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Abstract: This study focuses on the influence of the transport mode on the shape of sandy sediments along the Ivorian intertidal zone
(Assinie: 05°07'45.3"; 003°17'06.3" to the lvorian-Liberian border: 04°21'47.8"; 007°31'36.7"). 159 sediment samples were collected
and the 630 um, 250 um, and 160 um fractions were taken into account. The granulometric analysis identified two facies’ sequences, all
with a decreasing grading in the direction of the littoral drift (West-East). The first sequence starts from the Ivorian-Liberian border at
Monogaga village (San-Pedro region); and the second from Sassandra town to Assinie town (lvorian-Ghanaian border). The Ivorian-
Liberian border sites contain coarse sediments and the stations in the Monogaga area (San-Pedro region) record medium-sized
sediments. However, in Sassandra, the sites show very coarse sediments and those in Assinie show fine sediments. The cumulative semi-
logarithmic curves describe sigmoid facies. The main mode of transport of quartz in this study area is by saltation, with a mainly
monogenic source. Sediment saltation in the direction of the littoral drift leads to a pronounced polishing of the coarse fractions

compared to the fine fractions.

Keywords: intertidal zone, morphoscopy, granulometry, littoral drift, mode of transport

1. Introduction

The foreshore or intertidal zone is the land covered by the
tidal movement. It represents the buffer zone between the
sea and the mainland. This area is highly dynamic in
sedimentation, due to oceanic sediment reworking,
continental inputs, and bio-deposition generated by oysters
and mussels. The intertidal zones cover about 18% of the
world's ocean surface and contribute significantly to
biogeochemical cycles [40]. They are estimated to have a
greater diversity than the open ocean or the global terrestrial
ecosystem [3], due to their physical, biological, ecological,
and hydrodynamic characteristics. Ecological and economic
interest in the study of intertidal areas is due to coastal
development, increased industrial, agricultural, tourist, and
other anthropogenic activities. Considerable changes
associated with sea-level variation and hydrodynamic
forcing [14] apply pressure to intertidal areas, the most
concerning of these being coastal erosion. The scope of
understanding of this phenomenon is quite broad and
includes in situ sediments. Numerous research has been
done on the genesis of intertidal sediments worldwide [17];
[26]; [11]; [27]; [101; [24]; [28]; [16]; [2], [41], [36]. These
studies aimed to understand the parameters influencing sand
grain transport and deposition processes. The intertidal zone
of Céte d'lvoire has also attracted the interest of national and
international scientists over several decades.

2. Materials and Methods

2.1 Geographic and geological setting of the sampling
area

The intertidal zone in Cote d'lvoire is bordered by the
Atlantic Ocean along the Gulf of Guinea. It covers the area
from Cap of Palms in the west (Céte d'lvoire-Liberia border)

to Cap of Three Points in the east (Céte d'lvoire-Ghana
border). According to the nature of the rocks in contact with
the sea, it has been divided into three morpho-structural
zones and grouped into two main parts [32]; [1]. The first
part of the intertidal zone consists of two morpho-structural
zones: from the Liberian border to Sassandra and from
Sassandra to Fresco. This section has a series of rocks that
directly connect to the sea and form a rocky coastline. The
second part includes the third morpho-structural zone from
Fresco to the Ghana border. The lack of consolidated rock
structures in this section extends the sandy beaches over
several kilometers [32]. The rocks that outcrop over almost
the entire Ivorian intertidal complex are those of the
continental terminal 'Mio-Pliocene or perhaps the Plio-
Quaternary' [15]. The Climate regime of the intertidal zone
is equatorial, specifically of the Attieen type. between 100
and 500 mm Annual rainfall is recorded [30]. Small cliffs
and creeks make up the western intertidal zone, while the
eastern zone has long sandy beaches. Cote d'lvoire's
intertidal zone is the outlet of almost all the country's rivers.
Many rivers, lakes, and lagoons constitute the hydrographic
network

2.2 Sampling

From February 2020 to November 2021, Sampling was
conducted, covering 10 towns along the lvorian intertidal
zone (from Assinie to Tabou) (Figure. 1). The sampling
points are from the Cavally River mouth (04-21'47.8'; 007-
31.36.7") to the Aby Lagoon mouth (05-07'45.3"; 003-
17'06.3"). The sampling point was chosen based on the
physical, ecological, and hydrodynamic characteristics. The
study area is subject to many activities, including fishing,
transport, industry, wildlife, tourism, and agriculture. The
area hosts about 30% (7.5 million inhabitants) of the Ivorian
population and more than 50% of the country's economic
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activities (Ports, Airports, Industries, etc.) [9]. A total of 159
sediment samples were collected directly by hand and
packed in plastic bags for storage and processing. The
samples were taken from a depth of 0-5 cm at mid-tide. The
samples were subjected to a conventional treatment
(washing, drying, and hydrochloric acid etching) before 100
g were dried in an oven and placed on a column of 16 sieves
of AFNOR series. The different fractions were studied in
terms of their particle size. The mean, standard deviation,
skewness, and acuteness were calculated according to the
principle of [5]. The mode of sediment transport was studied
according to the principle of [38]; the granulometric facies
according to [31]; the source of sediment according to [27]
and the morphoscopy of the sediment according to [25]. The

sand grains morphoscopy was performed at the Marine
Geology and Sedimentology Laboratoryof the University
Félix Houphouét Boigny of Cocody (lvory Coast). One
hundred (100) sand grains, with fractions of 630 um, 250
pm, and 160 um, were observed and classified according to
the shape and aspect of the surface, using a binocular
magnifying glass of the Leica binocular loupe connected to a
computer containing the LAS EZ software. Easysieve and
ArcGIS software were used respectively to determine the
sediment quantile values and to map the spatial distribution
of the sand grain morphoscopy.

3. Results
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Figure 1: Study area (1: Assinie, 2: Grand-Bassam, 3: Abidjan, 4: Jacqueville, 5: Grand-Lahou, 6: Fresco, 7: Sassandra, 8:
San-Pedro, 9: Grand-Béréby et 10: Tabou).

3.1 Granulometric analysis

The granulometry showed a mean value of the grain size
(Mz in um) varying from 191, in the Assinie area to 2217, in
the Abidjan area. This reveals a quartz grain size that varies
from fine particles to very large particles (gravel). Two
different facies sequences, with granulometric sorting, were
observed in the study area. The first sequence is from the
Cote d'lvoire-Liberia border (Tabou) and ends in the village
of Monogaga in the San-Pedro region. In this area, the grain
ranges from 277 to 879um. This sequence reveals facies
made up of decreasing granoclassification ranging from
coarse to medium sands. The presence of coarse sands found
in the Tabou community could probably be due to the
alteration of the rock in situ. The second sequence starts
from Sassandra to Assinie. The values observed in this area
range from 191 to 2217um. The facies of this sequence are
graded in decreasing order from very coarse to fine sands.

In general, the grain size along the lvorian intertidal zone is
largely dominated by coarse and medium sands and a thin
portion of fine sands in the extreme east. This reveals the
presence of a marine winnowing of sand grains oriented in
the direction of the Ivorian longshore drift current (Figure.
2).

Analysis of the collected sediments indicates a distribution
of 6.3% highly graded sand grains (0.06 < ¢ < 0.34 ¢),
36.5% well-graded sand grains (0.35 < ¢ < 0.49 ¢), 54.1%
moderately graded grains (0.5 ¢ < o < 0.79 ¢) and 3.1%
poorly graded grains (0.8 ¢ < o < 0.97 ¢) (Figure.3). The
percentages recorded in the grain distribution show
uniformity of grain size. Since more than 97% of the grains
are included in the very good to moderate classes. All these
sediments describe a sigmoidal (S) type gait, with a steep
slope, more or less homogeneous (Figure.4). This reflects
depositional facies by gradually decreasing the energy of the
marine current [7]. Decreasing current energy shows that the
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sediments are progressively deposited in the direction of the
longshore drift.

These deposits occurred freely in environments with little
(very well and well-graded grains of sand), moderate
(moderately graded grains), and strong (poorly graded
grains) movement. An analysis of the grains shows that
more than 73% of the grains in the very well to the well-
graded range were in the eastern part of the coastline. This
indicates an environment of less turbulent deposition in the
east. The sieve diameter histogram versus the proportion of
rejects shows an overall unimodal pattern. These sand
grains, therefore, come from a monogenic source. However,
bimodal curves were observed in some areas such as Grand-

Bassam, Sassandra, and San-Pedro. The sand grains from
these localities would indicate two sources. (Figure. 5).

Three types of the population are revealed by the
logarithmic curve described by the [38] test. The most
abundant population is transported by saltation with an
average of 93.79% of sand grains. The population whose
mode of transport is scavenging has an average proportion
of 5.35% and the remaining population with an average of
0.86% moves by the suspension. This analysis shows that
saltation is the preferred mode of transport for the sand
populations studied (Figure. 6). This transport route is
further confirmed by the sigmoidal pattern observed in the
analysis of cumulative semi-logarithmic curves [31].
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Figure 2 : Spatial distribution of sand size (Very coarse: Mz = 1000um, Coarse: 500um < Mz < 1000um, Medium:
250 ym < Mz < 500 pum, Fine: 250um < Mz).
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Figure 3: Spatial distribution of sand deposit facies

3.2 Morphoscopic analysis of different fractions of
guartz grains

3.2.1 Coarse fraction (630 um)

The coarse fraction (630 um) of the quartz, observed under
the binocular magnifying glass, shows sub-rounded grains
dominating at about 49%, sub-angular at about 32%,
rounded at about 14%, and angular at about 5%. The sub-
rounded forms are more abundant in the eastern part of the
Ivorian intertidal zone, in contrast to the sub-angular forms
which are abundant in the western part. Quartz polishing
occurred in the direction of the longshore drift. However,

weak polishing was observed at the Fresco, Grand-Lahou,
and Jacqueville sites (Figure. 7). The presence of sub-
angular grains in these sites could indicate a continental
input, given the proximity of the mouths of certain rivers
and lagoons to the sampling points. This fraction's sands
have a predominantly blunt and shiny appearance (83% on
average) along the intertidal zone. Unworn grains and less
abundant mast grains average 14% and 3%, respectively.
The significant presence of a blunt and shiny appearance
reflects the long-distance mobility of sand grains in an
aqueous medium.
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Figure 5: purveyor source of sand
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3.2.2. Medium fraction (250 pum)

Most of the medium fraction (250 pm) of quartz is made up
of sub-rounded grains, with a proportion of 45%. The
percentage of this form is reduced by 4 % compared to the
above-mentioned coarse fraction. These forms are more
abundant in the eastern part than those found in the coarse
fraction. There was also a visible decrease in rounded grains,
from 14% to 9%. Unlike the rounded and sub-rounded
grains, there was a slight increase in the percentage of sub-
angular and angular grains from 32% to 36% and from 5%
to 10%, respectively. This may be due to the types of

3°00"W

4°0'5"w
Figure 7: Space morphoscopy of the coarse fraction (630 um) of the lvoirian coast

5°0'0"W

transport (saltation). The grains in this case have certainly
remained more in the water column.

The result of quartz polishing in the medium fraction is
identical to that in the coarse fraction (Figure. 8).
Examination of the average fraction shows a predominance
of blunt and shiny grains (84% on average) along the
intertidal zone; except for the Tabou area which has an
abundance of unworn grains. Unworn grains have an
average of 11% and masts 5%.
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Figure 8: Space morphoscopy of the average fraction (250 um) of the Ivoirian coast

3.2.3. Fine fraction (160 pum)

The grains of the fine fraction (160 pm) revealed a
remarkable abundance (47%) of sub-angular quartz over
almost the entire intertidal zone, except for some grains in
the Sassandra and Jacqueville zone which showed more
abundant sub-rounded forms (Figure. 9). This fraction also
consists of sub-rounded grains at 26%, angular grains at
23%, and rounded grains at 4%. Sub-angular quartz
predominance in this fraction compared to the previous
fractions could be due to suspension transport, considering
the size of the grains and the energy of the transport agent.
Fine fraction grains are 73% blunt-edged quartz, 24%
unworn quartz, and 3% mast quartz. This shows that the
polishing becomes less pronounced with decreasing grain
size (Figure. 10). Except for Abidjan and San Pedro, where
unworn grains predominate, blunt and shiny grains were
found in the majority of the sample sites. This pattern of
unworn grain distribution in the Abidjan area may be the
result of the high wave energy associated with the deep
underwater morphology. The blunt and shiny appearance

found in the town of San Pedro is probably the consequence
of the weathering of the rock formations present in the area.
From the analysis of the 3 fractions studied, the fine one
contains more unworn quartz grains than the larger fractions.
This suggests that the smaller the fraction examined, the less
blunt the quartz grains.

4. Discussion

Quartz grains collected in the Ivorian intertidal zone, from
the Cote d'lvoire-Liberia border to the town of Assinie,
show a granulometry varying from very coarse to fine
particles. The two facies sequences found in this study area
indicate a decreasing grading from coarse to mid-sized sands
for the sequence from the Cote d'lvoire-Liberia border to the
village of Monogaga in the San-Pedro region and from very
coarse to fine sands for the sequence from the town of
Sassandra to the town of Assinie.
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Many researchers [1]; [42]; [12]; [23]; [35]; [6], [20], [21]
had previously described this form of decreasing quartz
grain size distribution. These authors worked on fragmentary
portions of the Ivorian intertidal zone. Abidjan and
Sassandra have the coarsest granulometry. However,
according to [29], the coarsest grain size was also found in

5°00"W T s0bw
Figure 9: Space morphoscopy of the fine fraction (160 um) of the Ivoirian coast

Abidjan. Their research found a medium grain size in
Sassandra. The present work also reveals a medium
granulometry in Sassandra. The coarse granulometry in
Sassandra in this study could be justified by the smaller
sampling intervals in this area.
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A second explanation could be found in the difference in
methodology. [29]'s methodology is based on manual
calculation from cumulative semi-logarithmic curves, while
the present study uses Easysieve software. Furthermore, the
peak at Sassandra could be justified by river transport. The
Sassandra River allows the deposition of coarse sediments
transported from the continent. The same observation has
been made at the mouth of the Amazon River by [16]. The
weathering of rock formations (cliffs, granite blocks) in situ
could also justify this coarse granulometry. In addition, [23]
suggest that granitic rocks emerge as shoals at the bottom of
the Sassandra River mouth. The particle size distribution
along the study area is in the direction of the longshore drift
(west-east) as previous research conducted by the authors
confirms [33]; [1]; [8]; [39]. [36] research on the Casamance
coast (Senegal) confirms the movement of sediments by the
longshore drift current. The decrease in medium grain size in
the west-east direction on the coast and the sigmoidal shape
of the cumulative semi-logarithmic curves indicate a gradual
depletion of the energy of the marine current. This West-
East direction, which is similar to the littoral drift, reflects a
granulometry governed by the littoral drift. Studies by [35]
on the thin sandy barrier of Assinie show a decrease in grain
size in the west-east direction. This small-scale research
corroborates the findings of this study. According to [28] on
the surface sediments of the littoral fringe of Sidi Bou Said
la Goulette, the less agitated an environment is, the better the
sediment deposit in the environment is classified. This
observation is well illustrated in this study where the East,
characterized by a less agitated environment, is full of the
best-classified grains. Several studies carried out on the
Ivorian coast by Abe [1], [12], [43] and [19], [7], and [20]
and [21] based on sedimentological analyses have revealed

Figure 10: Morphoscopy of quarti grains of different fractions.

that the preferred mode of transport of quartz grains in this
area is saltation with a predominantly monogenic source.
This corresponds with the results collected in this study. A
few variations were noted in Grand-Bassam, Sassandra, and
San-Pedro where the source is mixed. This diversity of
sources may be due to the presence of rivers such as the
Comoe River in Grand-Bassam, the Sassandra River in
Sassandra, and the San Pedro River in San-Pedro. Based on
the analysis of the angular forms encountered at Sassandra
concerning the drift, it is clear that the grains are more likely
to have a fluviatile origin. This had been demonstrated by
[20] and [21] on the origin of coastal sands between
Sassandra-Fresco and Fresco-Jacqueville where the source
was mainly continental. [23] also indicated a mainly fluvial
origin in the coastal sector of Sassandra. Some other authors,
such as [4] working on the eastern littoral zone, have
concluded that the sediments have a marine origin. These
sediments were transported by the westward drift and
deposited as the transmission energy decreased. These
sediments could be stored on the underwater beach and
transported up the foreshore seasonally by frontal swells.
Morphoscopic examination of the different granulometric
fractions (630 pum, 250 um, and 160 pm) showed a more
pronounced quartz polishing in the west-east direction. This
is the direction of the littoral drift. These grains of quartz
from the rock weathering in the western part are transported
eastwards. This was confirmed by the findings of [34] who
indicated that the roundness characteristics of the quartz
sands improved considerably as the transport distance
increased. Blunt and shiny grains predominate in the coarse
fraction (78% on average) and decrease in the medium
fraction (75% on average) and the fine fraction (66% on
average). The abundance of blunt and shiny grains decreases
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from coarse to fine, while the abundance of unworn grains
decreases from fine to coarse. [26] confirm the abundance of
blunt and shiny grains in the coarse fraction, noting that the
proportion of blunt and shiny grains is more abundant in the
coarse deposits (Tles de la Madeleine, Lachenaie, Sainte-
Marthe, etc.) than in the finer estuarine or dune formations.
Morphoscopic curves of the coarse fraction of sediments at
the base of the Cretaceous in the Maine-et-Loire indicate
that the percentage of blunt and shiny grains of size 210 pum
decreases rapidly as grain size decreases [17]. Work by [26]
on quartz from the Meridional Laurentians in Quebec
showed an abundance of unworn grains in the fine fraction.
These concluded that the source was nearby. These studies,
although similar in result, do not reject the impact of the
energy of the environment, which could contribute to a
prolonged suspension of the grains resulting in unworn
grains in the fine fraction despite having travelled long
distances. It has been also reported by [2], in their study of
the sediments of the Saidia coast and the Moulouya estuary
(northeast Morocco), that the predominance of unworn sand
grains in the western part of the Moulouya estuary is a
consequence of the marine erosion of the calcarenite cliffs.
Blunt and shiny grains are more abundant in the coarse and
medium fractions in this study. This was also revealed by
[35], [13], and [20] in the Ivorian coastal zone.

5. Conclusion

The grain size distribution along the intertidal zone reveals
two sequences characterized by decreasing grain size in the
west-east direction of the littoral drift. The first sequence
starts from the lvorian-Liberian border at the village of
Monogaga (San-Pedro region); and the second from the
town of Sassandra to the town of Assinie (Ivorian-Ghanaian
border). The coarse fraction is the beginning of the first
sequence which ends with the medium fraction. The
beginning of the second sequence is marked by the very
coarse fraction, even gravel, and ends with the fine fraction.
The transition from one particle size class to another is fairly
regular, especially since the standard deviation analysis
places more than 96.9% of the quartz grains in the very well
to moderately classified classes.Also, the rather steep slope
of the cumulative semi-logarithmic curves shows this
homogeneity in the size of the quartz grains. The
granulometric sequences are characterised by a pronounced
and abundant polishing in the coarse fractions than the fine
ones in the direction of the littoral drift. This means that the
energy does not promote the deposition of the fine elements
that last in the saltation so their fractions are the ones with
more angularity.
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