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The coastal plain sand Coastal sand, Osbedoluogbeyi and Idogbo comunities along Sapele bypass in Benin
Region, Nigeria were analysed for Geochemical Characterisation. Twenty-one (21) samples were collected in
which 7 samples were analysed for major oxides, 7 for trace elements, and 7 rare earth elements. The samples
were analyzed using X-Ray fluorescence (XRF) and inductively coupled plasma mass spectrometre (ICP-MS).
The provenance from the major oxides inferred that the samples were from felsic igneous source rocks

(Al203/TiO2: ~29.90). The source area weathering of the sand shows that the sediment has undergone
substantial to intense chemical weathering (CIA ~61.40; CIW ~83.00; MIA ~41.00; PIA ~77.07). The maturity
of the sand is mature (Si02/Al203 ~6.22). The trace elements geochemistry also authenticates the provenance
as felsic source. The outcomes from the Correlation and Chi-square of the metallic oxides indicates an
enrichment of silica and depletion of other oxides as well as indicates a common source. The coastal sand is
most likely to be a reservoir rock for hydrocarbon potential, if it is a petroleum system with source and trap

rather than a source rock.
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1. INTRODUCTION

The physical characteristics of the Benin Region which are relevant for the
purpose of this investigation are hereby discussed in terms of those factors
which identified as the environment of weathering, (Ajadi et al., 2020).

They include the geological foundation and rock types, types and density
of plant cover, availability of readily weather able rocks, and tropical
humid climate with seasonality of rainfall or alternating wet and dry
seasons and topography amongst others, (Haque et al.,, 2019; Ilevbare and
Omoruyi, 2020).

According to the study, the geology and geomorphologic processes and
landforms of the Benin Region have their interplay/interconnections with
weathering (Akujieze, 2004). In a broad term, the geomorphology includes
aspects of the geology and relief while the hydrology embraces aspects of
the drainage and water resources. These are discussed below under the
following headings: Geology, Physiography (Relief) and Geomorphology,
Geomorphic Processes, Weathering, Drainage Processes, Landforms,
Surface Water Hydrology and Water Resources. These aspects have not
been fully documented by research workers in this region.

The oil and gas industry in Nigeria is facing a significant challenge of
finding answers to whether future hydrocarbon supply can keep pace with
the increasing demand at a competitive price. Considering our non-
renewable oil reserves, it's certain that continuous exploitation of the
Niger-Delta Basin for hydrocarbon and its associated products, in no time
might plunge the country into an economic crisis.

This research focuses on whether a thorough study into the Geochemistry
of the Benin region sand can help to provide an insight into the likely
reservoir maturity and provenance of the coastal plain sediments,
therefore fostering exploration and exploitation of the sediments.

1.1 Regional Geology of Benin Region Sediments

The Benin Region (Figure 1) is underlain by sedimentary formation of the
South Sedimentary Basin. The geology is generally marked by top reddish
earth, composed of ferruginized or literalized clay sand. First used the
term Benin sand to describe the reddish earth underlain by sands, sandy
clays and ferruginized sandstone that mark the Paleo-Coastal
Environment of Paleocene-Pleistocene Age (Ikhile, 2016). These
sediments spread across the southern fringes of the Anambra Basin and
marking the upper fancies off-flaps of the Niger Delta. As, used the name
Coastal plain sands to describe the formation of red earth underlain by
sands and clays that mark an ancient coastal plain environment now
exposed in Calabar, Owerri, Onitsha and the Benin Region with the age
Oligocene-Pleistocene (Ikhile, 2016).

Ighodaro et al., (2018) reinstated the name Benin formation to identify the
reddish-brown-yellow generally white sands often with clayey and pebbly
horizons with type-locality around Benin. This is also referenced at
Calabar and other parts of South Eastern Nigeria. The formation was
further established by well logging of Etete 1, well drilled on-shore east of
River Niger by Shell Nigeria. Petroleum Development Company (SPDC)
and described by (Ajakaiye and Oti, 2016). The formation is about 1830 m
thick at the seashore but thins landwards. The sedimentary suits of the
Benin Formation dip 2° - 8° south. Geologically, the Benin Region
comprises of; Benin formation, Alluvium, Drift/top soil and Azagba-
Ogwashi (Asuba-Ogwashi) formation.

1.2 Benin Formation

Itis assigned to the Oligocene-Pleistocene period in the continent of Africa
and to the Oligocene-Pleistocene recent at the sub-oceanic (Akinyemi et
al.,, 2015). The formation is characterized by top reddish to reddish brown
lateritic massive fairly indurate clay and sand. This is often marked with
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reticulate mud cracks. This cap the underlying more friable pinkish-
yellowish white often gravelly-pebble sands clayey soils, sands and clay
(Akujieze, 2004). The sedimentary sequences are poorly bedded with
discontinuous clay horizons at various depths. It is estimated to be about
800m thick under Benin City and about 1,830m near the sea shore sections
of the formation. They are exposed at various erosion sites, sand quarry
sites, and road cuttings. The Benin formation covers 95% of the region,
(Anyanwu et al.,, 2022).

1.3 Alluvium

These are found along Ikpoba and Ovia flood plains. They are made up of
grayish-dirty white-yellowish-white sands, silts, clayey sands, gravels and
even wood-plant materials. These have been washed down the river valley
and deposited at the river banks; they are recent deposits, (Ikhile, 2016).

1.4 Drift/Top Soil

Drifts are sediments still in the process of transportation or movement.
They are made up of light brown-yellowish silt, mudflows and sands

derived from the weathering of the parental Benin Formation. Drifts are
washed down by fluvial agents especially the storms and floods
dominating the wet season of the region. The drifts are not part of the solid
geology. But they are mainly derived and reworked materials and loads
dropped by moving floods, (Adegoke and Akande, 2017). Drifts cover
roadsides; fill up areas, concealing the underlying geology. Drifts vary
from very thin veneers to up to 0.55 m. The drifts cover about 2% of the
urban area. Where the drifts are stabilized soil profile formation is
developed.

1.5 Azagba-Ogwashi (Asaba-Ogwashi) Formation

The Azagba-Ogwashi formation has been missing spelt as Ogwashi-Asaba
formation (Reyment, 1965), It consists of clays, sands and grits and seams
of lignite alternating with gritty clays. It grades upwards into the Benin
Formation. The Ogwashi-Asaba formation is exposed in stream channels
at the northern parts of the Benin Region, west of Ekiadolor-Iwu and 4 km
east of Utekon and north of Azalla, (Akujieze, 2004).
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Figure 1: Benin region geological formation (After Akujieze, 2004).

1.6 Location of the Study Area

The study area is Obedolougbeyi and Idogbo Sapele Bypass region, Benin.
The area is highly accessible with major and minor roads, together with

other adjoining roots. The location geological map (Figure 2) was
generated using the global positioning system (GPS) co- ordinates
obtained from the field studies together with the field photographs (Figure
3)
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Figure 2: Geological map of study area.
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Figure 3: Field photograph for the study locations at I[dogbo and Obedoluogbeyi

2. MATERIALS AND METHOD
2.1 Materials

Methods of investigation involved both field study and laboratory
analyses.

Forty (40) fresh sediment outcrop samples were collected from
Obedolougbeyi and Idogbo along sapele bypass in Benin Region, Edo state.
Chip and Grab sampling methods were adopted. Hammer, chisel, GPS, and
sample bags were used. The collected samples were analysed using ICP-
MS.

2.2 Methods
2.2.1 Major Oxide Analysis (X-ray Flourescence)

Seven (7) samples consisting of eleven (11) major oxides were analyzed
(SiO2, TiO2, Alz203, Fe203, MnO, MgO Ca0, Na:0, K20 and P20s) using Axios
instrument with a 2.4 kWatt Rh X- ray Tube. Further, the same set of
samples was also analyzed for trace element using LA-ICPMS instrumental
analysis; LA- ICP-MS is a powerful and sensitive analytical technique for
multi-elemental analysis. The laser was used to vaporize the surface of the
solid sample, while the vapour and any particles, were transported by the
carrier gas flow to the ICP-MS. The detailed procedures for sample
preparation for both analytical techniques are reported below.

e Add 10.0000 g + 0.0009g Claisse flux and fuse in M4 Claisse fluxer for
23 minutes.

e 0.2 gof NaCO3; was added to the mix and the sample+flux+NaCO3; was
pre-oxidized at 700°C before fusion.

e Flux type: Ultrapure Fused Anhydrous Li-Tetraborate-Li- Metaborate
flux (66.67 % Li2B407 + 32.83 % LiBO2) and a releasing agent Li-lodide
(0.5 % Lil).

2.2.2 Pressed Pellet Method for Trace Element Analysis

e Weigh 8g + 0.05 g of milled powder

e Mix thoroughly with 3 drops of wax binder
e Press pellet with pill press to 15-tonne pressure
e Dryinoven at 100°C for half an hour before analysing.

Five (5) trace elements (Ba, Cr, Zn, Mn, Cu) were analysed using Phillips
PW-1800 X-ray fluorescence (XRF) analyzer.

2.3 Inductively Coupled Plasma- Mass Spectrometre (ICP-MS) for
Rare Earth Elements (REE) Analysis

Seven (7) samples were analysed for REE. The ICP-MS measurement was
conducted using a PerkinElmer Nexion 300 ICP-MS system. In the
measurement, the primary REE interferences were oxides of lighter
elements. The detection limits for REE are in the level of 0.5 to 5 parts per
trillion (ppt), according to (Deng et al.,, 2022) procedure. The REE mixture
standard was used (MilliporeSigma; periodic table mix 3 for ICP. In the
analyses, the standards were in the concentration range of 1 to 1000 parts
per million. All the analyzed samples were carefully diluted into the
concentration range, which is at least two orders of magnitude higher than
the detection limit of quantification.

3. RESULTS AND DISCUSSION

The results obtained from the geochemical studies are systematically
presented. These results have been presented in the order in which the
analysis was done and represented using tables, charts, bivariate plots,
and scatter plots all geared towards easy and comprehensive data
interpretation.

3.1 Results

The data obtained from geochemical analysis of each sample were
presented in the form of tables, charts and scatter plots. The maturity,
provenance and source area weathering has been sequentially discussed
in the section that follows.

3.2 Geochemistry of the major oxide of the sediment

Table 1: Major Oxides Geochemistry of the Coastal Plain Sand
Sample No Si0: AlL0; Fe203 TiO2 Ca0 P20s K:0 MnO MgO Na:0 Lol
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
IDG 1 73.30 12.17 6.20 1.80 0.19 0.21 2.07 0.06 0.20 0.30 3.50
IDG 2 72.10 13.23 4.09 0.40 2.30 0.25 2.30 0.03 0.35 2.05 2.90
IDG 3 70.23 11.08 9.03 1.45 0.32 0.04 2.67 0.03 0.39 0.45 431
OBY 11 71.32 10.76 6.67 0.21 0.34 0.39 4.20 0.05 0.10 2.76 3.20
OBY 12 70.52 10.59 6.20 0.19 0.93 0.32 1.71 0.07 0.97 2.21 4.29
OBY 13 71.09 11.01 7.00 0.40 1.66 0.07 2.09 0.04 0.62 2.76 3.00
OBY 14 73.67 12.34 4.55 0.45 1.32 0.04 1.06 0.03 0.52 2.45 291
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Data from Table 1 of the major oxides show that seven (7) samples
consisting of ten (10) major oxides were analysed in percentage (%) as
follows: SiO2 ranged 70.23-73.69 (~71.70); Al:0O3 ranged 10.59-13.23
(~11.60); Fez03 ranged 4.09-9.03 (~6.20); TiOz ranged 0.40-1.80 (~0.70);
CaO ranged 0.19-2.30 (~1.00); P20s ranged 0.04-0.36 (~0.78); K20 ranged
1.06-4.20 (~2.30); MnO ranged 0.03-0.070 (~0.04); MgO ranged 0.10-0.97
(~0.45); Naz20 ranged 0.30-2.76 (~1.85). The low concentration of Fe20s3,
Al203 and TiO2 (Table 1) could be due to chemical disintegration under
oxidizing conditions during weathering and diagenesis.

It can also be observed that: SiO2> Al;03 > Fe203> K20 > Na;0 > CaO > TiO2
> MgO > P20s > MnO in percentage abundance (Table 1) and this is
corroborated by Figure 4 which clearly shows their variation.

The concentration of SiO2 (~71.7%) can be associated with the presence
of quartz particles being the highest in value for all the understudied
samples and it refers to the higher sand fraction in particle size
distribution analysis and higher quartz content in mineral composition
which is indicated by the values of this study. SiO2 strongly resists
weathering because it is mainly contained in quartz minerals. Quartz is
well enriched in felsic igneous rocks (Nzeukou et al, 2021). With an
average of 71.7%, the major element results of the tested samples revealed
that the plain sands are highly rich in SiO: (silica), which is higher than the
norm of 66% by weight for upper continental crust (UCC) (Omoruyi et al.,
2023).

Al203 reflects the presence of aluminosilicates (~11.60%). Alz03 is mainly
is less resistant to weathering owing to its presence in clay materials; a
high percentage concentration of Al:03 indicates a high content of clay
present in a sample (Dengiz et al., 2019); the values of Al.03 being low
(10.59-13.23%) recorded in this work are indicative of low clay content
present in the samples.

In Table 4.1, the presence of hematite can be correlated with the
abundance of iron (Fe:0s3 ~6.20%). Fe:0s; being > 2 is probably
responsible for the extreme changes in colour as seen in the coastal plain
sands from pink, yellow to red and the deposition of iron minerals
(Nzeukou et al,, 2021).

TiO2 (~0.70%; Table 1) of this average suggests that a higher portion if the
heavy mineral, rutile indicating stronger weathering regimes. Being
coastal plain sands, CaO (~1.00%) indicate a depositional influence of
marine carbonate sediments or erosion of pre-existing carbonate
formations; also, less weathered sands retain higher percentage of CaO
(Dengiz et al., 2019).

P20s (~0.78%; Table 1) is generally low when compared to typical
agricultural soils and this has implications of limited plant growth on such
soils. Again, intense weathering can lead to leaching of phosphorus from
the soil potentially explaining the low values obtained (Hoque and Roy,
2019). K20 (~2.30%; Table 1) has a significant implication as having
originated from potassium feldspar-rich sediments and thus good for
agriculture. This value also shows that leaching of this oxide was
minimized (Adeila et al., 2019). MnO (~0.04%; Table 4.1) in coastal plain
sands can be associated with other potentially harmful heavy metals. MgO
(~0.45%) indicate past marine influence on the deposition of the coastal
plain sands and that it has been involved in various diagenetic processes
in sediments. Naz0 (~1.85%; Table 4.1) is of significant value indicating
marine influences and high saline intrusion from seawater. This value has
significant influence also on soil pH pushing it towards alkalinity (Nzeukou
etal, 2021).

3.3 Mineral Association among the Major Oxides from the Correlation
and Chi-square

Compasition (ppm)
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Figure 4: Variation in the major oxide Composition

We assume that any two oxides we investigate share a common behaviour
in the absolute deviation of their percentage composition from a mean
value. That is to say that a change in one oxide will almost certainly
necessitate an equivalent change in the corresponding oxide, (Figure 4).
This may likely be due to a substitution reaction between oxides during
formation of the rock where an oxide initially present is slowly replaced
by another, causing a negative correlation value. This is typical of the
correlation of SiO: versus Fe;03 and Al203 versus Fe20s refer to figures (5
and 6) accordingly.

Alternatively, it could also mean one oxide has high affinity for the other

and therefore tend to occur together naturally even prior to the formation
of the rock from which the sample was collected. In such a scenario,
absolute changes of both percentage compositions correlate positively.
The two oxides also show a strong positive correlation that supports the
position of the chi-squared test. Both tests indicate there may be a
common latent property between both components, perhaps a natural
affinity for each other or mutual passivity. This is typical of the correlated
results of Alz03 versus SiOz, TiO2 versus Al203 and TiO: versus SiO2 and
pertains to Figures (5, 6 and 7).
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Figure 5: Scatter plot of Al203 versus SiO2 for the coastal sand
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Table 2: Correlation and Chi square of SiO; and Al03
Correlation Alz203 Sio;
Al;03 1 |
Si0: 0.715 1
Chi-Square . 1.02
P-Value 0.31
Critical Value @ 0.05 for | 384
Degree of Freedom of 1

The P-Value (31%) obtained is greater than critical P-Value (5%) correlation of Al:03 versus SiOz (0.715) shows that they are strongly
suggesting that the null hypothesis does not holds true, (Table 4.2). correlated, showing an excellent relationship between both metallic
Conversely, chi square value of 1.02 less than the critical chi square value oxides, (Figure 4.2).

of 3.84 suggest we reject null hypothesis. In addition, the value of the

*
Sample No.
5 - *IDG 1
E * *10G
0: ‘\"-\v = -0.4366x + 14.325 : ,
F] ‘.__lﬁ’ = 0.5202 A
= *
@
*
 Fe:05 (ppm)
Figure 6: Scatter plot of Al.03 versus Fe203 of the coastal sand
Table 3: Correlation and Chi square of Fe;03and Al203
Correlation Alz0; Fez03
Al203 1
Fe:203 -0.721 1
Chi-Square
14.87
P-Value 0.0001
Critical Value @ 0.05 for Degree of Freedom of 1 3.84
¢
Sample No.
- +IDG
E 106
g, | : i
& e,y = -0.5576x + 75.231 i
@ ., R = 04677 #0811
‘~‘ +08BY 1
.\‘x‘\ #08Y 13
¢
e
Fe;0; (ppm)
Figure 7: Scatter plot of SiO2 versus Fe20s3 for the coastal sand
The P-Value (0.01%) obtained is less than critical P-Value (5%) suggesting hypothesis. The strong negative (Figure 5) correlation might suggest a
that the null hold true (Table 3). Conversely, chi square value of 14.87 substitutive relationship but without the chi-squared test to support the
greater than the critical chi square value of 3.84 suggests we accept null position there is no guarantee of exclusivity in that relationship. That is to
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oxides including the one under investigation that is Fez0s.

say the substitution of one Al.03 might be carried out by multiple other
Table 4: Correlation and Chi square of Fe203 and SiO2
Correlation Si0: Fez03
Si0: 1

Fe203 -0.684 1

Chi-Square 59.4
P-Value 1.28 x 10 14

3.84

Critical Value @ 0.05 for Degree of Freedom of 1

relationship but without the chi-squared test to support the position there

The P-Value (~0%) obtained is less than critical P-Value (5%) suggesting

that the null hypothesis holds true (Table 4). Conversely, chi square value is no guarantee of exclusivity in that relationship. That is to say the

of 59.40 greater than the critical chi square value of 3.84 suggests we substitution of one oxide might be carried out by multiple other oxides
including the one under investigation.

accept null hypothesis

The weak negative correlation (Figure 7) might suggest a substitutive

sample No.
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Figure 8: Scatter plot of TiO2 versus Alz03 for the coastal sand

Table 5: Correlation and Chi square of Al203 and TiO:
Correlation Tio: Alz03
TiO: 1
Al;03 0.173 1
Chi-Square 0.03
P-Value 0.86
3.84

Critical Value @ 0.05 for Degree of Freedom of 1

The P-Value (86%) obtained is significantly greater than critical P-Value of 3.84 suggests we reject null hypothesis. However, a poor positive
(5%) suggesting that the null hypothesis does not hold true (Table 5). correlation might suggest a weak affinity of both oxides.

Conversely, chi square value of 0.03 less than the critical chi square value

Sample No.
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g
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Figure 9: Scatter plot of TiOz versus SiO2 for the coastal sand
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Table 6: Correlation and Chi square of SiOzand TiO:
Correlation Tio: Si0:
TiO2 1 |
Si0: 0.196 1
Chi-Square . 0.03
P-Value 0.86
Critical Value @ 0.05 for Degree of Freedom of 1 . 3.84

The P-Value (86%) obtained is significantly greater than critical P-Value
(5%) suggesting that the null hypothesis does not holds true (Table 6).
Conversely, chi square value of 0.03 less than the critical chi square value
of 3.84 suggests we reject null hypothesis. However, a poor positive
correlation might suggest a weak affinity of both oxides (Figure 8).

3.4 Source Area Weathering of the Coastal Sand

Weathering is described as the physical and chemical alteration of rocks

and minerals on or near the Earth’s surface (Ejeh, 2021). Chemical
decomposition of rocks due to weathering results in the enrichment of
Al203 and depletion of the alkalis (Naz20, K20, CaO, and Mg0). Chemical
weathering indices estimate the intensity of soil chemical weathering by
comparing changes in major and trace metal concentrations as ratios of
mobile to immobile elements in soil and rock or parent material (Nesbitt
and Young, 1982). Water and oxygen are important to many chemical
weathering reactions.

Table 7: Weathering indices of the coastal plain sand
Weathering Indices IDG 1 IDG 2 IDG 3 OBY 11 OBY 12 OBY 13 OBY 14 AVERAGE
PIA 95.10 | 69.0 91.60 68.00 | 73.90 | 66.90 75.00 77.07
CIA 82.60 | 64.70 15.61 59.70 | 68.60 | 62.80 71.00 61.40
ciw 96.10 75.30 93.50 90.80 77.10 71.30 76.60 83.00
MIA 65.20 | 29.40 68.78 19.40 | 37.20 | 25.60 42.00 41.10

For the weathering indices (Table 7) the chemical index of alteration (CIA)
values ranged 15.61-82.60 (~61.40); the chemical index weathering
(CIW) had ranging values of 71.30-96.10 (~83.00); the plagioclase index
of alteration (PIA) had values ranging from 66.90-96.10 (~77.07) and the
mineralogy index of alteration (MIA) had values ranging from 25.60-68.78
(~41.10).

The CIA monitors the progressive transformation of potassium feldspars
and plagioclase into clay minerals. The CIA is based on the assumption that
the relative abundance of major elements in a rock change as a result of
weathering, with more resistant elements (such as quartz) is becoming
more abundant and more easily weathered elements (such as feldspars)
becoming less abundant. Calculating the Chemical Index of Alteration
(CIA), where CIA = molar (Al203/[Al203+Ca0+Naz0+K20]) x 100, can help
understand the extent of chemical weathering of the sediments' source
rocks, according to Nesbitt and Young, (1982).

According to Nesbitt, stages of weathering were given as follows:
weathering at the incipient stage is indicated by CIA value of 30-55,
weathering at the intermediate stage is represented by CIA value of 51-85,
and weathering at the advanced stage is indicated by CIA values greater
than 85.

According to the study, the CIA can also be applied in palaeo-climatic
reconstruction as follows: the CIA spectra of 50-60 indicate low chemical
weathering, 60-80 suggests moderate chemical weathering (in cool
and/or arid climate), and 80-100 implies intensive chemical weathering
(in hot and/or humid climate) (Nesbitt and Young, 1982; McLennan et al.,
1993; Dengiz et al, 2019; Ejeh, 2021).

The CIA range (15.61-82.60) showed that all of the samples were at the
intermediate stage of weathering with the exception of one sample
location (OBY and IDG) having advanced chemical weathering. However,
the average CIA value for all the samples examined had an average of 61.40
indicating weathering at an intermediate stage, moderate chemical
weathering and the paleo-climatic conditions were cool and/or arid
(Table 4.7). The paleo-climatic conditions of this study agree with
Omoruyi et al,, (2022).

In understanding the CIW, the only difference between the CIA and the
Chemical Index of Weathering (CIW) proposed by Harnois (1988) is the
omission of Kz0 from the equation: CIW = molar [(Al203 / (Al203+ CaO +
Naz0)] x 100. Chemical Index of Weathering (CIW) values range from 50
for unweathered upper continental crust to roughly 100 for materials that
have undergone substantial weathering, with the full elimination of alkali
and alkaline-earth elements [McLennan (1993), Mongelli et al, (1996)].
CIW in this investigation had an average value of 83.00 signifying that the
samples had undergone a significant level of substantial weathering at the
time of this study.

PIA is similar to CIA but focuses specifically on the alteration of plagioclase
feldspar (Ilevbare and Omoruyi, 2020). The intensity of the chemical
weathering can also be estimated using the Plagioclase Index of Alteration
(PIA); in molecular proportions: PIA = [(Al.03-K20)/(Al203 + CaO* + Na0-
K20)] x 100 where Ca0O* is the CaO residing only in the silicate fraction and
calculated as CaO* = % CaO -10/3 * P20s (McLennan et al, 1993).
Unweathered plagioclase has PIA value of 50 while Phanerozoic samples
have PIA value of 79. Fedo et al, (1995) suggested the Plagioclase Index of
Alteration (PIA) as an alternative to the CIW. The PIA can be used to track
plagioclase weathering because it dissolves quite quickly and is ubiquitous
in silicate. PIA in this study had an average of 77.07 indicating that the
samples were Phanerozoic (Table 4.7).

In order to determine the mineralogical index of alteration (MIA), MIA =
2* (CIA-50). In order to evaluate MIA values, it is helpful to consider the
following ranges: incipient (0-20%), weak (20-40%), moderate (40-
60%), and intense to extreme (60-100%) degree of weathering (Omoruyi
et al,, 2022). With an average value of 41.10, it could be inferred that the
samples had undergone moderate degree of weathering thus,
corroborating the result gotten from the PIA (Table 4.7).

3.5 Provenance of the Coastal Sand

The geochemical attributes of elements and their ratios (major and trace
elements) in coastal plain sands can be used invaluably for construing
provenance (Oti and Nwachukwu, 2021).

Table 8: Significant ratios of major oxides of Obedoluogbeyi and Idogbo coastal plain sand

Major Oxides Ratios IDG 1 IDG 2 IDG 3 OBY 7

Si02/Al203 6.02 5.45 6.34 6.63

OBY 12 OBY 13 OBY 14 AVERAGE

6.22
6.66 6.46 5.97

Cite the Article: Martins Ilevbare (2026). Geochemical Insights into Coastal Plain Sands: Sapele Bypass Benin Region Nigeria.

Pakistan Journal of Geology, 10(1): 01-11.




Pakistan Journal of Geology (PJG) 10 (1) (2026) 01-11

Table 8 (cont): Significant ratios of major oxides of Obedoluogbeyi and Idogbo coastal plain sand
Fe203/K20 3.0 1.78 3.38 1.59 3.63 3.34 4.29 3.00
Al,03/TiO2 . 6.76 33.08 7.64 . 51.23 51.23 . 55.74 . 27.53 . 29.9
K20/Naz0 6.9 1.12 5.93 1.52 1.77 0.76 0.43 2.49
K20/Al;03 . 0.17 0.17 0.24 . 2.39 0.16 . 0.19 . 0.09 . 0.49

In Table 8, the averages of SiO2 /Alz03, Fe203 /K20, Al203/Ti02, K20/Al203
are 6.25, 37.06, 194.70 and 0.23 respectively with Al203/TiO: being the
highest and K20/Al203 being the lowest (Al203/TiO2 > Fe203/K:0 >
Si02/Al20; > K»0/Na20 > K:0/Al:03). These ratios are useful in
provenance and maturity determination. SiOz/Al203 ratios in unaltered
igneous rocks range from 3.0 for basic rocks to 5.0 for acidic rocks
(Roser etal,, 1996). Results from this study Si0z/Al.0zaverages 6.22 show
that the coastal plain sands were weathered from acidic rocks (Table 8).

Al203 was greatly enriched in the soil samples compared to TiOz (Table
4.8). Some previous works have reported Al203/TiO2 ranges of 3-8, 8-21,
and 21-70 for mafic-igneous, intermediate, and felsic sources respectively
(Girty et al,, 1996; Opara et al, 2021). The average (~29.90) reported
indicated here in this study infers that the coastal plain sands are sourced
from felsic rocks. This inference is supported by the SiOz (~71.74%) value
obtained in Table 4.6 reflecting a high silica content for the coastal plain
sand. Fe203/K20 (1.59-4.29; ~3.00) showed that there was relatively
higher deposition of iron oxide compared to potassium oxide. According
to Adeila et al,, (2019), the presence of haematite denotes an oxidizing
environment and thus suggesting that a humid climate prevailed in the
area during the period of deposition. Hence, it can be inferred that the high
ratio of iron oxide indicates abundant deposition of haematite, strong oxic
environment and humid climate.

Also, samples with low Si0O2/Al203 ratio and a higher Fe203/K:0 ratio are
mineralogical less stable and more prone to reactivity during supercritical
CO2 exposure (Farquhar et al,, 2014). K20/Naz0 >1 signify that K-feldspar
is the dominant source rock and enrichment of K20 is associated with the
illite clay mineral in these coastal plain sands (Ilevbare and Omoruyi
2020b).

The average low values of K:0/Al:0s5 (0.49) point to likely increased
source area weathering or sedimentary recycling (Bauluz et al., 2000).
K20/Al:03 very low values indicates burial diagenesis was probable and
this also points to likely increased source area weathering or sedimentary
recycling (Bauluz et al, 2000; Ghosh et al,, 2019). K20 was not greatly
enriched in the soil samples compared to Alz03 (Table 6).

3.6 Maturity of the Coastal Sand from Geochemical Characteristics

Maturity of sands can be reflected by the SiO2/Alz03 index. High ratios

indicate mineralogical mature samples, while low ratios represent
chemically immature samples (Haque and Roy, 2019). An average value of
6.22 indicates that the samples are mineralogical immature (Table 8).

Low values of K20/Al:03 indicate low sediment maturity (Ilevbare and
Imasuen, 2020). K20/Al203 values of ~0.23 in this study rightly suggest
low sediment maturity (Table 8). Low values for both SiO2/Al:03 and
K20/Na;0 ratios indicate mineralogical immature sediments.

3.7 Geochemistry of the Trace Elements of the Sediment

The relative abundance of trace elements and oxides in sediment is
controlled by sedimentation rate, terrigenous influx, biogenic influx,
hydrothermal input, diagenesis and, ultimately, weathering. Their
enrichments can lead to understanding of their paleo-depositional and
paleo redox setting, as well as the paleo-climate, (Ghosh et al., 2019).

From Table 9 above, it can be observed that ten (11) trace elements were
studied and analysed, and their values are given in ppm: Ni (19-110; ~39),
Cs (32-320; ~81), Co (33-215; ~58); Sr (57-322; ~72), Cr (35-94; ~38),
Ba (52-600; ~123), Ta (31-72; ~33), Nb (22-110; ~42), Sc (26-72; ~23),
Nd (11-95; ~44) and Y (20-65; ~23).

High concentrations of Ba even as seen in the results of this study indicate
the presence of marine depositional environment (Zhang et al., 2021).
According to the studyNi concentrations larger than 200 ppm signs of
mafic or ultramafic provenance (Gao etal., 2020). Ni with an average of 39
ppm indicates that the Idogbo and Obedoluogbeyi coastal plain sand are
of felsic origin.

As suggested that when Cr is greater than 150ppm in abundance, it is an
indication of mafic or ultramafic provenance (Omoruyi et al,, 2022). The
highest recorded value of Cr in this study is less than the stated value (ave.
34 ppm) indicating a felsic provenance relative to the above conditions.

According to the study elements like Sc, Cr, Ni and Co are suitable for
provenance and tectonic setting determination because of their very
limited mobility throughout sedimentary processes, and their brief
durations in saltwater, as a result of their quantitative transit into clastic
deposit during weathering and transport, these components serve as a
proxy for the parent material (Zhang et al., 2021; Gu et al., 2021).

Table 9: Trace element Geochemistry of the coastal plain sand
Sample Ni Cs Co Sr Cr Ba Ta Nb Sc Nd Y (ppm)
No. (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
IDG 8 32 112 123 67 35 600 50 43 29 78 24
IDG9 75 133 33 64 65 70 54 93 26 95 44
IDG 10 27 320 215 78 66 52 31 22 30 76 32
OBY 14 88 162 71 66 72 70 52 77 26 95 20
OBY 15 19 88 52 57 35 231 59 49 25 67 30
OBY 16 76 43 63 66 94 120 56 72 45 59 33
OBY 17 110 32 79 322 49 212 72 110 72 11 65

3.8 Geochemistry of the Rare Earth Element (REE) of the Sediment

The Periodic table elements from lanthanum (La: Z = 57) to lutetium (Lu:
Z = 71) are usually referred to as rare earth elements (REEs). The REEs,
also known as Lanthanides or ‘Industrial vitamins’, are a chemically
uniform metallic group of elements having almost similar electronic
configuration, including the same electronic layers but with small
differences in their atomic number (Hossain et al., 2023). RREs are known

as ‘rare’ not because they are exceptionally uncommon, but are not found
in economically available deposits (Mirkouei et al, 2021). There are
seventeen elements in the group of REEs: cerium (Ce), dysprosium (Dy),
erbium (Er), europium (Eu), gadolinium (Gd), holmium (Ho), lanthanum
(La), lutetium (Lu), neodymium (Nd), praseodymium (Pr), samarium
(Sm), terbium (Tb), thulium (Th), ytterbium (Yb) (Khan et al, 2017;
Balaram, 2019). The REE in the samples analysed, their concentration and
how they varied are presented (Table 10; Figure 10).
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Table 10: Rare earth elements Geochemistry of the Coastal Sand
Sample No. | Gd (ppm) | Tb (ppm) | Y (ppm) | Yb(ppm) | La(ppm) | Ce(ppm) | Pr(ppm)  Ndppm) A Sm (ppm) | Eu(ppm)
IDG 12 0.25 0.16 0.16 0.21 6.0 15.91 1.9 6.4 8.2 0.22
IDG 13 1.47 0.13 0.19 0.19 7.9 16.30 1.7 4.7 9.0 0.17
IDG 14 1.21 0.17 0.26 0.14 9.3 18.00 1.9 3.4 7.2 0.19
OBY 17 0.96 0.15 0.17 0.15 6.7 15.12 1.4 7.1 9.2 0.38
OBY 18 1.38 0.10 0.20 0.06 7.0 16.20 1.5 6.4 8.3 0.32
OBY 19 1.42 0.19 0.12 0.17 7.3 13.90 1.0 6.2 4.4 0.19
OBY 20 1.32 0.19 0.23 0.12 8.3 16.45 1.6 5.5 9.2 0.15
[
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Figure 11: Variation in the rare earth elements of the coastal sand

Nd is extensively applied in super magnets for disk drives, Ce is critical
ingredient in autocatalyts and all REE are used in making the flat-panel
TVs. Eu is notable for its use in phosphors which are applied in coloured
television tubes and LED screens that emit red and blue lights (Guo et al.,
2021). Several compounds of REE are in smart-batteries that power every
electric vehicle and hybrid electric vehicles. Because of their unique
physical, chemical, magnetic, luminescent properties, these elements help
to make many technological advantages such as performing at reduced
energy consumption, greater efficiency, miniaturization, speed, durability
and thermal stability (Balaram, 2019; Hossain et al.,, 2023). Sm is often
used in the production of highly stable and strong magnets even at
elevated temperatures which are thus used in electronic devices, motors,
etc. Pr is often used in alloys for making permanent magnets, in
combination with neodymium for electric motors and generators (Al-
Maadhidi et al., 2023). La is used in the production of certain types of
catalysts, as well as in the manufacturing of high-performance alloys;
these are used in production of optical lenses, phosphors, and other
electronic devices (Saleh et al, 2023). Though not being part of the
lanthanide series, Y is often associated with the rare earth elements
because of its similar occurrences with them. It is used in the production
of phosphors, medical imaging devices and superconductors. Just like Y, Sc
is not regarded as a rare earth element but has useful applications in the
production of light-weight alloys for the aerospace industry (He et al,,
2023; Lohr et al,, 2024).

4. CONCLUSION

The following conclusion stems from this study;
e The provenance of the coastal sand was of felsic igneous origin;

e Weathering condition that prevailed is Humid Climate and the
sediment have undergone substantial to intense chemical weathering;

e The Sand from the major oxide geochemistry is Mature;

e The Correlation and Chi-square of the metallic oxides shows
enrichment of silica and depletion of other oxides as well as indicates
a common source of for the coastal plain sand.

e The coastal sand in Sapele Bypass is most likely to be a reservoir rock
for hydrocarbon potential, if the it is in a petroleum system with
source and trap rather than a source rock.
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