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Abstract

Selected composited samples from Lewumeji (0-111m) and Idogun (0- 54m) Abeokuta Group, Eastern Dahomey
Basin, were subjected to detailed lithologic and geochemical studies. The studies aimed at determining the
lithological sequence, paleoenvironments of deposition, tectonic settings, provenance, weathering history and the
classification of sediments. The core samples were subjected to lithological description and geochemical analysis
were done following standard procedure through the use of Inductively Coupled Plasma Mass Spectrometry (ICP-
MS) and Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) through lithium metaborate
fusion method.The lithologies from both wells consist of reddish to brown colour, rounded to sub rounded
sandstone, brownish clay, and dark grey shale denoting possibly fluvial, brackish, lagoonal and marine
environments. The sandstone revealed dominance of quartz which were classified as quartz arenites to
sublitharenite and subarkoses, this suggests a recycled orogen source for the sandstones. Shale in the study area
shows patches of CaCOj indicating the presence of biogenic materials. And the reddish brown colouration of clay
suggests ferruginization. The geochemistry revealed low values for K,O/Al,Os ratio coupled with high average
values of Plagioclase Index of Alteration (81.64% and 73.80%), Chemical Index of Alteration (79.22% and
71.52%) and Chemical Index of Weathering (82.41 % and 75.03%) for Idogun and Lewumeji wells respectively.
This values indicate intense weathering condition. The plots of Log (Fe,03/K,0) against Log (SiO»/Al,O3)
revealed sediments dominated by Fe - sand and Fe - shale. Also, ALO3-(K,O+CaO+MgO)-(Fe.03+MgO), (AKF)
ternary plots reveals that the sediments are derived from continental environment. The Log (K2O/Na,O) against
Si0; and the discriminant function plots indicate sediments deposited within the passive margin. Also, the Trace
elements ternary plots of Th-Sc-Zr/10 and Th-Co-Zr/10 reveal deposition within Continental Island Arc and
Passive Margin. The discriminant function plots characterized the sediments as Mafic Igneous rock and quartoze
sedimentary provenances with minor input from Intermediate and felsic igneous provenances. The chondrite
normalized REE plots show enrichment of Light REE over Heavy REE in the study area with negative Europium
and Cerium anomalies greater than 1. This indicated an oxidising and a shallow marine environments. The REE
pattern is similar to those for the Upper Continental Crust sediments (UCC). Conclusively, the study shows that
the sediments in the study area have multiple provenances subjected to high weathering conditions and were
deposited within an oxidizing and continental to shallow marine settings.
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1. Introduction

The Dahomey Basin is one of the sedimentary basins on the continental margin, it is a pre-cratonic basin that was
developed during the initiation of rifting associated with the opening of Gulf of Guinea in early Creataceous to
Late Jurassic (Burke ef al., 1971; Klemme, 1975; Whiteman, 1982; Kingston ef al., 1983). The Eastern half of the
basin occurs within the Nigerian territory. The northern part of the basin in Nigeria is the exposure of the Abeokuta
group which is unconformably overlying the basement. The basin consists of Cretaceous-Tertiary sequence, which
outcrops in an arcuate belt roughly parallel to the ancient coastline and it is characterized by block and transform
faulting superimposed across an extensive Paleozoic basin during the breakup of African, North American and
South American paleo-continents. The states within the Eastern Dahomey basin in the Nigerian sector include
Lagos, Ogun, Ondo and Benin (Elueze and Nton, 2005).

This study describes the geochemical composition of Sandstones, Shales and clay of Lewumeji (0 -111m)
and Idogun (0 — 54m) well, Eastern Dahomey Basin Southwestern Nigeria (Fig 1). The geochemical studies of
sedimentary basins are useful indicators of depositional environment, facies and diagenetic changes (Lewis and
Banderia, 1981). The geochemical composition of terrigenous sedimentary rocks is a function of the complex
interplay of various variables, thereby providing an insight into tectonic settings, provenance, weathering history
and transportation history (Bhatia, 1983). Several authors have carried out considerable and intensive researches
to characterize and deduce the various lithology, paleoenvironment, provenance, tectonic setting of ancient and
recent sediments (Bhatia, 1983; Bhatia and Crook, 1986; Roser and Korsch, 1986, Boboye ef al., 2018). The major,
trace and rare earth elements are of great importance in provenance and tectonic studies because of their variable
signatures during sedimentary processes.
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This research therefore aimed at integrating lithology and geochemistry to classifying the sediment and also
to deduce the depositional environment, Provenance, tectonic settings, weathering history and transportation
history that prevails during sediment deposition.

2. Location of the study area
The studied wells are situated between latitudes 06°30°0°N - 06°37 0N and longitude 04°45'0'E - 05°00°0”E. and
lie within the Abeokuta group of the Eastern Dahomey Basin (Fig.1 and Fig. 2)
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Figure 1: Map of Dahomey Basin showing the Study well (modified after Biliman, 1992)
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Figure 2: Location map of the exploration wells for this Study, Eastern Dahomey basin, Southwestern Nigeria.
(Inset map illustrates the position of Dahomey basin in Nigeria)

3. Materials and Methods

The core samples used for this study were collected from the Bitumen project base in Ore, Ondo State, Nigeria. A
total of seven (7) composited samples of sandstone and shale from the Lewumeji well and five (5) composited
sample of Shale, sandstone and clay from Idogun well were used for the geochemical studies. Detailed lithologic
description were carried out on the core samples provided following the standard method of describing samples
by using microscope hand lens, dilute HCI and physical examination. The description was based on their texture,
Fissility, colour, and fossil content in term of plant remains and fossil fragment. Then the samples were pulverized
separately using porcelain mortar and pestle at the Geochemistry Laboratory, University of Ibadan.10g of each
measured samples were placed in an air tight and well labelled white cellophane bag and send for subsequent
geochemical analysis at the Acme Analytical laboratory limited, Vancouver, Canada. The Inductively Coupled
Plasma Optical Electron Spectrometry (ICP-OES) and Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
through Lithium Metaborate fusion method was used for determination of major, trace and rare earth elements.
The analysed samples produce major (11), trace elements (33) and Rare Erarth Elements (14). Also, Loss on
ignition (LOI) was determined for the samples through appropriate method. The detection limit for all the major
element oxides is 0.01%. The only exceptions are Fe,O3 and Cr,O; which have a detection limit of 0.04% and
0.002% respectively.

3.1 Data Interpretation and statistical Analysis

Geological and statistical methods were used to treat the geochemical data. The statistical treatment include both
univariate and multivariate statistical analysis using SPSS -17.0 software (statistical package for social science)
and Microsoft excel was also used with the aim to determine the interrelationship between elements. Petrographs
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was use for tenary plottings. Plots and comparative tables were produced to aid visual identification trends in term
of data variation. Correlation coefficients were developed to measure the strength of linear relationships between
elemental abundance variables on a scale of -1 (perfect inverse relationship) through 0 (no relation) to +1 (perfect
sympathic relation).

4.Results and Discussion

4.1 Lithostratigraphic Description of the wells

The description of the facie units are presented below while the litholog is described based on colour, texture and
depth (Fig. 3 and Fig.4)

Lewumeji well : [Litho unit 1 (0-9m)]

This unit is on the topmost layer. The sandstone is reddish brown at the upper part of the unit then a light brown
at the base of the layer. It has a fine to medium size grains. The unit is 15m thick and was deposited in a fluvialtile
environment.

Litho unit 2 (9 — 111m)

This unit is 102m thick. It is composed of shally, dark to grayish, fissile to non- fissile, carbonaceous shale.
Idogun well [Litho unit 1 (0 -9m)]

This units is 9m thick, it is reddish brown, non- carbonaceous clay. This litho unit portrays a mixed depositional
environment in which there is strong influence of fluvial on lagoonal environment.

Litho unit 2 (9 — 15m)

This interval is composed of fine to medium grain sandstone with an evidence of shelly whitish material in some
horizons. It is 6m thick and reddish brown to brown in colour. The sediment was deposited in a fluvial environment.
Litho unit 3 (15 —24m)

This unit which is about 9m thick is shally, dark grey in colour, non- fissile and could have been deposited in a
marine environment.

Litho unit 4 (24 — 42m)

This unit is made up of grey coloured sandstone. Fine to medium grained which suggest deposition in a fluvialtile
environment.

Lithounit 5 (42 -54m)

This interval consists of a dark to greyish non- fissile shale. It is carbonaceous. The units is about 9m thick and
the high occurrence of dinoflagellates cysts like Senegalinium sp suggests position in a marine setting. 4.2
Geochemistry

Major element geochemistry

Major elemental oxide is a reflection of the duration and intensity of variables such as provenance, weathering,
transportation and diagenesis (Boboye et al., 2018). This can also be of use when contemplating certain trends in
the general composition of the sedimentary rocks and to decipher the weathering profile of the rock (Nesbitt and
Young 1982; Fedo et al., 1995). Observations from the major element result from the well shows high
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Figure 3: Litholog of the studied interval of Figure 4: Litholog of the studied interval of Lewumeji well,
Idogun well, Dahomey Basin, Nigeria Dahomey Basin, Nigeria
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abundance and large variations of SiO» ranging from 90.72% — 36.39% with an average value of 50.18% for
the lewumeji well and 99.14% - 42.48% with an average of 70.81% for Idogun well. This average value islower
in Lewumeji and higher in Idogun well than the value for the upper continental crust (UCC), Al,O3 is moderately
high ranging from 3.7% - 19.8% (average: 14.09%) and 1.66% -19.72% (average: 12.7%) for Lewumeji and
Idogun well respectively, the concentration of Aluminosilicate is a good measure of detrital flux (Nagarajan, et.
al., 2007) and the mean high concentrations of AlO3; may indicate a high Kaolinite/illite ratio within the study
area (Besly and Clearl, 1997). Concentration of Fe;O3 in Idogun well and lewumeji varies from 8.6% - 1.04%
(average: 5.21%) and 2.41% -9.55% (average: 5.9%) This appreciable value of Fe,O; can be from the source rock,
indicating that the source rock may contain an appreciable biotite and hornblende, it can also indicate oxidation
condition (Bassey and Eminue 2014). CaO ranges between 0.07% -11.79% (average: 4.3%) in Idogun and 0.12%
- 15.11% (average: 5.6%). Also the MgO concentration is relatively low in Lewumeji it ranges between 0.05% —
5.19% (average: 3.39%) and Idogun ranges between 0.03% - 0.7% (average: 0.45). Which implies that the
sediments contain minute amount of ferromagnesian minerals such as mica, hornblende and haematite. The low
value of MgO and CaO contents indicates associated carbonate or dolomitization. However the concentration of
TiO», Na,0, K»0, P,0s, MnO and Cr,Os are relatively low. The low K»O content indicated low amount of illite or
K-feldspar present in the sediment (Akpokodje et al., 1991) and the low phosphate (P.Os) content could be
attributed to lower amount of accessory phases such as apatile and monazite. The summary of major element of
Lewumeji and Idogun wells is given in Table 1 and 2 respectively.

The Silica-Alumina ratio (SiO2/A1>03) of the studied shale sample is shown in table 3. According to Le Maitre,
(1976) The Si0,/Al,Os3 ratio is about 3 in basic rocks (basalts and Gabbros) and it is around 5 in the acidic end
member (granites and rhyolites) Ratio more than 5 or 6 in sedimentary rocks provided evidence of sedimentary
maturation (Roser et al., 1996). The SiO,/Al,Osratio for Lewumeji and Idogun shale samples varies between 2.95
-3.23 (average: 3.09) and 2.24 — 3.03 (average: 2.24) respectively which is within the range of a basic rock.
Sandstone in both wells has a significantly high value of 24.26 for Lewumeji and 11.16 — 54.71 (average: 33.93)
for Idogun wells, indicating a high mature sediment. Which is comparable to the value of 30 reported in the modern
sediment (Valloni and Maynard, 1981; McLennan et al., 1990) that interpreted as highly mature sediments. The
Potassium —Alumina ratio (K>O/Al,O3) is an index of mudrock composition which can be used as an indicator of
original composition of ancient sediments (Popoola et. al., 2014). The K»O/Al,O3 has different ratios for clay
minerals and feldspar which ranges between 0.0 to 0.3 and 0.3 to 0.9 respectively, The very low value of
K>0/ALOs of the study areas varies from 0.02 to 0.10 for lewumeji and 0.04 — 0.07 for Idogun sediments generally
indicating the preponderance of clay minerals over the K-bearing minerals such as K-feldspar and micas. The
concentration of TiO; increased with Al,Oj3, indicating that TiO; is associated with Phyllosilicate especially with
Illite (Dabard, 1990). The concentration of Fe,O3 and TiO, (Pearse et al., 1999) indicate the presence of iron-
titanium minirals (haematite, anatase and rutiles) .The ratios of TiO»/ Al,O3 in Lewumeji and Idogun well (0.05 -
0.10, 0.04 — 0.16) and Na,O/K,0O (0.06 -0.10, 0.04 -0.10) respectively suggests that the sediments are highly
chemically mature (Jenner et al., 1981). Also, the relative high K»O/Na,O ratios (8.00 — 15.00) are attributed to
the relatively common presence of K-bearing minerals such as K- feldspar, Illite and some micas (Pettijohn et al.,
1963, Kalsbeek et al., 2008; Nath et al., 2000; Zhang, 2004; Osae et al., 2006). The Al,Os/ TiO, ratio are
essentially used to infer the source rock composition of most clastic rocks this is because Al,O3/ TiO; ratio
increases from 3 to 8 for mafic Igneous rock (SiO; — 45.52%), 8 to 21 for intermediate rocks (SiO; = 53%-66%)
and 21 to 70 for felsic rocks (SiO,= 66% - 76%) (Hayashi et al., 1997). Therefore, the Al,O3/ TiO; ratio of the
sediment ranges from 9.84 — 21.31 (mean = 18.16) for Lewumeji and 6.14 — 20.93 (13.53) suggesting that they
were possibly derived from a mafic to intermediate Igneous source.

The loss on ignition (LOI) for Lewumeji and Idogun sandstone ranges between 2.4 — 4.1%, shales from the
study wells ranges between 16.90 — 25.5%, and clay is 9.7%. The LOI for shale is high, indicating that the shale
has a higher potential for carbonaceous compounds.

4.2.1 Classification of sediments

The standard plot of Herron (1988) using Log (Fe203/K>0) against Log (SiO2/Al:03) was employed to classify
the sediments of the study area. From the plot (Fig.5), the shale and the clay samples from Idogun and lewumeji
well dominantly falls within the Iron shale (Fe- shale) field and the sandstone from the study well falls within the
Iron sand (Fe — sand) compartment which is an indication of ferruginization. The sediments that fall within the
Iron — sand (Fe —sand) field further suggest an incursion of fluvial current and this is consistent with the presence
of the brownish sandstone and clay observed from the lithological description.
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Table 1: Values (Wt. %) of Major elements of the sandstone and shale in Lewumeji well
Sa'mple 1o Al A2 A3 A4 AS A6 A7 Range Average | Median
Major oxides
SiO, 90.72 41.76 36.39 45.32 45.09 45.97 46.04 36.39 - 90.72 50.18 63.55
ALO; 3.74 14.13 11.97 14 15.52 19.82 19.5 3.74-19.82 14.09 23.56
Fe,03 2.41 9.55 4.26 6.94 5.56 6.35 6.82 2.41-6.94 5.66 7.14
MgO 0.05 2.92 4.63 5.19 4.89 3.18 2.9 0.05-5.19 3.39 2.27
Ca0 0.12 9.18 15.11 5.85 4.76 2.11 2.53 0.12-15.11 5.66 14.99
Na,O 0.01 0.05 0.07 0.1 0.12 0.13 0.15 0.01-0.15 0.09 0.14
K,0 0.08 0.8 0.86 1.5 1.11 1.32 1.43 0.08-1.5 1.01 1.42
TiO, 0.38 0.74 0.66 0.8 0.75 0.93 0.98 0.38-0.98 0.74 0.6
P,0s 0.03 0.18 0.24 0.46 0.24 0.09 0.09 0.03-0.46 0.19 0.21
MnO <0.01 0.19 0.11 0.04 0.05 0.03 0.03 <0.01-0.19 0.06 0.19
Cr,0; 0.005 0.017 0.015 0.021 0.022 0.027 0.028 0.005 - 0.028 0.01 0.023
LOI 2.4 20.3 25.5 19.5 21.7 19.8 19.3 24-255 18.35 23.1
SUM 99.95 99.84 99.82 99.78 99.79 99.82 99.80
Table 2: Values (Wt. %) of Major elements of the sandstone, clay and shale in Idogun well
Msz:;:)r:*p(l)exlil:i)es B1 B2 B3 B4 BS Range Average | Median
SiO2 59.86 | 83.39 | 42.48 94.14 45.10 42.48 -94.14 64.99 49.04
ALO3 19.72 7.47 18.84 1.66 16.18 1.66 — 19.72 12.77 18.06
Fe203 8.68 3.71 6.08 1.04 6.58 1.04 — 8.68 5.21 7.64
MgO 0.12 0.12 1.21 0.03 0.77 0.03-1.21 0.45 1.18
CaO 0.07 0.24 9.71 0.13 11.79 0.07 -11.79 4.38 11.72
Na.O 0.02 0.01 0.06 0.01 0.08 0.01 —0.08 0.03 0.07
K20 0.23 0.18 1.41 0.17 0.76 0.18—1.41 0.55 1.24
TiO: 1.3 0.38 0.9 0.27 0.9 0.27-13 0.75 1.0
P20s 0.1 0.29 0.39 0.08 0.65 0.08 —0.39 0.30 0.57
MnO 0.02 | <0.01 0.02 <0.01 0.01 <0.01 —0.02 0.017 0.02
Cr203 0.014 | 0.008 | 0.042 | <0.002 | 0.037 | <0.002-0.037 0.025 0.04
LOI 9.7 4.1 18.7 2.4 16.90 2.4-16.90 10.36 16.3
SUM 99.82 | 99.93 | 99.84 99.95 99.78

Also from the terrigenous sediment based upon a plot of log (Na,O/K>0) against log (SiO2/Al>,03) (petijohn

etal., 1972).

It can be observed that the clay and shale samples from both well falls mainly in the litharenite regions, the
Idogun sandstone falls within the subarkose and quartzarenite while the lewumeji sandstone falls in the
sublitharenite region (Fig.6).The sample that plotted within the quartzarenite region is an indication of the maturity
and quartz enrichment in the sample.
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Figure 5: Geochemical classification of sediments from the studied area (After Herron, 1988)
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4.2.2 Source Area weathering
The weathering indices of ancient sedimentary rocks are useful to evaluate the degree of weathering of rocks from
which sediments grains are derived. Chemical weathering indices are commonly used in recent and old weathering
profile studies (Kirschbaum et al., 2005; Goldberg and Humayun, 2010).This can be done in part by examining
the relationships among the alkali and alkaline earth elements. (Nesbitt and young, 1982). Because the chemical
alteration of rocks during weathering results in depletion of alkalis and alkaline earth elements and preferential
enrichment of Al,O3 in sediments(Cingolani ef al., 2003).The most widely used indices for quantitative estimation
of the degree of weathering in any source region, include the Chemical Index of Alteration (CIA), Plagioclase
Index of Alteration (PIA), Chemical Index of weathering (CIW) proposed by Nesbitt and Young, (1982) , Fedo
et al., (1995), Harnois, (1988) respectively. High CIA and PIA value (75-100) indicate intensive chemical
weathering in the source area whereas low values(50 or less) indicates near absence of chemical alteration and
reflect cool and / arid condition or unweathered source area (Osae et al., 2006). The intensity of chemical
weathering or alteration of sediments source can be calculated using the following formular:
CIA = 100[ALLO3/ (Al,O3 +CaO +Na,O + K,0)]
PIA= 100 [(A1,03-K,0)/ (Al,03 +Ca0 +NayO - K,0)]
CIW = 100 [ALL,O3/ (Al,O3 +CaO +Na,O].

The CIA, PIA and CIW Values (table 3) for Lewumeji samples range from ( 42.73% -94.68%,42.25% -
96.56%, 44.08% - 96.64%) with averages of (71.52%, 73.80% and 75.03%) respectively while Idogun samples
range from (56.16% - 98.40%,56.54% - 99.54%, 57.68%- 99.54% ) with an averages of (79.22% , 81.64% and
82.41%). These values are variable and it may be as a result of multiple provenances for sediments which have
variable proportions of source area weathering and related processes or may be due to low concentrations of the
alkalis and alkaline earth elements. From the two well, majority of the samples show CIA, PIA and CIW values
greater than 70% suggesting moderate to high weathering either at the source or during transport before deposition
(McLennan, 1993; Fedo ef al., 1995), this show that the sediments are geochemically and texturally mature. The
mobility of elements during the progress of chemical weathering can be plotted using the molar proportion of
AlO3, Nay0, and CaO* (CaO in silicate fraction) in a A-CN-K ternary diagram (Fig.7). The plots shows clusters
of data pointing towards the Al,Osz apex and oriented smoothly parallel to the A-CN join suggesting the removal
of Ca, Na, and K in the parent material and abundance mineral phase with composition close to Plagioclase feldspar,
Smectite and Kaolinite (Ogbahon et al., 2019).

Table 3: Result of CIA, PIA and CIW of the study wells

Sample no | Depth (m) Lithology | CIA(%) | PIA (%) | CIW (%)
Al 0.00 -15.00 Sandstone | 94.5699 | 96.5699 | 96.6408
A2 15.00 -30.00 Shale 58.4851 | 59.0868 | 60.4880
A3 30.00 -45.00 Shale 42.7347 | 42.2591 | 44.0884
A4 45.00— 60.00 | Shale 65.2680 | 67.7506 | 70.1754
AS 60.00 -75.00 Shale 72.1524 | 74.7019 | 76.0784
Ab 75.00—90.00 | Shale 84.7733 | 89.1996 | 89.8458
A7 90.00- 111 Shale 82.5921 | 87.0843 | 87.9170
Bl 0.00 -9.00 Claystone | 98.4031 | 99.5403 | 99.5456
B2 9.00 -15.00 Sandstone | 94.5569 | 96.6843 | 96.7616
B3 15.00— 24.00 | Shale 62.7581 | 64.0808 | 65.8511
B4 24.00 -42.00 | Sandstone | 84.2639 | 91.4110 | 92.2222
B5 42.00— 54.00 | Shale 56.1610 | 56.5042 | 57.6827
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Young, 1982; Fedo et al., 1995)
4.2.3 Depositional Environment
The depositional environments for sediment of the study wells were classified on the basis of Englung and
Jorgensen, (1973) ternary plot. This involve the chemical classification on the basis of (AL,O3) — ( KO + Na,O +
Ca0) — (Fe,O3 + MgO) content (AKF). From the AKF plots (fig 8), Lewumeji sandstone, Lewumeji shale, Idogun
sandstone and Idogun claystone falls under the continental zone while the Idogun shale and one shale sample of
Lewumeji well falls in the transitional zone. The sediments are gradually moving from the continental environment
to the transitional environment indicating a shallow marine environment and the sediment underwent high to
transportation under oxidizing conditions (Adeigbe and Jimoh, 2013).
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Figure 8: (Al,03) — (K20 + Na,O + CaO) — (Fe»03; + MgO) (AKF) ternary plot between depositional environment
( after Englung and Jorgensen, 1973)

4.2.4 Provenance Indices

The main aim of sedimentary provenance studies are to reconstruct and to interpret the history of sediment from
the initial erosion of parent rocks to the final burial of their detritus. The provenance discriminant function plot
used for this study defined four (4) main provenance zones; mafic Igneous provenance (basaltic and subordinate
andesitic detritus), Intermediate,Igneous provenance (dominantly andesitic detritus), Felsic Igneous provenance
(acidic, plutonic and volcanic detritus) and quartzose sedimentary provenance (recycled detritus).

Roser and Korsch, (1986) introduced two major element discriminant function diagram to constrain
provenance and compositions of source rock. The first is the use of oxides of Ti, Al, Fe, Mg, Ca, Na and K to
effectively differentiate the sediments into four zones and the discriminant functions based upon the ratios of
individual TiO,, MgO, Fe,03, and K»O to Al,Os. The ratio plot is not as effective as the one base on raw oxides.
In the ratio plot biogenic CaO and SiO» in provenance determination could be eliminated. Using the formula for
DF1 and DF2, certain conclusion and deductions were made;

Discriminiant Function (DF1) =-1.773TiO; + 0.607A1,03 + 0.76 Fe;O3r)— 1.5MgO + 0.616CaO + 0.509Na,O
—1.224K,0 - 9.09

Discriminiant Function (DF2) = 0.445Ti0,+ 0.07A1,03 — 0.25 Fe;Os3(r) - 1.42 MgO + 0.438CaO + 1.475 Na,O
+ 1.426K,0 — 6.861
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Discriminiant Function (DF1) = 30.638 TiO2/AL,03 — 12.541 Fe;O31)/ AL,O3 + 7.329 MgO/ AL,O3+ 12.031
Nay/ AL,O3 + 35.402 KxO/ AL,O3 — 6.382

Discriminiant Function (DF2) = 56.500TiO2/AL,03 — 10.879 Fe;O3(1y/ AL>O3 + 30.875 MgO/ AL,Os — 5.404
Na,O / AL,O3; + 11.112 K»0O/ AL,O3 — 3.89

The plots using raw oxides (Fig 9) show that the study sediments from the two wells (Idogun and Lewumeji
well) were sourced mainly from Mafic igneous rock and Quartzose sedimentary provenance implying a mixed
source. The lewumeji shale, Idogun shale and clay plotted within the the mafic igneous provenance while the
Idogun sandstone,lewumeji sandstone and few of lewumeji shale plotted within the quartzose sedimentary zone
while the ratio plots (fig 10) shows the sediments plotting in the four zones (quartzose sedimentary zone, mafic,
felsic and intermediate zone). In this case the mafic input also must have come from first cycle basaltic and minor
andesitic detritus and the recycled sources represent quartzose sediments of mature continental provenance and
the derivation of the sediments could be from a highly weathered granite-gneiss terrain and or from a pre-existing
sedimentary terrain.(Roser and Korsch 1988),
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Fig. 9: Discriminant function diagram for the provenance indices of the study wells using raw oxide (after Roser
and Korsch, 1988)
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Fig. 10: Discriminant function diagram for the provenance indices of the study wells using ratio plot

(after Roser and Korsch, 1988).
4.2.5 Tectonic setting
Tectonic settings impart a distinctive geochemical signature to sediments because different tectonic environments
has distinct provenance characteristics and distinct sedimentary process. Sedimentary basins may be assigned to
Active continental margin (ACM), Passive continental margin (PCM), Oceanic Island arc (OIC) and Continental
Island- arc (CIA). (Bhatia, 1983). The ACM are those that are tectonically active which are marked by earthquakes,
volcanoes while PCM are developed along coastlines that are not tectonically active.
Discrimination diagram based on bivariate plot of first and second discriminate functions of major element
analysis of the sediment within the study well (after Bhatia,1983) were plotted to delineate the tectonic settings.
The formular for discriminant function is as follows:
Discriminant function 1 = -0.0447SiO, - 0.972TiO, + 0.008AL,03 - 0.267Fe;O3; + 0.208FeO- 3.082MnO +
0.140MgO + 0.195Ca0 + 0.719Na,O - 0.032K,0 + 7.510P,0s + 0.303
Discriminant function 2 = -0.421Si0; + 1.988 TiO; - 0.526A1,03 — 0.551Fe;O3; — 1.610FeO + 2.720MnO +
0.881MgO —0.907 CaO — 0.177Na,O — 1.840K,0 +7.244P,0s + 43.57
From the plot (fig 11), both sediment from Idogun well and Lewumeji well fall within the passive margin. This is
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also in agreement with the plot of K,O/Na,O vs SiO; discriminant diagram of Roser and Korsch (1986) which
shows the sediments were found within the passive continental margin (fig 12)
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4.3 Trace Element Geochemistry
The trace element concentrations in sediments result from the influence of provenance, weathering, diagenesis etc.
Certain trace elements because of their relatively low mobility have been used to distinguish depositional
environment, source rock composition and tectonic setting. The immobile trace elements (Zr, Y, Hf, Nb) are useful
for provenance and tectonic setting determinations (Bhatia and Crook, 1986). The trace element concentration for
Lewumeji well is enriched in Ba (22 — 147ppm; average = 110.2ppm), Sr (14.8 —295.8 ppm; average = 203.5), V
(33 -178ppm; average = 136.8ppm) and Zr (139.3 — 307.6 ppm; average = 189.8ppm). While the Idogun well is
enriched in Zr (177.4 — 813.4ppm; average =394.94), Sr (42.8 — 506.4ppm; average =169.8ppm), Ba (53 -145ppm;
average= 92.2ppm) and V (14 — 119ppm; average = 85.2ppm). The high vanadium level in most of the samples is
an indication of input of mafic igneous particles in the sediment and the average Sr value in Lewumeji well is
higher than the Sr value for PAAS, NASC and UCC (Table 4).

Both lewumeji and Idogun wells are positively correlated with Al,O3 (R=0.95, 0.77, R=0.99, 0.96, R=0.98,
0.68, and R= 0.97, 0.97). Which suggest that this elements are linked with Clay mineral. Also, the significant
correlation of Ba with K,O suggests that Ba is mainly associated with feldspar since it is an alkaline metal.

32



Journal of Environment and Earth Science Www.iiste.org

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) may
Vol.10, No.5, 2020 ||STE

Table 4: Comparison of average trace element composition of the study wells with other published average.

Trace Element Present study
Lewumeji Idogun average | UCC | PAAS | NASC
Average
Ba 110.2 92.2 550 650 630
Sr 203.5 169.8 190 210 200
\Y 136.8 85.2 130 150 60
Zr 189.8 394.9 190 210 200
Y 4 19.2 27 35 22
Zn 8.11 82.8 71.0 85.0 -
Ni 36.8 13.8 20 55 58
Nb 19.1 14.9 25 19 13
Sc 10.8 9.2 11.0 16.0 14.9
Co 12.0 6.1 10.0 23.0 25.7
Rb 48.7 24.7 112 160 125
Th 9.8 12.3 10.7 14.6 123
U 2.6 5.1 2.8 3.1 2.66
Ta 1.28 1.12 2.2 - 12.3
Hf 4.94 10.16 5.8 5 6.3
Ba/Co 12.2 23.6 55.0 28.6 -
Sr/Ba 1.74 1.55 - - -
Th/Sc 0.96 1.31 - - -
Zr/Sc 26.93 70.1 - - -

4.3.1 Provenance and Tectonic setting

The concentration of Zr is used to characterize the nature and source rock composition (Hayashi ez al., 1997;
Paikaray et al., 2008). The TiO»/Zr ratios can be used to differentiate between the three (3) different source rock
types, i.e., felsic, intermediate and mafic. The TiO; versus Zr plot (Fig. 12) shows Idogun samples plotting in the
Mafic, intermediate and a sample of sandstone in felsic zone while the Lewumeji samples plotted in the Mafic and
Intermediate zone. The abundance of Th, Y, Zr and Nb in source rocks will increase as their chemistry becomes
more developed (Madukwe et al., 2016). Th/Sc ratio is a sensitive index of the bulk composition of the source,
Th/Sc ratio for post-Archean rocks is usually 1, and greater than 1 for granitic rocks; for Archean and basic rocks
the ratio is less than 1 (Taylor and McLennan, 1985). The Th/Sc ratio of lewumeji and Idogun sediments averages
0.96 and 1.31 respectively, this suggest that lewumeji sediments may have come from Mafic source while the
Idogun sediments is likely to be from the granitic rocks.

Zr/Sc ratio is highly sensitive to accumulation of zircon and can be used to identify heavy mineral
concentrations (Taylor and McLennan, 1985). The average Zr/Sc ratio of the Idogun sediments is 70.1 and 26.9
for the Lewumeji sediments. These values are lower than the UCC and PAAS values suggesting that the sediments
are moderately enriched in zircon. All elements involved in the ratios are also resistant to weathering processes
(Taylor and McLennan, 1985)
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Fig. 12: TiO»-Zr plot for the sediments in Lewumeji well and Idogun well (After Hayashi et al., 997)

The U/Th and Ni/Co ratio are sensitive to the paleoredox conditions of ancient sediments (Nagarajan et al.,
2007, Rimmer, 2004). Sedimentary rocks derived from oxic conditions are characterized by U/Th ratio below 1.25
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whereas values above 1.25 suggest suboxic and anoxic condition. (Nath ef al., 2000). The U/Th ratio for Idogun
and lewumeji sediments ranges between 0.15 — 1.04 and 0.20 — 0.36 respectively indicating that the sediments
were deposited in an oxic environment. Dypvik, (1984) and Dill, (1986) have used Ni/Co ratio as a redox indicator.
However, it is noted that Ni/Co ratio can easily be altered by diagenetic reactions. Ni/Co ratio below 5 indicate
oxic environments, whereas ratios above 5 indicate suboxic and anoxic environments (Jones and manning, 1994).
Thus Ni/Co ratio ranges between 0.75 - 2.94 and 1.43 — 1.91 for the Idogun and Lewumeji sediments respectively
suggesting an oxic environment.

According to Bhatia and Crook (1986) Th- Sc- Zr/10 and Th, Co and Zr/10 concentration can be used to
discriminate sediments derived from oceanic Island arc, continental Island arc and passive and active continental
margins. From the ternary plots of Th- Co- Zr/10 (Fig 13), the Lewume;ji shale, Idogun shale and sandstone plotted
in the continental Island arc while the Idogun clay and shale plotted in the passive margin. From the Th — Sc —
Z1/10 plot (fig 14) all the shale samples from both well and Idogun sandstone plotted in the continental Island arc
and the Idogun clay plotted in the passive margin region.

Both plot indicate that the Idogun clay is derived from passive margin while the shale from both well and a
sandstone from is derived from continental island arc.
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Fig. 14: Th- Sc -Zr/10 plots for sediments of Lewumeji and Idogun well (After Bhatia and crook, 1986)

4.4 Rare Earth Element Geochemistry (REEs)

These are the least soluble trace element which are relatively immobile during low-grade metamorphism,
weathering and the residence times of REEs in seawater are short (50-600 years) (McLennan ef al., 1993,). They
are effective indicators of sediment source when compared to Upper continental crust (UCC), Mantle material and
Oceanic crust. Rare earth element are highly resistant to fractionation during weathering and diagenesis, their low
solubility and short residence time in ocean makes them to be preserved in terrigenous sediment and validate their
use as provenance indicator (Sethi et al., 1998). Because of near quantitative transfer of REE from a source region
to the depositional site, terrigenous sediments reflect the average composition of source rocks.

The Light rare earth element (LREE) has atomic no 57 to 61, while the heavy rare earth elements (HREE)
has atomic no 62 to 71. Their abundance in rocks are usually normalized to a common reference standard and are
then expressed as the logarithm to the base 10 of the value, which are mostly made up of the values for chondritic
meteorites. The chondrite normalization remove the abundance of variation (Zig-Zag pattern) between even and
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odd atomic elements and also allows any fractionation of the REE group relative to chondrite meteorites to be
identified. Distribution of the sediments normalized to chondrite values (in ppm) are plotted against the atomic
numbers of rare earth element (fig. 15a and b) which produce a Europium anomaly. The chondrite normalizing
factor from Sun and Mcdonough, (1989).

The Lewumeji sediments and Idogun sediments show large variation in REE contents (49.33 — 235.34ppm)
and (37.29 — 269 ppm) respectively. In the study wells there is high enrichment of Light rare earth element (La,
Ce and Nd) to heavy rare earth element (Er, Dy and Gd). The light rare earth element like Tb, Ho, Tm and Lu are
the least enriched. (Table 5). Chondrite normalised (Gd/YDb) ratio of sandstone, clay and shale in the study well
is low (1.10 - 2.20) for lewumeji sediments and (1.34 — 2.32) for Idogun sediments which suggest that the
sediments are derived from HREE depleted source rocks and the ratios of LREE/HREE, (Ce/YDb)n, (La/Yb)x, values
are higher in Lewumeji sandstone ( 14.4,14.7 and 15.9 ) and Idogun sandstone (11.3, 11.5 and 15.9) respectively
than in Lewumeji shale (10.1, 11.1, and 14.1) and Idogun shale (9.4 , 10.6 and 12.62) respectively indicating that
the REE in sandstone is more fractionated than in shale, however, the higher REE content in the sandstone maybe
due to dominance of fine sand, silt and clay fractions ( Cullers et al .,1974, Taylor and McLennan, 1985) .

Table 5: Values of Rare earth element (REE) compositions in the study area

Sample no / LEWUMEIJI WELL IDOGUN WELL

Element Al A2 A3 A4 AS A6 A7 Bl B2 B3 B4 B5
La 13.3 375 329 22.8 15.9 18.5 23.8 82.7 | 415 44.6 8.7 51.9
Ce 23.1 74.1 58.7 92 69.3 972 102.1 | 125.2 | 90.1 817.7 159 | 112.9
Pr 1.98 8.02 6.32 9.67 747 972 10.81 | 11.37 | 10.1 93 1.51 12.62

Nd 6.7 31.6 219 374 283 38.6 42 32.8 | 353 36.6 6.1 53.1

Sm 1.06 551 4.41 6.64 4.94 7.19 7.84 4.66 | 5.24 6.83 1.15 9.36

Eu 0.19 1.23 1.04 1.48 1.14 1.53 1.65 0.82 | 095 1.55 0.22 2.02

Gd 0.8 5.09 3.97 5.81 4.46 5.81 6.4 3.58 | 424 5.39 1.09 8.37

Tb 0.13 0.73 0.61 0.84 0.63 0.82 0.89 0.54 | 057 0.8 0.16 1.2

Dy 0.61 3.79 332 4.68 3.52 4.09 4.74 3.16 | 3.27 4.34 0.81 6.49

Ho 0.16 0.74 0.66 0.9 0.65 0.78 0.88 0.62 0.6 0.88 0.19 1.34

Er 0.52 221 1.65 2.49 1.76 2.11 2.28 1.8 1.69 2.45 0.58 3.62

Tm 0.08 0.3 0.26 0.35 0.25 0.31 0.34 026 | 0.24 0.35 0.1 0.49

Yb 0.60 2.03 1.7 2.18 1.7 2.23 2.41 2.1 1.51 2.41 0.67 3.11

Lu 0.1 0.28 0.23 0.3 0.25 0.27 0.3 032 | 0.22 0.34 0.11 0.48

YREE 49.33 | 173.13 | 137.67 | 209.44 | 157.97 | 219.31 | 235.34 | 269.9 | 201.5 | 203.5 | 37.29 | 267
YLREE/YHREE | 1446 | 9.55 9.24 10.00 | 10.00 | 11.21 10.83 | 194 | 14.15 | 9.99 8.48 8.84
Eu/Eu* 0.63 0.71 0.75 0.72 0.74 0.72 0.71 0.61 0.61 0.78 0.60 0.69
Ce/Ce* 1.10 1.04 0.99 1.08 1.07 1.08 1.04 1.00 1.00 1.05 1.07 1.08
(Gd/Yb)N 1.10 2.07 1.93 2.20 2.17 2.15 2.19 1.41 2.32 1.85 1.34 222
(La/Yb)n 15.90 | 13.25 | 1388 | 14.70 | 14.17 | 15.56 | 15.68 | 28.24 | 22.56 | 13.27 | 931 11.97
(La/Sm)N 8.10 4.39 4.81 4.34 4.39 4.34 449 | 1145 | 585 4.21 4.88 3.57
(CerYb)x 10.69 | 10.13 9.59 11.72 | 11.32 | 12.10 11.7 | 1656 | 16.57 | 10.10 | 6.59 | 10.08

Eu/Eu* is a parameter used to evaluate the abundances of plagioclase in an igneous or its sedimentary
derivative (McLennan et al., 1990). Europium (Eu) value greater than 1.0 indicate a positive anomaly and Eu value
less than 0.9 indicate negative anomaly (Adeigbe and Jimoh, 2013). As shown in (table 6), the mean value for Eu
anomaly of the Idogun and Lewumeji sediments is 0.66 and 0.71 respectively, which is quite typical to that of
UCC (0.65) and PAAS (0.66), indicating a negative Eu anomaly. The enrichment of LREE and moderately
negative Eu anomaly reflect their relative abundance in the upper continental crust (Goldschmidt, 1954).

Cerium anomaly (Ce/Ce*) can be used to infer the environmental conditions at the time of deposition since
higher values (>1.0) tentatively depict an oxidizing environment (Piper, 1974; Milodowski and Zalasiewicz, 1991;
McDaniel ef al., 1994). The Ce anomaly for the study well ranges between 0.99 — 1.10 for Lewumeji and 1.00 —
1.08 for Idogun indicating an oxidising environment. The Higher LREE/HREE ratios and the negative Eu anomaly
are generally found in felsic rocks while Mafic rocks have a lower LREE/HREE ratios and positive Eu anomaly
(Cullers, 1995). Higher LREE/HREE and negative Eu anomalies is an indication of a felsic source of the study
area.
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Table 6 : Summary of Chondrite normalized REE values for the studied area.

Rare earth LEWUMEJI WELL IDOGHN WELE
element Minimum | Maximum | Mean | Minimum | Maximum | Mean
La 56.1 222.4 158.6 36.71 348.9 198.6
Ce 37.7 166.8 120.6 25.98 204.6 141.1
Pr 20.8 113.8 81.5 15.89 132.7 94.53
Nd 14.3 89.9 63.2 13.1 114 70.1
Sm 6.9 51.2 35.1 7.52 61.2 35.6
Eu 3.2 28.4 20.3 3.1 34.8 19.2
Gd 3.8 31.1 22.4 5.3 40.7 22.0
Tb 34 23.8 17.8 4.28 32.1 17.5
Dy 2.4 18.7 13.9 3.19 25.6 14.2
Ho 2.8 15.5 12 3.36 23.7 12.8
Er 3.1 15.0 11.2 3.5 21.8 12.2
Tm 2.2 9.7 7.5 2.72 13.6 8
Yb 3.5 14.1 10.7 3.9 18.2 11.5
Lu 3.9 11.8 9.73 4.3 18.9 11.6
Eu/Eu* 0.63 0.75 0.71 0.60 0.78 0.66
Ce/Ce* 0.99 1.10 1.06 1.00 1.08 1.04
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Fig. 15: Chondrite normalized rare earth elemental plot of sediments from (a)Lewumeji well (b) Idogun well

Conclusions

The Lithostratigraphy and geochemical analysis has been appropriately employed to study the sediments of
Abeokuta group a part of Eastern Dahomey basin through the use of core samples from Lewumeji and Idogun well
with depth ranging from 0 -111m and 0-54m respectively. Detailed Information has been derived from the work,
there by establishing the depositional environment, weathering condition, tectonic setting, transportation history,
provenance and the classification of sediment from the well.

The wells were examined lithologically and five units were delineated which can be further grouped into
three for Idogun well two units of shale, two units of sandstone and a clay unit while the lewumeji well has a
lithology of sandstone and shale. Both well are dominated by fissile to blocky, light to dark grey colour shale and
the sand grain varies from medium to fine grained texture showing dominance of quartz and the clay unit covers
a small interval having a reddish brown colouration. This lithology denote Marine, fluvial and Lagoonal or
brackish environment respectively

The bulk geochemical study of the sediments revealed that SiO, is the dominant oxide followed by Al>Os,
Fe,O3 and CaO. The sediments in the study wells show relatively high value of K»O/Na,O ratio indicating the
presence of plagioclase. The relatively high Fe,O3; and TiO; is an indication of iron-titanium minerals (haematite,
anatase and rutiles) whereas very low value of K,O/Al,O3; suggest sediment recycling or increase in the source
area weathering. The weathering indices (CIA, CIW, and PIA) and the A-CN-K Ternary diagram indicate a
sediment that has been subjected to high degree of weathering. The sediments are inferred as highly mature
sediments evidenced from their high SiO»/Al,0;3 ratio

The use of Herron’s model classified the sediments as Fe- shale and Fe- sand. Also the AKF plots indicated
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that the sediments were gradually moving from the continental environment before been deposited shallow marine
environment which is in agreement with the palynological deduction for paleoenvironment. This is an indication
that the sediment has undergone moderate to high transportation under oxidising condition. the discriminant
function plots of Roser and Korsch for the provenance signature studies reveals sediments dominants in mafic and
quartzose sedimentary provenance with few inputs from intermediate igneous, as well as felsic igneous
provenances. However, the bivariate plot of TiO» versus Zr also indicates that most of the sediments from the wells
are majorly from mafic source with minor from the intermediate and felsic source.

The Higher LREE/HREE and negative Eu anomalies from the chondrite normalization is an indication of a
felsic source of the study area. The Ce anomalies and the values of Ni/Co and U/Th show that the redox condition
during the sedimentation were oxic. Discriminant function diagram After Bhatia 1983 reveal the sediments are
from passive margin this is also conforming to tectonic discriminant plots of Roser and Korsch, 1986. The use of
Th-Sc-Z1/10 after (Bhatia and Crook, 1986) reveals that sediments of both wells plotted in the Continental Island
Arc and Passive margins it therefore implies that the sediments were deposited in plate interiors or in an
intracratonic basin.
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