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1. Introduction

ABSTRACT

To prepare sedimentological data, 98 surface sampling stations have been designed from the seabed
in the continental shelf in the southern part of the Caspian Sea and along the coast of Iran. Indicators
such as the type and amount of sediment load transported to the sedimentation environment, the
energy of waves and sea currents, as well as how the slope of the seabed changes, play a role in the
production and diversity of the sedimentary facies. 9 sedimentary facies are the most abundant in the
surface deposits of this area and on average, in the sediments of the continental shelf, there are 1% by
weight of coarse-grained particles, 25% by weight of medium-grained particles and 74% by weight of
fine-grained particles. The composition of sedimentary facies in this area is controlled by indicators
such as the size of sedimentary particles, the amount of sedimentary load carried to the environment, the
energy of waves and sea currents, and how the slope of the seabed changes. In the marine environment
of the study area, sub-sedimentary environments, Backshore, Foreshore, Shoreface, Offshore transition
zone and offshore can be identified. The two facies of slightly gravelly Mud and Mud are more abundant

than other facies.

The Caspian Sea has an area of about 438,000 square kilometers due
to the fluctuations of its water level, especially in the last hundred
years. The water volume of this sea is about 80,000 cubic kilometers
and the average depth is 180 meters. About 85% of the Caspian Sea
inflow discharge comes from the Volga River and about 60% of the
sediment discharge comes from its southern part. The formation of the
Caspian Sea as a closed internal basin begins five million years ago,
and before that the Caspian Sea was located in the Paratethys Ocean.

The Caspian Sea has had significant water level changes during its

geological time. The most important reason for the fluctuations of the
Caspian Sea level can be the changes in climatic conditions. Also,
the interpretation of water level fluctuation data of the Caspian Sea is
mostly based on indirect data. The average sea surface temperature
in the South Caspian region varies from 25°C in summer to 10°C in
winter. The salinity of the Caspian Sea is brackish water. The salinity
of the South Caspian Sea is 14 psu in the eastern part and 13 psu in
the western part, which is higher in the eastern part due to the climatic

conditions and humidity.
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Sedimentary facies are one of the suitable indicators for
identifying types of sedimentary environments. According to
the type and formations of sedimentary facies, the deposits of
the eastern part of the South Caspian Sea have more carbonate
abundance due to climatic conditions and biological processes, but
the sediments in the central and western parts are more affected
by terrigenous sediment production processes. The superficial
sedimentary facies of the seabed are a great indicator for detecting
heavy metal pollution so that the South Caspian deposits show
high enrichment of arsenic and cadmium metals and moderate

enrichment of lead and zinc.

2. Research Methodology

For this research, the number of 98 sampling stations in the
southern part of the Caspian Sea has been determined and the
sampling operation of the sea bed has been carried out by the Van
Veen Grab device. The minimum and maximum sampling depth
is 1.5 meters and 370 meters. The distance between the sampling
stations has been determined according to the two factors of
bathymetry contour and the area affected by the sediment load
of the river. The samples collected from the seabed cover about
40 cm of seabed thickness. Sedimentological data generation
by wet granulometry method has been done in Sedimentology
Laboratory of Geology and Mineral Exploration Organization of
Iran. By measuring the diameter of sediment particles, the type

of sedimentary facies of each sampling station was determined.

3. Results

In order to identify the real and natural features of the
sedimentology of this area, the conditions of a bulk sample have
been considered so that the current conditions of sedimentary
particles can be investigated without any interference. The
deposited gravelly sediment particles include rock fragments,
shell fragments, and plant fragments.

The main abundance of gravel grains in the superficial deposits
of the seabed in terms of water depth is within the shoreline
up to 20 meters deep. With increasing depth and moving away
from the shoreline and decreasing the energy of the sedimentary
environment, the amount of gravel grains decreases to a very
significant amount, so that these grains can be observed at a
maximum depth of about 60 meters.

97% of all sand particles in the studied area are deposited
from the shoreline to a depth of 20 meters. The distribution of
sedimentary components in the size of sand in coastal areas that
are far from river mouths is different from the areas around river
mouths, so that in the deposits of the areas near the mouth of the
rivers, the abundance of sand grains decreases significantly from a

depth of 8 meters and approximately from the depth of 12 meters,

its amount reaches below 20% and these sedimentary grains are
replaced by silt-sized deposits that are also accompanied by clay
grains. And approximately from the depth of 12 meters amount
sand grains are below 20% and these sedimentary grains are
replaced by silt and clay grains (mud).

The distribution of silt and clay particles based on depth
indicates that in shallow areas (shoreline up to 20 meters depth),
the abundance of silt particles is greater and in areas with a depth
of more than 20 meters, more percentage of clay particles are seen.
The maximum amount of silt size sediments in shallow areas is
equal to 56% and the maximum amount of clay particles in areas

with a depth of more than 20 meters is equal to 94%.

4. Discussion

The South Caspian continental shelf has its own characteristics,
such as 1- various widths, 2- the changing slope of the seabed
and 3- the distribution of sedimentary facies. The continental
shelf in the east of the South Caspian Sea has a wider width, so
that its distance from the shoreline reaches nearly 70 km. The
smallest width of the continental shelf in the South Caspian can
be seen in two areas: Chalus area with an amount of 8.5 km and
Kohneh-Sefidroud area with an amount of 7 km.

Changes in the slope of the seabed in the South Caspian region
depend on various factors and the most important of them are, a)
the reciprocal performance of the energy of the rivers in the region
compared to the energy of the sea currents, b) structural geology
activities. The continental shelf regions of the Caspian Sea can
divide into backshore zone, shoreface zone, transitional offshore
zone and offshore zone based on the depth of fair-weather wave
base and storm wave base conditions.

The backshore zone in the South Caspian Sea starts from the
shoreline and develops towards the land. The extent of this area
according to intensity of marine storms, the slope of the seabed
and the coastal zone are different. It varies from 50 meters to 200
meters wide along the South Caspian shoreline. The extent of
the foreshore zone starts from the mean sea level and continues
towards the sea basin to the depth of FWWB. The foreshore is
located in the depth range between 0.5 and 8 meters. Shoreface
has an average percentage of 3.63% gravel sediment particles,
66.13% sand and 30.24% mud sediment particles. The transitional
offshore zone is located in the range between the fair-weather
wave base depth (FWWB) and the storm wave base depth (SWB).
The transitional offshore zone has an average frequency of gravel
particles of 2.26 percent, sand particles of 22.48 percent, and
mud particles of 75.26 percent. The offshore zone extends from
a depth of 25 meters to a depth of 200 meters. The offshore zone
has an average abundance of gravel particles of 0.11 percent, sand

particles of 3.64 percent, and mud particles of 96.25 percent.
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Various factors play a role in how the sediment particles
are transported, how they are distributed and deposited on the
seabed in the sedimentation environment of the South Caspian.
The most important of which are the flow of prevailing winds,
the flow of sea currents, and the currents resulting from changes
in the salinity of the water column. The energy of the transport
environment (hydrodynamic characteristics) has a great influence
on the distribution of sediment particles in terms of size. In the
deposits of the southern Caspian continental shelf in the western
(Astara to Rudsar) and central (Rudsar to Sari) parts, the abundance
of terrigenouse particles is much higher than the eastern part (Sari
to Bandar Turkmen) and in the eastern part, the abundance of
fine grain size particles from the other two parts are more. In the
superficial deposits of the seabed in the studied area, according to
the abundance of sediment particles, 9 main sedimentary facies
have been identified which are: Sand Facies, slightly gravelly
Sand Facies, slightly gravelly muddy Sand, muddy Sand Facies,
gravelly muddy Sand Facies, slightly gravelly sandy Mud,
slightly gravelly Mud, sandy Mud Facies and Mud Facies. The
distribution pattern of sedimentary facies in this area shows the
concentration of fine-grained facies (mud facies) in the eastern
part and the abundance of medium grained facies (sandy facies) in
the middle and western parts. In the area of the mouth of the Sefid
Roud River in the western part, and Tajen and Telar Rivers in the
eastern part, strips of mud facies are observed, which is the result
of the influence of sea currents in the region. For a full answer,

more comprehensive investigations are needed.

5. Conclusion

The sediments left on the width of the continental shelf of the

29

South Caspian Sea, in terms of sediment particle size, consist of
an average of 1% by weight of coarse-grained particles (gravel),
25% by weight of medium grained particles (sand) and about 74%
by weight of fine-grained particles (mud). Among the diameters
of the sedimentary particles deposited on the seabed, in the sand
type facies, there are sedimentary particles in the size category
of medium sand to very fine sand, and in the mud type facies,
sedimentary particles are abundant in the size of medium silt to
fine silt. The most abundant components of sediments in the size
of gravel include Clastic particles and in the size of sand include
biological parts.

The facies deposited in the backshore sedimentation
environment are: sand facies [S], gravelly Sand facies
[(2)S], slightly muddy Sand [(g)mS]. The facies deposited in the
depositional environment of the Shoreface zone include: sand
facies [S], slightly gravelly Sand facies [(g)S], slightly gravelly
muddy Sand [(g)mS], muddy sand facies [mS], sandy Mud facies
[sM], slightly gravelly sandy Mud facies [(g)sM], slightly gravelly
Mud facies [(g)M]. The facies deposited in the transitional
offshore zone depositional environment include: Mud facies [M],
slightly gravelly Mud [(g)M], slightly gravelly sandy Mud [(g)
sM], sandy Mud facies [sM], slightly gravelly muddy Sand [(g)
mS], muddy Sand [mS], gravelly muddy Sand [gmS]. The facies
deposited in the offshore zone sedimentation environment include:
Mud facies [M], slightly gravelly sandy Mud [(g)sM], sandy
Mud facies [sM].
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Table 2. Percentage abundance of each of the component of sediments and sedimentary facies.
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\ 0.00 | 79.64 | 2036 | 2 muddy Sand o 0.00 332 96.68 12 Mud

Y 27.37 | 57.03 | 15.60 10 gravelly muddy Sand 3 0.00 4.17 95.83 45 Mud

v 050 | 12.85 | 86.66 | 7 slightly gﬁzslly sandy | 0.01 0.77 99.23 37 Mud

¢ | 616 | 5291 | 4093 | 3 gravelly muddy Sand | yq 0.00 0.40 99.60 90 Mud

5 002 | 251 | 9737 | a6 | Stightly gﬁ‘:zlly sandy | o 0.00 1.41 98.59 183 Mud

s | 000 | 585 | 9414 | 58 Mud YA 0.00 0.36 99.64 83 Mud

v | 000 | 446 | 9555 | 22 Mud " 0.18 1.69 98.14 49 slightly gravelly Mud

A | 065 | 367 | 9568 | 30 | slightly gravelly Mud | . 0.00 2.13 97.87 | 221 Mud

q 0.19 5.03 | 94.78 46 slightly gravelly Mud [q] 0.00 77.67 22.34 6.8 muddy Sand

v | 022 | 248 | 9730 | 58 | Sslightly gravelly Mud | yy 0.00 7281 | 27.19 18 muddy Sand

w | 000 | 1.02 | 9898| 78 Mud rr 0.00 0.91 99.09 81 Mud
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w | 000 | 9201 7.99 5 Sand vy 0.18 1.40 98.42 60 Mud
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1% 0.00 5.07 | 94.93 150 Mud rq 0.08 90.25 9.67 3 slightly gravelly Sand
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v | 020 | 9542| 438 | 20 | slightly gravelly Sand | ¢\ 0.35 6547 | 34.19 7 | slightly grsa:;(}ly muddy

Y. 1.17 4.77 | 94.06 42 slightly gravelly Mud sy 0.00 0.79 99.21 56 Mud

" 032 | 3066 | 69.01 | 40 | Stehty gﬁzzuy sandy | o 0.00 0.75 99.25 367 Mud

v | 008 | 728 | 92.64 | 18 | slightly gravelly Mud | g 0.00 0.46 99.55 54 Mud
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e | 151 | 7588 | 2261 | 7.8 | Stehtly grsa;’;(ily muddy | 0.00 8.75 9126 | 370 Mud
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s | 0.00 | 093 | 99.07 | 330 Mud A 0.00 2.87 97.13 188 Mud
% 0.15 4.16 | 95.69 45 slightly gravelly Mud AS 0.08 0.79 99.13 27 Mud
OA 6.43 81.44 | 12.13 7.3 gravelly muddy Sand A0 0.00 97.30 2.70 2 Sand
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Table 3.The frequency of distribution of gravel grains based on depth
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Figure 8. Variations of continental shelf width in South Caspian.
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Table 4. Changes in the extent of the continental shelf in the South Caspian.
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Table 5. The amount of seabed slope in the South Caspian region
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Figure 9. a) Gorganrood River Delta; b) Sefidrood River Delta.
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Figure 10. Variations of the slope of the continental shelf up to the depth of 50 meters in the South Caspian region
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Figure 11. Classification of different areas of the marine sedimentary environment in the South Caspian region (Coe et al., 2003).
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Figure 12. General classification of different areas of the marine sedimentary environment in the South Caspian region
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Figure 13. Backshore Zone in the South Caspian.
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Figure 14. General view of gravel particles in the backshore and foreshore sections.
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Figure 15. Component of sand size, a) sand grain at a depth of 20300- m; b) sand grain at a depth of less than 20 m.
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Figure 16. Changes in the abundance percentage of sediment particles in the three eastern, middle and western parts of the

South Caspian
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Table 6. The percentage of the distribution of sand grains and their characteristics based on depth.
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Figure 17. The frequency distribution curve of sedimentary particles in the Sand facies
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Figure 18. The frequency distribution curve of sedimentary particles in the slightly gravelly Sand facies
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Table 7. Sedimentary statistical index of sand facies.

Gwogi [ Jlado Syl aasli
3.14® (Very fine sand size) ool
2.01® (Fine sand size) sla
Well to Moderately Sorted Saiy e
Near Symmetrical S
Mesokurtic Sas

I35 oS L anle jlast ) (wlid Oy 6 T (slaastla A gt

Table 8. Sedimentary statistical index of slightly gravelly

Sand facies

oy / ylads 6T aasli
3.03® (Very Fine sand size) Sk
2.940 (Fine sand size) P
Medium sorted S,
Near Symmetrical S
Mesokurtic Saas
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Figure 19. The frequency distribution curve of sedimentary particles in the slightly gravelly muddy Sand facies.
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Figure 20. The frequency distribution curve of sedimentary particles in the muddy Sand facies
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Table 10. Sedimentary statistical index of muddy Sand facies.

wogi / ko b7 aasli
4.150 (Very Fine sand size) Sl
3.62® (Fine sand size) wle
Poorly sorted Sy
Strongly fine skewed S
Mesokurtic Saas
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Table 9. Sedimentary statistical index of slightly gravelly
muddy Sand facies

Gwogi [ ylnio Syl aasli
5@ (Coarse Silt size) oSl
3.6® (Very Fine sand size ) Sl
Poorly to Very poorly sorted S,
Strongly fine or fine skewed S
Platykurtic or Mesokurtic Ss
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Figure 21. The frequency distribution curve of sedimentary particles in the gravelly muddy Sand facies.
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Figure 22. The frequency distribution curve of sedimentary particles in the slightly gravel sandy Mud facies
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Table 11. Sedimentary statistical index of gravelly muddy

Sand facies.

wogi [ o ST el
2.55® (Medium sand size) 5L
2.29® ( Medium sand size ) 6l
Very poorly sorted Sy
Fine skewed / Near Symmetrical S
Platykurtic Sass
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Table 12. Sedimentary statistical index of slightly gravelly

sandy Mud facies.
Gwogi [ yInie SabT aasli
6.33®0 (Medium Silt size) oSk
6.600 ( Medium Silt size ) sl
Poorly to Very poorly sorted S
Coarse Skewed S
Very Platykurtic / Platykurtic Saas
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Table 13. Sedimentary statistical index of slightly gravelly Mud

facies.
Gwogi [ ylnio bl aasli
7.49 (Medium Silt size) ool
7.43 ( Medium Silt size ) sl
Poorly to Very poorly sorted S,
Near Symmetrical S
Platykurtic / Mesokurtic Saus
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Figure 23. The frequency distribution curve of sedimentary particles in the slightly gravelly Mud facies.
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Figure 24. The frequency distribution curve of sedimentary particles in the sandy Mud facies.
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Figure 25. The frequency distribution curve of sedimentary particles in the Mud facies.
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Table 14. Sedimentary statistical index of sandy Mud facies.

Gwogi [ ylnio GaboT aasli
5.80 (Corse Silt size) oSOl
6.13 (Medium Silt size) 6la
Poorly to Very poorly sorted Sk,
Near Symmetrical S
Platykurtic Saass
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Table 15. Sedimentary statistical index of Mud facies

Guogi /[ Hlode

SsbT aasli

7.64 (Fine Silt size)

8.07 ( Very Fine Silt size )

Poorly to Very poorly sorted

Coarse Skewed

Platykurtic
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Figure 26. Distribution pattern of sedimentary particles, a) sand; b) mud and c) sedimentary facies in the

deposits of the continental shelf of the South Caspian Sea.
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Appendix 1. Geographical coordinates of sampling pointsshelf of the South Caspian Sea.
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