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ABSTRACT

Sediments recovered from Leru, Uturu and Ihube area in Anambra Basin, South-eastern Nigeria was analysed for
their palynological and sequence stratigraphic potentials. Using palynological evidence, Late Campanian age was
assigned to Nkporo Shale (Leru), and Early-Middle Maastrichtian to Mamu Formation (Uturu) on the basis of some
age diagnostic taxa e.g Longapertites marginatus, Cingulatisporites ornatus, Buttinia andreevi and Retidiporites
magdalenensis, Rugulatisporites caperatus and Gleicheniidites senonicus. The lower unit of Nsukka Formation at
Ihube was dated late Maastrichtian age based on stratigraphic age makers such as Dinogymnium sp. and
Spinizonocol pites baculatus. A marine to brackish water environment was suggested for Nkporo Shale and brackish
to fresh water environment for Mamu Formation while near shore water environment was assigned to Nsukka
Formation, based on the important environmentally significant species encountered. The logged outcrops show
presence of key stratigraphic surfaces and also system tracts with highstand systems tracts dominating.

Keywords: Sequence Stratigraphy, palynological evidence n#ora Basin, formation, system tract.

INTRODUCTION

The Anambra Basin, which is a post Santonian syatlsedimentary structure located southern Benwaigfr,
contains over 5,000m thick of upper- cretaceouRdcent sediments, which represents the third pbhsearine
sedimentation in the Benue Trough ( Ladipo, 1988mde and Erdtmann, 1998).

Okigwe and its environs, which is the study areadmposed of upper Cretaceous succession of Nkpbade,
Mamu Formation, Ajali Formation and Nsukka FormatiMajor towns covered by the study includes Umezej
Aku- lhube, Ihube, Otanzo, Okigwe, Isuochi, Lerdut and Isukwato, with major outcrops being exposkng
Enugu/ Port Harcourt express-way, good exposuresenvalso accessible in Road cuts, stream channélguarry

sites. The studied section is described by longitid’° 15" and E 7° 30" and latitude N 5° 45' ang’ 0. See Fig
1.
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Fig. 1: Location map of the study area

The area has attracted numerous studies Tattand)1@4ove (1951), Simpson (1954), Reyment (1965)yatl
(1972), Obi et al (2001), Oboh-Okuenobe et al (2008vajide and Reijers (1996) and Onyekuru and vwa
(2010), recorded that Nkporo Shale consists of ft@s&ile shales and mudstones with occasionallbds of sandy
shale and sandstone. Thin bands of shaly limestumebe present. They are of shallow water origid doh in
fossil assemblages. It has a wide distribution afez of Ibycoceras afikpoense. Tattam (1944), Simpson (1955),
Reyment (1965), Murat (1972), Dessavggie (1974), @kal (2001), Oboh-Okuenobe et al (2005), Nwajuahel
Reijers (1996) described that Mamu Formation costai distinctive assemblage of Sandstone, Shalestdne
and Sandy Shale, with Coal Seams at several hariZdre sandstones which are fine to medium graanedwhite
or yellow in colour, are normally well-bedded anctasionally crossbedded. Carbonaceous materiaksept in
varying amounts and or as irregular ramificatiohlBey are regarded as the lower coal measures. Qnyeind
Iwuagwu(2010), noted that the upper layer of themfmtion is barren while the deeper part is spans€auna
consisting of Ostracods and arenaceous Foraminifaeanly Haplophragmoides. Tattam (1944), Reyment and
Barber (1965), Murat (1972), Kogbe (1989), Oboh-€habe et al (2005), Nwajide and Reijers (1996), et
(1965) described Ajali sandstone as a thick friapleorly sorted sandstone, typically white in ceojosometimes
iron-stained. A marked banding of coarse and fayet occasionally displayed. The sand grains amgbtdragment
are subangular with a sparse cement of white gapgrally have large-scale cross-beddings. Biogstnictures
commonly associated with sandy facies aphiomorpha, skolithos, and the escape burroliplocraterion yoyo,
because of its characteristics friability and weaksolidation,the formation is highly erodible.

Tattam (1944), Simpson (1955), Reyment (1965), Reyrand Barber (1965), Kogbe (1989), Nwajide anieRe
(1996), Obi et al (2000), noted that Nsukka Foromationsist of an alternating succession of sandsiark Shale
and sandy shale, with thin coal seams at variougdws. Fragmentary plant remains are abundartténNisukka
Formation and where the carbonaceous shales havef@uginised in the zone of laterization, leapressions are
preserved. Limestones which occur towards the faheoformation contaiveniella undata which suggests upper
cretaceous age. The upper most unit has been estas containing Paleocene fauna in Southern Migeri
Cratchley and Jones, 1965).

The study presents detailed sedimentological pébgical and sequence stratigraphic interpretationshe late
Campanian- Maastrichtian sedimentary rocks of N&p8hale, Mamu Formation, and Nsukka Formation & th
Anambra Basin. A comprehensive outcrop study of tbeks was carried out to establish sedimentoldgica
characteristics, sequence stratigraphic and padgntdl record of the area, which was aimed at prtasg a more
detailed and comprehensive Age determination atebpavironment of the area.
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GEOLOGICAL SETTING

The studied area lies in the Anambra basin. ThenBasa NE-SW trending syncline that is part of @entral
African Rift System which developed in responséh® stretching and subsidence of major crustalkslaiuring a
lower Cretaceous break-up phase of the Gondwaner-sgmtinent (Ogala, et al, 2009). The movementewer
activated by further plate activity in lower Teriasoon after the intermittent Upper Cretaceoumgf(Ogala, et al,
2009). The separation of the African and South Acaer plates left the Benue Trough as an Aulacogefailed
arm of an RRR Triple Junction (Burke, 1972; Olad8y5; Onyekoro and Ilwuagwu 2010). The Basin is an
expensive west and Central African rift system micli it opened as an extensive sinistral wrenchptex(Emery
et al., 1975; Whiteman, 1982; Genik, 1993). Basedhe work done by Murat (1972), Southern parthef Benue
Trough was interpreted to have longitudinal faulthwits eastern half subsiding preferentially toctve the
Abakaliki depression.

The Proto- Anambra Basin was a platform that eahltibecame thin sediment- draped at the time thakaliki-
Benue sector of the Benue Trough was being fillééthvoccurred during Albian- Santonian ( Nwajidel &eijers,
1997). Their was differential in the rate of suleside in the Southern Benue Trough e.g, high inAfsen time,
low in lower Cenomanian and very high in Turoniéime latter was an important phase of platform siérsie
(Ojoh, 1990). The period of subsidence in Soutl&enue Trough corresponds to the time of the imitrabf the
Anambra Basin, which started during the Coniaciad eeached its peak at the Santonian thermotecwsreat
(Nwajide, 2005).

Several authors (Murat, 1972; Nwachukwu, 1972; Welnel Doukoro, 1975; benkhelil, 1982; Nwajide aredj&ts,
1996; Obi, 2000; Mode and Onuoha, 2001) demonstrdtat the Santonian tectonic pulses dating back4toa,
was associated with intensive magmatism. Folding &aulting which resulted in Abakaliki area becomin
flexurally inverted to form the Abakaliki Anticlimaum. The Santonian tectonic pulses caused thdagdisment of
the depocentres to the west and Southeastwardsbtheesulting in the formation of Anambra Basin &fikpo
Syncline (Murat, 1972; Burke, 1972). The anticlimon later became a sediment dispersal centre frdiithv
mineralogically mature detritus was shed into AnearBasin and Afikpo Syncline (Akaegbobi and Schniig98;
Akaegbobi and Boboye, 1999). Other sources of taktyumatured sediments which finds it way into Amara
Basin include Southwestern Nigerian Craton, criisalbasement areas of the Oban Massif and Cameroon
basement granites which had undergone prolongemiicabweathering ( Hoque and Ezepue, 1977; Am4dj887;
Nwajide and Reijers, 1996; Akaegbobi and Schmi98 Akaegbobi and Boboye, 1999, Obi, 2000).fig @
1972)

i o
(&) .
"ALBIAN - LOWER SANTONIAN |
Fig 2: Tectonic map of South — Eastern Nigeria shovwg Anambra Basin during the Santonian event.
(Adapted from Murat, 1972).

Deposition of sediments in the Anambra Basin consadrduring the Campanian, with Nkporo Shale, Ertbigale
and Owelli Sandstone which are regarded as the tek@voup, constituting the basal beds of the Canapan
period.The campanian was a period of short mariaesgression and regression, the shallow- sea bateame
shallower due to subsidence, thereby resulting iegaessive phase during the Maastrichtian whighodiéed the
flood plain sediments and deltaic foresets of Mapaumation that was regarded as the Lower Coal Measu
Mamu Formation is overlained by the Ajali Formatiohich is regarded as the false-bedded sandstaie Z000)
and followed by Nsukka Formation which is a Fludieltaic sediment (Obi, 2000).
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The stratigraphic sequence of Anambra Basin, [Bdisin and Southern Benue Trough are presentedhite Ta

Table 1: Stratigraphic Sequences in Anambra Basinafter Nwajide, 2005)

Age Basin Stratigraphic Units
Thanctian :
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Fig 3: Sequence Stratigraphic Interpretation (After Van wagoner et al., 1990)
METHODS

sections of the late Campanian to Maastrichtiarcesgion outcropping in the Okigwe, Isiukwuato, luberu,
Uturu, Umuchieze, Aku- lhube, Isuochi area of Seatiiern Nigeria were studied to obtain data onekeiral and
lithologic variations, stratigraphic successiordiseentary structures and palynological features.

The sediments were processed for their palynomamfitents. Samples preparation was carried out using
conventional maceration technique for recoverinig atsoluble organic- walled microfossils from seéints. Each
sample was digested for 30 minutes in 40% hydra@hbicid to remove traces of Carbonate and 72 hioud8%
hydrofluoric acid for removal of silicate (TraversE988). The extracts were sieve- wasted throughmidons
nylon mash. The extracts were sieve- washed residigee oxidized for 30 minutes in 70% HN®© render the
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fossils translucent for transmitted light microsgainsed in 2% KOH solution to neutralize the aciayirled to

sediment resistant coarse mineral particles andnicgnatter and stained with Safranin- 0 to inceeth® contrast
for study and photography. More classification sobg or dispersed organic matter can be found iditdrature

(e.g. Boulter and Riddick, 1986; Van Bergen et H990; Tyson, 1995; Batten, 1996; Oboh- Ikuenobal,e2005)

Aliquots were dispersed with polyvinyl alcohol, elili on lower- slips and mounted in Canada balsawe $lides
were made from each sample, from which 200 graii®wounted. The occurances of each species weverted

to percentage frequencies in counting.

Lithofacies associations and palynofacies asserablagere used to interprete depositional envronm@it®h-
Ikuenobe et al 2005).Van wagoner et al.,1990 teglmiwas applied in the sequence stratigraphicpratation, see
graphical presentation in fig 3.

RESULTS AND DISCUSSION

Palynological Investigation

Systematic description was not undertaken becalsefdrms encountered in this work have been fogmall
described. Table 2 shows the occurances and distiibof palynomorph species in the study area® f@sults
from each of the studied formation were describ@geld on systematic logging from base to top.

LERU SHALE

Formation: Nkporo Shale:

The species encountered in this unit included bwhine and terrigienous speices.

Marine species:Dinoflagellate cysts species includé&enegalinium bicavatum, Dinogyimnium acuminatum,
Phel odinium gaditanum, andSpiniferites ramosus.

Terrigenous species:Sporomorph species were very diverse and abundance whicludadl Cingulatisporites
ornatus, Distaverrusporites simplex, Foveotriletes margaritae, Gleichenidites senonicus, Leiotriletes adriennis,
Cyathidites australis, Ariadnaesporites nigeriensis., Zlivisporis blanensis, and fungal spores. These ssemblage
dominated this unit with (up to 70% terrigenouiLience).

Among the pollen werelLongapertites marginatus, Spinizonocolpites baculatus, Proteacidites miniporatus,
Retidiporites magdalenensis, Monocolpities marginatus, Ephedripites sp., Echitriporites trianguliformis, Buttinia
andreevi and Striamonocol pites undulatostriatus.

UTURU SHALES

Formation: Mamu Formation:

The species encountered included the terrigenoesiesp dominated by trilete spores and with fewhremter
spores. Among the terrigenous species @regulatisporites ornatus, Gleichenidites senonicus, Leiotriletes
adriennis, Ariadnaesporites nigeriensis, Cyathidites austrialis, Foveotriletes margaritae and Cicatricosisporites
dorogensis. The pollen species includ€onstructipollenites ineffectus, Spinizonocolpites baculatus, Echitriporites
trianguliformis, Inaperturopollenites teradus, Syncolporites marginatus, Monocolpites marginatus, Retidiporites
magdalenensis, Auricullidites sp. and Longapertites marginatus.

Marine species includes dinoflagellate cysts sushPhelodinium gaditanum, Andalusiella polymorpha, and
Areoligera senoniensis  and forams test lining.

IHUBE SHALE

Formation: Basal Nsukka Formation:

The terrigenous species includeonapertites marginatus, L. vaneedenburgi, Spinizonocolpites baculatus,
Syncolpites sp., Laevigatosporites sp., Retitricolpites triangulatus, Gemmamonocolpites gemmatus, Retidiporites
magdalenensis and Proteacidites dehaani.

AGE DETERMINATION

Assignment of ages to the sediments from the sardas in the Anambra basin was based on the falgpwi
stratigraphic ranges of selected key age diagndatia, (Fig 4 ) Taxa which shows a typical Campanian age
according to Umeji (2011) which were also recoveirdiudeCingulatisporites ornatus, Gleicheniidites senonicus,
Leiotriletes adriennis, Laevigatosporites sp., Cyathidites austrialis, Cicatricosisporites dorogensis,
Ariadnaesporites nigeriensis, and Disterverrusporites simplex, (fig5.) platel
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The Late Campanian sporomorphs encountered incltitedollowing; Spinizonocol pites baculatus, Retidiporites
magdalenensis, Monocolpites marginatus, Retibrevitricolpites trangulatus, Echitriporites tranguliformis, Buttinia
andreevi, Inaperturopollenites tetratus and Tricolpites sp. (Fig 6) plate 2.

However, the sporomorphs assemblageFofeotriletes margaritae, Zlivisporis blanensis, Distaverrusporites
simplex, Ariadnaesporites sp. Rugulatisporites caperatus, Auriculidites reticulatus, Spinizonocolpites baculatus,

Echitriporites trianguliformis, Longapertites marginatus, Proteacidites miniporatus, Monocolpites marginatus,

Constructipollenites ineffectus, Tubistephanocolpites cylindricus and Retidiporites magdalenensis, was typical of
the late Cretaceous ( Campanian-Maastrichtian) estWAfrica-South America phytogeographical provirafe
Herngreen & Chlonova ( 1981)

Samples from Uturu (Mamu formation) was dated ddMaastrichitian on the bases of the followinge ag
diagnostic taxa such dsongapertites marginatus with almost 65% dominant. Others inclu@ginozonocolpites
baculatus, Echitriporites trianguliformis, Retidiporites magdalenensis, Longapertites vaneendenburgi,
Cingulatisporites ornatus, Constructipollenites ineffectus, Distaverrusporites simplex, Monosulcites sp., Leiotriletes
adriennis (Fig 7) Plate 3.

Germeraad et al (1968) found the speciefmfeotriletes margaritae in the Maastrichtian and Lower Paleocene,
which seems to be definitely absent in the Senoni&is species was also encountered in some ofdhgples
mostly those from Ututu and lhube, which therefoverrule an age younger than Campanian for the itkBbale.
The age diagnostic palynomorph species recovered fhube samples (Nsukka Formation) gave an aggerant
younger than the Late Maastrichitian. However, th&a included as followd:ongapertites martginatus occurring

in preponderance amount followed Bginozonocolpites baculatus. Other species which were also common in
assemblage includeetidiportes magdalenensis, Proteacidites dehaani, Longapertites vaneedenburgi, Echitriporites
trianguliformis, Retitricolporites triangulatus, Syncol porites marginatus and Milfordia jardinei.(Fig.8)plate 4.

However, the stratigraphic age ranges of the ssdesporomorph species were compared and compliea tine
works of Van Hoeken-Klinkenberg (1964), Van der Hiaem (1954 & 1957), Jardine and Magloire (1955), Istul
et al (1968), Edet and Nyong (1994), Salami (19880), Schrank (1987), Boltenhagen (1965), Herng(&e75,
1981). Other works include Germeraad et al. (1968)al and Moullade (1968), Jan du Chene and S&aa78),
Jan du Chene et al (1978b), Herngreen et al (1998)ji (2005, 2006a, 2007, 2008, 2010, 2011), @hdh-
Ikuenobe et al (1998). It is worthy to note that iresence of taxa typical of Late Maastrichitiga hich was also
encountered in lhube samples such.asgapertites vaneedenburgi and Buttinia andreevi have only been known to
be restricted to the upper Cretaceous and absertbe Paleocene (Germeraad et al 1968).

PALEOENVIRONMENTAL INTERPRETATION

Fig.7. shows the percentage frequency distribution ef shlected key sporomorph species in the studieaisar
Bustin (1988) reported significant variation in yabfacies abundance in different depositional eminent.
Opaque structureless organic matter is most abwnddrarrier/beach and offshore sand, whereaslestispores,
and pollen are most common in shoreface and ovkrid@posits. Umeji (2011) establish three biofazi@se in the
Nkporo Shale and Mamu Formation on the bases ofett@vered palynomorphs. She suggested that Nkploate
was deposited in an oscillating shoreline in whicé salinity fluctuated between marine at the s brackish
water at the top as it gives way to the overlyingmi Formation which began with brackish water atlthse and
fresh water at its top, concluding that the sediggnenvironments ranged from lower upper shorefadeckshore
swamp or lagoon for Nkporo Shale; while Mamu Foioraranged from lake or swamp to alluvial plain.this
study, only the terrestrial sporomorphs (pollenp®i®es) were fully observed with few marine speaied was used
in assessing the various paleo-depositional enmigstis of the formations. It is observed that theabanit of
Nkporo Shale was dominated by terrigenous speaj@$o(65 to 70%) Fig.7, mostly the fresh water fgpores with
few triletes spores and the fresh water algal sp@meadnaesporites nigerienses. These, therefore, strongly suggest
a brackish to fresh water depositional environmkelowever, the freshwater species tend to decrdasggundance
up the section with the corresponding increaseaimipollen such akongapertites, and Spinizonocolpites species
at the topmost unit of both Nkporo and the basamJadormations. Marine species such as those withaté and
proximate cysts affinities occasionally occur imstBection alongside together with the microforanifara inner
lining indicating a marginal marine and/or mariebrackish water depositional environment (Jan fuene et al,
1978). It is also observed thiabngapertites marginatus reached its maximum peak in the Uturu samples (Mam
Formation), whileSpinizonocolpites baculatus peak in lhube samples (Basal Nsukka Formation)s&htherefore,
corresponds to the Lawal and Moullade (196&ngapertites marginatus and Spinizonocolpites baculatus
Assemblage zones of Campanian-Maastrichtian ofipipeer benue basin. The monocolpate pollen grajmscésly
those belonging to the palmae dominated the miespassemblage found in Ihube samples. The highdabge of
these species alongside with co-occurrences ofPtieeidophytic spore, algal and fugal spores is abbb an
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indicative of mangrove swamp and/or brackish waevironment of deposition with low salinity fluctien.
Schrank (1984) posited that a palynomorph assembldth higher content of land derived miosporesadatks
terrestrial condition. Terrigenous species, howgewacurs in high abundance over marine specieshwhiso
supports terrestrial conditions, tending towardarrghore brackish water environment. Umeji & Nwaji@007)
reported that the basal part of the Nsukka Formatias deposited under near shore brackish watemated by
the proximate cysts, while the uppermost part ndraulolo area was deposited in a more open marimeiton
dominated by the chorate cyst species.

Table 2. The occurrences and distribution of pollerand spores species in the study areas

SPOROMORPH SPECIES LERU | UTURU | IHUBE
POLLEN
Longapertites vaneedenbur gi
Longapertites marginatus
Retidiporites magdalenensis
Proteacidites miniporatus
Poxapertites operculatus
Retitricolpitesirregularis
Spinizonocol pites bacul atus
Proteacidites dehaani
Buttinia andreevi
Consgtructipollenites ineffectus
Syncolporites marginatus
Monocolpopollenites sphaeroidites
Hexeporotricol pites emelianova
Tubistephanocolpites cylindricus -
Spinizonocolpites echinatus
Proteacidites miniporatus
Ephedripites ambonoides
Striamonocolpites undulostriatus
Proteacidites longispinosum
Echitriporites trianguliformis X X X
Milfordia jardine
Monocolpites marginatus - - X
Inaperturopollenites tetradus X - -
SPORES
Cyathidites australis
Laevigatosporites sp.
Gleichenidites senonicus
Leiotrilletes adriennis
Cingulatisporites ornatus
Foveotriletes margaritae
Ariadmaesporites nigeriensis
Lycopodiumsporites sp.
Fungal spore
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VXX XX [ XX [ XX [ X
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Plate 1

Fig. 5. Campanian sporomorphs from Nkporo Shale, &ru (x 400)

Leiotriletes adriennis POTONIE & GELLETICH, 1933
Cyathidites australis COUPER, 1953

Distaverrusporites simplex MULLER, 1968

Cingulatisporites ornatus VAN HOEKEN-KLINLENBERG, 1964
Gleichenidites senonicus ROSS, 1949

Laevigatosporites sp.

Cicatricosisporites dorogensis POTONIE & GELLETICH, 1933
Araidnaesporites nigericus ODEBODE & SKARBY, 1980

ONoGAWDNE
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ONoUA~AWNE

Fig. 6: Late Campanian sporomorphs from Nkporo 8$ale,Leru (x400)

Spinizonocolpites baculatus MULLER, 1968

Retidiporites magdalenensis VAN DER HAMMEN AND GARCI, 1965
Monocolpites marginatus VAN DER HAMMEN, 1954
Retibrevitricolpites triangulates VAN HOEKEN-KLINKENBERG, 1964
Echitriporitestrianguliformis VAN HOEKEN-KLINKENBERG,1964
Buttinia andreevi BOLTENHAGEN, 1967

Inaperturopollenites tetradus SALARD-CHEBOLDAEFF,
Psilatricolpites sp.
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Fig. 7:

Photomicrograph of the palynomorph speciekom Mamu Formation, Uturu (x400)

1. Longapertites marginatus VAN HOEKEN-KLINKENBERG, 1964

2.
3
4.
5.
6
7
8

9.
10.

Spinizonocol pites baculatus MULLER, 1968

Echitriporites trianguliformis VAN HOEKEN-KLINKENBERG, 1964 (form B)
Retidiporites magdalenensis VAN DER HAMMEN & GARCIA, 1965
Longapertites vaneedenburgi GERMERAAD, HOPPING AND MULLER, 1968
Cingulatisporites ornatus VAN HOEKEN-KLINLENBERG,1964
Constructipollenites ineffectus VAN HOEKEN-KLINLENBERG, 1964
Distaverrusporites simplex MULLER, 1968

Monosulcites sp.

Proteacidites miniporatus GERMERAAD, HOPPING AND MULLER, 1968

972
Pelagia Research Library



Chiaghanam O.l.et al Adv. Appl. Sci. Res., 2012, 3(2):962-979

Plate 4

Fig. 8: Photomicrograph of the palynomorph speciekom Nsukka Formation, lhube (x400)

1. Longapertites marginatus VAN HOEKEN-KLINKENBERG, 1964

2. Spinizonocolpites baculatus MULLER, 1968

3. Retidiporites magdalenensis VAN DER HAMMEN & GARCIA, 1965

4. Proteacidites dehaani GERMERAAD, HOPPING & MULLER, 1968
5&6.Longapertites vaneedenburgi GERMERAAD, HOPPING & MULLER, 1968
7. Milfordia jardinei HOCULI, 1979

8. Echitriporitestrianguliformis VAN HOEKEN-KLINKENBERG, 1964

9. Syncolporites sp.
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Table 3: Frequency % distribution of the selected &y sporomorph species in the study areas

Species Frequency%
Locality Leru | Uturu | lhube
Longapertites marginatus 25% | 10% 2%
Retidiporites magdalenensis 1% 5% 8%
Poxapertites operculatus 0% 2% 6%
Spinizonocol pites baculatus 1% 15% 25%
Proteacidites dehaani 0% 4% 7%

Longapertites vaneedenburgi 0% 1% 5%
Consgtructipollenites ineffectus | 5% 8% 6%
Cingulatisporites ornatus 15% | 7% 3%
Ariadnaesporites nigeriensis 5% 3% 0%
Laevigatosporites sp. 25% | 10% 2%

0.3
0.25
0.2
0.15
0.1
0.05

—— | ETU
el [ R

Ihube

Fig.9. Frequency % distribution of the selected kepporomorph species in the study areas

SEQUENCE STRATIGRAPHIC ANALYSIS
The sequence stratigraphic analysis carried otiteabutcrops was based on lithofacies, palynoldgimacrofossil
and Van Wagoner et al (1990) sequence stratigrapteipretation methodology.

Leru outcrop Segeunce 1

The outcrop at leru shown in Figure 10 has atatseban igneous rock (dolerite) which is fine to medgrained, it
signifies an unconformity that represents a seqeidmoaindary,which implies a low diversity/ abundaonéenicro/
macro fossil population. It also represents a namime depositional environment.

Leru outcrop Segeunce 2

Above the igneous rock is massive black shaleighhighly fossiiferous with a layer of limestone leedded in the
shale. This interval represents transgressive systact with high abundance and diversity of mioratro fossil

population, the section shows a retrogradatiorsdkitg pattern representing a shallow open manvir@nment.

Above the limestone interval was recognized asnthgimum flooding surface (maximum transgressiveceifor

final transgressive surface), marking the end efghoreline transgression, this surface separategrading strata
below from prograding (highstand normal regressatedta above. The presence of prograding (higstanmal

regressive) strata above. The presence of progyastiata above identifies the maximum floodind scef as a
downlap surface. The change from retrogradatiomalverlying progradational stacking patterns meaheg was a
base-level rise at the shoreline and that sedirtienteates outpace the rate of base level riseuf@@minu, 2008).

Leru outcrop Segeunce 3

The progradational stacking pattern recognized atibg maximum flooding surface shows a lithologyradium
to coarse grained sandstone with intervals thasistmof pebbly sandstone. This interval showgagiand systems
tract which forms during the late stage of baseelleise, when the rates of rise drop below themsedtation rates
generating a normal regression of the shorelinguf@&anu, 2008). The presence of syndepositionélatiad)
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structures such as ripples, cross- lamination amdigh Crossbeds indicates sands that were subj&ztedction
current in fluvial Environment (shore face). Aftiie well sorted sandstone with syndepositionaicstires lies an
erosional (unconformity) based sandstone whichifsggna break in deposition (Hiatus) and a sequdrmendary
which is a product of a fall in sea level that exedhe subaerially exposed sediment surface adaHeer sequences
or sequence.

Leru outcrop Segeunce 4
A heterolithic fine sandstone and shale which aedl waminated with wave ripple and planer Crossleedd
Sandstone with associated reactivation surfacesbeve the erosional unconformity.
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Fig. 10: Litho-Log Section of Nkporo Shale at Leru

The presence of reactivation surface represent #ron changes in the flow conditions which causediification
to the shape of the bedform (Turker, 2003), it atgoresents a tidal-sand deposits through tidakotireversals or
the effects of storms in fluvial sediments (Turk2003). The reactivation surfaces provide the nfiagburable
conditions for the formation of substrate- contdlichnofacies (Catuneanu, 2008). Trace fossdatified at this
interval arethal ossinoides and ophiomorpha (skolithos) which indicates a sandy shore. Theez@presents a low-
stand systems tract and transgressive systemsathéch are deposits that accumulate after the aofsetlative sea
level rise and deposits that accumulated from theeb of coastal transgression until the next mawimu
transgression. The base of the sequence showsgaadatjonal stacking pattern in which successiyaynger
parasequences are deposited above one anothenawdtignificant lateral changes. After which therasva steady
rise in sea level ( Transgressive System TractEhvgot to its peak with a maximum flooding surfasignifying a
marine environment. Dark- brown shale with sandsiaterval and Oolitic ironstone were observed.
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Fig. 11: Litho-Log Section of Nsukka Formation at hube

I hube outcrop sequence 1.
Highly burrowed black shale interbedded with siltst. The interval represents a shallow marine enwient

which suggests Transgressive System Tract.

I hube outcrop sequence 2:
A siltstone and fine sandstone that was interbedadi#ti shale. The presence of trace fossils (plaamid

ophiomorpha and teichichnos) suggest onshore anttih plain which is most likely a fluvial envirommt. The
base at this sequence indicates a sequence bouiti@rinterval shows a High System tract with hamcteristics
progradational parasequence sets of coastal maitlstone and mudstone, shallow marine sandstonshestidand

slope mudstone with intercalated sandstones (Reil€&96).

I hube outcrop sequence 3:
This interval represents sequence of very finengdito coarse grained well sorted sandstone witsegmce of

cross- stratification structures ( planar and ttoogpss-beds), which suggests a fluvial environmé&rdce fossils
present are basically skolith@gphimorpha). It shows a progradational parasequence whicltate$ a High Stand

tract.

I hube outcrop sequence 4:
The interval shows a repetiotion of coarse gra@udstone and shale, which suggests a likely tidalrenment

with an Aggradational stacking pattern and Highn8taystems tract. The presenceethichous burrows in the
shale indicates a sublittoral zone.
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Fig.12: Litho- Log Section of Mamu Formation at Utiru

Uturu outcrop sequence 1:
The sequence is made up of thick brownish mud,fiith grained sanstone,that are lenticular beddeddmds are

cross —laminated and occurs in lenses.

Uturu outcrop sequence 2: Above the basal bed is a ripple laminated heiteiolmudstone and black shale with
alternation of very fine grained sandstone. Thegmee of shale and mudstone at this interval staowacrease in
sealevel and high abundance and diversity organisms$ a highstand systems tract and are of shaihanine

setting.

Uturu outcrop sequence 3: This interval is made up of fine to medium graireandstone, which are highly cross-
bedded. The high thick sequence of sandstone iedica fluvial environment. The presence of herréboross-
bedded sandstone refers to bipolar cross-beddihgshws produced by reversals of currents and atdia tidal
origin (Tucker, 2003). The intervals that are bibated reflects a high trace fossil density. lassumed that the
thin layer of mudstone at the interval was as alted tidal influence.

CONCLUSION

Mioshores assemblage recovered from the sedimemtsru, Uturu and Ihube areas are well preserveddarerse
in species. A Campanian age was assigned to theoNiuale in Leru and Early to Middle Maastrichtfan Mamu
Formation in Utruru on the bases of the selectexl diggnostic palynomorhs taxa. The lower part ef Msukka
Formation in lhube area was designated a late Melasan age.
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The presence obinogymnium sp. a typical Upper Maastrichtian marker forms andhwiare occurrences of
Proxaperitites perculatus/cursus, the Tertiary forms, though sometimes occurs & tpper Cretaceous, also have
strongly supported an age not younger than theMagstrichtian for the lower part of Nsukka Forroati

The environmentally significant miospore specieowered from the studied formations generally hawealed an
unstable depositional environment for formationkpdlo Shale, however, was deposited in a marinerackish
water environment, while Mamu Formation was dejasih a brackish to fresh water environment. A reare
brackish water environment was suggested for trealbgart of Nsukka Formation based on high monatslp
pollen species which bears strong affinity to thénae and inhabited mangrove swamp environment.

The outcrop study of Nkporo Shale at Leru shows phesence of retrogradational and progradatioraadksig
pattern with highstand, lowstand and TransgresSiystems Tracts while the Nsukka and Mamu Formatains
Ihube and Uturu respectively shows a progradatidoatinated stacking pattern and a system tractishadsically
Highstand Systems tract.
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