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Abstract

Shatt Al-Arab River is one of the most important Iragi waterways. It has suffered from
different types of natural and man-made variations, specifically the past 40 years such as
dramatic declination in water discharges due to recent hydraulic constructions. These changes
affected the bottom, sub bottom, and geomorphologic features of the river bed. To images these
changes, a marine geophysical survey represented by high-resolution Sub—Bottom Profiler was
carried out to describe the morphology, structure, and sub-bottom layers of Shatt Al-Arab river.
Four sub-bottom transverse profilers were carried out by Strata Box transducers, 10 kHz at Al
Sendebad Island, Al-Ashaar, Um Al-Rasas Island and Sihan meandering areas.

The results of the sub-bottom profilers showed that the used technique is an essential tool to
map sub-marine geological features and locate the buried structures in the river bottom.
Specifically, at Al-Sendebad Island, there is a depositional process have increased about 5 m,
the recorded depth was 18 m, but it was about (24-22 m) in previous studies. In Al-Ashaar site
section, many types of sub bottom layers formed by recent and old deposits were correlated with
well-log data, the bearing strata is located at 20 m under the bottom of the river. At Um Al-Resas
Island, there is no indication of tectonic activity which may form the Island. The highest depth of
the river bottom recorded at Sihan meandering is about 22 m. These changes may due to the
changes in the hydrological and depositional systems of the river. At Sihan meandering, there are
many prominent features like large depths, river meander, buried channels of ancient streams and
a possible trace of fault which may be an indication of neotectonic activity.

Key wards: Shatt Al-Arab River; Sub—Bottom Profiler (SBP); Bottom morphology
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1.Introduction:

Rivers are the most prominent of the
natural morphological features that have
impact on the earth's shape through
deposition and erosion processes. Rivers are
sensitive  to any development and variations
which caused by many reasons, such as
morphological processes, tectonic
activations and man-made affection.
Tectonic activations are closely associated
with active structures [1], which in turn are
responsible  for  changings in  channel
morphology,  hydrological  characteristics
and fluvial processes of the river system.

There are two main rivers flow through
Iraq, Euphrates and Tigris. The two rivers
confluence at Qurna city in Basra
Governorate to form Shatt Al-Arab river.
Specifically, during the last 40 years, Shatt
Al-Arab river exposed for many natural and
man-made affection, such as declination of
water discharges dramatically due to modern
hydraulic  constructions, and subsequently
occurred many changes in geomorphologic
setting of the river, these changes includes:
river bottom, deposition and erosion issue,
river sinuosity, existing the sunken wrecks
and debris, the delta area, as well as changes
in geomorphologic units such as islands,
bars and point bars[2] and [3].

Marine  geophysical  observations by
underwater acoustics such as high-resolution
mapping Sub Bottom Profiler (SPB) is now
essential for subsurface mapping to obtain
information about the sediment deposits,
morphological features and structures of the
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rivers and coastal bottoms. Also, this
method is used to determine physical
properties of the rivers, identify geological
acoustic  reflectors below the seafloor
designed to acquire information about
geological boundaries well  below the
seafloor, and information  relating to
surficial and  near-surficial ~ sedimentary

environments [4] and [5].

The present study attempts to image the
morphological features, bottom structures
and to identify geological acoustic reflectors
below Shatt Al-Arab river bottom using SPB
technique.

2.The study area:

Shatt Al-Arab river is about 200 km
length and runs through Basra city/ southern
Iraq. Part of it, about 70 km, represents the
Iragi-Iranian borders at the south-western
side of Iran. This study focused on part of
Shatt Al-Arab from Basra city center down
to Fao town southernmost Iraq (Figure-1),
with the total targeted distance is
approximately 60 km. The northern part of
Shatt Al-Arab is bordered by the marshland
area (e.g., Qurna northward, Al-Hammar
lake northwest, and Al-Haweizeh marsh at
the northeast). Shatt Al-Arab ends at the
Arabian gulf.
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Figure (1) Map of the studied part of Shatt Al-Arab River.

Geologically, the study area lies within
the Mesopotamian plain  which is mainly
covered entirely by the Quaternary deposits.
The thickness of the Quaternary deposits
varies from site to site and averaged about
100 m. Both Pleistocene and Holocene
deposits are existed in the area [6]. The
sediments of the Mesopotamian plain are
represented by gravel and sand [7]. The
upper part of the sequence is usually
lithologically very monotonous composed of
fluviatile  flood silt  with strong aeolian
admixture [8].

The Pleistocene fluvial deposits consist
mainly of an lithified sediments. These
sediments may be classified into fine

medium sand grain sizes, sand mixed
with clay and silt. Normally, facial changes
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and vertical lithological variation are quite
frequent in fluvial deposits. The origin of
these deposits is the Tigris and Euphrates
flood plain system. The upper contact with
the Holocene deposits was taken at the top
of yellowish to brown clay in a silty clay
bed. The clay bed contains large gypsum
crystals which has often abrupt contact with
the owverlying deposits. The Holocene
deposits  mainly  consist of  fluviatile,
lacustrine, sabkhas and marine [9].
Tectonically, the study area is part of the
shallow basin of the Mesopotamian zone,
that is a part of the Arabian plate foreland
[10]. The Mesopotamian basin is located in
the northwest of the Arabian gulf, which is
remnants of the Neo-Tethys sea, that
represents an old oceanic basin [11]. Neo-
Tethys sea has closed at the Late Cretaceous
as a result of the collision occurred between
the Arabian and Iranian plates [12]. Shatt
Al-Arab river and the surrounding area are
located in the Zubair subzone, the
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southernmost  of  Mesopotamian.  The
Mesopotamian zone is characterized by the
existence of many gently  plunging
subsurface structures of different sizes, these
structures are surface and subsurface faults
and salt plugs.

The river is formed by the confluence of
the Tigris and Euphrates Rivers, which
flows through Mesopotamian plain, central
and eastern Iraq. A third river, the Karun
River, which rises in west-central lran and
drains the Zagros mountains meets Shatt Al-
Arab just north of the modern delta, [13]
concluded that Shatt Al-Arab river probably
have been formed during ( 2000- 1600)
years ago. The Tigris and Euphrates Basin
and their extensions, Arabian Gulf, occupy a
zone of subsidence flanked by mountains
and/or desert. This elongated depression was
formed during mountain building movement
initiated in the Early Tertiary that continues
with the movement of Arabian plate against
the stable landmass of the Iranian Plate.

3. Methodology:

To identify small scale sedimentary
structures and processes, the sub-bottom
profiling systems can be used by high spatial
resolution. The marine geophysical acoustic
sub bottom profilers technique have been
used in this study.

The SBP is an acoustic investigation
technigue that maps the sub-bottom by
attaching the probe to a boat and dragging it
through the water. The acoustic pulses
generated may be described as a single-
beam, the acoustic pulse travels through the

101

water column at a rate determined by water
temperature, salinity and suspended material
concentration, and penetrates the sea-floor.
SBP is used to acquire penetration of sub-
bottom sedimentary beds with high imagine
resolution depend on the use of low
frequency echo-sounders (1 kHz and 50
kHz). The SBP survey has been carried out
by using the Strata Box™  marine
geophysical Instrument which produced by
SyQwest, Inc., USA.

The Strata Box is a portable high-
resolution marine geophysical instrument. It
is capable to detect 6 cm of sub-bottom
marine sediment strata resolution underneath
the sea-floors and rivers with penetration of
up to 40 m by low power using frequency of
10 kHz [14], therefore it is water-resistant
marine sediment imaging device. Generally,
it is designed for inshore and coastal marine
geophysical survey with depth of water up
to 150 m, for getting high penetration of up
to 80 m, it can be applied with frequency of
3.5 kHz. The aims of SBP surwey is to carry
out a sequence of measurements along a
measuring line  to  obtain  detailed
information concerning the composition of
the sub-bottom, describes the morphology,
structure and sub bottom layers of the study
area.

Four of SBP transverse profilers were
carried out by Strata Box transducer 10 kHz.
in four stations over the study area, with
lengths ranged between 170 m in station-3
to 442 m in station-1(Figure-2). Table (1)
illustrates the numbers and coordinates of
the station with the lengths of the SPB
profilers.
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Figure(2) Map of the study area with SBP survey stations.

Table (1) The stations, lengths and their coordinates that are done by SBP survey.

St. Site Length(m) Coordinates
Sindebad
1 442 30°34'47.44"N 47°46°23 91”E
Island
Al-
2 273 30°30'37.80"N 47°51'5.21"E
Ashaar
Um Al-
3 Resas 170 30°25'36.71"N 48°9'35.30"E
Island
Sihan
4 280 30°18'53.95"N 48°12'45.00"E
meander
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4.Results and Discussion:

Generally, the results showed that
the depth of the river bottom is different at
each site and even in the same section
sometime. The highest depths are about 18
m at st.1 and 22 m at st4. The penetration
of the acoustic waves was 20 m under River
bottom due to the existence of medium-
coarse sand and some material which tend to
absorb these waves. The first strata is
appeared as a thin bed having thicknesses
ranging between 10-30 cm for the river
bottom that are distributed with a uniform
pattern in all sections. The shallow water
exacerbated the problem of multiples in the
sonar data. Multiples are generated by sound
energy reverberatoin in the water column as
opposed to penetrating into the sub-bottom.

In the sub-bottom profiles, the presence of
multiples, which are essentially parallel to

the river bottom, mask the presence of
possible  deeper reflection events. SBP
sections  provide important  information

about submerged landscapes, as they can
survey large areas relatively quickly and are
non-destructive. In particular, when used in
combination with core data, they can
provide valuable data for the reconstruction
of past environments. In this study, the
information and results of the subsurface
bed for two sides of the river which
mentioned in [15] that have been used for
matching SBP data and borehole data to
detect of sub bottom strata (Figures-3).
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Figure (3) Log data on the Shatt AFArab left bank (Al-Ashar District) at 3.06 elevation of sea level [15].
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In St.1, the length of this section is about
442 m, from the right bank (Basra city side)
to the left bank. The SBP cross section
showed there is an irregularity of the river
bottom shape, and the depths ranged
between 2 m near the two banks to 18 m in
the distance with 100 m of the section
toward the left bank. Particularly, the depth
at this site changes rapidly, and we can see
a decreasing in the depths at the middle of
the river course, this shallow area may be an
extension of Al-Sendebad Island ( Figure -
4).  Previous studies revealed that this
section have the deeper point at the river
bottom, which ranged between 24-22 m
[16]. In the present study, the high
recording depth was about 18 m, that means
there is a depositional process has been
accrued in this deep site, the sediment
column reached 5 m ( Figure -5).

The variation in bottom depths during
these years is due to reducing the discharge
of the river, then the River energy for
erosion increased, therefore the river
became unable to carry the sediments for
far distances. The river discharge decreased
from 300 m?/ses in the 1990s[17]; [16] to 50
mé/sec at the present time. The decreasing
discharge resulted by decreasing the current
tides as well as decreasing the branches
rivers discharge, this led to reduce the effect
of these branches for increasing the depths
of the Shatt Al-Arab River in the connection
sites, thus that the mouths of these branches
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became a perfect sites for deposition in the
present time. Therefore, the depositional and
post-depositional processes play a major
role in determining the nature and spatial
distribution of rivers sediments, integrating
factors such as discharge, sediment supply,
geological setting, as well as anthropogenic
effecting.
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Figure (4) SBP of station-1, the variation in
depths and sub-bottom beds.
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The profiler acquired at this site to identify
the lithological sequence under the bottom,

Figure (5) The depositional in eroded and then detect the depth of bearing strata
channel for many years, A- in 2006 [16]; which appropriate for engineering
B- in 2012 [18]; C- in the present study. constructions  (e.g., bridges, dams, etc). By

correlation the SBP results with log data,
many types of sub bottom layers (recent and

St.2, this section acquired in Al-Ashaar old deposits) have been identified to
area with distance about 273 m, from the recognize the lithological  succession
right bank to the left bank, northern Al- conditions  the results of borehole data
Salia Island along Al-Tanuma Bridge were mentioned in [19] as well as[15].
(Figure -6). ¥

Degth (m]

A 20

s

30

O i AR RO S G i ferad B 4oen

Figure (6) SBP of station-2 the variation in depths and sub-bottom beds.

105



Journal of Basrah Researches ((Sciences)) Vol. (45). No. 1 (2019)

Five sub bottom beds identified in
addition to the river bed. The first strata SB1
(layerl) is soft silty clay, many studies
mentioned that most of Shatt Al-Arab River
sediments are clay and silt [17]; [20]; [21]
and [16].The second strata SB2 is medium
stiff clayey silt, the third strata SB3 is stiff
clayey silt, the fourth strata SB4 is stiff clay-
sitt- sand mixture and the fifth strata is
SBldense and very dense silty. The layers
SB1, SB2 , and SB3 are of 5mto 10 m
depth under the water level, and belong to
Hammar Formation, Pleistocene age [22]
and [23]. From 10 m to the lower section
(SB4 and SB5), the sediments of these sub
bottom layers were reworked from Dibdibba
deposits (upper Miocene-Pleistocene)
[24]. SB5 is considered as beginning of a
bearing strata.

St.3, the length of this section is about
170 m from the left bank to the right (Figure
-7). It is considered the shortest section
because the site represents an international
border with Iran which is impossible to
collect complete transvers profiler to the
river cross section. This site was chosen for
several reasons: First, having Um Al-Resas
Island on the Iraqi side, the second having
the Karun River on the Iranian side, the third
reason is that the site is one of the sites that
have high depths of the river relative to the
other sites.

The previous studies [18] pointed that
Um Al-Resas Island resulted by tectonic
activity. However, this hypothesis does not
match our observation from several points.
The small size of this Hyperbola on the
section in comparison to the size of the
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Island and it may not be related to uplifted;
the structure have not only 25 m, as well as,
the  section illustrates the layers beneath
bottom on the near side of the island are
almost horizontal. Therefore, this present

study inference that Um Al-Resas Island
may be a resut of AlKarun River
sedimentation and reworked by tidal
currents.

The previous studies indicated that Al-
Karun river was isolated from Shatt Al-
Arab, despite the possibility of small
streams which connect between them or
their branches and each river has its own
estuary into Arabian Gulf. For this reason,
the of Alexander’s fleet
(Niarkus) which came from India seal
wrongly for a far distance in Bahmsheer
river until he discovered that he was taken
the wrong route into his final destination
(Missan city). About 364 H (989 AD) the
Buwaihi’s ruler Adhud Al- Dawla created a
canal joining between Karun and Shatt Al-
Arab rivers, which named by his name Al-
Adhudi river and now known as Al-Hafar
canal, this connection between Karun and
Shatt Al-Arab rivers during the fourth Hijri
century (tenth Christian century) had a
major impact on the expanding of coastal
shoreline southward to Arabian Gulf and
retreating of the sea water shore line [25].

commander
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Figure (7) SBP of station-3, the variation in depths and features of the bottom.

St.4, this SBP section was performed in
Sihan district. The length of this profiler is
280 m from the right bank (the Iraqgi side) to
the left bank (the Iranian side) . The river at
this site is considered a common border with
Iran. The reasons to choose this site is to
map the sub bottom of the river because
Sihan area is located at meandered site
which considered the maximum meandering
at the river in addition to the presence of
Mehela Island (Figure -8).
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The maximum depth of the river at this
location reached about 22 m. whereas
previous studies recorded the maximum
depth in sections-1 and 3 (22 m). The depth
in this site has not been changed in the past
(during 20 years) according to the previous
studies which were carried out by the
Marine Science Center, unlike the sites 1
and 3, this can be caused by a meandering in
the river course, and the river was affected
by tidal currents coming from the gulf, as
well as the increase in intermittent
discharges coming from Karun River, thus
the river energy to stay (within a certain
level) capable of erosion in this site.
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Also, the section shows that the maximum
depths is at the Iraqi side as a result of high
erosion rate associated with meandering. In
contrast, the Iranian side shows the
minimum ~ depth due to  deposition.
Consequently, the erosion and deposition
system on both banks may lead to lose
more land from the lraqi side are create
more dry are to the Iranian side. [2]
indicated that the area of Mehela Island
increased about 280m? during 30 years in

base hard bottom composed of sand deposits
towards the Iraqi side (Figure-10). Also,
section-5A shows a buried paleo-channel
beneath the river bottom at the depth of 30
m from water surface.

This channel may represents an old course
of the river. This buried channel in section-5
B exists at the same depth but close to the
Iranian side. Another feature showed on
section-5B illustrated a convex shape toward
the Iranian side; it may point to a trace of a

fault  which suggests a structural uplift at
this site.

average about 9.5 m?/ year (Figure -9). It
means that this nature process causes
increase in Iranian territorial land and
decrease the Iragi territorial land, this
process needs manmade interference to
protect banks in such cases.
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Figure (9) The Sihan meander and Mehela Island [18]
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Figure (10) SBP section-4, the changing in the reflection bottom character, soft and hard
bottoms.

The observed features in section-4 such course, ancient streams buried channels as
as the high depths, meandering in the river well as a fault trace probably indicate that an
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neotectonic activity, the faults impact on the
river valley slope which affects the river
sinuosity, it is found that the rivers flows in
areas influenced by faults, the
morphological characteristics of rivers will

changes, such as channel slope or river
channel valley, vally width, braiding
patterns channel, grain size distribution,

stream power [26].

Moreover, which was pointed out to
occur of  neotectonic activity from the
results of SBP section-4, it can observe that
the river course has considerable deflection
toward the east extend from Abi Al
Khaseeb city of Sihan district (Figures 8
and 9). Many studies on Shatt Al-Arab and
the adjacent areas indicated that this
deflection resulted by Siba structure.

In this site, the maximum values of
neotectonic index reflect possibly
neotectonic movement of the subsurface
structures that called Siba Structure [3]. Siba
structure is located in south east of Iraqg. It
borders from the north and north east with
Shatt Al-Arab course. It continues
southeastern into the Iranian territory [27].
After this large deflection, the river course
has sudden change toward the west (the
Iragi side) forming Sihan meander, in other
side Bahmenshir river (inside the Iranian
border) meandered in the opposite direction
(towards the east), this may refer to the area
affected by structural uplift led to shifting
the streams of both the river reversely, this
a structural uplit may be presence of
Mehela Island (Meno Island) on the Iranian
side (Figure-9). [28] pointed out that this
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isllnd  was formed structural
mechanism.

Many

by a

recent geological and
morphological remarks of Shatt Al-Arab
region and surrounding area refer to
influence of neotectonic activation processes
affected by presence of the subsurface
geological structures, which latterly
influence  the changes and interruption of
some ancient river courses [29] [12] and ;
[30].

5. Conclusions:

1- SBP technique is an active method to
be employed in order to map
geological ~ features and  locate
structures below the surface of river-
bottoms. The current survey provids
an owverview of the sedimentary

layers and their sub-bottom  setting,
as well as buried paleo channel
under the river- bottom. The

maximum depth of the river was
recorded at Sihan meandering (st.-4),
reached about 22 m, whereas the
previously high recorded depth in
positions of st.-1 about 24 m, but at
the present time the recorded depth is
18m (at st.-1 ) due to the changes in
hydrological and depositional
systems of the river.

2- SBP sections image the submerged
landscapes, as they can survey large
areas relatively quickly and are non-
destructive, when used in
combination with core data. As well
as SBP technique is suitable for
determination  of dredging and
depositional sites as well as
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determining the sediment thickness
and correlated with the times.
Additionally, SBP is an active
technique to distinguish between the
soft and hard bottoms through the
observation in the acoustic wave
reflection on both bottoms, such as
in Al-Sendibad site (st.-1).

3- Many factors influence the shape of
Shatt Al-Arab sub bottom course,
such as tectonic activity,
hydrological and  sedimentological
situations as well as the man-made
influencing.  Um  Al-Resas Island
might not has a tectonic origin, due
to the lack of distinctive features
indicate to exist a structural uplift
under the bottom vicinity the island.
Adding to the layers underneath the
bottom of the island near the bank
river almost horizontal, the origin of
the island may be caused by Karun
river sediments.
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