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ABSTRACT

In this work inorganic wholerock geochemistryas applied taharacterizéhe exposed sandstone facies along
the Auchi-lghararoadAnambra basitMidwesternNigeriafor distinction and correlation of the depositional units
on the basis of the stigraphic variation of geochemical traitourteen representatigamplesollectedfrom the
outcropwereanalyzed usingnductively Coupled Plasmillass SpectrometétCP-MS). Fromour analysegen
major elements oxidesixteentrace elemenisand thirteen rare eidr elementsvere obtainedThe concentration

of major elementsni the samplerange from 0.13 and 53.71% with SiQ, TiO,, Al,O; and FeOs being
predominantOtheroxidesfound in the sampteincludeK,0O, CaO, NgO, MgO and EOs indicating a recycled
orogenic source of the grits from which the sandstone is derived. Trace elementsrationeinges between
0.017ppmand122.25ppm; marked by thdominance of Zircon (Zr) which further asseverates orogenic recycling.
The rare earth elements range inn@entration from 0.01ppnand 5.53 ppm; the modal occurrence of
Praseodymium (Pr) in this category is apparently indicative of deposition in an pgiderivironment.
Theappreciably high Si@Al,O; ratio averages 11.2 in the samplessignptomatic of several cycles of
sedimentation. Variation pattern of Ga/Rb and®l(CaO+MgO+KkO+NaO) ratios connote a cooler and drier
climatic conditionafterthe saxstone depositignhich expectedly resulted to a decrease in hydrolytic weathering.
Changes in sediment provenance are predicated on.Os/ATr/NaO and Nb/A}Os ratio which indicate grits
derivation from a more quartzose sedimentary and felsic sahateagsulted from fluctuating paleoclimate during
deposition From the geochemical data, the paleoclimate and provenance of the sandstone facies wiex@ model
and usedor subdivisionand correldbn into two geochemicalackages and five geochemicaltsni

Keywords: ChemostratigraphyPaleoclimate ProvenanceWeatheringWhole rock geochemistry

1 INTRODUCTION

The application ofgeochemical proxies now transcends their original usage foro-paigronmental
reconstruction because chemical signature or fingerprints of sedimentary sequence when interrelated are viable
tool for stratigraphic correlationThe fact that sedimentary rocks are faithful recorders of the changes in
provenance, environment of deposition and jgegtositional history cannot be overemphasized. The implication

of such changes is that apparenthfform sediment successions can disglagnary differences in the constént

minerals chemistry as well as the proportionate accessogepbéclays and heavy minerals many of which may

show distinct chemical compositipt]. As these subtle changes produce different combinations of mirtbeaks

are distinctive major and trace elemental composition of the sediments that can be utilized to characterize and
correlate the ensuing rockg.

Chemostratigraphtherefore seeks the application of the major and trace element geochemistry prifitgyéar
the characterisation and subdivision of sedimentary sequences into geochemically distinct units as well as
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correlating strataThis approach was applied in this work to characterize thesy@oid to correlate the
lithostratigraphic units basewh inorganic geochemical affinities.

2 GEOLOGICAL SETTINGS OF THE STUDY AREA

The study area falls withifongitude 613°19.47 641401°E andlatitude #1746% 748°19.3 N alongan easily
accessible Auchigarra oad (Fig. 1)andis located inthe westernBeninsideof Anambra basin.

Figure 1. Locationmap of thestudy

The separation of the South American and African lithospheric plates in the Mesozoic era led to various tectonic
activitieswhich resulted in the formation of several sedimentarinbd&ig. 2) in Nigerid3]. The Anambra basin

became an active depocentre after the Santonian or¢dergccommodating appreciable thickness of the Pre
Santonian sediments which covers the basement as confirmed by gravity studies. The basin iscsurthditide
sub-basins (i.e western Benin flank and the eastern Calabar flank) byitlseikka Highd [4]. The depositional

style in the basin exhibits a progressive deepening of sediment from lower coastal plain and shoreline deltas to the
shoreline ad stallow marine deposit$]. The stratigraphy column of Anambra basin is briefly explained in Table

1.

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

Niger Delta

°
Port Harcourt

Figure 2. Geological provinces of Nigeriarodfied from[3])
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Table 1 Lithostratigraphy of Anambrbasin (modifiedfrom [7] and[8])
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3 MATERIAL AND METHODS

Fourteen fresh representative samples were carefully collected from the aftthepsandstone faci€big. 3).
Analysis of tlese samples was accomplished throngluctively Coupled Plasmislass spectrometric (IGRIS)

technique, using lithium metaborate/ teh@rate fusion to obtain the inorganic geochemical analytical results for

the major, trace and rare earth elements contained in the samples out of whiehatiuly small number would
be used for chemostratigrapliharacterization of the are® pnd[10].

Facies change examination hretstudy was tsed on the work dfL1] which states that whole rock geochemistry
variations occur along lithologic bounds in any siliciclastic sequenciuthors 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 classiiim were Si@ Al0s, MgO and FgOs; and
SiO,/AlOslithologic ratio (Table 2).
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Figure 3. Exposedsandstondacies along Auchkigarra road

Table 2.Lithologic ratios used for siliciclastic rocks classificationddified from [12])

Silisiclastic lithologies

Silty Claystone/Claystone SiO,/AI,03<4

Siltstones SiO)/Al,03=4-6
Argillaceous sandstone SiO,/AI,03=6-10
Sandstone SiO/AI,O3* 10

Dolomitic sandstone *MgO 5% & SiO)/Al,03 *10
Ferrugenizedlithologies *10% Fe203

SiO,/Al,03<4 Ferich Silty claystone
SiO,/Al,03=4-6 Ferich Siltstone
SiO,/Al,03=6-10 Ferich Argillaceous Sandstone
SiO,/AIL,03 * 10 Ferich Sandstone

The ratio of stable to mobile elements in the sample was interpreted for the prediction of hydrologic weathering
rate[13]. Al,Os3/SiO; ratio in siliciclastic rocks is a viable tool for delineating the degree of quartz enrichment and
weathering rat¢l4]. Gallium (Ga andRubidium Rb) are both controlled by clay mineral distribution; however,

Ga is commonly in kaolinitgl5], whereas Rb is more prevalent in illite, where it replac€[K6]; thus, (Ga/Rb)

ratio can be used to reflettte kaolinite/illite ratio in any given samplalso, the formation of kaolinite and illite

typically occur under humid tropical and drier taroclimate respectivelyl herefore, a essential plot for paleo

climate prediction in this research combined the use of Ga/Rb ratio gDgleses] n a d diet ir@an i ot of t
relativelTyhoir mheanb@r &niUumwés used der ecevadfuarteec kbt heeat her i
upper continental rocks, thlel]l.7r dtni & eids meynpgiac gl Iryp clket, wé
thanmaly. Oi ndi cate intense weathering in the source ar
bet ween Th/ U ratio and Th concentration was addition
i nvestigatlekdd sampl es

Zircon (Zr) and Titanium oxide TiO2) were both related principally to sifrade heavy minerals, 4reing
associated with Zircons and Ti@ith Ti-oxides such as Rutile and Anat4%8]. The NaO value was used as
probable index of the plagioclase feldspar content in the sandstone samples.
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3.1 Provenancesignatures

The discriminant function diagram promas by [19] was adopted to unravel the provenance of the Lekoja
Bassangdormation. These authorsoted that biogenic CaO and Sih provenance determination could be
eliminated by a plot in which the discriminant functions are based upon the ratios of individyd &, MgO
and K0 to AlLOsz which is more reliable and effective than the one based upon the raw &ddesdingly, the
discriminant plos usedin this study include

Discriminant Function (DF1) = 11.773TiQ + 0.607AkOs + 0.76FeOs(T) i 1.5MgO + 0.616CaO +
0.509NaO i 1.224Kk0O17T 9.09

Discriminant Function (DF2) = 0.445TiQ + 0.07AbOsz i 0.25FeOs(T) i 1.42MgO + 0.48CaO +
1.475Na0 + 1.426K0 7 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 determinatiofiL4] are as follows:

Discriminant function 1 =70.0447SiQ@7 0.972 TiO2 + 0.008ADs 7 0.267Fe0s + 0.208FeCi 3.082MnO
+0.140MgO + 0.195Ca0 + 0.719 N@ T 0.032Kk0O + 7.510R0s + 0.303

Discriminant function2 =70.421SiQ + 1.988 TiQ i 0.526Ab037 0.551FeOs37 1.610 FeO + 2.720 MnO
1 0.907 CaG0.177NaO - 1.840K0 + 7.244R0s + 43.57

4 RESULTS

4.1 Lithologic description

The exposed outcrop is aboROm thick sedimentary sequenamd consistf coarsegrained sandstones
intercalated with clayey materials tite top of the section (Fig. 4)Light brownishwhitish-yellowish-pale
brownish medium to coarse textured, moderatgyted sandstone predominates the -sddtion, with the
observed colour variation attributable to composition differences of the cementiagaibinding the clasts;

while the basal unit distinguishably consists of prominent brownish medium to coarse grained, moderately sorted
sandstones cross laminatedhwkiaolinitic materials (Fig. 4).

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

0

o

0

o

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

/7 moderately sorted cross laminated sandstone
e

Brownish, sub angular, coarse grained
poorly sorted sandstone

20—

Figure 4. Lithologic section of theandstoneoutcrop

GeoScience Engineering Vol. 68 (2022), No. 1
geoscience.cz pp.33i 45, ISSN 18025420
DOI 10.35180/gs022-0067



38
4.2 Compositional analysis

Spectrometric result of the analyzed samples revealed disproportionate occurrence of 10 major oxides, namely;
SiO,, A203, Fe2Q, MgO, NaQ, TiO,, K;O, MnO, BO and CrQ (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, Tb, Dy, Ho, Er, Tm, Yb, Lu (Fig. 5c)
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The key indices (elements/oxides and oxide ratios) used for the chemostratigi@udtion are: Zirconium (Zr)
T to reveal the rate of terrigenous supply, Phospus (V) oxide (FOs) T 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 contenf the rock samples. The chemostratigraphic subdivision of the study interval is
shown in Fig. 6.

Surface geology of the study area was chatnatigraphically divided into two geochemical packages based on

the observed contrast in the geochemical (log)atigre of the area (Fig. 6). Package one and two were further
subdivided into three and two units respectively.

Zr u P05 Th/U
166 - 122ppm 20-30ppm 40 - 60ppm 0.040 - 0.060ppm

o5 Mt

2

Unit] <

Package 1

Figure 6. Chemostratigraphieonationscheme of LokojBassangesedimentaryoutcrop

4.3 Package 1

This package depicts a drastic decrease WmuEZmcreased 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, droppedidadigtto the basal of the package.

P,Os is characterized by a gradudtop 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 reversalsiftiature.

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;Vieusaifter the
clastic nput

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

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

There is a perceptible semblance between Zr a®diR the second package; both exhibiting steadiness from the
top, slight decremerih the middle of the log, sharp increase further downward, and drastic reduction at the base.
The uranium log is uniquelgranded by a gradual rise from the top, slight reduction across theegtion, 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 vedmévely stable irspite of the slight
drop at the insignificant drop at the base of the unit. Fluctuations in clastic ongaiic ratio occurred throughout
the unit.

Unit 2: It is marked bya sharp increasdollowed by adecrease in terrigenous teadecrease in organic content,
sporadic in increase in biogenic productivity, and a fluctuating clastic input versus organic input.

4.5 Facieschanges
Table 3 interprets and identifies the sandstone facies in the study area based on the abundaitle©f Git,

Mg O a n@ of Ehe analyzed sample. On the basis above interpretation, the facies changmdetisd
accurately(Fig. 7).

Table 3 Sandstonéacies inferred in thetudyarea (modified fron12])

Sample No | SiO2/Al.03 FeOs 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

9 135 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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SCALE (m)
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LEGEND

Argillaceous
Sandstone

Sandstone

Figure 7. Litho-section of surface samples

4.6 Mineralogical interpretation of lithologic ratios

The Al,Os content in the sample is apparently lower than that of the basic oxide (MgO+ CATHNG) in the
investigated samples (Fig. 8), indicating very minimal degree of hydrolytic weathering of sgritsed

Average AbO3/SiO;value of0.09(Fig. 99) in the samples indicates quartz enrichnjigdl; but the complementary

high average ratio of SAI>Os (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 apdabnged exposure to

humid tropical condition. The Ga/Riatio ranges between 0.1 and 0.84yipical 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 (Blg).

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 AD; andbases in theandstonesamples
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Figure 9a. Negative correlation chart of Si@gainst A}Os
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Figure 9b. Binary plot of Ga versus Rb

Ga/Rb ratia Al,Os/bases ratio discrimination plot (Fi@gc) further affirmedthe minimal degree of weathering of

the sedimentary grits. Th/U ratio of the study samsphnge from 0.0394nd0.0632 with an average of 0.0505;
indicating minimal weathering of the source areaamtiment recycling; this valtrange is traditionally associated
with active continental mang settings where rapid accumulation and burial of sediments can greatly occur. Also,
these samples contain far greater propostafrzircon (Fig.9d) than Rutile and Anatase; and thus fall within the
guatoze sedimentary rock. The periodic decreasereréase of N# content in samples (Fi$j3) rather suggest
differential preservation of plagioclase content, which can be closely linked with vasiet@remical 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 ADs/bases versus Ga/Rb
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Figure 9d. Binary plot of TiQ against Zr
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Figure 13. N&O content of LokojaBasangeformation throughime

4.7 Provenancestudies

Bulk of the sediments occupying the Campatiakoja-Bassange sandstone was more predictably sourced mainly
from a quartzosesedimentary provenance (Fig. 1Mhich is an apparent indication of a reworked polycyclic
sediment marked by several episodes of sedimentation (weathering, gravity, erosion, transportation, deposition
and diagenesigyith minor augmentation froran igneous province within an active margin (Fig Maturity is
anticipated because of the prolonged transportation history of the sediments during this repetitive depositional

cycle.

Figure 14. Discriminantprovenancechart of thestudiedsandstonegmodified from20])
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