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Abstract- Major oxide geochemical analysis was carried out on the Coastal Plain sediments in the Dahomey Basin, to infer their
provenance, tectonic setting and source-area weathering. The depletion of highly mobile K and Ca elements is due to leaching during
the formation of clay minerals during increased chemical weathering. Na is a highly mobile element that is enriched, this may be due to
secondary enrichment. Si is a less mobile element and its enrichment suggests moderate chemical weathering. The immobile Fe and Ti
and the less mobile Mg elements were depleted, this suggest that they may be from a common source with more felsic minerals and
dearth of ferromagnesian minerals. The high Al,O5/TiO, ratio also suggests felsic source rock. The CIA values for the samples ranged
between 9 and 30%, while CIW ranged from 10-32% indicating a very low degree of weathering of the source materials, suggestive of
materials from reworked clastic sediments. The PIA values ranged from -43-28%, this also indicates very low weathering with the
negative values suggesting rapid deposition of pre-existing clastic sediments with little or no weathering. MIA values for the samples
indicates no weathering of the source material, which is not in agreement with the other weathering indices. The Coastal Plain
sediments plotted in the plagioclase zone on the A-CN-K diagram, indicating little or no weathering for some samples. The weathering
trend suggests that the sediments are rich in plagioclase feldspars without alteration to smectite. The ternary plot of SiO,/Al,03;, MgO
and Fe,0O; indicated that the studied samples were deposited in the non-marine and deltaic settings. This observed trend is supported by
the binary plot of Fe,O; versus MgO. Provenance discrimination diagram shows that plots appeared in three provenance fields except
P4 (main igneous) indicating that they are derived from multiple environments. The tectonic setting plots shows most of the sediments
appeared in the passive continental margin field and few samples in the active continental Margin and which may suggests sediments
from multiple sources of igneous and gneissic origin plus reworked older clastic sediments.

Index Terms—Felsic, weathering, chemical maturity, provenance, tectonic setting

|. INTRODUCTION

Clastic sediments are loose, solid particles that originate from the weathering and erosion of pre-existing rocks. Siliciclastic
sedimentary facies are very important parts of sedimentary basin analysis. The textural features of these siliciclastic facies are due
to natural processes like of weathering, erosion, transportation and deposition. The compositions of clastic sediments are affected
by several factors, such as hydraulic sizing, tectonic environment, diagenesis, weathering and transportation processes [1, 2, 3].
Their composition consecutively depends on the primary chemical composition of the source rock area and the tectonic setting of
the depositional basins [4, 5, 6]. Therefore, composition of sandstones has been used as sensitive indicator for provenance and
weathering conditions at the source of sediments [7, 8, 9]. The major assumption proposed for sandstone provenance studies is
that each tectonic setting consist of its own rock type [10, 11]. Even though some geochemical ratios can be altered during
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weathering during oxidation [1] or diagenesis [12, 13], as long as the bulk chemical composition is not totally altered, the
geochemical composition of sediments is an important tool in the study of provenance [14, 1, 15].

The major oxide discrimination diagrams of [14] have been usually used to classify the tectonic settings of sedimentary basins
[16] and according to [17] caution is required in their arbitrary use. The most essential clues for the tectonic setting of basins
come from the relative depletion of the oxides like CaO and Na,O (the most mobile elements), among others. The oxides are
understood to show enrichment or depletion of quartz, K-feldspars, micas and plagioclase. The ratio of the most immobile
elements to the mobile ones increases towards the passive margin to the relative tectonic stability [16] and therefore suggests
prolonged weathering.

The Dahomey basin is an extensive sedimentary basin extending almost from south-Ghana to Nigeria (precisely the Benin hinge-
line). The Dahomey basin (Fig.1) is a marginal pull-apart basin [18] or Margin sag basin [19], which was initiated during the
early Cretaceous separation of African and South American lithospheric plates. A number of authors have identified and
described the eight lithostratigraphic units in the Dahomey basin [20, 21, 22, 23, 24]. In most parts of the basin, the stratigraphy is
dominated by sand and shale alternations with minor proportion of limestone [23].

This study was carried out in different localities in Lagos State, south-western Nigeria lying between longitude 3° 04' and 3°
35' East and latitude 6° 22' and 6° 41' North. They extend from the western end of Agbara to Ajah locality (Fig. 2). This present
research is aimed at interpreting the sediment source-area weathering, provenance, tectonic setting of the coastal plain sediments
based on major oxides geochemical data.

Il. STRATIGRAPHY OF DAHOMEY BASIN

Previous work on the Cretaceous stratigraphy (Fig.3) of the Dahomey basin has recognized three formations belonging to the
Abeokuta group [22] as follows; (1) The Ise Formation which is Neocomian to Albian in age consist essentially of continental
sands, grits and siltstones. This is directly overlying the south western Precambrian Basement Complex. (2) The Afowo
Formation which overlay Ise Formation consists of coarse to medium-grained sandstones with
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Figure 1: East-West geological section showing the Dahomey Basin and Upper part of the Niger Delta [25].

variable interbeds of shales, siltstones and clay. The sediments of this formation were deposited in a transitional to marginal
marine environment during turonian to Maastritchtian age. (3) The Araromi Formation consists basically of sand, overlain by
dark-grey shales and interbedded limestone and marls occasional lignite bands. The formation conformably overlies the Afowo
Formation and Maastrichtian to Paleocene age has been assigned [22]. The Abeokuta Formation was conformably overlaid by
Imo group which comprises of shale limestone and marls.

The two-lithosratigraphic units under this group are: Ewekoro formation which consists of thick fossiliferous limestone. [26]
described the Formation as consisting of shaly limestone 12.5m thick which tends to be sandy and divided it into three
microfacies. [27] further modified this and proposed a fourth unit. It is Paleocene in age and associated with shallow marine
environment due to abundance of coralline algae, gastropods, pelecypods, echinoid fragments and other skeletal debris. The
Akinbo Formation overlies Ewekoro Formation and it consists of shale, glauconitic rock bank, and gritty sand to pure grey and
with little clay. Limestone lenses from Ewekoro formation grades literally into the Akinbo shale towards the base. The base is
characterized by the presence of a glauconitic rock.

WWW.SCirj.org
© 2015, Scientific Research Journal


http://www.scirj.org/

Scientific Research Journal (SCIRJ), Volume IlI, Issue I, February 2015 22
ISSN 2201-2796

2004'E 3°35'E

6°41'N 6°41'N

agragbely
533

iraea preY>Y : a5 ogun tvata
6°22'N Dicagbe o 6°22'N

2004'E @ study areas 3°35'E

Figure 2: Map showing the location of the study area (Adapted from Lagos Sheet 68, 1* Edition Fed. Surveys Nigeria, 1966).

The age of the formation is Paleocene to Eocene. The Oshoshun Formation overlies the Imo group which is a sequence of mostly
pale greenish-grey laminated phosphatic marls, light grey white-purple clay with interbeds of sandstones. It also consists of
claystone underlain by argillaceous limestone of phosphatic and glauconitic materials in the lower part of the formation and were
deposited during Eocene [23]. The sedimentation of the Oshoshun Formation was followed by a regression phase which deposited
the sandstone unit of llaro Formation [28]. The sequence represents mainly coarse sandy estuarine deltaic and continental beds
which show rapid lateral facies change. The coastal plain sands are the youngest sedimentary unit in the eastern Dahomey basin.
It conceivably unconformably overlay the llaro Formation but lack convincing evidence [20]. It consists of soft, poorly sorted
clayey sand and pebbly sands deposited during Oligocene to Recent.
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Figure 3. Geological Map of the Eastern Dahomey Basin [23].
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I11. MATERIALS AND METHODS

There was no outcrop within this study area; samples were collected from five borehole at 3.0 meters interval. Boreholes
investigated are located at Agbara, Victoria Island, Ikoyi, Ikeja and Ajah. Three hundred and twenty four subsurface samples (324)
were collected while an average of 30 samples, based on the sub-units established was selected for laboratory analysis. Precaution
was taken during the sample collection to avoid contamination. The Atomic Absorption Spectrophotometer (AAS UNICAM 969
MODEL) was used for the geochemical analysis. Dilute hydrochloric acid was used on the sample for possible gas presence. Hand
lens and Binocular microscope were also used for mineralogical identification codes.

A. Geochemical Analysis

Thirty samples were selected for geochemical analysis. The samples were air-dried, crushed using a jaw crasher, and pulverized
with the ball milling machine. 10 grams of each sample was weighed and put in a clean digestion bottle. With the aid of a calibrated
plastic syringe, 15mls of 40% Hydrochloric acid was added with the help of an automatic pipette, and 10mls of Hydrofluoric acid
was also added. In the process of mixing the two acids, the bottle was tightly closed in order to avoid the escape of silicon=fluoride
[SiF4] gas. The digestion bottle was later put on a water bath and warmed up to 70 degree centigrade for about two hours and
allowed to cool down to 25- 30 degree centigrade. A 100 mls saturated boric acid was added to the solution and the bottle was
closed tightened. The bottle was put on a water bath up to 70.c until the milky solution became clear. Distilled water was added to
it after cooling to make a solution of 250 mls; part of distilled sample was put in a sample container which was then analyzed with
a dilution factor of 25. Major elemental oxides such as SiOz, Al203, K20, Na20, CaO, MgO, FeO, Fe203 and TiO2 were obtained
using Atomic Absorption Spectrophotometer [UNICAM 969 model] with a precision of +0.5.

B. Mineralogical Analysis

A selective staining technique was utilized to separate quartz, feldspar and rock fragments. The lighter mineral fraction of 2mg
were collected and placed in a lead and bath in warm concentrated Hydrochloric acid [HCI] for a minute. After washing, the
sample was immersed in one percentage aqueous solution of malachite green for five minutes rinsed and dried. The sample was
again mounted on a slide with Canada balsam, and studied under the microscope. Quartz remains unchanged in colour while
feldspars stain yellowish and rock fragment stain brown. The relative proportion of different detritus minerals were determined by
point counting and results recorded in percentage.

IV. RESULTS AND DISCUSSION

A. Geochemical Composition

Table 1 shows the major oxides component of the coastal plain sediments. The samples are dominated by SiO,, which ranges
from 73.6-85% (Average = 81.14%). The limited range of SiO, content may be due to poor sorting and rapid deposition. Al,Os
ranges from 4.70-12.9% (Average = 8.19%), this may be attributed to composition of lithic fragments while the low
concentrations of Fe,O3 (Average = 1.462%) MgO (Average = 0.22%); FeO (Average = 0.58%); K,O (Average = 1.05%), TiO,
(Average = 0.01%) and CaO (Average = 0.02%) may be ascribed to chemical destruction under oxidizing conditions during
weathering and diagenesis or source-area composition. Lack of MnO is probably due to dissimilatory manganese reduction by
microbes or source-area composition.

Chemical alteration of rocks during weathering led to the depletion of alkalis and alkaline earth elements and preferential
enrichment of Al,O5 [29]. The high Al,O5/TiO, ratio of 69 - 478 (Average = 222) indicates felsic source rock.

B. Source-area Weathering

According to [12], the evaluation of the degree of chemical weathering of the sediments’ source rocks can be determined by
calculating the Chemical Index of Alteration (CIA), where CIA = molar (Al,Os/[Al,03+Ca0+Na,0+K,0]).This index works
correctly when Ca, Na, and K decrease as the intensity of weathering increases [30]. The Chemical Index of Weathering (CIW)
proposed by [31] is similar to the CIA except for the exclusion of K,O in the equation: CIW = molar (Al,Os/(Al,Os+ CaO +
Na,0)). The CIA and CIW are interpreted in similar way with value of 50 for unweathered upper continental crust and roughly
100 for highly weathered materials, with complete removal of alkali and alkaline-earth elements [32, 33, 34]. Low CIA values
(i.e. 50 or less) also might reflect cool and / or arid conditions [35]. The intensity of the chemical weathering can also be
estimated using the Plagioclase Index of Alteration [35]; in molecular proportions: PIA = [(Al,03-K,0)/ (Al,03 + CaO* + Na,O-
K,0)] x 100 where CaO* is the CaO residing only in the silicate fraction. Unweathered plagioclase has PIA value of 50 while
Phanerozoic shales have PIA value of 79. [36] Voicu et al. (1997) also proposed the Mineralogical Index of Alteration (MIA) as a
weathering parameter calculated as: MIA = 2*(CIA-50). MIA values between 0 and 20% are designated as incipient, i.e. just
starting; 20-40% (weak); 40-60% (moderate) and 60-100% as intense to extreme degree of weathering. The extreme value of
100% indicates complete weathering of a primary material into its equivalent weathered product [37].

The CIA values for the samples ranged between 9 and 30% (Av. 17%), while CIW ranged from 10-32% (Av. 19%) indicating
a very low degree of weathering of the source materials, suggestive of materials from reworked clastic sediments. The PIA values
ranged from -43-28% (Av. 3%), this also indicates very low weathering with the negative values suggesting rapid deposition of
pre-existing clastic sediments with little or no weathering.

MIA values for the samples ranged between -83 and 40% with an average value of -66%, which indicates no weathering of
the source material, this is not in agreement with the CIA, CIW PIA.
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TABLE |. MAJOR OXIDES COMPONENT (WT %) OF THE COASTAL PLAIN SEDIMENTS AND THEIR WEATHERING INDICES
Ouses | - | i | e | nse | KON KON | KONL| | VIS | Wi | VIO | i | 1S | . | A | A | A
(%) 48 60 84 | -156 141 207
Sio2 | 8209 | 8095 | 736 | 805 | 812 | 815| 797 | 826 | 837 85| 811 | 846 | 828 808 | 755 | 799 | 839
A203 | 478 | 809 | 88| 82| 94| 79 67| 61| 67| 81 95 65| 74 95| 118 | 129 6.9
Fe203 | 203 | 292| 28| 12| 09| 11 06| 15 13| 17 1.1 13| 11 09| 18 11 14
FeO 092 | 035| 06| 04| 05| 03 04| 06| 08| 05 1 06| 05 04| 08 05 0.7
MgO 033 | 029 02| 02| 03| 02 02| 04| 02| 03 0.2 01| o1 02| 01 0.1 0.3
K20 052 | 038 11| 12| 25| 24 19| 23| 07| 06| 035 07| 13 03| 03 03 1
Ca0 0| 121 14| 02 0| o7 1| 05 4| 007 0 12| 16 0 0 0 0.1
Na20 645 | 52| 46| 68| 59| 88 33| 47 8 6 6.4 36 | 47 53| 57 4.7 41
TI02 0.01 0 0 0 0 0 0 0 0 0 0 0 0| o1 0 0.1
TOTAL | 9723 | 100 | 977 | 100 | 100 | 993 | 966 | 997 | 100 | 99.7 100 | 984 | 995 975 | 9 | 986 | 985
PIA 19 28 22 0| -37| -16 -43 | -18 5 15 10 11 -3 0] 21 15 9
CIA | 2256 | 30.07 | 2828 | 1277 | 968 | 846 | 882 | 1667 | 9.29 | 2031 | 14.01 | 1912 | 12.64 | 13.85 23'2 18.03 | 21.21
CIW | 2394 | 31.30 | 31.82 | 14.63 | 1324 | 1038 | 1224 | 2239 | 977 | 21.88 | 14.67 | 2131 | 14.86 | 1452 24'8 18.97 | 25.00
MIA 549 | -39.9 | -434 | -745 | -806 | -83.1 | -824 | -667 | -814 | 594 | -720| -61.8 | -747| -723| 538 | -639 | -576

CIA: Chemical Index of Alteration
CIW: Chemical Index of Weathering
PIA: Plagioclase Index of Alteration
MIA: Mineralogical Index of Alteration

From the A-CN-K Ternary diagram (Fig.4), the Coastal Plain sediments plotted in the plagioclase zone, showing little or no
weathering for some samples. The weathering trend suggests that the sediments are rich in plagioclase feldspars without alteration
to smectite. The chemical composition of weathering products in a river basin is expected to exhibit entrenched concepts on
mobility of various elements during weathering [39, 40], and therefore to assess the state of chemical and physical weathering
[41, 40, 42]. Elemental ratios calculated with respect to Al are used to identify and evaluate the major element mobility.
According to [40], the ratio of the content of element X and Al,Os in rivers divided by the ratio of the same element content of

upper continental crust (UCC) gives the elemental ratio.

Smectite

A

Illite

Kaolinite, Gibbsite, Chlorite

K-feldspar

CN

K

Figure 4. Ternary diagram showing the weathering trend of the Coastal Plain sediments (all in molar proportions); Al,0;—CaO +Na,0—-K,0 (A-CN-K). Average
UCC value from [38].

The elemental ratio refers to the relative enrichment or depletion of the element, i.e., >1 indicates enrichment, <1 indicates
depletion, and =1 indicates no change in the relative abundance of the element. The Coastal Plain sediments have, CaO, K0,
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TiO,, Fe,03 MgO values less than 1, while SiO,, and Na,O have values greater than 1. The depletion of highly mobile K and Ca
elements is due to leaching during the formation of clay minerals during increased chemical weathering. Na is a highly mobile
element that is enriched, this may be due to secondary enrichment. Si is a less mobile element and its enrichment suggests
moderate chemical weathering. the immobile Fe and Ti and the less mobile Mg elements were depleted, this suggest that they may
be from a common source with more felsic minerals and dearth of ferromagnesian minerals. The plot of Na,O/Al,O3 vs.
K,O/Al,O3 introduced by [43], shows that depletion of Na and K is not evident in the samples, compared to UCC (Fig. 5).
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Figure 5. Diagram showing variations in Na,O/Al,O; vs. K;O/Al,O5 (all molar ratios) for all of the samples and UCC, after [43].

C. Provenance and tectonic settings

In the QFL ternary diagram, the samples plotted in the craton interior field (Fig. 6), according to [44], sandstones plotting in
the craton field are mature sandstones derived from relatively low-lying granitoid and gneissic sources, supplemented by recycled
sands from associated platform or passive margin basins. We are of the opinion that recycled sands are the main source. Several
authors [45, 14, 4, 7, 8] have related sandstone geochemistry to specific tectonic environment. The discriminant function plot of
[8] defined four (4) main provenances: mafic igneous provenance; intermediate igneous provenance; felsic igneous provenance;
and quartzose sedimentary provenance (Fig. 7). The Coastal Plain sediments plots appeared in three provenance fields except P4
(main igneous) indicating that they are derived from multiple environments.

Craton interior

Transitional
continental

Recycled
orogen

Dissected arc

Basement
uplift
Transitional arc .
Undissected
arc
F L

Figure 6. QFL plot showing framework modes for the Coastal Plain sediments: Q is total quartz grains, including monocrystalline and polycrystalline types; F is
total feldspar grains; L is total unstable lithic fragments. Provenance fields from [44].
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Figure 7. Discriminant function diagram using major elements for the provenance signatures of the Coastal Plain sediments, after [8]. P1= felsic igneous

provenance; P2= intermediate igneous provenance; P3= quartzose sedimentary provenance and P4= mafic igneous provenance.

[7] created a tectonic discrimination diagram using K,O/Na,O ratio versus SiO, (Fig. 8) to determine the tectonic setting of clastic
terrigenous sedimentary rocks. The cross plot is used to discriminate between sediments deposited in the Passive Continental
Margin (PM), Active Continental Margin (ACM) and the Oceanic Island Arc (OIA). Most of the studied samples plotted in the
Passive Margin and few in the Active Continental Margin tectonic settings suggesting a syn-rift faulting setting of a transform
margin; it also suggests that the sediments may have come from multiple sources.
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Figure 8. Tectonic discrimination plot for the Coastal Plain sediments, after [7].

Figures 9, 10 and 11 are also tectonic discrimination diagrams of the Coastal Plain sediments. Figure 12 also confirms that the

Coastal Plain sediments are continental sands.
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Figure 9. Tectonic setting discrimination Plot of Al,03/SiO, versus Fe,O3; + MgO of the Coastal Plain sediments. Dashed lines denote the major fields representing
various tectonic settings, after [14].
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Figure 10. K,O/Na,O versus SiO,/Al,O; ratio — ratio diagram of the Coastal Plain sediments suggesting A2, PM and ACM tectonic setting, after [46]. Al=arc
setting and andesitic detritus; A2= evolved arc setting, felsic pluton detritus ACM= Active Continental Margin; PM= Passive Margin.
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Figure 11. Plot of the major element composition of the Coastal Plain sediments on the tectonic setting discrimination diagram of [47]. A: Oceanic island Arc, B:
continental island Arc, C: active continental margin, D: passive margin.

37 A
A
25 -
5 L A Nonmatine
< " & Deltaic Sandstone
= 15 A
m
9 1t
2 1+t Marine Sandstone
A A
os 4
0 1 1 1 1
0 0.5 1 15 2
MgO (%)
MgO

Marine Sandstone

Nonmarine
& Deltaic Sandstone

Fe203 Si02/Al203

Figure 12. Binary and ternary diagrams showing characterization and differentiation of marine from nonmarine sandstones. The Coastal Plain sediments plotted in
the non-marine and deltaic field, after [48].
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V. CONCLUSIONS

The Coastal Plain sediments are of continental origin. The weathering indices indicates a very low degree of weathering of the
source materials, suggestive of materials from reworked clastic sediments. However, MIA values for the samples indicates no
weathering of the source material, which is not in agreement with the CIA, CIW PIA. The immobile Fe and Ti and the less mobile
Mg elements were depleted, this suggest that they may be from a common source with more felsic minerals and dearth of
ferromagnesian minerals. The high Al,O3/TiO, ratio also suggests felsic source rock. The tectonic setting is the active continental
Margin and the passive continental margin, which suggests sediments from multiple sources of igneous and gneissic origin plus
reworked older sediments.
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