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ABSTRACT: The objective of this paper was to investigate the foraminiferal biostratigraphy of well AMKP
2-11 (interval 3280m to 4629m), in shallow, offshore of the Niger Delta Basin, Nigeria using appropriate standard
procedures with 135 ditch cutting samples analysed at 60m. 40 foram species were recovered including
Cylammina minima, C. cancellata, Saccamina complanata, Haplophragmoides narivaensis, H. compressa, H.
obliquecameratus, Ammobaculites strathearnensis, Valvulina flexilis, Recurvoides deformis. One foram biozone
N17 was identified and characterised by top occurrences of Cyclammina minima and Saccamina complanata at
3390m and top occurrence of Haplophragmoides narivaensis at 4130m. The occurrence of Haplophragmoides
narivaensis, Globigerinoides extremus and influx of agglutinated taxa in the studied section of the well enabled an
inference of Late Miocene (Messinian) age. The paleoenvironment of deposition is identified as Upper Continental
Shelf to Mid Continental Shelf environments based on the occurrence of the Inner Neritic biofacies such as
Lenticulina inornata, Heterolepa pseudoungeri and Ammobaculites spp. as well as deep water middle to outer
shelfal foraminiferal assemblages, such as Cyclammina minima, Haplophragmoides compressa, Vavulina flexilis,
Trochammina globigeriniformis, Uvigerina peregrina of the Middle Neritic. Therefore, a Middle Neritic (Middle
Continental Shelf) environment (40-100 m) was inferred due to the presence of very fine-grained clay signifying
slow rate of deposition of taxa as well as distinctive benthonic foraminiferal assemblage: Cyclammina minima, C.
cancellata, Saccammina complanata, Uvigerina subperegrina, Vavulina flexilis, Karreriella siphonella. This work
provides detailed the biostratigraphic framework of the well section.
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The Niger Delta Basin, located in the Gulf of Guinea  sediment bodies that filled the aulacogen created after
on the West African coast, is one of the world's most  the separation of the African and South American
prolific hydrocarbon provinces, containing about 70% plates.This basin majorly consists of three subsurface
of the overall hydrocarbon reserves of subSaharan lithostratigraphic units—the marine Akata Shales, the
Africa and over 40 trillion cubic feet of natural gas. It~ paralic Agbada Formation, and the continental Benin
was formed as the youngest of the three large Formation. These units generally corresponds to the
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source rock, reservoir rock and aquiferous zone in the
Niger Delta petroleum system. The best studied of
these is the petroliferous Agbada Formation with its
varied lithofacies ranging from reservoir sands
through heteroliths to mudrock seal facies. (Adegoke
et al., 2017). The Niger Delta Depo Belts, of which
the Shallow Offshore depobelt is one, was formed to
accommodate sediments induced by the southward
progradation of the Niger Delta. Tectonic activities
and structural instability contributed to observable
lateral facies variations in the study area. The
complex stratigraphy of the Niger Delta Basin,
influenced by various geological processes including
deltaic progradation, marine transgressions, and
tectonic activities, makes it a prime target for detailed
stratigraphic and paleontological investigations.
Among the various methodologies employed for
understanding the Niger Delta stratigraphy,
foraminiferal studies stands out due to its potential
for providing paleoenvironmental information and
sedimentary processes, contributing to a better
understanding of the basin's geological history and
evolution (Martini,1971; Bolli et al.,1985). Forams
are among the earliest, most abundant, diverse and
important fossils, because they are particularly useful
in the oil industry to age-date and correlate marine
sedimentary rocks. In the Niger Delta Basin, the
diverse and well-preserved foraminiferal assemblages
allow for detailed environmental reconstructions and
age determinations. Foraminifera are single-celled
protists, comprising a large group. They first occured
as simple tubes of sand in the Cambrian. Later more
complex tubes and coils appeared, even developing
chambers in the Ordovician. In the Silurian, secreted
calcium carbonate types appeared; these diversified
into many different shapes and kinds. Some 60-
80,000 species have been described from Cambrian
through Recent age sediments. About 4,000 species
are alive today. Of these, only 40 are planktonic, the
rest are benthic. Some even live on other forams!
The biostratigraphic utility of the foraminifera is
enhanced by their rapid evolutionary rates and
distinct morphological characteristics, which allow
for precise species-level identifications and
correlations (Culver and Rawson, 2000). Planktonic
foraminifera, which inhabit the upper water column,
provide  valuable information on  global
oceanographic conditions and are crucial for
correlating marine sequences across different basins.
Benthic foraminifera live on or within the seafloor
sediments and offer insights into past environmental
conditions, including water depth, oxygen levels, and
substrate type. The foraminifera data can aid in the
interpretation of depositional environments and
sedimentary processes, contributing to a better
understanding of the basin's geological history and

evolution (Martini, 1971; Bolli et al., 1985).
Therefore, the objective of this paper is to investigate
the foraminiferal biostratigraphy of well AMKP 2-11
(interval 3280m to 4629m), in shallow, offshore of
the Niger Delta Basin, Nigeria

MATERIALS AND METHODS

Description of Study Area: The study well is within
the maritime boundary of Nigeria, in the Gulf of
Guinea. The period of study is the Cenozoic, with
particular emphasis on the stratigraphic intervals
encountered in well AMKP 2-11. The research
involves foraminifera data gathering and analysis.
The biostratigraphic data was used to identify marker
species, key biozones, and biostratigraphic
boundaries (Bown and Young, 1998; Bolli et
al.,1985). Therefore, the objective of the study is to
investigate the foraminiferal biostratigraphy of well
AMKP 2-11 (interval 3280m to 4629m), in shallow,
offshore of the Niger Delta Basin, Nigeria.

Ditch cutting samples recovered at 10m interval and
mud log was available for this research. Well AMKP
2 - 11 was drilled by Total Energies limited while all
analyses were carried out at the Paleontology
Laboratory of the University of Port Harcourt
following these steps.

Depth to depth sedimentological analysis was carried
out on a total of one hundred and thirty-five (135)
samples from Well AMKP 2 - 11 (interval 3280m -
4630m). The samples were spread on a flat surface
smooth crucible and examined using a hand lens to
identify the grain sizes, sorting, colour, presence of
rootlets and other plant remains, mica flakes, pyrites,
shell fragments and other physical components. 0.2M
of hydrochloric acid (HCI) was then applied to the
samples to determine the presence of calcareous
material within the samples. Samples that showed
effervescence were termed calcareous while the ones
that did not show effervescence were termed non-
calcareous or mildly calcareous, as the case may be.
This sedimentological analysis was necessary to
describe the dorminant lithology.

Procedure: The ditch cutting samples were
composited at 60m interval for processing and
analyses following standard foraminiferal processing
techniques. The unwashed samples were initially
rinsed in distilled water to remove drilling mud and
then dried over a hot plate. A standard weight (20g)
of each dried sample was soaked for 4 hours in
kerosene, followed by water soaking overnight. The
disaggregated sample was then washed under a
shower of water over a 63-um mesh sieve. The
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washed residue was then dried over a hot plate and
sieved through 500 mm, 250 mm, 180 mm and 125
mm (coarse, medium,fine and very fine) fractions and
labeled accordingly prior to picking.

During picking very rich samples were usually
subjected to splitting with the split factor recorded.
All biotas including foraminifera, ostracods, shell
fragments seen, were picked, counted and recorded.
The complete micropaleontological data acquired
was computerized using the StrataBugs software.
Statistical barcharts and plots of the species count,
abundance, and diversity were made from which
candidate Maximum Flooding Surfaces (MFSs) were
selected. The available mud logs of the wells were
used to support the findings. Recovered foraminifera
were identified to species level where possible, using

5°O'IU"E G"O'IO"E

standard manuals such as the Central West African
Cretaceous - Tertiary Benthic Foraminifera and
Stratigraphy (Petters, 1982), Gulf of Guinea
Planktonic ~ Foraminiferal ~ Biochronology and
Geological history of the South Atlantic (Petters,
1983), Oligocene to Holocene low latitude Planktonic
Foraminifera  (Bolli and  Saunders,  1985;
incorporating Blow,1969 and 1979), SPDC’s
Catalogue of Benthonic Foraminifera, TOTAL’s
Principaux Foraminiferes observes dan les series
deltaiques du Neogene as well as Principaux
Foraminiferes observes dan les series deltaiques du
Paleogene. Faunal associations including benthonics,
planktonics, benthonic/planktonic ratios (normalized)
agglutinated/calcareous foraminiferal ratios, etc. were
also plotted on charts.

F00'E
Fig. 1: Location Map of Study Area

RESULTS AND DISCUSSIONS

A comprehensive sample description showed a
predominance of dark gray to smoky white/ light
gray, non- calcareous to calcareous shale especially
towards the base of the sampled section. Specifically,
the top depth, interval of 3280m to 3710m were
dominated by gray, non-calcareous shale with mildly
calcareous depths in between. Interval 3710m to
3980m was characterized by light gray, non-
calcareous shale; interval 3980m to 4230m continues
as gray, non- calcareous shale; 4230m to 4380m was
dominated by light gray/smoky white, non-
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calcareous shale and interval 4380m to 4630m (TD)
consisted mainly of milky white/smoky white, non-
calcareous/mildly calcareous shale with gray, non-
calcareous, fissile shale in between (Table 1).

Foraminifera Biostratigraphy: A total of forty (40)
foram species were recovered from the well. The
foraminifera result showed that the foram species and
occurrence increased steadily downhole from the
foremost sample point at 3310m  with
Haplophragmoides obliquecameratus recording the
highest singular occurrence of 19 at the last sample
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depth of 4130m. Well AMKP 2-11 comprised of Top Haplophragmoides narivaensis at 4130m. Table 2
occurrence of Cyclammina minima and Saccamina  presents the encountered foraminifera species at
complanata at 3390m and Top occurrence of  different depths.

Table 1: Lithostratigraphic description of Well AMKP 2-11

Depth (m) Lithology Lithostratigraphy
3280 - 3710 Gray, non- calcareous /mildly calcareous shale .
3710 - 3980 Light gray, non- calcareous shale o >
3980 - 4230 Gray, non- calcareous shale 3 %
4230 - 4380 Light gray/ smoky white, non- calcareous shale §' ISy

46 4380 - 4630 Dark gray, non-calcareous/mildly calcareous shale

Table 2: Encountered foraminifera in Well AMKP 2-11

S/No Species Depth (m) Plate number
1 Cyclammina cancellata 3330 Plate 1, No 1a, 1b
2 Glomospira gordialis 3330 Plate 1, No 2¢
3 Cyclammina sp 3330

4 Gravellina sp 3330

5 Recurvoides sp 3330 Plate 1, No 4f, 49
6 Cibicides sp 3330 Plate 1, No 3d, 3e
7 Cyclammina minima 3390

8 Rectuvigerina sp 3390

9 Saccammina complanata 3390

10 Recurvoides deformis 3390

11 Haplophragmoides compressa 3390

12 Globigerinoides obliquus 3390 Plate 1, No 5h
13 Virgulina sp 3450

14 Valvulina flexilis 3450

15 Ammobaculites strathearnensis 3450

16 Textularia panamensis 3510

17 Trochammina sp 3510

18 Trochammina globigeriniformis 3510

19 Heterolepa pseudoungerina 3570

20 Uvigerina mantaensis 3950

21 Uvigerina peregrina 4010

22 Textulariella barretti 4010

23 Haplophragmoides obliquecameratus 4070

24 Karreriella gaudryinoides 4070

25 Karreriella bradyi 4070

26 Karreriella siphonella 4130

27 Haplophragmoides narivaensis 4130

28 Bathysiphon sp 4130

29 Trifarina angulosa 4130

30 Lenticulina inornata 4130

31 Heterolepa mckannai 4130

32 Gyroidinoides neosoldanii 4130

33 Epistominella vitrea 4130

34 Globobulimina sp 4130

35 Globigerinoides sacculifer 4130

36 Globigerinoides ruber 4130

37 Globigerinoides trilobus 4130

38 Globorotalia sp. 4130

39 Globorotalia plesiotumida 4130

40 Orbulina universa 4130
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Plate 1: Photomicrographs of some encountered foraminifera
1.a. Cyclammina cancellate; 1 b. Cyclammina cancellate; 2 c. Glomospira gordialis; 3 d. Cibicides sp, ; 3 e. Cibicides sp,
4 f. Recurvoides sp, ;4 g. Recurvoides sp,; 5 h. Globigerinoides obliquus

Biozones and Age Determination
Interval: 3330 - 4130m

Foram Zone: N17

Age: Late Miocene (Messinian)
Interval characterised by:

- Top occurrences of Cyclammina minima and Saccamina complanata at 3390m
- Top occurrence of Haplophragmoides narivaensis at 4130m

Foraminiferal data from Well AMKP 2-11 identifies
chronostratigraphic surfaces encountered to be Top
occurrences of Cyclammina minima and Saccamina
complanata at 3390m and Top occurrence of
Haplophragmoides narivaensis at 4130m, all within
the N17 zone. The Late Miocene (Messinian) age
was assigned to this zone due to diagnostic
agglutinated benthic assemblage defining a Late
Miocene (Messinian) age observed in this well
section, including Cylammina minima, Cylammina.
cancellata, Saccamina complanata,
Haplophragmoides narivaensis, Haplophragmoides
compressa, Haplophragmoides obliquecameratus,
Ammobaculites strathearnensis, Valvulina flexilis,
Recurvoides deformis, Karreriella gaudryinoides,
Karreriella. siphonella and Trochammina
globigeriniformis, etc. A few calcareous benthics
associated with this assemblage include; Uvigerina
mantaensis, Uvigerina peregrina, Trifarina angulosa,
Lenticulina inornata, Heterolepa pseudoungerina
and Heterolepa. mckannai. Few planktonic species
such as Globigerinoides obliquus, Globigerinoides
sacculifer, Globigerinoides trilobus, Globigerinoides
ruber and Globorotalia plesiotumida were also
observed in the studied interval. This peculiar influx
of arenaceous taxa is typical of the Messinian event
in the Niger Delta (Adegoke, et al, 2017). This event

is known globally and is associated with a cooling
that destroyed most taxa of calcareous composition.
The Foraminifera Checklist (Fig. 2) presents a
summary of the foraminifera recovered from the
well, with the fossil count, foram diversity,
abundance, age and biozones.

Paleoenvironmental Interpretation/ Paleobathymetry:
The paleoenvironmental interpretation was based on
recent review of the Geology of the Niger Delta by
Nwajide (2013) and the principle studies of the
bathymetric ranges of recent foraminifera by Bandy
etal. (1967), Bandy and Arnal (1957), Phleger (1960),
Boltovskoy et al. (1980) and Murray (1991). The
presence of diagnostic foraminifera biofacies enabled
the interpretation into subenvironments. The studied
marine shales units feature the Prodelta and Open
Shelf Biofacies (Figure 3) with relatively high-
benthonic foraminifera diversity and abundant
planktonic species. The biofacies are characterized by
the common occurrence of the Inner Neritic biofacies
such as Lenticulina inornata, Heterolepa
pseudoungeriana, Ammobaculites spp. (Adegoke et
al., 1976; Murray, 1991) as well as deep water,
middle to outer shelfal foraminifera assemblages,
such as Cyclammina minima, Haplophragmoides
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compressa, Vavulina  flexilis,  Trochammina
globigeriniformis, Uvigerina peregrina of the Middle
Neritic signifying the Upper Continental Shelf to Mid
Continental Shelf environments. There was probably
an influx of Delta top biofacies characterised by
arenaceous  genera, such as Ammobaculites

4110
strathearnensi, Textularia spp., and
Haplophragmoides spp. (Adegoke et al., 1976)

indicative of tidal creeks and estuaries deposits of the
outer neritic environment of deposition (Adegoke
and Stanley, 1972; Murray, 1991).

Well Name : 2-11 AMKP

StrataData Ltd.
Ashford

Age

N D O e W W

extulariella barcetii
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ss00m]
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Fig. 2: Foraminifera checklist for Well AMKP 2-11
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Fig. 3: Sketch showing the main sedimentary environments of the Niger Delta (Modified from Allen, 1965a,b, 1970).

Paleobathymetric interpretations were carried out by
recognising bathymetric ranges and environments of

significant ~ benthonic ~ foraminiferal  species
encountered in the study. Similar model that was
applied  for  the  reconstruction of  the

paleoenvironments of the ancient Niger Delta as well

as the neighboring Gulf of Guinea marine realm
(Asseez et al., 1974; Fayose, 1976; Debenay, 1990;
Debenay and Basov,1993; Debenay and Redois,1997;
Debenay et al., 1996) was equally applied throughout
the Cenozoic Niger Delta. A Middle Neritic (Middle
Continental Shelf) Environment (40-100 m) was
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inferred due to the presence of very fine-grained clay
signifying slow rate of deposition and the dominant
taxa including Haplophragmoides compressa,
Uvigerina peregrina, Also, influence from the Outer
Neritic (Lower Continental Shelf) Environment
biofacies (100-250 m) characterized by a distinctive
benthonic  foraminiferal —assemblage including
Cyclammina minima, Cyclammina cancellata,
Saccammina complanata, Uvigerina subperegrina,
Vavulina flexilis, Karreriella siphonella. Considering
the dominant foram assemblages and typical
depositional environment, the paleobathymetry vary
between inner to middle neritic biofacies within the
Agbada Formation.

Conclusion: The top and base of the studied section
of Well AMKP 2-11 lie within the shale unit of the
Agbada Formation in the Niger Delta Basin. The
stratigraphic range of the fossil assemblages showed
that the studied section lies within N17 zone. It was
dated Late Miocene (Messinian) based on the
occurrence of diagnostic foraminifera including
Cyclammina minima, C. cancellata, Saccamina
complanata, Haplophragmoides narivaensis, H.
compressa, H. obliquecameratus, Ammobaculites
strathearnensis and Globigerinoides extremus.
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