:� >��2 �<#�7 �#��6
 &�$�!�� ��#�!�. *
�   
*��d� 
�d9]28[ .  ,�* �d� �d�*�� 

C����� � %��  ,�.
�* r�Y� 
��� �� -�
� -4  �d.
 �d. 
      ��$dJ�� �d�* ���d7 �d�� ,�*�
 +d��]25[ .   � ���d���7�@

-�*��!.]3[ ���7 ��*�� ���$
=� �����  d�Y� ,�d. 
�* r
   g�d�" �d� 
�*� �� )�� � ������ 
�* �$���� �� P� �%�� 
   �d�� *
 �d�* ,�=���7 ).�7 ���* �7 ��
�
 -�
� �%�� 
  � &dd���#�I�7 �&dd�#����*� �&dd���7 ��dd��� :�� �dd�6�Z� 
�*

C* �J��:� .&�$�!��    (%d��  � �d�����) 
�* �
 �d�� ,�.
���7 ������1 &ZJ� �&�$�!�� ��~$�� �� �.
 �� -�
� ,�=

  .&�� ����!. 
�* �
 �. ��*  

       �-����d1 A*�d� �
�d� ,��d. � 84 �
�d�� h�d� �� �9�6 ��
%�� 
+����   � 
���d. �d ��@ � ���� � 
 � ����* ,�.
C* ����+�1 )����1 >R�V ������ 
�* *
 ��� &1�� ,�.
C* >!V �    /��d9) &d�� ��	$d��" ��� ��
�� ,�.1 .(
 *
 ���������t�!f�#�!�. ��	$��" �    ,��d� ��H F���d� �d�

�#�V *
 .
*��� �* &�$�!�� ��* ���7 &"�� �d j�� �7-

���� ,�.   �d�� &"�d� ,��� ����. � 84 F���� � �����
  &d�� 8��;� (-�6��7) %��  &�
 ����9 )K� *
 ���7

]9[%�dd� �� ���dd�9 )ddK� . ��dd7
 ���dd6 rM�dd�� ,�dd.
������- ����� �� � &�� ��� �$"�� �#���*4 � -�" /����

 >��) 
�� �� �
�.� �7 � ��$� ����� �/�Z!@ ,�.
�*
5.(  

)�� ���� ,�*�
 ������ �V��� �6%�� �%�� �].4
.&�� �����	�7 � >�� ���V�� ��� *
 ��z� �� �#���*4 ��� �

�� ������� �����	�7 � ��7*4 �&���1 �&�+6*��7 .
��
%�� �� +�� (��H�� ���6�7) �7
 ���6 ���
Q
64 ,�.

,�*�
 ?
 h�7�6 &�� ��� �$"�� &#���� �� &��#]29[ .
���7���6 *
 h�s� �����y ,�.�� �. �� ����� 
 N*�R

�$1�� A�$J  ���
��9 )K� *
 �	$J9�� �� h�� .���
 &�� h���� &�$�!�� &"�� ,��� � W7 }�$ZJ� ����9

 /��9)1W7 A*�� .( �� �61000  �$� ����)�� �6 W7 �j��
 ��250 �����$�(  ,��� �* ���" ����. � 84 F����

 A�$J &�$�!�� �� W.��1 
���]14[ � j�� ���@ �7 �
 �� �&#���� � 
���. .&�� W.��1 -�6��7 *
 ����. � 84

 ����#�� A*��400  -���� ,�9�� ���9� ��$� ����Ca  �
Mg �� �* �
���. )K� *
 &"�� �� ��f���� �7 ��.


&�$�!�� �� ���f��]30[���6 .  ���	$��" -���� �� �7

 *
 W7 }�$ZJ� A*�� � W7 �	$J9�� -�@ ������ �� ���!.

�^�V ,��	!
@ *��:� �-4 +���4 ,�.&�$�!��  *
 �*
�� �9 ���9 ������ 
�* ���!�]31[ *
 ��	�
 ,�� �� .

&�
 h�7�6 �������� .&�� �*�� }S��7 &�$�!�� 
�9� �.
�� ,��� o"�� ]� -���� �� ��* ���7 ��	$��" &"�

.&1�  *��2 ,*�
�� ��=� 
*�� �<#�7 A�� ,�. �$
=� 



 ��� ����	
�� 
���� ���� ���� ��� �����6 )1388(                                                                          85  

  

 �Z��:6 *��:� �&���� ��H�� *��:� ,�*�
 ��#�!�. ,�.
�*
 -��� �� �!7 � &���#�I�7 � &���7 �����&�$�!��  �$!7)

 ��2] ��$J. (%22�#�V *
 .[ �$
�� -�6��7 ,�.
�* �7
 ,�*�
&�$�!�� )23  �686 �� (�R*
] �����32 .[ *
 *��
����*  ��#�!�. ,�.
�*��� 5  �620  
�9� &���7 �R*


�#�V*
 �
*�
 
*��� *�UV &���7 -�6��7 ,�.
�* *
 �7
]21�������� .[�  �� �=�6 �<#�7 A�� *
 &���7 
�9�

 ���4 /�V .&�� �$1�  �!
@�� ��#�!�. ��	$��"
-�!. .&�� ��� �
*�4 ��	$��" �
 �. �� &���#�I�7 ��� 

�7 ��#�!�. ��	$��" �� &���#�I�7 ��� �$Q  �$
���  �$
��
%�� )����1 �y� *
����* ,�.�  �$
�� -�6��7 *
 �#�
%�� ����� 
 �y� *
] ��*�4 ,�.33 .&�� ��� �$"�� [

� &���7� *
 �����2 F�5� � ����!�� � 
���. >�#

 -�6��7-����  �� &���7 
�9� �	�
 ,�� �� .
*��� &"��

 ��	$��"%�� ,����6 � )����1 �y� *
 ��#�!�. ,�.
� ��� � 
��� &�
.��4  

 *
�<#�7 �:;���  ,�6*�
 ��R�1 ,�*�
 ��#�!�. ��	$��"
 �"���� �6 �<#�7 A�� ��R�1 .���� �� -�6��7 �� &ZJ�

 �� )�� �6 ������ 
�* ,�.1000 �� +�� �$����7 *
 ���*
 �R ��@ �6 �
 ��@ -�6��7 ,��� ��R�1 ��� ���#�V

�$
=� �>7 *
 .&�� �$����7&�*
 ��#�!�. ,�.
�* ,�.-

�� -�6��7 ,�.
�* �� �6 ����]21[ .PZ�  ]34[  ��� ��
/�$�7 �-� ���  ���
� �6 *�7���� �7 &�� *��� ����7

 .&�� �. ���
 ������  

 -�*��!. � ����]35[ ��
�
 -�
� �$
=����"
�* ,�. ,�
�� &ZJ� � ).�7 &���#�I�7 &ZJ� �
�* ����� ,��

�� )��+1� &�$�!����*�� .���� ���"
�* ,�* �� �.
 �� -�� ]�
+� �� 
�
 -�
� ]�+�� g��" �6 ��#�
�� 

 >��Z6 �y� *
 ���*
 &�$�!�� -�+�� �� �&���7 ��
 &�$�!���� )��+1� &���7 � �$��7 ����]36[�*�� . �

���7�� 
�* ��* ,�.���� �� -�
� ����� �� H�� �� ��
 ��f���� � &���#�I�7 � &���� ).�7 �&�$�!�� )��+1�

 
*�
 &���7 -�+�� ���m6 ���]37[&���7 &ZJ� .  ��
�$
=� &���#�I�7��) ).�7 �	��
� r�Y� ,�. 3/0 �6 2 (

�� &�� ������ 
�* &�
 ����� ,��]21[ �$
�� ������1 .
7 �� ���� ����6 �� 
�*H�� *
 &���#�I�7 �� &ZJ� &���

��
�� &���7 )���9 � H�� )����113  ����]38[.   

���7 -�+�� ���m6 >��) �	�� *�
�!� *
 ��* ,�.4 (
�� -�
��V�� �.
 1  �V�� � &�$�!�� *��:� ���$
��3 

�� �* A�� *
 ,
�!� N����m6 .
*�
 �* *��:� ���$!7 -��6
��m6 �� � 84 F���� ���	$��" �� 8��* ����6 W=� *
 �

 .
�
 &ZJ� �.�V�� ����* �*�J"* � �-4 ����.GH�6* 
]39[ G�" *
 /�!� ,*����6 �6 ���6�7 �����
 ,�.

 &���#�I�7 ).�7 �H�� �� �* �#��6 *
 ���m6 �����4 ,�$"��
 *��J� �� ����. � 84 ���m6 �� �* &���7 � &���� )��+1� �

6 G��!�� g��$� ���� �� .
�
 &ZJ� ]
" *��J� �� &�

&1��4 �|K�*�6 �� ���4�*�J"* +�#��4 �,*�q  � �	�� ,�.

����&K�* ��1 �
 �%��  &�
 *
 ����� ,�9�� ,�.
 ���6��7 *
 ]
" ��1 ]� � G��!� ,��. � 84 � ��@

 &�� ��� ������� ��J�]40[.  
&K�* h�� �� �1�� ���6���� ):� ����� ,� &"�� *


 
*�
 ��* ���7 t��]41[ *
 �j��� ���#�!�. ��7 �$�* .
���$J.�7 )K��� ��6 *��J� �6 ��6 h�� ,�*�
 A� .����

 W7 � *�.�� �<6 ����� &K�* ,�*�
 -�6��7 ���#�V *

 /��9) &�� h��1� �+�� %��  &�
 h�� .(� *
 �j��

 .&�� W7 *��J� &�
 ����� ,�. )K�  
&�#�Y1����� ,�.� ������ �:;�� *
 �$"��:  �#� - 

���� ,�.�!�� �"��*�*
 ����� �$K� �
����116 
�.���4)K� *
 �.
�* � �.. &�
 ����9 � ,�$"�� ,�
 %�� ]30[8  � - �
�
���# ,�.���� � ,����# ,�]42[ �

 /��9) &�� ������� >��21�
�
 .(���# ,�. +�� ,*�	�
 ��#�!�. ,H�� ������ �	��
�� F���� �� ��*4 �ZJ� *�M

� �-�6��7� ,�.�����1 �"�� .&�� ��7
 ���6 �j��
���"
�* ,�=$�
 *
 �.*q	�4 N�9�=� � ���f��9 ����� ,�

&�#�Y1 �� �$J��� �* %�� �� �$"�J������ ,�. ����

]43[)Z�9 . ��* �� %��  &�
 *
 �$"�J������ ,�.

��*������ ,�.&K�*�$� +�� G�" ������f ��� ,�� 
 &��]6[ ��.
�* � �. �.���4 -������ �2��" )����1 .

��� �	$J���&K�* ��� ������ ,�=$�#�Y1 �� �.  -4 &"��
���� ����� ���@ ���!� ,��� .
*�
 �:;�� *
 �=�6 �$K�*

 &�� ��� ���
 %��  
�* ,�$"�� )K�]9[ ��� >�#
 �� .
 ]�
+�) ��#�!�. *
 � ��4H�� ,H��4 ���/�� *
 �$!�$ 

]44[ ���7 �-4 �� ���� ��6 h�� � &R�1 �9�� ��* ,�.
���7 �f�$� *
 .����� �!� &"��� &���� ��* ,�. 

&���7 %�� ,�.
+���� ���� )����1 �y� *
 ����* ,�.  



 ��� ����	
�� 
���� ���� ���� ��� �����6 )1388(                                                                          86  

  

 /��91- � j�� �J��:� -�6��7 � ��#�!�. ��	$��" �
 -� ���  ,�.  

 
  

                                             
  

  

  

  

  

  

  

  

  

  
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 >��5 - -4 -������ ,�=
K�  � %��  &�
. �*�!� ����� ���� ��� �
�� �
:�) &�� >�� -�*
 *
 �=�4 ����1��m9 ��	��9 �	��
� >�� ��� ,�.
2.000.000 :1 ��. ����� ���� -����� �1998.( 

"�#���  (-�.�) ��?�.��  (*���) F�G/��  

/�� 4 *H  
��  ]
" �!��- /�$Y� �!��  

����?�� 8
�	 ��#���� ��)(�$� ��  2200 - 1200  1400 - 900  

����?�� ���� ��#���� (
��	�$���)   ���20  27.5- 22.5  


�/�(�,�G  h�� ��  h�� W7  

 ��
� �/�G �/ ����	(�$�)  6000  - 1000  600 - 300  

)$�+���� ��  ���� *��J�  ���� W7  

���	 F4�   "��? ����  4  �5 (]J�* ���$
��)  1  �2 (]J�* ���$!7)  

��/��"��< 
(  ���+�1  ����!��  

  "��< '��  ��� � 
 �����*  &����  � &��#
 �&#����  


�
 ��&���� 
�I/ 3�J  �y�*��  ���9��  

"��< 
�
 
���  &����  &�$�!��  

6

4

4

4

2

1

1

1

1

3
5

3

3

3

3

3

5

5

73 75 77 79 81 82
22

23

25

27

29

31

0 70 km

R
am

ganga

G
angaY

am
una

Betwa

K
en

Si
nd

Chambal

Delhi

Lucknow

AgraJaipur

1: Quaternary

Kalpi

2: Decan Trap

3: Vindhyans

4: Aravalli-Delhi Ridges

5: Bundelkhand

6: Himalaya

1

1

2

2

N



 ��� ����	
�� 
���� ���� ���� ��� �����6 )1388(                                                                          87  

  

�� �.
�* 
*�� ��� � 
�#�V *
 .��
� � �-�6��7 *
 �7� -
 ���6 �j�� &"�� ,��� �1�7 &R�1 ��*4 &"�J���� ��7


���7 ����� �9�� ��* ,�.&�$�!�� .&�� �
*�4 W.��1  

  

�K������(  

A�* �� ���� �8��* ��	$��" ������� ,�.� ,�� *�7
���7 8��9 *
 �<#�7 �:;�� *
 A�* ��� .&�� ��* ,�.

 &�$�!�� ��<#�7 A�?� *
 .�� �
�Q$�� ��. %��  &�

�@ ��* ���7 �������1 h�6�6 �� -4 �� P� �7 &�� ��

���7&���7 ,�. - *��2 &���#�I�7 � &���� �&�#����*�
� j�� ���� �� .��*�
���� ,�.%��) ����� � �����

���� �(&"�J����&K�* h�� �� �	$J9��) �����
 (�.��  )��� � ��
 �A*��) ����. � 84 F���� � (����

�6��7 � (/�!� *
) ��#�!�. *
� (8��9 *
) -��� �O� ��*
���7 &"��� ,��� ���" ���
� &�$�!�� ��* ,�.

�) -�6��7 .���� �:;�� ��� *
 N����* ��	$��"� �j��
� (�7
 ���6�%�� �$��
 >�#
 ,��� h���� �$#���� ,�.

 �� &ZJ�) �6����6 W7 &"�J���� ��9*
 � 
���.
W�S� h�� �(��#�!�.�� � ��  ,��. � 84 � �6 � ��*

 �
�!� W.��1 &�$�!�� ��#�6 ,��� ����;� F���� F��$�
� )�� � W7 -�6��7 �������� .&��� ��	$��" N*�R
� �N����* ����6 ,��� ��R� � �$����� *
 ����
 +�* �j��

�� >7 *
 .&�� �
�7 >!� �<#�7 �#��6 �f�$� ���@ -��6
 �V�� �=�6 �� �7 
�!� ,�� 1 ]8[�.�V�� �	�
 ���� � ,

 �
 �. �� �Z7�� ).�Z�� � ,*�4
�  ��	��9 �<#�7 �#��6
 8��9 � (��#�!�.) /�!� ��	$��" (-�6��7) .&�� �
��  

 �� 
�=�
�� ��H �$K��4 ,�. ���7 ������� 
*�� *

 �� *�!�6 �� P� �. ���!� 

� MgCl2 
*�� �	�
 *�� �

 �. -4 -��$� ,�6 )�� -���!M� �� �6 ����  *��2 ��*��
���� .
�!� ���  

  

 

 

 

 


I�L�$/ ��� "J/4 )��&�    

1- Foreland                          9- Paleosol    

2- Indogang Basin              10-  Crevasse splay  

3- Deformed                       11- Mixed-layer clay 

4- Sub-Himalaya                         minerals  

5- Mottling                         12- degradation 

6- Rhizoconration              13- Preexisting   

7- Calcrete                              14- Transformed  

8- Backswamp                        15- Overbank 

                                                16- Incised  

  
  

REFERENCES:       

 

[1] Burbank, D.W., Leland, J., Fielding, E., 

Anderson, R.S., Brozovic, N., Reid, M.R., and 

Duncan, C. (1996) Bedrock incision, rock 

uplift, and threshold hillslopes in the 

northwestern Himalaya. Nature 379, 505-510. 

[2] Tandon, S. K. (1991) The Himalayan 

Foreland:  focus on Siwalik Basin: In: 

Sedimentary Basin of India: Tectonic context 

(Eds. By S. K. Tandon, C. P. Charu, and 

Casshyap, Gyanodaya Prakashan, Nainital, 

171-200. 

[3] Chakrapani, G.J., Subramanian, V., Gibbs, R.J., 

and Jha, P.K. (1995) Size characteristics and 

mineralogy of suspended sediments of the 

Ganges river, India. Environ. Geol., 25, 3, 192-

196. 

[4] Parkash, B., and Kumar S. (1991) The Indo-

Gangetic Basin.  In: Tandon, S. K., Charu C. P. 

and Casshyap (eds.) Sedimentary Basin of 

India:Tectonic context, Gyanodaya Prakashan, 

Nainital, 147-170. 

[5] Sinha, R. and Friend, P.F. (1994) River systems 

and their sediment flux, Indo-Gangetic Plains, 

Northern Bihar, India. Sedimentology, 41, 825-

845. 

[6] Parkash, B., Kumar, S., Rao, M.S., Giri, S. C., 

Kumar, C.S., Gupta, S., and Srivastava, P. 

(2000) Holocene tectonic movements and stress 

field in the western Gangetic plains.  Curr. Sci. 

79 (4), 438-449. 

[7] Srivastava, P., Singh, I.B., Sharma, S., Shukla, 

U.K.  and Singhvi, A.K. (2003) Late 

Pleistocene-Holocene hydrologic changes in the 

interfluve areas of the Central Ganga Plain, 

India.  Geomorphology, 1327, 1-14. 

[8] Singh, I.B., and Bajpai, V.N. (1989) 

Significance of syndepositional tectonics in the 

facies development of the Gangetic Alluvium 

near Kanpur, Uttar Pradesh. J. Geol. Soc. 

Ind.34, 61-66. 



 ��� ����	
�� 
���� ���� ���� ��� �����6 )1388(                                                                          88  

  

[9] Ghazanfari, P. (2003) Geomorphological, 

sedimentological and geochemical studies of 

the Delhi-Moradabad and Kalpi windows in 

the Ganga plain, north India. Unpublished 

Ph.D. thesis, Delhi University, Delhi, 180 P. 

[10] Muller, G. (1967) Sedimentary petrology. In: 

Methods in sedimentary petrology, 

(Translated by Hans-Ulrich Schmincke) 

Hafuer Pub. New York, 283 P. 

[11] Carroll, D. (1974) Clay Minerals: A guide to 

their X-ray identification. 3
rd

 edn. Geol. Soc. 

Am. Spec. Pap. 126 P.  

[12] Brown, G., and Brindley, G.W. (1980) X-ray 

diffraction procedures for clay mineral 

identification. In: Crystal Structures of Clay 

Minerals and their X-ray Identification (Eds. 

by G. W., Brindley, and G. Brown), 

Mineralogical Society, London, 305-360. 

[13] Hardy, R., and Tucker, M.E. (1988) X-ray 

powder diffraction of sediments.  In: 

Techniques in Sedimentology (Ed. By M. E. 

Tucker), Blackwells, Oxford, 191-228,. 

[14] Weaver, C.E. (1989) Clays, Muds and Shales. 

Elsevier, 819 P. 

[15] Gibling, M.R., Tandon, S.K., Sinha, R., and 

Jain, M. (2005) Discontinuity-bounded 

alluvial sequences of the southern Gangatic 

plains, India: aggradation and degradation in 

response to monsoonal strength, Jour. Sed. 

Research, 75, 3, 369-385. 

[16] Singh, I.B., Srivastava, P., Sharma, S., 

Sharma, M., Singh, D.S., Rajagopalan, G., 

and Shukla, U.K. (1999) Upland interfluve 

(Doab) deposition: alternative model to 

muddy overbank deposits.  Facies, Erlangen 

40, 197-210. 

[17] Sinha, R., Khanna, M., Jain, V. and Tandon, 

S.K. (2002) Mega-geomorphology and 

sedimentation history of parts of the Ganga-

Yamuna plains. Curr. Sci. 82 (5), 562-566.   

[18] Kumar, S., Parkash, B., Manchand, M.L., 

Singhvi, A.K. and Srivastava, P. (1996)  

Holocene landform and soil evolution of the 

western Gangetic Plains: Implications of 

neotectonics and climate. Z. Geom. N. F. 

Berlin – Stuttgart, 103, 283-312. 

[19] Pal, D.K., Srivastava, P., Durge, S.L., and 

Bhattacharyya, T. (2003) Role of 

microtopography in the formation of sodic 

soils in the semi-arid part of the Indo-

Gangetic Plains, India. Catena 51, 3-31. 

[20] Pal, D.K., Dasog, G.S., Vadivelu, S., Ahuja, 

R.L. and Bhattacharyya, T. (2000a)  

Secondary calcite carbobate in soils of arid 

and semi-arid regions of India. In: Global 

Climate Change and Pedogenic Carbonates, 

(Eds. By R. Lal, J.M. Kimble, H. Eswaran, 

and B.A. Stewart), Lewis Pub., Boca Raton, 

149-185.  

[21] Jha, P.K., Vaithiyanathan, P., and 

Subramanian, V. (1993 Mineralogical 

characteristics of the sediments of a 

Himalayan river: Yamuna River: a tributary of 

the Ganges. Environ. Geol. 22, 13-20. 

[22] Pal, D.K., Bhattacharya, T., Deshpande, S.B., 

Sharma, V.A.K. and Velayutham, M. (2000b) 

Significance of Minerals in Soil Environment 

of India. NBSS Review Series, Vol. NBSS & 

LUP, Nagpur, 68 P. 

[23] Srivastava, P., Parkash, B., Sehgal, J.L., 

Kumar, S. (1994) Role of neotectonics and 

climate in development of the Holocene 

geomorphology and soils of the Gangetic 

plains between the Ramganga and Rapti 

rivers.  Sed. Geol. 94, 129 – 151. 

[24] Douglas, L.A. (1977) Vermiculite. In: 

Minerals in Soil Environments. (Eds. by J. B. 

Dixon and S. B. Weed), Soil Sci. Soc. Am., 

259-292. 

[25] Srivastava, P. and Parkash, B. (1998) Clay 

minerals in Soils as Evidence of Holonce 

Climatic Change, Central Indo-Gangetic 

Plains, North-Central India. Quat. Res., 50, 

230-239. 

[26] Konta, J. (1985) Mineralogy and chemical 

maturity of suspended matter in major rivers 

samples under the SCOPE/UNEP Project. 

Mitt. Geol. Paläontol. Inst. Univ. Hamburg, 

58, 569-592. 

[27] Pal, D.K., Kalbande, A.R., Deshpande, S.B. 

and Sehgal, J.L. (1994) Evidence of clay 

illuviation in sodic soils of north-western part 

of the Indo-Gangetic plain since the Holocene. 

Soil Sci., 158, 465-473.  

[28] Sarin, M.M., Krishnaswami K, Dilli K., 

Somayajulu, B.L.K. and Moore, W.S. (1989) 

Major ion chemistry of the Ganga-

Brahmaputra river system: weathering 

processes and fluxes to the Bay of Bengal. 

Geochim. Cosmochim. Acta. 53, 997-1009. 

[29] Krishnan, M.S. (1968) Geology of India and 

Burma. Madras, Higginbothams, 555 P. 

[30] Roy, B.B., and Barde, N.K. (1962) Some 

characteristics of the black soils of India. Soil 

Sci. 93, 142-147. 

[31] Tandon, S.K., Gibling, M.R., Sinha, R., Singh, 

V., Ghazanfari, P., Dasgupta, A., Jain, M., and 

Jain, V. (2006) Alluvial valleys of the 

Gangetic plains, India: causes and timing of 

incision. Sedimentary Geology. SEPM Special 

Pub., 85,15-35. 

[32] Subramanian, V., 1980. Mineralogical input 

of suspended matter by Indian rivers into the 



 ��� ����	
�� 
���� ���� ���� ��� �����6 )1388(                                                                          89  

  

adjacent areas of the Indian Ocean. Mar. Geol. 

36, 29-34. 

[33] Singh, P., and Rajamani, V., 2001. 

Geochemistry of the floodplain sediments of 

the Kaveri river, south India. Jour. Sed. 

Research, 71, 1, 50-60. 

[34] Gibbs, R.J., 1977. Clay mineral segregation in 

the marine environment. J. Sediment. Petrol., 

7, 237-243. 

[35] Siiro, P., Rasanen, M., Gingras, M.K., Harris, 

C.R., Irion, G., Pemberton, G., and Ranzi, A., 

2005. Application of laser diffraction grain-

size analysis to reveal depositional processes 

in tidally influenced systems. Spec. Publs. Int. 

Ass. Sediment, 35, 159-180. 

[36] Greensmith, J.T., 1988. Petrology of 

sedimentary rocks. George Allen & Unwin, 

London, 241 P. 

[37] Potter, P.E., Heling, D., Ships, N.F., and Van 

Wie, W., 1975. Clay mineralogy of modern 

alluvial muds of the Mississippi River Basin. 

Bull. Centre Rech. Pau-SNPA, 9, 353-389. 

[38] Biscaye, P.E., 1965. Mineralogy and 

sedimentation of recent deep sea clay in the 

Atlantic Ocean and adjacent seas. Bull. Geol. 

Soc. Am., 76, 803-832.  

[39] Retallack, G.J., 1986. Fossil soils as grounds 

for interpreting long-term controls on ancient 

rivers. Jour. Sed. Petrol., 56, 1-18. 

[40] Joshi, D.D., 2001. Late Quaternary climatic 

events of the Gangetic plain. Geol.Surv. of 

India, Spl. Pub. 65(lll),101-107.  

[41] Velde, B., 1992. Introduction to clay 

mineralogy: chemistry, origin and 

environmental significance. Chapman & Hall, 

198 P. 

[42] Ghosh, D.K., 1994.  Modern alluvial fans of 

the Indo-Gangetic- Brahmaputra plain and 

their tectonic control.  In: India: 

Geomorphological Diversity. (Eds. By K. R. 

Dikshit, V. S. Kale,  and M. N. Kaul), Jaipur: 

Rawat Pub., 287-300. 

[43] Gupta, S. (1997)  Himalayan drainage patterns 

and the origin of fluvial megafans in the 

Ganga foreland basin. Geology 25(1), 11-14. 

[44] Wang, Q., Zhang, P., Freymueller, J.T., 

Bilham, R., Larson, K.M., Lai, X., You, X., 

Niu, Z., Wu, J., Li, Y., Liu, J., Yang, Z., and 

Chen, Q. (2001) Present-day crustal 

deformation in China constrained by global 

positioning system measurements: Science, v. 

294, 574–577. 

[45]  Geological map of India 1:2000000, (1998) 

Geological survey of India. 

 
  
  
  
  
  
  
  
 

 

 

 

 

 

 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 


