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Abstract

The determination of paleodepositional environmantd sequence stratigraphic framework within which
geologic factors interplayed to create the sediamgntacies present in outcropping sediments inspaftthe
Southern Middle Niger Basin, in order to establstdimentary architectures and chronostratigragiical
significant surfaces; erecting a stratigraphic feamrk through quantitative palynological and seditogical
analysis of sediments by detailed field mapping ktbratory techniques, forms the focus of thiglgturhe
Lokoja Formation was mapped on outcrops expos&blrinson Street, Mount Patti, Banda and Fileledkdja
area, while the Patti Formation was mapped in Ah&egu Beki, Gegu Egba, Adabor, Orehi and Akpasi@l
the Lokoja-Abuja express way. The study area lighiwLatitude N 07 81’ and N 08 30; Longitude E 00%
73 and E 00886’. Three main lithofacies, sand, shale andvsiite defined with seven subfacies as silty sand,
fine-grained sand, medium-grained sand, coarsexgglasand, clayey siltstone, silty clay, and sarnitlySorting
ranged from 0.72 — 1.29, indicating poor — moderateting for the Lokoja Formation. Depositional
environments defined by values of binary plotslafveness versus standard deviation and mean veengasd
deviation for samples obtained from the Lokoja ammfirmed by binary plot of skewness versus meddaa
same samples indicate a continental fluvial andimianarine to transitional paleodepositional eowiment for
the Lokoja Formation and the Patti Formation retipely.

Three systems tracts, LST, TST and HST, were éskedul in the study with the Lokoja Formation asL&T,
the lower section of the Patti as a TST and theeuppction as an HST. An SB and a candidate MKsadfably
Late Cretaceous age was established at the balse bbkoja Formation and in the Patti Formatiorpessively.
Age-significant Cretaceous palynomorph speciesve®al from the Patti Formation which includegthidites
sp., Monocolpopollenites spheroidites, Proteacidites dehanni, P. longispinosus, Cingulatosporites ornatus,
Echitriporites triangulatus, Baculatisporites sp., Longapetites veneendenburgi, and Monocolpites marginatus
indicate and confirm a Late Cretaceous age for the Patti Formation.

Keywords. Sequence stratigraphy, Middle Niger Basin, Patirnfation, Lokoja Formation, Depositional
Environment.

1. INTRODUCTION
The southern Middle Niger Basin is constituted lofee Late Cretaceous formations, the Lokoja Sandsto
Formation, Patti Formation and the Agbaja Formaiidones, 1958). The Late Cretaceous formation ef th
southern Middle Niger Basin has been describedobyesauthors as the Lokoja Sandstone (Jan du Chere e
1978, Idowu and Enu, 1992). In the study, the asthipholds the nomenclature of Jones (1958) aspibinted
in this study that the formations were formed Wfedént depositional phenomenon.
Some studies have been carried out on the Lataceretis sediments of the Southern Middle Niger Bdgiase
studies have centered mainly on the sedimentoloygeleye Dessauvagie, 1972), biostratigraphy and
biozonation (Jan du Chene et al., 1978; Oloto, L9pédleodepositional environment (Akande et al.030
Agyingi, 1993; ojo and Akande, 2006, 2008), teatsnfKogbe et al., 1983; Ojo and Ajakaiye, 1976,2)98
hydrocarbon generation potential (Idowu & Enu, 199Baje et al., 2011). Some previous studies hawvgpéd
the Patti and Lokoja Formations as one, while ottaare correlated the Patti Formation with the AgeliMamu
Formations of the adjourning Anambra Basin leadingome level of confusion among geoscientistsigena.
This situation is because the sequence stratigrdpmework of the sedimentary pile in the basia hat been
evaluated. Thus in this study, the authors vievessdimentary pile from a process sedimentologgcsp
order to build a valid sequence stratigraphic fraork for the Late cretaceous sequences depositddsipart
of the Middle Niger basin.
Sequence stratigraphy is a recent revolutionanagigm in the field of sedimentary geology. The loroa
concepts embodied by this discipline have resuite@ fundamental change in geological thinking @amd
particular the methods of vertical and lateral dacand stratigraphic analysis. Sequence stratigriaphe study
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of rock relationships within a time — stratigrapfi@mework of repetitive, genetically related sar@bunded by
surfaces of erosion or non-deposition; or theireative conformities, (Van Wagoner, 1995). It atfgs to link
subdivided sedimentary deposits into unconformityrid units on a variety of scales and explainsettstsita
units in terms of control by relative sea — levghieges and variations in sediments supply.

Over the past twenty years, this approach has be#raced by earth scientists as the preferred mietho
stratigraphic analysis, which has served to tietiogr observations from many disciplines. It bleti@sinsights
from a range of disciplines like biostratigraphithdstratigraphy, seismic stratigraphy, sedimernggl@tc.,
which invariably leads to a more robust interpietatand consequently scientific progress. Thus,stguence
stratigraphic approach has led to improved undediétg of how stratigraphic units, facies tracts and
depositional elements relate to each other in &imgk space within sedimentary basins.

Nevertheless, the application of sequence stratigraange widely, from predictive exploration faetmleum,
coal and placer deposits, to improved understandirgarth’s geological record of local to globakalyes. Its
strong sedimentological component emphasizes on fak@s-forming processes within the confines of
individual depositional systems, particularly inspense to changes in base level. At this scalejeseg
stratigraphy is generally used to resolve and émplasues of facies cyclicity, facies associaticansd
relationships, and reservoir compartmentalization.

In this paper we report the results of a detaileldl fand laboratory analysis of paleodepositiomsirmnment of
outcropping sediments in parts of the Lower Middlger Basin, within a sequence stratigraphic framew

2. GEOLOGICAL AND PHYSIOGRAPHIC SETTING OF THE SOUTHERN MIDDLE NIGER BASIN
The Middle Niger Basin (also known as the Nupe @faBBasin) is a NW-SE trending intracratonic basin
extending from Kotangora (in the North) to just $oof Lokoja (in the south). It stretches from douaf the
confluence of Niger and Benue Rivers to the dane lak Kainji, where basement rocks separate if ftbm
Sokoto Basin. Generally three physiographic uniésracognized in the basin (Adeleye, 1972). These a

a. The Niger River with its flood plain and distribtits,

b. A belt of mesas and buttes, and

c. The plains.
The Niger River runs ESE in the southern margimahaf the basin. Its flood plains are broad andkethin
most areas by a series of elongated ponds runrargjl@ to the river. The belt of discontinuous a®suns
from an area about 16 km east of Mokwa to Lokoja 8&V Dekina covering about 10% of the basin. Tlhee to
lies between 260 and 500 meters around the Nigeu®e&onfluence areas. Flat lying to gently rolljpgins
covers about 70% of the basin. The plains lie betw@0 and 180 meters above sea level in the Lak@a.
Sediment thickness in the Middle Niger Basin isneated to be between 3000 and 3500 meters (Whiteman
1982; Braide, 1992).
The basin occupies a gently down warped trough. aferogenesis responsible for the basin genesinse
closely connected with the Santonian tectonic atuabvements which mainly affected the Benue Basith SE
Nigeria. The buried basement complex probably hagla relief (Jones, 1955) and the sedimentary &ions
have been shown to be about 2000 metres thick ditgrsurvey (Ojo and Ajakaiye, 1976), constitutégost-
tectonic molasse facies and thin marine strata,clwhare all unfolded. Borehole logs, Landsat images
interpretation, and Geophysical data across thim Isaggest that it is bounded by a NW-SE trendiygjesn of
linear faults (Kogbe et al., 1983). Gravity studéso confirm central positive anomalies flankednggative
anomalies (Ojo, 1984; Ojo and Ajakaiye, 1989). Tastern is consistent with rift structures as obse in the
adjacent Benue Trough/Basin. A detailed study effdxties indicates rapid basin-wide changes froroua
alluvial fan facies through flood-basin and deltéacies to lacustrine facies (Braide, 1990). Consetly, a
simple sag and rift origin earlier suggested may aezount for the basin’s evolution. According toaifle
(1990) paleogeographic reconstruction suggestssiaoa environments were widespread and elongate.
Lacustrine environments occurred at the basin’s ard close to the margins. This suggests thatg¢pecenter
must have migrated during the basin’s depositidmstiory and subsided rapidly to accommodate thek&5
thick sedimentary fill.
The basin’s strata are Late Cretaceous (Campanastrichtian) in age and were named the Nupe $amels
by Russ (1930). However, the Sandstone is refaodry Adeleye and Dessauvagie (1972) as a Growgpegd
of a formation). Adeleye (op. cit.) sub-divided tBeoup into four formations: Bida Sandstone (olfleStkpe
Ironstone, Enagi Siltstone and Batati Ironstonaufygest). A lateral facies variation occurs in tlasib. Around
Lokoja, the sequence was usually referred to ad the@ja Sandstone (Jan du Chene et al., 1978; Idamu
Enu, 1992). However, the Sandstone is only paglyivalent to the Nupe Sandstone (Dessauvagie, 1@¥b)s
overlain by Patti Formation (Jones, 1958). The Baglea and Lokoja area are considered separatellgeas
stratigraphy are different. The Lokoja, Patti akgbaja Formations occur as the three formation#ktin the
southern Middle Niger basin. The Lokoja Formationsists of pebbly clayey grit and sandstone, cegiaimed
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cross bedded sandstone, and few thin oolitic itones. A basal conglomerate of well-rounded quaetibles in

a matrix of white clay is rarely exposed. Its thieks depends on the relief of the underlying Base@emplex
floor and varies between 100 and 300 metres (Deag#) 1975)

The Patti Formation is a sequence of fine to medipained, grey and white sandstones, carbonacdtsisrse,
clay stone, shale and oolitic and Concretionalstone. Thin coal seams may be present and whitty ghays
are common. The maximum exposed thickness is 70ome§, 1958), while the oolitic ironstones rangesf7-

16 m thick. A Maastrichtian (and possibly Senoniagg was thus assigned to it based mainly on etiwal
with other formations e.g. the Nupe Sandstone amijk& Shale of Campano-Maastrichtian age. Adedireh a
Jan du Chene (1979) and Petters (1979) have rat@dmlynomorph assemblage and a foraminifera fauna
respectively from the Lokoja area. The micro faimeonsidered to be a marsh assemblage.

The palynomorphs are made up mainly of pollen amores, the assemblage of which is indicative of a
Maastrichtian age (Adediran and Jan du Chene, ib). Dessauvagie (1975) indicates that Patti fdioma
yielded fossil plants (from the carbonaceous badd)dates the formation as Campanian to Maastithiilore
recently, Ojo (2009) reported a rich and well presd palynomorph assemblage from the black shalerau
samples of the Patti Formation collected betweetoilarfi and Abaji and between Lokoja and Agbajhe T
outcrop is constituted by marine dinocyst and tlerentopious continental sporomorphs. Ojo (2009%oread
that the assemblage is a confirmation evidencetHerLate Cretaceous Tethys — South Atlantic conoect
through the Nupe Basin. The Agbaja Formation cassif oolitic ironstone and occurs as the topmost
stratigraphic sequence in the Agbaja Plateau, samaround the southern part of the basin anddkej& area.

3. MATERIALSAND METHODSOF STUDY
The southern Middle Niger Basin characteristicddigks exploratory well or well preserved borehcdenple,
thus leaving us with the option of outcrop sampBased on lateral and vertical facies changes, ad
thickness a systematic sampling of outcroppingreedts was carried out to obtain samples withiriddé N
07°81" and N 0830"; and longitude E 083" and E 00%86°. Thirty two (32) outcrop samples [Nineteen)(19
shale and thirteen (13), sand] obtained from th#& Parmations in Ahoko exposed in road cuts andrgusites
and in the Lokoja Formation exposed in road cuthiénLokoja area: Robinson Street Lokoja, Felebnda and
Mount Patti. Samples were lithologically describadd subjected to further sedimentological analysid
palynological processing. The siliciclastic samplese air dried, crused, and mixed and 50g of sadhple was
sieved in an automated sieve shaker for 10minsbtai quantitative data set for further statistiaahblysis
including the Graphic Mean (Mz), Inclusive GrapBiandard Deviationsf), Inclusive Graphic Skewness (SK)
and Graphic Kurtosis (K
Shale samples were processed by standard methodbaesby Traverse (1988). These samples were cighije
to various stages of acid treatment followed byisg density separation and concentration of drgamatter
through centrifuging, staining with appropriate di@afranin O), mounting on slides with mounting iea
(Norland) and then covering with cover slips. Thides were analyzed using an Olympus MGN binocular
transmitted light microscope. A total of 19 slidere analyzed under the microscope and the various
palynomorphs observed were captured by means @MYS12.1 MEGA PIXELS digital camera with optical
zoom of 4x, The Palynomorphs were speciated stdnulalished palynological references and catalogs.

4, RESULTS
Table 1shows a summary of the results of sieveyaisatarried out on thirteen field samples obtaifiech parts
of the Lokoja Formation, exposed in Robinson SirEetele, Banda and the basal section of Mouni.Pdte
graphical presentation of the results for the deieation of relevant sedimentological parametergdam
standard deviation, skewness and kurtosis) is shiovigure 2 A-L.
Four main facies types (sandstone, siltstone, tagsand shale) and six sub-lithofacies (fine-grdisand,
medium-grained sand, coarse-grained sand, sartdtoei, dark grey shale and light grey shale) wiefeed.
The various sandstone facies of the Lokoja Formadie generally feldsparthic. The sand facies dharaes
the Lokoja Formation while the shale and silt faciee characteristic of the Patti formation. Sisafata of the
Patti Formation are intercalated by ferruginous @odicretional ironstone beds. The shale membeneofhatti
Formation was mapped in two outcrop locations abk®h Location one is a quarry site off the Lokojatfa
highway, north of Ahoko town, while location expos2 is a road cut exposure along the Lokoja-Alexjaress
road. The outcrops from these two locations arevehim figure 12, while the lithologic logs drawnrfthe
exposures are shown in figures 5 and 6.
Field relationship shows that the Lokoja Formationconformably rests on the Precambrian Basement
Complex. This contact is visible at Filele along ttokoja-Abuja express way (fig. 3)
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These sediments exhibits high angle cross beddimgg-upward (fig. 4) sequence underlain by vegopy
sorted, medium to cobbly conglomeratic sands @)g.Thin ferrugenous beds occur discontinuoushhiwithe
sandstone beds. The sorting values of samples feomge).72 — 1.29.

The palynological assemblage recovered from shaepkes of the Patti Formation consists dominanfly o
pollen and spores (fungal and pteridophytic), veitbomplete absence of dinocysts. Sporomorphs daeniha
recovered palynoflorules and consists mainly detiei and monolete species. The pollen grains whieh
subordinate in the in the recovered palynoflorulese dominated by few species of triporates and
monocolporates. The palynomorphs are well preseamd characteristically of low diversity. The highe
number of palynomorph count was from bed 7 in AHOK@nd bed 1 in AHOKO 2 (Tables 2 and 3).

5. DISCUSSION

5.1 Depositional Environment
On bases of environment and processes of depositioch in turn defines the lithologic and paleoonwit
characteristics of the deposits, three basic sedang facies are defined in the outcropping sedimer the
study area. These are fluvial facies, shallow neadnd transitional facies. The facies of the Lokegamation
which exhibits high angle cross bedding, fining-apav sequence (fig. 4), underlain by very poorlytesbr
medium to cobbly conglomeratic sands (fig 3) aterpreted as channel lag deposits and characteoispoint
bar deposits. The occurrence of thin ferrugenouss bdiscontinuously within the sandstone beds indica
subaerial exposure of depositional surfaces thrdumé characteristic and evident of a regressivasphin the
basin. The dominantly poor sorting (0.72 — 1.2%l&4dl4), high angle cross bedding, fining-upwarquasmce
and a general absence of fossils, exhibited bystmal facies, is indicative of deposition in a falvsetting,
(Friedman, 1961), and implying deposition duringgressive out-building in the Middle Niger Basin.
To further establish the fluvial facies defined fbe Lokoja Formation using the sorting values (&ab4),
binary plots (figs. 5 - 7with boundaries modified after Friedman (1967), Maiand Weiser (1968), and
Stewart (1958) was done for the samples using kleevisess, standard deviation, median and mean values
generated from the sedimentological sieve ana{ygible 1). All values plotted falls within the flia domains.
Overlying the Lokoja Formation is the Patti Forroatiwhich is observed to be constituted of shales
parasequences, Concretional ironstone and silesfat the lower to middle part of the Formatioithvelay
stones, silt and very fine sands at the uppergdahte Formation.
The Ahoko outcrops exhibits colour variation ramgiinom dark grey at the bottom to light grey at the,
suggesting a quantitative variation in organic teratontent that may have been caused by a chaoged
relatively anoxic to oxic paleoenvironment condiso
Previous studies on the Patti Formation have shthenpresence of marine palynomorphs species, (dan D
Cheneet al., 1978; Agyingi, 1993 and Ojo and Akande, 2005). aithh the samples from the Ahoko section in
this study yielded no marine palynomorph elemerdetailed evaluation of the sedimentologic attésuand
palynologic components of the shales, indicatesosiipnal of the sediments in a shallow marine
paleoenvironment.
Palynological data have been applied to interpad¢quepositional systems (Van Berggral., 1990; Ibrahim
and Schrank, 1996; Vadja Santinavez, 1998, Helehak, 1998; Rull, 2002 and Ojo and Akande, 2005). In
these studies, Palynological Marine Index (PMl)ueal which are the abundance of marine to teradigtri
derived palynomorphs, are calculated. Null value®MI indicate samples without marine palynomorjaimsl
represents freshwater environment. Low values ofl Rk interpreted as indicative of brackish water
environment, while high values of PMI are indicateposition under marine conditions. These seqsawoeald
ordinarily be interpreted as continental deposiésda on the absence of marine palynomorphs, but the
occurrence, frequencies and abundance of the lstagkater palm specieSpinizonocolpites baculatus, the
back-mangrove palms specidasilamonocolpites sp. and fernsDeltoidospora sp. (Rull, 2000), at different
stratum in the outcrops, and the occurrence of redional ironstone strata within the shale facieggests a
rhythmic and fluctuating paleosea conditions duriwgich time continental domains were occasionally
inundated creating brackish water swamp conditiomswhich the fern specie®eltoidospora thrived.
Deltoidospora is a representative of wetland species behind noaegrforests near the limit of tidal influence
(Rull, 1992, 19974, b, 1998), which can be transubto near shore environments as presented byeMa®59,
in a modern analogue study. This species possiblyrifhed in this area due to favorable paleoedolog
conditions created by the Late Cretaceous Sea Wiluotled the land area, providing saline water s in
which the species thrived, but later transported sthallow marine paleoenvironments and presenveie fine-
grained shale facies of the Patti Formation. Thiisrpretation coupled with the dark grey coloratidthe shale
points to deposition in a marine paleoenvironment.
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5.2 BIOS GNALS AND SEQUENCE STRATIGRAPHY

The frequency distribution of palynomorphs recoddrem the Patti Formation around the Ahoko areshisvn

in Tables 2 and 3The samples are dominated by miospores with a aim@bsence of dinocysts species,
composed mainly of trilete, baculate and monoletes, and triporate echinate forms. The shaleslgitbhge-
significant Late Cretaceous palynomorph taxa suchrateacidites dehanni, Buttina andreevi, Cyathidites sp.,
Baculatisporites sp., Spinizonocolpites baculatus, Echitriporites trianguliformis, Cingulatisporites sp.,
Longapertites veneendenburgi, L. marginatus, andBuculatisporites sp. These species have been used to age-date
Upper Cretaceous sediments in Nigeria, (Jan du €hE®i78; Jan du Chene and Salami, 1978; Evenay.,
1978; Oloto, 1994; Ojo, 2008), and in South AmeriGarmeraadt al., (1968). The occurrence of these forms
in the samples indicates a Late Campanian-Mid Maastan age for the outcropping sediments in theko
area and thus correlates with the Upper CretadeattsFormation in the Middle Niger Basin.

Graphical distribution of forms shows that bednd & in AHK 1 and 2 has the highest total sporé paly
population respectively, while the highest popolatof pollen is observed in bed 9 and 1 in bothciayts
(Tables 2 and 3, Fig. 10), with the general pofiepulation less than the spore population.

5.3 Seguence Stratigraphic Surfaces

Two major sequence stratigraphic surfaces, a manifhmoding surface (MFS) and a sequence boundasy, (S
where defined in the study area. The sequencdgsaphic interpretation of the sediments is basadthe
integration of lithofacies and biosignal charactes. This approach enabled the definition of ehsgstems
track, one maximum flooding surface (MFS) and oeguence boundary (SB). Beds or stratum with thbdst
pollen count is conventionally used to establigh ieximum flooding surface (MFS) (Pomout, 1989, kKpso,
2002). The use of highest pollen count for the ldisiament of the MFS is a phenomenon that is easily
recognized in marginal basins where mangrove swagggtation is well established (Osokpor, 2002}hkse
settings, the pollen population is enhanced byelanguts from mangrove forest species and freshhiatest
swamp species (FWFS) from back swanamsocostites ramonae (Rhizophora sp.) is a mangrove species which
evolved in Nigeria in the Oligocene (Kustial., 1955). Other known constituents of the mangmwvamp forest
include Deltoidospora spp. A saline water fern$pinizonocol pites baculatus/echinatus (Nypa fruticans) with an
age range of Maastrichtian-Paleocene. Of all thagrave forest species mentioned so far, dfdgocostites
ramonae was not recovered from these sediments due to liher @ge of the sedimentSpinizonocolpites
baculatus and Deltoidospora sp. was recoveredNypa is a palm that inhabits coastal mangrove swamps
characterized by hot, wet and humid climatic cdodg. Global warm humid climatic conditions cause
deglaciation of polar ice sheet leading to the asdeof melt waters into the ocean. This conditioasse a
corresponding rise in sea level with a transgresaind inundation of continental coastal domainghdishing
brackish water swamps where salt water-loving pspeicies such ddypa andDeltoidospora thrived, hence the
biosignal presented by these species have useih henecognized a transgressive systems tractewhe bed
hosting the highest abundance, as the MFS.

Bed 7 in AHK 1 and Bed 1 in AHK 2 (figs. 10 and Mhich presents the highest counts of these twoispe
consists of very fine shale lithofacies, that héezn likely deposited in distal marine settings ffam the
influence of terrestrial sediment input, possibéeasioned by flooding of the paleo coastal land.aBased on
sedimentological and biostratigraphic attributessMFS is thus established in these horizons.

The lithofacies characteristics and stratigraplusifion of the Lokoja Formation depicts depositdafstand
systems tract (LST). The Lokoja Sandstone is aiental siliciclastics formed during the progradatiout-
building of sediments in the Middle Niger Basintire Late Cretaceous and rest unconformably on twtesn
Basement Complex sequence. The contact betwedarthation and the basement characterized by veoylyo
sorted sediments, composed of pinkish clay derfueah the weathering and disintegration of intrafatimnal
feldspars, very fine sands to large bouldersiie Hefined as a sequence boundary (Fig. 3).

5.4 Systems Tracts

Three systems tracts an LST, TST and HST were eflrased on lithofacies and biosignal charactesisti
identified above. From the sedimentological attiésupresented above, outcropping sediments of thkeja
Formation mapped at Robinson Street, Filele, Bamhthe base of Mount Patti all show the charasttesi of a
lowstand system tract (LST). Three basic typesegodits are recognized in an LST, these are skopgSF),
basin floor fan (BFF) and lowstand prograding wedgBW) (Catuneanu, 2006). Generally fan deposits are
indicative of marine regression (Catuneanu, 208&hift of shore line basinward and prevalenceigif fluvial
activities.The Lokoja Formation is defined solely as an LSpicking a lowstand prograding wedge.

Outcrops | (AHK1) and 2 (AHK 2) in the Ahoko arefiggre 12), exhibit sedimentological charactersstic
depicting deposits of a transgressive system {f®T). Transgressive system tract (TST) is charaeté by a
net rise in relative sea level, during which timeef grained sediments like shales and silts apmpsited
indicative of transgression or landward shift iro8Hine (Catuneanu, 2006; Reading, 2008). The sadesilt
sequences exposed in these outcrops are hererateztpas deposited during the Late Campanian-Mid
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Maastrichtian marine transgression that affectedMiid Niger Basin. The evidence of a net rise ilatiee sea
level is observed from the steady increase inhiekmess of the dark colored shales as shown urdi@ and 9.

A careful analysis of the lithologic log shows aaty decrease in the thickness of the iron stonmeretion
toward the top of outcrops where they occur. Thisngly suggests increasing marine influence inlhsin
with a corresponding decline in continental faciesposits of the Patti Formation mapped at Orelshabo,
Gegu Beki, Gegu Egba, Akpasi, Ahoko, Adabor andriydaare grouped under a highstand system tract YHST
as shown in figures 11, 13 and 14. This sequencdiggBphic arrangement is strongly riveted on the
sedimentologic and Palynologic interpretation asmarized in figures 13 and 14.

The environment of deposition of the Patti Formatims been a subject of interest and discussiovabigus
authors (Braide, 1992; Agying, 1991). These autlsoiggested a non-marine environment for the acgitias
rocks (shale — clayey member of the Patti Formati@raide, 1992; Agying, 1991). Nevertheless, récen
investigation of Ojo and Akande (2006) and Akantele(2005) recognized and reported certain stgkiharine
sedimentological features in these sediments.

However, from the biostratigraphic analysis of #frales within the Patti Formation as mapped in Ahbland

2, the presence of miospores produced by salinerviira species is indicative of deposition in arime-
transitional paleoenvironment characterized by sedter swamps influenced by marine inputs in the
marginal/shore line settings. Adediran and Jan Hen€, 1979; Ojo, 2009, concluded and correlateddté
Formation with the Ajali Sandstone Formation in #i@journing Anambra Basin, explaining that in tate
Cretaceous when the Benue Trough was experiendiagrassive phase and the Ajali Formation was blgiiag
down in the Anambra Basin, some of the waters ftbenregressing sea emptied into the Middle NigesiBa
and moved northwest ward as a transgressing systeneby creating a marine depo system in the dueag
which time marine shale of the Patti Formation wagposited. The regressive phase in the Benue Triedgto

an increased transgressive phase in the southetrofothe Mid Niger Basin, as the basin appearhdoe
experienced further subsidence. This conclusion arcelation are incorrect as these posses morstiqgue
than answers. Similar tectonic event created thedMiNiger and the Benue Trough of which the Middlger
Basin exist as a failed arm in a triple junctiorende transgressive conditions would be expectedféat the
basin like the adjacent areas. The Mama Formatiothé Anambra Basin is a transgressive and higtistan
deposit. On the basis of chronostratigraphy (fig)), the Patti Formation is a lateral equivalentled Mamu
Formation. In the Late Cretaceous, Southern Nigeaisins including the Anambra Basin which adjoutres
Middle Niger Basin, experienced widespread trarsgjom which created transgressive marine sedimerad

the southern basins. The Late Cretaceous transynesi$ected the Middle Niger Basin leading to limed wet
conditions along the marginal areas as evidentHay gresence of marginal saline swamp species ssich a
Deltoidospora sp. and Spinizonocopites sp. In the Benin Flank which is the western arm of Ar@ambra Basin,
the Mamu Formation is seen to also rest unconfolyr@ithe Lokoja Formation (on-going outcrop stllias a
transgressive sequence. With these chrono-coomland analogy, it is obvious that the Late Craiase
transgression that affected the Anambra Basin afferted the Southern Middle Niger Basin leadinghe
deposition of the Patti Formation.

Integratingthe sedimentological and biostratigraphic evidendess suggested that the shales of the Patti
Formation mapped in Ahoko 1 and 2 were depositeal shallow marine to brackish water environmentrehe
anoxic bottom water conditions was prevalent, whddiments of the Patti Formation mappe®hi, Achabo,
Gegu Beki, Gegu Egba, Akpasi, Adabor and Adanyabéshsedimentological characteristics of a higanst
system tract (HST) (fig. 13). HST is generally kmowo be characterized by aggradational depositesd@h
deposits are usually better sorted, laterally esitenin contrast with fluvial facies that exhibrepid lateral and
vertical facies change, (Reading, 1978)he lower section of the Patti Formation charaetatiby dark grey
shale sequences constitutes the TST (fig. 13, Tblahile the upper section composed of siltstaaned clays
constitute an HST.

6. CONCLUSION
The suits of lithofacies (sand, siltstone, ironstoelay and shale) recognized and their sedimegittdb
characteristics suggests that sediments in thejadkarmation were formed in high energy fluvialtsets while
sediments in the Patti Formation were formed in lewergy shallow marine and probably sheltered abast
settings like estuaries, bays and lagoons.
The Lokoja Formation with its characteristic coagsained continental regressive sequences typfiesvstand
systems tract. The lower section of the Patti Fdonathe yielded saline swamp miospore species Wéth
characteristic dark grey and black shale sequempifiels a transgressive systems tract, while theeusection
characterized by laterally extensive sequenceditsfome and sandy siltstone devoid of palynoflesutypifies a
high stand systems tract and correlates with Maorm&tion in the Anambra Basin.
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TABLES

TABLE 1. Quantitative graphical analytical values of sieve analysis for the Robinson
Street, Filele, Banda and Mt. Patti outcrops.

Sample
Robinson St. Bed 1
Robinson St. Bed 2
Robinson St. Bed 3
Robinson St. Bed 4
Robinson St. Bed 5

Banda Bed 1
Banda Bed 2
Banda Bed 3
Filelel Bed 1
Filedle1 Bed 2
Fildle2 Bed 1
Mount P. Bed 1
Mount P. Bed 4

(M2)
0.64
0.59
-0.09
0.73
-0.70
0.75
1.17
-0.27
0.93
0.60
0.21
0.30
0.54

Grain class (1
Coarse sand 1.26
Coarse sand 0.72
Very coarse sand 1.22
Coarse sand 1.29
Very coarse sand -
Coarse sand 0.73
Medium sand 1.02
Very coarse sand -
Coarse sand 0.89
Coarse sand 1.10
Coarse sand 1.11
Coarse sand 1.26

Coarse sand -

Mz =Mean Grain size, o;= sorting, SK, = Skewness

Sorting class SK,
Poorly sorted
Moderately sorted
Poorly sorted
Poorly sorted
Moderately sorted

Poorly sorted
Moderately sorted
Poorly sorted
Poorly sorted
Poorly sorted

Table 2: Total Pollen and spore population in Ahoko 1 (AHK 1)

BEDS TOTAL PALY

Bed 17 - -
Bed 15 - -
Bed 13 - -
Bed 11 27 2
Bed 9 37 7
Bed 7 66 5
Bed 5 23 2
Bed 3 24 3
Bed 1 19 2

TOTAL POLLENS TOTAL SPORES

25
30
61

21

21
17

Table 3: Total Pollen and spore population in AHOKO 2 (AHK 2)
TOTAL POLLENS TOTAL SPORES

BEDS
Bed 7
Bed 6
Bed 4
Bed 3
Bed 1

TOTAL PALYS

6
17
5
48

Ao

6

15

5
44

0.04

-0.23
-0.09
-0.17

0.14
0.10

-0.07
-0.07
0.14
0.17

Skewness

Nearlyrstnical

Eckmved

r€<eoskewed

Coarseesk

Rkeded
Fined skew

Negrmhmetrical
Nearhnsstrical

Fine skewe
Fine skewe

Table 4: System tracts and palaeodepositional environments of the locations under study.

LOCATION FORMATION SYSTEM TRACT ENVIRONMENT OF DEPOSITION
Orehi Patti HST Transitional/ lagoonal
Achabo Patti HST Transitional / lagoonal
Gegu Beki Patti HST Transitional / lagoonal
Ahoko Patti HST Transitional/ lagoonal
Gegu Egba Patti HST Transitional / lagoonal
Akpasi Patti HST Transitional / lagoonal
Adabor Patti HST Transitional / lagoonal
Adanya Patti HST Transitional /lagoonal
Ahoko (shale) Patti TST Shallow marine to brackish
Filele Lokoja LST Continental
Banti Lokoja LST Continental
Mount Patti Lokoja LST Continental
Robinson Street Lokoja LST Continental
Banda Lokoja LST Continental
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Figure 1: Map of study area. (Modified from Ojo, 2009)
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Fig. 2: Graphical plotsof statistical data setsderived from sieve analysesfor various sample locations.
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Fig. 3: A road cut exposure of the highly feldsparthic Lokoja Sandstone formation along the Okene-
Lokoja highway at Filele showing the sediment-basement contact and the characteristic sedimentary
constituents.

LITHOLOGY DESCRIPTION

-| Ferruginized vf—vc, arkosic m-vc
.| sd, poorly sorted

Ferruginized vf—vc, arkosic

very coarse sd, poorly sorted,

Weakly Cross bedded vf—pebbly,pinkish

Arkosic very coarse sd, poorly sorted
Furruginiz -| cla

» | Cross bedded vf — pebbly, arkosic
o[ very coarse sd, poorly sorted, Lg

»| Cross bedded vf — pebbly, arkosic

*| very coarse sd, poorly sorted, Lg
o Vf-cobbly, arkosic very coarse
- | poorly sorted sd, reddish brown

2 Cross bedded vf— cobbly, arkosic very
=| coarse sd, poorly sorted, pinkish

o

Pt > S ; SE e - S e =
Fig. 4. A section of the Lokoja Formation showing feldsparthic poorly sorted cross bedded sandstone
sequences along the L okoja-Abuja highway at Banda near L okoja town.
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Figure 5: Binary plots of Skewness versus Standard Deviation for sand facies from the Lokoja area

(boundary modified after Friedman, 1967)
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Figure 6: Binary plots of M ean versus Standard Deviation for sand facies from the L okoja area (boundary

after Moiola and Weiser, 1968)
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Figure 7: Plot of Skewness against M edian for sand facies from the Lokoja area (boundary modified after

Stewart, 1958)
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Fig. 8: Lithologic log of the Patti For mation mapped at Ahoko, exposure 1.
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Fig. 9: lithologic log of the Patti Formation mapped in Ahoko exposure 2.
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Figure 11: Sequence stratigraphic correlation panel of Ahoko 1 and Ahoko 2 on
lithologic log showing various sequence stratigraphic elements on both sections.
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Fig. 12: Defined and correlated M FS established on outcrop sections.

Location Elevation (ASL) | Thickness (m) Cly Sit VFS FS MS cs pb_cp _ Description System Tract|
Very fine Sand. Ferrogenised and indurated.
Gegu Beki | 177 6.5 Well sorted
Orehi 145m 4 4‘ Clayey Silt stone. Bioturbated. Well sorted
Very fine to Silty Sand. Bioturbated with
Achabo 137m 3 ferrogenised beds. Well sorted.
Adabor 2 136m 3 Clayey -Sllt, with bands of Ironstone
concretions. Well sorted HST
Adanya 135m 5 Clayey Silt, with bands of Ironstone
concretions. Well sorted
Ahoko 132m 0.3 Silty Clay. Well sorted
Gegu Egba 128m 3.5 Very fine to Sandy Silt. Well sorted
AKkpasi 125m 6 Clayey Silt, well sorted
Adabor 1 119m 4 Clayey Silt, well sorted.
Ahoko 2 96m 6.37 Shales with ironstone concretions
TST
Ahoko 1 90m 18.12 Shales with ironstone concretions
i Coarse to Pebbly Sandstone. Poorly sorted.
Robinson 82m 2.5 Mineralogically immature.
R Pebbly Sandstone. Poorly sorted.
Banti 62m 10.5 Mineralogically immature. LST
Coarse to Pebbly Sandstone. Poorly
Banda 47m 12.10 sorted. Mineralogically immature.

Cly — clay, Slt - silt, VFS — very fine sand

FS —fine sand, MS — medium sand, CS — coarse Sand

Pb — Pebbly, Cb - Cobble

Figure 13: Stratigraphy of the combined locations
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Figure 14: Sequence Stratigraphy of the Lower Middle Niger Basin as mapped in the various
locations stated above
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