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ABSTRACT

In this work, inorganic whole-rock geochemistry was applied to characterize the exposed sandstone facies along
the Auchi-Ighara road Anambra basin Midwestern, Nigeria for distinction and correlation of the depositional units
on the basis of the stratigraphic variation of geochemical trait. Fourteen representative samples collected from the
outcrop were analyzed using Inductively Coupled Plasma-Mass Spectrometer (ICP-MS). From our analyses, ten
major elements oxides, sixteen trace elements, and thirteen rare earth elements were obtained. The concentration
of major elements in the samples range from 0.13 % and 53.71 % with SiO, TiO,, Al,O3 and Fe;O3 being
predominant. Other oxides found in the samples include K,O, CaO, Na,O, MgO and P,Os indicating a recycled
orogenic source of the grits from which the sandstone is derived. Trace elements concentration ranges between
0.017 ppm and 122.25 ppm; marked by the dominance of Zircon (Zr) which further asseverates orogenic recycling.
The rare earth elements range in concentration from 0.0lppm and 5.53 ppm; the modal occurrence of
Praseodymium (Pr) in this category is apparently indicative of deposition in an oxidizing environment.
The appreciably high SiO2/Al,O3 ratio averages 11.2 in the samples is symptomatic of several cycles of
sedimentation. Variation pattern of Ga/Rb and Al,O3/(CaO+MgO+K;0+Na,0) ratios connote a cooler and drier
climatic condition after the sandstone deposition, which expectedly resulted to a decrease in hydrolytic weathering.
Changes in sediment provenance are predicated on Cr/Al;Os, Cr/Na;O and Nb/Al;Os ratio which indicate grits
derivation from a more quartzose sedimentary and felsic sources that resulted from fluctuating paleoclimate during
deposition. From the geochemical data, the paleoclimate and provenance of the sandstone facies were modelled
and used for subdivision and correlation into two geochemical packages and five geochemical units.

Keywords: Chemostratigraphy; Paleoclimate; Provenance; Weathering; Whole rock geochemistry.

1 INTRODUCTION

The application of geochemical proxies now transcends their original usage for paleo-environmental
reconstruction because chemical signature or fingerprints of sedimentary sequence when interrelated are viable
tool for stratigraphic correlation. The fact that sedimentary rocks are faithful recorders of the changes in
provenance, environment of deposition and post-depositional history cannot be overemphasized. The implication
of such changes is that apparently uniform sediment successions can display primary differences in the constituent
minerals chemistry as well as the proportionate accessory phases of clays and heavy minerals many of which may
show distinct chemical composition [1]. As these subtle changes produce different combinations of minerals, there
are distinctive major and trace elemental composition of the sediments that can be utilized to characterize and
correlate the ensuing rocks [2].

Chemostratigraphy therefore seeks the application of the major and trace element geochemistry or fingerprints for
the characterisation and subdivision of sedimentary sequences into geochemically distinct units as well as
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correlating strata. This approach was applied in this work to characterize the rocks, and to correlate the
lithostratigraphic units based on inorganic geochemical affinities.

2 GEOLOGICAL SETTINGS OF THE STUDY AREA

The study area falls within longitude 6°13'19.4— 6°14°01" E and latitude 7°17'46™— 7°18'19.3" N along an easily
accessible Auchi-lgarra road (Fig. 1) and is located in the western Benin side of Anambra basin.

Figure 1. Location map of the study

The separation of the South American and African lithospheric plates in the Mesozoic era led to various tectonic
activities which resulted in the formation of several sedimentary basins (Fig. 2) in Nigeria [3]. The Anambra basin
became an active depocentre after the Santonian orogeny [4], accommodating appreciable thickness of the Pre-
Santonian sediments which covers the basement as confirmed by gravity studies. The basin is subdivided into two
sub-basins (i.e., western Benin flank and the eastern Calabar flank) by the “Nsukka High” [4]. The depositional
style in the basin exhibits a progressive deepening of sediment from lower coastal plain and shoreline deltas to the
shoreline and shallow marine deposits [5]. The stratigraphy column of Anambra basin is briefly explained in Table
1.

The exposed sedimentary sequence in the study area falls within Lokoja-Bassange formation, on the Benin flank
of Anambra basin. Itis laterally equivalent to the graded Bawa sandstones, and underlain by Precambrian basement
rocks [6].

Niger Delta

°
Port Harcourt

Figure 2. Geological provinces of Nigeria (modified from [3])
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Table 1. Lithostratigraphy of Anambra basin (modified from [7] and [8])
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3 MATERIAL AND METHODS

Fourteen fresh representative samples were carefully collected from the outcrop of the sandstone facies (Fig. 3).
Analysis of these samples was accomplished through Inductively Coupled Plasma-Mass spectrometric (ICP-MS)
technique, using lithium metaborate/ tetra-borate fusion to obtain the inorganic geochemical analytical results for
the major, trace and rare earth elements contained in the samples out of which only relatively small number would
be used for chemostratigraphic characterization of the area [9] and [10].

Facies change examination in the study was based on the work of [11] which states that whole rock geochemistry
variations occur along lithologic boundaries in any siliciclastic sequence. Authors in [12] further asseverate that
chemical classification of siliciclastic rocks can be achieved based on the ratios of certain oxides and key elements,
known as lithologic ratios. Oxides employed for this classification were SiO,, Al,O3, MgO and Fe,Os; and
SiO,/Al,0s lithologic ratio (Table 2).
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Figure 3. Exposed sandstone facies along Auchi-lgarra road

Table 2. Lithologic ratios used for siliciclastic rocks classification (modified from [12])

Silisiclastic lithologies

Silty Claystone/Claystone Si02/Al03<4

Siltstones SiOy/Al,03=4-6
Argillaceous sandstone Si02/Al,053=6-10

Sandstone SiOy/AlL,05 * 10

Dolomitic sandstone *MgO 5% & SiO,/Al;,03 *10
Ferrugenized lithologies *10% Fe203

SiO2/Al03<4 Fe-rich Silty claystone
SiOy/Al,03=4-6 Fe-rich Siltstone
SiOy/Al,03=6-10 Fe-rich Argillaceous Sandstone
SiOy/AlLOs * 10 Fe-rich Sandstone

The ratio of stable to mobile elements in the sample was interpreted for the prediction of hydrologic weathering
rate [13]. Al,O3/SiO- ratio in siliciclastic rocks is a viable tool for delineating the degree of quartz enrichment and
weathering rate [14]. Gallium (Ga) and Rubidium (Rb) are both controlled by clay mineral distribution; however,
Ga is commonly in kaolinite [15], whereas Rb is more prevalent in illite, where it replaces K,O [16]; thus, (Ga/Rb)
ratio can be used to reflect the kaolinite/illite ratio in any given sample. Also, the formation of kaolinite and illite
typically occur under humid tropical and drier cooler climate respectively. Therefore, an essential plot for paleo-
climate prediction in this research combined the use of Ga/Rb ratio and Al,Os/bases. In addition, the ratio of the
relatively immobile Thorium (Th) and Uranium (U) was used to evaluate the degree of rock weathering. In most
upper continental rocks, the ratio is typically between 3.5 and 4.0 [17]. In sedimentary rocks, Th/U values higher
than 4.0 may indicate intense weathering in the source areas or sedimentary recycling. Also, the relationship
between Th/U ratio and Th concentration was additionally applied to further ascertain weathering rate of the
investigated samples [17].

Zircon (Zr) and Titanium oxide (TiO,) were both related principally to silt-grade heavy minerals, Zr being
associated with Zircons and TiO, with Ti-oxides such as Rutile and Anatase [18]. The Na2O value was used as
probable index of the plagioclase feldspar content in the sandstone samples.
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3.1 Provenance signatures

The discriminant function diagram proposed by [19] was adopted to unravel the provenance of the Lokoja-
Bassange formation. These authors noted that biogenic CaO and SiO; in provenance determination could be
eliminated by a plot in which the discriminant functions are based upon the ratios of individual TiO2, Fe;,03;, MgO
and K0 to Al,O3 which is more reliable and effective than the one based upon the raw oxides. Accordingly, the
discriminant plots used in this study include:

Discriminant Function (DF1) = -1.773TiO, + 0.607Al,03 + 0.76Fe;03(T) — 1.5MgO + 0.616Ca0O +
0.509Na,0 — 1.224K,0 —9.09

Discriminant Function (DF2) = 0.445TiO; + 0.07Al,03 — 0.25Fe;O3(T) — 1.42MgO + 0.438Ca0O +
1.475Na,0 + 1.426K,0 — 6.861

Delineation of the tectonic setting of the study area also involved the use of discriminant bivariate plot of first and
second discriminant functions of major element analysis of the sample. The discriminant functions for tectonic
setting determination [14] are as follows:

Discriminant function 1 =-0.0447SiO, — 0.972 TiO2 + 0.008Al>03 — 0.267Fe,03 + 0.208FeO — 3.082MnO
+0.140MgO + 0.195Ca0 + 0.719 Na,0 - 0.032K;0 + 7.510P,0s + 0.303

Discriminant function 2 = -0.421SiO; + 1.988 TiO, — 0.526Al>03 — 0.551Fe>03 — 1.610 FeO + 2.720 MnO
—0.907 Ca0-0.177Naz0 - 1.840K20 + 7.244P,0s + 43.57

4 RESULTS

4.1 Lithologic description

The exposed outcrop is about 20m thick sedimentary sequence and consists of coarse-grained sandstones
intercalated with clayey materials at the top of the section (Fig. 4). Light brownish-whitish-yellowish-pale-
brownish medium to coarse textured, moderately sorted sandstone predominates the mid-section, with the
observed colour variation attributable to composition differences of the cementing material binding the clasts;
while the basal unit distinguishably consists of prominent brownish medium to coarse grained, moderately sorted
sandstones cross laminated with kaolinitic materials (Fig. 4).

Lithology  Structure Description
/Fossil
0—|
o Brownish, medium grained,
poorly sorted bioturbated sandstone

OOO

Pinkish brown, coarse grained,
moderately sorted kaolinitic sand

\ \ Whitish, fine grained,
N\ AN poorly sorted ripped sandstone

Depth (m)

P Pinkish, sub angular, medium grained

/’/ moderately sorted cross laminated sandstone

Brownish, sub angular, coarse grained
poorly sorted sandstone

20—

Figure 4. Lithologic section of the sandstone outcrop
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4.2 Compositional analysis

Spectrometric result of the analyzed samples revealed disproportionate occurrence of 10 major oxides, namely;
Si0O2, AO3, Fe203, MgO, Na20, TiO2, KO, MnO, P,0 and CrO3 (Fig.5a); 16 trace elements which are Be, Co,
Cs, Ca, Hf, Th, Nb, Rb, Sn, Sr, Ta, U, W, Zr, and Ga (Fig. 5b); and 13 rare earth elements viz; La, Pr, Nd, Sm, Eu,
Gd, Th, Dy, Ho, Er, Tm, Yb, Lu (Fig. 5¢).
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Figure 5a. Percentage composition of the major oxides in the studied samples
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Figure 5¢c. Rare elements concentration in ug/g (ppm)
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The key indices (elements/oxides and oxide ratios) used for the chemostratigraphic zonation are: Zirconium (Zr)
— to reveal the rate of terrigenous supply, Phosphorous (V) oxide (P2Os) — to ascertain the rate of biogenic
productivity, Uranium (U) to determine the total of organic content, and Th/U ratio to contrast the quantity of

clastic input with organic content of the rock samples. The chemostratigraphic subdivision of the study interval is
shown in Fig. 6.

Surface geology of the study area was chemo-stratigraphically divided into two geochemical packages based on
the observed contrast in the geochemical (log) signature of the area (Fig. 6). Package one and two were further
subdivided into three and two units respectively.

Zr U P,O; Th/U
166 - 122ppm 20 - 30ppm 40 - 60ppm 0.040 - 0.060ppm

o5 Mt

2

Unit] <

Package 1

Figure 6. Chemostratigraphic zonation scheme of Lokoja-Bassange sedimentary outcrop

4.3 Package 1

This package depicts a drastic decrease in Zr but increased appreciably in the middle, maintaining an approximate
steadiness to its base. The uranium content markedly decreased from top but almost immediately rebounded
significantly to the middle portion of the log, and from this point, dropped drastically to the basal of the package.
P,Os is characterized by a gradual drop at the top, a continuous stretch of increase across the greater part of the
package but with sharp drop at the base. The Th/U ratio log entirely exhibits a complete reversal of the U signature.

Unit 1: Terrigenous supply and clastic supply biogenic productivity steadily decrease within this unit. The organic
content decreased to the mid of the unit, from where an increase was initiated to its base, but vice-versa for the
clastic input.

Unit 2: The quantity of terrigenous supply and clastic input to the organic ratio both decreased abruptly; total
organic content and bio-productivity contrarily increased remarkably in this unit. Supply, organic content, biogenic
activities and a reduction in clastic input versus organic input.

Unit 3: Characterized by steady terrigenous supply; reduced organic content and biogenic activities and a minor
increase in clastic input versus organic input.
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4.4 Package 2

There is a perceptible semblance between Zr and P,Os in the second package; both exhibiting steadiness from the
top, slight decrement in the middle of the log, sharp increase further downward, and drastic reduction at the base.
The uranium log is uniquely branded by a gradual rise from the top, slight reduction across the mid-section, and
then a gentle at the base. However, the Th/U log fluctuates all through the length of the package.

Unit 1: Terrigenous mats, organic content and biogenic productivity were relatively stable in spite of the slight
drop at the insignificant drop at the base of the unit. Fluctuations in clastic input - organic ratio occurred throughout
the unit.

Unit 2: It is marked by a sharp increase, followed by a decrease in terrigenous mats, decrease in organic content,
sporadic in increase in biogenic productivity, and a fluctuating clastic input versus organic input.

4.5 Facies changes
Table 3 interprets and identifies the sandstone facies in the study area based on the abundance of SiO,/Al,Os ratio,

MgO and Fe,Os of the analyzed sample. On the basis above interpretation, the facies change was modelled
accurately (Fig. 7).

Table 3. Sandstone facies inferred in the study area (modified from [12])

Sample No SiO2/Al203 Fe203 MgO Inference
1 9.56 5.69 1.12 Argillaceous sandstone
2 8.78 7.33 1.12 Argillaceous sandstone
3 8.45 5.86 1.66 Argillaceous sandstone
4 14.66 5.45 1.79 Sandstone
5 10.17 6.72 1.31 Sandstone
6 10.15 4.94 0.82 Sandstone
7 10.32 5.65 1.96 Sandstone
8 14.08 6.21 1.96 Sandstone
9 13.5 5.61 2.079 Sandstone
10 11.23 5.95 1.12 Sandstone
11 10.67 6.09 1.1 Sandstone
12 11.84 5.36 1.76 Sandstone
13 13.25 5.16 0.14 Sandstone
14 8.86 4.72 1.15 Argillaceous sandstone
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Figure 7. Litho-section of surface samples

4.6 Mineralogical interpretation of lithologic ratios

The Al>,O3 content in the sample is apparently lower than that of the basic oxide (MgO+ CaO+Na,0+K>0) in the
investigated samples (Fig. 8), indicating very minimal degree of hydrolytic weathering of sourced grits.

Average Al,O3/SiO;value of 0.09 (Fig. 9a) in the samples indicates quartz enrichment [14]; but the complementary
high average ratio of SiO2/Al,03 (11.12) can be inferred as an indicator of the intense chemical weathering.
Derivation of source materials largely originated from a silica rich granitic source under a prolonged exposure to
humid tropical condition. The Ga/Rb ratio ranges between 0.1 and 0.24 is typical of illinitic clay; inferentially
indicative of exposure of argillaceous sandstone to a relatively cooler, drier condition during and after deposition.
The binary plot of Ga and Rb is depicted below (Fig. 9b).

Concentration (ppm)

2 3 4 5 6 7 8 9 10 11 12 13 14

WAI203 @ Basic Oxides (MgO+ Ca0+Na20+K20)

Figure 8. Concentration of Al,O3; and bases in the sandstone samples

GeoScience Engineering Vol. 68 (2022), No. 1
geoscience.cz pp. 33-45, ISSN 1802-5420
DOI 10.35180/gse-2022-0067



42

60
» .
" ’t’—’v‘—.r
’
+
40 *
&
o 30
Q
(]
20
10
0
0 1 2 3 4 5 6
Al203 (%)

Figure 9a. Negative correlation chart of SiO against Al,O3
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Figure 9b. Binary plot of Ga versus Rb

Ga/Rb ratio — Al,Os/bases ratio discrimination plot (Fig. 9¢) further affirmed the minimal degree of weathering of
the sedimentary grits. Th/U ratio of the study samples range from 0.0391 and 0.0632 with an average of 0.0505;
indicating minimal weathering of the source area or sediment recycling; this value-range is traditionally associated
with active continental margin settings where rapid accumulation and burial of sediments can greatly occur. Also,
these samples contain far greater proportions of Zircon (Fig. 9d) than Rutile and Anatase; and thus fall within the
quartoze sedimentary rock. The periodic decrease and increase of Na,O content in samples (Fig. 13) rather suggest
differential preservation of plagioclase content, which can be closely linked with variations in chemical weathering

intensity.

0.25

e
02 teet—

0.15

0.1 # Ga/Rb

Ga/Rbng/g (ppm)

0.05

0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Al20O3/Bases (%)

Figure 9c. Positive correlation plot of Al,Oz/bases versus Ga/Rb
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Figure 9d. Binary plot of TiO; against Zr
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Figure 13

. Na;O content of Lokoja-Bassange formation through time

4.7 Provenance studies

Bulk of the sediments occupying the Campanian Lokoja-Bassange sandstone was more predictably sourced mainly
from a quartzose sedimentary provenance (Fig. 14) which is an apparent indication of a reworked polycyclic
sediment marked by several episodes of sedimentation (weathering, gravity, erosion, transportation, deposition
and diagenesis) with minor augmentation from an igneous province within an active margin (Fig 15). Maturity is
anticipated because of the prolonged transportation history of the sediments during this repetitive depositional

cycle.

Discriminant Function (DF 1)

Provenance

Intermediate Igneous
Provenance

Intermediate Igneous [~

Discriminant Function (DF 1)

Figure 14. Discriminant provenance chart of the studied sandstones (modified from [20])
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Continental
Island Arc

Discriminant function 1

Active Continental Margin

Discriminant function 1

Figure 15. Discriminant tectonic chart study area (modified from [14])

CONCLUSION

Interpretation of whole rock geochemical data from the investigated sandstones delineated the uniqueness of
geochemical signature of the various lithostratigraphic unit. Lokoja-Bassange formation contains single
chemostratigraphic surfaces that can be approximated to a chronostratigraphic marker. Two chemostratigraphic
packages and 5 units were identified and correlated. The formation was deposited and diagenized under a drier
and cooler climate which evidently resulted in the relative abundance of illite in the argillaceous facies, while the
older parts of the formation contain minor proportions of plagioclase feldspar, indicative of an igneous origin.
Enrichment of Zr in the sandstone sample, reflects a heavy mineral (zircon) addition of a quartzose sedimentary
provenance. The discriminant plots depict the derivation of the bulk of the sediment from a quartzose sedimentary
provenance with minor relatively lesser supply from an igneous environment in an active continental setting.
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