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Abstract

A marine geophysical survey using high-resolution Sub Bottom Profiler was
carried out for Palinurus Shoal (PS) , one of the shallow sites within Iragi marine
borders, NW of the Arabian Gulf. Eight parallel transverses survey lines of (SBP)
were performed at the study area from southwest to northeast. Six lines were about
2.5 km in length, the two more lines crossed about 4.6 km area extended up to
Khawr Al Khafga. The distance separated the survey lines is about 0.6-0.8 km. In
addition, one more profiler was acquired longitudinal to the north-south direction,
6.3 km length. Abrupt reflectors slope changes reflectors discontinuity and
coherency were the main interpretation guides on the sub-bottom images. The
behavior of the built-surface articulates that Palinurus Shoal feature was formed by
structural activity of a deeper diapiric structure. The surface depth is fluctuated. It
was 6-7 m at the center of the structure and deepen toward the east to be 13-14 m.
And it becomes even deeper, up to 30 m, at the western end. The dimension of the
observed structure surface are about 6 km along northwest-southeast direction and
about 2-2.5 km along transvers direction. Toward the east of the observed diapiric,
there is an evidence of another daipriric structure. These structural features,
diapirics, suggest the evolution of salt plugs from a salt accumulations (e.g., salt
domes or pillow structures). This postulate was proved by reflection disappearance
through these bodies. It is characteristics of seismic waves behavior at salt
compositions. Furthermore, tilt reflectors faults and distortions of the structure
bottom may tie-in neotectonic activity in the region.
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Introduction:

Marine geophysical studies are essential for imaging the crustal and structures of the sea bottom.
Among the marine basins around the Arabian Peninsula (AP), the Arabian Gulf (AG), specifically at
the study area, is the less studied location by geophysical techniques. Even though the available
geophysical data in the region are very limited in comparison with the other basins around AP, they
provide valuable information on the structure and tectonic framework of the region. Previous
geophysical studies of AG region were based largely on earthquake seismicity and gravity data. They
focused primarily on the continental collision and tectonic activities along Zagros belt [1-5].
Moreover, many studies described the upper crustal structure of the Gulf based on seismic reflection
and gravity data [6-8].

The depth of the AG is shallow where many large and small islands is located near the shore lines
or off them. Also, there are many other islands do not rise above the sea level. There are 20 islands in
addition to a number of submarine highs or shoals. Most of the islands are piercement salt domes and
many of the shoals are also clearly due to salt diapirism [9]. The origin of these islands are different,
such as by depositional processes, coral growth, tidal embayment, sea sediments , folding actions. and
by uplift of the salt structure from lower formations, [10-12].

The coastline of Iraq is about 58 km long. In comparison to the other Gulf coasts, the Iragi shore line
can be considered short. However, it is very important to the area because it is the only part of the Gulf
coasts join permanent water inlets from the Shatt al-Arab and Khawr Abdullah. In the Iragi regional
waters, there are many shoal features (i.e., under water islands) which lack any marine geophysical
surveys. The present study focaused on image one of these structure and described the morphological
features pertaining the Palinurus Shoal (PS) that is located in the southern most Irag, nearby the
Khawr Al- Khafka within Iragi marine border.

Study area and Geological Setting:

The study area lies in the extreme southern part of Iraq at the vicinity of Khawr Al- Khafka within
Iragi marine border about 42 km southwest of Shatt Al-Arab creek and 40.3 km south Khawr
Abdullah entrance. It bounded by latitudes (29° 38’ 22.4"N- 29 ° 35’ 22.3”N) and longitudes (48 ° 47’
7.5"E- 48 ° 48' 52.8"E), as shown in Figure-1. The study area represents northern part of the AG.

The AG is an elongated basin located in the south of the Zagros fold belt between the Tigris-
Euphrates Delta and the Strait of Hormuz. It is the second smallest marine body, and lies in the
Arabian plate [8].
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Figure 1- Location map of the study area

The evolution of AG agreed to be commenced at Late Tertiary and has been directly influenced by
the continental collision along the Zagros fold belt. The first continental collision of Arabian and
Central Iran took place during the Late Cretaceous. By early Miocene a Proto — AG was evolved from
the closure of the Neo-Tethys [13]. The basin of the Gulf is asymmetrical where the slope of the
Arabian flank being much gentler than that of the Iranian side and the deepest water lies close to the
Iranian shore, [9]. A north-trending bathymetric high, centered around 52° E longitude, divides the
Gulf into two major parts. The relief is rather small, but this subdivision may be tectonically controlled
[8]. The basement beneath the Gulf dips towards the northeast and extends to the main Zagros thrust.

Two deformation events have been documented in the NW of AG that occurred during the Late
Cretaceous and the Late Cenozoic. This part of the Gulf was reactivated through the Late Cretaceous,
NNE-SSW Arabian trending folds. Then, it was affected by NE-SW shortening during the Late
Cenozoic Zagros Orogeny [14].

The coastal region in the Arabian side of the Gulf is tectonically stable with only gentle movements
[9]. The main morphologic features have been formed by tectonic activity. Climate and rock type play
secondary roles. A flat deltaic surface, formed by the flood plains of the Tigris, Euphrates, and Karun
rivers. The Iranian coast is irregular generally and backed by the northwest-southeast trending Zagros
Mountains. The relief is composed of huge folds which are the product of the Miocene to Plio-
Pleistocene Zagros Orogeny [2]. According to [15] and [16], the submarine topography of the Gulf is
divided into seven bathymetric provinces namely: (1) The Mesopotamian Shallow Shelf; (2) The
Arabian Shallow Shelf; (3) The Western Basins ; (4) The Central Swell; (5) The Eastern Basin; (6)
The Eastern Swell; and (7) Hormuz Straits, figure 2. The study area is located in the Mesopotamian
shallow shelf province. The depth of the study area ranged from 7 to10 m, while it ranged from 14 to
20m around the study area [17].
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Figure 2- Location map of the study area and adjacent area showing principal bathymetric provinces and depth
of water (in meters) of the Arabian Gulf (modified from [16] and [18])

Field Work:

The Sub Bottom Profiler (SBP) is an acoustic investigation technique that maps marine sub-bottom
by attaching a probe to a boat and dragging it through the water. Depending on the desired accuracy
(which is varying from a few meters to several tens of meters in depth) one can map the sub-bottom
and trace objects in or on top of it.

The SBP uses acoustic waves that are sent into the sub-bottom by means of a transducer. The
acoustic signals are reflected when they transmitted in the ground material and then registered by a
receiver. It is dragged along by a boat on which positioning equipment is mounted. By carrying out a
sequence of measurements along a measuring line, detailed information concerning the shape and
composition of the sub-bottom and the internally present disturbances can be obtained.

The SBP field work was conducted during May — 2014 using the Strata Box™, a marine geophysical
Instrument produced by SyQuest Inc, USA, Figure 3. This instrument was invented for inshore and
coastal geophysical surveys [19] as a kind of low-power consuming portable underwater instrument.
Specifications of the instrument are: strata resolution of 6 cm with 40 m of bottom penetration;
maximum depth range of 150 m; frequency output of 10 kHz.

Eight transverses SBP survey lines were carried out over PS from southwest to northeast of length
about 2.5 km for six lines (1, 2, 3, 5, 7, 9). The two remaining lines (4,8) are about 4.6 km extended to
Khawr Al Khafga to cover larger area. The distance between survey lines is about 0.6-0.8 km. One
longitudinal survey line also performed to the north south direction that is 6.3 km length, Figure-4.

The field data of SBP are converted into SEG-Y format (an industry standard seismic data format).
The raw data were processed by an industry scale software VISTA V.12. The processed data were
imported into the interpretation software Kingdom Suite V. 8.8 in order to highlight any structural
features that is visible in the imagery. Figure-5 shows a longitudinal profiler-no.6 before and after
processing.
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Figure 4-The SBP track lines (bathymetric of the study area modified from Admiralty map of Khawr Abdullah
and Approaches to Shatt Al- Arab, [17]).
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Figure 5 - The SBP section along longitudinal profile-no.6, A- before processing, B- after processing.

Results and Discussion:

The processed profiles are showed in Figure-6. Abrupt reflectors, slope changes, reflectors
discontinuity, and coherency were the main interpretation guides on the sub-bottom images.
Generally, the data qualities are good and interpretable except profilers 2 and 7. The reflectors do not
continue all along the section. Particularly, the strong reflectors of flat areas and deeper sea bottom,
but they are weakened at convex and shallower areas (e.g., cross section no. 4).

The signal survey depth depends primarily on the nature of the sea bottom material which controls
the penetration depth. The maximum penetration depth of Sub Bottom data was 25 m. The profilers
showed that the PS depth ranged between 6-7 m at the site center. At both ends of the profilers,
specifically (3, 7, 9), PS depths were about (13 -14 m) and (15-29 m) to the east and west sides of the
structure, respectively. The depth appears to be 15 m on sections (1, 2, and 8). In the far east of the
study area, the direction of Khawr Al-Khafga and exactly at the end of sections of profilers the depth
becomes 29 m.

It is worthwhile to be mentioned that the penetration depths of 15 and 20m underneath sea bottom
at the study area are because of the presence of medium-coarse sand, and existence of hard materials
that consist the sea bottom that may cause strong multiples as shown on Figure-6. It has been noticed
two thin layers of approximately 10-30 cm thickness near the sea bottom. These layers have been
distributed at a uniform pattern on all lines. In some locations, these layers (reflectors) are covered by
a thin layer of sand that doesn’t exceed the 10 cm, as has been visually observed during survey time.

The sea bottom takes different layouts at different places. It was observed to be flat on profilers 3
and 9, and it is deepened towards South West. So that the noticed slope is about 10°. This slope
changed even more (e.g., about 25°) towards the North West the study area, Figure-7.

Also, the SBP cross-sections evidenced an irregularity pattern of sea bottom and perhaps some of
rubble rocky laid on top of it, particularly in the distance between sections- no.8 and no.4 that are
cross middle part of the study area. Moreover, imaged some structural features in the area (e.g., faults).
On profiler no 6, faults were imaged at the distances of 750 m, 1200 m and 2300 m of the section-
no.9 (figure 9. On profiler no 3, faults were picked at the distances 600 m and 800 m. These faults are
traced on section-no.6 (Figure-8. In addition, anomalous features represented by no reflection signal
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were noticed. Two of the anomalous features appeared on Figure-7. For a better manipulations, a 3D
depth map was constructed and referenced to the profilers which showed the structures, figure 9. The
anomalous features on the profilers may indicate a salt diapiric.
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Figure 6- The SBP Profilers processed, shown the Abrupt reflectors, slope changes, reflectors discontinuity, and
coherency were the main interpretation guides on the sub-bottom images., another diperic structure
was detected east of the PS in the profilers 4,8.
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Figure 7- An interpreted profiler no. 6. It shows anomalous bodies, multiple-reflection, and a set of multi-bub
bottom layers.
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Figure 8- Section —no.9, Sample of sub bottom image showing the faults, sub bottom reflectors and multiple-
reflection

There are a multi-lines of evidences, the presence of high variation in the depth of sea bottom,
tilting of the sub bottom layers, faults, rock debris, and the existence of anomalous features of no
sedimentary sequences beneath the rocky bottom which prove that study area has gone through uplift
process stressed by deeper forces coincident with deeper structure movement driven by a salt diaper.
This activity formed a graben-like structure of 6 km length and 2-2.5 km width. The structure trends to
NW-SE direction. The structure is tilted about 25". The sub bottom layers on both sides of the salt
diapiric have the same slope because the axis of feature is not vertical and rather tilted to SE, Figure-9.

The salt diapiric is the mass of salt rocks that form the core of a salt dome. This salt rack core have
been interpreted as a single uniform mass of salt rock that had moved upwards by buoyancy. Latter
investigations revealed that salt was forced upward by regional and local compressive forces [20]. The
salt sediments may have been supplied by different sources at several kilometers below surface or
from shallower places driven by the lower specific gravity. They found point(s) where break through
the seafloor may occur. Depressions and sometimes mounds may form according the furnished power.
In some case, these features may be considered as a good hydrocarbon trap. Out postulation is
supported by negative gravity anomalies on the other salt diapiric structures. The lower specific
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gravity of the salt bodies than adjacent rack mass helped [8] to investigate the part of AG between the
Tigris-Euphrates Delta and Qatar Arch. More studies firmed the existence of diapirics and salt domes
in AG and the surrounding areas [21-23]. These structures are existed in southwest Iran, south of Iraq,
AG region and parts of the west coast. The Hormuz salts series are the main source most salt diapiric
structures. The Hormuz evaporates have been risen to the surface piercing through overlying thick
sedimentary rocks in the form of salt dome, plugs and other diapiric structures. It was inferred that the
overburden, the salt buoyancy and basement faulting interestingly  produced the salt-flowage
anticlines and as such rows of anticlines were formed by compressional-folding in Late Pliocene [24].
The late Pre-Cambrian, highly plastic Hormuz salt layer acted as a decoupling layer, disconnecting the
sedimentary cover structures from the crystalline basement structures, which allowed the crystalline
basement to deform by faulting while the sedimentary cover deforms mainly by ductile folding [25].
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Figure 9- 3D bathymetry map with section no. 6 showing the anomalous features, faults and possible a salt
diapiric.

More than 200 salt-plugs have been reported in Zagros-south region of Iran [26] and also in
northeastern offshore area of AG across Strait of Hormuz in addition to one plug in southern Iraq is
representing Sanam plug. More recently, [27] have reported more than 500 exposed and/or buried salt
diapiric structures in Iran along the northern coastal areas of AG. Moreover, [26] reported a number of
salt-diapiric stock-like structures that have been identified during the analyses of the customized
bathymetry map. A randomly scattered pattern of these small diapiric salt-structures has been observed
almost throughout the bottom of AG.

The SBP sections- no.4 and no.8 illustrate the existence of another diapiric structure east of the first
diapiric. It suggests that these diapiric features represent salt plugs which have been evolved from a
salt dome or pillow that supplied by Pre-Cambrian salts through basement faults. Folding the
sedimentary layers cover the salt dome. It is believed that the stage of development of these domes
happened at the end of the Tertiary that coincided with Plio-Pleistocene movement as explained by
[9]. Such movements that led to the construction of the Zagros Mountain belts and the evolution of the
many piercement salt domes in AG and southwest Iran.
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Conclusion:

The sub Bottom profilers were successful to image sub-bottom of the sea at the study sit. They
showed depth fluctuations of the bottom. These depth changes are related to tectonic structures at
the PS. The area is affected by a diapiric structures.

The origin of PS can be related to a salt plug evolved from a salt dome or pillow that is affected
by folding and faulting processes. The tectonic print is manifested by faults and irregularity of the
seabed.

Our results are consistent with many other studies that have been conducted in the Gulf region
and surrounding areas which proved that the diapiric structures and salt domes are belong to the
Infracambrian, possibly an equivalent of the Hormuz Salt Series of the Arabian Gulf region.
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