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Fig. 1. Map of the geographic location of the studied area (Chabahar Bay to Pasbandar) showing the depth of the bed and the 

sampling stations along with Golbad throughout the year and Golmoj at different times of the year during the monsoon, before 

and after it (Saket and Etemad-Shahidi 2012). 
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Table 1. The relative percentage values of sand, silt, clay, calcium carbonate and organic matter in pre-monsoon and 

post-monsoon sediment samples in the studied stations of the continental plateau of Oman Sea and Chabahar Bay  

 ���"�! ,30 Station Depth Clay Silt Sand 3CaCO TOM Mean Median Sorting Kurtosis Skewness 

 E';  1 4.00 0.98 4.57 94.45 44.05 1.47 2.82 1.15 0.50 3.91 -0.50 

�H  0� 0%	'� 2 5.50 19.62 2.73 77.64 18.78 1.00 2.84 0.23 0.70 6.67 -0.55 

�� q�� 3 6.50 54.00 2.70 43.29 34.22 2.33 2.84 2.75 0.95 4.29 0.81 

^'-_ ��	� 4 12.5 27.12 2.55 70.37 16.07 1.50 2.83 0.58 0.75 4.22 1.00 

�� ̂ '-_ 7�� 5 14.5 80.69 4.19 15.11 15.47 2.00 2.71 0.1 1.20 4.18 -0.54 

 �
�)� 6 5.50 18.27 1.07 80.73 41.37 2.17 2.80. 1.75 0.72 1.50 1.49 

'� ̂ '-_ ��	 7 65.0 82.24 9.69 8.07 14.58 4.00 5.13 0.15 1.00 2.33 1.00 

��L>. M� 0' 8 12.0 0.00 2.33 97.67 66.07 1.50 5.59 1.03 1.50 0.64 -0.52 

 �I>. 0'�� 9 60.0 78.79 9.48 11.72 15.47 3.08 5.27 0.29 1.25 1.85 0.72 

	�L>. M� E% 10 10.0 20.43 2.92 76.64 48.67 1.58 5.72 0.59 1.75 4.57 0.82 

 �I>. E%	� 11 31.5 50.12 3.97 45.9 32.13 2.58 5.43 2.53 1.50 4.43 0.75 

$# L>. M� �3��� 12 9.00 27.9 1.55 70.54 25.89 1.08 5.52 2.22 1.50 4.26 -0.63 

 �I>. �3���$# 13 16.5 66.91 7.86 25.22 13.68 2.08 5.50 0.17 2.00 5.72 0.35 

d0  ���"�! Station Depth Clay Silt Sand 3CaCO TOM Mean Median Sorting Kurtosis Skewness 

'; E 1 4.00 0.00 4.00 96.00 49.4 1.42 1.63 0.36 0.50 5.18 -0.64 

'� �H 0� 0%	 2 5.50 0.00 8.50 91.50 18.15 1.00 2.07 0.09 0.75 7.75 -0.74 

 q���� 3 6.50 62.79 3.51 33.69 25.29 3.92 2.03 1.3 0.70 5.74 0.70 

	�^'-_ �� 4 12.5 24.37 2.86 72.76 14.87 1.50 2.20 0.2 0.72 7.26 0.64 

 ̂ '-_ 7���� 5 14.5 69.14 8.13 22.71 14.28 3.42 2.05 0.07 1.00 3.00 0.82 

)� �
� 6 5.50 17.19 2.03 80.78 38.39 2.58 2.05 0.76 0.72 2.65 -0.75 

'� ̂ '-_ ��	 7 65.0 86.27 5.11 8.61 13.39 5.08 1.91 0.09 0.95 3.40 0.82 

L>. M� 0'�� 8 12.0 0.00 3.00 97.00 61.90 2.00 2.06 0.16 1.25 0.79 -0.74 

�� �I>. 0' 9 60.0 84.22 4.63 11.13 15.47 7.17 1.85 0.14 1.00 2.47 0.80 

L>. M� E%	� 10 10.0 25.98 5.06 68.96 38.39 2.33 2.06 0.19 1.40 4.65 -0.43 

	� �I>. E% 11 31.5 58.22 5.05 36.72 21.12 3.33 2.05 1.20 1.20 3.63 0.62 

 L>. M� �3���$# 12 9.00 13.26 1.39 85.35 27.97 1.00 2.05 1.23 1.30 4.62 -0.49 

$# �I>. �3��� 13 16.5 59.96 7.13 32.89 12.50 1.50 2.01 0.08 1.75 3.21 0.87 
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Fig. 2. Naming of studied sediments according to Folk (1980) method and comparison of sediment types in different 
stations (pre-monsoon and post-monsoon). 

 
1-3- A�" #$�g �T$/"$ b��$ � #����� ��$HP  

$I; �c-c� ,�	��%� 7� 7+�; ��M'  ���H A����� �
 �� 3��

  �KG� )19807��� �7��� :?��� ���� D�� ��)* (  ����

&�7���  7XG�Y� ���� ���3Z� �� 	%1 �	� 7� &� � �

.3� �%�����  

 )  b�C  :(  ���>� A����� ?���7    �9    ?@��� �� �� 	�

 ��@ J';	; 7� 7� F�� ��)��* S�T82    �78    &� 3Q��

 1� !'# ���1 �� � ��$���86   �84   �� &� 3Q�� 3Q��

 .3�
$� ��$��� 1� !# ���1  

���! b� ) �$sC  :(���>� A����� 7��>�  ��3  �5  �11    �

13    ���� J';	; 7�54  �80  �50    �66    � &� 3Q��43  �

15  �45    �25    �  ��$���  1�  !'#  ���1  �� 7���  3Q��

 	%��I�62 �69 �25   �59   � &� 3Q��33 �22 �68   �32  

3Q��  7��>� 0%� .3�
$� ��$��� 1� E# ���1 �� 7���  ��

  L'>. !9� � ��)��* ^'-_ S�T d�
2$� �@��� 7� ]��	�

 .3�
$� �3���$# � E%	� ?@���  

 ) ��� ���!cS:(  7��>� ?���  ���>� ��4  �6  �10    �12  

  �  E%	�  �  ��)��*  ^'-_  ?@��  K%���  �@���  7�  L-X
�

 ���>� ���) �3���$#  4    7� ]��	� 7� ^'-_ ��	� !9�

 J';	; 7� ��$��� 1� !'# ���1 �� 7� (F��70  �80  �76  

  �70    � 7��� 3Q��27  �18  �20   �27    ?��� �� &� 3Q��

�����
$%� ���$��� 1� E# ���1 �� 0'�~>� .3���  ��

  :?��� J';	; 7� ���n�72  �80  �68    �85    � 7��� 3Q��

24  �17 �25  �13   .3�
$� &� 3Q��  

 ) ���!S :(  �7��>� �  ���>� ��1 �2    �8  �� � 	X�  7� ���

  0'��  �  ��)��*  ^'-_  K%���  � �T  M�  �@���  7�  L-X
�

50  



���������  
������ ����12 ����� 
23 
������� � ���� 1403    

 

 

  ?��� ��$��� 1� !'# ���1 �� E'; ���
$%� .3�
$�95  

  �  7���  3Q��5    1�  E#  ���1  ��  7�  F��  &�  3Q��

�>� ��%1 	''R; F2$� 0%� ��$��� ) 3��96    7�4    .(3Q��

%	'� �H ���
$%�  � ��$��� !'# ���1 �� J';	; 7� 0� 0

 ���� ��$��� E#91  �97  g�3+) F�� 7��� 3Q��1  �

  ?4�2  .( �GH ���� f%1�; 7�I�1  ���
$%�  7XG�Y� ���� ��

  F�� M'$-� A���	� � �GH ���� 0'� &�4X� ��
 � 3%r�

  ?4�)4  A����� �� �GH ���� ���'� A��C �1�3�� !%�� � �� .(

�� ���� !%�� � M'$-� A���	� � !���  �� E4.	� l3��

  ��  M'$-�  A���	�  ���'�  �����  A��C  �1�3��  !���

��  !���  A������  �
Z�  7�  �  3��%  A�����  �GH  ���

�� ���� �.���   �� �3���� 7� ��Y��>�  �3� ��� �� ����

  !%�� � A����� �� ��+�� F-'� � &� 3Q�� �?@�� 1�

 �� ���� !��� � 7��� ���'� � 7
 �%  �	�� 0%� ?'G� .3��

  J+�� 7� F�� �-@�� `_ K%��� �� a���� ��%1 A�3(

��  ?_�� 1� (&� � F-'�) 	;�%� 7��� A��C ���  A�����

  A����� � 3�%�>� ��4� ?I� 	
�'� s�>.� 7� � �3� 7
$�

F��� 7���  7� �	;�%� 7��� A��C 0'�~>� .3���>� �+ 	� 	;

�� 7>�*	� �-@�� �@��� 1��� �3�	'� A��Q 7� 3����;

  7+�;�� .3���% g�I
�� ?@�� 1� 	
�'� ?Q��  �; L-X� A��C

���
$%�  3%�	�  b9��  �3�  7z���  	'��P;  7�  ����  ��

�� M'$I; �-� 7
�� �� 7� 7XG�Y� .3���  

���
$%�  �3����  ��	(  ?@��  1�  	
�'�  7-Q�  �� 7�  �%��

)  7
���  	
�'�  � �T  ����12    �G�60    ?���  �  (	
�

���
$%�  0'�� �^'-_ ��	'� �^'-_ 7���� �^'-_ ��	� ��

  1�  �3>. ��Y� 7�  ���� S�T �3���$# �  S�T E%	� �S�T

��� A��C�'; ���� � �3� ?'4�; �%� 7  &� ����� ��

7���  &�  �.3�
$�  �  7��>����
$%�  0%�  �� ��Y�  ��

�3� ?'4�; &� 1� �89���H F-'� � 7��� ���'� .3��  ��

^� � ��_ �; `��
� ��3���+ .F�� q3��  F2c� ��3�

�H ?'4�; `'Z� 0'%�# T	�� �%�� 7� 3����  �; � ���� ��

7��� ��3@3��  �� ����� F �� � ;  ���� ��	( 	':p; FZ

g�3+) F��  1 .(  

���
$%� � �T ���� �3���� ��	( ?@�� �4%��� �� 7� �%��

)  ����  	
>�5    �G�12  ���
$%�  �  (	
�  �H  �E';  ��

 � �T M� E%	� �� �T M� 0'�� ��
�)� �q���� �0� 0%	'�

�� ?��� �� � �T M� �3���$# ����
$%� 0%� .3��� �� 	� ��

  1�  �3>. A��Q 7� ��$��� 1� E# � !'# ����1 �1��  ��

 
1 Organic Matter 

7��� F��� 7��� A��C  ���� D���� ���� � �3� ?'4�; �

7��� �  7���.3�
$� ���  ^� � ��_ ��3���+ ��3�

���� �3��� ���� 7� 3���� �P��  `'Z� K% �� ��n�

  �-Q� ��+� 1� �4% �;���� � 	[ 1� .F�� T	��	# � 7
P�H

 4�;7��>� 1� ��	� 0%� �3��� ?' �; �3%�	� h.�� 7� F���

  ��+�  3�*	�  l3����  7
���  ���_  d�
2$�  ��3���+

��	_7
��#  �  �
-4��  ��  0%�  ���'�  1�  S3Q  ��

 g�3+)  F��  7
���  A3�  7�  ��3���+  1 .(    &���  	�

7�I���  �3����  A�����  ��3���	#  �� 7�  ��	�

7��� ���'� 0%	
�'�� ]��	� 3��  F�� &� � 7��� A��C 7

  !%�� � �%� 7��� ��+� ���'� �-@�� `_ 1� �3� ��� �� �

��  ?4�) 3��%37��� 	''R; 0%� ������ �_	� �� 7
2G� .(  3��

  �H ?'G� 7� F$'� ��)�� ��3�* ?@�� 1� �3� ��� ��

7��>�  M�  d�
2$�  7-Q� ��  	�%34%  1�  ��  ��%1  ���'�  .3���

%� A����� �� 7��� A��C ���
$ 7� K%��� � L>. M� ��

 .F�� ��	4� ?@��� �%�%�# � ���� ���+ 1� ���@ �?@��  
  

3-2-  a3�4� #���� �$=3!  

 ��  M'$-�  A���	�  �>�@  3Q��  ���4�  A�	''R;

���
$%����
$%� � ?@�� K%��� � �T M� ��  ��� S�T ��

 3Q�� ����4� � ����1 ���3%� 1� .F�� 	'�>�* ?@�� 1�

  �>�@  �  ��$���  !'#  ?8  ��  	�  �� M'$-�  A���	�

���
$%� �� ��$��� 1� E#  ?@�� K%��� � � �T M� ��

���
$%�  1�  	
�'�  ���'�  .F��  ?@��  1�  ���  S�T  ��

���
$%� A����� 7��>� �� M'$-� A���	� 7XG�Y� ���� ��

  0%�  ��  ��+��  7���  ��3I�  ��  F2c�  ��
$2>�  ����

  �� .F�� A�����4  
$%�  E%	� � 0'�� ��
�)� �E'; ���

���
$%� 1� M'$-� A���	� ���'�  7� F�� 	
�'� 	�%� ��

��  	<��  .F��  ��	>�  7���  3Q��  !%�� �  ��  !9�  3��

��	_ A��8� M'$-� A���	� ���'� �3>.  �� � 3Q ��

  ��  ���_ ��
$2>� F)+ 0%� 1� 7� ���� ��y@ A�����

?4�) ���� F��� 7��� A��C 4 .(  
  

3-3-  �K8 �$�! �$=3!  

!'�0%	;  ��3I�  ���� �GH  ��  ���
$%���   �^'-_  ��	'�

S�T E%	� � 0'��   E# � ��$��� 1� !'# ���1 �� 	� ��

M� � ��$��� 1�0%	; ��3I� �� �H  ���
$%�  M� �3���$# ��

 �3���� ����1 o��� �� 	� �� 0� 0%	'� �H � E'; �� �T

51  



���������  
������ ����12 ����� 
23 
������� � ���� 1403    

 

 

���
$%� A����� 7��>� �� 	[ 1� .����� 	� �� S�T ��

!'� 	%��I� ��@ ?8  ��  7��>� 7� F2$� �GH ���� 1� 	;

���
$%�  A�����  .F��  ?@��  7�  K%���  � �T  M�  ��

  ���� M'$-� A���	� ���'� E4. �GH ���� ���'� A�	''R;

7��� F �� �� �H f>�; 1� ���@ � ?4�) F�� �%�4 .(  

  

  
XN� 3 ��S��'$ �� b� � D43� 
���! �"�N! h'T�� . (���"�! T$ d0 � ,30) �UK�V! ���! ��-  

Fig. 3. Spatial distribution of sand, silt and clay in the studied stations (before and after monsoon) 
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Fig. 4. Distribution map of calcium carbonate and organic matter in marine sediments of the coasts and continental 

plateau of Oman Sea (before and after monsoon. 
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Fig. 5. Microscopic images of sediment samples from different stations studied on the shores and plateaus of the Oman Sea. 

 

 
4 Sandy shores 

 

54  



���������  
������ ����12 ����� 
23 
������� � ���� 1403    

 

 

�4P X>$��1  :^'-_ ��  J-��  ?@��� 0%�  7�  ����_ �  ��

�� M�*7��� �1�3�� � 3���_�H �� ����� ��  3@ �� ��

  &� � F-'���  7� 7IY�� �� ?@��� 0%� e	
$� .3���

!9� �� ?@��� 0%� .F�� 	
>� �-2( D�� �� F2$�  �%��

�� �3%� 	;��� ^'-_ � ��)��* ^'-_ 1�  ?Z� J-�� 7� 3���

?��+ !%�� �	@ ��2  .3�
$�   ?@��� 0%� 	c�� 7��	� ��

7v;  7XG�Y�  ���� ���3Z� ��7��� �� �� �3%� �  3���

?4�)6��>� .(a ��� ��<
�� 7� ��Y  1� !'� ����98    3Q��

7��� 7v;  A�����  ��  ?@���  K%���  ���  7���  ��

7���  	c��  ���'�  0%�  1�  .3�
$�  7���  D��  1�  �7IY��  �

7��� �1�3��) `��
� 7��� 3@ �� ��25 /0  - 5/0 �-'�  (	
�

7v;  .3�
$� 7���  ��  1�  �4%  �A�����  0%�  1�  ?Q�@  �

���	   g�4�� 0%	;0'�1   F9%�  7IY�� �-@�� ���� �����

  �� �(i; ?Z� �� Ai����� 7��_��� 	
$� A����� .3�
$�

 �� ?� D�� 1� 	;��� ^'-_�H �� 7� 3����  F-'� F2$� ��

  ��3@ &� 7�60    7�40  �� ?4� �� .3���7    D���� F'X(��

  �3� b9�� A����� D�� 	<� 1� 7IY�� ?@��� w-
9�

 .F��  
    

  
XN�6a3�L� .]K$ :���� D+�� M�" i" T$ �LV�! X>$�� �/��(  ��c X>$���$j  �(   ���! X>$���$  �  [(   
d����$ � �K) �4P X>$��2006(  

Fig. 6. Division of the beaches of the region according to the type of sediment texture: a) rocky beaches, b) sandy beaches, 
c) mud beaches (Lee and Stokes, 2006). 
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Fig. 7. Location of different beaches in the region in terms of sediment type 
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Fig. 8. Morphology of the estuary resulting from the sand dam (Lee and Stokes,2006) 
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Fig. 9. Goater estuary (right side) and Lipar Pink Lake estuary (left side) 
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Abstract 

In this research, the effect of monsoon phenomenon on the textural characteristics of the sediments of 
Iranian coasts of the Oman Sea was investigated. For this purpose, necessary sampling was done from 
13 stations based on marine sedimentological standards. According to the amounts of sand, silt and clay 
in the pre-monsoon and post-monsoon samples, the sedimentary types of sand, clayey sand, sandy clay 
and clay were identified in the studied stations. Granulometric analysis showed that the amount of sand 
and clay in pre-monsoon samples of shallow and near-shore stations (Tiss, Desalination, Center of the 
Bay, Ramin, Beris and Pasabandar) range from 43 to 97 and 0 – 27%, respectively. On the other hand, 
these values change between 8 – 45% and 54 - 82 % in deep and offshore stations, respectively. The 
amount of sand and clay in post-monsoon samples of shallow and near-shore stations vary between 68% 
- 96% and 0% - 13%, respectively. The amount of sand and clay in deep stations and far from the coast 
in post-monsoon samples fluctuates between 8-22% and 58-86%. The amount of organic matter in 
sediments varies between 1 and 3% in most of the studied stations and is within the normal range. This 
amount showed a slight increase in Konarak and Ramin stations due to human pollutants and fine-
grained sedimentary texture. The low amount of organic matter in the desalination station can be caused 
by the inflow of more saline wastewater into the bay environment. The calcium carbonate content in the 
sediments is closely related to the amount of sand in the sediments. In Ramin and Tiss stations, where 
the waves are stronger than the Chabahar bay, they have more calcium carbonate, and on the contrary, 
the amount of organic matter is higher due to the dilution resulting from the entry of terrigenous 
sediments and carrying organic matter bearing Fine-grained sediments. The sorting of the samples is 
medium-good, and the sediment samples from the shallow stations near the coast and deep offshore 
have negative and positive skewness, respectively, and the elongation index in most of the samples is 
very elongated. Also, due to the intrusion of the Indian Ocean monsoon winds to the coasts of the Oman 
Sea in this region and the relatively strong southwest-northeast direction winds, it causes the sea to swell 
in the summer and erodes the sandstone geological formations of the coastal areas, which is one of the 
important sources of marine sediments in the study area. These findings emphasize the effect of the 
monsoon phenomenon on the textural characteristics of the continental plateau sediments of the North 
Sea of Oman. 
 

Keywords: Physical Characteristics, Sediment, Monsoon, Coast of Oman 

 
Introduction 

Grain size is one of the basic and important 
characteristics of sediment particles affected 
during erosion and transport. Therefore, grain 
size analysis can be an important tool for 
classifying sedimentary environments. The 

seasonal fluctuations of the Indian Ocean 
monsoon as one of the most important 
components of the world's climate system, 
including the SW monsoon (summer monsoon) 
and the NE monsoon (winter monsoon) affect 
Southwest Asia through torrential rains and 
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strong waves. The SW monsoon climatic 
system is one of the unique features of the 
Oman Sea, which greatly impacts the 
environmental characteristics and ecosystem 
of Makran coasts. Monsoon-induced strong 
waves remove sediments from the bottom and 
transport them to calmer areas sheltered by 
natural and man-made barriers such as 
headlands and jetties. Evaluating the role of 
sediment accumulation /erosion on coastal 
infrastructures, and benthic organisms, is very 
useful for the construction and maintenance of 
the coastal environments along the Iranian 
Makran coasts.  The main purpose of this study 
is the sedimentological analysis of the Oman 
Sea coasts (between Chabahar Bay and 
Pasabandar Port) and to assess the effect of the 
monsoon phenomenon on the textural 
characteristics of sediments in the pre- and 
post-monsoon period. 
 

Material and Method 

Sampling was conducted in May (pre-
monsoon) and November (post-monsoon) 
2019 from 13 stations subtidal area from 
Chabahar Bay to Pasabandar Port using a 
Van_veen grab. Samples were stored in 
polyethylene bags at -4°C before undergoing 
laboratory analyses. Subsamples of the air-
dried sediments were homogenized to 
normalize for variations in grain size 
distribution. Wet sieving analysis separated six 
size fractions: >2 (gravel), 2–0.5 (coarse–very 
coarse sand), 0.5–0.25 (medium sand), 0.25–
0.125 (fine sand), 0.25–0.063 (fine–very fine 
sand), <0.063 mm (silt+clay). Silt and clay 
subsamples were analyzed using a laser 
diffraction particle sizer. The organic matter 
and calcium carbonate content were measured 
by heating to 550°C (4 hr) and 900°C (2 hr) 
using a muffle furnace, respectively.  
 

Results and discussion 

The results show that the offshore sediments of 
the Iranian Makran coasts (depth: 10-65 m) 
consist of sand, clayey sand, sandy clay and 

clay. The coastal sediments of the region 
(depth: <10 m) are generally sandy and more 
than 70% of them are sand. In the offshore 
samples of the natural environment, the 
amount of sand decreases and the amount of 
silt and then clay increases, which is due to the 
decrease in the strength of the bottom. The 
average amount of mud (silt+clay) of offshore 
stations in pre- and post-monsoon is more than 
80%, while this amount is less than 20% for the 
samples of near-shore and shallow stations. In 
the areas close to the harbours and inside the 
breakwaters, due to the relative calmness of the 
water, the grains become finer. Moreover, the 
presence of fine-grained sediments on the 
beaches of Konarak is due to the presence of 
the Konarak headland, which acts as a 
breakwater and prevents the penetration of 
strong monsoon waves. 
   
Conclusions 

The results show both terrigenous and 
chemical origins for the sediments of the study 
area. Sand particles have two origins outside 
the basin and inside the basin. The sands 
outside the basin have entered the sea mainly 
by rivers and from the erosion of Makran 
coastal sandstone outcrops. In the coastal areas, 
due to the greater power of the waves 
compared to the areas far from the coast, the 
sediments move with much more intensity and 
frequency. This causes an increase in their 
roundness and sorting. In the studied area, due 
to the dominance of the monsoon climatic 
phenomenon in summer (July to September), 
the strength of the waves is very high and the 
waves completely wash the coastal sediments 
and take them deeper offshore. In contrast, at 
the end of this period, due to the decrease in the 
strength of the waves, coastal sediments are 
deposited in the form of hills along the coast. 
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