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ABSTRACT

River Forcados floodplain sediments were collected along Patani and environs from five locations at depths 0
m, 5 m, 10 m and 15 m in order to study their textures and mineralogy. Textural attributes were derived from
grain size analysis using mechanical sieving and graphical determination of statistical parameters. Oxide
analysis from the bulk chemistry using XRF was used to study the mineralogy of the sediments. The grain size
range from very coarse sand to clay deposits with the modal class in the fine silt grade in all the locations. The
sediment load represents traction, saltation and suspension modes of transportation deposited during several
cycles of flooding by fluctuating high and low energy regimes. The average mean (M) is 4.89 (very coarse silt
size grade), the average median is 5.27 (coarse silt grade), the average sorting (o) is 1.86 (poorly sorted), they
are negatively skewed on the average with a value of -0.29 and are very leptokurtic with an average value of
1.80. The sediment is enriched in SiO,, Al203, Fe203, K20, TiO2, CaO and CI with values 75.39%, 9.98%,
5.09%, 4.20%, 1.44%, 1.26% and 1.02% respectively. The SiO./Al;O3 ratio has an average value of 8.281
which shows the sediment is rich in silica and has an acid igneous rock source. The enrichment in K20 also
corroborates an acid igneous source. The mineral suite indicates the soil in the studied floodplain is rich in
nutrients and is fertile for use by both plants and animals
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INTRODUCTION

Geologically, the earth’s surface is divided into several sub environments based on their distinctive physical,
chemical and biological characteristics that are different from adjourning environments. The floodplain
environment is part of the fluvial system. Rivers are a major means of transporting weathered materials from
point of disintegration to where the sediments are deposited in a basin. The river system is divided into three
stages: the young, the mature, and the old stage. Not all the weathered sediment transported by a river is
carried to the seas, lakes or ocean bodies. Some are deposited as thick sequence of deposits on the alluvial
plains and on flanks or banks of rivers (floodplain environment). This is especially common in lower reaches
of the river, which is usually the mature stage of the river. The mature stage of a river is characterized by the
formation of floodplains and bar deposits. The mature and old stages of a fluvial system are the major stages of
fluvial deposition [1].

Floodplains are low lying elongated areas that are parallel to the river and are usually flooded during high
waters. Sediments deposited during overbank flow on this area are referred to as floodplain deposits. The
sediments are made up of mud, silt, organic matter and abundant amount of sand depending on the source rock,
climate, vegetation and geology of the area. In sandy areas, intercalations of thin mud and fine sand layers
occur, but generally, a fining upward sequence of fine sand, silt and clay layers is observed [1].

According to [2], floodplain sediments consist of varying minerals reflective of the provenance, geology of the
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area and climate of the region. Mineralogical and textural studies of the sediments give understanding of the
transport and depositional processes as well. The geological processes that shape the floodplain and the
dynamics of the river can also be deduced from such studies.

[3] describe floodplain as long narrow relatively smooth land bordering a stream or channel. It is termed living
if it overflows during high water and consists of channel and overbank deposits. Floodplains show the most
distinguishing features of soil and environment formed from the geochemical alterations of weathered
materials. The deposits of floodplains range from fine sand to silt to clay sediments laid down during overbank
flooding of rivers. The sediments can provide good source of soil fertility and are inferred to be very rich in
nutrients like potash, phosphoric acid and lime for use by both plants and animals [4].

The Forcados River which is a tributary of River Niger leaves River Niger just after Aboh community
travelling down south in the western direction through several communities amongst which you have Patani.
Patani and environs is along the lower reaches of the river where you have lots of floodplains and sandbars to
indicate the mature stage of the River. Patani and environs are within the Niger Delta basin. According to [5],
the surface geology of the basin is made up of Quaternary deposits of gravel, sand, silt and clay formed in
Alluvium, freshwater backswamps, meander belts, saltwater backswamps, active/abandoned beaches and
deltaic sands. The sub-surface is made up of three lithostratigraphic units: The basal Akata Formation (Marine
shale), Agbada Formation (Intercalation of sand and shale) and the topmost Benin Formation (Coastal Plain
Sand) see Table 1.

The study area is within latitudes N05°2'10.2" and N05°14'02.2" and longitude N05°14'02.2" and
E005°11'50.9" (Figure 1) within Patani and environs. The study is aimed at looking at the textural parameters
and mineralogy of the deposits of the floodplain in Patani and environs for floodplain management, agriculture
and industrial benefits.

Table 1: Stratigraphic Column of the Niger Delta (after [5])

Geologic Unit Lithology Age

Alluvium (General) Gravel, sand, clay, silt

Freshwater Backswamp, Meander Belt | Sand, clay, some silt gravel

Mangrove and Salt Medium fine sands,
Water/Backswamps Clay and some silt
Active /Abandoned Sand, clay, and some silt Quaternary

Beach Ridges

Sombreiro — Warri Sand, clay, and some silt

Deltaic Plain Sands

Benin Formation Coarse to medium sand with subordinate silt and clay | Miocene
lenses
Coastal Plain Sand

Agbada Formation Mixture of sand, clay and silt Eocene

Akata Formation Clay Paleocene
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Figure 1: Map showing River Forcados along Patani and environs (Google map).
MATERIALS AND METHODS

The samples from the floodplain were collected from five locations that are about 100 m apart, at depths of 0
m (surface), 5 m, 10 m and 15 m with the aid of the hand augur and properly labelled in sample bags. They
were then taken to the laboratories for the required analyses. The geo —references of the sampling points for the
floodplains are indicated respectively in Table 2.

Grain size analysis by mechanical sieving and graphical determination of statistical parameters using [6] was
carried out to determine the textural characteristics of the sediments from the floodplain. 100g of each of the
sample was oven dried for 24 hour to remove the moisture content before pouring the loose samples through a
stack of wide set of sieves with different aperture of known sizes and mechanically vibrated for a minimum of
fifteen minutes. This is done to separate the grains into their various sizes. The weight retained in each sieve is
measured This is used to calculate the percentage weigh retained, cumulative percentage, plotting of
cumulative curve, frequency histogram and further statistical parameters derived according to [6] such as the
mean, median, mode, sorting, skewness and kurtosis. The result is presented in Table 3. The mineralogical
constituents were analyzed using XRF for the bulk chemistry; nine of the samples were presented for this
analysis. The appropriate filters were selected for each element and probed accordingly. The concentration of
the elements were initially presented in diffractions and later converted to concentration in weight percentage
of oxides. The result is presented in Table 4.

RESULTS
Grain Size Analysis of the Floodplain Sediment

Table 2 shows the sample points with geo-references, grain size, colour and lithology. The samples range from
medium size sand to clay deposits. They are mostly brown, dark brown to very dark sediments. Table 3 is a
presentation of the graphically determined statistical parameters according to [6]. The parameters are the: mean
(M), median, sorting (o), skewness and kurtosis which describe the textures of the sediment.
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Table 2: Sampling Points for Floodplain Sediment

Location | Geo-Reference | Grain size Color Lithology
FP 1 (5m) N05°2'10.2" Medium Brown Medium Sand
FP1 (10m) Clay Very dark Clay
FP1 (15m) E006°14'03.1" Clay Very dark Clay
FP 2 (5m) N05°14'03.1" Very fine Brown Very Fine Sand
FP 2 (10m) Fine Brown Fine Sand
FP 2 (15m) E006°11'51.4" Clay Dark brown Clay
FP 3 (5m) N05°11'28.2" Very Fine Brown Very Fine Sand
FP 3 (10m) Medium Brown Medium Sand
FP 3 (15m) E005°11'02.2" Clay Dark brown Clay
FP 4 (5m) N05°14'02.5" Clay Dark brown Clay
FP 4(10m) Fine Brown Fine Sand
FP 4(15m) E006°11'51.1" Silt Brown Silty sand
FP 5(5m) N05°14'02.2" Fine Brown Fine Sand
FP 5(10m) Silt Brown Silty Sand
FP 5(15m) E005°11'50.9" Silt Brown Silty sand
Table 3: Grain size statistical parameters for floodplain sediment
Sample No. | Mean (M) | Median Sorting (o) Skewness Kurtosis
1(5m) 2.56 3.20 3.44 -0.22 0.19
1(10m) 5.46 6.30 2.02 -0.13 4.25
1(15m) 3.20 3.40 2.87 -0.12 0.49
2(5m) 6.40 6.70 1.92 -0.52 2.12
2(10m) 6.30 6.40 0.66 -0.39 1.52
2(15m) 5.80 6.50 2.01 -0.79 3.32
3(5m) 6.10 6.10 0.57 -0.12 2.88
3(10m) 4.13 5.50 3.25 -0.62 0.88
3(15m) 2.26 2.80 3.06 -0.28 0.74
4(5m) 6.26 6.20 0.49 0.23 0.94
4(10m) 6.03 6.00 0.56 -0.19 2.68
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4(15m) 6.06 6.00 0.68 0.16 3.62

5(5m) 4.10 4.50 2.26 -0.39 1.09

5(10m) 3.73 4.00 1.82 -0.40 1.38

5,(15) 4.96 5.50 2.33 -0.50 0.94

Average 489 (Very |5.27 (Coarse |1.86 ( Poorly |-0.29 (Negatively | 1.80 (Very
Coarse Silt) | Silt) Sorted) Skewed) Leptokurtic)

Mineralogy of the Floodplain Sediment

The mineralogy of sediment as derived from the bulk chemistry analysis using XRD is presented in Table 4.
The mineralogy is expressed in percentages of oxides and elemental concentrations. The sediment is enriched
in oxides and elements with concentrations >1 and depleted in those <1. The sediment is enriched in SiO»,
Al>03, Fe203, K20, TiO2, CaO and CI and their associated elements with their average concentration >1 and
depleted in the remaining oxides and their associated elements listed that have concentration <1. The depleted
oxides are: V20s, Cr203, MnO, Co304, NiO, CuO, Nb20O3, MoO3 WO3, P20s, SOz, MgO, BaO, Taz0s, ZnO,
Ag20, ZrO,, SnOy, SrO.

Table 4: Oxide and Elemental Analysis of Floodplain Sediment

Oxide Analysis of Sediments (Concentration In Wt %) Elemental Constituents of Sediments (Concentration In Wt
%)
F1 |F1 |FlL | F2 | F2 |F2. |F2. |F4 |F4. | A F1 |F1 |Fl. |F2 |F2 |F2. |F2. |F4 | F4 | A
0 |5 |10 05 |10 |15 |. 15 | VE 0 |5 |10 |0 |5 |10 |15 |. 15 | VE
m |m |[m m|m |m m 10 | m R. m |m |m m |m |[m m 10 | m R.
m m
1[SiO; | 79.|84.| 65.|86.|81. | 61 | 80.|57.| 8Ll | 75. | O|49.|50.| 46. | 51. | 49. | 45. | 49. | 45. | 49. | 48.
82| 26| 60| 80| 15| 24| 52| 82| 20| 39 62| 22| 52| 06| 93| 85| 49| 03| 50| 58
71 3 5( 8| 3 2 8| 3 3 41 7 2| 4| 5 1 1] 8 8
2|V.,0 |00|00|01]|00|00]|01|00|00|00|00O|M|00O|00O|00|00]|00]|00|00]00]|O00 0
5 53| 74| 11| 00| 29| 11| 69| 8 | 51 7|9 | 00| 00| OO| OO| OO| OO| OO | OO | 0O
3|CrO|00|00|00|00|00|00|00[00|00|00|A|52|41|62|38|48|75|43|75|39]|52
3 77| 92| 44| 56| 95| 72| 82| 68| 82 71| 19| 13| 60| 12| 02| 16| 45| 18| 62 8
4|/Mn |00|00|01/00|00|03|00[{03|00|01|S|37.[39.|30.|40.|37.|28.|37.|27.|37.| 35.
0] 411 30| 99| 33| 52| 09| 65| 72| 54 3|i | 31| 38| 66| 57| 93| 62| 64| 02| 95| 24
5| 8 71 8| 5 7 31 9 8
5|Fe0|22|13|85|01|20| 11.| 19|15 |25|50|P|00|00|02|00|00|00|01({00|0.0] 0.0
3 19| 74| 26| 66| 15| 84| 71| 14| 87 9 00| 00| 26| 00| OO | 00| 01| 00| OO 4
4 0
6|Cos |00|00|00|00O0|00|]00O|00|00O|00|00O|S|02|00]|02|02|01]01|01]00|01]01
O4 06| 04| 38| 13| 19| 44| 05| 67| 00 2 37| 54| 55| 51| 18| 11| 39| 64| 48 5
7|NiO |00|00|00|00O|00|00O|00|00O|00|0O|C|09|08|16|08|07|09|13|08]|08] 10
00| 18| 11| 07| 04| 11| 04| 04| 11 1|1 | 46| 84| 58| 41| 62| 64| 32| 92| 65 2
8| CuO |00|00|00|00|00|00|00(|00|00|00|K|31|29|47|17|26|45|32|47|35]| 34
35| 57| 82| 45| 64| 75| 53| 83| 41 6 26| 66| 76| 00| 30| 94| 17| 59| 99 9
9| Nb, |00|00|00|00O|00|00O|00|00O|00|0CO|C|08]|0.|15|04]|10|15|09|14|10] 11
O3 09| 07| 14| 07| 11| 19| 10| 17| 09 1|la| 25| 68| 50| 59| 01| 81| 40| 67| 17 1
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DISCUSSION
Grain Size Analysis of the Floodplain Sediment

The grain size of the sediment range from very coarse sand to clay deposits with the modal class (which is the
most common grain size) in the fine silt grade in all the locations as shown by the frequency histograms in
Figures 2a — 2e. Floodplain sediments are deposited during overbank flow of the river and usually composed
of size ranging from sand, silt to clay and organic matter depending on the source rock, climate, vegetation and
geology of the area [1]. Plots of cumulative weight versus grain size at depths 5m, 10m and 15m show that the
sediment load represented three modes of transportation. The coarse fraction transported by traction and
saltation and the fine sediments transported by suspension mode (Figures 3a — 3c).

These processes of transportation to an extent, determine the distribution of the grain size of a deposit [7].
Table 3 shows the average mean value is 4.89 (very coarse silt) with the average median value as 5.27 (coarse
silt). The sediments are poorly sorted on the average with a value of 1.86.

Sedimentologists have come to know that the plotting of two variants can help in the understanding and the
characterization of depositional environment and processes. According to [8], the mean size and sorting can
be plotted because they are hydraulically controlled, and the best sorted sediments have their mean size in the
fine size grade in all depositional environments. Bivariate plot of mean (M) and sorting (o) in the studied
sediments, show the grain size range from fine sand to medium silt. The plot shows that some of the samples
are well sorted but majority is poorly sorted to very poorly sorted (Figure 4), which does not agree with [8].
Sediments consist of grain sizes from medium grain sand to clay particles that may have been deposited during
several cycles of flooding (Figures 4 and 5). Skewness indicates sorting in the tail of the population [9]. The
sediment is negatively skewed with an average value of -0.29 showing there is an abundance of fine sediments
that are very leptokurtic with an average value of 1.80.

Kurtosis is a measure of the peakedness of a sample population. According to [10], extreme high or low values
of kurtosis are a reflection of the energy of the environment. [11] opined that platykurtic to very platykurtic
and leptokurtic to very leptokurtic sediments are due to extremely low and high energy environments
respectively. The bivariate scattergram plot of skewness and kurtosis indicates that the sediment range from
very platykurtic to extremely leptokurtic, though, they are very leptokurtic on the average (Figure 6). The
energy regime of the depositional environment is inferred to be fluctuating from high to low as depicted by the
peaks and lows of the line plot of skewness and kurtosis in Figure 7.

Mineralogy of the Floodplain Sediment

The mineralogy of sediment is dependent on the composition of the source rock, climate and relief within the
source area [12]. The mineralogical composition of sediments is also affected by activities and the terrain
along which sediment are transported, because some sediments are incorporated along, while some are
deposited. Some minerals get depleted along while others are enriched during transit. Table 4 is the result of
the bulk chemistry of the studied sediments expressed in oxide and elemental weight concentrations. The
sediment is enriched in SiO2, Al,O3, Fe203, K20, TiO,, CaO and Cl with their average concentration >1 and
depleted in the remaining oxides listed that have concentration <1. Silica (SiOy) is an original component of
acid igneous rocks, metamorphic rocks and sandstones which result from their weathering. It has the highest
concentration with an average of 76.39% in the studied samples and ranges from 57.823% to 86.808%.
Alumina (Al203) with a range of 7.485% to 14.205% in the sediment is an oxide of aluminum. Aluminum is
the most abundant metal in the earth crust and does not occur in the free-state. It is a major component of clay
minerals, and silicates such as feldspars, micas, muscovite etc. It is the second common oxide in the sediment
with an average of 9.98%. Hematite (Fe2Os3) is third, it is an oxide of iron, and mostly occurs in pockets and
hollows replacing limestone. They may also result from ferruginous sandstone and residual deposits [13]. The
concentration ranges from 0.166% to 15.140% with an average of 5.09%. Potassa (K20) results from the
weathering of igneous rocks containing orthoclase feldspars, muscovite etc. It increases the fertility of soils
and an indication of an acid igneous source rock. The sediment is also enriched in this mineral; it has an
average concentration of 4.20% with a range from 2.047% to 5.753%. Titanium dioxide (TiO) is a trimoph of
three distinct minerals: rutile, anatase and brookite. It occurs as accessory minerals of igneous rocks and the
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metamorphic rocks derived from them. The range is from 0.275% to 2.567%, while the average concentration
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Figure 2d: Frequency histogram of FP4
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Figure 3a: Cumulative weight % vs grain size of floodplain sediments at 5m
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Figure 3b: Cumulative weight % vs grain size of floodplain sediments at 10m
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Figure 3c: Cumulative weight vs grain size of floodplain sediments at 10m
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Figure 4: Bivariate plot of mean versus sorting
Sorting vs Skewness
0.4
0.2 *‘ Positively skewed
0 . . . 1 Nearly symmetrical
u 0, + 2 3 4
g -0.2 z o ¥ Negatively skewed
3 -0.4 Y o # Sorting vs Skewness
[ o ®
-0.6 & Very negatively skewed
-0.8 ¢
-1
Sorting (o)

Figure 5: Bivariate plot of sorting versus skewness
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Figure 6: Bivariate plot of Skewness versus kurtosis
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Figure 7: Bivariate line plot of Skewness versus kurtosis

1.44%. CaO — Calcium does not occur in free-state in nature but in combination with other elements. It has
enormous number of compounds amongst which are calcite (CaCOz3) and dolomite (CaMg(COz).). In the study
are MgO or Mg as an element is not evident which leaves us with the inference of calcite. Calcite may be
organic or inorganic in origin. The average concentration of CaO is 1.26% with a range from 0.212% to
2.168%. Chlorine (ClI) forms different kinds of rock salts which are part of several silicate minerals. Its
average concentration is 1.02%, while it ranges from 0.762% to 1.658%.

The floodplain is enriched in minerals such as K>O, CaO and others as seen in Table 4. This mineral suite
indicates the soil in the studied floodplain is rich in nutrients and is fertile for use by both plants and animals
according to [4].

The mineral suite of sediment reflects that of the source rock. One measure of comparing the mineralogy of
sediment with that of the source rock is by looking at its maturity by using the SiO2/Al>O3 ratio. According to
[14], the ratio range is from ~ 3.0, for basic rocks to ~ 5.0 in an unaltered igneous rock. The sediment is said to
be mature if the ratio gives a value that is >5, it means progressive maturity, because there is higher degree of
quartz. Quartz is very stable and therefore, very resistant to weathering. The range of the ratio in the studied

Page 752 www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (1JRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS [Volume IX Issue XI November 2024

%, S
4 RSIS ~

sediment is from 4.071 -12,053. The average value is 8.281, with only about 22% of the samples below 5.
Therefore, the sediment is mature and rich in silica; this infers an acid igneous source. This is also supported
by K20 enrichment.

CONCLUSION

The floodplain deposits of River Forcados along Patani and environs vary in size from very coarse sand to clay
deposits that may have been deposited during different cycles of flooding. The modal class is in the fine silt
grade, the mean (M) of the population is in the very coarse silt grade (4.89), and median is coarse silt with a
value of 5.27. Traction, saltation and suspension modes of transport are represented by these sediments. The
sorting (o) varies from very poorly sorted to well sorted, but on the average, they are poorly sorted with a
value of 1.86. They are negatively skewed (-0.29) and very leptokurtic (1.80) on the average. The energy
regime of the depositional environment is inferred to be fluctuating from high to low as depicted by the peaks
and lows of the line plot of skewness and kurtosis

The sediment is enriched in SiO2, Al2O3, Fe203, K20, TiO2, CaO and Cl with average values as 75.39%,
9.98%, 5.09%, 4.20%, 1.44%, 1.26% and 1.02% respectively. The mineral suite indicates the soil in the
studied floodplain is rich in nutrients and is fertile for use by both plants and animals. The SiO2/Al0s ratio has
an average value of 8.281 which shows the sediment is rich in silica and from an acid igneous rock source. The
enrichment in K>O also corroborates an acid igneous source.
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