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Abstract 
Caspian Sea is the largest land locked water body in the world and has been characterized by significant relative 

sea-level changes since the Pliocene. The sea-level oscillations have strongly impacted the coastal areas 

depending on geomorphological setting. This study aims to investigate the impacts of sea level oscillations on 

low-lying coasts of the southeastern flank of the Caspian Sea using sedimentological, paleontological and 

geophysical tools. The results show that barrier-lagoon development with overstepping migration of the complex 

is the response of low lying coasts to the rapid sea level changes. Moreover, development of saline environments 

is another response to sea level changes for more inland coastal areas. According to the radiocarbon dating 

results, the area was subjected to Amudarya flooding around 1800 BP and high sedimentation rate in the second 

half of the Little Ice Age, underpinned by higher precipitation rate and sea-level rise. 

Keywords: Caspian Sea level change, Coastal evolution, Gomishan, GPR, Sedimentology 
  

1. Introduction 

Caspian Sea and its rapid sea level fluctuations 

during the Holocene (Fig. 1) has been the subject of 

increasing studies during the last two decades 

(Mamedov, 1997, Rychagov, 1997, Kroonenberg et 

al., 2000, Lahijani et al., 2009, Leroy et al., 2011, 

Kakroodi et al., 2012b, Naderi Beni et al., 2013a, 

Naderi Beni et al., 2013b). Climate is the main 

pacemaker of long-term Caspian Sea level changes 

(Kroonenberg et al., 2007, Naderi Beni et al., 2013a, 

Leroy et al., 2013 ). These sea-level oscillations have 

different impacts on coastal evolution depending on 

the coastal setting (Naderi Beni et al., 2013b) that are 

recorded in beach deposits (Tamura et al., 2008). The 

stratigraphic architecture of coastal deposits is 

influenced by a complex interaction of various 
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2.2. Ground Penetrating Radar profiles 

Four Ground Penetrating Radar (GPR) profiles 

perpendicular to the coastline have been surveyed 

using a RAMAC/GPR system (Fig. 3). The GPR 

system was equipped with an unshielded transmitter 

and receiver antenna with a mean frequency of 100 

MHz to provide a good trade-off between depth 

penetration and resolution. 

We used the Reflex2quick software to conduct 

different standard processing steps on the GPR 

reflection data including DC shift, static correction, 

gain function, band pass filtering and running 

average filter as well as topographic correction to 

achieve the best subsurface images. The depth scale 

was based on average near surface velocity which 

varied between 0.051 m/ns to 0.070 m/ns and was 

determined from common midpoint measurements. 

The principles outlined in Neal (2004) have been 

used to identify the radar facies, important bounding 

surfaces and their interpretation. 

2.3. Sediment core sampling 

Six cores, between five to six meters in length, 

were taken using a Cobra percussion system along 

the GPR profiles to correlate the results with 

geophysical measurement (Fig. 3).  

2.4 Magnetic Susceptibility 

All of the core samples were passing through coil 

using a MS2C core logging scanner from Bartington 

to measure their Magnetic Susceptibility (MS). The 

diameter of the susceptibility meter loop was 10 cm 

with a progression step of 2 cm. The sensitivity of 

the meter was about 2x10-6 SI. The results were 

plotted against sedimentological data to allow a 

direct comparison between MS values along the 

cores with observations. Moreover, we used the MS 

logs as auxiliary data to identify the main bounding 

surfaces of GPR profiles. 

2.5 Fossil Content 

Fossil content was identified to help determining 

past depositional environments based on the atlas of 

the invertebrates of the Caspian Sea (Birstein et al., 

1968). 

2-6 Sedimentology 

The core samples were split and sub-sampled 

based on visual changes as well as MS log. The 

subsamples were subjected to basic sedimentological 

analyses, including grain size, organic matter and 

carbonate content. To quantify organic matter and 

carbonate content we used Nabertherm P330 furans 

based on Heiri et al. (2001) outlined methods and 

grain size data obtained by Horiba Laser Scattering 

Particle Size Distribution Analyzer LA-950 in the 

laboratory of the Iranian National Institute for 

Oceanography and Atmospheric Science (INIOAS).  

2-7 Radiocarbon Dating 

Four articulated bivalve shells including 

Cerastoderma lamarcki and Hypanis caspia were 

selected and sent to Poznan Radiocarbon laboratory 

for radiocarbon dating using 14C isotopes. Moreover, 

we used the results of two dated horizons previously 

published by Naderi Beni et al. (2013a). Calendar 

ages were obtained from the CALIB Rev 6.0.1 

software (Reimer et al., 2009) based on the method 

outlined by Naderi Beni et al. (2013a). 

3. Results  

3.1. Sedimentology, Sedimentary Facies and 

Environmental Interpretations 

Grain size analysis revealed that the sediments can 

be categorized into silt, sandy silt and silty sand 

based on Folk’s (1980) classification in which the 

sandy-silt is the predominant portion of the 
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Table 1: The fossil content of the sediment samples and their habitat 

Fossil Class Fossil Species Habitat in the Caspian Sea 
B

iv
al

ve
 

Cerastoderma lamarcki Open lagoons and marine environment 

Dreissena polymorpha Open lagoons and river mouths 

Hypanis (Monodacna) caspia Marine environment 

G
as

tr
op

od
s 

Anisus kolesnikovi Lagoons and shallow marine water 

Horatia marina Lagoons, shallow to intermediate waters 

Pyrgohydrobia clyindrica Lagoons 

Pyrgohydrobia curta Lagoons 

Pyrgohydrobia eichwaldiana Lagoons 

Pyrgohydrobia gemmata Lagoons and shallow marine waters 

Pyrgohydrobia grimmi Open Lagoons 

Pyrgohydrobia dubia Lagoons and shallow marine waters 

Pyrgula kovalewskii Lagoons and shallow marine waters 

Theodoxus pallasi Lagoons and River mouths 

F
or

am
in

if
er

a Ammonia beccarii All environments with more than 5 PSU of salinity 

Elphidium littorale All environments with more than 5 PSU of salinity 

Ostracods Was not identified All environments 

Charophytes Was not identified Fresh water 

Trichoptera Was not identified Very shallow aquatic environments 
 

Based on the physical properties of the sediments 

and their fossil contents, six distinctive sedimentary 

facies were identified that occasionally could be 

classified into sub-facies. 

Facies A: this facies contains silty-sand and 

sandy-silt sediments that are laminated in some 

horizons, with little or no fossil content. Gypsum 

minerals are scattered through the sediment facies 

and occasionally are coexistent with Trichoptera 

remains. Based on Total Organic Matter (TOM) and 

fossil content this facies could be classified as two 

sub-facies (Table 2). 

Facies B: this facies is distinguished by 

accumulation of shell and shell fragments (dominantly 

Cerastoderma lamarki) and coarser grained sediments. 

The value of carbonate content increases dramatically 

in this facies while TOM content decreases (Table 2). 

Facies C: the facies is grey to dark grey in color and 

is characterized by rich fossil content including 

gastropods, bivalves and foraminifera as well as 

ostracods. The sediment content is mainly categorized 

into sandy silt and silty - sand. In some horizons 

articulated bivalve fossils are accumulated. The TOM 

content reaches up to 30 % in some horizons. Some 

sub-facies were identified in this facies (Table 2). 

Facies D: The most prominent feature of this 

facies is the presence of a high amount of evaporates 

that are distributed through the facies or accumulated 

in some horizons as thin layers. Usually the facies 

has low fossil content but shell fragments and 

Trichoptera remains were occasionally observed.  

Facies E: this facies could only be found at the top of 

the cores where soil and plant roots are found. 

Facies F: The facies has some characteristics of 

Facies C and B, simultaneously. However, this facies is 

distinguished from other facies by the presence of the 
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Table 3: AMS radiocarbon dating of the sediment cores. The calibrated age ranges are based on the Marine09  
curve with an average ΔR=26±69 14C yr (Olsson, 1980 , Kuzmin et al., 2007). For core location, see Fig. 3. 

Core 
No. 

Depth 
(cm) Bivalve sp. Faccies Fossil Assemblage Age 14C BP 

Calibrated age 2 
sigma range (BP) 

3 145 
Cerastoderma 
Lamarcki Lagoon - 665 ± 35  253-412 

3 332 
Cerastoderma 
Lamarcki Lagoon 

ostracod, foraminifera, 
gastropods, Chryptophytes 1875 ± 30 1335-1509 

3 445 

hypanis 
angusticostata 
polyphorma Marine shell layer 2145 ± 30 1627-1824 

6 459 
Cerastoderma 
Lamarcki Lagoon 2410 ± 35 1936-2143 

2 100 
Cerastoderma 
Lamarcki Lagoon Shell Frag. + Foraminifera 790 ± 30  350-493 

2 562 
hypanis caspiaa 
caspia Lagoon - 2210 ± 30 1711-1891 

 

3.3. Ground Penetration Radar 

3.3.1. Radar Facies 

The first step in GPR studies is the recognition of 

radar facies (Jol et al., 1996). According to the 

methods outlined in Neal (2004), four main radar 

facies were recognized that are illustrated in Table 4. 

Due to the flat topography of the region, differences 

in radar facies are gradual and distinguishing the 

bounding surfaces is difficult. 

The radar facies BR comprises wide mound-

shaped packages with complex internal structure 

that gently slope towards the sea. The reflectors of 

other radar facies have onlap terminations on this 

facies. With respect to the flat topography of the 

region and special hydrodynamic condition of the 

coastal area, it seems that this radar facies could be 

linked to beach ridge (chenier) deposits (Neal and 

Roberts, 2000).  

The sedimentological results relevant to this facies 

revealed that it contains coarser grained materials 

and shell deposits which are characteristic of 

cheniers (Otvos, 2000, Hesp et al., 2009). The BR 

radar facies are distributed in GPR profiles on the 

seaward side of the study area. Parallel semi-

continuous to discontinuous reflectors generally 

slope towards the sea. The sediments are composed 

of silty- sand and sandy-silt containing lagoon and/or 

shallow marine fossil assemblages. This radar facies 

have formed relatively thick units in all profiles.  

The FD radar facies has a variety of reflector 

patterns changing from continuous to discontinuous 

and parallel to semi-parallel reflectors that gently 

slope towards the basin. The sediments are 

characteristic of fluviodeltaic facies. It seems the 

various patterns of the radar reflectors could be 

linked to different direction of streams. The FD radar 

facies makes thick and widespread units in the 

studied profiles. 

The SL radar facies could be found as relatively 

thin horizontal packages with intensive attenuation 

of radar waves. The equivalent sedimentary facies 

are salina facies with a high amount of evaporates. 

This radar facies could be found in landward areas, 

across half of the study area. 

3.3.2. Radar Profiles 

Due to the flat topography of the study area, we 

had to survey long GPR profiles to be able to detect 

the major buried landforms. The length of the 

profiles varies between 700 m to more than 3000 m. 

Here, some segments of long GPR profiles are 

presented. 

GPR 1: 

The profile, are more than 3000 m in length, and 

are segmented into three parts to obtain a better 
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4. Discussion 

4.1. Sedimentary Environment 

The southeastern flank of the Caspian Sea has 
been strongly influenced by rapid sea-level changes 
due to its flat topography (Kakroodi et al., 2012a) 
and river input (Lahijani and Tavakoli, 2012) that are 
reflected in different sedimentary facies. The rate of 
sedimentation in the study area during the late 
Holocene could be related to an interaction between 
sea-level changes and river input. According to Fig. 
7, the rate of sedimentation since the 17th century has 
increased. This is correlated with second half of the 
Little Ice Age (LIA). During this period, precipitation 
over the south Caspian region increased dramatically 
(Leroy et al., 2011) and the sea level rose up to 21 m 
below mean sea level (Naderi Beni et al., 2013a). 

In many Caspian Holocene studies based on un-
calibrated radiocarbon dating e.g. Rychagov (1997), a 
distinctive sea level fall was reported around 1500 BP 
which is known as the Derbent Regression. If we 
calibrate previously reported radiocarbon results based 
on the methods outlined in Naderi Beni et al. (2013a), 
we find that, during the Derbent Regression, the rate of 
sedimentation on the southeastern flank of the Caspian 
Sea were reduced and the evaporative sedimentary 
facies developed. This condition was more or less 
dominant in the region until the 17th Century. It seems 
that during the first half of the LIA the southeastern 
flank of the Caspian Sea was not as humid as the 
second half of the LIA. This finding is supported by 
historical documents (Naderi Beni et al., 2013a).  

The high sedimentation rate around 1400 to 1900 
BP in the study area could be related to Uzboy 
flooding  (Leroy et al., 2007) in which the salinity of 
the Caspian Sea reduced and the sea level rose. 
According to isotope studies, they concluded that the 
Uzboy flooding was triggered by ice melting in high 
latitudes and melt water discharge into the Caspian 
Sea, via the Uzboy waterway, north of the study 
area. The accumulation of the same marine fossils 
(Anisus kolesnikovi gastropod and Hypanis 
(Monodacna) caspia bivalve) as Facies F could 

support this suggestion.  

4.2. A model for the Coastal Evolution 

The sedimentological and radar study showed that 
the study area could be divided into two eastern and 
western parts as beach ridges/cheniers are more 
developed in the western half of the study area and 
the evaporative units are more developed in the 
eastern part of the region.  

The sedimentary sequence of the coastal setting 
depends on the geometry of coastal zone, the 
accommodation space, sedimentation rate, sea level, 
tectonics, wave, tide and currents and biological 
activities (Anthony and Héquette, 2007). As no 
astronomic tide occurs in the Caspian Sea (Ghaffari and 
Chegini, 2009) and as the vertical movement of the 
southeastern flank of the sea is negligible for the late 
Holocene (Naderi Beni et al., 2013a), the sedimentary 
sequence of the study area is mainly determined by sea 
level changes and the geometry of the coastal zone 
while sediment supply and the hydrodynamic 
conditions shape different landforms in the study area. 

Past sea level positions can be interpreted by the 
presence of beach ridges/cheniers and the relevant 
landward lagoons (Kroonenberg et al., 2000). 
According to Taylor and Stone (1996), in low-energy, 
low-lying areas, such as southeastern flank of the 
Caspian Sea, the emergence of an offshore bar is 
critical to develop barrier-lagoon complexes. Low 
wave-energy conditions is required for the enlargement 
and emergence of the bar above sea-level (Taylor and 
Stone, 1996). On the other hand, rapid sea-level 
changes tend to transgress the sand bar (Storms et al., 
2008) (Fig.20) in the western half of the study area. 
According to the topography of the region (Fig. 2), a 
hill with a height of more than 10 m (absolute elevation 
of 16 m below mean sea level) separates the 
Hassangholi Bay from the sea. The hill prevents the 
waves from reaching the bay and consequently makes 
a calm area behind the hill to form an extensive salina 
environment in the eastern half of the study area 
during the sea-level fall and a lagoon environment 
during Caspian Sea level rises (Fig. 21). 
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5. Conclusion 

1- The southeastern flank of the Caspian Sea is 

characterized by fine-grained sediments and a flat 

topography that is sensitive to rapid Caspian Sea 

level changes. 

2- Formation of barrier-lagoon complexes is the 

most prominent response of the coast to sea-level 

changes.  

3- According to the flat topography of the coast 

and dry climate of the region, formation of salina 

environments and development of evaporative 

sediments in the area has occurred repeatedly during 

the Late Holocene.  

4- This study has demonstrated that during the 

second half of the Little Ice Age, the area was 

subjected to high sediment supply consistent with 

higher precipitation and more riverine input.  

5- We have found some evidence of Uzboy 

flooding in the early stages of the Late Holocene in 

the area that could be a subject of more detailed study. 
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