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ABSTRACT

Geochemical study on the Sheet 202 Share SW stream sediments was carried out to infer
their provenance, maturity, classification, tectonic setting and source-area weathering. The
discriminant functions of the major oxides were plotted and revealed a mixed felsic/basic
intermediate igneous provenance. The source characteristics of sediments are constrained
with the Sr vs. Ba plot in which the Share SW sediments plots within the field of mature
sediments. The chemical maturity of these sediments are also confirmed with the moderate
Zr—Hf content since Hf and Zr are closely associated in sediments and are both concentrated
in zircon. The Share Sheet 202 SW stream sediments display high La (383-1300 ppm)
contents reflecting felsic input. Therefore, the La-Th-Sc ternary plot was used to determine
the source of contamination of the Share SW sediments which fall within the field of granitic
gneiss sources. Similarly, the discrimination diagrams of tectonic were used to evaluate the
tectonic setting of the Share SW stream sediment samples with samples cluster at the passive
margin. The Share SW sediments tectonic setting is of the passive continental margin,
while the provenance is the intermediate igneous sediments of mature continental
provenance, associated with a continental passive margin, in a recycled orogenic
province.

Keywords: Chemical maturity, Felsic, Provenance, Tectonic setting, Weathering, Word
count 224

INTRODUCTION
The geochemical compositions of stream sediments reflect the average composition of an
entire drainage basin (Halamic et al., 2001; Reimann and Melezhik, 2001). According to
Grunsky and Sutphin, (2009), geochemical studies based on the chemical analysis of active
stream sediments are an effective tool with several applications. Several authors have
used major element discrimination diagrams (Bhatia, 1983) to discriminate the tectonic
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settings of sedimentary basins and have been applied in topical publications (Kroonenberg,
1994; Zimmermann and Bahlburg, 2003; Armstrong-Altrin et al., 2004). According to
Armstrong-Altrin and Verma (2005), caution is required in their uncritical use. The most
important clues for the tectonic setting of the basin comes from the relative depletion of the
most mobile elements like Ca and Na and enrichment of Si and Ti—the most immobile
elements, among others. The oxides of these elements are assumed to show enrichment or
depletion in quartz, K-feldspar, plagioclase feldspars, and micas. The ratio of the most
immobile elements to the most mobile ones increases toward passive margins due to the
relative tectonic stability (Bhatia, 1983; Kroonenberg, 1994; Zimmermann and
Bahlburg, 2003; Armstrong-Altrin et al., 2004; Roser and Korsch, 1986) and hence
prolonged weathering. This can be recorded in sediments as paleoclimate index
(Chittleborough, 1991; Harnois, 1988; Nesbitt and Young, 1982) and high degree of
sediment recycling. Major elements and selected trace elements and their elemental
ratios are sensitive indicators of the source rocks, tectonic setting, paleoweathering
conditions and paleoclimate of the clastic sediments (Bhatia, 1983; Bhatia and Crook,
1986; Roser and Korsch, 1986; Roser and Korsch, 1988; McLennan and Taylor, 1991;
McLennan et al., 1993; Sheet 202 Share SW is located in Kwara State North Central
Nigeri.The study area is located in Kwara State (Figure 1) and bounded by longitudes
(4°30°00°’N to 4°45°00°’N) and latitudes (8°30°00"’E to 8°45°00°’E). Prominent towns and
villages within the study area include Shao, Ariori, OkeQOyi, Jodoma, Babadudu, Budo-
Ayan and Oloru just to mention a few. Accessibility within the study area is entirely fair
enough with major roads running North - South passing through the investigated area. Main
paths are also available running from one settlement to another. The drainage pattern is
mainly Dendritic in which there are many rivers of different sizes. Dendritic system forms
in V-shape valleys as a result of the rock types whether porous or non-porous. The drainage
in the area isinfluenced by: lithological variations, structural elements such as faults,
joints etc., and geomorphology of the area. The most outstanding characteristics of the
drainage systems over the areas of Basement Complex rocks is the proliferation of many
small rivers, some of which intersect the minor roads and footpaths in the area. The area
has little streams which take their source from hills in the northern part. This present
research is aimed at interpreting the sediment source area for weathering, provenance,
tectonic setting, maturity and classification of the study area sediments based on major
oxides geochemical data.
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Figure 1: Location map of the study area

MATERIALS AND METHODS
Thirty eight (38) stream sediments representative samples were collected within the study
area; the samples were collected using a hand auger and shovel. in carrying this out, The
selections of first and second order stream were focused on with samples collected from
both the active channels and the curvatures upstream (Figures 2). Sample points were
designed to represent drainage catchment size in the range of 10-30km? each, with even
spatial distribution across the campaign area. They were then sieved after air drying using
75 stainless steel mesh wire. Chemical analysis was carried at MS Analytical Laboratory
Langley, Canada using the Inductively Coupled Plasma—Mass spectrophotometry (ICP-MS)
technique to determine the concentration of major and trace elements in the stream
sediments. Geochemical 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 were
used to produce ternary 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
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scale of -1 (perfect inverse relationship) through 0 (no relation) to +1 (perfect sympathic
relation).
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Figure 2: The study area showing the sampling points

RESULTS AND DISCUSSION

Geochemical Composition

Table 1 shows the major oxides component of Share SW stream sediments. The Fe2Os
(0.836-6.884%) has the highest concentration with the mean value 1.575% followed by
Al>03 (0.586-5.69% (Table 1).while the rest of the major oxides (CaO: 0.06-0.55%). Na.O
(0.01- 0.08%), TiO2: (0.05-0.45%,) MgO: (0.02-0.79%) and K2O:( 0.06-0.53%) exhibit
low to very low content (Table 1). This low values may be attributed to chemical destruction
under oxidizing conditions during weathering or source-area composition. Low value of
Na20 in the sediments could be attributed to paucity of plagioclase feldspar in the host rock
or their loss during weathering. Some ratios and weathering indices such as PIA, CIA, CIW
and MIA were computed in Table 1.
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Table 1: Major oxides component (Wt %) of some selected sampling points in Share SW

Oxides | SAMPLING _ POINTS
wt (%)

Co1 C02 C03 Co04 C05 CO06 Cco7 CO08 CO09 C10
AI203 | 1.13 0.91 3.86 2.02 5.69 115 | 1.38 1.17 1.13 11

K20 0.13 0.16 0.17 0.12 0.3 0.1 0.11 0.144 0.11 0.17
MgO 0.03 0.05 0.79 0.17 0.13 0.05 | 0.05 0.1 0.05 0.03
Na,O | 0.01 0.03 0.07 0.03 0.01 0.01 |0.01 0.03 0.02 0.03
TiO; 0.39 0.08 0.23 0.08 0.11 0.09 | 0.08 0.14 0.1 0.07
Fe:Os | 1.65 15 6.884 | 1.65 4.32 142 | 153 2.98 2.05 1.93

CaO 0.04 0.06 0.55 0.15 0.24 0.04 | 0.06 0.07 0.07 0.04
PIA 97.72 | 98.23 | 96.14 | 97.24 | 98.05 97.73 | 98.23 | 97.19 96.24 | 97.74

CIA 92.12 | 95.34 | 94.77 | 9457 | 95.45 96.12 | 95.34 | 94.73 94.57 | 95.62
CIwW 96.43 | 94.28 | 97.46 | 97.24 | 96.35 95.66 | 98.23 | 97.46 97.24 | 96.74
MIA 97.63 | 98.23 | 96.16 | 93.24 | 98.05 97.73 | 98.23 | 89.16 97.24 | 97.74

According to Nesbitt and Young (1982), 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 (AI203/[Al203+Ca0+Na20+K20Q]). This
index works correctly when Ca, Na, and K decrease as the intensity of weathering increases
(Duzgoren-Aydin et al., 2002). The Chemical Index of Weathering (CIW) proposed
by Harnois, (1988) is similar to the CIA except for the exclusion of K20 in the equation:
CIW = molar (Al203/(Al203+ CaO + Na20)). 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
(McLennan et al., 1983; McLennan, 1993; Mongelli et al., 1996). Low CIA values (i.e. 50
or less) also might reflect cool and / or arid conditions (Fedo et al., 1995). The intensity of
the chemical weathering can also be estimated using the Plagioclase Index of Alteration
(Fedo et al., 1995); in molecular proportions: PIA = [(AI203-K20)/ (AlI203 + CaO* +
Na20-K20)] 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. The CIA values for the samples ranged between 92.12 and 96.45%, while CIW ranged
from 90.44-98.83% indicating a high degree of weathering of the source materials. The PIA
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values ranged from 96.14-98.27%, this also indicates high degree of weathering. 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 (Igwe et al., 2013).
MIA values for the samples ranged between 89.16 and 98.56%, which intense weathering
of the source material, this is in agreement with the CIA, CIW PIA.

Multivariate Statistical Analysis (MSA)

The correlation coefficient values of the elements, using Pearson ‘correlation method for the
studied stream sediment samples is given in Table 2. In this table, the strong correlation
coefficient values (r = 0.70-0.99) moderate correlation coefficient values (r = 0.50-0.69)
and very strong correlation coefficient values (r = 0.80-0.99). Au exhibits a strong positive
correlation with Cu (r = 0.78) and a moderate correlation with Ag (r = 0.59). As shown in
Table 2 The values of Ag increase with the values of Al>Os (r = 0.68), K20 (r = 0.57), W (r
= 0.62), while the concentration of Bi decreases with the values of Nb (r =-0.51), Re (r = -
0.55) and Th (r = -0.54;).Also from the correlation analysis (Table 2), Au shows high
correlation only with Cu (r = 0.78) and moderate correlation with Ag (r = 0.59).Other
element pairs exhibit positive correlation with their respective correspondents.
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Table 2: Pearson Correlation for some selected major oxides in the stream sediment samples

Major

: Al203 | Fe203 | Ca0 | K20 | MgO | Na20 | Tio2 | AU = | A9 cu No | Th Re
oxides (%)

(ppm) | (ppm) (ppm) (ppm) [ (ppm) | (ppm)

Al203 1.00 | 0.80 064 | 067 | 064 |038 |022 |001]|027 |082 |0.09|0.30]0.28

Fe203 0.80 | 1.00 055 | 067 | 056 |048 |042 |0.04|026 |079 |027 |034 029

Cal 0.64 | 0.55 1.00 {053 |[079 |065 |044 |000 032 |073 |005]|0.34|-0.05

K20 0.67 | 0.67 053 | 100 |069 |053 |032 |[008]|032 |083 |0.23|0.51]0.08

MgO 0.64 | 0.56 079 | 069 |100 | 081 {034 |003|022 (086 |17 |0.28|-0.21

Na20 0.38 | 0.48 065 | 053 |081 |100 (033 |0.09 |0.05 |[069 |0p25]010 | -0.25

TiO2 022 | 042 044 1032 |034 |033 |100 |010|046 | 042 |0.38|0.32)0.07

Au (ppm)| 0.01 | 0.04 0.00 | 0.08 |003 |009 |010 |1.00|059 |0.78 |0.34|0.000.35

Ag(ppm)| 068 | 026 | 032 |057 |022 |005 |046 |029 100 |033 | o | g5y | 055

Cu (ppm)| 0.82 | 0.79 073 | 083 |08 |069 |042 |0.08 |033 | 100 |0.03]|0.23 | 0.06

Nb (ppm)| 0.09 | 0.27 005 | 023 |-0.17 | -0.25 | 0.38 | 0.34 | 058 | 0.03 | 1.00 | 0.35 | 0.62

Th (ppm) | 0.30 | 0.34 034 (051 (028 |010 [032 |0.00 024 | 023 |035]|100|0.18

Re (ppm) | 0.28 | 0.29 -0.05 { 0.08 |-0.21 | -0.25 | 007 | 035|036 | 006 |0.62 |0.18 | 1.00

Maturity

Figure 3 indicates that the stream sediments collected are tending towards mature sediments.
The high values given from the values of Zr-Hf indicate that all the samples have low degree
of clayness. The higher the Zr content the lower the degree of clayness. Chombong et al.
(2013) and Soh Tamehe et al. (2018) stated that maturity of stream sediments is reflected by
the Zr-Hf index. High values indicate mineralogically mature sediment samples, while low
ratios represents chemically immature samples. The Zr-Hf values for the Share SW stream
sediments range between 0.13 and 5.28, which is moderate; this shows that the samples are
mature. According to Floyd et al., (1989), the Sr vs Ba can also be used in determining
chemical maturity and mineral stability, respectively as shown in Figure 3.
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Figure 3: Bivariate Plot of Sr vs. Ba after Floyd et al. (1989) for Share SW stream sediments
indicating that the sediments are matured

Source-area Weathering

Figure 4 shows that all the samples plotted at the A end member, which suggests intense
chemical weathering and transportation of the sediments. The chemical composition of
weathering products in a river basin is expected to exhibit entrenched concepts on mobility
of various elements during weathering (Nesbitt et al., 1980; Singh et al., 2005), and
therefore to assess the state of chemical and physical weathering (Vital and Stattegger, 2000;
Singh et al., 2005; Liu et al., 2007). Elemental ratios calculated with respect to Al are used
to identify and evaluate the major element mobility. According to Singh et al. (2005), the
ratio of the content of element X and Al203 in the sediments divided by the ratio of the
same element content of upper continental crust (UCC) gives the elemental ratio. More
s0, since Th/U ratio (> 4.0) in sedimentary rocks reflect important weathering at the primary
source (McLennan et al., 1993), the high Th/U ratios (13.147-8.94; av. : 9.157) recorded in
the studied area compared with the value of UCC (Th/U = 3.89 after Rudnick and Gao
(2003) and Th/U = 3.82 according to Taylor and McLennan, 1985; 1995) indicate these
sediments have undergone weathering as shown by the Th/U vs. Th diagram (Figure 4b).
Meanwhile, lower concentrations of Al203 (0.21-0.73%), TiO2 (0.08-0.11%), Na2O (0.02—
0.03%), K20 (0.03-0.07%) and the correlation between Na2O and K>O (r = -0.54) suggest
some sources of contamination. The Share Sheet 202 SW stream sediments display high La
(383-1300 ppm) which is higher than the average universal crustal abundance value of
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39.00ppm therefore reflecting felsic input. Therefore, the La-Th-Sc ternary plot (figure 4)
by Bhatia and Crook (1986) was used to determine the source of contamination of the Share
SW sediments. Share SW stream sediment samples fall within the field of granitic gneiss

sources (Fig. 4a). This indicates that the source of detrital contamination in the Share SW
stream sediment resulted from granitic gneiss.
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Figure 4: (A) La-Th-Sc ternary plot (Bhatia and Crook 1986) to assess the source of detrital
contamination in stream sediments from Share SW. (B) Th/U vs. Th adopted from

McLennan et al. (1993). Fields and trends from Gu et al. (2002). Th/U ratios higher than the
upper crust value follow the weathering trend.

According to McLennan et al. (1993), 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 stream sediments have,
Ca0, K20, Na20, MgO, TiOz2 values less than 1, while Fe203, and Al,03 have values
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greater than 1. The depletion of highly mobile Na. K and Ca, Mg and Ti elements is due to
leaching during the formation of clay minerals during increased chemical weathering. The
immobile Ti and the less mobile Mg elements were depleted while the immobile Fe was
enriched; this suggest that they may are from a felsic source. Titanium is relatively immobile
compared to other elements during sedimentary processes, and hence is a good indicator of

source rock composition (McLennan et al., 1993).
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Singh et al. (2009) noted that , there is a positive correlation between Ti and Fe (Figure. 5),
Fe203 and TiO2 in stream sediments can be expected to be correlate positively due
to sorting effects. Linear arrays of data points along lines extending toward the origin in
binary Fe203-TiO2 plots demonstrate that the elements were immobile, and that they
were also hydraulically fractionated in a similar manner (Young, et al., 2013). The Share
SW stream sediments have TiO2/Fe203 ratio between 0.15 and 1.59, which suggests
concentration in the sediments of a heavy mineral phase containing Ti minerals such as,
ilmenite and rutile.
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Fig. 5: Positive correlation of Fe203-TiOz2 plots for the stream sediments
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Provenance and tectonic settings

Several authors (Blatt et al., 1980; Bhatia, 1983; Bhatia and Crook, 1986; Roser and Korsch,
1986 & 1988) have related sandstone geochemistry to specific tectonic environment. The
discriminant function plot of Roser and Korsch (1988) defined four (4) main provenances:
mafic igneous provenance; intermediate igneous provenance; felsic igneous provenance;
and quartzose sedimentary provenance (Figure 6A) which shows the stream sediments
samples tenary plotting in the field of mature intermediate igneous provenance, associated
with a continental passive margin, intracratonic basins, or recycled orogenic provinces.
Roser and Korsch (1986) created a tectonic discrimination diagram using La/Th ratio
versus Hf (Figure 6) to determine the tectonic setting of clastic terrigenous sedimentary
rocks. As depicted in (Figures. 7A to 7D), the tenary plot is used to discriminate between
sediments deposited in the Passive Continental Margin (PM), Active Continental Margin
(ACM) and the Oceanic Island Arc (OlA),just as Figure. 6 A and B also showed tectonic
discrimination diagrams of Share SW stream sediments indicating the Passive Margin
source.
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Figure. 6 A and B: Discriminant function diagram (Roser and Korsch, 1988) of major
elements. The discriminant functions are: Discriminant Function 1 = -1.773TiO, +
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0.607Al,03 + 0.76Fe203 (total) - 1.5MgO + 0.616CaO + 0.509Naz0 -1.224K20 - 9.09.
Discriminant Function 2 = 0.445TiO2 + 0.07Al203 - 0.25Fe.0O3 (total) - 1.142MgO +
0.438Ca0 +1.475Na.0 + 1.426K>0) - 6.861. (b) Bivariate plot of La/Th vs. Hf showing

mixed provenance for the Share SW sediments (Modified after Floyd and Leveridge, 1987;
Cullers, 1994).
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Maynard et al. (1982), Bhatia (1983), Bhatia and Crook (1986), Roser and Korsch (1986)
and Kroonenberg (1994) related sediments geochemistry to specific tectonic environment.
The inter trace elements in clastic sediments have also been used in discrimination diagrams
of plate tectonic settings (Varga and Szakmany, 2004), these elements can be transferred
quantitatively into detrital sediments during weathering and transportation to reflect the
signature of the parent material (Armstrong-Altrin et al.,, 2004). For this study, the
discrimination diagrams of tectonic settings after Bhatia (1983) and Roser and Korsch
(1986) were used to evaluate the tectonic setting of the Share SW stream sediment samples.
In these diagrams (Figures. 7A to 7D), nearly all samples cluster near the field of passive
margin (PM) setting (Moudioh et al., 2020).
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Figure 7: Tectonic discriminant diagrams for the Share stream sediment samples (A): Fe203
+ MgO — TiO2, (B): Fe203+ + MgO —Al203/ (CaO + Naz0); Fe203« represents total Fe
expressed as Fe>03 (C): Fe203+ + MgO — K20O/NazO, (D): A ternary plot La—Th — Sc (Roser
and Korsch, 1986; Bhatia, 1983))
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CONCLUSION
The sediments can be classified as matured and non-calcareous. The maturity of these
sediments are also confirmed with the moderate Zr—Hf content since Hf and Zr are closely
associated in sediments and are both concentrated in zircon with stable mobile oxides in
the sediments. The Index of Compositional Variability values also indicate that the
sediments are mineralogically mature. The weathering indices indicates a high degree of
weathering of the source materials. The depletion of highly mobile Na. K and Ca elements
is due to leaching during the formation of clay minerals with increased chemical weathering.
The immobile Fe and the less mobile Mg elements were depleted while the immobile Ti was
enriched; this suggests that Fig 6 shows intermediate igneous. The Share SW stream
sediments TiO2/Fe203 ratios suggests concentration in the sediments of a heavy mineral
phase containing Ti minerals such as, limonite and rutile. There is positive correlation
between Ti and Fe due to sorting effects and hydraulic fractionation. The tectonic setting
is the passive continental margin, while the provenance is the mixed felsic/basic
sediments of mature continental provenance, associated with a continental passive margin,
intracratonic basins, or recycled orogenic provinces.
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