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ABSTRACT

The biostratigraphy of stratigraphic sections exgbst Agbogugu along the Port Harcourt — Enugu Esgway
was studied and some key evaluations were reacHeal stratigraphic section (The Enugu Shale) is oh¢he
Campanian — Maastrichtian successions of the Ananiasin, Southeastern Nigeria. It is located aitlate
6°15'N and longitude *21'E of Greenwich Meridian. The lithologic units oétsuccession are basically shales with
ironstone intercalation showing a likely marine dsjional environment. The method of study involieel
collection of sample to evaluate the final subseguaboratory analysis of collected sample to ewasdufinal
observable features. A total of nine (9) samplesevemllected from this outcrop. From the laboratagalysis
carried out, a lithological description of all sateg collected depth by depth was made with 2.0mtbiCheck the
presence or absence of calcareous forms. A sand/shtio plot was made from the wet sieve analgsid an
approximate percent of sand and shale were intéegkeThe result shows more shales than sand irs¢dénent
showing a marine origin of deposition. Also frontirapaleontological analysis made, 6 diverse forrhenthic
arenaceous foraminifera assemblages were recovefémty are; Ammobacultiesamabensis, Haphragmoides
saheliense, Siroplectammina hausorum textulariegilna, Ammobaculities sp and HaplophragmoldesTégy
are the benthic and their ages span from campatvamaastrichtian which coincides with the marineursion in
the Anambra Basin. These forms suggest a coast@npwtidal flat to estuarine, delta front to innaeritic
environments of deposition.
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INTRODUCTION

This project work was based on the Biostratigraphyhe Enugu Shale exposed at Agbogugu,AnambranBasi
Nigeria. The Enugu shale is one of the Campaniaastichtian sedimentary successions of the Anarhbsin.
The Basin came into existence during the SantoQiargeny. Prior to the Orogeny, it was a protobasivered by
thin veneer of older sediments. (Reyment,1965).

The Basin had several transgressive and regressesmts which led to the continual deposition aisent in it.
(Whiteman, 1982).

The studied outcrop is a succession of shalesrdatcalation concretionary ironstones showing aimegphase of
deposition. The outcrop is exposed at Agbogugugatbe port Harcourt-Enugu expressway in betweergk&rand
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Okigwe. The study is aimed at determining age diirsents and their possible depositional environsersing
fossils as index.

Aims and objectives of study

The aim and objectives of this study is to undeidtand document the fossil assemblages that araatbestic of
the study area, have an understanding of the tithtigraphic framework of the study area, undetdoe correct
sedimentary boundaries using its fossil assemblagesuse the fossil assemblages and the stratigrapkhe
outcrop to deduce the age and possible paleoemeints of deposition.

L ocation and accessibility of study area
The study area is located in Anambra Basin; Agbagagn between Enugu and Okigwe along the Portélat —
Enugu Expressway at latitud® 5'N and longitude 21'E of Greenwich Meridian (figure 1).

Looptinds B'CO Last of Srsemuten
mrress

Figure 1: Map of the study Area

The studied outcrop is a sedimentary successioneoEnugu shale made up of shales and interbefdsrafjinized
mudstone (ironstone). It is easily accessible bgdrolocated along road cuts of the Port Harcounudt
Expressway.

Stratigraphy of anambra basin

The stratigraphy and lithostratigraphic studies Asfambra Basin have being well established througimym
publications. Also, much has been known of thetbétigiraphy of Anambra Basin from past works. Frameview
of the paleogeographic history of Nigeria from Abitimes, the stratigrraphy and paleogeographp@fAnambra
Basin was reviewed as follows:

The Campanian began with a short marine transgmegsllowed by a regression.(Kogbe ,1974). In theabra
Basin, Southeastern Nigeria, the Nkporo shale gnthieral equivalents, the Enugu shales and Owalidstone
constitute the basal beds. These were overlaitdyparalic sequence of Mamu formation followed ¢batinental
Ajali formation and a return to a partially parahisuka formation (Maastrichtian) which is now beéid to be
partly Paleocene. (Ladipo et al, 2001).

Nkporo Formation: The Nkporo shale is the basal sedimentary unit West deposited following the Santonian
folding and inversion in Southeastern Nigeria andidates a late Campanian age, based on the pessénc
Afrobolivina afra (Reyment, 1965).
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The formation is generally poorly exposed but hasnbdescribed as coarsening upward deltaic sequérstale
and interbed of sands and shale with occasional likids of limestone (Kogbe, 1974;Reyment 1965;&ign
1982;Ladipo 1992).

The Nkporo shale has lateral equivalents as Enbgle sand Owelli sandstone which occurs towardsctrdral
parts of the basin. These inner-basin Nkporo grbap been interpreted as lowstand pro-delta to Cfedtat
sequence, deposited at the shelf edge which wdsbply located at Onitsha high and bear Lokpantddgrki,
1983).

The enugu shale: The Enugu shale is restricted to the centralrarthern parts of the Anambra Basin and consists
of carbonaceous grey black shales and coals wighbieds of very fine sandstone/siltstone depositéower flood
plain and swampy environment. The bedding planepaorly defined with early diagenetic mineralstsas pyrite
and siderites. The sediments have a poorly develdpeshore and shoreface with extensive coastahgps
(Kogbe, 1970; Whiteman 1982; Ladipo 1992).

The Enugu shale was assigned campanian to Lowesthitai@tian, based on diagenetic species of palymph®o
such as Cingulatisporites ornatus and TricolpitasabaensigReyment 1965; Whiteman 1982)

THE OWELLI SANDSTONE: The Owelli sandstone regarded as a facies of thgoikgroups is a lateral
equivalent of Enugu shale (Whiteman, 1982). It isedongate shoestring sandbody to the northweshidgfa
meander belt of fluvial channel system and a fligigooint bar. The Enugu and Owelli sandstone vekmgosited in
open marine shelf and alternatively storm and tidminated. The Owelli sandstone is typically masshard and
often ferruginous in some places and friable, ityrba prominently cross bedded, medium-coarse giawieh
pebbles, sometimes aligned at the base of the bexts Silt layer are occasionally present. It egin 450-600m
thickness south of Udi and intervenes conformalkefyvieen Enugu shale and Awgu shale. The Owelli sandss a
coarser deltaic facies of the Nkporo group laid daduring the late Campanian transgression phasetékvan,
1982). Few Gastropod shells and pelecypods have bmmvered suggesting a marine incursion into mblan
systems (Reyment 1965; Whiteman 1982).

MAMU FORMATION: The Mamu formation overlies the Enugu shale conédiiypand contains sandstone, shale
mudstone, sandy-shale with coal seams in variougdrs (Reyment, 1995). The sediment pile variessacthe
basin and ranges from 75m to over 1000m (Reym&a5;1Ladipo, 1992). The possible environments giodéion
are estuarine floodplain, Swamp and tidal flat fdigabain. It is excellently exposed along the En@nitsha Road at
the Miliken Hill and the outskirts of Enugu (Kogb#974). The age of this formation is put at loweddte
maastrichtian and has a significant thickness tiariafrom about 100m in the south to as much asl@®the
central and northern part of the basin (Ladipd,e2@01).

AJALI SANDSTONE: The Ajali sandstone overlies the Mamu formatiod &as a diachronous age from South to
North (Middle-upper Maastrichtian) and exhibitsrefgcant thickness variation from less than 300notver 1000m

in the centre of the basin (Ladipo et al, 2001)p&sitional characteristics are uniform for mosttpaf the basin,
made up with textually mature sand facies i.e. matuartz arenite intercalated with Kaolinite beBsminant
sedimentary structures are cross bedding assochdtiedeactivation surfaces, mud drapes, tidal besdoackflow
ripples, channel cut and fills and lateral accretsurface (Ladipo et, 1992). Ichnofossils foundude Skolithos
and Ophiomorpha which are parts of the charadiesstctures of the formation across the entirgirband suggest
tidal shallow marine depositional environment dipo, et al, 1992).

NSUKKA FORMATION: The Nsukka formation succeeds the Ajali sandstamdocmably but is discontinuous
across the basin possible due to erosion. Theldighes comprise of shales, silts and claystonessltggl in a
transitional/Swamp environment. Thin beds of limast occurs towards the top and contains Oystefssibich
suggest an upper cretaceous age (Kogbe, 1974)e virelyment (1965) gives the age of the formation as
Maastrichtian with the presence of sphenodiscudestias well as casts of pelecypods and gastropods.

MATERIALSAND METHODS

The study involves collection of samples from oofpcin the field, were then analyzed in the labasato describe
the lithologic characteristics and paleontologesdemblages to obtain necessary data or resultgdopretation.
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SAMPLE COLLECTION: Samples were collected in ancoop of Enugu shale exposed at Agbogugu, Anambra
Basin, Nigeria. The studied outcrop is a successfa@hales and interbeds of ironstones, on toh@ftccession is

a weathered rock (laterite) of about 4.9m thickofal of 9 samples were collected, samples wergusbtcollected
from the surface but by digging deep with a shawmebrder to collect fresh samples. Only shale sasplere
collected and collection was made randomly in iasieg depth. The collected samples were then poitaimylon
polyethene bag with label to avoid contaminantsfan@ase of identification.

LABORTORAY ANALYSIS

LITHOLIGICAL DESCRIPTIONThis involves description of the lithologic aspetthe samples collected to check
the presences of calcareous forms. The exercibasikally done using 2.0m concentration of HCI heak for
effervescence. Effervescence indicates the presafncalcareous forms while the reverse is absefoaloareous
forms. In line with this, the proper depth by deg#scription of all samples collected was madmviblves type of
rock, facies type, colour, presence and absencelcireous forms, bioturbation and other observigatires. This
result is then used to erect a graphic log of thterop with description of the possible observadiofeatures
alongside.

BIOSTRATIGRAPHIC PREPARATION METHOEamples for each depth were pulverized and 10ghed into
enamel container. The samples were mixed with weatd treated with 2g Sodium bicarbonate M@ ) and
brought to boil at about 200 for some minutes.. Samples were turned into iplasintainers and allowed to cool.
Cooled samples were washed using a set of sievesf Sgeves 90, 75 & 53um respectively in a jetwadter.
Residues from each sieve was collected and dritke. dried samples were examined using paleontabgic
microscope at varying magnifications and the fessire picked and morphological examinations weea tarried
out on species with aid nomenclature. Species alececounted and recorded.

RESULTS

Lithostratigraphy A total of nine (9) samples were collected from sedied outcrop. The dip of the beds ranges
from 2-4° having strike direction of 48IW and 226SE. the lithologic units are shales with interbeflzonstones
and weathered rock (laterite). There were no dbealding planes recognized and the total thicknésiseooutcrop
is about 12m. Lithostratigraphy is the subdiviséomd correlation of sequence strata by means oftygek It is not
as reliable as biostratigraphy, as rocks contiaterally to great distances but can be used iallsence of fossils.
Lithostratigraphic units as seen from the outcropsist of dark grey coloured shales with concretigrinterbeds
of ironstones of calcareous forms although samgeabout 5.7m depth from base show little effereese. From
wet sieve examination the sequence shows moretbiganic mineral grains such as pyrite, quartz amch. The
shales are very fissile and very fine from the sietve analysis. The lithologic facies of almostsalinpled depth is
the same showing the characteristic features oEtheyu formation. The summarized lithologic chageeation is
shown on the graphic log of the study outcrop (fegR).

The various percentages of the lost and retaineghivef each sieve according to sample depth wecerded as
shown in table 1 and plotted on the sand/shale tagj in figure 3.

Table 1: Percentages of sand and shalefrom sieve analysis

Sample | Total weight | Weight retained (sand) | % retained (sand) | Weight lost (shale) | % lost (shale)
Sample 10¢ 3.2¢ 32 6.8¢ 68
Sample 2 10g 4.5¢g 45 5.5g 55
Sample . 10¢ 1.4c 14 8.6¢ 86
Sample 4 10g 1.49g 14 8.69 86
Sample 5 10g 2.39 23 7.79 77
Sample ! 10¢ 1.8¢ 18 8.2¢ 82
Sample 7 10g 2.79 27 7.39 73
Sample : 10¢ 2.3¢ 23 7.7¢ 77
Sample 9 10g 2.29 22 7.89 78
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Figure 2: Graphiclog of the studied outcrop

BIOSTRATIGRAPHY
Biostratigraphy is the characterization/subdivisodmock strata and correlation using fossils. Brastratigraphy of

the studied outcrop is therefore based on thelfassemblages (forminifera) recovered from the latwoy analysis.

MICROPALEONTOLOGY: The encountered fossils as shown on plate 1 betewAmmmobaculites amabensis,
Haplophragmoides saheliense, Spiroplectammina hanso Textularia gilbedina, Ammobaculites sp and
Haplophragmoides sfhe fossils as encountered in each sample andrtheierical count in each sample are given

in Tables 2.

A distribution chart showing the distribution oktfossils against their depth of occurrence is nadolegside with a
graphic log of the studied outcrop. The six (6)sfbspecies that were encountered are all benthédking all the
total assemblage of benthic forminifera to be (sIX)0% of all discovered forms. The distributioradiplotted from
the discovered forms against their depth of ocaueeusing suitable scale as shown on figure 4.
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Figure 3: Sand/shaleratio log against depth of the outcrop

Table 2: Foraminiferain each sample and their numerical count

Laterite

Sand

Ironstone

Shale

Sample Fauna Numerical count
Sample 1| Ammobaculites amabensis 1
Sample . | Haplophragmoides saheliel 3
Sample 3| Barren -
Sample 4 Te>_<tu|aria gilbe_din 11
Spiroplectammina hausort 2
Sample 5 Te>_<tu|aria gilbe_dina 25
Spiroplectammina hausort 3
Sample 6| Barren -
Ammobaculites < 3
Sample 7| Haplophragmoides sahelienge 12
Haplophragmoides sp 1
Sample ' | Barrer -
Sample 9| Barren -
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Ammobaculites amabensis Haplophragmoides saheliense Spiroplectammina hausorum

Textularia gilbedina * Ammobaculites sp Haplophragmoides sp

Plate 1. Photographs of the foraminifera asidentified under the microscope

The above foraminifera distribution chart givesiasight of necessary evaluations on the paleobathynof the
studied outcrop. Total population abundance andrdity for each sample collected was calculatedmasented in

table 3.

Table 3: Foraminifera Abundance and Distribution Table

Sample| Fauna Abundan¢e Fauna Diversity Age

1 1 1 Campanian- Maastrichtian
2 3 1 Campania- Maastrichtial
3 0 0 -
4 13 2 Campania- Maastrichtial
5 28 2 Campanian- Maastrichtian
6 0 0 -
7 1€ 3 Campania- Maastrchtiar
8 0 0 -
9 0 0 -

Total 61 6 -
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From the lithologic and biofacies analysis carged, the following inference and interpretationgeveeached.

LITHOSTRATIGRAPHYErom the combinational results of the graphic éogl sand/shale ratio-plot, the studied
outcrop is a marine deposition. The presence dfigenic minerals such as pyrite, mica and quartgsst possible

of authigenic possible environment of depositiotédikely near shore or shoreface. This suggestireental shelf

at shallow marine environments. The high valuehaf shale to sand in the sand/shale ratio plot stggener
neritic and delta front environments of depositiofise lower part of the graphic log combined whle sand/shale

ratio plot suggest the existence of a paralic domdiLadipo et al (2001).
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MICROPALEONTOLOGYThe biofacies encountered here also suggest marimgonment of deposition. The
forms recovered all the benthic arenaceous forngsptesence of Amobaculities and Haplophragmoipesiggest
delta front — tidal flat environment of deposithelpresence of Texturlaria gilbedina suggests estua shoreface
environment Petters, (1979). The presence of Hapégmoides sp and Spiroplectamina hausorum whieh ar
indices of campanian and maastrichtian age reségtuggest an age span from maastrichtian — caisapa

From the fossil abundance and diversity plot, thesfble environment of deposited is also likelyfab into the
shallow marine environment or tidal dominated emvinent because of the low diversity and abundahfssils.

CONCLUSION

Six benthic arenaceous foraminifera assemblages haen established for the Campanian-MasstrictiEizungu
formation studied in this work. The age of the ferare established by existing published referentesge index
foraminifera assemblages. The Spiroplecctamnhiaasorun is an index of Masstrichtian and Haplogim@ides
saheliense is an index of Campanian-maastrichti@n(Betters 1982). The six forms found have a fmalulation
count of 61 forams in six different forms. They ak arenaceous and benthic in occurrence and saged
campanian-maastriachtialrrom the study, all samples were collected fronieshad the inferences made suggest a
marine deposition. The benthic arenaceous formsdowhich are diagnostic of tidal dominated to kivalmarine
environments. The possible environments are tidat fand coastal plain-deltafront environment. The
paleoenviornment of deposition is likely an inneritic-shoreface environments.
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