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ABSTRACT

The CampaneMaastrichtian successions the northern Anambra Basin comprises
theNkporo~Formation Mamu Formation and Ajali SandstoAa extensive geological field
work was carried out, wheltghostratigraphic sections westudied and describefeatures
such as texturesphysical and imgenic sedimentary structuregagies variations and
associationswere documented. Some selected representative samples of the sedimentary
depositional facies were also subjected to grain size andlysidlkpor&haleis made up
ofsandy shalesilty clay, grey mugbioturbatediltstonewhich graded into Mamu Formation
which is made up afrossmassivebeddedsandstonevith bioturbation structuressiltstone,
dark grey to light grey fissileshale mudstone and milky white claystorvehich often
displays a fining upward trendt. passes upward into Ajali Sandstone whicimiade up of
fine to coarsgrained, crosbedded sandstone and fissile shalgth bioturbation
structuresThe sandstone faciesf the Manu Formation is coarse to firgrained, poorly to
moderately sorted, leptokurtic and negatively skewed possibly deposited from fluvial. source
The bioturbated lower sandstone beds contain burrow®pbiiomorphavhich belong to
skolithosichnofaciesghat typifies littoral environmenivhile the Ajali Sandstone is pebbly
coarse to mediurgrained, poorly to moderately sortedpredominantsmesokurtic
toplatykurtic orvery platykurtic and negativeto near symmetricallThe linear discriminate
function scatter ploteesults reveashallowmarinedeposits fothe sandstone facies Bfamu
Formation and Ajaandstone.

The fissility of shalesuggests that it was depositedarow energy environment
However, theextural studies of the Nkporo Formation and the siltstone facies of the Mamu
Formation suggests the sediments to be deposited in a low energy environment which
favoured deposition of fine to medium size sedimetitst is, deltaplain to prodelta
environment. Field and textural studies ohe& sandstone facies of the Mamu Formation
suggestthe sediments to bdeposited ina relatively high energy environment with tidal
influence of transport and depositianth two main facies associatipthat is, subtidabnd
intertidal. The crossheddings, unimodal gieocurrent of Ajali Sandstones also indicates
fluvial or fluvial-dominated deltaic environment while the bimodal oblique paleocurrent
pattern obtained for Mamu Foation shows that the formatiowvas depositedin
environment such as shoreline (beach) or fldettaic where tidal effect is
significantPaleocurrent studieand textural characteristiagadicate that the paleocurrent
direction isnortheastwhile the provenance southwestsuggesting that the sediments were
mainly sourced fromthe Santonian Okigw@bakalikiAnticlinorium and partly from the
nearby Oban Massif for the Ajalighdstone in the study area while gediments of the
sandstone facies of Mamu Formation were soufoed more than one sourcEhe results
obtainedfrom the textural, tsucture and statistical analysevealedhat the sediments in the
study area were deposited fluvial, deltafront through deltaplaito prodeltan shallow
marineenvironment

Vil
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CHAPTER ONE

INTRODUCTION

1.1 INTRODUCTION

The studyfocused mainly on the sedimentology and stratigraphy of the Late
Campanian to Maasthtian successions in the aneartheast ofldah town in thenorthern
Anambra Basin, wherein stratigraphic setting is thus conveniently divided intd tie
Nkporo Group (NkporoShalg and the Coal Measures (Mamu Formation and Ajali

Sandstong

1.2 Statement of Research Problem

Previous research worlkcarried out in the Anambra Basin began with the
establishment of the Mineral Survey of Southern Nigeria in 1903 by the British Secretary of
State for the Colonies. Much geological information became available following the
discovery of several industrialinerals especially coal (Bain, 1924; Simpson, 1954). The
strata exposed by the construction of the eastern railway were systematically studied (Wilson,
1925). Geomorphological and environmental studies had also been carried out by the
Geological Surveyf Nigeria (Grove, 1951). More geological information came to light as
the geologist of SheD6 Arcy Petrol eum Company began ext
geophysical investigations in the more easily accessible areas of southern Nigeria, which
turned out tdoe the Cretaceous sedimemtdetying the Cenozoic Niger Delta. Exploratory
drilling was first carried out in 1951 at lhuo, 15km northeast of Owerri and encountered
Cretaceous stratigraphic units. A lot of information contained in 1:250,000 geological maps
made by ShelBP for the Geological Survey of Nigeria starting from 1957. Systematic
geological mapping by the Geological Seywof Nigeria also contributesubstantial amount

of information. Further work, specifically on the stratigraphy and paleoeneitah



reconstruction had been done by severghorsincluding Rayment (1965), Murat (1972),

Dessauvagie (1974), Petter9786), Avbovbo and Ayoola (198and Agagtet al (1985)

Analysis of information from surface mapping and other oil exgpion activities by
authors such aBurke et al. (1972, Murat (1972) and Whiteman (1982) has shown that the
sedimentary rocks of southern Nigeria belong to several distinct basins. Reyment (1965) had
inferred them all to one large single basin extending eadtiwabDouala in Cameroon and

westvord to Benin Republic.

Later stratigraphic/sedimentological studies of smaller specific locations within the
basin (e.g. Nwajide and Reijers, 1996a and 199d&wve contributed to the present
understanding of the charactéids of most of the component lithostratigraphic units of the
basin. Reyment (1965), Murat (1972), Adeleye (1975), Peters (1978), Whiteman (1982),
Hoque and Nwajide (1984), Aga@gt al (1985), Onuoha (198¢)redicted the history of the
basin using datadm the Akukwai 2 exploratory well. A sequence stratignapmodel for
the group was developed by Nwajide and Reijers (@P@® the basis of stratigraphic
analysis of a composite section located at Leru near Okigwe. Nwajide (2@@5ybe and
Salufu (20@) andOjo et al (2010) have studied the Enugu and Mamu Formations with
respect to their lithostratigraphy, age relations, biostratigraphy, sequence stratigraphy, coal
geology and petroleum geolagyo the best of my knowledgéttle or no work have been

carried out in the present area of stualyd thisprompted me to carry out this research.

1.3  Justification
The present research attempts to fill the gaps and update the knowledge on the
lithostratigraphy,structure, paleoenvironmentind sedimentologgftheLate Campanian to

Maastrichtian successiomsthenortheast ofdahtown, northernpart of thé\nambraBasin



This research will attemgo evaluate the sedimentologynd stratigraphy of the Late
Campanian to Maastrichtiasuccessions in the study aresing data obtained fromutcrops
in the field andinterpret the depositional environments of theccessiorbased on the
sedimentary structurgishofacies (or lithofacies associatio@nd linear discriminate function

1.4 Aim and Objectives

This research iaimed at poducing a detailed geological map of the area and to study

theCampanian Maastrichtian lithostratigraphic successamthe areal he objecves ar®:

(i) Carry out geological fieldwork in the study area in order to generate a geological map
of the area
(ii) Interpret the paleoenvironment of deposition of the Campéaastrichtian

successios in the study area.

(iif) Deduce depositional mechanism leading to deposition of the studied succession in the

area, and
(iv) Determining the principal paleocurrent directi relative to provenance of the

sediment source area.

1.5 Location and Accessibility of the Study Area

The study area is located in Kogi State, north central Nigeria within the coordinates of
latitudes 7 06 0O0'N to 7° 21' 00" N and longitude$° 43' 00" Eo 6° 58 00'E, with a total
area of seven hundred and seventy square kilometresk(@j0The area is accessible via

footpaths, major and minor roads that link the villagggure1.1).

1.6  Scope and Limitation of the Study

This research woris limited to the lithostratigraphic and sedimentological analysis of
sediments inthe northeast ofdahtown, northern Anambra Basin, wherein good sections are

exposed due tohe road cuts and River channelse$e sectionsvere logged, taking into



account the differentextural characteristics, colowtructure and fossil contemthich form

basis for recognition of facies and subfacies, and even facies association

&C44'0"E
2

GESS0OTE

720007 N

- 7200

kppi

~

7

- TR0

@ GTEAXOTE

13.000
I Meters

LEGEND

Roads (Major. minor
& foot path)

Settlement
Direction

7

Figure 1.1: Location and Accessibility map of the study af(®hgeria geological survey,
Kaduna)

1.7 Climate and Vegetation

The northern Anambra Basin lies within the tropical climate marked by wet and dry
seasons. The dry season sets in during November and lasts until March. It is followed by a
wet or rainyseason fsm April to October with maximumainfall in July toSeptember. The
annual amount of rainfall within the e& is between 1200 and 1500 mirhe annual

temperature range betwe&6°C and 37°C. During the rainy season, the area is under the



influenceof moistureladensouthwest trade winds which give way to the dry and sometimes

dusty northeast winds (harmattan) during the dry season.

The northern Anabra Basin lies within the rdiorest vegetation beltvith rich
deciduous and occasional stunted treetuding palms, Iroko, mahogany, akeeapple and

other towering trees in sparsely settled area.

These are green in the rainy season with fresh leaves and tall grasses, but the land is
open during the dry season, showing charred trees and the remainstafrhsses. The trees
which grow in clusters are up to ningetres tall, interspersed with grasses which grow up to
about three metres. There are heavy forests along the river valleys. However, the original

vegetation has been, in most cases, temperedhwvidbgh human activities.

Examples of trees in the study area includfezilia africana,Uapacatogoenesis,
Daniella oliveri (ocust bea)y Buttryospenum paradoximsheabutter oil bean, Montes
kerstingi and Isoberlina dalzieliThe dominant grasses inckicElephant grassAkonopus
compressors),Pine grass, species of Devil bean stems with delicate, offensive, adhesive hairs

that produce unpleasant irritation when in contact with the skin are also common.

1.8 Relief andDrainage

Theareaiggenerally anundulating land to flat plaingthafewisoatedhils.The
highestpointis246.0 randthelowest pointis 131.0 nabovemean sedevel. Thedanagepattern
in the area dentritic. Theareaiswvelldrainedwith major riverssuch asOchechejnachalo, Ofu,
Emachi and Eganongothes andsteamsaccupying ratherwide\alleys.Theriverseventualy
drainintotheRiveNiger. Theributariesare moslyseasonal favingtheir soucesmainlywithin
the areaThis drainage configuration is thought to be the result of substantial degree of
evolutionfrom the primeval stting, i.e. the paleodraina@dwajide, 2014)

CHAPTER TWO



LITERA TURE REVIEW

21 INTRODUCTION

Wrightetal (1985) defined the Anambra Basin
depositional area located at the southern end oBémeie Trough, within which the Nkporo
Group anl younger sediments accumulatet which extended towards the southwest as the
Ni ger Delta Basino. This definition | umps
continuous series simply on the basisontiguity. Akande and Erdtmann (1998) and Obaje
et al (1999) consider the Anambra Basin a part and parcel of the Benue Trough on the
premise that it is a consequence of the compressional history/stage of the trough. The genetic
relationship notwithstading, the basins are treated as separate entities. The perspective here
is that the Anambra Basin is a distinct lithostratigraphic entity overlying the southern Benue

Trough and is in turn overlain in its southern reaches biXier Delta Basin (Figre2.1).

Anambra Basin refers to the sedimentary succession that directly overlies the facies of
the Lower Benue TroudRigure2.1)and consists of Campanian to Early Palaeocene (Danian)
lithofacies. These correspond to the facies of the Nkporo Group and#h®I€asures. It has
been a common practice to lump up the lithostratigraphic units belonging to three individual
basinsi southern Benue Trough, Anambra Basin and the Niger Deltal refer them to the
Lower Benue Trough. In discussing the stratigraphgooitheastern and northeastern Nigeria,
it should be clear that there is a stacking or tiering of basins. This approach may appear
contrary to the common practice of naming an area using only the basin bearing the
outcropping facies. Progress in the aegion of both outcrop and subsurface data has
enabled a better knowledge of the origin of several Nigerian basins. For instance, we now
know that the Anambra Basin and its lithic fill were not in existence prior to the Santonian
thermotectonic event, whicinvolved the Awgu Formation. It is now clear that the extensive

transgression that deposited the Imo Formation marked the termination of the Anambra Basin
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regime and heralded the Niger Delta of which the formation is the oldest lithostratigraphic

unit (Nwajide, 1990).

Thesoical | ed AAfi kpo Basino is considered
for this position is that it is the result of the same Santonian thermotectonic event in the
southern Benue Trough. Besides, there is really no physicabsepeaor barrier between the
two areas; there does not appear to be any tectonic definition of that area into a depression
separate from the area to the northwest Nwajide (2014). The sediment packages are both
common and continuous southeastwards actussAfikpo area towards Calabar. There is
therefore no clear justification for Afikpo area the status of a basin distinct from the Anambra

Basin (Nwajide, 2014 and Obaje, 2009).

m Jurassic Younger Grantes
:] Precambrian Basement

[z] Major (reference) town
-':I: Benin Flank
m,\-‘:‘.h_:“.
Figure 2.1: Geological mamf Nigeria showing the northern Anambra Basin (Modified after

Obaje, 2009)

2.2  The Anambra Basin Territory



In territorial terms, the outcropping area of the Anambra Basin has a roughly
triangular outline, with a doubly indented base (Nwajide, 2014). The western boundary
should be taken as the Okitipupa Ridge, a tectonic feature that demarcates the Dahomey
Basinfrom the Lower Benue Trough, even though the two depressions originated from the
same event, i.e. the separation of the African Plate fronbtuth American Plate. To the
northwest the basin directly overlies the basement complex, as seen between nluchi a
lgarra in the bamment area in the northern paof Edo State, as well as the
sediment/basement contact between Itobe and Anyigba in Kogi State. The occurrence of
numerous outliers of sedimentary facies on the basement area north of Auchi as reported by
Hockeyet al. (1986)suggests that this boundary has been shifting southwards. The boundary
with the Bida Basin is not sharp. Rather, there is an interfingering relationship and thus the
cartographic demarcation has to be arbitrary. The northern boursdaith the Basement
Complex of Keffii Wamba area, intruded by the Younger Granites. The lower basin
boundary, i.e. the demarcation from the facies of the central and southern Benue Trough is an
onlap marked by an angular unconforntigtween Awgu Formain and Nkporo Shaléhe
top boundary is also regarded as an unconformity between the Nsukka and the Imo
Formations (Avbovbo and Ayoola, 1981) while other authors did not indicate unconformity

between Nsukk Formation and Imo Shale (Figar®).
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Figure 2.2: Campaniafi Maastrichtian Stratigraphic Succession of the Anambra Basin After Simpson, (1954), Reyment (1965), Murat (1972), Petters &
Ekweozor (1982), Hoque (1977), Nwajide (1990), Ojo (1992) and Obaje (2009) .



2.3 Regional Tectonic and Stratigraphic Setting of the Anambra Basin

The origin of the Anambra Basin is intimately related to the development of the
Benue Rit. The Benue Rift was known as the failed arm of a trilate fracture (rift) system,
during the breakup of the Gondwana supercontinent and the openiofytoe@ southern
Atlantic Oceanin the Jurassic (Burket al, 1972; Olade, 1975; Benkhelil, 1982, 1989;
Hoque and Nwajide, 1984; Fairhead, 1988). The initial synrift sedimentation in the
embryonic trough occurred during the Aptian to early Albian and comprised of alluvial fans
and lacustrine sediments of the Mamfe Formation in the southern Benue Trough. Two
cycles of marine transgressions and regressions from the middle Albian to the Coniacian
filled this ancestral trough with mudrocks, sandstones and limestones with an estimated
thickness of 3,500m (Murat, 1972; Hoque, 1977). These sediments belong tsutfavar
Group (Albian), the Odukpani Formation (Cenomanian), the Ezeaku Group (Turonian) and
the Awgu Shale (Coniacigff)able 22). During the Santonian, epeirogenic tectonics, these
sediments underwent folding and uplifted into the AbakaBl@nueAnticlinorium (Murat,

1972) with simultaneous subsidence @ fimambra Basin and the Afikpals basins to the
northwest and southeast of the folded belt respectively (Murat, 1972; Burke, 1972; Obi,
2000; Mode and Onuoha, 2001). The Abakaliki Anticlinorilater served as a sediment
dispersal centre from which sediments were shifted into the Anambra Basin and Afikpo
Syncline. The Oban Masif, southwestern Nigeria basement craton and the Cameroon
basement complex also served as sources for the sedimehes Afiambra Basin (Hoque

and Ezepue, 1977; Amajor, 1987; Nwajided Reijers, 1996a and b). Fig2e is the
summarized stratigraphy of tHewer Benue Trough and the Anambra Basin. After the
development of the Anambra Basin following the Santonian epmggghe Campanian

early Maastrichtian transgression deposited the Nkporo Group (i.e the Enugu Formation,

Owelli Sandstone, Nkporo Shale, Afikpo Sandstone, Otobi Sandstone and Lafia Sandstone)
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as the basal unit of the basin, unconformably overlying thguAwormation. This was
followed by the Maastrichtian regressive event during which the coal measures (ie the
Mamu, Ajali and Nsukka Formations) were depositedufeg.4 is the geologic map of the

southeastern Nigeria indicating the Anambra area.
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20—  Lafi '
Campanian | < Nkporo/Enugu [ﬁi; Fika ?
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g : Lamja Fika 7 .
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. 0 Niclagy Awgu L5|EL£LI|I§,’E | \
Turonian | ; ——| JESSU :
p zeaku/Konshisha! | pyk Gongila
—§ Agala Wadata i
Cenomanian | 5 (| Keana/ Awe Yolde
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E22777773 Unconformity  wwwwm wawanm Transitional boundary g%gg@gg@g@ggg Major unconformity
(for the Santonian

deformation)
Figure 2.3 Summarizedstratigraphic successions in the Benue Trough, Anambra Basin
and the Nigerian sector of the Chad Basin (After Obaje, 2009).
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2.4  Origin and Structure of the Campanian i Maastrichtian Succession in the
Anambra Basin

The major factor widely believed to have controlled the stratigraphic evolution of the
Anambra Basin was the continued asymmetrical subsidence along the landward extensio
the Atlantic Chain fracture associated with the initial opening of the Benue Trough
(Benkhelil, 1982; Obiet al, 2001). The subsidence was in response to-Bestie rift
thermal contraction of the lithosphere (Popoff, 1990; Binks and Fairhead, 1992).

As recognised by Murat (1972), the megatectonic setting in the southern domain of
the Benue Trough was a longitudinally faulted crest whose eastern half subsided
preferentially to become the Abakaliki siibbasin (or the Lower Benue Trough). The
western fagment remained a stable platform up to the Santonian, ffieusubsided eastern
part became an important depocentre relative to the platform which received only a veneer
of clastic and chemical sediments. Following the Santonian folding and uplifmaire
depocentre in the Lower Benue Trough, i.e. the Abakaliki area, became flexurally inverted,

displacing the depocentre to the west and northwest. This created the Anambra Basin.

Ojoh (1990) had noted that basin subsidence in the Lower Benue Trough was
spasmodic, being a high rate in gréAlbian time, low in the lower Cenomanian, and very
high in the Turonian, which was related to the important phase of platform subsidence. This
is thought to be the actual time of initiation of the Anambra Basin creatipnocess that
gained momentum in the Coniacian and climaxed during the Santonian thermotectonic event
Nwajide (2014). Thus the localised subsidence on the western reach of the Lower Benue
Trough and the continued sea level rise into the Coniaciang l@tetdevelopment of the
Anambra Basin (Ojoh, 1990). It should be noted however, that sedimentation started as far
back as Turonian or even earlier on the submerged Anambra Platform. The rate of westward

migration of the depoaxis was of the order of 10 Mgn/or 1 cm/year, and gradually
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effected the tectonic inversion between the Abakaliki reqaod the Anambra Basin

(Nwajide,2014).

The Upper Campanian to Maastrichtisuccessiori renewed rifting produced the
main posti Santonian depocentre, the AnamiBasin ¢aborski, 1998). Close to the
northwestern margin of the basin, Jones (1958) identified a series of parallel monoclinal
folds in the sedimentary cover dipping steeply ESE suggestingistfaplting of the
underlying basement. Allix (1987) regarded the AnanBasin as bounded by NESW
trending fracture or flexure zones which Allet al (1984) correlated with the onshore
extensions of the Chain and Charcot fracture zones. Pagoffl (1988) reported
synsedimentary normal faults along the eastern mafgimeobasin and subsidence rates of
about 58 m Myl for the Late Campanian to Maastrichtian. Magmatic activity at this time
was subdued but intrusive bodies formed during the Late Maastrichtian to Eocene phase of
activity occur around the margin of the Anlara Basin and the Afikpo Synclirfgaborski,

1998). According to Baudin (1991) and Maluskial (1995), they are related to underlying
vertical flexure zones responding to tectonic readjustment and pgbstmal relaxation of

the lithosphere. Early agity (68 Ma) at Katyo, south of Gboko, was alkaline in nature but
dolerites at Oturkpo (60 Ma) and in the Ugepfikpo area (55 Ma) are tholeiitic (Hossain,
1981). Dolerites (49 Ma) occurring southwest of Makurdi are the youngest known

representatives dhis phase (Maluslet al.,, 1995).

According to Agagu and Adighije (1983) the Anambra Basin can be divided into a
main southern AOnitsha Basino and a <cirec
separated by the NBE trendi ng A Nsuke al (1B88)gifdicated & e n k
somewhat different basin structure with a circular depocentre west of Nsukka, containing

over 6 km of sediments partly separated from alsmagin south of "Onitsha, containing over
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12 km. According to Agagu and Adighije (1983), mdahan8 km of the sediments in the
later area may be of Cretaceous age with some 3 km beingsaoginian; in the Ankpa
Basin 3 km of Pr&antonian and 2 km of peSantonian sediments were suggested.
Subsurface data (Allixet al, 1984; Agaguet al., 1985; Allix, 1987; Popoffet al., 1988)

confirm thicknesses of-32 km for the Campanian to Palaeocene infill of the Anambra Basin.

The other PosBantonian depocentre in the Lower Benue Trough was the Afikpo
syncline to the southeast of the Abakaliki up{iborski, 1998). According to de Swardt
and Casey (1961) the Abakaliki anticlinorium itself continued to show gentle uplift during
the latest Cretaceous, demonstrated by thinning of the CarMpaastirichtian formations

and lateral facies changes into satithologies over its axis.

Murat (1972) envisaged the Campaviaastrichtian cycle as beginning with a Late
Campanian transgression during which dominantly argillaceous sediments accumulated,
these beds extending southeast onto the Calabar Flank #redrtorthwest passing laterally
into sediments inthe Bida Basin. A conformablesuccession comprising the Mamu
Formation, Ajali Sandstone, and Nsukka Formation lies above. Murat regarded these
formations as paralimd continental respectively. Other autbqLadipo, 1988a; Couralt
al., 1991) have shown that the Anambra Basin was swgdot marine influence to a
greater or lesser extent throughout the Late Campanian and Masstrichtian. Peak
transgressive conditions, however, occurred at the beginnitigeafycle.During the very
late Campanian marine conditions probably affected the entire length of the Benue Trough,

as well as parts of the Bida Basin.

The sediment filled depression in the Afikpo area is considered a part of the
Anambra Basin. The areeas involved in tectonic inversion that produced the depocentre to
the west of the Abakaliki Anticlinorium. Sedimentation in that area, which is centred to the
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south of southeast of Abakaliki, is dated to have commenced in the Santonian into the
Campanian using thepalynofloral syncolporites lisamae subtilend Auriculidites sp.

(Ojoh, 1990).

In the southern Nigeria stack the Anambra Basin is sandwiched between the Benue
Trough and the Niger Delta. The main implication of this is that, after the Samtonia
thermotectonic event, there must have been a thermal decay that produced a sag on which a
least part of the Anambra Basbecame superimposed (Nwajid2)14). In the same
manner, the establishment of the Niger Delta sedimentary regime from the Patamaistn
have taken advantage of a continued thermal sag. According to McKenzie (1978), there is
usually a distinct thermal sag stage involved in jpast basin formation in response to the
cooling and contraction of the lithosphere and the asthenospharewere thermally
perturbed during the earlier rifting process. The isostatic response to such cooling is a
flexural subsidence of the crust, such that magmatism would rapidly decrease and then cease
altogether, such as developed along the western nsanfjithe Bauei Gongolai Bornu

fold zone(Benkhelil and Robineau, 1983; Guiragidal.,1992).

The resulting basin has an apparently simple structural configuration, being a broad
syncline plunging gently south of southwest beneath the Niger D&dtaever, Benkhelil
and Robineau (1983) observed that in the Anambra Basin there are lineament trends ranging
from 017° to 040°, thought to be coarpble to those in the Gongolabsi basin of the
northern Benue Trough. Fractures within the Anambra Basindtmay have acted as
transverse faults to the Benue Trough sinistral faults for the opening of the rhomb basins
(pull T apart basins). It is also likely that the same faults may have been active during the
compressional phases that determined the foldiagg the trough still in connection with

the sinistral shear movements along the BenueTrough trend fracture zones.
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In addition to the Benue Trough fracture trend, there are subsidiary concentrations of
linear fractures, notably the lineaments trendingwben 107° and 163°. Thus in the
southeastern part of the Benue Trough, this trend seems strictly related to the Calabar Flank
in the Lower Benue Trough, which coincides with the Bida Basin and Mamfe embayment.
In the Anambra Basin the features of this tkemay have influenced sedimentation, both as
distribution of facies and as continuities along which sedimentaritsfanay have
developed (Nwajide2014). There are also numerous normal faults whose trends are
consistent with the trend of the lineameneniified by Benkhelil and Robineau (1983), and

those en echelon with the Niger Delta Hinge line.

2.5  Stratigraphic Setting of the Late Campaniani Maastrichtian Succession of the
Anambra Basin

The filling of the Anambra Basin took place within the timesfaal from Santonian
to Early Palaeocene (Danian), i.e. an absolute time span of 60Ma. There were two marine
transgression§ a major one (the Nkporo transgression) and a less extensive one (the
Nsukka transgression). Stratigraphic packaging is thus camtgndivided into twoi the
Nkporo Group and the Coal Measures. The former is so called because the Nkporo Shale as
a formationthathas several lateral (age) equivalents. Sedimentation in the basin started with
the late Campanian Nkporo Group (Reymém®i65; Zaborski, 1983). The latter is separated
from the PreCampanian strata of the adjacent Abakaliki Basina typel sequence
bounding angular unconformity (Nwajide and Reijers, 1996b). The Nkporo Group
consistsof:
() the basal Nkporo Shale (Pettet880; Arua, 1988);
(i) the Owelli Sandstone, and

(iii) the Enugu Shale
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To demonstrate how farreachingandalli ncl usi ve the wusage
Reymend $1965) correlation of formations around Nigeria shows it to range from Lower
Maastrichtianto Danian in the western coast of Nigeria, and further inland rests on the
basement and is equivalent to the basal part of the Abeokuta Group, which is in turn
equivalent to the Ajali and the Nsukka Formations. In eastern Nigeria, Reyment (1965)
shows thathe Nkporo Shale to be Lower Campanian overlain by the Mamu Formation,
which is Lower Maastrichtian. This correlation assumes continuity in paleogeographic
conditions across the entire southern part of Nigeria during the Cretaceous. In southeast of
Nigen a , Reyment (1965) observed that Ait se
the whole of Campanian time and that the doal/cle beds are timé equivalents of the

upper part of the Nkporo Shal eo.

The Nkporo Group is succeeded by the marginal mamundstones and sandstones
of the Mamu Formation (Maastrichtian), which in the area north of Awgu, contains about
five coalbearing tidalintertidal cycles that reflect the infilling of the bay head of an estuary
(Reyment, 1965; Nwajide and Reijers, 199d0).the more distal basinal areas south of
Awgu, the Mamu Formation is dominated by cycles of carbonaceous fissilé @iadétic
mudstonesoolitic sandstone deposited in shallow stskibreface environment (Akande and
Mucke, 1993; Obi, 2000).

The Mamu Famation passes upward into profusely crbedded tidal
channel/fluvial channel deposits that constitute the Maastrichtian Ajali Sandstone (Ladipo,
1986). At the top of the Campanidflaastrichtian succession is the Nsukka Formation
(Late Maastrichtian) wish consists of carbonaceous mudrocks and sandstone similar in
lithologic character to the Mamu Formation (Reyment, 1965). The Tertiary strata

comprising the Imo Formation and Ameki Group unconformably overlie the Nsukka
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Formation. These stratigraphic unitsintain a gentle offlapping arrangement, with younger
units occurring successively to the southwest @lail.,2001).

26  Systematic Lithostratigraphy of the Late Campanian i Maastrichtian
Succession of the Anambra Basin

The Late Campanian Maastrichian lithostratigraphical succession for the
Anambra Basin has beestablished by various authdfer exampleWilson, 1925; Tattam,

1944; Grove, 1951; Simpson, 1954 and 1955; Reyment and Barber, 1956; Reyment, 1965;
Cratchley and Jones, 1965; Bumeal.,1971; Murat, 1972; Dessauvagie, 1975; Offodile,
1976; Kogbe, 1981afyoola, 1981; Ekweozo, 1982; Aga et al., 985; Hockeyet al,

1986; Ojoh, 1990; Ladipet al.,1994; Agumanu, 1993; Nwajide and Reijers, 1996a and b;
Nwajide, 2014)

The Campanian sediment which overlies the Awgu Formation is known as the
Nkporo Group which is made up of the Nkporo Shale, Owelli Sandstone, and the Enugu
Shale. In the south these are marine shales (Offodile, 1976) but towards the southwest, they
pass into lte arenaceous Otobi Sandstones. The Nkporo Group unit is unconformably
overlain by the Mamu Formation or Lower Coal Measures (Cratchley and Jones, 1965;
Offodile, 1976; Kogbe, 1981a). The Mamu Formation is overlain by Ajali Sandstone
(Offodile, 1976), or FalseBedded Sandstones" (Simpson, 1955; Cratchley and Jones,
1965). Above the Ajali Sandstone, a thin coating of what has been widely accepted as the
latest sediments in the Lower Benue area was deposited. This is the Nsukka Formation, or

the Upper CoaMeasures.

2.6.1 The Nkporo Group

After the folding and uplift of the initial axis of subsidence in the Santonian, deltaic
sedimentation and formation of coal swamps became prevalent during the final Campanian

I Maastrichtian infilling of the basin (Petted€82). In generathe Nkporo Group (Nkporo
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Shales and its lateral/stratigraphic equivalents) overlies the Awgu Formation with an angular
unconformity. The group comprises the lowest stratigraphic units of the Anambra Basin. Its
lithofacies characteristadly form low 1 lying topographic forms, and are of shallow water

origin. Locally there are gypsiferous thin sandstones, shelly limestones and impersistent

coals.

2.6.1.1Nkporo Shale

The lowermost sediments of the Campdmaastrichtian cycle in the southern part
of the Anambra Basin and in the Afikpo Syncline belong to the Nkporo Shale (Tattam,
1944, after ShelBP) for which Reyment (1965) estimated a maximum thickness of 1000 m;

Agagu et al (1985) reported a maximum of over 350 m in the subsudb&eambra Basin.

The Nkporo Shale documents the transgressive event that followed the Santonian
deformation in the Anambra Basin (Murat, 1972; Obi, 2000; Obi and Okogbue, 2004). The
coarsegrained sandstone at the base of the Nkporo Shale is interpreted as paleovalley
because it clearly cuts erosionally into the older, genetically unrelated Awgu, Ezeaku and
Asu River Groups (Shirley and Gordian, 2013). The basal contact is therefore ianaros
unconformity (typel sequence boundary) formed by subaerial exposure and flusigibn
during a fall of relative sea level (Weimer, 1984; Van Wagasteal., 1990), which is
coincident with the regional Santonian deformation. Evenly laminated sprdsely
burrowed black shale, thinly intedated with silt, sand and limeud reflects deposition in a
quiet water/muddy shelf (Davet al.,1989; Walker and Plint, 1992).

The formation consists primarily of dark grey fissile shales and mudstones, oft
pyritic or gypsumbearing (Zaborski, 1998). A variety & subordinate lithologies occur
including sandy shales, shelly limestones or calcareous noddle beds;magkd fine

grained sandstones, coarggained sandstones witphiomorphaand chamositic 10
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limonitic oolitic ironstones (Simpson, 1954; Arua, 1988; Okoro and Arua, 1989; Mode,
1991). In contrast to contemporaneous shales in the Benin Basin, benthonic foraminifers
predominate over planktonic. A variety gastropodsand bivalves including ino@eramids,
werereported by Simpson (1954) and Reyment (1955b). TheG@oatacoplumas common

in horizons that also contaemmmonitegCollins and Morris, 1975). Agagat al. (1985)
regarded the Nkporo Shale as a shalleater deposit but depths clearlyaried

considerably.

The Late Campanian ammonitéycoceras afikpoenseccurs in the lower Nkporo
Shale in the Afikpo syncline (Reyment, 1955a). At Lokpauku, where the Nkporo Shale
oversteps the nose of the Abakaliki anticlinorium, the upper part obth@fion containg.
dandense(Howarth) andheteromorph ammonitesdicating an age very close to the
CampaniarMaastrichtian boundary (Zaborski, 1990). The top of the Nkporo Shale is
diachronous; in the Calabar Flank the formation ranges into the midadteop the
Maastrichtian. Foraminiferal and palynomorph assemblages from the Anambra Basin and
Afikpo syncline suggest a Late Campanian to Maastrichtian age for the Nkporo Shale

(Petters, 1980; Agaget al, 1985; Mode, 1991; Edet, 1992).

In the axial partof the Afikpo Syncline the Nkporo Shale encloses major lensoid
sandstone bodies, the Afikpo Sandstone (Reyment, 1B6Bhly or conglomerati€;oarse
grained sandstones with erosive bases and epsilontedding occur here, as do thin coal
seams assaafed with shales (de Swardt and Casey, 1961). The Afikpo Sandstone appears
to represent a local fluvideltaic development. Reyment (1965) reported margieacods,

foraminifers, gastropodandbivalvesfrom calcareous parts of the unit.
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2.6.1.2 OwelliSandstone

Around Awgu and Ogugu the lower part of the Nkporo Shale passes laterally into the
Owelli (Owelle) Sandstone (Reyment, 1964) [= Awgu Sandstones of 'Grove (1951),

Simpson (1954)].

This unit has been described by Simpson (1954), de Swardt and (2&dy,
Agagu et al. (1985) and Agumanu (1993). Prominent1l@ mthick, often ferruginous
sandstones displaying trough or planar citwsdding with sets up to 2 m thick are present.
Foreset inclinations indicate a westerly to southwestadyned palaeslope. Quartz pebble
or clay clast conglomerates occur at the bases of these units which pass upwards into
laminated and rippdpedded sandstones associated with kaolinitic clZgbofski, 1998).
Largescale channdilling sandstone bodies also occurowards the top of the Owelli
Sandstone interbedded fhgeained sandstone, siltstone and shale successions appear; the
shales contain poorly preserved gastropods, wood and leaf fragments and enclose thin coals
(Zaborski, 1998). Agumanu (1993) regarded eelli Sandstone as formed within a
meandering river system draining source areas within the Precambrian basement rocks of
the southern Adamawa highlands and the eroded sedimentary rocks of the Abakaliki

anticlinorium.

The stratigraphic relationship withé open marine Nkporo Shale and the presence
of sharpbased progradational parasequences are consistent with deposition in estuarine
channels (Allen, 1993). Shallow maribesalves, gastropodand Ophiomorphanodosaare
typical of near shore, possibly lower shoreface conditions (Curran and Frey, 1977; Frey and
Howard, 1985; Martino and Curran, 1990). The observed-&gfe cross stratification
results from the migration and aggradation of modesetde bed formsral is consistent

with deposition from strong, dominantly unidirectional currents on bars in a channel (Miall,
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1992). Herringbone crodsedding and reactivation surfaces provide evidence of
bidirectional flows in a subtidal setting (Smith, 1988). Theseufeatand the association
with Ophiomorpha verticaliswhich provides a more conclusive evidence of brackish water
and tidal influence (Bowen and Weimer, 2004), suggest that this part of the Owelli
Sandstone was formed as a sandy bar within a channelddoattee freshwatedominated
upper portion of an estuary. Association of rhythmic alternation of mudstone and thin lenses
of sandstone with wave ripple lamiraii lenticular bedding and planbedding, is typical

of sedimentation in subtidal and integicsystems (Boersma and Terwindt, 1981; Prothero
and Schwab, 1996; Obdkuenobeet al.,2005). The stratigraphic relationship of the Enugu
Shale and the underlying tidally influenced Owelli facies is consistent with a relative rise in
sea level and the wblishment of estuarine conditions (Reineck and Singh, 1980;
Dalrymple, 1992).

No direct dating is available for the Owelli Sandstone; it contains no known
microfauna (Agaguet al, 1985). On the basis of its stratigraphical position a Late
Campanian (td&arly Maastrichtian?) age is probable. A minimum exposed thickness of 80
m was reported by Agumanu (1993). Agagual. (1985) estimated the thickness of about
50 m in outcrop but increasing to around 400 m in the subsurface to the west. Allix (1987)
idertified major southwesterly prograding Delta Front deposits, over 1500 m thick,
overlying shales with thin limestone in the subsurface Anambra Basin to the west of the
outcropping Owelli Sandstone. It is possible that this Delta Front represents thpatistdl
the latter unit prograding over subsurface equivalents of the Nkporo Shale (Zarborski,
1998).

In the Mpu Hills, some 20 km east of Awgu, 3000 m of coarse to fingrained,
crossbedded ferruginized sandstones with pebbly beds, shaly sandstocesipoal shales

and an impure coal about 1.5 m thick overlie folded $artonian shales. Simpson (1954)
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described 2B0 m of breccia comprising sandstone and shale fragments set in a
carbonaceous matrix at the base of this succession (see also Ojoh,Afd8fanu (1993)
regarded this as a channel lag deposit lying upon an eabsarface. Simpson (1954)
considered the Mpu Hills beds as an outlier of either the Mamu Formation or the Owelli
Sandstone. Agumanu (1993) favoured the latter suggestion, @jbite(1990) referred them
to a separate Mpu Hills Formation; he recovered a palynoflora indicative of a Maastrichtian

age along witldinoflagellatesand marginal marinarenaceous foraminifers

2.6.1.3 Enugu Shale

To the north of Agbani the OwellBandstone passes laterally into a further
argillaceous facies, the Enugu Shale (Grd@51). The formation comprisg®ey-blue to
dark grey mudstones, shales and silty shales, often carbonaceous or -ggasung.
Occasional white fingrained sandstonesjltstones and sandy shales occur as well as
septarian nodules, ironstone horizons and rare thin coals (Simpson, 1954). Plant remains
have been described by Slopes (1914) and Seward (1924) while Newton (1924) and
Simpson (1954) recorded a number of marbigealves and gastropods Libycoceras
afikpoenseoccurs in the lower part of the formation northeast of Enugu (Reyment, 1955).
Foraminifers are rare or absent (Agagual., 1985). The palynoflora is diverse and of
similar composition to that of the Nkpo&hale (Edet, 1992). Dinoflagellates occur in some
abundance (Mebradu, 1990, Couetlal., 1991). Although the lower part of the Enugu
Shale contains marine molluscs includingceramids the other part of the formation was
deposited under less open mariconditions than the Nkporo Shale. Cowetlal. (1991)
regarded the Enugu Shale as of prodeltaic origin passing at the top into lower delta plain

deposits.
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In the northern part of the Anambra Basin [Ankpa Basin of Agagu and Adighije
(1983)] the Enugu Ste passes laterally into largely arenaceous facies which include the
Otobi Sandstone and Ekeh Sandstone (Simpson, 1954; Reyment, 1965). The Nkporo Shale
and Enugu Shale pass transitionally upwards inédvtamu Formation (Reyment, 1964) [
"Lower Coal Measures" of Tattam (1944), Simpson (1954), de Swardt and Casey (1961)]
which reaches a maximum thickness of over 300 m in the Enugu area, thinning to 90 m in
the north of the Anambra Basin and 80 m in the lsduadipo, 1988). Around Enugu it is
made up of a laterally variable succession of fine to medjtamed weHbedded
sandstones, shales, mudstones and sahdless frequently bioturbatedCarbonaceous
shales and sandstones are common. Shale units resatiergthicknesses to the north of
Enugu. Shale and sandstone may alternate rapidly; oxidized parts of such lithologies
comprise the "White Sandstones" of Simpson (1954). &redded sandstones and channel
filling sands occur only rarely. Synsedimentalyngps or convolute bedding are common
(de Swardt and Casey, 1961; Ladipo, 1988; Coetehl. 1991). Coarseningpwards

sequences, each some 10m thick, were reported by Gb@aie{1991).

2.6.2 The Coal Measures

Centred in Enugu but extending far notththe Owukpa area north of Nsukka, the
coal measures represent an extensive Maastrichtian interval and document a periad of non
marine alternating with shallow marine sedimentation in the Anambra Basin. The facies
attain over 900 m in thickness. The #las00 m is the Mamu Formation. The top 400 m is
the Ajali Formation which is in turn succeeded by a further 300 m Nsukka Formation, also

referredto as the Upper Coal Measures.

2.6.2.1 Mamu Formation

Subbituminous coals occur in the Mamu Formation ie tentral and northern parts

of the Anambra Basin. The seams are generally laterally impersistent and vary in thickness
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from a few cm to about 4 m. In the Enugu area five seams occur in a succession showing
rhythmic sedimentation (de Swardt and Casey, )96k middle coal is the thickest of
about 2m. Courekt al. (1991) reported significant numbers dihoflagellatesbelow the
coatbearing part of the Mamu Formation, inferring a lower delta plain environment of
deposition for these bed®inoflagellates also occur immediately below, above and
exceptionally within the coals indicating the proximity of marine environments throughout.
They regarded the cebhkaring sequences, containing seat earths in places, to have formed
after the infilling of the prodedtic system represented by the Enugu Shale. Repetitive,
coarseningupwards sequences were interpreted as the result of shallowing into conditions
intermediate between swamp and lagoon when coal formation took place. Thdgmdow
environments were then undated by the sed)phiomorphaand Thalassinoideswere
reported from beds directly overlying coals. Retreat of marine environments was attributed
to intervals of sediment infilling rather than general regression. Agagli(1985) regarded

the Mamu Forration as representing strandplain to deltaic environments, evolving into
more open strandplain systems, Ladipo (1988) suggested a variety of estuarine and shallow
marine conditions with tidal flats present even in the most northerly part of the Anambra
Basn. Akandeet al (1992a, 1992b) regarded the coals of the Mamu Formation agghavin
accumulated in forest andarsh swamps within delta plain environments. Salami (1990)
identified palynomorphsharacteristic of freshwater swamps or marshes populatednsy fe

and fringed by shrubs and palms; they were thought to have been inundated on occasion by
brackish waters. Arenaceous foraminifers occur sparsely in carbonaceous shalesefAgagu

al., 1985).

To the south of Enugu coals rapidly disappear and carbonasbales decrease in
importancePebblycoarse grained sandstones, similar to those within the Owelli Sandstone,

were reported from the subsurface west of Awgu by Agaal. (1985) as were shales with
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calcareous foraminifers. Where the Mamu Formatoosses the axis of the Abakaliki
anticlinoriurn sandy facies dominate (Simpson, 1954; de Swardt and Casey, 1961). In its
lower part, however, there is an interval of carbonaceous shales and thin limestones (Akande
and Mucke, 1993) containing arenaceoud ealcareous benthonic foraminifers indicative
of "prodeltaic to lagoonal and interdistributa bay, brackish water to open marine

environments (Gebhardt, 1998).

Owing to thelack of agediagnostic faunas, precise dating of the Mamu Formation is
difficult; but on the basis of its stratigraphical positiaan Early Maastrichtian age is

probable, though it may be diachronous, younging from north to south.

2.6.2.2 Ajali Sandstone

The Mamu Formation is overlain by the Ajali Sandstone (Reyment, 1964) [=
"Falsebedded Sandstones" of Tattam (1944), Simpson (1954), de Swardt and Casey (1961)]
which has anoverall blankefike geometry”(Ladipo, 1986; Allk, 1987). Its maximum
thicknessin the catral part of the Anambra Basis some 508600 m (Simpson, 1954;
Allix, 1987).According to Simpson (1954it thins to the south amabout 200 m occurring
where its outcrop crosses the axis of the Abakaliki anticlinorium though only a few tens of
metreswere reported from this area by Ladipo (1986). The formation maoypises
friable, clean, mediunto coarsegrained, subangular to subrounded, poorly sorted, white to
grey, sometimes ireatained quartz arenites [in contrast to the feldspathic nature of Pre
Santonian sandstones, those of Camgdaastrichtian age are qua arenites (Hoque,
1977)]. Crosshedding is virtually ubiquitous; smadkale trough crosBedding occurs but
tabular varieties are predominant. Solitary un#.8. m thick are present but in most cases
there are superposed sets each 60 cm or lesekmélss. Foresets are frequently marked by

a grading of coarse and medigrained sand. Pebble or granule beds also occur. White to
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pink laminated mudstones are a subordinate lithology; they frequently contain plant
impressions (Rao and Kumaran, 198The Ajali Sandstone contains fingrained and
calcareous sandstoniesthe subsurface Anambra Badiere there is a greater proportion of
shale, often pyritic or carbonaceous and containstgacodsand arenaceou®raminifers

(Agaguet al, 1985).

Murat (1972) regarded the Ajali Sandstone as continental in nature. Hoque and
Ezepue (1977) interpreted it as a flideltaic deposit on account of its unimodal, westerly
to southwesterly foreset inclinations, its poor to moderate sorting and the abtérssls
other than plant remains. A derivation from the Adamawa highlands was suggested.
Banerjee (1979) found certain features consistent with a fluvial origin but preferred an
intertidal sand bar and tidal channel point bar nature, noting in partitigpresence of
Ophiomorphaand Skolithosat a few horizons. Amajor (1984) and Ladipo (1986, 1987a,
1987b, 1988a, 1988b) described a number of features indicative of a tidal to shallow
sublittoral palaeoenvironmentSkolithos and Ophiomorpha bipolarbimodal current
azimuths; and reactivation surfaces of inferred tidal origin. Ladipo (1986, 1988a) suggested
a subtidal to tidal origin for the Ajali Sandstone with a gradation into more paralic deposits
in the subsurface. Shoreluparallel sand bodies intalated with shelf muds were
suggested with a dominantly southerly (ebb) current responsible for thestaigecross
bedding. Intermittent storms produced coarse sediment lags. Allix (1987) regarded the Ajali
Sandstone as fluviallgerived but reworkedni a marine environment. Amajor (1984)
suggested channelled intertidal flat environments grading landwards into continental
deposits. The lack of agiagnostic fossils precludes dating more precise than Nig#&n

for the Ajali Sandstone.
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2.6.2.3 Nsukka Formation

The youngest of the Cretaceous formations in southeastern Nigeria is the Nsukka
Formation (Reyment, 1964) [= "Upper Coal Measures" of Tattam (1944), Simpson (1954),
de Swardt and Casey (1961)]. Surface occurrences of the formation are fregeaepily
weathered (Hazell, 1958). Simpson (1954) reported an overall thickness of some 450 m in
the western part of the Afikpo Syncline; Allix (1987) referred some 200 m of beds in the
subsurfacdor Nsukka Formation. Lithologically the unit resembles kh@&mu Formation.

The following general succession outcrops in the central part of the Anambra Basin (du

Preez, 1947; Simpson, 1954; de Swardt and Casey, 1961):

iv) at the top, a thick sequence of sandstones and dark coloured shales;

iif) 10-20 m of sandstes;

i) 10 m of blue clays, fingrained clayich sandstones, carbonaceous shales, and coal

seams reaching thicknesses of nearly 2 m; and

I) at the bottom, about 15 m of fhgrained, white welbedded sandstones with subordinate

siltstones andoarsergrained sandstones.

Detailed accounts of the coal occurrences were provided by de Swardt and Casey
(1961). Where the Nsukka Formation crosses the axis of the Abakaliki anticlinorium it
comprises medium to coargeained yellow sandstones with suthoate shales or sandy
shales. No coals occur here but thin oysien limestones containing the bivalvieniella
occur in the upper part of the formation. In the Afikpo Syncline a few thin coals are again
present and shelly limestones containistyacod andforaminifersoccur; especially to the
east. In the subsurface Anambra Basin dark grey, pyritic, glauconitic and calcareous shales

are present (Agaget al, 1985).
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In that part of the Anambra Basin west of the River Niger beds referred to the

NsukkaFormation by Reyment (1965) [Coal Measures" of Hockest al. (1986)] directly

overlie the Precambrian basement. The Nsukka Formation here consists of sandstones,
shales, calcareous sandstones, limestone containing Maastridbtiaminifers and
ostracod and sandy shales with plant remains. A basal conglomerate or pebbly sandstone is
present and thin coal seams occur. From exposures northeast of BeniiRd&Sitgent
(1955a, 1957a) described the ammor8fghenodiscus studefReyment) and the bivalve
Endomstea coxiReyment) and suggested a Late Maastrichtian Bgedxialso occurs in

the midMaastrichtian part of the Nkporo Shale in the Calabar Flank].

Simpson (1954) reported the presence of (unspecified) Palaefacan@nifersin
the upper part of the Nsukka Formation which therefore appears to contain the Cretaceous
Cenozoic boundary. On the basisdnfioflagellateand ostracodsoccurrencesMbuk et al.
(1985) and Kumaran and Rajshekhar (1992) suggested that the boundavithiaya
conformable sequence of clays, shales, sandstones and limestones of inferred shallow
sublittoral to tidal orign in the eastern Afikpo Sytine. Allix et al. (1984) reported an
abrupt turnover of palynofossils at the inferred Cretac&mrsozoic bundary in the

subsurface Anambra Basin and suggested that a hiatus might existied.
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CHAPTER THREE
METHODOLOGY

3.1 INTRODUCTION

Field mapping vasconductedavithin the period of November and December, 2015.
Various stratigraphic sections were studied and samples collected from each section for

granulometric analysjglirectional structures were measureddaleocurrent analysis

3.2Desk Study

This involvesliterature review oboth published and unpublished materiaievant

to the present reseaahthe study area

3.3 Field Work

The fieldwork was conducted during the dry season using 1:50,000 topographic base

mapsof Idah Sheet 267 SE

Traverses were takewlirectional bearingvere obtainedwvith the aid of compass
along major roads and mindootpaths while sampling of rock units was carried out
concurrently where there are exposures of surface outcrops. However, much attention was
devoted to locating stigraphic outcrop sectianwhich are mainly exposed along river
banks and road cuté&long these river banks, it was edeylocate and describe geological
contacts or boundaries. Because of the large area inyotweds necessary to use motor

cycle between some outcrop locations.

Fresh sampkewere carefully collected from each section in order to avoid distortion
of the result due to weathng. Vital information likelocation, sample number, horizon

descriptionsuch as; lithologies, colours, sedimentary strustinem each unit and date of
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the sampling wereelearly indicated on the sample|ags and all the relevant dateere

written infield note bookElevensections were logged within the study area.

Sample of the various lithologic units were collected with the aid of geologic
hammer and chisel. The thickness of each unit measured using measuring tape. bbcation
boundaries and elevation wesbtained using théGlobal Positioning SystemYhe samples
were wel labelled and keptn separatesample bags for analysis in other to avoid
contamination.Sedimentologic @phic logs were drawn for each sectistudied The
paleoenvironmetal interpretation was attempted based on facies association, sedimentary

structureand textures, and granulometric analysis.

3.4  Laboratory Sample Preparation and Analysis
3.41 Granulometric Analysis

Granulometric analysis (sieve analysisg@svcarried out on samples froklamu
Formation and Ajali Sandstone in the Department of Geolé@gi State University,
Ayingba and Ahmadu Bello University, Zaria.The primary aim of sieve analysis is to
determine particles size distribution and other grain size parameters like sorting, skewness,
mean and kurtosis. A totaf 23 samples fronMamu Fornation and Ajali Sandstone were

selected from different locations ftire sieve analysis.

The Samples werériable. Theweight of the bottom pan anselected empty sieves
with slot sizes 0{2.0 mm 1 mm, 500 pm, 250 pum, 125 pm a68 pm) and 100g of each
disaggregated samples were obtained by usiegtric weighing machine The required
sieves were arranged according to decreasing mesh sizes with the smallest opening at the
bottom whichcollects the finest grain arttle top is covered with lid. The sieves and the

bottom pan were fastened to the mecharsmleshakerR,Top), and 100 g of the samples
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poured into the upperostsieve. The machine was allowed to shéketen (10) minutes.

Sediment fractionen each of the sieves and the bottpan were weighed and recorded.

During the process of the sieve analysis care was taken in the separation of the sieves
to avoid the spilloveor pouring away of the sediment fractions retained on the safters
shaking. The results from the sieveabssis are premnted in a tabular form (Table 4id

Appendix ).

The cumulative frequency curves resulting from thalgsis are shown in (Appendix
1). From the cumulative frequency cervcritical percentile¢ G 5 al6, 25, a
ad95) we r eandaibet m itha eattulatiorf grain size parameters such gsphic
mean, sorting (graphic standard deviation), graphic skewness and graphic kurtosis; the
results of these parameters for each of the samples aedated and showander result
section The statistical parameters of the grain size frequency distiibutere obtained and

computed usinghe method of Folk and Ward (1957).

These were used as independent function or combined in multivariate asablsis
as the LDF and CM pattetno interpre the depositional environments and processes. For the
CM patternparameter C (one percentile of the grain size distribution) and M (the median)

were plotted with phi values of the C and M obtained from cumulative ciumveli and

converted tanicronsusing the standard formular um= 2x 1000(Figure4.14).

The following grapfkcal parameters were obtaineds i ng Fol k and War doés

1 Gaphic mean (M) = DietPsctDes
3
2. @aphic Sandard Deviation (sorting) (I) = psa-Pis+PosPs
4 6.6

3. InclusiveGraphic Skewness (Ski) = P ga*tP 16-2P sot P 95t P 5-2P 50

2(p 84-p 16) Zp o5Pp s)
4. Gaphic Kurtosis (Keg)= pos-Ps

2.44p 75p 25)
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M: Graphic mean sandard values

Phi (p) value Size clasgWentworth, 1922)
-1.0to Q0 Verycoarsegainedsand
0.0t01.0 Coarsayrained sand

1.0to 20 Mediumgrained snd

2.0t0 3.0 Finegrained sand

3.0t0 40 Veryfinegainedsand
4.0t08.0 Silt

8.0 to 140 Clay

I: values Gaphic phi séndard deviation

Phi standard deviation Verbal sorting

<0.35 Verywellsorted
0.35t0 0.50 Wellsorted

0.50t0 0.70 Moderatel ywellsorted
0.70 0 1.00 Moderatelysored
1.00 to 2.00 Poorysored

2.00 to 4.00 Verypoalysored
>4.00 Extremdypoalysored
Ski: Graphic skewness $andard values
Calculatedskewness ¥rbal skewness (Hg.)
> +0.30 Stronglyfine slewed
+0.30 to +0.10 Positivelyskewed
+0.10 t070.10 Neasymmetrical
710.10t070.30 Negativelyskeved
<10.30 Stronglycoarseskeved

K G: Graphic kutoss dandard values

CalculatedKurtosis Verbal Kurtosis
<0.67 veryplatykurtic
0.67 0.90 platykurtic
0.901.11 mesokutic
1.113-1.50 leptokutic
1.50-3.00 veryleptokutic

3.4.2 PaleocurrentAnalysis

The azimuthal readings of the dip directions of all types of estrasification
generated by the flow within the limits of preservation were measured in the field. This is
because a paleocurrent system cannot dg fgecified in terms of its directional and
dynamic aspects by reference to a single type of bedform or its internal structure (Allen,

1965). The practice of measuring one foreset in each-sttfied layer, as advocated by
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Potter and Olsen (1954), wadopted in this study because the variability at an outcrop is
usually greater between than within crbeslded units. Furthermore, this approach yields
the best estimate of foreset dip directions for a given number of measwsgetier and
Pettijohn,1963. Foreset dip directions of cresgata were measured both in plan view and

the bisectrix directions.

A total of 45 readings of crosdrata azimuthal dip directions were taken from beds
of the Ajali Sandstone while 80 readings from the sanddtedgof the Mamu Formation
For this study a "location" is taken to include all readings taken from the sand body within a
radius of 100 m. Generally, a location contairs dutcrops ranging in thickness from 3 to
more than 100 m. The recorded maximum hanof readings per location is 45. Correction
for tectonic dip was not made because the dip values of the Ajali Sandstone amongands
beds of Mamu Formatioare generally less tharf 8This is becaus&elley (1976) suggests
that tectonic dip correctiondor such low values does not significantly affect the

interpretation.

Current roses were plotted and standardat@ns computed(Table 4.4 and 4)3.
Each arrow on the paleocurrent map represents the arithmetic mean of readings from a
location. Accading to (Potter and Pettijohri977) this method is preferableghen most

measurements fall within a few quadrants as is the case in this study.

3.4.3 Data Processing and Compilation of Report

This is the final stage. This is done through the collectioralbatagts obtained from

individual methods adopted together, process and then report writing.
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Figure 3.1: Work flow of the activities carried out in the research.
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CHAPTER FOUR
RESULTS
4.1 INTRODUCTION
Sediments from eaclsedimentary environment exhibit uniquely different
characteristics and properties that distinguished them from sediments of different

environment.

Stratigraphy is defined by Whittaket al.(1991) as the description, defigiand
naming of rock unitsHedberg (1976), defined lithostratigraphy as a tool of stratigraphy
that deals with the lithology of strata and with their organization into units based on

lithological characteristics.

4.2  Lithostratigraphic sections

In the study eea, three formationsvhich are the Nkporo Shale, Mamu

Formation and the continental Aj@andstone were studied (Figuré)4.

4.2.1 The Nkporo Shale

This formation is the oldestarine deposit in thearea. Reyment (1965)
estimated a maximum thickness of 100and Zaborski(983 described this marginal
marine setinents that made up the Nkportebeto cosists of dark grey fissile shales,
sandy shales and mudstondavo sections of the Nkporo Hale were studied and
logged. Plates | and Il and Figures 4.2 and ¢h8w exposure of this formation
encountered along a road cutn@éahagovillage and along a road cut northldkunube

town with thickness of &2m and 5.0m respectively
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Lithologic descriptions of Nkporo Shale section exposed in the northern part of
Achago town,is hereby presented from base to top. Itcompofsa(i) 0.4 m thicldirty
white to dark orangeéaminated bioturbatedltstone overlain byii) 0.8 m thick miky
white todirty redsilty claywhich passes upward irfto) 1.5 m thick bed of ferruginized
amber to dark grey weakly stratified siltstongh erosional base underlyifig) 0.8 m
thick bed ofdirty red siltstone with rings ofrbn stain which is overlain bfv) 0.12m

thick bed oflateratized dtstoneat the top (PlateandFigure4.2).

Plate I:Nkporo Shale exposed near Achago villaBkotograph showing whitish to dark
orange laminated bioturbatéithe arrow) dtstone bed overlain bgnilky white
to reddish silty claywhich passes upward into a bed of ferruginiaetber to
dark grey,weakly stratified siltstone with erosional base underlying a bed of
reddish siltstone which is overlain by a lateratized Siltg@519'48.1"N,
6°47'028"E).

DESCRIPTION

[NAME[AGE] (M)

Lateratized siltstone

Reddish siltstone with rings of]
iron stain

Ferruginized amber to dark
grey weakly stratified
siltstone with erosional base

NKPORO SIALE
Campanian - Maastrichtian

Milky white to reddish silty
clay

Dirty White to dark orange
bioturbated siltstone

CLAYA
SILT
VF

555 Jo

Figure4.2:  Lithostratigraphic sectionf Nkporo Shale exposed near Achago
village(7°19'48.1"N 6°47'02.8 E).
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Lithologic descriptions of Nkporo Shale section exguobsn the northern part of
Ukunubetown, comprising of i) 2.8m thickof light greyto milky white siltstone
which pass upward into @) 0.8m thick of greyto dirty bluemudstonentercalated with
sandy shaleoverlained by a(iii) 1.4m thick light grey to milky white siltstone

terminating the sectio(Platell and Figure 4).

Platell:  Nkporo Shale exposed north blkunube town Photograph showing fire
grained sandstone which passes upward into a intercalation abdskyesh
mud and siltstone overlaiy a fine grained sandstg@®70 21 15.1'N,
06°47' 06.2'E).

NAMEI ACE

(M) _|LITHOLOGY __ [srrecrul

Light grey to milky white
siltstone

Grey to dirty blue mudstone
intercalated with sandy shale!

Light grey to milky white
siltstone

NKPORO SHALE
Campanian - Maastrichtian

e T I LEGEND

Siltstone
= Grey to bluish mudstone
in'ercﬂlattd with sandy shale

Figure 4.3: Lithostratigraphic sectionof the Nkporo Shaleexposednorth of Ukunube
town(07° 21' 15.1' N, 06°47 06.2' E).
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4.22 The Mamu Formation

The formation is trasitional between marine Nkpord&e of the Nkporo Group
and catinental Ajali Sindstone. Sevesections of the Mamu Formation were studied
and loggegandtheycompriseanalternation ofed to whitish medium to coarggained
planar laminated s@lstone overlain by white coarse to medigrained cros$ bedded
sandstone with cross beddirstriking northwesiWith sedimentary structures such as
trough herringbone and tabulaross bedding with erosive baJéhe beds dip5° in the
direction of northwest. This transit into amtercalation of white and red tabular cross
bedded moderately sorted firermediumgrained sandstone with cross bedding striking
in northeast direction, reddish to milky white siltstone, ferruginized siltstone, evenly

laminated milky white sandy shale with thin banclafystoneno trace fossil observed.

Below are thedescriptions of sections of the Ma Formation in the study area.

A 27m thick exposure studieth the northeastern part of the study area
(southwestern part of Ojodu town) and consists of a bedi)oBm thick of evenly
laminated dark grey fissile shaldirtly intercalated withmilky white clay andlight
greymudstone overlain by a (ii) 9m thick evenly laminated dark grey fissile shale, thinly
intercalated with light gry mudstone overlain by a(iii)ré thick intercalation of thick
grey mudstone andhin lers of dark grey fissile shale andia) 4m thick intercalation o
light grey to milky white clayand sandy shale (Plate Ill aftgure4.4). No trace fossil

wasobserved.

Lithologic descriptions of Mamu Formation section exposed in the western part
of Ojuwo Olijo town, comprisea 16n thick intercalation of grey fide shale and thin

lens ofmudstonewith no trace fossil observed (Plate IV dfidure4.5).
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Plate Il I: Mamu Formationexposedsouttwest of

S
P

JESSEES . e

Ojo town Photorap showing

intercalation ofgrey mudstone and dark grey fissile shale overlying a evenly
laminated dark grey fissile shale thinly intercalated with grey shaly mudstone
which is inturn overlain by intercalation of light grey to milky white sandy

shale and si{07° 20 44.9'N, 06’55 09.2'E).
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Figure 4.4; Lithostratigraphic sectiomf the Mamu Formationexposedsouthwest of
Ojodu towr{07° 20 44.9'N, 06° 55 09.2' E).
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Plate IV: Mamu Formationexposed west of Ojuwo o town. Photograph showing
intercalation of grey fiske shaleand thin lens ofmudstonéd7° 2059.1" N,
06’ 53'58.2' E).
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Figure 4.5 Lithostratigraphic sectioonf the Mamu Formatiorexposedvestof Ojuwo
Olijo town (07° 20 59.1" N, 06’ 53 58.2'E).
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Lithostratigraphic descriptions oMamu Formationsection exposed in the
western part of Ajegwu town, comprising ofin14m thick dark grey fissile shal&ith
thin lens of grey mustoneoverlain by &ii) 8m thick bed of light to milky whitdissile
shaleoverlain by a (iii) 6m thick intercalation &ijht grey sandy shale with milky white

claystongPlate V and-igure4.6).

i

M
#
Y

PlateV: Mamu Formationexposedwestof Ajegwu town. Photograph showing dark
grey fissile shale with thin lens of grey mudstone, light to milky white fissile
shale overlain byntercalation of light grey sandy shale with milky white
clayston¢07°2047.7' N, 06’ 55 16.9"E).

Lithologic descriptions of Mamu Formation section exposed in the wessetn p
of Ojodu town, comprising 4m thick interclation of grey fissile shalenudstoneand

clay,andno trace fossiwasobserved (Plate VI arfigure 4.7).
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Figure 4.6. Lithostratigraphic sectionof the Mamu Formationexposedwest of
Ajegwutown (07° 20 47.7'N, 06’ 55 16.9" E).
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Plate VI: Mamu Formation exposed westof Ojodu town Photograph showing
intercalation of grey fissile shale and shaly muds@f®e20' 49.9'N, 06’ 56
00.3"E).
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Figure 4.7: Lithostratigraphic sectioof grey fissle shale, mudstomad clay ofMamu
Formationexposed wesif Ojodu town(7° 20 49.9'N, 06’ 56 00.3"E).

Lithologic description of sectionf Mamu Formation exposetearAya village
comprisesa bed of(i)0.8 m thickdirty white to yellow siltstore overlain bya (ii) 0.3 m
thick brown to aber red ferruginized siltstorvehich passes upward to a bediigf 1.3
m thick brownto milky white weakly stratifiedferruginizedsiltstonewith convolute
beddingstructure(Plate Vllboverlained bwg (iv) 1.0 m thicldirty red to yellowsiltstone
bed which is caped by(v) 0.4 m thickbrown, dirty redto yellowlateratized siltstone

bed(Plate VllandFigure4.8).
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Plate VII:

il G T, o amiTey e g, 3

Mamu Formationexposednear Aya vilage (a) Photograph showing
yellowish siltstone overlain by a ferruginized siltstométh convolute
structure a brownish to milky white weakly stratified ferruginized
siltstone overlain by a bed of reddish to yellowish siltstone passing upward
to a brown, reddish to yellowish lateratized siltst@meconvolute bedding
structure within siltston@®7°14'59.4"N, 06°4802.7"E).
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Brown, dirty red to
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siltstone

Dirty red to yellow
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Figure 4.8 Lithostratigraphic sectiomf Mamu Formation exposed near Aya village
(7°14'59.4"N, 6°48'02.7"E).

Lithologic description of sectioaf Mamu Formation exposerose to Ocheche
River nearldah shows that the formati@omprises 2.0 m thick altenation of red to
dirty white mediumto coarsegrainedmassivesandstonea 3.0 m thick whitemedium
to coarsgyrainedtabular cossbedded sandstone with reactivation surfage8.0 m
thick white fine to medium grainedtrough, herringbone and tabular crimsided
sandstonewith lens of reworked clayand sinuous crested dunes 6.0 m hick
intercalation ofdirty white to grey, medium to coarsgrained, moderately sodge
bioturbated, tabular crodgseddedsandstone witlerosional surfacesnd clear imprints of
trace fossils burrows belonging éphiomorphageneraa 5.0 m thicknedium grained,
tabular crosvedded sandstone with beddingmés, a 2.0 m thick coarsgrained, cross
bedded sandisne withwave rippleandreactivation surfacea 4.3 m thick intercalation
of white and red tabular cre®dded moderatelyo poorly sorted medium grained

sandstonevith reactivation surfaces 2.0 m thick fine to mediunrgned tabulr cross
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beddedsandstonea 1.1 m thick milky white to light grey, parallel laminated clayey
siltstone with lens of clayg 04 m thick redweakly stratifiederruginized siltstone ana

0.5 m thick of lateratized siltstone overburdBtate VIIIT XIVandFigure4.9).

Plate VIl : Mamu Formation exposed along Ocheche River near. |@dotograph
showing the milky white to light grey, parallel laminated clayey siltstone
with lens of clay overlained by theed,weakly stratifiedferruginized
siltstonecaped by théateratized siltstoneverburden
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Plate IX: Mamu Formation exposed along Ocheche River near. |@diotograph
showing the medium twmarse grained tabular cross bedded sandstone with
arrowspointingat reactivation surfaces

Plate X: Mamu Formation exposed along OchecReser near ldah Photograph
showing medium to @arse grainedrossi bedded sandstoneith wave
ripples(07°07'27"N, 06°44'20.6"B).
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Plate XI: Mamu Formation exposed along Ocheche River near. |@dtotograph
showing mediumgrained tabular cross beddegandstonewith bedding
planes.

Plate XIl : Mamu Formation exposed along Ocheche River near. |Balotograph
showing vertical section ofintercalation of white and grey, medium to
coarse grained, moderately sorted, bioturbated, tabular €rdssdded
sandstone with erosional surfa¢@3°07'27"N, 06°44'20.6"E).
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Plate Xl : Mamu Formationexposed along Ocheche River near Id&he arrows
showing vertical Qphiomorpha burrows identified by red and blue
arrowsQ7°07'27"N, 06°44'20.6"B.

Plate XIV: Mamu Formation exposed along Ocheche River near. IBalotograph
showing fine to medium grained raugh (TrB), tabular (TB) and
herringbonecrossi bedded(HB) sandstonewith lens of reworked clay
(RC) and sinuous crested dunes
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Figure 4.9 Lithostratigraphic sectionf sandstones dflamu Formation exposedear
Ocheche River at 1dat@7°07'27"N, 06°44'20.6"E).
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Lithologic description of sectiomf Mamu Formation exposedorthwest of
Ojuwo Omachi townomprises ofal5m thick evenly laminated whited milky white
claywith bedding planes and low angle discondantl a thin(0.2m) band of brown
ferruginizedclaystone towardshe top of the sectiodue to subareal exposure overlain

by another2m thick evenly laminatedhite to milky white clay(Plate XV andFigure

4.10.

b

Plate XV: Mamu Formation exposedorthwest of Ojuwo Omachitown. (a) The
complete exposure of the secti@in) evenly laminatecclaystoné07° 20
35.0'N, 06’56 14.8"E).
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Figure 4.1Q Lithostratigraphic section of Mamu Formation exposeaorthwest of
Ojuwo Omachi towA7° 20 35.0'N, 06’ 56 14.8"E.

4.23. The Ajali Sandstone

Outcrops of Ajali Sandstone were studied in the southern to western part of the

study area towards lkare from Ajaka main towkig(re 4.11). They occurred as

lateratized shaleith thin beds ofvery fine-grainedsandstonandsiltstone(Plate X/1).

A section was studiedt Ogbogba, west of Ajakaotvn and found to comprisg 80m

55



thick white coarse grained, friable moderately sorted sandstone with a thin lens of clay,
alternation of red and white friable moderately sogaddstone, white coargeained,
poorly sorted sandstoneittv clasts rangg from angular to subangulawhite coarse
grained poorly sorted ferruginized sandstone and coarse grained fdiatylered
sandstoa, alternation of milky white, yellow, grey and browarallel laminated
sandtone( Plate X/I, XVII, XIX andFigure4.12). Sedimentarystructuresn the Ajali
Sandstone ardlaser crossedding, tabularcrossbedding and reactivation surfaces
occur(PlateXVI, XVII, XIX ,Figure4.11 and4.12).

Lithologic descriptiomf Ajali Sandstone exposed at Ikare Roswljth ofAjaka
town, comprises of a.® mthick intercalation of dark yellow to grelgteratized fissile

shale and dirty redrery thin lens of very fine sandstone and siltst(Rkate X/I and

Figure4.11).

Plate XVI: Ajali Sandstone exposed at lkare Road, south of Ajaka.t®motograph
showing intercalation of dark yellow to light gregtératizedfissileshales
and dirty red very thin lens of very fine sandstone and siltstone
(7°10'02.2"N and 6°50'12.8"B.
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Figure 4.11 Lithostratigraphisectionof lateratized shales ofAjali éhdstoneexposed
at Ikare Road, south of Ajaka tow°10'02.2"N and 06°50'12.8"E.

Lithologic descriptionof Ajali Sandstone exposeatbrthwestof Ogbogba town
comprises of(i) a3m thick of white coarse gragd, friable, moderately sortedabular
crossbedded sandstone wittlast ranging from angular to well rounded towards the
base and reactivation surfad@ate XVIl)overlain by(ii)a 0.7mthick alternation of red
and white friable, poorly sorted negatively skewed, mesokurtitaser cross bedded
coarse graiad sandstone which passes upward iti» a bed ofa 1.8n thick poorly
sorted coarse to gravel grainedhear symmetricalmesokurtic, herringbone cress
beddedsandstone wit wave ripples andlasts rangingrom angular to subangular. The
bed shows a change in clast, that is pebbly coarse grain highlighting the base of the

bedset and lens of clay towards the top of the bed showing a fining upward sequence
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respectively (PlatxXIV b and Figure 4.12and in turn overlain byiv) a 0.7m thick bed
of white, coarse grainedgoorly sortedferruginized flaser crosseddedsandstoneThe
ferruginied, faser crosdedded sandstoneverliea Im thick coarse grasd, friable,
moderately sortechegatively skewed, platykurtidirty red sandstonevhich is overlain
by(v) a 0.5n thick medium grained, poorly sorted, near symmetricaly péatykurtic,
tabular cros$edded sandstone which transit into @i)0.5n thick, medium graied,
poorly sorted, near symmetrical, ryeplatykurtic, tabular crosbedded sandstone
underlying a(vii)0.8m thickbed ofintercalation of dark yellow to grelatertized fissile
shale anddirty redhin lens of very fine sandstone and siltstoteminating the

sectiorfPlate XVI, XVII, XIXandFigure4.12).

Plate XVII: Ajali Sandstone exposed &gbogba Hill northwest Ogbogbatown.
Photograph showing tabulacrossbedded sandstong7°12'31.5"N,
6°52'22.2"E).
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Plate XVIII : Ajali Sandstone exposed #&gbogba Hill northwest Ogbogbatown.
Photograph showing tabulacross bedding and herringbone cross
bedding7°12'31.5"N, 6°52'22.2"E).

Plate XIX: Ajali Sandstone exposed dbgbogba Hill northwest Ogbogba town.
Photograplshowing the complete sectiov°12'31.5"N, 6°52'22.2"E).
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Figure4.12 Lithostratigraphic sectiof Ajali Sandstone exposeat Ogbogba Hill
northwestOgbogbaown (07°12'31.5"N and 06°52'22.2"E).
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