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1- Introduction

The study area is located between latitudes 250 and 14" to 250 and 26" north and longitudes 600 and 21
to 600 and 50” east in the north of the Oman Sea and south of Sistan and Baluchestan province. The study
area is one area that, due to particular climatic and geological conditions such as sea-level fluctuations
during different geological periods, weathering and erosion processes, and tectonic activities, has unique.
The general features of this section are the presence of ophiolite assemblages, sedimentary deposits with
flysch facies and the absence of outcrops of rocks older than the Cretaceous (McCall, 2002). Ophiolite
complexes of the region, more and more or less continuous strips, are often outcrops along the main
longitudinal fault. Normal faulting that occurs along the coast suggests a trench-parallel structural
discontinuity that is not well understood (Dolati, 2010). Type of deposits and dynamics of the factors
affecting the concentration and fate of the elements in them. In coastal areas with low hydrodynamic
energy, the particles tend to sink and accumulate, while in areas with high hydrodynamic energy, particles
are washed and moved to the far side of the beach. Therefore, according to previous research in this field,
fewer studies have been done. Since the development of Makran beaches is on the government's agenda
and the southeastern coast of Iran is considered the most strategic region of the country, it is necessary to
have a more accurate scientific situation regarding sedimentation processes in these coasts. Therefore,
according to previous research and since the development of Makran beaches is on the Islamic Republic of
Iran's agenda and the southeastern coast of Iran is the most strategic region of the country, the need for this
research is doubled.

2- Material and methods

Methods in this study included library studies, field operations, laboratory, statistics, interpretation, and
conclusions. In library studies, maps, articles, books, reports, and research projects related to the subject
were tried to be collected and studied. During field operations, to study the geochemical and
sedimentological properties of coastal sediments in seven stations between Gowater and Pozm on the coast
of Chabahar were selected. Then 23 sediment samples from these areas were manually collected, and from
each harvest, two samples were packed in separate plastic bags and labeling. One package of these samples
was grouped for sedimentological studies, and the other package for geochemical analysis. In order to
granulometry and statistical calculations of sedimentary texture was used to Sediment Size software. The
sample was placed in a series of sieves of the Analysette 30 model, and the different grain sizes were
separated from each other in a wet method for 30 minutes (Moussavi Harami, 2014, Rao et al. 2019,
Alabdeh et al., 2019), and particles smaller than 63 microns were analyzed by laser particle sizer. The
samples were sent to the laboratory complex of Karaj affiliated to Iran's Geological Survey for geochemical
analysis (Benmoussa et al., 2019). ICP-OMS and ICP OES performed elemental analyzes. SPSS23
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software was used to determine the origin and classification of elements, calculations related to the
correlation coefficient, cluster diagram, and factor test. Finally, the necessary conclusions and
interpretations were made.

3- Results and discussions

Based on sedimentological studies and the study of sediment size according to the triangular diagram of
Folk (1974) in the sediments of the study area, 12 sediment types were identified as the predominant type
of sandstone sediments and are divided into two facies categories (Muddy facies and Sandy facies). The
sedimentological studies show that sediment grains are good in sand size, sorting, and rounding and do not
have a clay matrix formed in a tidal sedimentary environment. The most crucial detrital sediment particles
include clay minerals, quartz, feldspar, rock fragment, and minerals. The most important biochemical
(skeletal) sediment components within the study area's sediments are parts and fragments of bivalve
oysters, gastropods, echinoderm, bryozoan, and microfossils. Chemical analyses show the abundance of
chromium, nickel, zinc, and lead in the seven studied stations. The order of increasing the concentration of
heavy metals in the sediments of the study area is Cd <Cu <Pb <Zn <Ni <Cr. Among the heavy metals of
the studied sediments, chromium, nickel, and lead metals have the highest 96.9, 55.3, and 11.2,
respectively. It seems that weathering and dissolution of supermapsic rocks, especially ophiolites forming
the dominant lithology of the Makran region and their transfer by Parak River during rainfall is one of the
main factors in enriching sediments in the region with chromium and nickel metals (Ahrari-Roudi, 2017).
The analysis performed on these data indicates that the elements are in four main origins [Including
geogenic (Extra-basin), biochemical, anthropogenic (Anthropogenic), and chemical (Evaporate)] that are
near related to each other.

4- Conclusion

Granulometry analysis of sediment particles in the study area represents twelve sediment types that are the
predominant type of sandy sediments. These sedimentary categories were divided into two facies
categories, including mud facies and sand facies.

The percentage of sediment particles confirms that particles in clay size are the most abundant sediment
components, and particles in gravel, sand, and silt sizes are in the next order, respectively.

Sand-sized sediments extend further along the coastline of Chabahar Bay. Coastal sands have good
sorting and rounding, negative skewness, and no matrix, which confirms the texture's maturity and
represents a high-energy environment.

The components of sediments are divided into skeletal and non-skeletal components. The most essential
skeletal (biochemical) sediment components in sediment samples are fossil fragments such as bivalves,
gastropods, shredded crabs, echinoderms, coral fragments, foraminifera, etc., and so the most critical non-
skeletal components include organic matter. Evaporative minerals (gypsum and halite), wood parts, mud
flocks, quartz, and rock fragments are of sandstone and calcareous type.

A dual sedimentation regime has been prevailing in the coastal study area, which means that carbonate
deposition occurs when the sea level rises and clastic deposition stops. When the sea-level falls and clastic
particles enter the sedimentary basin, carbonate deposition is stopped, and clastic deposition occurs. The
order of increasing the concentration of heavy metals in the sediments of the study area is Cd <Cu <Pb <Zn
<Ni <Cr. Among the heavy metals of the studied sediments, chromium, nickel and lead metals have the
highest concentrations of 96.9, 55.3 and 11.2, respectively. The heavy metals lead and zinc along with
copper show a relatively similar trend. The concentration of most heavy metals in the studied sediments is
normal and their average concentration in the crust (oceanic and continental) or less.

One of the important findings of the present study is to suggest four sources of element enrichment in
Chabahar coastal sediments, including geogenetic, biochemical, anthropogenic and chemical origins.
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Table 1. Spatial characteristics of the samples collected in the study area

Place of Longitude and latitude Depth of | Sample Description of sample collection location
harvest harvest No
(cm)
600 L-1 The sample was taken from the distance between the Lipar
Lipar N 25° 15 28" lagoon and the coastline (without polluting factors) but it is
& E 60° 49 47" expected that the waters of the lagoon will affect the
geochemistry of the sample.
160 T-2 The sample was taken from the northern part of Tis fishing pier.
Tis Due to the high traffic of fishing boats in this wharf, the
N 25°21 36" pollution caused by painting and changing the oil and refueling
& E 60° 38 23" the boats has had a great impact on the pollution of the area.
However, the studied sample was taken from the depths and no
trace of apparent pollution was observed in it.
N 25° 25 40" 634 Sh-3 | The Shoor estuary is formed at the mouth of the seasonally salty
& E60°36 16" river, which brings the waters of the surrounding lands into
N 25° 25 36" 200 Sh-4 | Chabahar Bay during rains. At the place where the river joins
& E 60° 38 23" the sea, many salt ponds have been created by the natives of the
N 25° 25 33" 900 Sh-5 region to extract sea salt. It is possible that the sediment carried
Shoor & E 60° 38 19" by the Salt River and the presence of these salt ponds have a
N 25° 25 34" 435 Sh-6 great impact on the sedimentology and geochemistry of the
& E60°38 19 samples collected from this area.
N 25° 25 35" 515 Sh-7
& E 60° 38 20"
N 25° 24 32" 460 Sh-8
& E 60° 37 53"
N 25° 26 44" 300 P-9 The estuary of the Parak is like Shoor estuary that formed at the
& E 60° 34 11" entrance of the seasonal river to Chabahar Bay. The Parak's
N 25° 26 38" 650 P-10 seasonal river, which enters the sea at this place, travels a greater
& E 60° 34 14" distance than the Shoor River, and before entering the Chabahar
N 25° 26 16" 250 P-11 Bay, it is blocked by the Parak's earth dam. The samples
& E 60° 33 48" collected from this area are also likely to be affected by the
N 25° 26 23" 360 pP-12 geochemistry of the seasonal Parak river water and its sediment
& E 60° 33 50" load. As it is known, the samples collected from this area were
Parak N 25° 26 26" 415 P-13 taken from a deeper depth to investigate the effect of rainfall in
ara & E 60° 33 47" different seasons.
N 25° 26 21" 500 P-14
& E 60° 33 51"
N 25° 26 19 120 P-15
& E 60° 33 47"
N 25° 26 20" 160 P-16
& E 60° 33 46"
N 25° 26 37" 235 A-17 | The desalination plant is the largest unit for the production of
& E 60° 32 09 fresh water from salty sea water in the region, which re-
N 25° 26 36" 105 A-18 | introduces its waste water into the sea water. Although it has
Abshirinkon & E60°31 29 been tried so that the collected samples are not affected by the
N 25° 26 20" 580 A-19 pollution from the factory effluent, there is a possibility of this
& E 60°29 21" pollution affecting the geochemistry of the studied samples.
N 25° 26 19" 505 A-20
& E 60° 29 20"
Konarak N 25° 24 15" 380 K-21 | This sample was taken from the shores of Konarak. This area is
& E 60° 25 04" affected by human activities. Therefore, there is a possibility of
contamination of the sample by anthropogenic.
N 25°21 36 645 Z-22 | Pozm Bay is another omega-shaped Coasts of the Makran coast
Pozm bay & E 60° 20 18" that is expanding. The samples collected from this area are very
N 25°21 34 650 Z-23 | fresh and intact. Probably, the geochemistry of these samples is
& E 60° 19 15" affected by the waters of the Oman Sea.
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Table 1. Sedimentological characteristics in the sediments of sampling stations

Station name | Mean | Median| Skewness| Kurtosis Sorting Facies
Lipar 1.76 2.3 0.86 0.5 0.67 Gravelly Sand
Tis 1.92 2.2 0.36 1.64 0.42 Slightly Gravelly Sand
Shoor 1.40 2 0.15 1.3 0.37 Sand
Parak 0.61 1.5 -0.04 0.65 0.87 Slightly Gravelly Sand
Abshirinkon 0.5 1.25 0.26 0.99 0.76 Sandy Gravel
Konarak 0.81 1.5 0.05 0.97 0.92 Gravelly Sand
Pozm 1.71 2 0.84 1.23 1.04 Slightly Gravelly Sand
Shoor 1.71 2 0.48 1.23 1.04 Slightly Gravelly Sand
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Table 1. The results of ICP-MS analysis for sediment samples [Samples with prefix (L) from Lipar station, samples with
prefix (T) from Tis station, samples with prefix (Sh) from Shoor station, samples with prefix (P) from Parak station,

samples with prefix (A) from Abshirinkon, Samples with prefix (K) from Konarak station and samples with prefix (Z)
from Pozm station were collected].

Sample No. / Pb Co Kd Cu Zn Ni Cr Mn Na Mg Fe Ca K Al
(ppm) | (ppm) (ppm) (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (%) (%) (%) (%) (%) (%)
Elements
L*-1 174 23.1 <0.1 27.8 96 121 125 541 14 2.4 5.3 3.7 2.3 7.4
T-2 10.5 2.9 <0.1 3.18 11.1 22.9 47.3 632 0.6 0.6 1.24 21.1 0.4 1.3
Sh-3 10.6 13.4 0.3 14.7 54.1 75.3 120 520 2.6 1.8 3.4 5.3 1.3 5.4
Sh-4 114 5.8 0.2 5.3 19 29 89 583 1.1 1.02 1.6 14.9 0.7 2.7
Sh-5 115 13.8 0.4 104 47 65.2 93.5 515 2.4 15 2.9 5.6 1.2 5
Sh-6 11.9 12 0.3 12.1 53.7 64 104 516 2.3 15 2.9 55 1.1 4.9
Sh-7 9.2 7.8 0.3 8 31 48.6 79 554 2.3 1.2 2.1 6.5 0.9 3.8
Sh-8 10 8.7 0.1 9.4 334 52.6 7.7 529 2.4 1.2 2.2 5.8 0.9 3.9
P-9 16 13.8 0.3 18 59.3 75.6 137 571 2.9 2.6 3.7 3.8 14 5.6
P-10 14 125 0.1 15.2 50.9 69.9 111 580 2.08 1.8 3.4 4.8 1.2 5.3
P-11 154 12.2 <0.1 15 49 65.4 125 578 1.6 1.7 3.3 7.1 1.2 5.2
P-12 11.9 13.6 <0.1 15.6 50 60.5 1.6 546 18 16 3.06 5.3 11 5.1
P-13 13 15.9 <0.1 17.7 54 74.1 132 517 15 16 3.6 49 1.3 5.7
P-14 7.1 1.6 <0.1 3.9 12.7 15 67 388 0.7 0.7 1.07 235 0.3 1.3
P-15 10 12.2 <0.1 14.08 43.6 58 140 510 15 13 2.9 7.9 11 4.6
P-16 6.22 1.76 <0.1 4.39 15.8 17.8 52.6 472 0.8 0.7 11 21.1 04 15
A-17 10.1 4.4 0.15 4,73 16.2 48.8 64.1 608 1 0.96 15 15.7 0.65 25
A-18 10.8 8.93 <0.1 541 233 64.8 77.2 571 114 | 117 | 1.88 147 0.77 3.15
A-19 10.2 6.13 0.23 6 22 64.7 88.1 579 1.17 | 1.08 | 1.82 15 0.78 2.93
A-20 9.8 2.8 <0.1 4.3 13.1 414 33.8 559 1.09 | 098 | 133 17.2 0.57 211
K-21 8.8 4.4 1.7 1.7 31.4 25 95.6 524 2.2 1.03 16 104 0.62 25
Z-22 11.8 6.4 1.04 10.2 29.2 35.9 106 446 2.2 19 18 11.2 0.8 2.7
Z-23 7.8 13.1 1.6 13 39.7 61.9 94.2 444 2.7 3.2 2.6 6.3 11 4.07
Average 11.2 9.5 0.5 11 37.2 55.3 96.9 534 18 15 25 10.3 1 3.9
Average continental 15 - 0.10 25 65 56 126 716 - 2.2 43 - - -
crust**
Average oceanic . /o - VAR A YA Vé¢ A% AA K - ¢/0 \% - - -
crust**
Aiman et al., ) cool ;1 51 2SS L g (6l 6,8 5 cwgili3D) O polis couiigsy —Y-Y-F
23b o Cr>NI>Zn>Pb>Cu>Cd & )50 4 axlllas 550 T J K R CHN FPSVR FRTCIUN IS, SR DU
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Fig. 6. Graph of abundance of heavy metals (Pb, Cr, Ni, Zn) in sampling stations
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Table 3. Correlation coefficients between different elements in the sediments of the study area
Co P Pb Li Ni Mn Ba Cr Cu Sc Sr Ti \% Zn Fe K Ca Al Mg Na
Cul 1
P|-108| 1
Pb| .151 | -100| 1
Li| 013 |-4597| -048 | 1
Ni| .047 |-4157| 005 | 9717 1
Mn| -.184| .106 | -305 | .005 | -.060 | 1
Ba| .192 | -142 | -212 | 3457 | 299 | 635~ 1
Cr|.436™| -099 | 193 | 188 | 263 | 002 | 256 | 1
Cu| .066 | -.371"| .090 | 466™|.501"| .102 | .475™| 315" | 1
Sc |.424™|-.458"| 027 | .473"| 504™| -.031 | 555"| 289 | 572"| 1
Sr|-182| .647| 229 |-.603|-505"| -.238 |-.636”| -.108 | -.324"|-.614"| 1
Ti | 586™| -.297 | .165 | 203 | 275 | -.247 | 365" | 517" | 408" | .803"| -372" | 1
V |5627|-322"| 212 | 264 | 327" | -249 | 315" | 429" | 422" | 867 | -356" | 928" | 1
Zn|.389"| -.154 | .076 | .3407 | 340" | .093 | 387" | .162 | .507| .441*| -359" | 271 | .352° 1
Fe |.487"|-.404| .115 | 357" | .409™"| -.195 | 432""| 357" | .593""| 929" | 498~ | 872 | 928~ | 488" | 1
K | .319"|-557"| -.068 | .717"| .717""| .006 | .589"| .276 | 575 | 916™| -759" | 667 | .716™ | 459™ | 804™ | 1
Ca|-297|.593"| 113 |-5157|-.449"| -.097 |-634"| -.093 | -.347"|-705"| 925" | -495™ | -500™ | -395" | -.632" | -779™ | 1
Al'| 320" |-654"| 014 | 6727| 6527 | -.127 | .497"| 213 | 5007|879 | -824™ | .660™ | .708™ | .425 | 811 | 9457 |-8847| 1
Mg|.472"| -358"| 382" | 288 | .361" |-544™| -.095 | .169 | .322" | .666™| -132 | .606™ | .756™ | .318" | 727" | 5257 | -310 | 584 | 1
Na| .376"|-475"| .008 | 472" | 424™| 095 |.494™| 050 | 273 | 565~ -734™ | 278 | 371" | 502" | 501" | 650" |-7957| 7007 | 395" | 1
**_Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed)
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Fig. 7. Classification of elements (cluster analysis) in shallow coastal sediments of Chabahar
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Table 4. Classification of elements (factor analysis) in shallow coastal sediments of Chabahar (Colored numbers mean
the most influential elements in each column.)

1 2 3 4

Co 0.698 0402 -080 -0.058
P -0.410 0.414 -0.145 -0.466
Pb 0.331 0.248 -0.615 0.222
Li 0.601 -0.257 -0.415 0.601
Na 0.672 -0.106 -0.421 0.517
Mn 0.379 -0.589 0.338 -0.361
Ba 0.749 -409 0.237 -0.302
Cr 0.470 0.206 0.073 -0.031
Cu 0.056 0.067 0.859 0.512
Sc 0.979 0.087 0.070 -0.109
Sr -0.696 0.684 0.004 0.040
Ti 0.904 0.062 0.037 -0.077
\% 0.904 0.411 0.001 -0.083
Zn 0.376 0.016 0.058 -0.136
Fe 0.938 0.310 0.043 -0.098
K 0.982 -0.028 -0.058 -0.018
Ca -0.783 0.546 -0.022 0.105
Al 0.950 -0.118 -0.111 0.068
Mg 0.803 0.513 -0.052 0.018
Ni 0.784 0.018 -0.048 -0.104
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Fig. 9. Comparison of changes in Sr and Ca in shallow coastal sediments of Chabahar
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Fig. 10 - Comparison of changes in Al and Fe elements in the shallow coast of Chabahar
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