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ABSTRACT

Adebambo BA & Falodu AM 2024. Probable record of Palacocene—Eocene Thermal Maximum in Southwestern Nigeria:
Indication from the Calcareous Nannofossils of Eastern Benin Basin. Journal of Palacosciences 73(2): 119—-130.

The Palacocene—Eocene Thermal Maximum (PETM) interval has been reported in several calcareous nannofossil studies

from Palacogene basins globally including the Southern Tethys basins of North Africa. The Southern Tethys basins are believed
to be connected to the Eastern Benin Basin through the Trans—Saharan Seaway during the Palacogene. Based on these reports, the
present study was carried out from 70 ditch cutting samples in the FA-2 borehole to investigate possible record of the PETM in
the Eastern Benin Basin, Southwestern Nigeria. The samples yielded characteristic Palacocene—Eocene calcareous nannofossils
species (e.g. Coccolithus pelagicus, Sphenolithus moriformis, Pontosphaera multipora, Transversopontis sigmoidalis, Towieus
callosus, Discoaster prepentaradiatus, Discoaster deflandrei, Reticulofenestra spp., Micrantolithus encraster, Micrantolithus
attenuatus, Lophodolithus nanscens, Neochiastozygus perfectus, Neococcolithes dubius, Cruciplacolithus tenuis, Fasculithus
tympaniformis and Rhomboaster cuspis) and the Maastrichtian species, Arkhangeskiella cymbiformis, Micula decussata and
Micula concava. The CC 22 (Maastrichtian), NP 5-NP 6 (late Palacocene) and NP10-NP11 nannofossil zones were identified
from the above assemblages. The relatively abundant occurrences of the genus Coccolithus and Sphenolithus in the borehole
section suggest prevailing oligotrophic, warm water condition. The barren interval succeeding the peak nannofossil abundance at
sample 159 m correlates with Palacocene—Eocene thermal maximum (PETM) interval and coincides with the onset of continuous
clastic sedimentation in the Palacogene sequences of the Eastern Benin Basin. This is believed to have resulted from the shoaling
of the Calcite Compensation Depth (CCD) and increased clastic input occasioned by the climatic and ocean water perturbations

of the PETM interval.

Key-words—Calcite compensation depth, Thermal Maximum, Oligotrophic, Borehole, Tethys.

INTRODUCTION

HE FA-2 Borehole is located in Mowe, within the

eastern Benin Basin along Lagos—Ibadan Expressway,
Southwestern Nigeria (06°45'41" N and 03°27'17" E) (Fig. 1).
The Benin Basin which extends from Ghana through Togo,
Republic of Benin to the Okitipupa Ridge in Southwestern
Nigeria covers a sizeable portion of the West African Coast.
The Benin Basin continues to attract geoscience research
works since the past five decades. Research publications on
the basin have centred on tectonic evolution, stratigraphy,
geochemical evaluations, bitumen and hydrocarbon potential,
palaecobiogeography, palacoecology and biostratigraphy
(Adegoke et al. 1971; Billman, 1976; Lehner & Ruiter, 1977;

Adegoke et al., 1980; Omatsola & Adegoke, 1981; Adediran
& Adegoke, 1987; Okosun, 1987; Nton, et al., 2009; Adekeye
et al. 2019; Oluwajana et al. 2021, Adebambo et al., 2022,
2023).

The understanding of biostratigraphy and
palacoenvironmental settings is vital to mineral and oil and
gas exploration within the basin. Nannofossils are excellent
biostratigraphic and palacoclimatic tools, providing standard
biochronological framework and references for Mesozoic—
Cenozoic high resolution biozonation and palaeoclimatic
interpretations (Martini, 1971; Perch—Nielsen, 1985; Monechi
et al., 2000; Bralower, 2002; Mutterlose et al., 2007;
Chakraborty et al., 2021). Calcareous nannofossil studies
have been applied to the understanding of certain Cenozoic
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climatic phenomena, water mass and trophic conditions (Wei
& Wise, 1990; Tremolada & Bralower, 2004; Jiang & Wise,
2006; Chakraborty ef al., 2021).

Calcareous nannofossils have particularly proven to be
vital tool in the determination of the drastic global warming
during the Palacocene—Eocene (e.g. Jiang & Wise, 2006;
Agnini et al. 2007; Mutterlose et al., 2007). This climatic
perturbation widely known as the Palacocene—Eocene
thermal maximum (PETM) has been recognized in several
Palaeogene formations in Southern Tethys basins of North
Africa (e.g. Speijer et al., 1996; Tantawy, 2006; Morsi ef al.,
2011; Faris et al., 2015; Youssef et al., 2017; ). The Southern
Tethys basins are believed to be connected to West African
coastal basins through the Trans—Saharan Seaway during
the Palacogene (Keen et al., 1994; Elewa, 2002, Speijer
& Morsi, 2002). Premised on these studies, we carried out
calcareous nannofossil analysis on sediment samples from
the FA-2 borehole, Eastern Benin Basin (a West African
coastal basin) to investigate the possible record of the PETM
in Southwestern Nigeria.

Overview of the evolution, geologic setting and
stratigraphy of the Eastern Benin Basin

The basin is one of the West African Coastal basins
that evolved from the separation of the African and South
American plates and the consequent opening of the Atlantic
Ocean during the Mesozoic (Burke ef al., 1971; Lehner &
Ruiter, 1977; Whiteman, 1982; Adediran & Adegoke, 1987;
Gebhardt ef al., 2019). During the Cretaceous—Palacogene,
this basin served as a major site for sediment deposition.

Deposition commenced in an intracratonic setting with
immature freshwater sandstone and shaly intercalations. This
was followed by a syn—rift stage which resulted in erosion
of preexisting deposits and consequent deposition of silt,
sandstone and fluvio—lacustrine shales.

The incursion of marine waters into the basin during
the Uppermost Cretaceous—Palacogene times led to the
deposition of richly fossiliferous sediments marking the end
of the evolutionary development of the basin. The Benin Basin
consists of thick sequences of sediments which Omatsola &
Adegoke (1981) divided into two chronostratigraphic parts—
The Cretaceous Abeokuta Group (comprising Ise, Afowo
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Fig. 1—Map of the sedimentary basins of Nigeria. Inset: Geologic Map of Eastern Benin Basin showing location of the FA-2

Borehole (Modified after Nwajide, 2013).
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Fig. 2—The stratigraphic setting of the Eastern Benin Basin, modified from Ogbe (1972) and Omatsola & Adegoke (1981).
The shaded portion (i.e., Upper Cretaceous—Palacogene sequence) indicates the formations encountered in the FA-2

borehole.

and Araromi formations) and the Palacogene—Neogene
sediments (comprising the Ewekoro, Akinbo, Oshosun and
Ilaro formations) (Fig. 2).

Lithostratigraphy of the Section penetrated by the FA-2
Borehole

The section is composed predominantly of shaly sand
at the base followed by limestone which is the dominant
lithology in the section. The limestone is overlain by
fossiliferous dark shale which is in turn successively overlain
by sandy shale at the top (Fig. 3).

Lower shaly sand unit: This unit is about 50 m thick
sequence of poorly sorted, medium to coarse, angular grained
sandstone with a basal shaly sandstone member. This unit is
equivalent to the Araromi Formation of Omatsola & Adegoke
(1981).

Limestone unit: Overlying the sand is a 108 m thick,
occasionally glauconitic limestone unit with thin shale
intercalation. This unit is also characterized by abundance
of microfossils such as ostracods, foraminifera, gastropods,
pelecypods and calcareous nannofossils. This unit belongs to
the Ewekoro Formation (Adegoke et al., 1970).

Shale unit: Lying on the limestone is the shale unit
consisting of sandy interbeds. The unit is about 66 m thick
grades from greenish, light grey to dark grey colour down
the borehole and contains abundant glauconitic and pyritized
materials with rare carbonaceous detritus. The unit contains
a few species of microfossils such as foraminifera, bivalves,
ostracods, fish tooth, gastropod, pelecypods and diatom
frustules. This unit is believed to be the Akinbo Formation
of Ogbe (1972).
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Fig. 3—Lithostratigraphic units of the analyzed section of FA-2 Borehole, Eastern Benin Basin.

mortality associated with the K-Pg boundary. A significant
change in nannofossil assemblages at the K—Pg boundary was
first reported by Bramlette and Martini (1964). Following this
initial observation, the K—Pg boundary event has been reported
in several places (Perch—Nielsen, 1981; Jiang & Gartner, 1986;
Kasem et al., 2017). Maastrichtian assemblages declined
significantly and were replaced by new genera and species
in the Palacocene (Jiang & Gatner, 1986; Alcala—Herrera et
al., 1992; Molina et al., 2006). Coccolithus pelagicus occur
in very low counts at the basal (Maastrichtian) section of the
borehole. Above the interval 210-243 m, the species occur in
relatively high abundances.

Coccolithus pelagicus having occurred very sporadically
in the Maastrichtian began to blossom after the Cretaceous /
Palaecogene biotic mortality (Kasem et al., 2017).

Age: Probable Maastrichtian—early Palacocene (K—Pg
transition).

Nannofossil Zone II1I: NP5-NP6

Description: The top of the interval is marked by the last
occurrence of (LO) Neochiastozygus perfectus at 156 m, while
the base is placed at the first occurrence (FO) of Fasciculithus
typaniformis and nannofossil taxa resurgence at 186 m.

Interval: 156—-186 m

Assemblage: The nannofossil assemblage within this
interval is fairly abundant and diverse comprising typical
carly to late Palaeocene species; Transversopontis rectipons,
Placozygus sigmoides, Fasciculithus tympaniformis,
Fasciculithus thomasii, Zygodiscus herlynii, Neochiastozygus
perfectus, Sphenolithus moriformis, Cruciplacolithus tenuis,
Cruciplacolithus frequens, and Coccolithus formosus.

Remark: Species such as Coccolithus pelagicus,
Neochiastozygus perfectus, Sphenolithus moriformis,
Zygodiscus plectopons, Zygodiscus herlynii, Fasciculithus
thomasii, Placozygus sigmoides, Cruciplacolithus frequens



JOURNAL OF PALAEOSCIENCES 123

Sandy shale unit: Overlying the shale unit is the greyish,
glauconitic, fossiliferous sandy shale referred to as the
Oshosun Formation (Adegoke ef al., 1970).

MATERIALS AND METHOD

Materials for this study are ditch cutting sediment
samples from FA-2 borehole located at Mowe, Kilometer
47, Lagos—Ibadan Expressway in the Eastern Benin Basin,
Southwestern Nigeria. A total of seventy (70) samples within
the interval 18-267 m of the borehole were prepared and
analyzed for calcareous nannofossils at approximately 3 m
sampling interval.

Samples were processed for nannofossil analysis using
the standard smear—slide preparation technique of Bown and
Young (1998). About 5 grams of each sample was gently
crushed using mortar and pestle. The crushed sample was
gently dispersed in distilled water inside a glass vial. A small
portion of the suspension was pipetted unto a cover slip (22 x
32 mm), it is later dried at 50° C and mounted on a glass slide
with the aid of the Norland adhesive 61 (NOA61) mounting
medium. The slides are then cured under ultraviolet light. The
prepared slides were examined for nannofossils under cross—
polarized and transmitted light with the aid of an Olympus
binocular microscope (XZX-INLB2-200) at magnification
x 1000.

Species identifications were made in eight traverses
across each of the slides and specimens compared with
published figures in Perch—Nielsen (1985) and Young (1998).
Species counts were recorded and presented in Stratabug 2.0
chart. Photomicrographs of identified calcareous nannofossil
taxa were taken with the aid of a DP 12 Olympus camera—
adapted transmitted light microscope, and slides are reposited
in the Micropalacontology Laboratory Repository of the
Department of Geology, Obafemi Awolowo University, Ile—
Ife, Nigeria.

RESULTS
Calcareous Nannofossil Distribution

Five hundred and thirty nine (539) counts of nannofossil
belonging to 57 species and 18 genera of calcareous
nannofossil were recorded from the FA—2 borehole (Fig.
4). Photomicrographs of the species are shown in Fig. 6.
Nannofossils were recovered chiefly from intervals 18-93 m,
147-210 m and 240-267 m, while intervals 96-144 m and
213-237 m are either impoverished or completely barren of
calcareous nannofossils (Figs 4 and 5).

The genera Coccolithus, Pontosphaera, Transversopontis
and Sphenolithus are the most abundant (Fig. 5) while
Zygodiscus, Discoaster, Neochiastozygus, Lophodolithus,
Cyclagelosphaera, FEiffellithus and Arkhangeskiella occurs
in subordinate proportions. Also, the genera Discoaster,

Transversoponites, Toweius, are restricted to the upper section
(early Eocene) of the borehole section. Micrantolithus and
Discoaster began to occur around the Palacocene—Eocene
(P/E) boundary and appear to dominate this interval. Notable
Maastrichtian genera, Arkhangeskiella, Micula and Eiffellithus
occur in moderate to low abundance within the basal section.
Most genera are fairly represented except Eiffellithus,
Placozygus, Helicosphaera, Reticulofenestra which are
represented by one or two species. The assemblages of the late
Palaeocene interval are more diversified than those of the early
Eocene. Monechi ef al. (2000) observed similar distribution
pattern in Almedilla, Southern Spain. Rhomboaster occurs
only at the P/ E.

DISCUSSION
Biostratigraphy

The borehole section yielded fairly diverse and moderately
abundant calcareous nannofossil assemblages which include
characteristic Maastrichtian / Palacogene diagnostic
taxa such as Cruciplacolithus tenuis, Cruciplacolithus
primus, Lophodolithus nascens, Neochiastozygus perfectus,
Neococcolithes protenus, Micula concava and Arkhangeskiella
cymbiformis. These assemblages facilitated nannofossil zonal
delineation and recognition of dated events based on the
zonation schemes of Martini (1971) and Sissingh (1977). Five
biostratigraphic interval (Fig. 7) were delineated as follows:

Nannofossil Zone I: CC22 and possibly older

Description: The CC 22 zone was delineated within
the basal shaly sand. The top of the interval is placed at 243
m based on the last occurrence (LO) of Arkhangeskiella
cymbiformis and abrupt termination of Maastrichtian species.

Interval: 243-267 m

Assemblage: The assemblage within this interval include,
Akhangelskiella cymbiformis, Micula concava, Micula
decussata, Eiffelithus turriseiffelii and Cyclagelosphaera
reinhardltii.

Age: Maastrichtian

Nannofossil Zone II: Indeterminate

Description: The top is marked by the first occurrence of
Fasciculithus tympaniformis and nannofossil taxa resurgence
at 186 m. The base was delineated based on the last occurrence
of Arkhangelskiella cymbiformis and abrupt termination of
species at 243 m.

Interval: 186243 m

Assemblage: Rare occurrence of the long ranging species,
Coccolithus pelagicus was recorded within this interval.

Remark: This over 60 m of almost barren interval is
believed to be related to the widely reported biotic mass
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Fig. 4—Calcareous nannofossil zonation, distribution, species abundance and diversity in the FA-2 borehole, Eastern Benin Basin.
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Fig. 5—Graphical representation of the abundances of some calcareous nannofossil genera in the FA-2 borehole, Eastern

Benin Basin.

and Reticulofenestra spp. appear for the first time within this
interval of FA-2 borehole. The Palacocene / Eocene (P/E)
boundary is placed at 156 m based on the last occurrence
of Neochiastozygus perfectus. This boundary placement is
also supported by the Coccolithus pelagicus acme at this
horizon. Monechi ef al. (2000) suggested the placement of
the P/E boundary interval at Coccolithus pelagicus acme in
sections where the established boundary markers were not
recovered. Coccolithus pelagicus was a principal component
of nannoplankton communities in low latitudes during the
late Palacocene (Haq & Lohmann, 1976). The Palacocene
boundary in the FA-2 borehole is further evidenced by the
marked nannofossil assemblage turnover at 147 m. The
Palaecocene / Eocene transition is characterized by faunal
and nannofossil assemblage turnover (Speijer et al., 1996;
Monechi et al., 2000; Morsi & Speijer, 2003; Mutterlose et
al., 2007; Adebambo et al., 2022).
Age: Late Palaeocene.

Nannofossil Zone IV: Indeterminate

Description: The top of this interval is marked by
nannofossil resurgence at 69 m, while the base is marked by
the last occurrence of Neochiastozygus perfectus at 156 m.

Interval: 69—-156 m

Assemblage: The interval is near barren of nannofossil,
with only one (1) count of Coccolithus formosus recorded
within the interval.

Remark: The approximately 63 meters of near barren
interval is related to the calcareous nannofossil and faunal
assemblage turnover associated with the Palacocene—Eocene
transition event (Zachos et al., 1993; Speijer et al., 1996;
Monechi et al., 2000; Morsi & Speijer, 2003; Mutterlose et
al., 2007; Adebambo et al., 2022.

Age: Probable Palacocene / Eocene (P / E) Transition.

Nannofossil Zone V: NP10-NP12

Description: The top of this interval is tentatively placed
at 18 m, the topmost sample analysed for the FA-2 borehole.
The base is marked by the nannofossil resurgence at 69 m.

Interval: 18—69 m

Assemblage: Typical NP10-NP12 early Eocene
nannofossil species including Neococcolithes dubius,
Neococcolithes protenus, Coccolithus formosus,
Cruciplacolithus tenuis, Lophodolithus nascens, Sphenolithus
editus and Toweius callosus occur within this interval.

Remark: The interval especially within 18-51 m show
abundant and diverse assemblage of nannofossils. This early
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Fig. 6—Photomicrographs of some calcareous nannofossils recovered in the FA-2 Borehole, Eastern Benin Basin.
(a) Cruciplacolithus tenuis (b) Coccolithus pelagicus (c) Lophodolithus nascens (d) Arkhangelskiella cymbiformis
(e) Sphenolithus moriformis (f) Pontosphaera multipora (g) Toweius eminens (h) Neococcolithus dubius
(1) Neochiastozygus perfectus (j) Tranversopontis rectipons (k) Micratholithus hebecupsis (1) Zygodiscus plectopons
(m) Rhomboaster bitrifida (n) Rhomboaster cupsis (0) Cruciplacolithus primus (p) Discoaster minimus (q) Micula
decussata (r) Micula concava (s) Neococcolithes protenus (t) Fasculithus tympaniformis (u) Coccolithus formosus

(v) Helicosphaera seminulum.

Eocene section recorded a resurgence in assemblages and the
emergence of new taxa after the P/ E transition.
Age: Early Eocene.

PALAEOCLIMATIC INTERPRETATION

Calcareous nannofossils are excellent proxies for
understanding the palacoclimatic condition of Palacogene
sequences (Tantawy 2006; Mutterlose et al. 2007; Agnini, et
al., 2007; Faris, et al. 2015; Saxena et al., 2022). Changes in
assemblage abundances reflect a response to palacoecological
disturbances (Tremolada & Bralower, 2004). Based on oxygen
isotope data and palacobiogeography of planktic organisms,
Haq (1981) noted that a global warming episode prevailed
during the Palacocene—Eocene transition. Oceanic and
atmospheric carbon isotope composition declined marginally
concomitant with the global temperature rise, suggesting

dramatic changes in the global carbon cycle (Kennett & Stott,
1991; Bains et al., 1999).

The Palacocene—Eocene warming episode widely referred
to as Palaeocene Eocene Thermal Maximum (PETM) caused
abrupt global changes in biotic assemblage compositions
(Kelly et al., 1996; Speijer & Morsi, 2002; Adebambo et
al., 2023). Planktic and meiobenthic communities suffered
catastrophic extinction in response to major changes in global
oceanic circulation occasioned by the sudden climatic change
(Zachos et al., 1993; Thomas & Shackleton, 1996; Monechi
et al., 2000; Adebambo et al., 2022).

Surface water, trophic and palaeotemperature conditions
of Palaeogene basins have been interpreted based on
calcareous nannofossil assemblages (Zachos et al., 1989; Wei
& Wise, 1990; Aubry, 1998; Monechi et al., 2000; Bralower,
2002; Tantawy, 2006; Mutterlose et al., 2007).

The calcareous nannofossil assemblages and distribution
in the studied section of FA-2 borehole, suggest certain
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Fig. 7—Stratigraphic distribution of some marker species of the FA-2 borehole.

palaeoclimatic and palaeotrophic conditions of the eastern
Benin Basin.

In the FA-2 borehole, peak abundance counts of 23
was recorded for Coccolithus pelagicus at 159 m indicating
warm water condition. Coccolithus has been interpreted to be
adapted to warm water condition (Wei & Wise 1990; Kelly et
al. 1996; Mutterlose et al., 2007; Chakraborty ef al.,2021) and
oligotrophic environments (Kahn & Aubry, 2004; Mutterlose
et al., 2007; Chakraborty et al., 2021). Rhomboaster and
Discoaster emerged at 144 m (P / E interval). Mutterlose et
al. (2007) noted that the onset of PETM in equatorial Atlantic
is marked by the emergency of Discoaster and Rhomboaster
and regarded species of these genera as excursion taxa. The
Rhomboaster—Discoaster spp. excursion nannofossil exhibit
remarkable provincialism confined to an equatorial belt in the
Atlantic Ocean, Tethys Sea and Pacific Ocean.

The occurrence of Sphenolithus, Coccolithus,
Neococcolithes and Neochiastozygus in the FA-2 section
suggests oligotrophic to mesotrophic warm waters (Bralower,
2002). Taxa characteristics of cool, mesotrophic conditions
(e. g. Chiasmolithus) are rare in the section. Sphenolithus was
also thought to be a k—mode specialist that thrive in warm,
oligotrophic waters (Bralower, 2002).

The high abundance of Coccolithus pelagicus (23 counts)
at 159 m could be an indication of increased productivity

associated with upwelling condition. Increased Coccolithus
pelagicus abundance has been attributed to upwelling off the
Coast of Portugal (Monechi et al., 2000).

A nannofossil assemblage turnover is recognized
between 93 and 159 m in the studied borehole section.
Similar assemblage turnover have been reported from several
Palaeocene—Eocene localities globally, e.g. West Central
Sinai in Egypt (Faris et al., 2015), Central Nile Valley, Egypt
(Tantawy, 2006), Alamedilla, Southern Spain (Monechi et
al., 2000) and New Jersey, United States (Bybell & Self—
Trail, 1997) and ascribed to the global warming episode, the
Palacocene—Eocene Thermal Maximum. During the PETM,
average global temperature rose by 8°C ((Kenneth & Stott,
1991; Bains et al., 1999). Foraminifera and ostracod faunal
turnover believed to be associated with the PETM have also
being reported in the Eastern Benin Basin, Southwestern
Nigeria (Adebambo et al., 2022, 2023). Species abundance
show a significant decreasing pattern from late Palacocene
to early Eocene interval of the studied section as a result of
species extinctions. The P / E transition is characterized by
extinction of nannofossil taxa (Monechi et al., 2000).

The clastic (shale) section above the fairly fossiliferous
limestone interval shows rare to barren nannofossil record.
This is related to the increased precipitation and run—off from
adjacent coastland occasioned by the warm, late Palacocene
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climate. The warm climate climaxed during the Palacocene
Eocene Thermal Maximum. Sediments of many PETM
sections are depleted in calcium carbonate (Mutterlose et al.,
2007) indicating a shoaling of the carbonate compensation
depth (CCD) (Zachos et al., 2005). Katz et al. (1999) reported
a prominent decrease in the global *C / °C ratio during the
PETM (55 Ma) and attributed it to massive release of methane
due to dissociation of gas hydrates. There was severe deep
sea carbonate dissolution leading to the shoaling of the CCD
(Dickens et al., 1995) and a rise in ocean water temperature
(Kenneth & Stott, 1991) as a result of the oxidation of methane
to CO,. This acidification and shoaling may be evidenced in
the FA-2 section by the emergence of malformed genera such
as Discoaster and Rhomboaster and the disappearance of deep
dwelling taxa such as Fasculithus (Mutterlose et al., 2007)
and solution susceptible forms such as Placozygus sigmoides
(Monechi et al., 2000) at 162 m. Surface water acidification
occasioned by high CO, concentration encourages the
development of malformed taxa ((Riebesell et al., 2000).
Discoaster is a k—-mode specialist showing preference for
warm, oligotrophic waters (Tremolada & Bralower, 2004).
Species of Discoaster occur in low abundance in the FA-2
section. The taxa (Discoaster spp.) are generally sparsely
distributed in tropical latitudes in the Palaecogene and appear
to show preference for mid—latitude deep water settings (Wei
& Wise, 1990).

The PETM interval is a period characterized by warm
climate which is expected to favour carbonate deposition
due to high surface water carbonate concentration (Broecker
& Peng, 1984). However, the period is also believed to be
characterized by massive carbon dioxide (CO,) discharge into
the atmosphere causing ocean surface water to be relatively
acidic. The relatively acidic waters would significantly prohibit
carbonate saturation in spite of the heightened temperature,
leading to the shoaling of the CCD (Zachos et al., 2005). The
CCD rose by >2 km in the South Atlantic (Zachos et al., 2005).
This event is associated with mass mortality and marked
turnover of calcareous nannoplankton assemblages (Bybell
& Self—Trail, 1995; Aubry, 1998). This late Palacocene—early
Eocene ocean acidification and reorganization may also be
a factor for nannofossil assemblage turnover in the Eastern
Benin Basin as indicated by assemblages recovered from
FA-2 borehole.

CONCLUSION

The calcareous nannofossil assemblages and distribution
within the FA-2 borehole suggest a late Palacocene warm,
tropical climate and palpable evidence of the Palacocene
Eocene Thermal Maximum interval in the Eastern Benin
Basin, Southwestern Nigeria. The interval is indicated by a
nannofossil assemblage turnover within interval (93—59 m).

The relatively abundant occurrences of the genera
Coccolithus and Sphenolithus suggest a prevalent warm
tropical climate and oligotrophic water condition in the
basin. The commencement of clastic (shale) deposition in
the studied section may be related to the prevailing warm,
humid climate of the late Palacocene and the PETM. The
ocean water acidification leading to carbonate dissolution
and shoaling of the CCD during the Palacocene—Eocene (P/E)
transition may also be factor for the paucity of nannofossils
during this interval. The PETM is characterised by increased
clastic sediment input and reduced carbonate accumulation.
Ordinarily, the warmer climate of the PETM is expected
to favour carbonate deposition. Nonetheless, ocean water
acidification during the P/E transition precluded carbonate
accumulation in spite of the heightened global temperature
that characterised this period. This climatic and ocean water
reorganisation would rather favour clastic sedimentation.

Acknowledgements—The authors are grateful to Dr. A.
U. Otteri of Akute Geo—Resources Limited, Lagos, Nigeria
and the Water Works Department of the Redemption Camp,
Lagos—Ibadan Expressway for making the FA-2 borehole
samples available for this study. Special thanks to the Editor
and Reviewers for their constructive scrutiny and invaluable
suggestions aimed at improving the overall quality of this
study.

REFERENCES

Adebambo BA, Oluwajana OA & Adeyemo OO 2022. Morphotype analysis
and palacoecological implications of Maastrichtian—Palacogene benthic
foraminifera from RCCG BH4 borehole, Eastern Dahomey (Benin)
Basin. Journal of African Earth Sciences 196. https://doi.org/10.1016/j.
jafrearsci.2022.104711.

Adebambo BA, Oluwajana OA & Adebisi AA 2023. Palacobiogeographic
and palacoecological significance of Palacocene ostracods from eastern
Benin Basin, Southwestern Nigeria. Ife Journal of Science 25(1): 27-34.
https://doi.org/10.4314/ijs.v25i.1.4.

Adediran SA & Adegoke OS 1987. Evolution of the sedimentary basins of the
Gulf of Guinea. /n: Matheis & Schandeimeir (Editors)-Current Research
in African Earth Sciences. Balkema, Rotterdam, pp. 283-286.

Adegoke OS, Dessauvagie TFG, Kogbe CA & Ogbe FA 1970. Type section,
Ewekoro Formation (Palacocene) of western Nigeria. Biostratigraphy and
microfacies. 4" African Mier. Coll., Abidjan: 37-39.

Adegoke OS, Dessauvagie TFG & Kogbe CA 1971. Planktonic Foraminifera
in Gulf of Guinea sediments. Micropalaecontology, 17(12): 197-213.
Adegoke OS, Adeleye DR, Odebode MO, Petters SW & Eleagba DM 1980.
Excursion to Shagamu quarry (Palacocene—Eocene). Spec. Pub. Nig. Min.

Geol. Soc. Jos, 2: 1-26.

Adekeye OA, Gebhardt H, Akande SO, Adeoye JA & Abdulkadir TA 2019.
Biostratigraphic analysis of the Cretaceous Abeokuta Group in the eastern
Dahomey Basin Southwestern Nigeria. Journal of African Earth Sciences
152: 171183.

Agnini C, Fornaciari E, Ri D, Tateo F, Backman J & Giusberti L 2007.
Responses of calcareous nannofossil assemblages, mineralogy and
geochemistry to the environmental perturbations across the Palacocene/
Eocene boundary in the Venetian Pre—Alps. Marine Micropalacontology
63: 19-38.



JOURNAL OF PALAEOSCIENCES 129

Alcala—Herrera JA, Grossman EL & Gartner S 1992. Nannofossil
diversity and equitability and fine—fraction 8"*C across the Cretaceous/
Tertiary boundary at Walvis Ridge Leg 74, South Atlantic. Marine
Micropalaecontology 20: 77-88.

Aubry MP 1998. Early Palacogene nannoplankton evolution: a tale of climatic
amelioration. /n: Aubry MP, Lucas S & Berggren WA (Editors)-Late
Palacocene and Early Eocene climatic and biotic evolution. New York,
NY, USA: Columbia University Press, pp. 158-203.

Bains S, Corfield RM & Norris RD 1999. Mechanisms of climate warming
at the end of the Palacocene. Science 285: 724-727.

Billman HG 1976. Offshore stratigraphy and palacontology of the Dahomey
Embayment. Proceedings of the 7™ African Micropalacontology
Colloquim, Ile-Ife, p. 2-42.

Bown PR & Young JR 1998. Techniques. /n: Bown PR (Editor)—Calcareous
nannofossil biostratigraphy. British Micropalacontological Society
Publication Series. Chapman and Hall, pp. 16-28.

Bralower TJ 2002. Evidence of surface water oligotrophy during the
Palacocene—Eocene Thermal Maximum: nannofossil assemblage
data from Ocean Drilling Program Site 690 Maud Rise, Weddell Sea.
Palacoceanography 17: 1-13.

Bramlette MN & Martini E 1964. The great change in calcareous
nannoplankton fossils between the Maastrichtian and Danian.
Micropalaeontology 10: 291-322.

Broecker WS & Peng TH 1984. The climate—chemistry connection. American
Geophysical Union Geophysical Monographs 29: 327-336.

Burke K, Dessauvagtie FJ & Whiteman AJ 1971. Opening of the Gulf of
Guinea and geological history of the Benue depression and Niger Delta.
Nature Physical Sciences 233: 51-55.

Bybell LM & Self-Trail JM 1997. Late Palacocene and Early Eocene
calcareous nannofossils from three boreholes in an onshore—offshore
transect from New Jersey to the Atlantic Continental Rise. Proceedings
of the Ocean Drilling Program Scientific Results 150: 91-110.

Chakraborty A, Ghosh AK & Saxena S 2021. Neogene calcareous
nannofossil biostratigraphy of the northern Indian Ocean: Implications
for palacoceanography and palacoecology. Palacogeography,
Palacoclimatology, Palacoecology 579: 110583.

Dickens GR, O’Neil JR, Rea DK & Owen RM 1995. Dissociation of oceanic
methane hydrate as a cause of the carbon isotope excursion at the end of
the Palaeocene. Palacoceanography 10(6): 965-971.

Elewa AM 2002. Palacobiogeography of Maastrichtian to early
Eocene ostracoda of North and West Africa and the Middle East.
Micropalaeontology 48 (4): 391-398.

Faris M, Ghandour IM, Zahran E & Mosa G 2015. Calcareous nannoplankton
changes during the Palacocene—Eocene Thermal Maximum in West
central Sinai, Egypt. Turkish Journal of Earth Sciences 24: 475-493.

Gebhardt H, Akande SO & Adekeye OA 2019. Cenomanian to Coniacian
sea—level changes in the Lower Benue Trough (Nkalagu Area, Nigeria)
and the Eastern Dahomey Basin: palacontological and sedimentological
evidence for eustasy and tectonism. Geological Society, London, Special
Publications 498: 233-255.

Haq BU & Lohmann GP 1976. Early Cenozoic calcareous nannoplankton
biogeography of the Atlantic Ocean. Marine Micropalacontology 1:
119-194.

Haq BO 1981. Palacogene palacoceanography: Early Cenozoic Oceans
revisited. Oceano. Acta, Proc. 26th no Geol. Oceans sympos, Paris 1980,
pp. 71-82.

Jiang MJ & Gartner S 1986. Calcareous nannofossil succession across the
Cretaceous—Tertiary boundary in east—central Texas. Micropalacontology
32:232-255.

Jiang S & Wise SW 2006. Surface—water chemistry and fertility variations in
the tropical Atlantic across the Palacocene/Eocene Thermal Maximum as
evidenced by calcareous nannoplankton from ODP Leg 207, Hole 1259B.
Revue de Micropaléontologie 49: 227-244.

Kahn A & Aubry MP 2004. Provincialism associated with the
Palacocene/Eocene Thermal Maximum: temporal constraint. Marine
Micropalaeontology 52: 117-132.

Kasem AM, Wise Jr. S, Faris M, Farouk S & Zahran E 2017. Calcareous
nannofossil biostratigraphy of the uppermost Maastrichtian—lower
Palacocene at the Misheiti section, East Central Sinai, Egypt. Revue de
micropaléontologie 60: 179-192.

Katz ME, Pak DK, Dickens GR & Miller KG 1999. The source and the fate
of massive carbon input during the latest Palacocene Thermal Maximum.
Science 286 (5444): 1531-1533.

Keen MC, Al-Sheikly SSJ, Elsogher A & Gammudi AM 1994. Tertiary
ostracods of North Africa and the Middle East. /n: Simmons MD
(Editor)-Micropalaeontology and hydrocarbon exploration in the Middle
East 371-401, 6 pis.

Kelly DC, Bralower TJ, Zachos JC, Premoli-Silva I & Thomas E 1996. Rapid
diversification of tropical Pacific (ODP Site 865) planktonic foraminifera
during the late Palacocene Thermal Maximum. Geology 24: 423-426.

Kenneth JP & Stott LD 1991. Abrupt deep—sea warming, palacoceanographic
changes and benthic extinctions at the end of the Palacocene. Nature
353:225-229.

Lehner P & Ruiter PAC 1977. Structural history of the Atlantic margin
of Africa. American Association of Petroleum Geology Bulletin 61:
961-981.

Martini E 1971. Standard Tertiary and Quatenary calcareous nannoplankton
zonation. /n: Farinacci (Editor)-Proceedings 11 Planktonic Conference,
Roma. 1970, 2: 739-785.

Molina E, Alegret L, Arenillas I, Arz JA, Gallala N, Hardenbol J, von Salis
K, Steurbaut E, Vandenberghe N & Zaghbib—Turki D 2006. The global
boundary stratotype section and point for the base of the Danian Stage
(Palacocene, Palacogene, “Tertiary”, Cenozoic) at El Kef, Tunisia:
Original definition and revision. Episodes 29: 263-273.

Monechi S, Angori E & Salis KV 2000. Calcareous nannofossil turnover
around the Palacocene—Eocene transition at Alamedilla (Southern Spain).
Bulletin Societé. Géologié. France 171(4): 477-489.

Morsi AM & Speijer R 2003. High-resolution ostracode records of the
Palacocene/Eocene transition in the South Eastern Desert of Egypt—
Taxonomy, biostratigraphy, palacoecology and palacobiogeography.
Senckenbergiana Lethaea 83: 61-93.

Morsi AM, Speijer RP, Stassen P & Steurbaut E 2011. Shallow marine
ostracode turnover in response to environmental change during the
Palacocene—Eocene Thermal Maximum in northwest Tunisia. Journal of
African Earth Sciences 59: 243-268.

Mutterlose J, Linnert C & Norris R 2007. Calcareous nannofossils from the
Palacocene—Eocene Thermal Maximum of Equatorial Atlantic (ODP Site
1260B): Evidence for tropical warming. Marine Micropalacontology
65:13-31.

Nton ME, Ikhane PR & Tijani MN 2009. Aspect of rock—eval studies of
the Maastrichtian—Eocene sediments from subsurface, in the Eastern
Dahomey Basin Southwestern Nigeria. European Journal of Scientific
Research 25: 417-427.

Nwajide CS 2013. Geology of Nigeria’s Sedimentary Basins. CSS Press,
Lagos. 565p.

Ogbe FGA 1972. Stratigraphy of strata exposed in the Ewekoro quarry,
western Nigeria. /n: Dessauvagie TFJ & Whiteman AJ (Editors)-African
Geology. University of Ibadan Press: 305-324.

Okosun EA 1987. Ostracod biostratigraphy of the eastern Dahomey Basin,
Niger Delta, and the Benue trough of Nigeria. Bulletin Geological Survey
of Nigeria 41: 1-151.

Oluwajana OA, Adebambo BA, Olawuyi GT, Ewuji JO, Adejayan
BA, Ayodele OD, Adeniran PM, Arabi DO & Adedokun TA 2021.
Palacoecologic implications of foraminiferal assemblages in the
Upper Cretaceous—Palacogene strata, eastern Dahomey (Benin) Basin,
southwestern Nigeria. Arabian Journal of Geosciences 14(9): 1-16.
Springer Nature. https://doi.org/10.1007/s12517-021-07038—x.

Omatsola ME & Adegoke OS 1981. Tectonic evolution and Cretaceous
stratigraphy of the Dahomey Basin, Nigeria. Journal of Mining and
Geology 18(01): 130-137.

Perch—Nielsen K 1981. New Maastrichtian and Palacocene calcareous
nannofossils from Africa, Denmark, the USA and the Atlantic, and some



130 JOURNAL OF PALAEOSCIENCES

Palacocene lineages. Eclogae geologicae Helveticae 74/3: 831-863.

Perch—Nielsen K 1985. Cenozoic calcareous nannofossils. In: Bolli HM,
Saunders JB & Perch—Nielsen K (Editors)-Plankton Stratigraphy.
Cambridge University Press, Cambridge: 427-554.

Riebesell U, Zondervan I, Rost B, Tortell PD, Zeebe RE & Morel FMM
2000. Reduced calcification of marine plankton in response to increased
atmospheric CO,. Nature 407: 364-367.

Saxena S, Chakraborty A, Galovi¢ I, Roy L & Ghosh AK 2022. New
insights into the earliest occurrence, possible evolutionary lineage,
palacogeography and palacoclimatic implications of Nicklithus amplificus:
Evidence from the Adriatic Sea, Indian Ocean and Paratethys. Marine
Micropalaeontology 172: 102111.

Sissingh W 1977. Biostratigraphy of Cretaceous calcareous nannoplankton.
Geologieen Mijnbou 56(1): 37-65.

Speijer RP, van der Zwaan G J & Schmitz B 1996. The impact of Palacocene/
Eocene boundary events on middle neritic benthic foraminiferal
assemblages from Egypt. Marine Micropalaecontology 28: 99—132.

Speijer RP & Morsi AM 2002. Ostracode turnover and sea—level changes
associated with the Palacocene—Eocene thermal maximum. Geology
30(1): 23-26.

Tantawy AAM 2006. Calcareous nannofossils of the Palacocene—Eocene
transition at Qena Region, Central Nile Valley, Egypt. Micropalacontology
52:193-222.

Thomas E & Shackleton NJ 1996. The latest Palacocene benthic foraminiferal
extinction and stable isotope anomalies. /n: Knox RO, Corfield RM &
Dunay RE (Editors)—Correlation of the Early Palacogene in Northwest
Europe. Geological Society Special Publications 101: 401-441.

Tremolada F & Bralower TJ 2004. Nannofossil assemblage fluctuations
during the Palacocene—Eocene Thermal Maximum at Sites 213 (Indian
Ocean) and 401 (North Atlantic Ocean): palacoceanographic implications.
Marine Micropalacontology 52: 107-116.

Wei W & Wise Jr. SW 1990. Biogeographic gradients of middle Eocene—
Oligocene calcareous nannoplankton in the South Atlantic Ocean.
Palacogeography, Palacoclimatology, Palacoecology 79: 29-61.

Whiteman AJ 1982. Nigeria—Its Petroleum Geology, Reservoir, and potentials.
London, Grahaman and Trotman 1 & 2: 394 pp.

Young R 1998. Neogene. /n: Bown PR (Editor)-Calcareous Nannofossil
Biostratigraphy, Chapman & Hall, England for the British
Micropalaeontological Society: 225-283.

Youssef M, Ismail A & El-Sorogy A 2017. Palacoenvironmental changes in
the Palacocene sequence of Dineigil area, south western Desert (Egypt):
Foraminifera and calcareous nannofossils record. Egypt Journal of
Palacontology 14: 39-63.

Zachos JC, Arthur MA & Dean WE 1989. Geochemical evidence for
suppression of pelagic marine productivity at the Cretaceous/Tertiary
Boundary. Nature 337: 61-64.

Zachos JC, Lohmann KC, Walker JCG & Wise SW 1993. Abrupt climate
change and transient climates during the Palacogene: A marine
perspective. Journal of Geology 100: 191-213.

Zachos JC, Rohl U, Schellenberg SA, Sluijis A, Hodell DA, Kelly DC,
Thomas E, Nicolo M, Raffi I, Lourens LJ ez al. 2005. Rapid acidification
of the ocean during the Palacocene—Eocene Thermal Maximum. Science
308: 1611-1615.



