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ABSTRACT ARTICLE INFO 

In this study, the facies and depositional environments (marine, coastal, 

and continental settings) of the Sangachin Area (central part of the South 

Caspian Basin) have been investigated. In this research, two hundred and 

nineteen surface sediment samples were taken unsystematically in the 

shallow-deep areas of the Caspian seabed, coastal area and surrounding 

land. Sedimentary components are composed of gravel, sand and mud size 

particles. Six sediments types, slightly gravelly sandy Mud, gravelly Mud, 

muddy sandy Gravel, slightly gravelly Sand, slightly gravelly muddy 

Sand and gravelly muddy Sand constitute the largest percentage of all 

components. The components are classified into three categories: clastic 

(quartz, feldspar, mica, Pyroxene, and rock-fragment), non-skeletal 

particles (intraclast) and organic-biogenic (plant debris, marine and non-

marine organisms (ostracoda, bivalves, bryozoa and Gastropoda)). The 

land part composed of the wetland, paleo-lagoon and marsh. The 

transitional and marine parts composed of the shore, the shoreface, 

offshore-transition and offshore, respectively. The shore zone consists of 

foreshore, backshore and shore dune ridges (sand dune). The non-

skeletal/skeletal accumulations sub-environment has been observed in the 

offshore-transition and offshore environments. Rock-fragments are one of 

the dominant components in all identified environments (excluding 

offshore-transition and offshore environments). Also, non-marine 

bioclasts (such as non-marine bivalves Dreissea polymorpha and non-

marine gastropods) in the wetland, paleo-lagoon and marsh environments; 
marine bioclasts (such as bivalves Cerastoderma glaucum) in the paleo-

lagoon, shore, shoreface, offshore-transition and offshore environments 

and non-skeletal particles (intraclast) have been observed in the offshore-

transition and offshore environments. Based on high-resolution shallow 

seismic studies in the marine area, two environments were identified: the 

continental shelf (shoreface and offshore-transition zones) and the 

continental slope (offshore zone) with stratiform and chaotic sub-bed 

sediments. 
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Extended Abstract 

Introduction 
Investigation of the sedimentary components 

and facies of recent depositional 

environments—such as marine zones 

(shoreface, offshore-transition, and offshore), 

shore, lagoon, and marsh—provide valuable 

data for the precise identification and 

differentiation of ancient marine, coastal, and 

continental depositional environments for 

researchers. Given the absence of prior 

researches on recent depositional 

environments in the Sangachin area, there is 

an obvious necessity for such studies. 

Furthermore, this research reports, for the first 

time, the occurrence of skeletal and non-

skeletal accumulations sub-environment 

within the marine zone of the South Caspian 

Basin (specifically in offshore-transition and 

offshore settings). Skeletal and non-skeletal 

accumulations have been identified 

worldwide, yet their distribution, origin, and 
morphology remain poorly understood (Bialik 

et al., 2022). One recent example has been 

identified in the offshore waters of the Maltese 

Islands (central Mediterranean Sea) (Bialik et 

al., 2022). These accumulations range from a 

few meters to tens of meters in diameter in the 
Mediterranean Sea and are situated at water 

depths exceeding 200 meters. 

This study aims to examine the components, 

sedimentary facies, and depositional 

environments within the Sangachin area 

(located in the northwestern part of the 

Bandar-e Anzali area) at a scale of 1:50,000 

(covering an area of 600 square kilometers). 

Given the limited extent of the continental and 

transitional zones relative to the marine zone, 

the marine area holds greater significance in 

this research. 

 

Materials and Methods 
In this study, 219 surface sediment samples 

were collected—using both systematic (at 3-

km intervals) and non-systematic (based on 

field observations) approaches—from shallow 

and deep areas of the Caspian Sea bed and 

from land locations (including shore, wetland, 

paleo-lagoon, and marsh environments). 

Sampling was designed based on facies 

variations and diverse sedimentary 

environments. Sedimentological analyses—

comprising grain-size analysis, identification 

of constituents, sediment classification, 

assessment of roundness and sphericity, and 

identification of sedimentary facies—were 

performed on the samples. To conduct 

sedimentological studies, the collected 

samples were analyzed at the sedimentology 

laboratory of the Geological Survey and 

Mineral Explorations of Iran using a vibratory 

sieve shaker (Fritsch-analysette 3 Pro) for 

particles larger than 63 microns. Parameters 

such as diversity of sediment types 

(homogeneous or heterogeneous), mean 

dominant particle size, sorting, color, 

sediment type, and major constituents were 

considered for the identification of 

sedimentary facies. Furthermore, this study 

employed a standard model of Sub-Bottom 

Profiler (SES-2000) to conduct high-

resolution, shallow-depth geophysical surveys 

along two seismic profiles, aiming to gather 

data on seabed and sub-seabed sedimentation 

patterns as well as seabed morphology. 

Seismic data acquisition was carried out at a 

frequency of 8 kHz using a research vessel 
belonging to the Meteorological Organization. 
 

Results and Discussion 
Sedimentological analysis results indicate the 

presence of three major sediment types based 

on the Folk classification (Folk, 1974)—
namely slightly gravelly sandy Mud (45%), 

gravelly Mud (8%), and muddy sandy Gravel 

(24%)—which collectively account for 77% 

of the total samples. Additionally, other 

sediment types were observed in smaller 

quantities (totaling approximately 23%), 

including slightly gravelly Sand (7%), slightly 

gravelly muddy Sand (5%), gravelly muddy 

Sand (5%), sandy Gravel (3%), muddy Gravel 

(1.8%), gravelly Sand (0.6%), Gravel (0.6%), 

and Sand (0.6%). Sedimentary components 

are classified into three categories: 

siliciclastic, non-skeletal calcium carbonate, 

and organic-biogenic. Siliciclastic particles 

include quartz, feldspar, mica, pyroxene, rock 

fragments, and clay minerals. With the 

exception of clay minerals (clay-sized) and 

rock fragments (gravel- to sand-sized), the 

other siliciclastic particles range in size from 

sand to clay. Organic-biogenic components, 

ranging from sand to gravel in size, consist of 

plant fragments and remains of marine and 

non-marine (freshwater) organisms 

(ostracods, bivalves, bryozoans—exclusively 

marine—and gastropods). Rock fragments 

across various environments are composed 

primarily of shale and volcanic types, with 
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smaller amounts of plutonic varieties. The 

identified sedimentary environments do not 

exhibit significant differences regarding rock 

fragment types. Furthermore, the studied 

sediments across these various environments 

contain a wide range of siliciclastic 

particles—varying from rounded and sub-

rounded to sub-angular (predominantly sub-

rounded to sub-angular). Particle roundness 

and sphericity within the identified 

sedimentary environments do not display any 

specific pattern or trend. The identified facies 

are generally poorly sorted; however, the 

sedimentary facies associated with sand dunes 

and skeletal/non-skeletal accumulations 

exhibit well and moderate sorting, 

respectively. 

Depositional environments are classified into 

three categories: continental (wetland, paleo-

lagoon, and marsh), transitional (shore), and 

marine (shoreface, offshore-transitional zone, 

and offshore). The shore is subdivided into 
backshore, foreshore, and sand dune sub-

environments. Deposits within the wetland 

and paleo-lagoon environments are 

characterized by a dominant facies of poorly 

sorted, gray-brown slightly gravelly sandy 

Mud and a predominantly fine-grained 
texture. The constituents of the wetland, 

paleo-lagoon, and marsh sediments consist of 

a mixture of siliciclastic and biogenic particles 

and exhibit a high degree of similarity. These 

deposits are primarily composed of rock 

fragments, plant debris, and non-marine 

bioclasts (ostracods, bivalves, and 

gastropods), with lesser amounts of quartz, 

mica, pyroxene, and feldspar particles. It 

should be noted that marine bivalves and 

gastropods have been observed in paleo-

lagoon deposits, while herbaceous plant 

remains have been found in marsh deposits. 
The deposits of the foreshore zone are 

characterized by a dominant facies of poorly 

sorted, gray-colored muddy sandy Gravel or 

slightly gravelly Sand, consisting 

predominantly of medium- to fine-grained 

particles. These deposits are composed mainly 

of shale rock fragments and bioclasts (marine 

bivalves and ostracods), with lower amounts 

of plant fragments, quartz, feldspar, pyroxene, 

and mica. The backshore deposits are 

characterized by a dominant facies of muddy 

sandy Gravel, slightly gravelly Sand, or 

gravelly Sand. These sediments are brownish-

gray, poorly sorted, and consist predominantly 

of coarse-to fine-grained particles. They are 

composed mainly of rock fragments (shale, 

plutonic and volcanic rocks) and bioclasts 

(marine bivalves, gastropods, and ostracods), 

with lower amounts of plant fragments, 

quartz, pyroxene, mica, and feldspar. The 

shoreface deposits are characterized by a 

dominant sandy facies—with minor amounts 

of gravel or gravelly Mud—ranging in color 

from gray to brown. they are poorly sorted and 

composed predominantly of heterogeneous, 

medium- to fine-grained particles. These 

sediments consist primarily of rock fragments 

and reworked bioclasts (bivalves, ostracods, 

and gastropods), with lesser amounts of 

quartz, feldspar, and mica. The deposits of the 

offshore-transition zone consist 

predominantly of poorly sorted, gray-to-

brown facies—ranging from gravelly muddy 

Sand, slightly gravelly muddy Sand, gravelly 

Mud, slightly gravelly sand, to slightly 

gravelly sandy Mud—characterized by a 
heterogeneous, predominantly medium-to-

fine-grained texture. These sediments are 

composed primarily of intraclasts (non-

skeletal particles) and marine bioclasts 

(bivalves, ostracods, bryozoans, and 

gastropods), with lesser amounts of rock 
fragments, quartz, feldspar, and mica. The 

offshore deposits consist predominantly of 

poorly sorted, gray-to-brown, gravelly Mud or 

slightly gravelly muddy sand, characterized 

by a heterogeneous, fine-to-medium grain-

size distribution. These sediments are 

composed primarily of intraclasts and marine 

bioclasts (bivalves and gastropods), with a 

subordinate amount of quartz grains. The 

skeletal/non-skeletal accumulation deposits 

consist of a dominant facies—ranging from 

muddy Gravel, Gravel, sandy Gravel to 

muddy sandy Gravel—that is gray to brown in 

color, moderately sorted, and characterized by 

a heterogeneous mixture of coarse- to 

medium-grained particles. These sediments 

are composed primarily of marine bioclasts 

(bivalves, bryozoans, ostracods, and 

gastropods) and, with lesser amounts of 

intraclasts. 

The presence of comminuted intraclast 

fragments within skeletal/non-skeletal 

accumulations—characteristic of offshore and 

offshore-transition settings—indicates the 

influence of marine currents on the 

intrabasinal transport of sedimentary particles. 

Given the abundance of bioclasts, the absence 
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of siliciclastic grains (such as quartz, feldspar, 

and mica), and the predominance of gravel-

sized particles, it is likely that high-energy 

marine currents and relatively high nutrient 

levels played a role in the formation of these 

accumulations in the studied area. 

In terms of the combination of morphological 

concepts and depositional environments, the 

Caspian Sea area within the study zones 

comprises two environments: the continental 

shelf (consisting of the shoreface and the 

offshore-transition zones) and the continental 

slope (the offshore zone). Gas seepage is 

evident in the soft sub-bottom sediments of 

the continental shelf environment. This 

seepage is identified by the truncation of 

seismic reflectors in seismic profiles. The 

seismic data pattern within the sediments 

underlying the shoreface and offshore-

transition zones exhibits a stratified character, 

featuring parallel to sub-parallel reflectors. 

Seismic profiles recorded in the slope zone 
reveal slide deposits—characterized by a slide 

zone with irregular, chaotic internal 

reflectors—resulting from seabed instability 

along the slope. 

 

Conclusion 
Field observations and facies analysis of the 

various deposits in the studied areas indicate 

that they were deposited across a relatively 

wide spectrum of environments, including 

wetland, lagoon, marshe, shore zone (fore and 

back shore), shoreface, offshore-transition, 

and offshore settings. Furthermore, 

skeletal/non-skeletal accumulations sub-

environment have been identified within the 

offshore-transition and offshore zones. 
Wetland, paleo-lagoon, and marsh 

environments consist primarily of rock 

fragments, plant debris, and non-marine 

bioclasts (ostracods, bivalves, and 

gastropods); foreshore, backshore, and 

shoreface environments are composed mainly 

of rock fragments and marine bioclasts 

(bivalves, gastropods, and ostracods); 

offshore-transition and offshore environments 

consist largely of non-skeletal particles 

(intraclasts) and marine bioclasts (ostracods—

exclusively in the offshore-transition 

environment—bivalves, bryozoans—

exclusively in the offshore-transition 

environment—and gastropods); and the 

skeletal/non-skeletal accumulation sub-

environment is composed primarily of 

bioclasts (ostracods, bivalves, bryozoans, and 

gastropods). 

Seismic data from sediments beneath the 

shoreface and offshore-transition zones 

(continental shelf environment) exhibit a 

stratified character with parallel to sub-
parallel reflectors, whereas sediments beneath 

the offshore zone (continental slope 

environment) display irregular and chaotic 

internal reflectors. These chaotic reflectors are 

indicative of a slide zone. 

Nutrient-rich marine currents likely contribute 
to the formation of skeletal and non-skeletal 

accumulations on the Caspian Sea bed in the 

Sangachin area. It should be noted that more 

comprehensive and extensive data are 

required in future studies to identify the 

parameters influencing the formation of these 

accumulations and to resolve existing 

uncertainties. 
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Fig. 1. Geographical location, studied points (stations) (SA) and seismic profiles in the studied area. The abbreviations 

of the depositional environments and sub-environments are defined in Table 1. 
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Table 1. The representative symbols of depositional environments and sub-environments in the studied area. 

Depositional 
Environment/Sub-

environment 

Symbol Depositional 
Environment 

Symbol 

Marsh Qma Offshore-transition Qosh.t 
Foreshore Qfsh Sand dune Qsd 
Backshore Qbsh Shoreface Qshf 

Non-skeletal/skeletal 

accumulation 

Qns.s.ac Paleo-lagoon Qp.la 

Wetland Qwet Offshore Qosh 
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Table 2. Percentage of gravel, sand and mud size particles obtained from the sieve-shaker device, dominant roundness-

sphericity of the clastic sediment particles, sediment type and depositional environment. 

Sample No. 
Weight 

Sa.(gr) 

Gravel% Sand% Mud% 
Roundness Sphericity 

Sediment 

Type 

Depositional 

Environment 

SA-AZ-2 
100 

17 41 42 
SR 

Low-

moderate 
gM Shoreface 

SA-AZ-4 100 1 99 0 
SA-SR 

Low-

moderate 
(g)S Backshore 

SA-AZ-5 100 2 98 0 
SA-SR 

Low-

moderate 
(g)S Shoreface 

SA-1 100 3 17 80 
SA-SR 

Low-

moderate 
(g)sM Marsh 

SA-2 100 2 16 82 
SA-SR 

Low-

moderate 
(g)sM Marsh 

SA-3 100 1 14 85 
SA-SR 

Low-

moderate 

(g)sM 
Wetland 

SA-4 100 3 10 87 
SA-SR 

Low-

moderate 

(g)sM Wetland 

SA-5 100 2 12 86 
SA-SR 

Low-

moderate 

(g)sM Wetland 

SA-6 100 1 11 88 
SA-SR 

Low-

moderate 

(g)sM Wetland 

SA-7 100 4 15 81 
SR 

Low-

moderate 

(g)sM Wetland 

SA-8 100 3 17 80 
SA-SR 

Low-

moderate 

(g)sM 
Marsh 

SA-9 100 4 17 79 
SA-SR 

Low-

moderate 
(g)sM Paleo-lagoon 

SA-10 100 28 38 34 
SR 

Low-

moderate 
gmS Foreshore 

SA-13 100 2 91 7 
SA-SR 

Low-

moderate 
(g)S Shoreface 

SA-15 100 2 81 17 
SA-SR 

Low-

moderate 
(g)mS Offshore-transition 

SA-17 100 12 68 20 
SA-SR 

Low-

moderate 
gmS 

Offshore-transition 

SA-19 100 8 66 26 
SR 

Low-

moderate 
gmS 

Offshore-transition 

SA-21 100 3 72 26 
SA-SR 

Low-

moderate 
(g)mS 

Offshore-transition 

SA-23 
100 1 46 54 

SA-SR 
Low-

moderate 
(g)sM 

Offshore-transition 

SA-24 100 4 16 80 
SA-SR 

Low-

moderate 
(g)sM 

Marsh 

SA-27 100 2 19 79 
SR 

Low-

moderate 
(g)sM 

Marsh 

SA-29 100 3 19 78 

SR 

Low-

moderate (g)sM 
Marsh 

SA-30 100 2 90 8 

SR 

Low-

moderate (g)S Backsore 

SA-31 100 1 97 2 

SR 

Low-

moderate (g)S Foreshore  

SA-36 100 12 71 18 

SR 

Low-

moderate gmS 

Offshore-transition 

SA-38 100 4 17 79 

SR 

Low-

moderate (g)sM 

Offshore-transition 

SA-50 100 3 17 80 

SA-SR 

Low-

moderate (g)sM Paleo-lagoon 

SA-51 100 1 91 8 

SR 

Low-

moderate (g)S Backsore 

SA-52 100 2 93 5 

SA-SR 

Low-

moderate 

(g)S 

Foreshore 

SA-53 100 3 90 7 

SR 

Low-

moderate 

(g)S 

Shoreface 

SA-55 100 1 95 4 

SA-SR 

Low-

moderate 

(g)S Offshore-transition 

SA-57 100 14 74 11 

SA-SR 

Low-

moderate gmS 

Offshore-transition 

228 



                                                                            ������� �     	
���
�               ���� ������������ ����� ����� ���...   

 

 L�@W !%6�62 

Continuation of table 2 
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Sample 

No. 

Weight 

Sa.(gr) 

Gravel% Sand% Mud% 
Roundness Sphericity 

Sediment 

Type 

Depositional 

Environment 

SA-61 
100 

1 10 89 
SR 

Low-

moderate 
(g)sM 

Offshore-

transition 

SA-63 100 2 44 54 
SA-SR 

Low-

moderate 
(g)sM 

Offshore-

transition 

SA-65 100 1 14 85 
SA-SR 

Low-

moderate 
(g)sM 

Offshore-

transition 

SA-67 100 1 15 84 
SA-SR 

Low-

moderate 
(g)sM 

Offshore-

transition 

SA-69 100 9 50 41 
SA-SR 

Low-

moderate 
gmS 

Offshore-

transition 

SA-70 100 4 5 91 
SA-SR 

Low-

moderate 
(g)sM Paleo-lagoon 

SA-71 100 1 13 86 
SA-SR 

Low-

moderate 
(g)sM 

Paleo-lagoon 

SA-72 100 0 94 6 
SR 

Low-

moderate 
S 

Sand dune 

SA-73 100 59 28 12 
SA-SR 

Low-

moderate 
msG 

Backsore 

SA-82 100 6 71 23 
SA-SR 

Low-

moderate 
gmS 

Offshore-

transition 

SA-84 100 2 10 88 
SA-SR 

Low-

moderate 
(g)sM 

Offshore-

transition 

SA-94 100 1 96 3 
SA-SR 

Low-

moderate 
(g)S Foreshore 

SA-95 100 1 92 7 
SR 

Low-

moderate 
(g)S Shoreface 

SA-97 100 12 72 16 
SA-SR 

Low-

moderate 
gmS 

Offshore-

transition 

SA-99 100 1 15 84 
SA-SR 

Low-

moderate 
(g)sM 

Offshore-

transition 

SA-107 100 1 14 85 
SA-SR 

Low-

moderate 
(g)sM 

Offshore-

transition 

SA-108 100 1 22 77 
SR 

Low-

moderate 
(g)sM 

Offshore-

transition 

SA-109 100 1 12 87 
SA-SR 

Low-

moderate 
(g)sM 

Offshore-

transition 

SA-110 100 2 29 69 
SA-SR 

Low-

moderate 

(g)sM Offshore-

transition 

SA-111 100 1 17 82 
SA-SR 

Low-

moderate 

(g)sM Offshore-

transition 

SA-113 100 3 21 75 
SR 

Low-

moderate 

(g)sM Offshore-

transition 

SA-115 100 2 12 86 

SR 

Low-

moderate 

(g)sM Offshore-

transition 

SA-128 100 6 29 65 

SR 

Low-

moderate 

gM Offshore-

transition 

SA-130 100 2 19 79 

SR 

Low-

moderate 

(g)sM Offshore-

transition 

SA-141 100 1 12 87 

SR 

Low-

moderate 

(g)sM Offshore-

transition 

SA-143 100 2 14 84 

SR 

Low-

moderate 

(g)sM Offshore-

transition 

SA-145 100 1 12 87 

SA-SR 

Low-

moderate 

(g)sM Offshore-

transition 

SA-147 100 1 13 86 

SR 

Low-

moderate 

(g)sM Offshore-

transition 

SA-149 100 2 12 86 

SA-SR 

Low-

moderate 

(g)sM Offshore-

transition 

SA-151 100 2 21 77 

SR 

Low-

moderate 

(g)sM Offshore-

transition 

SA-153 100 45 35 20 

- - 

msG Non-

skeletal/skeletal 

accumulation 

SA-155 100 71 21 8 

- - 

msG Non-

skeletal/skeletal 

accumulation 
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Fig. 2. Abundance of sediments types in the studied area. Slightly gravelly sandy mud and gravelly mud deposits are 
more abundant than other types of sediments. 

 

 
 P3	3. #$�% �� >�
��� B6�.6 �.6�6�:e<�: 76 ��6�$$V� �
 h4i% .;@	 !T<�X% ��c�.�c �
��� 
�/  )e<�:)1974( .E�6 ;@	 !j6�6  

Fig. 3. The abundance of sediments types in different sedimentary environments (modified after Folk (1974)). 

                                                   
1 Ostracoda 
2 Bivalve 
3 Bryozoa 

4 Gastropoda 
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��� 
6&W6 !� E�6 ��d !
 k7�< .;@	��<�� )�6��% 
�/  ��c�< �

#$�% 
6&W6 )*$�C�/ � E/�1	 
6�6� �,(@3( �
 !�(�(�.@���/ ���3( �4-��6�: #�6�@- � �4-�� !��J 
�/ #$�% *$
 ;@�5 >����)�6��% 
�/ 

!���� ��W� )!�(�(� ��c�< � ��<��E�6 !�(�(� ��c�< #$�% �� �(�(�� 
6��J�����c � 
6.  

Table 3. Components and identified depositional environments/sub-environments. It should be noted that the sedimentary 

components of the marsh, wetland, and paleo-lagoon environments are similar to each other. Meanwhile, the components of 

the shoreface and offshore-transitional environments are the same. The major difference between the marsh, wetland, and 

paleo-lagoon environments is the presence of marine bivalves and marine gastropods in the paleo-lagoon environment. 

 

 

 

 

 

 

 

 
  

  

 

 

 

 

 

 

 

 

  
  

  
 P3	4P$3O� 
6&W6 ..!T<�X% ���% !$-�. >�
��� ;@�/� -A ;��'l�� (R) &��6�� ;�d � (Q) !.��. �� SA-619  ;��) (P-��6�: #$�%)250 

.(���3$% -B ;��'l�� (R)!���� )�(�(�� 
6 (M.B.) 6��J�����c ��(�(�� 
 (M.G.) !.��. �� SA-95  ;��) (�4-�� !��J #$�%)1 �4$%(��% -C  

66���6��� (O) ;��' �l�� (R) !.��. �� SA-10  ;��) (;���� 
�4W #$�%)250 .(���3$% -D ;��' l��(R)&��6�� ;�d )(Q)��m�@4: ;�d ) (F)  �

�3$% (M) !.��. �� SA-7  ;��) (��<�� #$�%)500 !
 .(���3$% !�$. >6�d;@	��c (SR) ��	 !W��. 

Fig. 4. Sediments components. A- Rock-fragment (R) and quartz grain (Q) in sample SA-619 (offshore) (250 micron fraction). 

B- Rock-fragment (R), marine bivalve (M.B.) and marine gastropoda (M.G.) in sample SA-95 (shoreface) (2 mm fraction). C- 

Ostracoda (O) and rock-fragment (R) in sample SA-10 (250 micron fraction). D-Rock-fragment (R), quartz grain (Q), feldspar 

(F) and mica (M) in sample SA-7 (wetland) (500 micron fraction). Pay attention to semi-rounded (SR) particles.

 

Depositional 

Environment/Sub-

environment  

Component  

Depositional 

Environment/Sub-

environment  

Component  

Backshore  

Broken-unbroken marine 

bivalve/gastropoda/ostracoda, rock-

fragment, quartz, feldspar, Pyroxene, 

plant debris, mica  

Non-

skeletal/skeletal 

accumulation  

Broken-unbroken marine 

bivalve/gastropoda/ostracoda/ bryozoa, 

intraclast 

Foreshore  
Broken-unbroken marine bivalve/ 

ostracoda, rock-fragment, quartz, 

feldspar, mica, Pyroxene, plant debris  
Shoreface  

Broken-unbroken marine 

bivalve/gastropoda/ostracoda, rock-

fragment, quartz, feldspar, mica  

Marsh  

Plant debris, rock-fragment, broken 

and unbroken non-marine bivalve/ 

ostracod/gastropoda, quartz, feldspar, 

mica, Pyroxene  

Sand dune (barrier 

dune ridge)  
Rock-fragment, quartz, feldspar, broken 

bivalve  

Paleo-lagoon  

Plant debris, rock-fragment, broken 

and unbroken non-marine bivalve/ 

ostracoda/gastropoda, marine 

bivalve/gastropda, quartz, feldspar, 

mica, Pyroxene  

 

Offshore-transition  
Broken-unbroken marine 

bivalve/gastropoda/ostracoda/bryozoa, 

intraclast, rock-fragment, quartz, feldspar, 

mica  

Wetland 

Plant debris, rock-fragment, broken 

and unbroken non-marine bivalve/ 

ostracoda/gastropoda, quartz, feldspar, 

mica, Pyroxene 

 

Offshore 

Broken-unbroken marine 

bivalve/gastropoda, intraclast, quartz 
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Table 4. Dominant identified facies and depositional environments in the studied area. It should be noted that the 

identified facies for the marsh environment is similar to the wetland environment. 
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8Mean low water level 
9Mean high water level 
10Fair weather wave base 

Depositional 

Environment/Sub-

environment  
Sedimentary Facies  

Depositional 

Environment/Sub-

environment  
Sedimentary Facies  

Backshore  

Non-homogenous coarse to fine-

grained poorly sorted gray to brown 

(g)S/gS/msG with rock-fragment and 

marine bioclast  

Non-

skeletal/skeletal 

accumulation  

Non-homogenous coarse to medium grained 

moderately sorted gray to brown 

msG/sG/mG/G with marine bioclast  

Foreshore  

Non-homogenous medium to fine-

grained poorly sorted gray (g)S/gmS 

with rock-fragment and marine 

bioclast  

Shoreface  
Non-homogenous fine-grained poorly sorted 

gray to brown (g)S/gM with rock-fragment 

and marine bioclast  

Marsh  

Non-homogenous fine-grained poorly 

sorted gray to brown (g)sM with non-

marine bioclast, plant debris and 

rock-fragment  

Sand dune (barrier 

dune ridge)  
Non-homogenous fine-grained well sorted 

gray to brown S with rock-fragment  

Paleo-lagoon  

Non-homogenous fine-grained poorly 

sorted gray to brown (g)sM with non-

marine/marine bioclast, plant debris 

and rock-fragment  

 

Offshore-transition  
Non-homogenous medium to fine-grained 

poorly sorted gray to brown 

gmS/(g)mS/gM/(g)S/(g)sM with intraclast 

and marine bioclast   

Wetland 

Non-homogenous fine-grained poorly 

sorted gray to brown (g)sM with non-

marine bioclast, plant debris and 

rock-fragment 

 

Offshore 

Non-homogenous medium to fine-grained 

poorly sorted gray to brown (g)mS/gM/(g)sM 

with intraclast and marine bioclast 

232 



                                                                            ������� �     	
���
�               ���� ������������ ����� ����� ���...   

 

���� j.�2) $�:��� �8 � N��� -
 ��\�� ���0 �
�� �',�  

  ���0 �8 $<��45 �.
 �! $�
D �! .?�
  ���0 �8 �

.?�
  1% �',�@ �\� �! EQ ��6�� 1� M!�2�   
 

5-1-1-  !�(�(� ��c�< �  �6��% )��<��  

�9��� �� E�6�) ��� ��:U
 EQ � ��/8 �� -
 �0 !!�@

~�8 $EQ !�B� $ -
1�
 � N�% �\� 
�� � EQ $G.�1�� ���

� k-�� 	����@ F�(7) N��; �9��� �.
�% �� �',�.� �  !�

�� �'�
� �� $	
��0) !�0 �.����% 
� 	Q 	
�)1995 .(

 �0  !�� ?�5 	�1� E�6�) O
��
 -
 ��. $(k���) E
!��

B ���)CEQ $1�����.- ��EQ � ����- �.dy) ��9� ���

E�� 	�1� 	�'8�! � 	����@ �
�
! �  1%11  $��@) ?�


1983.( �. 	�@�6 �:��� 	�@�612 !�) $ �. �.�.�! EQ ���

Y6��% F0�1�  �.CB ���) �0 1�'(� �,�J13?�R�
 $14 $

j.�15 ���� ��
�0 �. ��
16  (�.�! �. ^����;
) ��Q �D�� -


��� N;
1� �  1% 
1B �
�W�) M���0 �.1�� �. G. �:�

BC�1���17 ?�
 i��)�
 �! -�� ��.�! �. ^����;
 �� (

 $��T6� � b���@)2004 $M�5 � <��0 ]2010 $�.
����� .(

	�@�6 .1�'(� �'(� �:��0 �. �/=� 3��I �� �:��� ���

	�@�6F0 � ?(5 N�
�� �! ���
_ �:��� ��� �� � O�T)�


�� !�W.
 N��� 3
-
�� 1��% $M�5 � <��0)2010.(  ��

 	�@�6 EQ $-�� ��.�! �. ^����;
 �� !�1�� i��)�
 N�6!

 $C6����) ?�
 ���.�! EQ -
 �)��% ���
_2009 �! .(

 3��I �� �.��% E��
�� � !�.- k��� 	
C�� �0 �7U���

���8!�� �. �:��� ?%! -
 �:�� !�
� 	�@�6 �� G��0 ���

��(�26�9� !��� ����� ���/�) !�% �
0 ���% �
�
! EQ $

Y6 �  !��C.� ��.�=) 3����� .?�
 ��%�� �!��� ��
! 

 $C6����) 1�'(� �/�� �! �
�
! 	�@�62009 :(1-  !
��

�� ���_ �:��� 1� -
 �0 �.�! EQ �! !�B�� c:2� .1��0

2- 	�.�B ���)���8!�� ��� ���W� �:��� ?%! -
 �


�� �/��1���@. �C�  -
1�
 �� 3
�Lt �! 3
�L �)1
_) �)

�� ������ $(M�
�@ � ����  -
1�
 1��% 	�@�6 !�
� 1��
�)

 �0) 3��I �� 
� �:��� 1� ���;�, <=� 3����� $	�,�

�'(% 3����� �.�6)  1%���� F0 ?��=D �� ����
-

 .1�! M�7'�
 	�@�6 ���� 	��! �� �  !
! ?0�� $(�6�
�@

�� N��� ?
� �� �0 �.��!�� �
D �!-� �! 3
�L $C�� $1�

                                                   
11Herbaceous (non-woody) 
12Coastal lagoon 
13Barrier island 
14 Spit 

	�! -
 
� ����  -
1�
 �� � �'%
!�� 1� M�U �! !�B�� ���

�� M�7'�
 	�@�6 EQ 	��!�'(% 3����� � 1��! 
�  1%

�� !�W.
 $C6����) 1��02009.(  J
� ���@���� E�6�) ���

 N�%)5 ��/8 	��! ��Q �D�� !��� �! ��.�.! 	�@�6 � (

� ��
!
 V;
� �!) ������� �����-
 ��'8�� M�
% <= 

(?�
 �6C�
 �1�� ��.�.! 	�@�6 � E�6�) �D�� :_ �.1� ?

��.�5 N�6! �� �D�� M�� �! �0 ?�
 ��.�! EQ x9� 	1�Q

 �� �.�! -
 EQ 	�.�B !���) �.�.�! ���� i��)�
 $�C8

��, ����  1% V9; ��/8 	��! ��Q �D�� �� (�0d6


	�.�B -
 	Q EQ � ?�
���8!�� ����� � �
 ����) �@1��

�� �.
 �/�� ��
 .?�
  !�0 
1�5 
� ���6�) �.
�% � !�%

 �.�! EQ �0 ?�
  !�� �:��� 	�@�6 G. $�'%d@ �! �D��

$1� -
 ?/� �. � �:��� 1� 	��� �!��� �
�W� c.�U -
 

 1% 	�@�6 !�
�  c.�U -
 C�� �.��% EQ ���[
� .?�


F'(��) ���W� �:��� ?%!���8!�� ����� � (�
 �@1��

 (�'%d@ 	��-) 
1'�
 �! �'W�'� .?�
  1% 	�@�6 ���� !�
�

�� E�(�� E�6�)  -���
 � 	�@�6 ���� M�� �! .!�%

 �79�� �! ��.�.! 	�@�6 � E�6�) $E
!��  !�1�� �� $�D��

 N�%) ?�
 G��T) N��; �26�9� !���1  1��/� �
��  .(

���� �� ��)�� 3��gCB � ��.�.! 	�@�6 $E�6�) ���!�� E


) 	
���
� � ������� �� �6C�
 ����� �!1403 �2B
�� (

.!!�@ �'/�� !��� ����� �! ��.�.! 	�@�6 � E�6�) ���

 ��(8� -
 $�26�9� ���� N@ Y6�H M�
�@ �
0 �� �


��'(0�8-  ��; ������� � j�2D �@1%��B �� S�� �


C.�  -
1�
 �! 3
�L Y6�H M�1B) ?�
  1% N��/) ��
!4 .(


N��/) �
CB -
 ��.�.! 	�@�6 � E�6�) 3�����  1��!

�6Q � ��
�Q 3
�L i�:=�- �
�
! �  1% N��/) �'(.-

�'/�� �.
 .?�
 �!�.- ?���% !�8 -
 ��6�H $�� $S��

�T0�! $
!�0
�'�
) ?��:0�.�� $����@ 3�29; � �


F0 �
17� �� � �.�.�!��H (
!�5��'��@ $C)�
�0 3
�L -
 �)

���5 $���� M�1B) ?�
  1% N��/) ��R�1:, � �(03 (

N�%) 6 $��.�.! 	�@�6 3����� �! �0 ?�
 �0L �� X-�6 .(

�T0�! ?�
  1%  1��/� C�� �.�.�! �
!�5��'��@ � �


N�%) 6 .(	��! ��Q ���� -
 �/=�	��!) ��/8 ��; (�


�U��
 E�� 	�1� 	����@ ���) �0 ������� ����� 

 1% E
!�� ���� $1�
�� N��/) 
�$���� �.
 .1��! 

15 Reef 
16Sand bank 
17 Tidal inlet 

233 



��������� 
��
���                                                               ��!14$   ��
%27$ 	�'(��) � ���� 1405 

 ��(8� � P
CB
 �
�
!���� �� ���/� �:��0 ����� ��� 

M�1B) ?�
 E�6�) ���3 �4 $C)�
�0 N��% ��
�Q 3
�L .(

 !�8 � �(0���5 $��R�1:,S�� �.�LQ $�:�% ���

 .?�
  1%  1��/� 3����� �.
 �! G���)�:5 � G����6�

 N�%)7.(  

  

  
 P3	5. � ��<�� #$�%.(���W E�� !
 ;�,.) *$+�,�� !$-�. � 

Fig. 5. The wetland environment in Sangachin area (looking towards south). 
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Fig. 6. Constituents of the wetland (A and B) and paleo-lagoon (C and D) deposits. A- Brackish bivalve (Dreissea 
polymorpha), plant debrisT rock-fragment and non-marine gastropoda (N.M.G.) in sample SA-7 (2 mm fraction). B- 
None-marine gastropoda (N.M.G.) in sample SA-7 (1 mm fraction). C- Rock-fragment (R), broken bivalve (B), 

ostracoda (O) and Marine gastropoda (M.G.) in sample SA-70 (500 micron fraction). D- Marine bivalve (Cerastoderma 

glaucum) in sample SA-71 (2 mm fraction). 
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Fig. 7. Clastic particles of marsh environment in the Sangachin area. A- Shale fragment ( Sh.F.), plutonic fragment (P.F.), 

feldspar (F.), pyroxene (Py.) and quartz (Q.) in sample SA-8 (XPL). B- Shale fragment (Sh.F.) and quartz (Q.) in sample SA-

8 (XPL). C- Shale fragment (Sh.F.) and pyroxene (Py.) in sample SA-29 (PPL). D- Volcanic fragment in sample SA-29 (PPL).  
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Fig. 8. Depositional coastline and its constituent particles of diverse origins along the Caspian Sea coast following relatively 

heavy rainfall (Sangachin area). A- Shore zone (looking towards south). B- None-marine bivalves C- Marine bivalves (M.B.). 

D- Plant debris, Marine bivalve and rock-fragment (R.F.). E- None-marine bivalve (N.M.B.). It appears that none-marine 

bivalves, plant debris and rock-fragment were transported to the marine environment by riverine input and subsequently 

accumulated along the shoreline. 
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Fig. 9. Clastic particles of foreshore area. A- Shale fragment (Sh.F.), feldspar (F.), quartz (Q.) and pyroxene in sample SA-31 
(XPL). B- Shale fragment (Sh.F.) and quartz grain (Q.) in sample SA-94 (XPL). 
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Fig. 10. Sand dune in backshore environment (Sangachin area). 
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!�$. �!(�67 �6�(SA) .��	 !W��  
Fig. 11. Components of sediments in the backshore area. A- Rock-fragment (R) in sample SA-AZ-4 (1 mm fraction). B- Rock-fragment 

(R) and quartz (Q) in sample SA-30 (500 micron fraction). C- Rock-fragmenr (R), quartz (Q), marine gastropoda (M.G.) and bivalve 

(B) in sample SA-51 (1 mm fraction). D- Rock-fragment, quartz (Q) in sample SA-73 (500 micron fraction). E- Quartz (Q), rock-

fragment (R), mica (M) and feldspar (F) in sample SA-30 (1 mm fraction). F- Rock-fragment (R) and plant debris (P.D.) in sample 

SA-AZ-4 (2 mm fraction). Pay attention to semi-rounded (SR) and semi-angular (SA) clastic particles. 
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(Py.)  !.��. ��SA-51 .A- PPL .B- XPL. 

Fig. 12. Clastic particles of backshore area. A- Shale fragment (Sh.F.), plutonic fragment (P.F.), volcanic fragment (V.F.) and 

pyroxene (Py.) in sample SA-51 (XPL). A- PPL. B-XPL.  
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Fig. 13. Components of sediments in the shoreface. A- Marine bivalve (Cerastoderma glaucum) in sample SA-13 (2 mm 
fraction). B- Rock-fragment (R), feldspar (F), quartz (Q), mica (M) and broken bivalve (B.B.) in sample SA-AZ-2 (250 micron 

fraction). C- Rock-fragmenr (R), quartz (Q) and ostracoda (O) in sample SA-AZ-2 (250 micron fraction). 
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Fig. 14. Skeletal and non-skeletal components of offshore-transition environment in the Sangachin area. A- Gastropoda (G.) 

and intraclast (Intr.) in sample SA-329 (PPL). B- Intraclast (Intr.), gastropoda (G.), bivalve (B.) in sample SA-130 (PPL). C- 

Bryozoa (Bry.), gastropoda (G.) and bivalve (B.) in sample SA-84 (PPL). D- Bivalve (B.) in sample SA-329 (PPL). Pay attention 

to comminuted intraclasts. 
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Fig. 15. Skeletal and non-skeletal components of offshore area in the Sangachin area. A- Intraclast (Intr.) in sample SA-268 

(PPL). B- Intraclast (Intr.) in sample SA-343 (PPL). C- Gastropoda (G.) and Bivalve (B.) on sample SA-640 (PPL). D- Bivalve 

(B.) and Gastropoda (G.) in sample SA-251 (PPL). Pay attention to comminuted intraclasts. 
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Fig. 16. Components of non-skeletal/skeletal accumulation in the Sangachin area. A- Bivalve (B.) in samole SA-331 (PPL). B- 

Bryozoa (Bry.) and bivalve (B.) in sample SA-609 (PPL). C- Gastropoda (G.) and Bivalve (B.) in sample SA-517 (PPL). D- 

Comminuted intraclast (Intr.) in sample SA-607 (PPL). E and F- Gastropoda (G.) and Intraclast (Intr.) in samples SA-483 

and SA-515 (PPL). 
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Fig. 17. Broken and unbroken skeletal components of non-skeletal/skeletal accumulation in sample SA-632. Note the 

predominance of marine bioclasts. 
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Fig. 18. Distribution of gravel-size particles (%) in marine environment. Gravel-size particles have primarily been observed 

in the non-skeletal/skeletal accumulation. 
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Fig. 19. Distribution of sand-size particles (%) in marine environment. Sand-size particles have primarily been observed in 

the shoreface and the shallow parts of offshore-transition. Furthermore, the distribution pattern of these particles indicates a 

possible submarine channel in the offshore area. 
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Fig. 20. Distribution of sand-size particles (%) in marine environment. Mud-size particles have primarily been observed in 

the deeper parts (offshore-transition and offshore environments). 
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Fig. 21. Seismic profiles of continental shelf (A and B) and continental slope (B) in the studied area. Stratiform deposits and 

slide deposits with chaotic reflectors observed in continental shelf and slope, respectively. The vertical axis represents the two 

way travel time in milliseconds. Additionally, the locations of the seismic profiles are shown in Figure 1. 
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Fig. 22. Recent depositional environments in the studied area. 
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