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ABSTRACT

The CampaneMaastrichtian successiomsthe northern Anambra Basin comprises the
NkporoFormation Mamu Formation and Ajali Sandstoran extensive geological field work
was carried out, whetghostratigraphic sections westudied and describeBeaturesuch as
texturesphysical and ingenic sedimentary structurdagies variations and associatipngre
documented. Some selected representative samples of the sedimentary depositional facies were
also subjected to grain size analy3ise NkporoShaleis made up ofandy shalesilty clay,
grey mudbioturbatedsiltstonewhich graded into Mamu Formation whihmade up ofross
massivebeddedsandstonevith bioturbation structuresiltstonedarkgrey to light grey fissile
shale mudstone and milky white claystoméhich often displays a fining upward trend.
passes upard into Ajali Sandstone which made up of fine to coarsgained, crosbedded
sandstone and fissile shalgth bioturbation structuresrhe sandstone facies of the ka
Formation is coarse to firgrained, poorly to moderately sorted, leptokurtic aedatively
skewed possibly deposited from fluvial sourtke bioturbated lower sandstone beds contain
burrows of Ophiomorpha which belong to skolithos ichnofacies that typifies littoral
environmentwhile the Ajali Sandstone is pebbboarse to mediurgrained, poorly to
moderately sorteggredominantsnesokurticto platykurticor very platykurticandnegativeto
nearsymmetrical Thelinear discriminate function scatter plotsults reveashallowmarine
deposits fothe sandstone facies Mlamu Formation and Ajalbandstone.

The fissility of shalesuggests that it was depositedarow energy environment
However, thaextural 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 sedimetitsit is, deltgplain to prodelta enviranent.Field
and textural studies ohé sandstone facies of the Mamu Formasioggesthe sediments to
be deposited ina relatively high energy environment with tidal influence of transport and
depositionwith two main facies associatiginat is, subtideand intertidalThe crossheddings,
unimodal @mleocurrent of Ajali Sandstones also indicates flueralluvial-dominated deltaic
environment while the bimodal oblique paleocurrent pattern obtained for Mamuatimrm
shows that the formatiowas deposite in environment such as shoreline (beach) or fluvio
deltaic where tidal effect is significanPaleocurrent studieand textural characteristics
indicate that the paleocurrent direction nertheastwhile the provenance isouthwest
suggesting that the sediments were mainly sourced fhenSantonian Okigw@bakaliki
Anticlinorium and partly from the &by Oban Massif for the Ajalig®dstone in the study
area while thesediments of the sandstone facies of Mamu Formation were sdrgoethore
than one sourceThe results obtaineffom the textural, tsucture and statistical analygse
revealedhat the sediments in the study area were depositedvial, deltafront through delta
plainto prodeltain shallow marineenvironment
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CHAPTER ONE

INTRODUCTION

1.1 INTRODUCTION

The study focused mainly on teedimentology and stratigraphy of the Late Campanian
to Maastrichtian successions in the area northeast of Idah town in the northern Anambra Basin,
wherein stratigraphic setting is thus conveniently divided intd tthe Nkporo Group (Nkporo

Shale) and th Coal Measures (Mamu Formation and Ajali Sandstone).

1.2 Statement of Research Problem

Previous research work carried out in the Anambra Basin began with the establishment
of the Mineral Survey of Southern Nigeria in 1903 by the British Secretary of fStattee
Colonies. Much geological information became available following the discovery of several
industrial minerals especially coal (Bain, 1924; Simpson, 1954). The strata exposed by the
construction of the eastern railway were systematically studiedlsqiy 1925).
Geomorphological and environmental studies had also been carried out by the Geological
Survey of Nigeria (Grove, 1951). More geological information came to light as the geologist
of ShelD6 Ar cy Petrol eum Company hgeagdgeophysicale nsi v
investigations in the more easily accessible areas of southern Nigeria, which turned out to be
the Cretaceous sediment underlying the Cenozoic Niger Delta. Exploratory drilling was first
carried out in 1951 at lhuo, 1Bm northeast of Oerri and encountered Cretaceous
stratigraphic units. A lot of information contained in 1:250,000 geological maps made by Shell
BP for the Geological Survey of Nigeria starting from 1957. Systematic geological mapping
by the Geological Suey of Nigeria ale contributedsubstantial amount of information.
Further work, specifically on the stratigraphy and paleoenviromental reconstruction had been
done by severauthordancluding Rayment (1965), Murat (1972), Dessauvagie (1974), Petters

(1976), Avbovbo and Agola (1981)and Agagtet al (1985).
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Analysis of information from surface mapping and other oil engtion activities by
authors such aBurkeet al (1972, Murat (1972) and Whiteman (1982) has shown that the
sedimentary rocks of southern Nigeria beltmgeveral distinct basins. Reyment (1965) had
inferred them all to one large single basin extending eastward to Douala in Cameroon and

westword to Benin Republic.

Later stratigraphic/sedimentological studies of smaller specific locations within the
basin (e.g. Nwajide and Reijers, 1996a and 1996b) have contributed to the present
understanding of the characteristics of most of the component lithostratigraphic units of the
basin. Reyment (1965), Murat (1972), Adeleye (1975), Peters (1978), Whiteman (1982),
Hoque and Nwajide (1984), Agaagt al (1985), Onuoha (198@)redicted the history of the
basin using data from the Akukwa exploratory well. A sequence stratighapmodel for the
group was developed by Nwajide and Reijers (£t998 the basis of stragtiaphic analysis of
a composite section located at Leru near Okigwe. Nwajide (2005), Adeigbe and Salufu (2009)
and Ojoet al (2010) have studied the Enugu and Mamu Formations with respect to their
lithostratigraphy, age relations, biostratigraphy, seogeesicatigraphy, coal geology and
petroleum geologyTo the best of my knowledge, little or no work have been carried out in the

present area of study, and this prompted me to carry out this research.

1.3  Justification

The present research attempts to thie gaps and update the knowledge on the
lithostratigraphy, structurgaleoenvironmerdnd sedimentologgf the Late Campanian to
Maastrichtian successiomsthenortheast of Idah town, northern part of fkmambraBasin

This research will attempo evaluate the sedimentologynd stratigraphy of the Late

Campanian to Maastrichtian successions in the study area using data obtainedtdroms
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in the field andinterpret the depositional environments of theccessiorbased on the
sedimentary structusglithofacies(or lithofacies association) and linear discriminate function

1.4 Aim and Objectives

This research is aimed at producing a detailed geological map of the area and to study

theCampaniarni Maastrichtian lithostratigraphic successions in the.drea objecves are to:

(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 Cambéaastrichtian
successions in the study area.

(iif) Deduce depositionahechanism leading to deposition of the studied succession in the
area, and

(iv) Determining the principal paleocurrent direction relative to provenance of the sediment

source area.

1.5 Location and Accessibility of the Study Area

The study area is located Kogi State, north central Nigeria within the coordinates of
latitudes 7 06 O0'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(@0The area is accessible via

footpats, major and minor roads that link the villages (Féd.1).

1.6  Scope and Limitation of the Study

This research work is limited to the lithostratigraphic and sedimentological analysis of
sediments irthe northeast of Idah town, northern Anambra Basin, wherein good sections are
exposed due tahe road cuts and River channelfiese sections wellegged, takng into
account the differertextural characteristics, colowtructure and fossil contemthich form

basis for recognition of facies and subfacies, and even facies association
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Figure 1.1: Location and Accessibility map of the study af®igeria geological survey,
Kaduna)

1.7  Climate and Vegetation

The northern Anambra Basin lies within theptical 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 rainy season from April to October with maximuamnfall in July toSeptember. The annual
amount of rainfall within theraa is between 1200 and 1500 mm. The annual temperature range
betweenl6°C and 37°C. During the rainy season, the area is under the influence of moisture
ladensouthwest trade winds which give way to the dry and sometimes dusty northeast winds

(harmattan) during the dry season.
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The northern Anabra Basin lies within the rdorest vegetation beltvith rich
deciduous and occasional stunted trees including plohe, 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 remains of burnt grassess The tr
which grow in clusters are up to nine metres 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, tempered with through huivéiesct

Examples of trees in the study area inclukfezilia africana, Uapacatogoenesis,
Daniella oliveri (ocust beajy Buttryospenum paradoximsheabutter oil bean, Montes
kerstingi and Isoberlina dalzieli The dominant grasses include Elephant g(@s®nopus
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

The area is generaly an undulating land tdlat plainswith a few isolated hills. The
highest pointis 246.0 mand the lowest pointis 131.0 mabovemean sedevel. The drainage
pattern in the area identritic. The area is well drained with major rivers such a$cheche,
Inachalo, Ofu, Emachi and Egamongothe's and streamsoccupying ratherwidevalleys. The
rivers eventualy drain into the River Niger. The tributaries are mosly seasonal laving their
souces mainly within thearea. This drainage configuration is thought to be the result of
substantial degree of evolution from the primeval setting, i.e. the paleodrainage (Nwajide,
2014).

CHAPTER TWO

LITERA TURE REVIEW
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2.1 INTRODUCTION

Wright et al (1985) defined the Anambra Basinfa$ he upper Senoni an
depositional area located at the southern end of the Benue Trough, within which the Nkporo
Group anl younger sediments accumulatedl which extended towards the southwest as the
Ni ger Delta Basi nothe lithdiacies ofdheek distinct dasine intb onenp s
continuous series simply on the basis of contiguity. 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 consequee of the compressional history/stage of the trough. The genetic
relationship notwithstanding, 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 by the Niger Delta Basire(&ED).

Anambra Basin refers to the sedimentary succession that directly overlies the facies of
the Lower Benue Trough (Rige2.1)and consists of Campanian to Earlyd@aicene (Danian)
lithofacies. These correspond to the facies of the Nkporo Group and the Coal Measures. It has
been a common practice to lump up the lithostratigraphic units belonging to three individual
basinsi southern Benue Trough, Anambra Basin ardNiger Delta’ and refer them to the
Lower Benue Trough. In discussing the stratigraphy of southeastern 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 aming an area using only the basin bearing the outcropping facies.
Progress in the acquisition 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, which
involved the Awgu Formation. It is now clear that the extensive transgression that deposited
the Imo Formation marked the termination of the Anambra Basin regichéeralded the

Niger Delta of which the formation is the oldest lithostratigraphic ((Nwtajide, 1990).
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Thesoical |l ed AAfi kpo Basino is considered a
for this position is that it is the result of the same Santon&mibtectonic event in the southern
Benue Trough. Besides, there is really no physical separation or 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 IMjde (2014). The sediment packages are both common and
continuous southeastwards across the Afikpo 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 Olje, 2009).

I:] Tertiary - Recent
sediments

[85P | Jurassic Younger Grantes
Tertiary voicanics - iy
D Precambrian Basement
- Cretaceous E]
Major (reference) town
[[BF ] Benin Fiank e ’

CF | Calabar Flank

Figure 2.1:Geological map of 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 adoubly indented base (Nwajide, 2014). The western boundary should be taken
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as the Okitipupa Ridge, a tectonic feature that demarcates the Dahomey Basin from the Lower
Benue Trough, even though the two depressions originated from the same event, i.e. the
separation of the African Plate from the South American Plate. To the northwest the basin
directly overlies the basement complex, as seen between Auchi and Igarra irethertiasea

in the northern paf Edo State, as well as the sediment/basement ¢drgteeen Itobe and
Anyigba in Kogi State. The occurrence of numerous outliers of sedimentary facies on the
basement area north of Auchi as reported by Hoekey. (1986)suggests that this boundary

has been shifting southwards. The boundary with tha Baksin is not sharp. Rather, there is

an interfingering relationship and thus the cartographic demarcation has to be arbitrary. The
northern boundary is with the Basement Complex of Kiefvamba area, intruded by the
Younger Granites. The lower basin bbdary, i.e. the demarcation from the facies of the central
and southern Benue Trough is an onlap marked by an angular unconformity between Awgu
Formation and Nkporo Shale. The top boundary is also regarded as an unconformity between
the Nsukka and the ImBormations (Avbovbo and Ayoola, 1981) while other authors did not

indicate unconformity between Nsukleormation and Imo Shale (Figite).

25



Simpson, l954iR:vmem. 1965 Murat. 1972 |Petters & Ekweozor. 1982 Hoque, 1977 | Nwaiide, 1990 | Ojo, 1992 | Obaje, 2009
Imo Fm
Paleocene ‘ Ameke/Imo
Imo Shale Imo Shaltﬁe" Imo 7Shale” Wsukks T Imo Shale Nsuldki Fin Neakla
Nsu<ka Fm [—
Upper Coal — Ajali S/St |Nsukka Fm | Ajali/Owelli
Measures |VSukka Fm Ajali S/St | Ajali S/St e il a
e False —t
o bedded o Mamu Fm
& S/St Ajali S/St %
o e Ajali S/St s Mamu Fm
= s = Mamu Fm M F Ajali S/St
'g' White S/St S — . AN
Lower Coal g ( Mamu Fm
= Measures = Mamu Fm Nkporo Shale Mamu Fm
'~ ' Nkporo/ Nkporo G:
Nkporo - [ = poT P P
® Enugu Shale Sh;)le & > | & Onwelli S/St Owealli S/St
5 - " 2 | Enugu /Enugu ’Nkv :
= Awgu Fm | Nkporo Fm T | ’ % | Shale Shale SEEPOND Nkporo/
3 | E ) \ | including | Shale/ Enugu
= Nkporo | ‘ \ Lokoja & |=nugn Shale
Shale J \ Lafia S/St_|Shale
U VVWWWWWWAAVWAAANVYWAVAMVAAAAAMAAAA

/\/\MM Unconformity

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) .
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2.3  Regional Tectonicand Stratigraphic Setting of the Anambra Basin

The origin of the Anambra Basin is intimately related to the development of the Benue
Rift. The Benue Rift was known as the failed arm of a trilate fracture (rift) system, during the
breakup of the Gondwanasercontinent and the opening apthe southern Atlantic Ocean
in 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 theAptian 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 wit
mudrocks, sandstones and limestones with an estimated thickness om3(bl0at, 1972;
Hoque, 1977). These sediments belong to the Asu River Group (Albian), the Odukpani
Formation (Cenomanian), the Ezeaku Group (Turonian) and the Awgu Shale (Coniacian)
(Table 2.2. During the Santonian, epeirogenic tectonics, these sediments underwent folding
and uplifted into the AbakalikiBenue Anticlinorium (Murat, 1972) with simultaneous
subsidence of the Anambra Basin and the Afikpo salsins to the northwest disoutheast
of the folded belt respectively (Murat, 1972; Burke, 1972; Obi, 2000; Mode and Onuoha,
2001). The Abakaliki Anticlinorium later served as a sediment dispersal centre from which
sediments were shifted into the Anambra Basin and Afikpo Synclihe. Oban Masif,
southwestern Nigeria basement craton and the Cameroon basement complex also served a
sources for the sediments of the Anambra Basin (Hoque and Ezepue, 1977; Amajor, 1987,
Nwajide and Reijers, 1996a and b). Fig8 is the summarized stigraphy of the lower
Benue Trough and the Anambra Basin. After the development of the Anambra Basin
following the Santonian epeirogeny, the Campaniaarly Maastrichtian transgression
deposited the Nkporo Group (i.e the Enugu Formation, Owelli Sandstipero Shale,

Afikpo Sandstone, Otobi Sandstone and Lafia Sandstone) as the basal unit of the basin,

27



unconformably overlying the Awgu Formation. This was followed by the Maastrichtian
regressive event during which the coal measures (ie the Mamu, Ajdisakéta Formations)
were deposited. Fige 2.4 is the geologic map of the southeastern Nigeria indicating the

Anambra area.
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Figure 2.3 Summarizedstratigraphic successions in the Benue Trough, Anambra Basin
and the Nigerian sector of the Chad B4gifier 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 extension of
the Atlantic Chain fracture associated with the initial opening of the BenugIT (Benkhelil,

1982; Obiet al, 2001). The subsidence was in response telp@stie 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
theBenue Trough was a longitudinally faulted crest whose eastern half subsided preferentially
to become the Abakaliki subbasin (or the Lower Benue Trough). The western fragment
remained a stable platform up to the Santonian. ,Tihessubsided eastern p&aecame an
important depocentre relative to the platform which received only a veneer of clastic and
chemical sediments. Following the Santonian folding and uplift, the main depocentre in the
Lower Benue Trough, i.e. the Abakaliki area, became flexuialigrted, 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 prdlbian time, low in the lower Cenomanian, andwer
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 creation, a process that
gained momentum in the Coniacian and climaxed during the Santorramotiectonic event
Nwajide (2014). Thus the localised subsidence on the western reach of the Lower Benue
Trough and the continued sea level rise into the Coniacian, led to the development of the
Anambra Basin (Ojoh, 1990). It should be noted however seitnentation started as far

back as Turonian or even earlier on the submerged Anambra Platform. The rate of westward
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migration of the depaxis was of the order of 10 km/My or 1 cm/year, and gradually effected

the tectonic inversion between the Abakatégionand the Anambra Basin (Nwajid2)14).

The Upper Campanian to Maastrichtian successioenewed rifting produced the
main posti Santonian depocentre, the Anambra Basin (Zaborski, 1998). Close to the
northwestern margin of the basin, Jones (198&)tified a series of parallel monoclinal folds
in the sedimentary cover dipping steeply ESE suggestingi staplting of the underlying
basement. Allix (1987) regarded the Anambra Basin as bounded b$MErending fracture
or flexure zones which Alliet al (1984) correlated with the onshore extensions of the Chain
and Charcot fracture zones. Popetfel (1988) reported synsedimentary normal faults along
the eastern margin of the basin and subsidence rates of about 58Imfdviyhe Late
Campaniand 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 Anambra Basin and the Afikpo Syncline (Zaborski, 1998). According to Baudit)(19
and Maluskiet al (1995), they are related to underlying vertical flexure zones responding to
tectonic readjustment and pdsthermal relaxation of the lithosphere. Early activity (68 Ma)
at Katyo, south of Gboko, was alkaline in nature but dolesité3turkpo (60 Ma) and in the
Ugep1 Afikpo area (55 Ma) are tholeiitic (Hossain, 1981). Dolerites (49 Ma) occurring
southwest of Makurdi are the youngest known representatives of this phase (Makiski

1995).

According to Agagu and Adighije (1983)e¢ Anambra Basin can be divided into a
main southern AOnitsha Basino and a <cirec
separated by the NBE trendi ng @ Ns u ket al (1B88)gindicated 8 e n k
somewhat different basin structure with a circdipocentre west of Nsukka, containing over

6 km of sediments partly separated from a-lsabin south of "Onitsha, containing over 12
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km. According to Agagu and Adighije (1983), more tiBakm of the sediments in thetda

area may be of Cretaceous age witime 3 km being poSantonian; in the Ankpa Basin 3

km of PreSantonian and 2 km of peSantonian sediments were suggested. Subsurface data
(Allix et al, 1984; Agagtet al.,1985; Allix, 1987; Popofet al.,1988) confirm thicknesses

of 2-3 km for theCampanian 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 uplift (Zaborski, 1998). According to de Swardt and
Casey (1961) the Abakaliki anolinorium itself continued to show gentle uplift during the
latest Cretaceous, demonstrated by thinning of the Caridaastrichtian formations and

lateral facies changes into sandy lithologies over its axis.

Murat (1972) envisaged the Campaviaastrichtia cycle as beginning with a Late
Campanian transgression during which dominantly argillaceous sediments accumulated, these
beds extending southeast onto the Calabar Flank and to the northwest passing laterally into
sediments in the Bida Basin. A conformmbsuccession comprising the Mamu Formation,
Ajali Sandstone, and Nsukka Formation lies above. Murat regarded these formations as
paralicand continental respectively. Other authors (Ladipo, 1988a; Cetuakl 1991) have
shown that the Anambra Basin wasbjected to marine influence to a greater or lesser extent
throughout the Late Campanian and Masstrichtian. Peak transgressive conditions, however,
occurred at the beginning of the cycle. During the very late Campanian marine conditions

probably affectedhe entire length of the Benue Trough, as well as parts of the Bida Basin.

The sedimerit filled depression in the Afikpo area is considered a part of the Anambra
Basin. The area was involved in tectonic inversion that produced the depocentre to the west

of the Abakaliki Anticlinorium. Sedimentation in that area, which is centrdle south of
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southeast of Abakaliki, is dated to have commenced in the Santonian into the Campanian,

using thepalynofloral syncolporites lisamae subtiasdAuriculidites sp(Ojoh, 1990).

In the southern Nigeria stack the Anambra Basin is sandwicbiceen the Benue
Trough and the Niger Delta. The main implication of this is that, after the Santonian
thermotectonic event, there must have been a thermal decay that produced a sag on which a
least part of the Anambra Badecame superimposed (Nwaji@®14). In the same manner,
the establishment of the Niger Delta sedimentary regime from the Palaeocene must have taken
advantage of a continued thermal sag. According to McKenzie (1978), there is usually a
distinct thermal sag stage involved in pbsift basin formation in response to the cooling
and contraction of the lithosphere and the asthenosphere that were thermally perturbed during
the earlier rifting process. The isostatic response to such cooling is a flexural subsidence of
the crust, such thahagmatism would rapidly decrease and then cease altogether, such as
developed along the western margins of thau&¢ Gongolai Bornu fold zongBenkhelil

and Robineau, 1983; Guiraetial.,1992).

The resulting basin has an apparently simple structorgfiguration, being a broad
syncline plunging gently south of southwest beneath the Niger Delta. However, Benkhelil and
Robineau (1983) observed that in the Anambra Basin there are lineament trends ranging from
017° to 040°, thought to be comparable tostnin the Gongola subbasin of the northern
Benue Trough. Fractures within the Anambra Basin trend may have acted as transverse faults
to the Benue Trough sinistral faults for the opening of the rhomb basin$ guakt basins).

It is also likely thathe same faults may have been active during the compressional phases
that determined the folding along 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 fracturerid, there are subsidiary concentrations of
linear fractures, notably the lineaments trending between 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, whiawincides with the Bida Basin and Mamfe embayment. In
the Anambra Basin the features of this trend may have influenced sedimentation, both as
distribution of facies and as continuities along which sedimentaltg faay have developed
(Nwajide,2014). Thee are also numerous normal faults whose trends are consistent with the
trend of the lineaments identified 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 time interval from Santonian
to Early Palaeocene (Danian), i.e. an absolute time span of 60Ma. There were two marine
transgressions a major one (the Nkpo transgression) and a less extensive one (the Nsukka
transgression). Stratigraphic packaging is thus conveniently divided into tiae Nkporo
Group and the Coal Measures. The former is so called because the Nkporo Shale as a
formationthat has severdhateral (age) equivalents. Sedimentation in the basin started with
the late Campanian Nkporo Group (Reyment, 1965; Zaborski, 1983). The latter is separated
from the PreCampanian strata of the adjacent Abakaliki Bagia typel sequence bounding
angularunconformity (Nwajide and Reijers, 1996b). The Nkporo Group corafists
() the basal Nkporo Shale (Petters, 1980; Arua, 1988);
(i) the Owelli Sandstone, and
(iii) the Enugu Shale

To demonstrate how farreachingandalli ncl usi ve t hehausxage s

Reymend $1965) correlation of formations around Nigeria shows it to range from Lower
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Maastrichtian to Danian in the western coast of Nigeria, and further inland rests on the
basement and is equivalent to the basal part of the Abeokuta Graaipjsvn turn equivalent

to the Ajali and the Nsukka Formations. In eastern Nigeria, Reyment (1965) shows that the
Nkporo Shale to be Lower Campanian overlain by the Mamu Formation, which is Lower
Maastrichtian. This correlation assumes continuity inggaegraphic conditions across the
entire southern part of Nigeria during the Cretaceous. In southeast of Nigeria, Reyment (1965)
observed that fAit seems that Nkporo Shal e

and that the codl cycle beds aramhei e qui val ents of the wupper

The Nkporo Group is succeeded by the marginal marine mudstones and sandstones of
the Mamu Formation (Maastrichtian), which in the area north of Awgu, contains about five
coalbearing tidalintertidd cycles that reflect the infilling of the bay head of an estuary
(Reyment, 1965; Nwajide and Reijers, 1996c¢). In the more distal basinal areas south of Awgu,
the Mamu Formation is dominated by cycles of carbonaceous fissilei chedditic
mudstoneisoolitic sandstone deposited in shallow stskibreface environment (Akande and
Mucke, 1993; Obi, 2000).

The Mamu Formation passes upward into profusely dredsled tidal channel/fluvial
channel deposits that constitute the Maastrichtian Ajali Sandstone (L49§®). At the top
of the CampanidrMaastrichtian succession is the Nsukka Formation (Late Maastrichtian)
which consists of carbonaceous mudrocks and sandstone similar in lithologic character to the
Mamu Formation (Reyment, 1965). The Tertiary strata cmimg the Imo Formation and
Ameki Group unconformably overlie the Nsukka Formation. These stratigraphic units
maintain a gentle offlapping arrangement, with younger units occurring successively to the
southwest (Obet al.,2001).

2.6  Systematic Lithostratigraphy of the Late Campaniani Maastrichtian Succession
of the Anambra Basin
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The Late CampanianMaastrichtian lithostratigraphical succession for the Anambra
Basin has beemstablished by various authdifer example Wilson, 1925; Tattam, 1944;
Growe, 1951; Simpson, 1954 and 1955; Reyment and Barber, 1956; Reyment, 1965; Cratchley
and Jones, 1965; Burke¢al.,1971; Murat, 1972; Dessauvagie, 1975; Offodile, 1976; Kogbe,
1981a; Ayoola, 1981; Ekweozo, 1982; Agasjal., 085; Hockeyet al, 1986; Oph, 1990;
Ladipoet 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 &imaigu In the
south these are marine shales (Offodile, 1976) but towards the southwest, they pass into the
arenaceous Otobi Sandstones. The Nkporo Group unit is unconformably overlain by the
Mamu Formation or Lower Coal Measures (Cratchley and Jones, THfiflile, 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 agdstesediments in the

Lower Benue area was deposited. This is the Nsukka Formation, or the Uppkte@sates.

2.6.1 The Nkporo Group

After the folding and uplift of the initial axis of subsidence in the Santonian, deltaic
sedimentation and formation cbal swamps became prevalent during the final Campénian
Maastrichtian infilling of the basin (Petters, 1982). In geneh@ Nkporo Group (Nkporo
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 characteristically form loiv lying topographic forms, and are of shallow water

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

2.6.1.1Nkporo Shale
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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 SheHBP) for which Reyment (1965) estimated a maximum thickness of 1000 myAgag

et al (1985) reported a maximum of over 350 m in the subsudb&aambra 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 mmatosiconformity
(type-1 sequence boundary) formed by subaerial exposure and fluvial incision during a fall of
relative sea level (Weimer, 1984; Van Wagoaeal., 1990), which is coincident with the
regional Santonian deformation. Evenly laminated spatsely burrowed black shale, thinly
intercalated with silt, sand and linmud reflects deposition in a quiet water/muddy shelf
(Daviset al.,1989; Walker and Plint, 1992).

The formation consists primarily of dark grey fissile shales and mudstones, ofte
pyritic or gypsurAbearing (Zaborski, 1998). A variety ® subordinate lithologies occur
including sandy shales, shelly limestones or calcareous noddle beds;mggkd fine
grained sandstones, coargeained sandstones wit@phiomorphaand chamositicor
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 ofastropodsandbivalves includinginoceramids, wereeported
by Simpson (1954) and Reyment (1955b). The €abtacoplumas common in horizons
that also contaimmmoniteqCollins and Morris, 1975). Agaget al (1985) regarded the

Nkporo Shale as a shallewater deposit but depths cleavlaried considerably.
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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 ébtimation containg.
dandense(Howarth) andheteromorph ammonitegdicating 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 mdte of 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 pa of the Afikpo Syncline the Nkporo Shale encloses major lensoid
sandstone bodies, the Afikpo Sandstone (Reyment, 1B68hly or conglomerati€;oarse
grained sandstones with erosive bases and epsilonlmedding occur here, as do thin coal
seams assmted with shales (de Swardt and Casey, 1961). The Afikpo Sandstone appears to
represent a local fluvideltaic development. Reyment (1965) reported maosteacods,

foraminifers, gastropodandbivalvesfrom calcareous parts of the unit.

2.6.1.2 Owell Sandstone

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 aeg (2861), Agagu

et al. (1985) and Agumanu (1993). Prominentl@ mthick, often ferruginous sandstones
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displaying trough or planar crebgdding with sets up to 2 m thick are present. Foreset
inclinations indicate a westerly to southwesténiglined paheoslope. Quartz pebble or clay

clast conglomerates occur at the bases of these units which pass upwards into laminated anc
ripple-bedded sandstones associated with kaolinitic clays (Zaborski, 1998).-dcalge
channelffilling sandstone bodies also occufowards the top of the Owelli Sandstone
interbedded fingrained sandstone, siltstone and shale successions appear; the shales contain
poorly preserved gastropods, wood and leaf fragments and enclose thin coals (Zaborski,
1998). Agumanu (1993) regardece tBwelli 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 withe open marine Nkporo Shale and the presence of
sharpbased progradational parasequences are consistent with deposition in estuarine channels
(Allen, 1993). Shallow marinkivalves, gastropodandOphiomorphanodosa are typical of
near shore, possiblpwer shoreface conditions (Curran and Frey, 1977; Frey and Howard,
1985; Martino and Curran, 1990). The observed Haigle cross stratification results from
the migration and aggradation of moderstale bed forms and is consistent with deposition
from drong, dominantly unidirectional currents on bars in a channel (Miall, 1992).
Herringbone crosbedding and reactivation surfaces provide evidence of bidirectional flows
in a subtidal setting (Smith, 1988). These features and the associatio®phitbmorga
verticalis which 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 channel located in the freshwabeninated upper pbon of an estuary.
Assaociation of rhythmic alternation of mudstone and thin lenses of sandstone with wave ripple
laminaton, lenticular bedding and planaedding, is typical of sedimentation in subtidal and

intertidal systems (Boersma and Terwindt, 198Dthero and Schwab, 1996; Obélnenobe
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et 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 establishment of
estuarine conditions (Reeck and Singh, 1980; Dalrymple, 1992).

No direct dating is available for the Owelli Sandstone; it contains no known
microfauna (Agaget al, 1985). On the basis of its stratigraphical position a Late Campanian
(to Early Maastrichtian?) age is probal#leninimum exposed thickness of 80 m was reported
by Agumanu (1993). Agaget al.(1985) estimated the thickness of about 50 m in outcrop but
increasing to around 400 m in the subsurface to the west. Allix (1987) identified major
southwesterly progradingdlta 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 the distal part of 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 sandstones, occasional shales
and an impure coal abb1.5 m thick overlie folded Pigantonian shales. Simpson (1954)
described 2¢B0 m of breccia comprising sandstone and shale fragments set in a carbonaceous
matrix at the base of this succession (see also Ojoh, 1990). Agumanu (1993) regarded this as
a channel lag deposit lying upon an erosabaurface. 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, while Ojoh (1990) referred them to a séfjaudidls
Formation; he recovered a palynoflora indicative of a Maastrichtian age along with

dinoflagellatesand marginal marinarenaceous foraminifers

2.6.1.3 Enugu Shale

To the north of Agbani the Owelli Sandstone passes laterally into a farthiésiceous

facies, the Enugu Shale (GrovE951). The formation comprisegey-blue to dark grey
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mudstones, shales and silty shales, often carbonaceous or gypating. Occasional white
fine-grained sandstones, siltstones and sandy shales occur aaswsdptarian 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 marindivalvesandgastropodsLibycoceras afigoenseoccurs in the lower part

of the formation northeast of Enugu (Reyment, 1955). Foraminifers are rare or absent (Agagu
et al.,1985). The palynoflora is diverse and of similar composition to that of the Nkporo Shale
(Edet, 1992). Dinoflagellates ocamrsome abundance (Mebradu, 1990, Coetall.,1991).
Although the lower part of the Enugu Shale contains marine molluscs inclondogramids

the other part of the formation was deposited under less open marine conditions than the
Nkporo Shale. Couteet al. (1991) regarded the Enugu Shale as of prodeltaic origin passing

at the top into lower delta plain deposits.

In the northern part of the Anambra Basin [Ankpa Basin of Agagu and Adighije
(1983)] the Enugu Shale passes laterally into largely arenadecies 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)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 south (Ladipo, 1988). Around Enugu it is made
up of a laterally variable succession of fine tedimmgrained weHbedded sandstones,
shales, mudstones and sandyales, frequently bioturbatedCarbonaceous shales and
sandstones are common. Shale units reach greater thicknesses to the north of Enugu. Shals
and sandstone may alternate rapidly; oxidiparts of such lithologies comprise the "White
Sandstones” of Simpson (1954). Crbssided sandstones and charfilieshg sands occur

only rarely. Synsedimentary slumps or convolute bedding are common (de Swardt and Casey,
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1961; Ladipo, 1988; Courdt al 1991). Coarseningpwards sequences, each somanl0

thick, were reported by Couret al.(1991).

2.6.2 The Coal Measures

Centred in Enugu but extending far north to the Owukpa area north of Nsukka, the
coal measures represent an extensive Maastriantenval and document a period of nion
marine alternating with shallow marine sedimentation in the Anambra Basin. The facies attain
over 900 m in thickness. The basal 100 m is the Mamu Formation. The top 400 m is the Ajali
Formation which is in turn suceded by a further 300 m Nsukka Formation, also referred to

as the Upper Coal Measures.

2.6.2.1 Mamu Formation

Subbituminous coals occur in the Mamu Formation in the central and northern parts
of the Anambra Basin. The seams are generally laterally imfmsand vary in thickness
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, 1961); the middle coal is the thickest of about
2 m. Courelet al. (1991) reported significamtumbers ofdinoflagellatesbelow the coal
bearing part of the Mamu Formation, inferring a lower delta plain environment of deposition
for these bed®inoflagellatesalso occur immediately below, above and exceptionally within
the coals indicating the prority of marine environments throughout. They regarded the coal
bearing sequences, containing seat earths in places, to have formed after the infilling of the
prodeltaic system represented by the Enugu Shale. Repetitive, coatgewengls sequences
were nterpreted as the result of shallowing into conditions intermediate between swamp and
lagoon when coal formation took place. These-lgwg environments were then inundated
by the seaOphiomorphaand Thalassinoidesvere reported from beds directly oveny
coals. Retreat of marine environments was attributed to intervals of sediment infilling rather

than general regression. Agagual (1985) regarded the Mamu Formation as representing
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strandplain to deltaic environments, evolving into more open sti@ndgystems, Ladipo

(1988) suggested a variety of estuarine and shallow marine conditions with tidal flats present
even in the most northerly part of the Anambra Basin. Akahdé (1992a, 1992b) regarded

the coals of the Mamu Formation as hgvatcumiated in forest andharsh swamps within

delta plain environments. Salami (1990) identifiedynomorphgharacteristic of freshwater
swamps or marshes populated by ferns and fringed by shrubs and palms; they were thought
to have been inundated on occashon brackish waters. Arenaceous foraminifers occur

sparsely in carbonaceous shales (Agetgai., 1985).

To the south of Enugu coals rapidly disappear and carbonaceous shales 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
calcareous foraminifers. Where the Mamu Formation crosses the axis of the Abakaliki
anticlinoiurn 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 arenaceous and calcareous benthonic foraminifers/endicati
"prodeltaicto lagoonal and interdistributabay, brackish water to open marine environments

(Gebhardt, 1998).

Owing to thelack of agediagnostic faunas, precise dating of the Mamu Formation is
difficult; buton the basis of its stratigraphical pims, an 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 (198#npson (1954), de Swardt and Casey (1961)]

which has anoverall blankefike geometry”(Ladipo, 1986; Allk, 1987). Its maximum
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thicknessan the catral part of the Anambra Basis some 508600 m (Simpson, 1954; Allix,
1987).According to Simpson (1954 thins to the south anabout 200 m occurring where

its outcrop crosses the axis of the Abakaliki anticlinorium though only a few tens of metres
were reported from this area by Ladipo (1986). The formation mainlpises friable, clean,
mediumto coasegrained, subangular to subrounded, poorly sorted, white to grey, sometimes
iron-stained quartz arenites [in contrast to the feldspathic nature-&dPtenian sandstones,
those of CampanMaastrichtian age are quartz arenites (Hoque, 1977)]. {bexidng is
virtually ubiquitous; smaidkcale trough crosBedding occurs but tabular varieties are
predominant. Solitary units-2.5 m thick are present but in most cases there are superposed
sets each 60 cm or less in thickness. Foresets are frequently rogréegtading of coarse

and mediurgrained sand. Pebble or granule beds also occur. White to pink laminated
mudstones are a subordinate lithology; they frequently contain plant impressions (Rao and
Kumaran, 1981)The Ajali Sandstone contains faggainedand calcareous sandstomeshe
subsurface Anambra Basin; here there is a greater proportion of shale, often pyritic or

carbonaceous and containiogtracodsand arenaceousraminifers(Agaguet al, 1985).

Murat (1972) regarded the Ajali Sandstone agioental in nature. Hoque and Ezepue
(1977) interpreted it as a fluwgeltaic deposit on account of its unimodal, westerly to
southwesterly foreset inclinations, its poor to moderate sorting and the absence of fossils other
than plant remains. A derivath 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 particular the prese@ghaimorphaand
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 palaeoenvironment:
Skolithosand Ophiomorpha bipolarbimodal current azimuths; and reactivation surace

inferred tidal origin. Ladipo (1986, 1988a) suggested a subtidal to tidal origin for the Ajali
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Sandstone with a gradation into more paralic deposits in the subsurface. Shuaedites
sand bodies intercalated with shelf muds were suggested witmiaahtly southerly (ebb)
current responsible for the largeale cros$®edding. Intermittent storms produced coarse
sediment lags. Allix (1987) regarded the Ajali Sandstone as fluxdaltived but reworked in

a marine environment. Amajor (1984) suggestbdnnelled intertidal flat environments
grading landwards into continental deposits. The lack ofdsgnostic fossils precludes

dating more precise than Maashtian for the Ajali Sandstone.

2.6.2.3 Nsukka Formation

The youngest of the Cretaceous fatians 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 frequently deeply
weathered (Hazell, 1958). Simpson (49Beported 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 the Mamu Formation.
The following general successi 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 sandstones;

i) 10 m of blue clays, fingrained clayrich 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 and coarsgrained sandstones.
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Detailed accounts of the aboccurrences 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 subordinate shales or sandy
shales. No coals occur here bhin oystefrich limestones containing the bival\ieniella
occur in the upper part of the formation. In the Afikpo Syncline a few thin coals are again
present and shelly limestones containistyacodsandforaminifersoccur; especially to the
east. In tle subsurface Anambra Basin dark grey, pyritic, glauconitic and calcareous shales

are present (Agaget al, 1985).

In that part of the Anambra Basin west of the River Niger beds referred to the Nsukka
Formation by Reyment (1965) [Coal Measures" of Hockeet al. (1986)] directly overlie
the Precambrian basement. The Nsukka Formation here consists of sandstones, shales
calcareous sandstones, limestone containing Maastridiatiaminifersand ostracodsand
sandy shales with plant remains. A basal conglomerate or pebbly sandstone is present and thir
coal seams occur. From exposures northeast of BenifRe&yynent (1955a, 1957a) described
the ammoniteSphenodiscus studgiiReyment) and the bivalvendocstea coxi(Reyment)
and suggested a Late Maastrichtian dgecpxialso occurs in the mitMlaastrichtian part of

the Nkporo Shale in the Calabar Flank].

Simpson (1954) reported the presence of (unspecified) Paladocaménifersin the
upper part of theNsukka Formation which therefore appears to contain the Cretaceous
Cenozoic boundary. On the basisdifioflagellateand ostracodsoccurrencesMbuk et al.
(1985) and Kumaran and Rajshekhar (1992) suggested that the boundary lay within a
conformable sequee of clays, shales, sandstones and limestones of inferred shallow

sublittoral to tidal orign in the eastern Afikpo Sytfine. Allix et al.(1984) reported an abrupt
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turnover of palynofossils at the inferred CretaceGesozoic boundary in the subsurface

Anambra Basin and suggested that a hiatus might exist at this leve

CHAPTER THREE
METHODOLOGY

3.1 INTRODUCTION

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

granulometric analysislirectional structures were measureddaleocurrent analysis.

3.2Desk Study

This involvesliterature review oboth published and unpublished materialevant

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 takedirectional bearing were obtainetth the aid of compasdong

major roads and mindootpaths while sampling of rock units was carried out concurrently
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where there are exposures of surface outcrops. However, much attention was devoted to
locating stréigraphic outcrop secti@which are mainly exposed along river banks and road
cuts Along these river banks, it was ea®ylocate and describe geological contacts or
boundaries. Because of the large area invglitedas necessary to use motor cycle lestw

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
description such as; lithologies, colours, sedimgrgaucturefrom each unit and date of the
sampling wereslearly indicated on the sampbags and all the relevant datare written in

field 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. Lafdadiomdaries
and elevation werebtained using théGlobal Positioning System). The samplesre well
labelled and keptn separatesample bags for analysis in other to avoid contamination.
Sedimentologic @phic logs were drawn for each sect&tndied The paleoenvironmetal
interpretation was attempted based on facies association, sedimentduoyestand textures,

and granulometric analysis.

3.4  Laboratory Sample Preparation and Analysis
3.4.1 Granulometric Analysis

Granulometric analysis (sieve analysis) was carried out on samples from Mamu
Formation and Ajali Sandstone in the Department of @ppKogi State University, Ayingba
and Ahmadu Bello University, Zaridhe primary aim of sieve analysis is to determine

particles size distribution and other grain size parameters like sorting, skewness, mean and
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kurtosis. A totabf 23samples from MamEBormation and Ajali Sandstone were selected from

different locations fothe sieve analysis.

The Samples werériable. Theweights of the bottom pan arseglected empty sieves
with slot sizes 0{2.0 mm 1 mm, 500 pym, 250 um, 125 pum af8 pum) and 100g oéach
disaggregated samples were obtained by wegricweighingmachine The required sieves
were arranged according to decreasing mesh sizes with the smallest opening at the bottom
which collects the finest grain artle top is covered witalid. The sieves and the bottom
pan were fastened to the mechansgial’eshaker(R, Top), and 100 g of the samples poured
into the uppeanostsieve. The machine was allowed to shikeen (10) minutes. Sediment

fractionson each of the sieves and the bottom pan 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 sidtars
sh&king. The results from the sieve analysis are gl in a tabular form (Table 4.1and

Appendix ).

The cumulative frequency curves resulting from the analysis are shown in (Appendix
1) . From the cumul ative frequdérdy dbBOV E,75
0495) were obtai ned dgrain sizesparameterssutchdaaphicanedn,c u |l a
sorting (graphic standard deviation), graphic skewness and graphic kurtosis; the results of
these parameters for each of the samples weutatad and shown under result sectidhe
statistical parameters of the grain size frequency distabutiere obtained and computed

usingthe method of Folk and Ward (1957).

These were used as independent function or combined in multivariate asatyss
the LDF and CM patterto interpré the depositional environments and processes. For the CM

pattern,parameter C (one percentile of the grain size distribution) and M (the median) were
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plotted with phi values of the C and M obtained from cumulative sunvehi and converted

to micronsusing the standard formular um= & 1000(Figure4.14).

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

1 Gaphic mean (M) = €16t 5oty aa
3
2. Gaphic Sandard Deviation (sorting)  (I) = €s4- €16+ €95 &5
4 6.6
3. InclusiveGraphic Skewness (Ski) = €gat€16-2E50 + 95+ £5-2€50
2(€84-£ 16) ZEo5-€5)
4, Gaphic Kurtosis (Kg) = £95-€5

2.445‘5 75-é 25)
M: Graphic mean standard values

Phi (¢ ) value Size class(Wentworth, 1922)
-1.0to Q0 Very coarsegrained sand
0.0t01.0 Coarsegrained sand

1.0to 20 Mediumgrained snd

2.0t0 3.0 Fine grained sand

3.0to0 40 Very fine grained sand

4.0t0 8.0 Silt

8.0 to 140 Clay

I: values Gaphic phi séndard deviation

Phi standard deviation Verbal sorting

<0.35 Very well sored
0.35t0 0.50 Well soried

0.50t0 0.70 Moderately well soried
0.70 0 1.00 Moderately sored

1.00 to 2.00 Poory soried

2.00 to 4.00 Very poaly sored
>4.00 Extremdy poarly sored
Ski: Graphic slewness $andard values
Calculatedskewness ¥rbal skewness (Hg.)
>+0.30 Strongly fine slewed
+0.30 to +0.10 Positivelyskewed
+0.10 t0710.10 Nea symmetrical
710.10t070.30 Negativelyskeved
<10.30 Strongly coarseskeved

K G: Graphic kutoss gandard values

CalculatedKurtosis Verbal Kurtosis
<0.67 very platykurtic
0.67 0.90 platykurtic
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0.901.11 mesokutic
1.11-1.50 leptokutic
1.50-3.00 very leptokutic

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 be fully specified in terms of its dilestbdgnamic
aspects by reference to a single type of bedform or its internal structure (Allen, 1965). The
practice of measuring one foreset in each estrgtified layer, as advocated by Potter and
Olsen (1954), was adopted in this study because trabitdy at an outcrop is usually greater
between than within crodsedded units. Furthermore, this approach yields the best estimate
of foreset dip directions for a given number of measurements (Potter and Pettijohn, 1963).
Foreset dip directions of crostrata 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 sandstone dfetie Mamu Formatiorfor
thisstudy a "location” is taken to include all readings taken from the sand body within a radius
of 100 m. Generally, a location contain® butcrops ranging in thickness from 3 to more
than 100 m. The recorded maximum number of readings per location i©#Bciidn for
tectonic dip was not made because the dip values of the Ajali Sandstone anoihsabelds
of Mamu Formatiorare generally less than 8Fhis is because Selley (1976) suggeises

tectonic dip corrections for such low values does not sagifly affect the interpretation.

Current roses were plotted and standard deviations comyUialol€ 4.4 and 4).
Each arrow on the paleocurrent map represents the arithmetic mean of readings from a
location. Accading to (Potter and Pettijohn, 1977)shmethod is preferableehen most

measurements fall within a few quadrants as is the case in this study.
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3.4.3 Data Processing and Compilation of Report

This is the final stage. This is done through the collection of all detabtained from

individual methods adopted together, process and then report writing.

Desk Study

_ V
Literature Reviw

v
Field Work

l

j/ Laboratory Analysis l

Granulometric Paleocurrent
Analysis Analysis

Data Processing and
Compilation of Report

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 each sedimentary environment exhibit uniqadéferent
characteristics and properties that distinguished them from sediments of different

environment.

Stratigraphy is defined by Whittaket al. (1991) as the description, defigimand
naming of rock unitsHedberg (1976), defined lithostratigrapls/atool 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 formations which ates Nkporo Shale, Mamu Formation

and the continental Ajabandstone were studied (Figuré&)4.

4.2.1 The Nkporo Shale

This formation is the oldesharine deposit in tharea.Reyment1965)estimated
a maximum thickness of 100 and Zaborski (1983 described this marginal marine
sedments that made up the Nkporbiadeto cosists of dark grey fissile shales, sandy
shales and mudstoneBwro sections of the NkporoHale were studied anddged. Plates
| and Il and Figures 4.2 and 4sBow exposures of this formati@mcountered along a
road cutnearAchagovillage and along a road cut northidkunubetown with thickness

of 362 m and 5.0 m respectively
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Lithologic descriptions of Nkporo Shale section exposed in the northern part of

Achago townjs hereby presented from base to top. It comprise(ipfia4 m thickdirty

white to dark orangdéaminated bioturbated siltstone overlain by Qi m thick miky

whiteto dirty red silty claywhich passes upward infm) 1.5 m thick bed of ferruginized

amber to dark grey weakly stratified siltstomneth erosional base underlyir{ey) 0.8 m

thick bed ofdirty redsiltstone with rings ofrbn stain which is overlain by) 0.12m

thick bed of lateratizediléstoneat the top (PlateandFigure4.2).

Plate I: Nkporo Shale exposed near Achago villagkotograph showing whitish to dark
orange laminated bioturbaté¢ithe 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 Silts{(@gh&9' 48.1"N, 6°
47' 02.8'E).

Figure 4.2:

[NAME|AGE| (M) JLimHOLOGY | STRUCTURES

DESCRIPTION

NKPORO SHALE
Campanian - Maastrichtian

|| 858

Lateratized siltstone

Reddish siltstone with rings o
iron stain

Ferruginized amber to dark
orey weakly stratified
siltstone with erosional base

Milky white to reddish silty
clay

Dirty White to dark orange
bioturbated silistone

SILT
V¥

CLAYH

P LEGEND

$55 Jo

] clay

Lithostratigraphic sectioof 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 exposed in the northern part of
Ukunube town, comprising of(8 2.8 m thickof light grey to milky white siltstone which
pass upward into @) 0.8 m thick of greyto dirty bluemudstoneintercalated with sandy
shaleoverlained by diii) 1.4 m thicklight grey to milky white siltstonestminating the

section(Plate Il and Figurd.3).

Platell:  Nkporo Shale exposed north bkunube town. Photograph showing fine
grained sandstone which passes upward into a intercalation abdskiesh
mudand siltstone overlaihy a fine grained sandste(070 21 15.1'N, 06’
47 06.2'E).

N.-n-uzi ACE

LITHOLOGY __[STRUCTURL: DESCRIPTION

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

= T T T LEGEND

Siltstone
E Grey to bluish mudstone
imercalnted with sandy shale

Figure 4.3 Lithostratigrahic section of the Nkporo Sha&posed north of Ukunube to@i7°
21' 15.1'N, 0847 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. Seven sections of the Mamu Formation were studied
and loggegandtheycompriseanalternation ofed to whitish medium to coarggained
planar laminated salstone overlain by white coarse to medigrained cros$ bedded
sandstone with cross teéing striking northwestWith sedimentary structures such as
trough herringbone and tabular cross bedding with erosive base. The bed$idipse5
direction of northwest. This transit into amtercalation of white and red tabular cross
bedded moderatesorted fine to mediungrained 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 the descriptions of sections of the Mamu Formation in the study area.

A 27 m thick exposure studieth the northeastern part of the study area
(southwestern part of Ojodu town) and consists of a bedi)o8 m thick of evenly
laminated dark grey fissilghale, thinly intercalated witiilky white clay andight grey
mudstone overlain by a (i) 9 m thick evenly laminated dark grey fissile shale, thinly
intercalated with light grey mudstone overlain bgiid 6 m thick intercalation of thick
grey mustoneandthin lens of dark grey fissile shale an@h\g 4 m thick intercalation D
light grey to milky white clayand sandy shale (Plate Il aftjure4.4). No trace fossil

wasobserved.

Lithologic descriptions of Mamu Formation section exposed in the wasaerof
Ojuwo Olijo town, comprises a 18 thick intercalation of grey fide shale and thin lens

of mudstonewith no trace fossil observed (Plate IV dfidure4.5).
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Plate Ill: Mamu Formation exposed southwest
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of jdu toWhotoraph showing

intercalation of grey 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 silf07° 20 44.9'N, 06° 55 09.2'E).
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Figure 4.4: Lithostratigraphic sectiomf the Mamu Formation exposed southwest of
Ojodu town(07° 20 44.9'N, 06° 55 09.2'E).
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Plate IV: Mamu Formation eposed west of Ojuwo o town. Photograph showing
intercalation ofgrey fissle shale and thin lens ofiudstong07° 20 59.1'N,
06°53 58.2'E).

NAME|AGE| (M) |[LITHOLOGY STRUCTURESIDESCRIPTION
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-------------
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[r—
.
- Mudstone
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Figure 4.5 Lithostratigraphic sectionf the Mamu Formation exposed we$tOjuwo
Olijo town (07° 20 59.1'N, 06’ 53 58.2'E).
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Lithostratigraphic descriptions of Mamu Formation section exposed in the western
part of Ajegwu town, comprising of@ 14 m thick dark grey fissile shaleith thin lens
of grey mudston®verlain by a(ii) 8 m thick bed of light to milky whitdissile shale
overlain by a (iii) 6 m thick intercalation of light grey sandy shale with milky white

claystongPlate V and-igure4.6).

Plate V: Mamu Formation exposedestof Ajegwu town. Photograph showing dark
grey fissile shale with thin lens of grey mudstoight to milky white fissile
shale overlain by intercalation of light grey sandy shale with milky white
claystong(07° 20 47.7'N, 06° 55 16.9"E).

Lithologic descriptions of Mamu Formation section exposed in the wesaetrnfp
Ojodu town, comprising 4m thick intercéation of grey fissile shalenudstoneand clay,

andno trace fossivasobserved (Plate VI anéigure4.7).
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Figure 4.6. Lithostratigraphic sectioof the Mamu Formation exposeagestof Ajegwu
town (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{@®20 49.9'N, 06° 56

00.3"E).
NAMEJAGE| (M) JLITHOLOGYftruCTURES|  DESCRIPTION
a4
ntercalation of grey
= issile shalewith
E E mudstone and clay
E | E e
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S |22
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e v T
Z (23
<
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e [ |
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< - —
d 7 Shale |=—— Lamination

Figure 4.7: Lithostratigraphic sectioof grey fissle shale, mudstomad clay of Mamu
Formationexposed west of Ojodu tow@7° 20 49.9'N, 06’ 56 00.3" E).

Lithologic description of section of Mamu Formation exposed neari{igge
comprisesa bed of(i) 0.8 m thick dirty white to yellovgiltstone overlain by &i) 0.3m
thick brown to amber red ferruginized siltstone which passes upward to a (iédlo3
m thick brownto milky white weakly stratifiedferruginizedsiltstonewith convolute
beddingstructurgPlate VIIb overlained bya(iv) 1.0 m thickdirty red toyellow siltstone
bed which is caped ky/(v) 0.4 m thick brown, dirty retb yellow lateratized siltstone bed

(Plate VIl andFigure4.8).
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(b)

Plate VII: Mamu Formatlorexposed near Aya Wge €)) Photograph showmgllownsh
siltstone overlain bya ferruginized siltstonevith convolute structurea
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 siltston€b) convolute bedding structure within
siltstone 07° 14'59.4"N, 06°48' 02.7"E).
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NAME|AGE | (M) JLITHOLOGY BTRUCTURES| DESCRIPTION

Brown, dirty red to
yellow lateratized
siltstone

Dirty red to yellow
siltstone

Brown to milky white
weakly stratified
ferruginized siltstone
with convolute structure

Early Maastrichtian

MAMU FORMATION

Brown to amber red
ferruginized siltstone

Dirty white to yellow
siltstone

= Siltstone

Figure 4.8 Lithostratigraphic sectionf Mamu Formation exposed near Aya villagé (
14'59.4"N, 6°48' 02.7"E).

Lithologic description of section of Mamu Formation exposkde toOcheche
River nearldah shows that the formatiocomprises &.0 m thick alteration of red to
dirty white mediumto coarsegrainedmassivesandstone, a 3.0 m thick whiteedium to
coarsegrained tabular cossbedded sandstone with reactivation surfaads® m thick
white, fine to medium grained, trough, herringbone and tabular-bemkded sandstone
with lens of reworked clay and sinuous crested dumés) m thick intercalation of dirty
white to grey, medium to coarggained, moderately sorted, hiobated, tabular cross
bedded sandstone with erosional surfaces and clear imprints of trace fossils burrows
belonging toophiomorphagenera, a 5.0 m thick medium grained, tabular ebeskled
sandstone with bedding plana2.0 m thick coarsgrained, cresbedded sandstone with
wave rippleandreactivation surface, a 4.3 m thick intercalation of white and red tabular
crossbedded moderatelip poorly sortedmedium grainedgsandstoneavith reactivation

surfacesa 2.0 m thick fine to medium grad tabuhr crossbeddedsandstonea 1.1 m
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thick milky white to light grey, parallel laminated clayey siltstone with lens of eléy

m thick red, weakly stratifiedferruginized siltstone and a 0.5 m thick of lateratized

siltstone overburde(Plate VIIIT XIV andFigure4.9).

Plate VIII. 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 the redgeakly stratifiedferruginized siltstone
caped ly thelateratized siltstone overburden
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Plate | X: Mamu Formation exposed along Ocheche River near Rladtograph showing
the medium tacoarse grained tabular cross bedded sandstoneawiivs
pointing at reactivation surfaces

Plate X: MamuFormation exposed along Ocheche River near.|Babtograph showing
medium to oarse grainedrossi bedded sandstomgth wave ripples@7°07'
27"N, 06°44' 20.6"E).
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Plate XI: Mamu Formation exposed along Ocheche River near Rladtograph showing
mediumgraired tabular cross bedded sandstuaiith bedding planes.

Plate XIl:  Mamu Formation exposed along Ocheche River near. |Balotograph
showing vertical section of intercalation of white and grey, medium to coarse
grained, moderately sortetioturbated, tabular cro§sbedded sandstone
with erosional surface®7°07' 27"'N, 06° 44’ 20.6"E).
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Plate XIIl : Mamu Formationexposed along Ocheche River near Id&he arrows
showing vertical Qphiomorpha burrows identified by red and blue arrows
(07°07' 27"N, 06° 44' 20.6"E).

\ SOy e
Plate XIV: Mamu Formation exposed along Ocheche River near. IBalotograph
showingfine to medium graineddugh(TrB), tabular (TB)andherringbone
crossi beddedHB) sandston&vith lens of reworked clay (RC) and sinuous
crested dunes
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NAME AGE | (M) LITHOLOGY STRUCTURES DESCRIPTION
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Figure 4.9; Lithostratigraphic sectionf sandstones of Mamu Formation exposed near
Ocheche River at Idaf®7° 07' 27"N, 06° 44' 20.6"E).
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Lithologic description of section of Mamu Formation exposed northweé3jueio
Omachi towrcomprises of 45 m thick evenly laminated white milky white claywith
bedding planes and low angle discondamd a thin (0.2n) band of browrferruginized

claygone towards the top of the sectdue to subareal exposure overlain by anc2rar

thick evenly laminateavhite to milky white clay(PlateXV andFigure4.10.

b)

Plate XV: Mamu Formation exposed northwest @juwo Omachi town. (a) The
complete exposure of the section @)enly laminatectlaystone(07° 20
35.0'N, 06°56 14.8"E).
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Figure 4.10: Lithostratigraphic section of Mamu Formation exposed northwe3juafo
Omachi town07° 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 XVI).

A section was studiedt Ogbogba, west of Ajakatvn and found to comprise a &0
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thick white coarse grained, friable moderately sorted sandstone with a thin lens of clay,
alternation of red and white friable moderately sodaddtone, white coarsgrained,
poorly sorted sandstone with clasts raggfrom angular to subangulawhite coarse
grained poorly sorted ferruginized sandstone and coarse grained fdiatylered
sandstone, alternation of milky white, yellow, grey and broparallel laminated
sandstoné Plate XVI, XVII, XIX andFigure4.12). Sedimentangtructures in the Ajali
Sandstone are flaser crassdding, tabulacrossbeddingand reactivation surfaces occur
(Plate XVI, XVII, XIX, Figure4.11 and4.12).

Lithologic descriptionof Ajali Sandstone exposed at lkare Road, south of Ajaka
town, comprises of a 8.0 m thick intercalation of dark yellow to grey lateratized fissile

shale and dirty redrery thin lens of very fine sandstone and siltst(Pkte XVIand

Figure4.11).

Plate XVI: Ajali Sandstone exposed at lkare Road, south of Ajaka.t®kotograph
showing intercalation of dark yellow to light greératizedissile shalesand
dirty red very thin lens of very fine sandstone and siltst@Aiel@' 02.2"N
and 6°50' 12.8"E).
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Figure 4.11: Lithostratigraphicsectionof lateratized shales @jali Sandstone exposed
at Ikare Road, south of Ajaka towi° 10' 02.2"N and 06°50' 12.8"E.

Lithologic descriptionof Ajali Sandstone exposed northwedtOgbogba town
comprises ofi) a 3 m thick of white coarse graeal, friable, moderately sortedabular
crossbedded sandstone witlast ranging from angular to well rounded towards the base
and reactivation surfaces (Plate XVNerlain by(ii) a 0.7 mthick alternation of red and
white, friable, poorlysorted negatively skewed, mesokurtfigser cros$ bedded coarse
graired sandstone which passes upward ifiip a bed ofa 1.8m thick poorly sorted
coarse to gravel grained, near symmetrical, masickuherringbone croskedded
sandstone witlwvave 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 showinfineng upward sequence respectively (Plate
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XIVb and Figure 4.12pnd in turn overlain byiv) a 0.7m thick bed of whitecoarse
grained poorly sortedferruginized flaser crosedded sandston€he ferruginied, flaser
crossbedded sandstonaverlie alm thick coarse graed, friable, moderately sorted
negatively skewed, platykurtic, dirty redndstone which is overlain By) a 0.5 m thick
medium grained, poorly sorted, near symmetrical, very platykurtic, tabularlmedded
sandstone which transimto (vi) a 0.5 m thick, medium grained, poorly sorted, near
symmetrical, very platykurtic, tabular crelsedded sandstone underlying a (vii) @8
thick bed of intercalation of dark yellow to grégtertized fissile shale and dirty radin
lens of veryfine sandstone and siltstoterminating the section (Plate XVI, XVII, XIX

andFigure4.12).

Plate XVII: Ajali Sandstone exposed &gbogba Hill northwest Ogbogbatown.
Photograph showing tabular crdssdded sandston&°(12' 31.5"N, 6°
52'22.2"E).
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Plate XVIII: Ajali Sandstone exposed #&gbogba Hill northwest Ogbogbatown.
Photograph showing tabular cross bedding and herringbone cross bedding
(7°12'31.5"N, 6°52' 22.2"E).

Plate XIX: Ajali Sandstone exposed dgbogba Hill northwest Ogbogba town.
Photograph showing the complete sectiohl@' 31.5"N, 6°52' 22.2"E).
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