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The Gorsuzan estuary, located in central Bandar Abbas, southern Iran, was studied to understand its sedimentary
characteristics. Eight surface sediment samples were collected and analysed for grain size, heavy minerals, XRD, XRF,
petrography, and optical mineralogy. Results indicate that sediments are mainly sandy, with gravel found mostly in the
northern part and minor silt and clay in the northern and middle parts. Particle size generally decreases from the estuary’s
origin towards the coast, reflecting the influence of marine processes and wave action. Sediments range from sandy gravel to
mud-gravel sand, with gravel particles showing variable sphericity (low to high) and roundness (sub-angular to semi-
rounded). Petrographic studies revealed three microfacies: limestone mudstone, bioclastic wackestone, and calcareous
sandstone, all attributed to the Aghajari Formation (Middle Miocene to Middle Pliocene) based on fossil content and grain
size. Fine sediments contain quartz, dolomite, and minor amounts of albite, orthoclase, muscovite, chlorite, and calcite.
Autogenic minerals like calcite and dolomite, as well as transition minerals such as muscovite, originate from calcareous
marl deposits of the Aghajari Formation. Heavy minerals identified include oligisto, garnet, and zircon, which likely derive
from igneous and metamorphic rocks of the Hormuz series. Geochemical analysis shows SiO, and CaO as the dominant
oxides. Source rock investigation classifies the deposits as litharenite, indicating immature to medium maturity under semi-
arid climatic conditions with low to medium chemical weathering.

[Keywords: Bandar Abbas, Geochemistry, Gorsuzan estuary, Marine processes, Physical sedimentology, Textural characteristics]

Introduction Rivers and watersheds upstream of estuaries,

The coastal sedimentary environments of the north
of the Persian Gulf mainly include deltas, bays,
estuaries, tidal ranges, and various beaches.
Generally, these environments are identified as the
place of deposition of debris sediments drained from
seasonal and permanent dry rivers. An estuary or bay
is a part of the sea that has advanced on land. In the
classification of estuary sedimentary environments, it
falls into the intermediate sedimentary environments
category, and more precisely, it is part of the coastal
range. An estuary is formed at the end of a waterway
or river leading to the sea'™ In terms of
sedimentation, estuaries are usually active areas. The
speed and amount of sediment filling of estuaries
depend on factors such as the area of the estuary,
coastal erosion, the size of the mouth of the upstream
rivers entering the estuary and their sediment load™.

depending on the geological features of that area,
transport sediments and feed the estuary™®. Estuary
consists of three main parts: the inner part, which is
surrounded by incoming rivers, where river sediments
are transferred to the estuary. The middle part of the
estuary has relatively low energy, where marine
energy (primarily tributary currents) is equal to that of
river currents. The outer part contains high-energy
material from marine processes (waves or tidal
currents), where sediments transported by marine
currents are deposited®®. Examining the sedimentary
characteristics of the estuary deposits will greatly
contribute to the analysis of sedimentation conditions
and processes governing the estuary’s sedimentary
environment’'’. On the other hand, the particle-size
composition of sediments has a significant impact on
the environmental indicators of sedimentary deposits,
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and the sediments in this sub-environment transport
and absorb various types of pollution in the
environmental cycles associated with beaches.
Sedimentary characteristics include particle size,
particle dispersion, elongation, swelling, roundness,
sphericity, and the mineralogical composition of
sedimentary deposits'".

Sedimentary particles are mostly moved and
transported by the weather. With the decrease in the
intensity of the flow, they are gradually separated by
size and deposited'*'*. If the sediment originates from
several sources, a mixture of sediment particles of
different sizes accumulates, ranging from gravel to
clay. Geochemical data from clastic sediments
provide important information from the point of view
of sedimentology and environmental geology. The
chemical composition of sedimentary and debris
deposits is the final product of various geological
factors, such as tectonic setting, source rock
composition, intensity of weathering, textural
maturity, and mineralogy during transportation and
deposition. These data are very important from
theoretical and practical aspects. The purpose of this
research is to investigate the sedimentary
characteristics and geochemistry of Gorsuzan estuary
deposits in the centre of Bandar Abbas city, which is
located at the confluence of the Persian Gulf and the
Oman Sea.

Numerous studies have been conducted on
estuarine sediments, primarily focusing on their
sedimentological and geochemical characteristics. In
these studies, the analysis of sediment geochemistry is
considered a crucial tool for understanding
sedimentation processes and environmental changes.
For instance, the research by Mishra ef al.’ on the
Ashtamudi Estuary in India and by Gharib Reza'® on
the Reeg Estuary highlight the importance of
geochemical analysis for identifying sediment
provenance and sedimentary dynamics in such
environments. In many of these studies, different
approaches, such as the Folk classification and
chemical composition analysis have been employed
for sediment characterisation. In the study by Mishra
et al’, sediments were classified using Folk's
classification, a method also used in the current study.
Geochemical analysis of the sediments in the
Gorsuzan Estuary has been conducted in a similar
manner, and this comparison provides a better
understanding of the sedimentary processes and
environmental changes in the region.

The analysis of chemical and mineralogical
properties of sediments in estuaries and river mouths
is another important area of focus in various studies.
Research by Abad er al'® on paleoenvironmental
changes in the Tinto River estuary (Spain) and by
Michel et al.*' on the Belon Estuary (France) shows
that sediment geochemistry can provide valuable
insights into environmental changes, sediment
provenance, and dynamic processes. These studies
also demonstrate that the geochemical characteristics
of estuarine sediments are influenced by factors such
as marine currents, sediment exchanges, and
geographical features. Similarly, this research utilises
geochemical analysis to examine the sediments of
Gorsuzan Estuary, assessing the chemical changes in
the sediments within this environment. In addition,
studies such as those by Bulbul er al?' on the
Mandovi Estuary in India and Selim & Baset'’ on the
Nile Delta estuary (Egypt) emphasise the importance
of geochemical analysis in evaluating sediment
characteristics. These studies highlight that the
geochemical analysis can provide critical information
about sedimentary processes, sediment provenance,
and environmental changes, which is also the focus of
the current study. In conclusion, a comparison of this
study’s findings with those of other similar research
shows that the sediments of the Gorsuzan Estuary
share many characteristics with those of other
estuaries. However, given the region’s unique
environmental features, the geochemical findings of
this study may offer new perspectives on sedimentary
processes and environmental transformations.

Materials and Methods

Geographical and geological location

The Persian Gulf is the most important water
ecosystem in Western Asia and the Middle East,
located along the Oman Sea and between Iran and the
Arabian Peninsula. The coasts of this bay in the south
of Iran generally have the most important ports. The
coast of the Persian Gulf in the vicinity of Iran is of a
longitudinal type, parallel to the axis of the nearby
heights, and along the coast, rivers enter it, creating
many estuaries. Gorsuzan estuary is located in the
centre of Bandar Abbas city in Hormozgan province
at the confluence of the Persian Gulf and the Oman
Sea (Fig. 1). Gorsuzan estuary, also called
Kamarbandi estuary or Shahnaz estuary, passes by the
Hormoz Hotel in Shahrbandar Abbas, then passes
through the Shah Hosseini and Shahid Modares
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Fig. 1 — Aerial photo with a scale of 1:24000 with a defined square of Gorsuzan estuary using Google Earth

neighbourhoods (former Shahnaz neighbourhood),
and then goes to the belt neighbourhood®. The run-
off and floods of the districts of Belt, Shariati, Shir
Som, Seyd Kamal, and Sim-Bala enter this estuary,
which has made this estuary devoid of any fishing and
port value and even a habitat for creatures®. The
length of this estuary is about 4 kms and the average
length of the tidal range is 50 cm.

Its width varies from 20 meters upstream to 31
meters downstream. The depth of this estuary is from
2.2 m in the upstream to 3 m in the middle part, and
2.3 m in the downstream®. The results of the latest
research on the hydrodynamic behaviour of this
estuary show that water only advances up to a length
of 600 m from the opening into the estuary. Results
from a tidal period indicated that the Gorsuzan
estuary is affected only by tidal currents, with the
dominant current being the tide.

Finally, due to the lack of amplitude damping at the
mouth of the estuary and the existence of a phase
difference caused by the constant change in the
direction of the flow, it can be said that, in general,
the behaviour of shallow and straight estuaries with
medium length is rectangular in shape, and in the
mouth, it shows the behaviour of a funnel-shaped

estuary. The location of this estuary in the centre of
Bandar Abbas city has caused more than 60,000 litres
of domestic sewage to enter the sea through the
Gorsuzan estuary, and the amount of physical and
chemical pollution caused by the discharge of
domestic sewage into this estuary is the highest
compared to other estuaries in Hormozgan province®.

Gorsuzan estuary is located on Quaternary deposits
of fluvial, windy, and coastal origin. A view of the
Gorsuzan estuary is presented in Figure 2. This range
consists of Quaternary sediments, with an emphasis
on the Holocene, and is characterised by significant
thickness. Upstream of this area is the great Bandar
Abbas anticline, where the deposits of Aghajari
formation (alternation of calcareous sandstone and
calcareous) form the most outcrops of this geological
structure with a general east-west trend. These
deposits are the main origin of the natural components
of the studied sediments (Figure 2). The recent
deposits on the shores of Bandar Abbas city, in
addition to the estuary, are of the river type and
the coastal plain. The faults of this range also
have a west-east trend. The influence of the
Hormuz series diapirism upstream of the target area is
clearly visible in Figure 3.
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Methodology

Based on common methods in field sedimentology,
such as Tucker”, Arzani’®, Khodabakhsh &
Sahraro®’, 8 samples were taken from the Gorsuzan
estuary at 500 m intervals (Fig. 1). These samples
were collected using grabs, spatulas and zipped nylon
bags. Due to the high sediment humidity, the samples
were first placed in the open air for 24 h and then
dried in the oven at 75 °C for 24 h. After completion
of this process, the sediments were weighed and

- I Aghajari Formation;Sandstone and red marl |

- |Bakhtyari Formation;Conglomerate;Sandy marly conglomeratea |

Fig. 2 — Summary of geological map - 1:100000 of Bandar Abbas
(Adapted from geological map of Bandar Abbas 1:250000)%

granulated using a sieving device. Granulation tests
were performed using a shaker and hydrometry,
heavy minerals with the help of bromoform
solution and lithography, and optical mineralogy
using a Blub Type G6 polarising microscope
and a CS-5CAW binocular model in the laboratory of
the Department of Geology, Hormozgan University.
X-ray Diffraction (XRD) was performed using a
Philips PW1730 XRD machine, and XRF analysis
was carried out using a XRF Philips PW1730
in Zarazma, Persia. Folk®®, Dunham®, and Petty
John et al™ were used for classification and
naming. In order to check the statistical parameters,
the Folk®™ relations presented in Table 1
were used.

Table 1 — Statistical relationships based on Folk® method for
determining statistical parameters of Gorsuzan estuary sediments

Parameter Mathematical equation
M 84 + ¢50 + ¢16
ean iz = S84+ 050+4
Sorting 5= @84 — 916  ¢95 — ¢5
B 4 6.6
Skewedness sk = ®84 + 16 — 2050 @5+ 995 — 2¢50
T 2(¢84 — ¢16) 2(995 — ¢5)
Kurtosis 095 — @5

T 2.44(¢75 — ¢25)

Fig. 3 — Four views of the Gorsuzan estuary: a) Upstream of the estuary or the beginning of the Gorsuzan estuary, looking north; b)
View of the middle part of the Gorsuzan estuary, looking south; ¢) End of the Gorsuzan estuary, the confluence of the estuary with the
water of the Persian Gulf, looking south; and d) Sewer inlet to the end of Gorsuzan estuary, looking east
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Results and Discussion

Sedimentology

Sediment particle size is a key parameter in
analysing destructive sediments and their associated
environment. The distribution of sand, silt, and
clay ratios provides valuable insights into the
environmental conditions of estuarine bays''. In the
Gorsuzan estuary, the largest sediment fractions are
sand, gravel, and mud (Fig. 4). Stations S1 and S2,
located upstream, show less sand compared to
downstream stations S7 and S8, suggesting the
beach's role in increasing sand at the estuary mouth.
Folk's triangular method”® was used to classify
sediments, which include sandy gravel (sG), gravelly
muddy sand (gmS), gravelly sand (gS), sand with a
little gravel (gS), and muddy sand (mS). Most
sediments fall into the sand, gravelly sand, and muddy
sand categories. The texture of Gorsuzan estuary
sediments is similar to that of the Petrochemical and
Jafari deposits from the Persian Gulf estuaries in
Khuzestan province’'. The particle-size distribution
indicates that all studied samples contain coarse
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Fig. 4 — Size frequency of sediment particles in sampling stations
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(gravel), medium (sand), and fine (silt and clay)
particles, with sand being dominant across all stations.
Furthermore, the average particle size decreases
from upstream to downstream, primarily due to
flow hydraulics. In the quantitative description of
sediment texture, parameters such as mean, median,
smoothness, skewness, tension, sphericity, and
roundness are used''*. Various definitions have been
provided for each parameter. The mean represents the
average particle size in sediment''®. The median is
the middle point in the particle size distribution, with
50 % of the samples smaller and 50 % larger™>*.
Cohesiveness is the standard deviation of particle
distribution and reflects the dispersion and proximity
of the constituent particles''*. The degree of
dissolution in sediments depends on four key
parameters: particle size range, deposit type, flow
characteristics, and sediment supply rate'****%,
All these characteristics were calculated using Folk's
equations®™. Table 2 presents the statistical
characteristics and textural description of Gorsuzan
estuary sediments. These findings show that from
station 1 upstream (land) to station 8 downstream
(sea), these characteristics improve with slight
fluctuations, and the studied sediments become more
uniform. In some stations and parameters, this
uniformity is not observed, likely due to the entry of
construction and human waste into the estuary.

In the study of the physical sedimentology of
coarse- and medium-grained deposits, roundness and
sphericity are very important’>*®. The roundness
and sphericity of the gravel and sand samples from
the Gorsuzan estuary deposits, based on the
classifications presented by Tucker” and Folk®® are
shown in Table 2. Based on these data, it is clear that
the sphericity of the studied sediments varies from
low to high (Fig. 5). On the other hand, the degree of
roundness also fluctuates from semi-angled to semi-
rounded grains of sand (Fig. 6 and Table 3). The

Table 2 — Quantitative descriptive statistical and textural characteristics of surface sediment samples from the Gorsuzan estuary

Station Sorting Skewedness Kurtosis Mean Mod
Quantitative  Qualitative Quantitative Qualitative Quantitative Qualitative 6 o]

1 0.9 Moderate 0.1-0.3 Very fine skewed 1-3.5 Very leptokurtic 1.3 1.5
2 0.6 Moderate >0.1 Very fine skewed >3 Very leptokurtic 0.2 -1.04
3 1.6 Poorly -0.1--0.3 Coarse skewed 0.9 Platykurtic 2.6 2.5
4 0.5 Well >1 Very fine skewed >3 Very leptokurtic ~ -0.05 -1.2
5 1 Moderate 0.1--0.3 Symmetrical 1.9 Very leptokurtic 1.4 0.59
6 0.9 Moderate 0.1-0.3 fine skewed 2.7 Very leptokurtic 1.3 0.4
7 2.2 Very porly -0.1--03 Coarse skewed 0.9 Platykurtic 3.5 34
8 0.8 Moderate 0.1-3 Very fine skewed >3 Very leptokurtic 1 0.4
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Fig. 6 — Macroscopic images of gravel samples in stations 1, 2, 4, 6 and 8

amount of both mentioned characteristics improves
from the land to the coast. The effects of marine
processes, such as tides, on the improvement of these
two sediment characteristics are evident downstream
of the Gorsuzan estuary. On the other hand, this
diversity and wide range are largely affected by the
types of grains and the unnatural factors around this
estuary. Having analysed the sedimentological
characteristics of the Gorsuzan estuary, the focus now

shifts to the petrographic features of the sediments,
which provide further insight into their composition
and origin.

Petrography

Granulation tests on 10 samples show that most of
the studied sediments are sand; and these sediments
are accompanied by a little gravel (sand and rubble)
and a small amount of mud (silt and clay). Based on
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Table 3 — Description and classification of sphericity and roundness characteristics of sand and gravel grains from Gorsuzan estuary

sediments
Gravel Sand
Station — —

Sphericity Roundness Sphericity Roundness
1 poorly sub-angular poorly sub-angular
2 poorly sub-angular poorly sub-angular
4 poorly sub-angular poorly angular
6 well sub-angular poorly sub-angular
8 well semi-rounded poorly semi-rounded

Fig. 7 — Macroscopic images of sand samples in stations 1, 2, 4, 6 and 8

this, the lithology and mineralogy of Gorsuzan
estuary sediments are described in three categories:
coarse-grained, medium-grained, and fine-grained.

Coarse-grained sediments

These grains range from gravel to gravel (between
2 and 6 mm) and are concentrated in the upper and
middle parts of the estuary affected by river
processes, waves and sediments. In addition, man-
made gravels (bricks, concrete, etc.) were also present
in the sediments of the Gorsuzan estuary, which are
out of the scope of this article. The identified gravels
(Fig. 6) are of three types, including limestone mud
microfacies, bioclastic wackestone microfacies, and
limestone sandstone petrofacies. These microfacies
and petrofacies, with  generally calcite-rich
mineralogy, include small amounts of dolomite,
quartz, hematite and dark minerals. The origin of all
three formations is Aghajari (Middle Miocene —
Middle Pliocene). The calcareous sandstone of this
formation on the southern edge of the Bandar Abbas
anticline is loose and detached and is easily affected

by weathering, erosion and alteration. Bivalves and
gastropods are also seen in these gravels (Fig. 7).

Medium-grained sediments

The highest concentration of these grains is in the
middle and lower parts of the estuary, which is under
the dominant influence of currents and waves. The
lithological and mineralogical composition of the
studied sands (Fig. 8) is completely similar to coarse-
grained sediments, i.e., gravel. In the two calcareous
microfacies present in these sediments, there are types
of foraminifera and bivalves related to Aghajari
Formation. Quartz grains are monocrystalline with
direct quenching. Bivalve fragments and modern
gastropods are also seen in these grains.

Fine-grained sediments

Due to the effect of waves and sediments in the
Gorsuzan estuary, the amount of these particles is
very low, and the amount of silt and clay is very
small. These particles are generally present in the
upper and middle parts of the estuary. X-ray
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Fig. 8 — a) Calcareous marly microfacies; b) Calcareous sandstone petrofacies; and ¢) Bioclastic wackestone (natural and polarised light)

Diffraction (XRD) diagrams of 5 of them are
presented in Figure 9. Based on this, in addition to the
main mineral of these deposits, which is calcite, a
small percentage of dolomite and quartz, and a small
percentage of albite, anorthite, orthoclase, muscovite
and chlorite are present in the composition of fine-
grained sediments of the Gorsuzan estuary. This
combination, along with the nature of the studied
coarse- and medium-grained sediments was examined
and is consistent with their origin, i.e., the deposits of
the Aghajari Formation. Calcite and detrital silicate
minerals are the result of erosion of deposits of this
formation, especially calcareous marls. The present
dolomite and chlorite are in situ, and among them,

chlorite is an indicator of water environments,
especially at shallow depths®. Part of calcite of
biological and biochemical origin, dark minerals, and
feldspar and quartz minerals are of in situ type
according to the peak points in these diagrams and the
complete shapes in microscopic sections. This
mineralogical composition is similar to that of the
Persian Gulf coast’’>’.

Heavy minerals

These minerals, with a specific weight of more
than 2.85 grams per cubic centimetre, have been
widely used in identifying the origin of sediments®
and based on their magnetic properties, they are



REZAEE et al.: SEDIMENTARY & GEOCHEMICAL CHARACTERISTICS OF GORSUZAN ESTUARY 325
2000-{$1 2 s2 g
Quartz 2000 3
1000 1000-| Quartz 9
Quartz 8 ]
Calsite J% Quartz 8 £
3 Albite Orthoclase | Dolomite Muscovite < £ S Chiorit
0 w‘e | Y, J m,ﬂwhuf}h Ao Oy .JL i“’“" AJ .‘J"‘“—”A\"‘) .OJL ‘fk/fL{\ “one
10 % % 10 0 3 10 20 30 40 50 60
S4 % 2000—T§§ P
3000-| 8 §
2000-| g 1000-]
8 1]
40004 % % 2 Orthoclase
Quartz | Z 2 g a \
. £ i uartz 1
0-E Chlo'nte o L“JAJI L%M\ f\«\ A vﬁﬂf__}, WY, J‘\M,J\‘k-\_.}'lw\,»k‘u J\ﬁdm sl
10 20 30 40 50 60| 10 20 30 40 50 60
[58 g
°
©
(6]
2000
Quartz
1000- &
® & g
£ §
, 2 £, 2,
ST Y T 1
10 20 30 40 50 60

Fig. 9 — XRD patterns of fine-grained sediment samples collected from the Gorsuzan estuary, showing mineralogical composition

divided into three groups: strong, medium and
weak*"*! and are divided into transparent and opaque
groups based on transparency. In all the samples
collected from the upper, middle and lower parts of
the Gorsuzan estuary, three heavy minerals, oligiso,
garnet and zircon were identified (Fig. 10). Igneous
and metamorphic rocks, and the Hormoz series, are
the main origin of these heavy minerals. Previously,
in a study by Gholamdokht Bandari et al.’’ on the
deposits on the coast of Hormoz Island, the origin of
these heavy minerals on the Persian Gulf coast was
identified as the Hormoz series deposits. Building
upon the petrographic analysis, the geochemical
composition of the sediments is examined to better
understand the environmental and geological
processes influencing the estuary.

Geochemistry

The geochemical data of detrital sediments provide
very important information from the point of view of
sedimentology and environmental geology*’. The
chemical composition of sediments and detrital
deposits is the final product of various geological
factors such as tectonic location, source rock
composition, weathering intensity, and textural and

Garnet

Oligisto

Fig. 10 — Identification of three heavy minerals (oligisto, garnet,
and zircon) in sediment samples from the Gorsuzan estuary,
Bandar Abbas, using polarised light microscopy
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mineralogical maturity during transportation and
deposition***. The geochemistry of minor elements
in detrital sediments, such as the surface deposits of

the plain, is influenced by factors including source
rock, watershed weathering, melting, and processes
during transportation, deposition, and post-deposition
reactions. Therefore, studying the geochemistry of
these elements can help reveal the conditions of
deposition and weathering of these deposits.
Figure 11 shows the concentration of major and
minor elements in the Gorsuzan estuary sediments.
The highest concentrations of oxides in estuarine
deposits belong to silicon and calcium oxide.
Examining the change process of oxides (Fig. 11)
from the upstream stations towards the mouth of the
estuary and the sea shows a decrease in the amount of
silica oxide and an increase in calcium oxide, which is
related to marine deposits. The main concentration of
silicon oxide in the studied deposits is directly related
to the mineral quartz, and the concentration of
calcium oxide is related to the mineral calcite and
dolomite. The presence of TiO, oxide is related to the
presence of phyllosilicate minerals, especially
illite* and the presence of aluminium oxide and
iron is related to clay minerals and feldspars. The

concentration of Mg oxide is related to the presence
of dolomite mineral in the deposits; and muscovite
and chlorite clay minerals have magnesium in their
structures. The concentration of K,O oxide also
indicates the presence of potassium phases in deposits
such as muscovite®®. To check the extent of changes
in the main oxides relative to the average of the upper
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Fig. 12 — Normalisation diagram of major oxides in Gorsuzan
estuary sediments compared to the average composition of the
Upper Continental Crust (UCC)

continental crust, the normalisation graph of the
studied data is presented. Examining the process of
changes of oxides in the sediments of the Gorsuzan
estuary shows that enrichment is observed only in Ca
and Mg oxides, and other oxides show depletion
compared to the average of the upper crust. The
highest depletion is in Al,Os3, K,O, SiO,, Fe,0;, and
TiO, oxides. The enrichment of CaO in the samples
indicates the presence of calcite as the main mineral
phase of the studied deposits (Fig. 12). The depletion
of Na,O oxide is related to the high mobility of this
element during chemical weathering, diagenesis and
secondary alteration processes*®™*’. MgO enrichment
is also due to the presence of clay minerals®’, such as
chlorite and dolomite, which are also present in the
mineral phase of the Gorsuzan estuary deposits. The
depletion in SiO,, Al,Os;, Fe,Os;, and TiO, oxides
indicates a low weathering rate in the studied deposits
or proximity to the origin of these deposits*’. Weather
affects the weathering rate of the source area, hence
the amount of weathering can be determined by using
the composition of oxides. The intensity of chemical
weathering of source rocks is mainly controlled by
source rock composition, weathering duration,
weather conditions and tectonic uplift rate of the
source area***®. Suttner & Dutt*’ presented a graph of
the percentage of SiO, against the total percentage
of ALO;+K,0+Na,O to determine the climatic
conditions during the deposition of clastic rocks
(Fig. 13). The plot of the studied data on this diagram
shows semi-arid weather conditions with low-to-
medium chemical treatment. Considering the Persian
Gulf's location in a dry climate region and its
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surroundings, this result is confirmed”. Also,
according to global climate change during the
Holocene, in the middle Holocene (about 5500 years
ago), arid and semi-arid weather conditions prevailed
in the studied area, and sabkhas expanded along the
coasts'>. This issue is based on the results of
Zarezadeh™ in the sediments of Bandar Abbas beach
and Jokar ef al.’' in the sediments of the southwest of
Iran. The chemical composition of sediments is also
affected by factors such as source rock™*. The
tectonic position, the sedimentary basin, and the
source area are the main factors in controlling the
composition of debris sediments®. To determine the
lithological composition of the studied samples,
Herron's diagram® was employed. The results
indicate that the Gorsuzan estuary deposits fall within
the litharenite field (Fig. 14). Similar findings have
been reported by Zarezadeh™ for the beach sediments
of Bandar Abbas and by Jokar et al’' for the

Quaternary sediments of southwestern Iran. This
characteristic is closely related to the lithology and
sediment supply derived from the upstream Bakhtiari
and Aghajari Formations. Furthermore, the litharenitic
nature of these sediments suggests that they have not
reached a high degree of chemical maturity and
therefore preserve valuable geochemical signatures
inherited from their source rocks®. Overall, the
integrated  sedimentological, petrographic, and
geochemical investigations provide a comprehensive
understanding of the depositional environment and
sediment provenance of the Gorsuzan estuary.

Conclusion

Gorsuzan estuary in the centre of Bandar Abbas
city is a place of accumulation of natural and man-
made sediments transported and deposited by
seasonal floods. Sedimentological investigations of
Gorsuzan estuary deposits show three main types of
sediments, including gravel, sand, silt, and clay, and
the average superiority of these sediments in all
stations is sand. Gorsuzan estuary sediments are
classified as gravel, sand, gravelly sand, clay-gravel
sand, and sand with low gravel. The sphericity of
gravel particles in the mentioned deposits changes
from low to high. The circulation also fluctuates from
semi-rounded to rounded. The degree of sphericity
and circulation of sediments improves from the
upstream (land) to the downstream (sea) side. The
petrographic and mineralogical studies show that the
deposits of calcareous sandstone and limestone (two
microfacies of limestone mudstone and bioclastic
wackestone) are the main sources of these sediments.
In addition to the fossil fragments of the current era, it
is important to mention the special in situ minerals of
shallow-water sedimentary environments. The heavy
minerals found in these deposits confirm that the
Hormuz series (Late Precambrian-Early Cambrian) is
the bedrock of the folded Zagros and the main source
of the components of these sediments, which have
endured several sedimentary cycles. In addition, the
textural characteristics of these sediments are highly
influential on their geochemical behaviour, with an
emphasis on environmental evaluations. Geochemical
investigations indicate a high concentration of
calcium and silicon oxides in these deposits, which
are directly related to their mineral phases.
Investigating the source rock of the estuary sediments
indicates a litharenite source rock in a semi-arid
climate with low textural maturity, suggesting active
tectonics in the Zagros upstream of the estuary.
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