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Abstract
A unique feature commonly referred to as a ‘shoal’,
called Shiab Al-Kabeer, is located in the Red Sea offshore
from Saudi Arabia. It is made up mainly of live and dead
corals with over 90% calcium carbonate material largely
contributed by the corals. Aeolian quartz from the
adjacent deserts and fluvial material derived from
numerous wadis during flood discharge make up a small
part of the sediment veneer. The shoal is inhabited by
various fauna and flora exclusive to the Red Sea.
Bio-eroders such as grazers, borers and burrowers,
especially some species of fish like parrotfish and
shrimp-gobies, create cavities and holes in the shoal area,
and generate new sediment by excavating the cavities,
forming mounds on the sea bed. Apart from being an
excellent ground for spawning, the shoal is also used for
overnight dwelling by picnickers, as an anchorage for
small boats, as a nesting ground for seabirds, and is an
attractive site for marine tourism (SCUBA diving). The
shoal undergoes a degree of stress either through human
activities or natural processes. However, the clear and
uncontaminated water keeps the sub-environment of the
shoal healthy, although minor irreversible processes
caused by contamination might be of some concern.
Some coral debris, molluscs, and foraminiferal sand are
stained black, because of precipitation of free pyrite in a
reducing environment caused by weak currents and
quiescent conditions, in the presence of plant and organic
debris, mainly algae and sea-grass. The dynamics and
shape of the shoal are controlled primarily by water
currents generated either by wind or by tidal cycles,
breaking waves and physical factors related to human
activities.

1 Introduction

The Red Sea is an elongated body of water about 2000 km
long with a maximum width of 355 km. It contains over a
thousand islands, most of which have been named but
remain unexplored due to inaccessibility. In addition, a large
number of shoals with sizes ranging from a few metres
across to several kilometres in length form part of the unique
Red Sea environment. The Red Sea includes 3.8% of the
world’s coral reefs (Sea Around Us 2007). The major Red
Sea barrier reef is 400 km long and several kilometres wide,
and located between 10 and 40 km off the coast of Saudi
Arabia (Rasul et al. 2015). Most of the bays and lagoons
along the Saudi Arabian side of the Red Sea are shallow and
bordered by shallow fringing reefs. Many steep-sided patch
reefs sit on the seabed platform, which starts at a depth of
30–60 m. Because of the absence of rivers and permanent
streams, most terrigenous material inputs to the Red Sea take
place only during heavy rainfall and flash floods through the
wadis (seasonal streams). In arid coastal regions where
riverine sediments are scarce or absent, aeolian material and
carbonate materials form the major contribution to the
marine sediments.

Islands and shoals associated with coral reefs are formed
by various processes related to volcanic and tectonic activi-
ties. It is known that some islands are formed by hydrody-
namic processes (e.g., barrier islands) and terrigenous
sources (input) in deltaic and estuarine environments (Maul
1996). In tropical zones many islands are formed by coral
reefs—a very common feature in the Red Sea. The Red Sea is
regarded as one of the world’s richest seas in terms of its coral
reef population. The reefs are more common in the north
because of the favourable conditions for their growth as
compared to the south. Dead corals that act as substrate
(carbonate crust) are the building blocks for coral reefs. The
cycle of building and destruction continues, resulting in the
shoals made up of coral reefs. These contribute substantial
amounts of carbonate debris to the Red Sea, especially by the
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breaking down of the reef system either by human activities
or naturally, supplemented by biological productivity. The
bases of the islands are associated mostly with shoal-like
features that on the Saudi Arabian side of the Red Sea occur
with relatively large dimensions (e.g., the Al-Wajh Bank area
and the Al-Khuraybah lagoon). In the central Red Sea, about
24 km offshore from Jeddah, is the Shiab Al-Kabeer, where
the shoal emerges during low tide. These shoals form
excellent grounds for spawning and fishing, and are envi-
ronmentally sensitive ecosystems with high carbonate con-
tent that is supplied to the area in the form of sediment by the
reef system.

Detailed work on the shoals and islands is lacking, par-
ticularly with regard to the processes responsible for the
transportation, distribution and dispersal pattern of sedi-
ments. Such data is not available, or if present, it is poorly
integrated or too broad in scope to fully describe the system.
The objectives of this study are to investigate the contem-
porary sedimentation processes, understand the sediment
distribution pattern and determine the source and sediment
transport mechanism in this carbonate-rich sub environment.

There has been limited research interest in the shoals and
islands of the Red Sea because of the rocky nature and shallow
water surrounding them making access to them very difficult.
This is why most of these features have long remained
unexplored, one of them being the Shiab Al-Kabeer. How-
ever, a few studies on the environmental aspects of the islands
and shoals of the Red Sea (e.g., Ras Al-Qasabah, Al Wajh,
and Yanbu areas in the north, and the Farasan Banks and
Farasan Islands in the south), have been conducted by the
Khaled bin Sultan Living Oceans Foundation (Bruckner et al.
2011, 2012). In 1997 and 1998, a semi-quantitative study
related to the health of the coral reefs and water quality
assessment at 79 sites in the Farasan Islands’ Marine Pro-
tected Area was carried out by DeVantier and Pilcher (2000)
and De Vantier et al. (2000). Detailed descriptions of the
geology, physical environment, climate, hydrology,
oceanography and habitats including the coral reefs of the Red
Sea and wider Arabian Region have been presented by
Fishelson (1971), Mergner (1971), Ormond et al. (1984),
Behairy and Jaubert (1984), Edwards (1987), Crossland
(1987), UNEP/IUCN (1988), Sheppard and Sheppard (1991),
Behairy et al. (1992), Sheppard et al. (1992), Rowlands et al.
(2014), Klaus (2015), Rasul (2015), Bruckner and Dempsey
(2015), and Rowlands and Purkis (2015).

2 Study Area-Geographical Setting
and Morphology

The Shiab Al-Kabeer is one of the many shoals in the Red
Sea, and lies at latitude 21°42′15″N and longitude 38°50′15″
E. It is *24 km west of Sharm Obhur, toward the central

axis of the Red Sea dividing the Red Sea into Saudi Arabian
and African waters (Fig. 1).

It is also known as “Abu Tair”, referring to the marine
birds such as the Brown Booby (Sula leucogaster) and white
eyed gull (Larus leucophthalmus) that colonise the shoal.
The surface area of the shoal is *6.5 km2, with a width of
2.8 km, while the length of the coral patch facing the open
sea toward the west is *4 km, trending NNW–SSE.

The Shiab Al-Kabeer has an average water depth of about
10 m and is surrounded by deep water, especially on the
western side. The variation in the water depths within the
sub environment is not as great as expected because of the
numerous small shoals detached from the main shoal.
However, the shoal facing the open sea to the west shows a
greater and more abrupt fall where the direct actions of
waves and currents create its elongated and solid appear-
ance. The bathymetric map in Fig. 1 was produced in Arc-
GIS in conjunction with spot depth recordings during
sediment sampling. The multi-spectral signature is based on
reflectance from the seabed and geomorphological features
extracted from satellite images.

The geomorphological and seabed features associated
with the shoals show the variations in the sub environment
(Fig. 2a–l). Reef walls facing the open sea or drop-offs are
steep and near vertical, with coral cover ranging from 10 to
70%. All coral forms are present, but mainly massive and
foliose growth forms on exposed points. The coral com-
munity consists mainly of Pocillopora spp., Favia spp., and
Porites spp. The space between coral colonies can be bare or
occupied by macro-algae, coralline algae, and other species
of soft coral. The area has isolated rubble accumulation
along with sand at the foot of the numerous small shoals.
The rubble and sand consolidate into a substrate and are
colonized by stony and soft corals in a calm environment,
whereas live coral cover is generally low due to the con-
tinual movement of sediment by bottom currents. Dead
corals are covered with algae.

3 Materials and Methods

A total of fifty (50) surficial sediment samples were collected
from the uppermost 15–30 cm of the seabed using a Van
Veen grab sampler (Fig. 2). The samples were subjected to
detailed grain-size analysis following the procedures out-
lined by Folk (1980). A Munsell Colour Chart was used to
assign colour to the sediment veneer. During sediment
sampling, turbidity in the water column was also determined
by a standard Secchi disk, lowered from the shadow side of
the boat to limit the effect of direct sunlight. A mul-
ti-parameter Hydrolab MS5 probe was used for collecting
temperature, salinity and pH data from all the stations.
Aanderaa RCM-9 and Valeport-106 current meters were
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Fig. 1 Location map of the
Shiab Al-Kabeer 24 km due west
from the mouth of Sharm Obhur.
GIS based bathymetric map was
produced by applying different
wavelengths of the multispectral
WV-2 bands
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deployed at various depths to obtain current velocities and
direction. SCUBA diving was carried out to understand the
flora and fauna inhabiting the area. A LEICA MZ 16A
stereo-microscope with an attached high-resolution
LEICA DFC 320 camera was used for studying the gen-
eral composition, grain roundness and angularity of the
coarse fractions. A TESCAN-VEGA 8 scanning electron
microscope (SEM) was used to identify and image individ-
ual grains. Individual sand grains were stuck on conductive
carbon tape stubs (standard sample holders). Each sample
was gold-palladium coated using a Quorum coating machine
to make the sample conductive. A Shimadzu 6000 X-ray
diffractometer (XRD) with CuKa radiation, a voltage of
30 kV, and current of 10 mA was used for bulk mineralogy
on finely powdered sediments at a scanning speed of 1°/min
with an angle ranging from 2 to 60°. The relative abundance
of individual minerals was determined by comparing their
peak heights on 16 representative samples. An AC-280
Automated Calcimeter was used to determine calcium car-
bonate by treating the ground sediment samples with
hydrocholoric acid. The total organic carbon (TOC) was
determined from sediment samples by the wet oxidation
method adopted by Le Corre (1983), involving a chromic
acid digestion, which was then back titrated with ferrous
ammonium sulphate using diphenylamine as an indicator.

4 Results and Discussion

4.1 Surficial Sediment Characteristics

The sediment texture ranges between muddy sand and sandy
gravel, dominated by gravelly sand with a few patches of
other fractions (Table 1 and Fig. 3). Isolated and sheltered
areas have coarse textured material along with a smaller
proportion of biogenic carbonate mud. Gravel and sand,
which are the product of coral disintegration by intruders,
are the most common. The sediment veneer is comprised of
1–51% gravel with an average of 14%. Sand dominates the
veneer ranging from 47 to 93% (average = 76%), whereas
mud ranges from 1 to 46% (average = 10%).

Numerous attempts have been made in the past to identify
sedimentary environments from grain-size parameters but

the results have been debatable (e.g., Mason and Folk 1958;
Shepard and Young 1961; Schlee et al. 1964; Solohub and
Klovan 1970; Rasul et al. 2017). The use of bivariate plots
(scattergrams) is based on the fact that the processes of
(sand) transportation and deposition tend to produce sedi-
ments with a characteristic range of grain sizes, so the size
parameters that define the sediment distribution are therefore
often diagnostic of the environment. The inter-relationship
of various statistical data from the study area did not help in
discriminating the environment of deposition because of the
carbonate-rich environment with a wide range of grain sizes.
No distinct environments could be identified but a broad
conclusion could be drawn in relation to the mixed source of
sediments and erratic tidal and wind generated currents.
However, the lack of terrigenous material and the abundant
carbonate material produced by coral erosion and disinte-
gration settle at the foot of the reefal system and therefore
cannot be part of the sediment transport mechanism as
perceived by many sedimentologists.

4.2 Sediment Colour and Staining

The sediment colour is important in understanding the
history and process of sedimentation because it points to
the sediment source(s), dispersal and distribution patterns,
including any geochemical reactions that may have taken
place in situ. Based on the Munsell colour chart the sedi-
ment colour ranged between 5Y 8/1/1 white and 10 YR
8/2/2 very pale brown. In general, the sediment colour has a
lighter hue compared to other areas in the Red Sea (see
Table 1 and Fig. 4). However, in places where the envi-
ronment is less dynamic two coloured sediments are
observed, darker in the bottom layer and lighter on the top
(Fig. 5). The dark coloured sediment is due to the reducing
conditions on the sea bottom instigated by the decay of
organic debris.

Most of the area is covered by coarse grained, light
coloured sediment derived from the corals inhabiting the
shoal. However, in some fine sediments varying shades of
gray are observed that could be related to sluggish condi-
tions, and to anthropogenic input in the form of plant, sea-
grass and algal debris whose decay enhances the process of

b Fig. 2 a A colony of the stony coral Goniastrea sp. growing on top of
dead coral substrate. Soft coral Xenia sp. and Acropora spp. are also
common; b Shallow water (12 m) sand flat. In general, fine sediment is
flushed by current and wave activity, allowing coral colonization,
leading to a sparse coral community composed mainly of Favia spp.,
Fungia spp., Acropora spp., and Xenia spp. (soft coral); c exposed reef,
commonly seen during low tide. Coral heads can be seen protruding
from the water; d fish that prefers to live in burrows is seen peeping out
from its home; e low-relief grooves run sporadically down the vertical

reef face; f reef wall on the southern tip; g water is extremely
transparent because of lack of sediment supply; h garbage dumping by
seafarers; i shoal during high tide. The rock like feature is exposed at all
times; j carbonate crust and reef flats typically exposed during low tide,
characterized by 1 cm thin veneer of sediment and macro-algae,
Pocillopora spp.; k reef flat community at the back reef near the
cemented base buoy used for navigational purposes; and l water clarity
is reduced in shallow waters especially during spring tide and ebbing
currents
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Table 1 Sediment texture data based on various size fractions

Station Water depth (m) SDDD (m) Gravel (%) Sand (%) Mud (%) Sediment texture Munsell colour

1 8.0 8.0 28 69 3 Gravelly sand 2.5Y 8/2/2 pale yellow

2 3.0 3.0 3 58 39 Muddy sand 5Y 8/2/2 pale yellow

3 8.3 8.3 2 85 13 Muddy sand 5Y 8/1/1 white

4 10.0 10.0 8 86 6 Muddy gravelly sand 2.5Y 8/2/2 pale yellow

5 7.9 7.9 3 70 27 Muddy sand 5Y 8/2/2 pale yellow

6 7.0 7.0 1 53 46 Muddy sand 5Y 8/2/2 pale yellow

7 7.4 7.4 30 67 3 Gravelly sand 5Y 8/2/2 pale yellow

8 6.6 6.6 4 74 22 Muddy sand 5Y 8/2/2 pale yellow

9 7.1 7.1 27 70 3 Gravelly sand 5Y 8/2/2 pale yellow

10 5.1 5.1 18 80 2 Gravelly sand 2.5Y 8/2/2 pale yellow

11 1.7 1.7 16 82 2 Gravelly sand 5Y 8/2/2 pale yellow

12 1.5 1.5 17 80 3 Gravelly sand 5Y 8/2/2 pale yellow

13 2.0 2.0 20 79 1 Gravelly sand 5Y 8/2/2 pale yellow

14 2.0 2.0 1 91 8 Muddy sand 5Y 8/2/2 pale yellow

15 7.0 7.0 40 57 3 Gravelly sand 5Y 8/2/2 pale yellow

16 12.5 11.0 1 85 14 Muddy sand 5Y 8/2/2 pale yellow

17 8.0 7.0 1 88 11 Muddy sand 5Y 8/2/2 pale yellow

18 6.6 6.6 10 78 12 Muddy gravelly sand 5Y 8/2/2 pale yellow

19 7.9 7.9 12 78 10 Muddy gravelly sand 5Y 8/2/2 pale yellow

20 8.5 7.0 11 85 4 Gravelly sand 5Y 8/1/1 white

21 5.6 5.6 7 82 11 Gravelly muddy sand 5Y 8/2/2 pale yellow

22 5.0 5.0 9 80 11 Gravelly muddy sand 5Y 8/2/2 pale yellow

23 1.5 1.5 10 78 12 Muddy gravelly sand 5Y 8/2/2 pale yellow

24 1.2 1.2 7 65 28 Muddy gravelly sand 5Y 8/2/2 pale yellow

25 2.8 2.8 28 64 8 Muddy gravelly sand 5Y 8/2/2 pale yellow

26 4.1 4.1 1 80 19 Muddy sand 5Y 8/2/2 pale yellow

27 5.8 5.8 11 84 5 Muddy gravelly sand 5Y 8/2/2 pale yellow

28 8.8 8.8 7 84 9 Gravelly muddy sand 5Y 8/2/2 pale yellow

29 6.2 6.2 1 75 24 Muddy sand 5Y 8/2/2 pale yellow

30 12.0 12.0 1 86 13 Muddy sand 2.5Y 8/2/2 pale yellow

31 14.5 14.5 51 47 2 Sandy gravel 5Y 8/2/2 pale yellow

32 13.0 13.0 7 90 3 Gravelly sand 2.5Y 8/2/2 pale yellow

33 18.7 18.7 6 93 1 Gravelly sand 2.5Y 8/2/2 pale yellow

34 25.0 25.0 2 92 6 Muddy sand 10YR 8/2/2 very pale brown

35 26.0 26.0 32 67 1 Gravelly sand 10YR 8/2/2 very pale brown

36 30.0 30.0 36 62 2 Gravelly sand 10YR 8/2/2 very pale brown

37 32.0 32.0 14 85 1 Gravelly sand 10YR 8/2/2 very pale brown

38 8.5 8.5 4 52 44 Muddy sand 2.5Y 8/2/2 pale yellow

39 14.8 14.8 26 70 4 Gravelly sand 2.5Y 8/2/2 pale yellow

40 17.2 17.2 16 80 4 Gravelly sand 2.5Y 8/2/2 pale yellow

41 16.8 16.8 12 80 8 Muddy gravelly sand 2.5Y 8/2/2 pale yellow

42 11.0 11.0 5 74 21 Gravelly muddy sand 5Y 8/1/1 white

43 11.5 9.0 18 80 2 Gravelly sand 5Y 8/2/2 pale yellow

44 11.0 9.0 36 61 3 Gravelly sand 5Y 8/2/2 pale yellow

(continued)
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Table 1 (continued)

Station Water depth (m) SDDD (m) Gravel (%) Sand (%) Mud (%) Sediment texture Munsell colour

45 11.0 8.5 26 72 2 Gravelly sand 5Y 8/2/2 pale yellow

46 8.3 7.0 17 80 3 Gravelly sand 5Y 8/2/2 pale yellow

47 10.0 9.0 3 66 31 Muddy gravelly sand 5Y 8/2/2 pale yellow

48 8.4 8.4 6 90 4 Gravelly sand 5Y 8/2/2 pale yellow

49 10.7 9.5 9 88 3 Gravelly sand 5Y 8/2/2 pale yellow

50 7.6 7.6 14 83 3 Gravelly sand 5Y 8/2/2 pale yellow

Min 1.2 1.2 1 47 1

Max 32.0 32.0 51 93 46

Avg 9.7 9.5 14 76 10

Fig. 3 Sediment distribution map based on the textural classification scheme proposed by Folk (1980)
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reduction. The resulting loss of oxygen promotes the stain-
ing of the sediments (Rasul et al. 2017). It is worth noting
that in the area where stagnant conditions prevail and sea-
birds are present, the air has a disagreeable odour, mostly
because of the tons of bird droppings. The relatively darker
sediment in the shallow water, especially in the sheltered
area on the southeastern side of the shoal, is where calmer
conditions prevail because of the many small shoals that act
as barriers to currents and water movement. The area of
stained gray sediment could therefore be referred to as an
environment of deposition where the effects of tide- wind-
and wave-generated currents are limited, thus restricting

sediment movement and promoting the staining of the coral
debris, shell fragments and forams.

Relatively older biogenic fragments are stained gray or
are worn on the outer surface and sometimes on the inside as
well. Similar staining is present in the many semi-enclosed
bays and lagoons along the Red Sea as well as in many
coastal and marine environments, especially where stagna-
tion prevails (Rasul 2015; Rasul et al. 2017). Both ancient
and recent calcareous marine sediments stained gray or black
with finely divided pyrite have been reported in pellety
debris of carbonate sediments from the Middle East, Britain
and other areas (Rasul 2015; Sugden 1966). Once the

Fig. 4 Sediment colour (top 30 cm) defined using the Munsell colour chart
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sediment is buried under the pile of either terrigenous or
anthropogenic material in the form of organic debris, a
reducing environment develops because of the consumption
of oxygen and organic matter by bacteria during decay.
Aerobic bacterial activity, utilizing dissolved oxygen, pen-
etrates a surficial sediment layer from a few cm to tens of cm
in thickness (Sugden 1963). Some organic matter is oxidized
and destroyed and some gets buried to depths where free
oxygen decreases and is then subjected to anaerobic bacterial
decay that produces hydrogen sulphide. However, the black
colour on the shell fragments can change to brown when
sediment from the reducing environment is exposed to an
oxidizing environment by burrowing organisms, erosion or
currents (Maiklem 1967). The blackening or staining of
shells may be due to the presence of pyrite in sediment from
the coastal plain that contains iron-rich clays and sands (Jado
and Hötzl 1984; Jado et al. 1989; Abou-Ouf and El-Shater
1993) and not from organic matter. The location of the shoal
in an open environment of the Red Sea does not always
promote a reducing environment because of the constant
movement and mixing of water during tidal cycles and wind
generated currents, but in the micro-environment within the
shoal stagnant conditions prevail resulting in a reducing
environment in places.

4.3 Water Transparency

The dispersion of light in the water column and water
transparency play an important role in understanding the
effect of the local currents on the sediment veneer,
including sediment colour, source, type and composition.

Apart from the water current, water depths also play an
important role in the resuspension of bottom sediment
(Rasul et al. 2017).

The Secchi Disk Disappearance Depth (SDDD) in the
study area ranged between 1.20 and 32 m with an average of
9.45 m (see Table 1 and Fig. 6). The water clarity is
exceptionally good and it seems that the local currents do not
have an impact on the turbidity level because of a lack of
terrigenous input even in shallow waters. SDDD and water
depth are equal, indicating that the current in general fails to
resuspend the bottom sediment. In addition, sediment supply
to the area is negligible and therefore the clarity is good. The
light colour of the carbonate material on the bottom also
enhances the light reflection. Since the sediment veneer is
important in defining the water clarity and turbidity level, the
water clarity is directly related to the character of the seabed.
In general, the SDDD is the same as the spot depths except
at some stations, although the difference between the SDDD
and spot depth does not exceed 1.5 m. The data show the
probable influence of bottom currents on the resuspension of
bottom sediment. However, the very poor sorting values of
the bottom sediment show that the water currents are inef-
fective in disturbing the sediment veneer, resulting in an
increase in water clarity that allows the fauna to colonise the
area. The clarity of the water seems to be excellent because
of the coarser texture of the seabed and the lack of input
from the wadis. Since the seabed is coarser in nature and
very little mud is present, the water is less turbid, allowing
sunlight to penetrate through the water column much more
effectively. However, where the bottom current is strong the
calcareous fine materials are resuspended, resulting in a
decrease in water clarity.

Fig. 5 a The staining shows a reducing environment; top layer is
lighter than the underlying layer. Although the composition of the
sediment is the same, the colour is different because of a reducing

environment, and b a process that takes place in the presence of organic
debris, staining under a thin veneer of recently contributed organic
material in sheltered areas
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Fig. 6 a Station locations and water transparency, and b the relationship between water depth, Secchi disk disappearance depth (SDDD) and
sediment type
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4.4 Water Current Measurement

Water currents are important in understanding the sediment
transport pathways and patterns. Where the water depths
were 7 and 36 m, the current meters were deployed at 5 and
18 m from the water surface respectively. The current
velocities ranged between 3 and 47 cm s−1 with an average
of 21 cm s−1, mostly in the ESE direction and occasionally
in the WSW. The current movement is mostly related to tidal
cycles and to some extent is generated by the westerly wind.
Weak, moderate to strong current velocities have been

observed, at times reaching a maximum of about 1 m s−1

during flood tide on the eastern side of the shoal. In general,
the water current is not strong in the area, and becomes
weaker and gradually fades until the influence of currents
ceases on reaching the numerous small shoals that act as
barriers to sediment movement (Fig. 7).

Breaking waves and tidal currents are responsible for the
erosion of the small-scale underwater features (coral reefs)
and shoals. The coarser material in the area facing the open
sea is attributed to the removal of fine sediment by the sifting
action of the strong tide, wind and wave-generated currents

Fig. 7 The diminishing effect of the current during ebbing. The energy of the current is checked and subsides after encountering the numerous
shoals
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Fig. 8 A 3D representation of Shiab Al-Kabeer depicting the sediment and water movement during tidal cycles and the effect of wave- and
wind-generated currents in the movement of locally produced sediments

Table 2 The degree of roundness of sedimentary grains

Station Sediment texture Sample type Roundness/Angularity

1 Gravelly sand Bimodal, very poorly sorted Sub-angular

2 Muddy sand Unimodal, poorly sorted Angular

3 Muddy sand Unimodal, moderately well sorted Sub-angular

4 Muddy gravelly sand Unimodal, moderately sorted Sub-angular

5 Muddy sand Unimodal, poorly sorted Sub-angular

6 Muddy sand Unimodal, poorly sorted Sub-angular

7 Gravelly sand Bimodal, very poorly sorted Sub-angular

8 Muddy sand Unimodal, moderately sorted Very angular

9 Gravelly sand Bimodal, very poorly sorted Sub-angular

10 Gravelly sand Bimodal, very poorly sorted Angular

11 Gravelly sand Bimodal, very poorly sorted Angular

12 Gravelly sand Bimodal, very poorly sorted Angular

13 Gravelly sand Bimodal, very poorly sorted Angular

14 Muddy sand Unimodal, well sorted Sub-angular

(continued)
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(Fig. 8). The maximum movement of sediment due to wave
action takes place just seaward of where waves break, as
seen at the edge of the windward (west) side, where the
sediment is coarse grained because fine sediments are
removed and transported to deeper waters.

At high tide (as high as 30 cm), small waves may pass
over the edge or top of the shoal, causing minor disturbance to
bottom sediments, whereas waves or disturbance generated

during low tide (ebbing) are effective in resuspension because
of stronger velocities than during flood tide. Therefore, the
movement of sediment is governed primarily by the tidal
cycle and, depending on the strength of the tide, either the
sediments settle down within the shoal area or are transported
offshore during ebbing. Granules may not be transported
because of the weak energy, and remain as lag deposits, while
mud is resuspended and transported to deeper water but may

Table 2 (continued)

Station Sediment texture Sample type Roundness/Angularity

15 Gravelly sand Bimodal, very poorly sorted Sub-angular

16 Muddy sand Unimodal, moderately well sorted Rounded

17 Muddy sand Unimodal, moderately well sorted Rounded

18 Muddy gravelly sand Unimodal, poorly sorted Rounded

19 Muddy gravelly sand Bimodal, poorly sorted Rounded

20 Gravelly sand Unimodal, moderately sorted Rounded

21 Gravelly muddy sand Unimodal, poorly sorted Rounded

22 Gravelly muddy sand Unimodal, poorly sorted Sub-angular

23 Muddy gravelly sand Unimodal, Poorly Sorted Sub-angular

24 Muddy gravelly sand Unimodal, poorly sorted Sub-angular

25 Muddy gravelly sand Bimodal, very poorly sorted Sub-angular

26 Muddy sand Unimodal, moderately sorted Sub-angular

27 Muddy gravelly sand Unimodal, moderately sorted Sub-angular

28 Gravelly muddy sand Unimodal, poorly sorted Sub-angular

29 Muddy sand Unimodal, moderately sorted Sub-angular

30 Muddy sand Unimodal, moderately well sorted Sub-angular

31 Sandy gravel Bimodal, very poorly sorted Sub-angular

32 Gravelly sand Unimodal, moderately sorted Sub-angular

33 Gravelly sand Unimodal, moderately sorted Very angular

34 Muddy sand Unimodal, very well sorted Very angular

35 Gravelly sand Bimodal, very poorly sorted Very angular

36 Gravelly sand Bimodal, very poorly sorted Very angular

37 Gravelly sand Bimodal, moderately sorted Very angular

38 Muddy sand Unimodal, poorly sorted Sub-angular

39 Gravelly sand Bimodal, very poorly sorted Rounded

40 Gravelly sand Bimodal, very poorly sorted Sub-angular

41 Muddy gravelly sand Bimodal, poorly sorted Sub-angular

42 Gravelly muddy sand Unimodal, poorly sorted Sub-angular

43 Gravelly sand Bimodal, very poorly sorted Sub-rounded

44 Gravelly sand Bimodal, very poorly sorted Rounded

45 Gravelly sand Bimodal, very poorly sorted Rounded

46 Gravelly sand Bimodal, very poorly sorted Sub-rounded

47 Muddy gravelly sand Unimodal, poorly sorted Sub-rounded

48 Gravelly sand Unimodal, moderately sorted Sub-angular

49 Gravelly sand Unimodal, moderately sorted Rounded

50 Gravelly sand Bimodal, moderately sorted Sub-angular
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also settle down under low energy within the shoal. However,
trapped granules could be transported to the deeper waters
only when the water currents get stronger.

4.5 Grain Morphology

Grain roundness and angularity are used in sedimentology for
deciphering the severity of the mode of transportation, and the
impact the grains undergo during their transit (Folk 1980).
Roundness also relates to the distance and history of travel.
The roundness of sediments on the shoal ranged between

angular to rounded. Well-rounded grains are absent, indicat-
ing either a low-energy environment or a short history of
transportation (Table 2 and Fig. 9). The data presented are
related mostly to biogenic material to investigate the effect of
physical parameters, rather than source, in order to identify
the cycle and history of transportation. Under normal cir-
cumstances, changes in grain size, angularity, sphericity and
roundness are dependent on the environmental dynamic, the
distance the grain has travelled, and the composition and
strength of the individual grain.

An admixture of angular, sub-angular and sub-rounded
grains is observed. The low degree of roundness of the grain

Fig. 9 The degree of roundness and angularity of grains in the study area
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is because of their being constantly broken up by strong
currents and the boring of the substrate by the marine
organisms that weaken and break the shells and corals,
giving the grains their angularity. The whole shells and shell
fragments are recent and fresh in appearance. The freshness
and polished surface of shell fragments are from the constant
agitation of water. The number of whole shells (intact)
increases because of the restricted water agitation, especially
because of the shoals present in the area. The weak water
current does not have much impact on the breaking-up of
biogenic grains nor is it capable of polishing the grain sur-
face. This is one of the many reasons the biogenic materials
are intact and dull brown in appearance. It is observed that
the roundness and sorting decreases with diminishing current

velocity. Recently broken corals forming the debris are
angular, whereas ones with dull lustre are sub-angular,
indicating that with time the roundness increases because of
the to and fro movement of grains by water currents.

4.6 Sediment Contributors

Sediment is contributed to the shoal by different means
and sources, derived either locally or transported by wind
or by wadis only during flash floods. The sediment can be
biogenic or lithogenic in composition and the mechanism
of sediment production can differ significantly for each
type.

Fig. 10 a Typical shallow reef-flat habitat that has *1 cm thick cover
of algae, and minor coral coverage; b Example of shallow lagoonal
sand and mud; the clean fine sediment occasionally contains rubble and

small broken coral heads; sand may be colonized by small patches of
green–blue algae called Brown slime (Schizothrix sigalcicola), is a sign
of stagnant conditions

Fig. 11 Typical types of bio-erosion grazers; a Parrotfish nibble on hard corals, and b Surgeonfish (Acanthurids) scrape the coral surface with
their sharp teeth
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Biological processes involving the flora and fauna
inhabiting the shoal are the principal contributors to the
carbonate-rich environment where dead corals dominate.
The contribution is from the bio-erosion of the coral reefs
where marine organisms disintegrate the reefal system by
chemical and physical processes. This bio-erosion plays two
key roles; it creates new cavities in the reef, and produces
new sediment by excavating the holes that are created by
various marine fauna, especially parrotfish, shrimp-gobies
and others capable of grinding the corals into small particles.
The bio-eroders have been classified as grazers, borers, and
burrowers by Dudley (2003), who defined the roles of each
in supplying sediments, especially carbonate material.
Grazers are organisms that feed and nibble on live corals,
encrusting coralline algae, and on tufted, filamentous and
endolithic algae growing on dead reef substrate (Fig. 10).

The most dramatic of the grazers are ones that attack the
coral directly. Live corals are consumed by various species
of worms, gastropods, sponges, nudibranchs, crabs, starfish
and fish. Pufferfish (Tetradontids) are known to bite off and
swallow the soft tips of growing coral, whereas surgeonfish
(Acanthurids) scrape the coral surface with their teeth. The
most important contributor is the parrotfish (Scarids) that
feed mainly on soft algae growing on dead coral substrates
and seldom on live corals (Fig. 11). When feeding on the
encrusting layer on dead coral they remove part of the
substrate beneath it, generating new sediment. Some species
have been known to swallow mostly sand and recycle old
reef sediment by ingesting. The pharyngeal mill of parrot-
fish, like the gizzard of surgeonfish, is known to grind
fragments of carbonate material into tiny sizes. It is likely
that some fine carbonate sediment is excreted in its original

Fig. 12 a Cluster of burrows in a shallow lagoonal sand and mud
environment, some areas covered with small patches of algae indicating
a stagnant environment; b fine to coarse sand burrow construction
known as a Symmetrical Mound, resulting from Alpheus bellulus
shrimp boring activity; c fish known as Luther’s shrimp-goby

(Cyptocentrus lutheri) inhabits expanses of fine to coarse sand in
protected lagoons, and lives in burrows with the shrimps. It bores into
the carbonate sediment with the help of Alpheus bellulus shrimp, as
shown in (d)
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form whereas some particles dissolve while passing through
the gut. Parrotfish can therefore be regarded as an important
bio-eroder by generating new sediment as a result of nib-
bling on coral substrates, and by reducing the size of
pre-existing sediments they ingest (Dudley 2003).

Many different plants and animals produce holes ranging
in size from a few microns (µm) to several centimetres by
boring on the seabed (Rasul et al. 2017). However, holes
between 1 and 5 lm in diameter are known to be produced
by bacteria and fungi. Boring activity of endolithic algae is
well known. Green, red, and blue–green algae (cyanophyta
bacteria) are also known to be capable of eroding carbonate
substrates. The blue–green algae possess special boring fil-
aments which produce cavities between 5 and 15 lm in
diameter. The micro-boring activity of algae, bacteria and
fungi is believed to be accomplished through biochemical
dissolution of the carbonate (Dudley 2003). Many examples
have been observed in the marine environment, especially
where the area is not dynamic.

Fish species such as Luther’s shrimp-goby (Cyptocentrus
lutheri) inhabit areas rich in fine to coarse sand in protected
and sheltered environments like lagoons and bays, and live
in burrows with the shrimp Alpheus bellulus. They make
burrows by boring into the carbonate-rich sediment veneer
with the assistance of shrimps. Mounds are created by the
excavated sediments and are abandoned with time for
unknown reasons. Once evacuated, the mounds become
somewhat cemented and covered with algae (Fig. 12). Bio-
turbation seems to be quite active in areas where the bottom

currents are not strong, making the calmer environment the
best place to inhabit and to produce sediment. In order for
the shrimp-gobies to house themselves or avoid being
preyed upon, these two species make burrows in either hard
ground or on loose sediment veneer. The dynamics of bur-
rows are well known and documented. Karplus (1987)
divided the concept of burrows into three; their structure,
physical construction and their dynamics. All three are
dependent on the species and the type of sediment (Cum-
mins 1979; Karplus et al. 1974; Yanagisawa 1984). Some
burrows may be shallow and branching while others could
be short and deep. The morphologies of tunnel-like features,
commonly referred to as burrows, are relatively consistent in
all shrimp, and are used as homes to inhabit and to hide from
predators. The floors are sandy as the shrimp excavates sand
and the tops are rocky or filled in with coral debris to prevent
collapse (Yanagisawa 1984). Farrow (1971) concluded that
the physical characteristic of the sediment is critical in
determining the structure and size of the burrows. When the
substrate is hard and rocky, the holes are irregular, but when
the substrate is muddy and soft, they are regular and
dichotomously branching.

The process of bioturbation is quite common in the
benthic marine environment. Apart from fish and shrimps,
burrowing organisms such as worms and holothurians (sea
cucumbers) take in fresh sediment at one end and excrete the
processed sediment at the other. As the sediment passes
through the gut not only is the organic matter removed but in
some cases the sediment grains are also reduced in size due

Fig. 13 a Broken benthic foraminifera (250 µm medium sand), also
altered by taphonomic processes such as breakage by currents,
micro-borings by endolithic microorganisms and fungi, and dissolution

by low pH; b microgastropod (250 µm medium sand) also altered and
microbored by endolithic microorganisms and fungi, and dissolution by
low pH
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to chemical dissolution or abrasion. Some organisms seg-
regate sediments according to size, moving fine-grained
material toward the surface (Dudley 2003). They are
responsible for recycling the seabed and contribute sedi-
ments in different forms to the shoal in addition to the other
sources.

Pitting observed on the surface of shells and forams could
be related to algal growth (Rasul 1992, 2015; Rasul et al.
2017). The algae bore into the shell surface or wall and with
time the algal filaments die and decay, leaving the trace of the
boring. Algal boring is also observed on dead corals. How-
ever, the green and blue–green algae colonies within the pits
could not be observed because of the hydrogen peroxide
treatment to remove organic matter from the grains, leaving
the boring visible. Shells may break because of strong cur-
rents and when the forams die the outer surface becomes
weaker; therefore, they could be altered by taphonomic
processes such as breakage by currents, microborings by
endolithic micro-organisms, fungi and dissolution (Fig. 13).
It is observed that where sediment input is absent or minimal
boring or pitting takes place especially in calmer environ-
ments (Fig. 14).

4.7 Sediment Composition

The shoal is veneered mostly with gastropods, forams
(Fig. 15) and coral-reef debris (Fig. 16a) of biogenic origin
(carbonate), followed by limited amounts of detrital material
(Fig. 16b and c). Since no major wadis (seasonal streams)
drain into the Red Sea, terrigenous input from the adjoining
land by wadis is negligible and carbonate material dominates
the sediment veneer. The distribution of detrital material is
limited and controlled mostly by the hydrodynamics and by
the atmospheric dust brought in by the shamal (wind). The

relative abundance is also governed by the particle size, and
the environment of deposition, but the adjoining deserts
contribute stained quartz to the area (Fig. 16d).

The destruction of reefs and shoals contributes most, if not
all of the carbonate material to the study area. The supply and
breakdown of reefs are either by wave and current actions,
human activities and natural causes (weakening and breaking
of the corals due to natural deterioration), and by boring
marine organisms, including coralline algae, sponges and
bryzoans that are related to high productivity in the Red Sea.
The forams, gastropods and other shelly materials are the
product of the typical marine environment of the Red Sea.
A microscopic examination showed that most of the detrital
materials consists of quartz, feldspars, and occasionally mica
(biotite). The feldspars are fresh in appearance, while angular
to sub-angular quartz grains, mostly of aeolian origin, are
appreciably frosted. Relatively limited terrigenous material is
supplied to the shoal, probably by Wadi Al-Kura or by wadis
located north of Sharm Obhur. Since the veneer is made up of
quartz, feldspars and mica, it is suggested that the probable
source of these minerals, although in limited amounts, is from
Wadi-Al Kura during the times when it was directly con-
nected to the sharm, that is, before the construction of a
bridge and barriers erected to control debris and garbage
transport to the sharm. However, it is also possible that mica
has drifted from the north (Rasul 2015; Rasul et al. 2009).

4.8 Bulk Mineralogy

A total of sixteen representative samples were analysed and
the following minerals were determined in order of abun-
dance: aragonite, High-Mg calcite, quartz, feldspars, pyrite,
dolomite and traces of halite and gypsum (Table 3 and
Fig. 17). A few peaks were not taken into account because

Fig. 14 a Pitted carbonate grain (250 µm medium sand), an indication of stagnant conditions, and b micro-borings by endolithic micro-organisms
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Fig. 15 The assemblages indicate back-reef lagoonal conditions or inter-tidal to sub-tidal environments at <5 m water depth. They flourish in
areas where seagrass and algae dominate
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of the faint signal. Environmental conditions and the pro-
portions of lithogenic and biological materials control the
relative abundance of these minerals. Traces of halite
(crystals developing from high evaporation rates) and gyp-
sum were observed but the faint peak on the XRD diffrac-
togram failed to show a distinct distribution pattern.
Aragonite is produced originally from coral fragments, for
example, Helmida sp., including inorganic carbonate pre-
cipitates, whereas High-Mg calcite and aragonite are pro-
duced from reefal sediments, coralline algae and mollusks
(El-Sayed 1984). The abundance of aragonite and High
Mg-calcite is probably derived from the coral fragments as
observed by Friedman (1968) and Behairy and El-Sayed
(1984). However, it is also suggested that the water flooding
the sabkhas (supra-tidal deposits) is rapidly evaporated to an

extent that allows the precipitation of High Mg-calcite,
dolomite and gypsum (Behairy et al. 1991), although dolo-
mite was not present or identified. According to Levy
(1977), dolomite is present in some sabkhas, including traces
in the sabkha sediments of Wadi Al-Kura, where it forms
diagenetically through the interaction between previously
precipitated calcium carbonate and concentrated marine
brines rich in magnesium. The dominance of aragonite and
High-Mg calcite and limited pure calcite, and dolomite (not
found on the shoal) is diagnostic of the Red Sea coastal
sediments located in the subtropical region (Rasul et al.
2010; Bahafzalah and El-Askary 1981; Rao and Behairy
1986; Al-Washmi and Rasul 2003). The presence of some
crystals of halite is the result of high evaporation and the
hypersaline water.

Fig. 16 a Typical shoal sample. Dark grains rich in carbon are
associated with biogenic material. The brittle nature of the carbon
material makes the grain break easily into small grains but it does not
have a pre-determined source or association. b Mixture of quartz and
feldspars. Some quartz is aeolian (wind blown), some may be

wadi-derived. c Biotite in a shallow quiescent environment.
d Iron-stained quartz grain, a confirmation of aeolian input. Although
wind-blown materials are commonly well-rounded, this quartz grain is
sub-angular, indicating a short history of transportation
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4.9 Calcium Carbonate (CaCO3)

The calcium carbonate content ranges from 66% at station
33 to 99% at station 19, with an average of 83% (Table 4
and Fig. 18). The higher content is because carbonate is
contributed mostly by the shoal and from biogenic materials

such as gastropods and foraminiferal sand. Basins in
reef-bound coasts without any significant runoff and high
aridity are the most probable source of carbonate material in
the Red Sea. Therefore, the particle size and their charac-
teristics are controlled primarily by the in situ production of
carbonate material. In the Red Sea, the corals and presence

Table 3 Bulk minerals
identified by X-ray diffratogram
(XRD)

Station
no.

Abundant Moderate Traces

4 Aragonite, High Mg–Calcite Plagioclene, quartz

6 Aragonite, High Mg–Calcite Clay minerals, mica, quartz,
plagioclene

8 Aragonite, High Mg–Calcite

14 Aragonite, High Mg–Calcite,
quartz

16 High Mg–Calcite, aragonite Plagioclene, quartz

19 Aragonite, High Mg–Calcite Plagioclene, feldspar

22 Aragonite, High Mg–Calcite Plagioclene

26 Aragonite, High Mg–Calcite Plagioclene, quartz

28 Aragonite, High Mg–Calcite Quartz

29 High Mg–Calcite, aragonite Low Mg–Calcite, quartz,
gypsum

30 Aragonite, High Mg–Calcite

34 High Mg–Calcite, aragonite Clay minerals, mica?

36 Aragonite, High Mg–Calcite Low Mg–Calcite

38 High Mg–Calcite, aragonite High Mg–Calcite,
quartz, mica?

Gypsum, clay minerals

41 High Mg–Calcite, aragonite

47 Aragonite, High Mg–Calcite

Fig. 17 X-ray diffractogram of
Red Sea sediment showing
various minerals identified by
measuring the XRD peaks
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Table 4 Calcium carbonate data obtained from an automated calcimeter

Station Water depth (m) Textural class (Folk 1980) CaCO3 (%)

1 8.00 Gravelly sand 91

2 3.00 Muddy sand 92

3 8.30 Muddy sand 88

4 10.00 Muddy gravelly sand 99

5 7.90 Muddy sand 88

6 7.00 Muddy sand 96

7 7.40 Gravelly sand 93

8 6.60 Muddy sand 96

9 7.10 Gravelly sand 91

10 5.10 Gravelly sand 90

11 1.70 Gravelly sand 74

12 1.50 Gravelly sand 75

13 2.00 Gravelly sand 92

14 2.00 Muddy sand 98

15 7.00 Gravelly sand 92

16 12.50 Muddy sand 95

17 8.00 Muddy sand 85

18 6.60 Muddy gravelly sand 87

19 7.90 Muddy gravelly sand 99

20 8.50 Gravelly sand 71

21 5.60 Gravelly muddy sand 88

22 5.00 Gravelly muddy sand 87

23 1.50 Muddy gravelly sand 70

24 1.20 Muddy gravelly sand 71

25 2.80 Muddy gravelly sand 72

26 4.10 Muddy sand 90

27 5.80 Muddy gravelly sand 92

28 8.80 Gravelly muddy sand 95

29 6.20 Muddy sand 91

30 12.00 Muddy sand 95

31 14.50 Sandy gravel 70

32 13.00 Gravelly sand 73

33 18.70 Gravelly sand 66

34 25.00 Muddy sand 68

35 26.00 Gravelly sand 72

36 30.00 Gravelly sand 75

37 32.00 Gravelly sand 75

38 8.50 Muddy sand 90

39 14.80 Gravelly sand 71

40 17.20 Gravelly sand 68

41 16.80 Muddy gravelly sand 67

42 11.00 Gravelly muddy sand 81

43 11.50 Gravelly sand 73

44 11.00 Gravelly sand 70

(continued)
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Table 4 (continued)

Station Water depth (m) Textural class (Folk 1980) CaCO3 (%)

45 11.00 Gravelly sand 86

46 8.30 Gravelly sand 86

47 10.00 Muddy gravelly sand 80

48 8.40 Gravelly sand 87

49 10.70 Gravelly sand 77

50 7.60 Gravelly sand 88

Min 1.2 66.0

Max 32.0 99.0

Avg 9.7 83.3

Fig. 18 Distribution of calcium carbonate content in the surficial sediment from the study area
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of fringing and barrier reefs play a significant role in the high
production of reefal sediments. At present, the restricted
flow of Wadi Al-Kura into Sharm Obhur (a creek) and
numerous wadis to the north of the sharm mean that the
neighbouring areas are not influenced by flash floods, and
are rich in carbonate content. As expected the carbonate
material over-shadows the limited terrigenous input from the
past. The carbonate is supplied to the area by the erosion of
reefs by wave and current action, break-up of reefs by
fishermen and nibbling of the corals by fish. The percentage
of calcium carbonate content contributed by each is unde-
termined but the source of the carbonate is undoubtedly the
shoal itself. However, the biogenic components are further
fragmented by human activity and pounded by wave action,
especially that part of the shoal facing the open sea, causing
the reef to break and thus initiating the production of fine
calcareous material.

4.10 Total Organic Carbon (TOC)

Of the 50 samples recovered, only six were selected for TOC
analysis based on the sediment colour and grain size. Five
showed minimal TOC values between 0.01 and 0.16%,
while only one sample showed a very high percentage of
TOC (3.12%; Table 5). This anomaly of 3.1% could be the
product of bird droppings or from green algae or seagrass
found in the area. This area is also very calm, the sediments
are not greatly disturbed, and hence organic matter settles
down and is incorporated into the veneer. In an environment
where there is hardly any influence from fluvial input or
organic sources, the TOC concentration is restricted or even
absent. In general, the TOC is very low relative to various
sub-environments in the Red Sea, because of the richness in
carbonate material. It is important to note that the entire area
contains light-coloured sediment. The perception that TOC
is higher in fine sediments and lower in coarser and
carbonate-rich material is not always valid, as shown in the
preceding sections.

The distribution of TOC in general does not show any
trend because of the remoteness of the area from the coast
and lack of organic sources of supply. It is not possible to
obtain a trend based on only 6 samples. However, the values

of TOC are not compatible with values reported by other
workers in the Red Sea (El-Sayed and Hosny 1980; Behairy
et al. 1983; Al-Washmi and Rasul 2003), nor are they pre-
sent in fine sediments and related to sediment texture. The
abundance in coarse-grained carbonate material is somewhat
unusual but not abnormal. The higher values of TOC are
related to weak currents, and to a sufficient supply of organic
material from seagrass and algae, and including the drop-
pings contributed by seabirds. The tendency of shells and
forams to adsorb and absorb the organic material effectively
has been observed in the shoal area. The degree of absorp-
tion is higher in species of forams and gastropods that have
porous surfaces that result in the penetration of the
nutrient-rich material, giving rise to algal growth (green–red
algae) thus enhancing the process of reduction and con-
tributing to TOC increase over time under stagnant
conditions.

5 Discernible Sediment Sources

Different compositions and sources of sediments have been
identified in Shiab Al-Kabeer. The carbonate sediments of
biological origin that dominate the shoal are locally pro-
duced by the flora and fauna inhabiting the shoal, including
marine organisms such as algae growing on the reef itself.
The sediment produced is deposited at the foot of the reef or
transported short distances within the sub-environment by
locally generated currents, especially during tidal cycles.
However, water turbulence generated mostly by
wind-generated currents and during spring tidal cycles plays
an important role in resuspending the bottom sediments and
transporting them to deeper waters.

Aeolian material in the form of stained quartz is trans-
ported from the desert by strong winds and deposited on the
shoal during dust storms that pass over the Red Sea
(Fig. 19e). Although other terrigenous components are
scarce, drifted mica, fluvial quartz and feldspars are also
contributed to the area either by the once-active Wadi
Al-Kura located at the head of the sharm, or numerous wadis
located to the north of Sharm Obhur. The numerous small
wadis are not very active and therefore the input to the sea
may be negligible and would be noticeable in the short term

Table 5 Distribution of TOC in
selected areas of the shoal

Station Sediment texture TOC (%) Mud (%)

8 Muddy sand 3.12 39

28 Gravelly muddy sand 0.14 9

38 Muddy sand 0.12 44

40 Gravelly sand 0.03 4

42 Gravelly muddy sand 0.16 21

45 Gravelly sand 0.01 2
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only. The groundwater that is discharged into the Red Sea,
and the sediment plume that is generated during rainfall by
the seasonal streams are possible contributors of sediments
to the shoal (Fig. 19). However, because of the lack of ter-
rigenous input it is very difficult to determine a single source
for the veneer composition in the Red Sea and Shiab
al-Kabeer.

6 Conclusion

The surface veneer rich in biogenic material in the form
of shells, forams and abundant coral debris is relatively
coarser, dark in colour and poorly sorted with little fine

sediment, which if present is in minor amounts and is
calcareous in nature. This is related to weak currents
where the environment is relatively stagnant, but coarse
debris is contributed mostly by human activities and fine
sediment by bio-erosion. Many fish species inhabiting the
coral reefs and algae covering the dead corals in quiescent
areas are exclusively responsible for the break-up of the
carbonate crust or carbonate-rich rubble that constitute part
of the sediment veneer of biogenic origin in the shoal
area. Quartz, mica and feldspars make up the terrigenous
input.

The area has mostly weak to moderate currents because
the shoals have a significant role in controlling the move-
ment of water and sediment. Staining, boring and pitting of

Fig. 19 Probable modes of sediment input to the shoal. a Floaters (in
yellow) deployed to restrict the effect of sediment plumes on the sharm,
although the plume is eventually dispersed to the open sea by the
surface current; b Dredging to increase the water depth for deep-keel
boats to manoeuvre easily. The dredged material is dumped into the
deeper water regardless of the environmental hazard or impact;
c sediment plume from Sharm Obhur moving in a westerly direction.
This event is after rainfall; d inadequately treated sewage and ground

water being discharged into the sea at the Corniche area. The murky
water indicates the huge area under the threat of contamination; and
e dust storm over the Red Sea area between Sharm Obhur and Shiab
Al-Kabeer. The storm might influence the sediment distribution over
the shoal and adjoining areas. Although dust storms are frequent over
the Red Sea, the chance of finding aeolian quartz is low because of the
constant carbonate input from the shoal
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sediments are found in less dynamic areas. The sediment
colour ranges from light yellow white to very pale brown,
where darker sediments are related to the reducing envi-
ronment and limited supply of terrigenous material. In
general, the sediment on the shoal is contemporary and its
distribution is controlled primarily by biological processes,
physical erosion and how dynamic the area is in terms of
wind-wave-generated currents, including the tidal current
responsible for sediment transport.

Additional environmental and geological studies are
warranted since investments related to tourism in many
islands and shoals in the Saudi Arabian Red Sea are now
being promoted.
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