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ABSTRACT

Surface sediment samples were collected from 35 locations in Sulaibikhat Bay,
Kuwait. Grain sizes, total organic carbon (TOC), carbonate and mineralogical data
were determined. The geographical distribution of these parameters, and their
relationships with each other are described. Grain-size analysis showed a high positive
correlation between clay minerals and organic matter (measured as TOC), but a high
negative correlation between clay minerals and carbonate content (measured as
CaCO3). Grain-size analysis also showed that the southeastern part of the Bay, which
contains muddy sediments with a predominant silt fraction, also has the highest clay
content. The calcium carbonate in the sediments, particularly in the western part of
the Bay, is composed of sand-sized biogenic calcareous fragments of aragonite. There
appears to be a positive relationship between coarse-grained sediments and the
biogenic content of bottom sediments in the Bay. This study shows that there is an
abundance of carbonate, clay minerals, feldspar, pyrite, gypsum and muscovite in
different particular parts of the Bay. An abundance of pyrite close to the Ghazali
outfall with low oxidation-reduction potential (ORP) values (48.0-188 mV) may be
associated with the presence of hydrogen sulphide and pyrite in the sediments suggest
the possibility that reducing conditions prevail because of sulphate reduction
associated with the decomposition of organic matter. The high correlation of pyrite
with TOC supports the view that the presence of pyrite is an indicator of the presence
of sewage waste under anaerobic conditions.
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INTRODUCTION

Urbanization and industrial expansion have put remarkable ecological stress on
the Kuwaiti environment. There are serious concerns, not only for the integrity
and productivity of the coastal ecosystem, but also for the safety of potable
water produced by coastal desalination plants (Khan, et al., 1999; Alshemmari,
2009; Alshemmari, et al., 2010). The Kuwaiti marine environment is exposed to
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a range of polluting discharges, including industrial and municipal wastewaters,
desalination and power plant effluents, and urban runoff (Al-Muzaini, 2002).
Also considered municipal sewage to be an important source of pollution in
Kuwait’s marine environment. The whole Sulaibikhat Bay coastline is
completely urbanized with major recreational and other developments:
Entertainment City, Doha, Sulaibikat Sport Club, Doha West’s desalination
plants, water outfalls, Ghazali sewage discharge, the Hospital Area Complex,
Kuwait University (KU) and the Kuwait Institute for Scientific Research
(KISR). The area in front of the Ghazali outfall is dominated by anoxic
sediments (Al-Sarawi, et al., 2002).

Kim, et al. (2007) found a relationship between low TOC content and large
particle size and (thus) small surface area. They pointed out that clay minerals
such as illite, chlorite and kaolinite were not present in coarse sediments in the
samples they investigated. However, they indicated that clay minerals such as
illite were present in the fine sediments. Feldspar abundance in Kuwait Bay has
been studied by Al-Ghadban & El-Sammak (2005) who, in their semi-
quantitative mineralogical analysis, showed that feldspars make up almost 30%
of the total minerals in suspended sediment in eastern Kuwait Bay.

This study shows the abundance of carbonate, clay minerals, feldspar, pyrite,
gypsum and muscovite in different particular parts of the Bay and understands
their correlations with other environmental factors.

METHODOLOGY

Sulaibikhat Bay is a small embayment situated to the southeastern side of the
Kuwait Bay. It is located at the longitude and latitude of 47° 51°E and 29° 21°'N
respectively, covering about 45 km? The southern part (the Sulaibikhat Bay
area) of Kuwait Bay has undergone considerable development over the years.
There is Shuwaikh port in the eastern area. The whole southern coastal area of
Kuwait Bay is almost completely urbanized, being occupied by Kuwait City,
Sulaibikhat and Doha (Figure 1).
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Fig. 1. Location map of Kuwait showing Sulaibikhat Bay.

The Sulaibikhat Bay area receives different types of effluents in different
locations in the Bay. Thirteen potential discharge points have been distinguished
around Sulaibikhat Bay. Thermal effluents are received from the Doha East and
Doha West Power and Desalination Plants in its western part. The area also
receives raw sewage effluents from the municipal sewage pumping station which
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discharges into the southern part of Sulaibikhat Bay. These developments have
significantly contributed to Kuwait’s coastal area pollution, with Sulaibikhat
Bay being described as one of the most vulnerable coastal areas to be affected
(Al-Bakri, 1996; Al-Ghadban, et al., 2002). The Bay has also undergone
substantial filling and dredging activity for the Free Trade Area project of the
eastern part of Sulaibikhat Bay.

The bathymetry of the Bay in the west and southwest are areas of deposition,
whereas the central part is subjected to scouring actions which maintain a
relatively deep tidal channel. The greatest water depth (5.5 m) was recorded in
the centre of the Bay (Alshemmari, 2009).

Surface sediment samples were collected from 35 stations, covering the
offshore and onshore areas of Sulaibikhat Bay (figure 2).
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Fig. 2. Location of sampling site in Sulaibikhat Bay.

Sediment samples were collected using a Van Veen grab sampler operated
from aboard a small boat. On collection, the upper 5 cm of each sediment
sample was transferred, using an acid-rinsed plastic scoop, to a cleaned
polythene box. The surface sediment samples (70.3g dry) were digested in Teflon
reaction vessels for total trace metals extraction according to the modified
MOOPAM, (1999) (The Regional Organization for the Protection of the
Marine Environment (ROPME)). The grain size, TOC and carbonate content
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were determined and presented by Alshemmari, ez al. (2010). Sub-samples were
dried, crushed and homogenized in preparation for mineralogical, TOC and
carbonate analysis and stored in an air-tight plastic bag, labeled with the station
number. These were kept in a desiccator for any future analysis. Sampling
methodology and analysis were described in detail by Alshemmari, et al. (2010).
In this study, aliquots of bulk dried sediment from the surface sediment sites
were subjected to mineralogical analysis using whole-sediment X-ray diffraction
(XRD). The dried sediment samples were manually crushed, using an agate
pestle and mortar, until a fine powder similar in consistency to flour was
produced. The samples were then presented for analysis as randomly oriented
samples within backfilled aluminium sample holders. X-ray diffraction analysis
was performed using an X’Pert Pro diffractometer (PANalytical B.V.) fitted
with an X’Celerator and a secondary monochromator. Each sample was
scanned from 3 to 70°, 26 at a time for about 54 min. which represents just over
1.24°/min. Radiation was Cu K-alpha, with a wavelength of 1.54059 A. The
diffractometer system was analyzed at the School of Chemical Engineering and
Advanced Materials, Newcastle University-UK. Following analysis, the
dominant clay and non-clay minerals were identified manually by matching the
peaks recorded in diffractograms to specific crystalline phases on the basis of
their characteristic X-ray diffraction patterns. The clay mineral fraction was not
separated for additional characterization because of time constraints (clay
minerals are difficult to identify in bulk samples, so a different sample
preparation technique is required for clay mineral analysis).

A simple semi-quantitative approach was developed in order to study the
relative abundances of the major minerals and the variations of those
abundances (Figure 3). As quartz is present in all samples, and the quartz 3.34 A
peak was a prominent feature of all of the diffractograms, this peak was used as
a reference against which the ratios of the major XRD peaks of all other
minerals were determined (i.e., the ratios of the major peak for an individual
mineral to the 3.34 A quartz peak). The most intensive peak for each mineral
was chosen to quantify individual mineral abundance. The data represent, in
semi-quantitative form, the ratio of the abundance of each mineral to that of
quartz; these data were determined at each sample station. This methodology
can be considered to be semi-quantitative only, especially for clay minerals
whose mineralogy is naturally variable and whose diffractograms are
particularly susceptible to orientation effects. The spatial distributions of the
mineralogical data for the 34 surface sediment samples from Sulaibikhat Bay
were mapped using Surfer Software (version 8.01).
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Fig. 3. X-Ray diffractogram showing distribution of minerals with relative abundance
of quartz in the study area.

XRD is a useful tool for both qualitative and quantitative analysis of the
abundances of minerals in sediments. The intensity of diffraction peaks on a
diffractogram is related to the number of the equivalent diffraction planes
present in the sample, if a number of other factors are held strictly constant
(Hardy & Tucker, 1988). In theory, it is therefore possible to determine the
quantity of a particular mineral species present, by means of the intensity of the
diffraction peak. However, because a number of sediment characteristics cannot
be held constant between replicate analyses (e.g., particle size, chemical
composition, crystal imperfection, crystal orientation and the presence of
amorphous substances), or because these are not clearly known, the analysis is
more accurately characterized as being semi-quantitative, rather than
quantitative (Jackson & Barak, 2005).

A rapid semi-quantitative analysis of the quantities of individual minerals
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present may be made by direct comparison of peak intensities of minerals
identified on a diffractogram. As the peak intensities of the diffractions of
particular minerals in a mixed sample are proportional to their concentrations,
they can be used to make rough estimates of the relative proportions of the
minerals in the mixed sample. Semi-quantitative analysis makes the mineral
identification of individual minerals in sediment samples much more valuable
(Hardy & Tucker, 1988). Unfortunately, the intensity of a mineral diffraction
peaks cannot be directly used as correct measure of abundance because of the
different diffracting abilities of minerals of different crystal systems. However,
semi-quantitative comparisons of mineral abundances can be made between
samples by considering the ratios of various diffraction peaks (Hardy & Tucker,
1988). This approach was used in this study. Mineralogical results for the
surface sediment samples from Sulaibikhat Bay were spatially mapped using
Surfer Software (version 8.01).

RESULTS

Results of the mineralogical analysis are presented in Table 1, in semi-
quantitative form, showing abundance of each mineral relative to that of quartz.
The mineralogical analyses indicate that quartz and calcite are the predominant
minerals. Other minerals include carbonate minerals, feldspars and clay
minerals. Carbonate minerals are represented by calcite, dolomite and
aragonite, with average abundances relative to quartz of 1.02, 0.16 and 0.08,
respectively. Alkali feldspars show an average relative abundance of 0.11 within
a range of 0.05-0.20, and plagioclase feldspars show an average relative
abundance of 0.17 within a range of 0.04-1.18. The maxima were at stations
where very fine sediments of clayey silt were dominant.

Table 1. Mineralogy of surface sediments from Sulaibikhat Bay. Results represent the
ratio of the largest peak for a given mineral to the largest intensity peak of quartz.

Alkali  Plagicoclase
Station Calcite Dolomite Aragonite Chlorite Illite Kaolinite Feldspar Feldspar ~ Pyrite Gypsum Muscovite Quartz

SS01 0.65 0.14 0.05 0.13 0.10 0.19 0.07 0.08 0.17 0.07 0.16 1.00
SS02 1.04 0.16 0.08 0.11 0.11 0.25 0.10 0.06 0.35 0.15 0.16 1.00
SS03 1.28 0.17 0.06 0.15 0.13 0.15 0.17 0.08 0.09 0.14 0.13 1.00

SS04 0.85 0.16 0.04 0.16 0.12 0.21 0.08 0.47 0.07 0.11 0.15 1.00
SS05 0.19 0.18 0.04 0.13 0.11 0.05 0.10 0.05 0.07 0.13 0.09 1.00
SS06 1.27 0.15 0.05 0.14 0.10 0.22 0.15 0.11 0.08 0.15 0.16 1.00

SS07 1.33 0.16 0.05 0.13 0.09 0.08 0.13 0.23 0.04 0.15 0.15 1.00
SS08 1.23 0.11 0.06 0.11 0.10 0.10 0.10 0.14 0.05 0.14 0.10 1.00
SS09 1.03 0.13 0.05 0.13 0.08 0.07 0.09 0.11 0.04 0.12 0.09 1.00
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Cont. Table 1. Mineralogy of surface sediments from Sulaibikhat Bay. Results represent
the ratio of the largest peak for a given mineral to the largest intensity peak of quartz.

Alkali  Plagicoclase
Station Calcite Dolomite Aragonite Chlorite Illite Kaolinite Feldspar Feldspar ~ Pyrite Gypsum Muscovite Quartz

SS10 1.52 0.15 0.09 0.15 0.11 0.17 0.15 0.14 0.06 0.17 0.15 1.00
SS11 1.30 0.21 0.06 0.14 0.09 0.08 0.12 0.13 0.05 0.12 0.14 1.00
SS12 0.74 0.20 0.09 0.07 0.05 0.06 0.14 0.06 0.14 0.07 0.11 1.00
SS13 0.90 0.19 0.07 0.10 0.07 0.07 0.11 0.06 0.08 0.11 0.09 1.00
SS14 1.45 0.13 0.07 0.16 0.12 0.20 0.16 0.17 0.04 0.17 0.14 1.00
SS15 1.19 0.11 0.06 0.14 0.11 0.07 0.13 0.10 0.04 0.13 0.12 1.00
SS16 1.07 0.11 0.06 0.10 0.06 0.07 0.11 0.13 0.06 0.10 0.11 1.00
SS17 1.12 0.17 0.09 0.12 0.08 0.11 0.15 0.25 0.09 0.18 0.10 1.00
SS18 1.14 0.18 0.06 0.14 0.10 0.09 0.07 0.09 0.08 0.13 0.07 1.00
SS19 1.33 0.13 0.07 0.13 0.09 0.28 0.11 0.15 0.09 0.16 0.17 1.00
SS20 0.98 0.16 0.07 0.12 0.06 0.07 0.05 0.08 0.05 0.13 0.07 1.00
SS21 1.54 0.17 0.05 0.14 0.09 0.09 0.14 0.06 0.09 0.20 0.11 1.00
SS22 1.49 0.16 0.06 0.15 0.10 0.07 0.13 0.07 0.10 0.15 0.13 1.00
SS23 0.81 0.09 0.13 0.08 0.05 0.20 0.13 0.04 0.22 0.11 0.06 1.00
SS24 1.45 0.16 0.07 0.14 0.12 0.13 0.20 0.09 0.07 0.19 0.10 1.00
SS25 na na na na na na na na na na na na
SS26 1.08 0.24 0.06 0.09 0.05 0.09 0.09 0.15 0.12 0.06 0.18 1.00
SS27 0.62 0.11 0.09 0.10 0.04 0.10 0.09 0.64 0.08 0.09 0.11 1.00
SS28 0.82 0.71 0.13 0.09 0.04 0.07 0.13 1.18 0.05 0.07 0.14 1.00
SS29 1.22 0.17 0.10 0.12 0.07 0.10 0.09 0.26 0.07 0.07 0.17 1.00
SS30 0.65 0.13 0.05 0.12 0.10 0.18 0.05 0.08 0.18 0.07 0.16 1.00
SS31 0.51 0.05 0.16 0.06 0.06 0.05 0.12 0.24 0.09 0.06 0.06 1.00
SS32 0.66 0.12 0.05 0.13 0.10 0.18 0.06 0.07 0.16 0.07 0.16 1.00
SS33 0.83 0.08 0.32 0.12 0.05 0.11 0.07 0.06 0.13 0.11 0.26 1.00
SS34 0.65 0.06 0.00 0.06 0.04 0.08 0.06 0.05 0.07 0.06 0.08 1.00
SS35 0.70 0.06 0.07 0.09 0.04 0.06 0.08 0.08 0.06 0.08 0.11 1.00
Average  1.02 0.16 0.08 0.12 0.08 0.12 0.11 0.17 0.10 0.12 0.13 1.00
STDEV ~ 0.33 0.11 0.05 0.03 0.03 0.06 0.04 0.22 0.06 0.04 0.04 0.00
Max 1.54 0.71 0.32 0.16 0.13 0.28 0.20 1.18 0.35 0.20 0.26 1.00
Min 0.19 0.05 0.00 0.06 0.04 0.05 0.05 0.04 0.04 0.06 0.06 1.00

(na: not analyzed because average grain size > lmm; very coarse sand)

Three clay minerals were present: chlorite, illite and kaolinite, which showed
average relative abundances of 0.12, 0.08 and 0.12, respectively. Pyrite, gypsum
and muscovite showed average relative abundances of 0.10, 0.12 and 0.13,
respectively. The range for muscovite was 0.06-0.26 and the maximum for
pyrite, 0.35, was from station 2, close to the Ghazali sewage discharge (Figure



Mineralogical characteristics of surface sediment in Sulaibikhat Bay, Kuwait ~— 167

4). The maximum for gypsum was at station 21 on the upper tidal flat. Three
carbonate minerals were identified: calcite, dolomite and aragonite. As seen in
Figure 4, calcite exhibits its greatest abundance relative to quartz in the
southeast and north of Sulaibikhat Bay and its relative abundance falls
modestly towards the centre of the Bay. The lowest calcite to quartz ratios occur
in the western margins and adjacent to the Ghazali outfall. Dolomite abundance
relative to quartz is at its highest in a limited area in the southwest centre of
Sulaibikhat Bay. Relative abundances of dolomite were much lower in the
remainder of the Bay. The distribution of aragonite is shown in Figure 4. The
highest abundance relative to quartz is near the western shoreline, and its
abundance falls quite sharply towards the east. The sediments in the west of
Sulaibikhat Bay are characterized by silty sand. The relative abundance of
chlorite is illustrated in Figure 4. The highest abundance relative to quartz is
seen at the Shuwaikh Port coast, in the southeast of Sulaibikhat Bay and also in
the northwest. Chlorite abundance falls gradually towards the centre of the Bay.
The relative abundance of illite has parallels with that of chlorite (although it
differs from kaolinite), as seen in Figure 4. It has greatest relative abundance at
the Shuwaikh Port coast in the southeast of Sulaibikhat Bay and in the
northwest. The central part of the Bay has lower relative abundances of illite
and the lowest relative abundances are close to the Sulaibikhat Sports Club. The
relative abundances of kaolinite to quartz are shown in Figure 4. The highest
relative abundance of kaolinite is at the coast at Shuwaikh Port (in the southeast
of the Bay) and in the northeast. The abundance falls gradually towards the
centre of the Bay and is lowest in the west. Feldspars comprise a large mineral
group, which is illustrated here in terms of alkali feldspars and plagioclase
feldspars. The abundance of alkali feldspars is illustrated in Figure 4. The
highest abundance relative to quartz is in the north central part of Sulaibikhat
Bay and it falls towards the southwest.
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Fig. 4. Geographical distribution of minerals in the study area.
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As seen in Figure 4, the greatest abundance of plagioclase feldspar relative to
quartz is in a limited area in the southwest centre of Sulaibikhat Bay. Much of
the remainder of the Bay area, including the coastline extending over Doha
village, Entertainment City, Sulaibikhat Sports Club, and Sulaibikhat City has a
low ratio of plagioclase to quartz. As seen in Figure 4, the highest relative
abundances exhibited by pyrite are in a restricted area adjacent to the Ghazali
outfall. The relative abundance of pyrite drops sharply towards the south coast
of Sulaibikhat Bay and also towards the west. Gypsum is a common mineral in
saline sedimentary environments. It is a sulphate that can form by precipitation
from highly saline waters. The distribution of gypsum in Sulaibikhat Bay is
illustrated in Figure 4. The highest abundance of gypsum relative to quartz is in
the southeast, adjacent to the drainage outfall. Most of the rest of the Bay has
much lower gypsum abundance. However gypsum abundance increases in the
north, adjacent to the margin of Kuwait Bay. Muscovite is a common rock-
forming silicate mineral found in igneous, metamorphic and detrital
sedimentary rocks. Its highest abundance relative to quartz is seen at the coast
in the west of the Bay near Entertainment City, as seen in Figure 4. Relative
abundances are moderate over much of the central and southwestern areas of
the Bay. The lowest abundances occur to the north, where Sulaibikhat Bay
merges with Kuwait Bay.

For grain size parameters, clay was inversely correlated with sand, carbonate,
aragonite, gypsum and pyrite. Silt was negatively correlated with sand,
carbonate, and aragonite, and positively correlated with TOC, calcite, dolomite,
chlorite illite, alkali feldspar and gypsum. Sand was inversely correlated with
clay, silt, TOC, calcite, dolomite, chlorite, illite and gypsum, and positively
correlated with carbonate and aragonite. The inter correlations of the grain size
data with other parameters presented (minerals, TOC and carbonate)
demonstrate the importance of grain size in controlling mineralogy. TOC was
positively correlated with silt, clay minerals, pyrite and gypsum, and inversely
correlated with sand and calcium carbonate. Carbonate was negatively
correlated with clay, silt, TOC, clay minerals and gypsum, and positively
correlated with sand and aragonite. Carbonate minerals (calcite, dolomite and
aragonite) showed inter correlations with each other, and also showed high
correlations with grain size (sand, silt and clay). Calcite ratio showed a positive
correlation with silt, chlorite, illite, alkali feldspar and gypsum, and an inverse
correlation with sand. Al-Ghadban & El-Sammak (2005), in their study of the
mineralogy of suspended sediment in Kuwait Bay, believed that calcite was
sourced from agitation of the sea bed or by direct precipitation of inorganic
carbonate. Dolomite showed a positive correlation with chlorite, illite and silt,
and a negative correlation with sand. Aragonite was inversely correlated with
clay, silt and illite, and positively correlated with sand, carbonate and
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muscovite. This suggests that the carbonate of the east and north study area is
of biogenic origin because of abundance and its positive correlation with
aragonite only. Also, it confirms the work of Dames & Moore, (1983), who
described sediments in the east and north of Sulaibikhat Bay as mostly of
biogenic origin in the form of calcareous fragments cemented by aragonite. It is
clear that the distribution of aragonite reflects availability of shell debris and
other biogenic material. A positive relationship seems to exist between the
coarse grain size and the biogenic content of bottom sediments in the Bay
confirming this relationship found in Arabian Gulf by Al-Ghadban, et al.
(1998); Khalaf & Al-Hashash, (1983); Al-Bakri, ef al. (1984) and Al-Dousari &
Al-Awadhi, (2012). They also found dolomite to be abundant in airborne dust
and in recent surficial deposits in Kuwait.

DISCUSSION

In this study, the presence of clay minerals (chlorite, illite and kaolinite)
correlated positively with both silt particle size and TOC Table 2. Thus, finer
particle sizes tend to be associated with higher concentrations of organic matter.
This study also identified negative correlations between clay minerals and both
sand particle size and the presence of carbonate. This is consistent with clay
mineral abundances observed in this study of Sulaibikhat Bay. Keil, et al. (1994)
and Kim, et al. (2007) reported that fine particles showed a significant positive
correlation with organic content and clay mineral content. They attributed this
to the fine grain size of clay minerals (and hence large surface area) and the
formation of a monolayer of organic matter sorbed to the clay mineral surfaces.
This might also be the case in Sulaibikhat Bay. Kaolinite abundance in Kuwait
Bay has been studied by Al-Ghadban & El-Sammak, (2005) who, in their semi-
quantitative mineralogical analysis, show that kaolinite percentages reach up to
5% of the total minerals in Kuwait Bay suspended sediment. Alkali feldspar
showed a positive correlation with silt, calcite, illite and gypsum, whereas
plagioclase feldspar did not show any correlations. Pyrite correlated positively
with TOC and kaolinite, but show no more correlations. The correlation of
pyrite with TOC supports the above discussion reflecting the presence of pyrite
as an indicator of the occurrence of sewage waste under anaerobic condition
(UNESCO/WHO/UNEP, 1996). Gypsum ratios were positively correlated with
silt, TOC, calcite, chlorite, illite and alkali feldspar, but inversely correlated with
sand and carbonate. Muscovite was positively correlated with aragonite,
chlorite and kaolinite, and did not show any other correlations. In this study,
low ORP values (48.0-188 mV) were recorded in the southeast of Sulaibikhat.
These may be associated with the presence of hydrogen sulphide and pyrite in
the sediments and suggest the possibility that reducing conditions prevail
because of sulphate reduction associated with the decomposition of organic
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matter. Scholz & Neumann, (2007) found that TOC contents decreased with
depth in pyrite-rich sediments, indicating that organic matter had been
progressively metabolized by micro organisms. In addition, they found that the
release of CO2 into pore water during metabolism was accompanied by a pH
decrease from 7.7 to 6.8. Their findings are consistent with those of this study of
Sulaibikhat Bay described by Alshemmari, et al. (2010) where, in the core closest
to the Ghazali sewage discharge, the TOC decreases with depth from 8.80% to
4.20% were accompanied by the lowest pH recorded in the Bay. This suggests
that low pH might be useful as an indicator of active decomposition of organic
matter.

The southeastern part of Sulaibikhat Bay contains fine-grained muddy
sediments with the highest TOC values (6.02%) recorded in this study. In
contrast, the sand size fractions are dominant in the northwestern seaward part
of the Bay, where it contains aragonite with the highest calcium carbonate
concentrations recorded in this study. Similar findings were reported by Rubio,
et al. (2000) from the Ria de Vigo coastal embayment in Galicia in northwestern
Spain, where fine sediments are relatively rich in organic matter and are the
most heavily polluted sediments, particularly in the inner part of the Ria de
Vigo embayment. Another similarity with Sulaibikhat Bay reported by Rubio,
et al. (2000) was that carbonate-rich sediments, dominantly sands containing
biogenic deposits of aragonite produced by benthic organisms, were
concentrated in the outer part of the Ria de Vigo embayment, and that their
dominance decreases rapidly landward. The grain size relationships of with
TOC and carbonate content identified in Sulaibikhat Bay are also consistent
with other studies that show significant inter-correlation of sediment grain size
with TOC and CaCO3 (Kelil, et al., 1994; Mayer, 1994; Kim, et a/.,2006).



Table 2. Correlation coefficient matrix (r) for grain size, mineral contents, TOC and carbonate in surface sediment of sulaibikhat Bay (n35,

n =34 for all mineral except grain size, dolomite and plagioclase feldspar, for which n=33).

%Clay %Silt %Sand % TOC  %CaCO; Calcite  Dolomite Aragonite Chlorite Illite Kaolinite Alkali  Plagioclase  Pyrite Gypsum  Muscovite
%Clay 1 0.12 -0.489(**) 0.20 -0.486(**) -0.20 0.20 -0.30(*) 0.25 0.26 0.07 -0.14 0.12 -0.09 -0.06 -0.12
% Silt 1.00 -0.926(**)  0.386(*) -0.516(**) 0.578(**) 0.463(**) -0.603(**) 0.443(**) 0.471(**) 0.06 0.30(*) -0.21 -0.17 0.504(**) -0.03
%Sand 1.00 -0.415(*)  0.639(**)  -0.432(*) -0.483(**) 0.645(**) -0.485(**) -0.514(**) -0.08 -0.21 0.14 0.19 -0.419(*) 0.07
%TOC 1.00 -0.799(**) 0.19 0.14 -0.20 0.411(*)  0.567(**)  0.443(**) 0.11 -0.22 0.396(*)  0.382(*%) 0.16
%CaCOs5 1.00 -0.18 -0.17 0.352(*)  -0.547(**) -0.554(**) -0.390(*) 0.09 0.06 -0.11 -0.340(*) -0.25
Calcite 1.00 0.34(*%) -0.13 0.569(**)  0.426(*%) 0.19 0.570(**) -0.07 -0.25 0.713(**) 0.17
Dolomite 1.00 -0.31(%)  0.371(%) 0.32% -0.03 0.23 -0.04 0.01 0.25 0.13
Aragonite 1.00 -0.21 -0.366(*) -0.06 0.01 0.01 0.17 -0.11 0.379(*)
Chlorite 1.00 0.822(**)  0.355(*) 0.25 0.05 -0.21 0.645(**)  0.32(*)
Tllite 1.00 0.455(**)  0.34(*) -0.10 0.03 0.590(**) 0.13
Kaolinite 1.00 0.06 0.05 0.506(**) 0.25 0.411(%)
Alkali 1.00 -0.04 -0.19 .604(**) -0.11
Feldspar
Plagioclase 1.00 -0.24 -0.09 0.04
Pyrite 1.00 -0.14 0.22
Gypsum 1.00 -0.05

(n35, n= 34 for all mineral except grain size, dolomite and plagioclase feldspar, for which n= 33).

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).
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CONCLUSION

Grain-size analysis data shows a high positive correlation between clay minerals
and organic matter (measured as TOC), but a high negative correlation between
clay minerals and carbonate content (measured as CaCQO3). Grain-size analysis
data also shows that the southeastern part of the Bay, which contains muddy
sediments with a predominant silt fraction, also has the highest clay content. It
appears that calcium carbonate in the sediments, particularly in the western part
of the Bay, is composed of sand-sized biogenic calcareous fragments of
aragonite. There appears to be a positive relationship between coarse-grained
sediments and the biogenic content of bottom sediments in the Bay. The present
study shows that there is an abundance of carbonate, clay minerals, feldspar,
pyrite, gypsum and muscovite in different particular parts of the Bay. An
abundance of pyrite close to the Ghazali outfall reflects the presence of sewage
waste under anaerobic conditions.
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