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Abstract

The southern Bida Basin is the southern arm of the Nigerian inland rift system that needs detailed
investigation in terms of stratigraphic and age precision and the description of depositional
environment as well as promising hydrocarbon potential. The study focuses on the review of the
stratigraphic and palynological setting of the sediments of Cretaceous (Upper Maastrichtian) in the
Patti Formation. This paper integrated the sedimentological and the palynological data in order to
improve age determination and paleoenvironmental reconstruction. Lithologic descriptions, and
palynological analyses were done on dark grey to black shale samples of Ahoko and Acheni outcrops
respectively through field observations. The study revealed dominantly Upper Maastrichtian
palynomorphs such as Monocolpites marginatus, Proteacidites cf. dehaani, Longapertites sp.,
Cyathidites sp., and Echitriporites trianguliformis in the study sections of the basin. Evidence of
freshwater algae (Botryococcus braunii) and diatom frustules revealed a fluvio-lacustrine and low-
energy as well as swampy depositional environments amidst a humid climatic condition. The presence
of diagnostic marker Retimonocolpites and Zlivisporites indicates early Paleocene and this implies an
uninterrupted sedimentation through the Cretaceous-Paleogene boundary. The combination of
sedimentary facies and palynology addresses explicitly zonation, depositional interpretation and
environmental proxies to age determination that was stated in previous work. This study also proves
the value of palynology in the determination of environmental signatures of inland basins that have not
received much description and attention, such as the southern Bida Basin.
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INTRODUCTION

Studies of Cretaceous sediments in Nigeria inland sedimentary basins has been of interest to
many authors and general studies have been carried out by several of them to unravel their
age, depositional environments and hydrocarbon potentials in most cases. Researchers have
focused on the palaeontology and in some cases palynomorphs assemblages found in these
inland basins.

Southern Bida Basin, located within the mid-Cretaceous sequence of Nigeria and covers a vital
portion of the inland possibilities of the country with regards to hydrocarbon. Recent work
by Aigbadon et al. (2022, 2023 a, b, 2024) has significantly advanced our understanding of the
basin's sedimentary facies, palynological assemblages, and also relate them to paleo
environmental reconstruction. The papers supplemented other previous pioneer studies by
Akande et al. (2005); Adeleye & Dessauvagie (1972), and Odoma et al. (2015) the significance
in reconstructing Cretaceous depositional systems and biostratigraphy. Jan Du Chene et al.
(1978) and Odoma et al. (2022, 2024) carried out a palynostratigraphical studies and used
palynomorph species to assigned Maastrichtian age to black shales of Patti Formation in the
southern section of the Bida Basin. Mebradu et al. (1984) carried-out a palynostratigraphical
studies on the Ahoko sediments from the southern parts of the Nupe Basin (also known as
Bida Basin) in southern section of the basin as described by Ojo and Akande (2020), and
Aigbadon et al. (2022, 2023 and 2024). Their study identifies upper Cretaceous Miospores
zones in the basin. Their study further used fossils assemblages to date the age of the
sediments in the basin to be Maastrichtian. Studies in previous works state Maastrichtian ages
for Patti Formation without being specific. Maastrichtian is divided into Early (Lower
Maastrichtian) and Late (Upper Maastrichtian) because the boundary between the two is
about 72.1 to 66 MA (Jagt et al., 2012). The study is unique because it using sedimentology and
specific marker beds from palynology to delineate strata, environment and specific ages of the
sediments in the basin that lacking in previous studies. Few studies have also used
palynomorphs to studied sedimentary basin as described in Okon et al. (2024) Odoma and
Aigbadon (2024) and Fensome, Williams (2004) and Obaje (2004 and 2009.)

Location and tectonic settings

The southern Bida Basin (Fig.1) is located in the central sedimentary area of Nigeria, that is
flanked by Benue Trough to the east and Basement Complex to the southwest (Aigbadon et
al., 2023; Figs. 1 and 2). The basin is within the West African tectonic rift system and the
tectonic formation of Bida Basin is closely related to the early Crataceous rifting activities
which led to the opening of South Atlantic Ocean. Its other features are that it is intra-cratonic
rift basin on West African Craton in response to extensional tectonics linked to Gondwana
break-up (Early Cretaceous) (Genik, 1993). It is geologically consistent and genetically
associated with the Benue Trough where by both basins have had concurrent sedimentation
in the Cenomanian to Maastrichtian. It is also structure-wise typified by passive-margin
stratigraphy and amphibious signs of syn-depositional tectonics (fanglomerates implicate
basement uplift, whereas marine incursions through the Campanian Maastrichtian are the
manifestations of wider Atlantic seafloor-spreading-driven subsidences) (Ozulu et al., 2024).
The paleo-current indicators/studies by Aigbadon et al. (2022,2023) show sediment flow
predominantly southwest and northwest likely sourced from Basement Complex and Benue
Trough highs, respectively
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Fig. 1: The Bida Basin and the study area (Modified after Abubakar, 2014; Aigbadon et al., 2023b).
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Fig. 2: Geological map showing sample locations and the study areas (Modified After Agyingi, 1993; Aigbadon et
al., 2022 b)
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Stratigraphy

Major rock units that are exposed to the study area include mainly fine grained- coarse
sandstone, dark-grey to black shales. The dark-grey shales intercalations include prominent
intercalations of ironstone band (Mebradu et al., 1984; Aigbadon et al., 2023). The stratigraphic
positions (Figs. 2) of the sediments are satisfactorily described in earlier work as Campanian-
Maastrichtian on the basis of plant remain (Reyments, 1965; Carter, 1965; Obaje et al., 2009;
Rahman et al., 2019; Ojo and Akande (2020) and Aigbadon et al., 2023), and also as Upper
Senonian (Carter, 1965). The southern Bida Basin consists of three of them that is the oldest to
the youngest; Lokoja, Patti and Agbaja Ironstone Formations respectively according to
Rahman et al. (2019); Ojo and Akande (2020) and Aigbadon et al. (2023). The Lokoja
Formations are of fine-medium grained sandstone, clay lauded sand stone, silt stone and mud
stone facies. It has been assigned Campanian age in base of microfossil studies (Obaje et al.,
2004, 2011). The Patti Formation are the Late Cretaceous (Campanian-Maastrichtian)
stratigraphic unit of the southern Bida Basin (or the Mid-Niger Basin), Nigeria. It is comprised
mainly of grey to bluish-grey shales, siltstone and interbedded fine- grained sandstone. The
formation is characterized by fossil content which include plant remains, palynomorphs, and
marine invertebrate microfauna with rare occurrences suggesting an influence of
brackish/freshwater at the time of deposition was prevalent (Obaje et al., 2004, 2011;
Aigbadon et al.,2023). It rests in conformity to Lokoja Formation and is covered by the Agbaja
Ironstone (Obaje et al., 2004, 2011; Aigbadon et al.,2023). Agbaja Ironstone Formation is also a
ferruginous unit but of late Cretaceous age, which was in most times considered the topmost
aspect of the Patti Formation or topped the whole assemblage in the basin (Obaje et al., 2011).
It consists chiefly of lateritic and oolitic ironstones, with subordinate beds of shale and silt.
This deposition occurred in the paleoplain setting located at a near-shore deltaic to lagoonal
environment that was iron-rich whereby the precipitation of the ferric minerals was made
possible. The Agbaja Ironstone is especially important in regard to iron ore resources, deposits
being prominent at the Agbaja Plateau of Kogi State. The postulated interpretation for iron
enrichment includes combination of chemical weathering and subsequent lateritization in
warm tropical climate conditions, along with the reworking under shallow water
environments (Aigbadon et al., 2022, 2023).

MATERIALS AND METHODS

Outcrop sections within Patti Formation were logged in the field to give the lithology,
sedimentary structures, grain-size variations. This was done in accordance with the published
works of Aigbadon et al. (2023). The samples were subjected to the palynological analyses.
The dark to black grey shale were collected from logged Ahoko outcrops section based on
intervals of interest. The sample (shale, claystone, and potential coaly shale bed samples) were
subjected to acid maceration whereby shale and claystone were sieved as described by (Okon
et al. 2024 and Aigbadon et al., 2023; Odoma et al., 2024, Atabo and Aigbadon, 2024). The
prepared slides were subjected under transmitted-light microscopy and viewed under the
microscopes to identify miospores, dinoflagellate cysts, and algal/walled structures.
Palynofacies data informed facies interpretation, while zonation provided biostratigraphic
ages. The stratigraphic assemblages such as Proteacidites cf. dehaani, Proteacidites longispinosus
Echitriporites trianguliformis, and Longapertites were used to date and evaluate the depositional
settings. The aforementioned are well described in published works of Aigbadon et al. (2022)
and Okon et al. (2024), respectively.
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RESULTS AND DISCUSSION

Results

The study reveals that the lithologies within the study area are fine grained sandstone,
claystone, siltstone, light-dark grey shales, black-to dark claystone and shales, respectively.
But the dominant rock units are dark grey to black shale, sometimes laminated with
interbedded concretional ironstone (Fig .3)

Description and interpretation of studied intervals in the basin

The assemblage in Ahoko (AK) and Acheni (ACH) contains diagnostic species of the
Maastrichtian age; Cingulatisporites ornatus, Longapertites sp and Cyathidites sp. Indications
fresh-water algae (Botryococcus braunii) also suggest a terrestrial depositional environment
with frequent fresh-water intrusion, the fluvio-lacustrine environments (Batten, 1996; Lawal

& Moullade, 1986).
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Sample AK-1 shows a more diversified assemblage, including Monocolpites marginatus,
Echitriporites trianguliformis, and Tricolporopollenites sp., further confirms Maastrichtian
deposition (Table 1 and Fig.3 and 5). The mixture of spore-producing pteridophytes and
angiosperm pollen suggests a warm, humid terrestrial setting (Salard-Cheboldaeff, 1990).
AK-2 is dominated by Longapertites marginatus, Tricolporopollenites sp., and Cyathidites sp., this
assemblage is consistent with the late Maastrichtian (Table 1 and Fig.3). The presence of
Botryococcus braunii and Diatom frustules points to freshwater influence, likely from floodplain
or low-energy lake environments (Traverse, 2007).

AK-3 shows the coexistence of Proteacidites cf. dehaani, Monocolpites marginatus, and
Botryococcus braunii reinforces the Maastrichtian age and a terrestrial to marginal lacustrine
paleoenvironment (Table 1 and Figs.3 and 5), typical of the Campanian-Maastrichtian deltaic
systems in West Africa (Jardiné & Magloire, 1965).

AK-4 revealed high diversity with key species such as Spinizonocolpites echinatus, Ephedripites
sp., and Distaverrusporites simplex confirms Maastrichtian affinity (Table 1 and Figs.3 and 5).
The diversity of spores and freshwater indicators (Diatom frustules) supports deposition in a
vegetated floodplain to delta plain setting (Lawal & Moullade, 1986; Oloto, 1994).

AK-4 display palynomorphs such as Retimonocolpites cf. obaensis and Zlivisporites blanensis hint
at a Maastrichtian-Paleocene transition (Table 1 and Fig.3). This assemblage suggests a
temporal overlap of late Maastrichtian and early Paleocene taxa, pointing to either continuous
sedimentation or reworking (Jan du Chéne et al., 1978).

AK-5 shows the association of Cyathidites minor, Gleicheniidites sp., and Monocolpites marginatus
reflects a typical Maastrichtian signature. Presence of Diatom frustules suggests proximity to
freshwater sources such as floodplains or swamps, supporting a moist, lowland forest
ecosystem (Batten, 1996).

AK-6 though revealed poorly fossiliferous, Monocolpites marginatus and Cingulatisporites
ornatus align with Maastrichtian flora (Table 1 and Fig.3). The low diversity and freshwater
indicators may imply brief flooding events or marginal swamp conditions (Morley, 1981).
ACH-1 display microfossil such as Retidiporites magdalenensis, Retimonocolpites sp., and
Polypodiaceoisporites sp., this assemblage aligns with Maastrichtian environments and
reinforces a terrestrial, humid lowland setting, perhaps close to brackish influence due to the
presence of marine-influenced genera (Lawal & Moullade, 1986; (Table 1 and Figs. 4 and 5).
ACH-2 display sparse palynomorph content, with spores like Laevigatosporites sp. and
Distaverrusporites simplex, continues to support Maastrichtian age (Table 1 and Figs.4 and 5).
The dominance of spores may reflect increased humidity and dense vegetation typical of
fluvial-deltaic environments (Salard-Cheboldaeff, 1990; Oloto, 1994).
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ACH-3 revealed the presences of Retidiporites magdalenensis, Retimonocolpites sp., and
Polypodiaceoisporites sp., this assemblage aligns with Maastrichtian environments and
reinforces a terrestrial, humid lowland setting, perhaps close to brackish influence due to the
presence of marine-influenced genera (Lawal & Moullade, 1986; Table 1 and Figs.3 and 5).
ACH-4 reflects sparse palynomorph content, with spores like Laevigatosporites sp. and
Distaverrusporites simplex, continues to support Maastrichtian age (Table 1 and Figs.3 and 5).
The dominance of spores may reflect increased humidity and dense vegetation typical of
fluvial-deltaic environments (Salard-Cheboldaeff, 1990; Oloto, 1994).
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Fig.5: Photomicrograph of palynomorphs recovered in the studied outcrop sections (X 400).
1.Cyathidites minor. - AK-5
2.Foveotriletes margaritae - AK-5
3.Monocolpites marginatus - AK-4
4.Longapertites marginatus- AK-2
5.Cingulatisporites ornatus -AK- 2
6.Ephedripites sp. - AK-5
7.Echitriporites trianguliformis - AK-2
8.Distaverrusporites simplex - AK-5/ ACH-2
9.Retimonocolpites cf. obaensis - AK-6
10.Botryococcus braunii- AK-3
11.Zlivisporites blanensis - AK-6
12.Gleicheniidites sp - AK-6
13.Polypodiaceoisporites sp.- ACH-4/ ACH-3/ACH-1
14.Retidiporites magdalenensis. ACH-4
15.Proxapertites operculatus AK-1
16.Proteacidites longispinosus Ak-3
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Table 1: Showing microfossil assemblages, marker species, age and zone

Formation

Assemblages

Markers species

Age

Zone

AK1-6 and ACH 14

Monocolpites
marginatus,
Echitriporites
trianguliformis, and
Tricolporopollenites
sp., Proteacidites cf.

Proteacidites cf.
dehaani,
Proteacidites
longispinosus
Echitriporites
trianguliformis,

Upper-Lower
Maastrichtian

Echitriporites
trianguliformis-
Scabratriporites
annellus, Cyathidites
minor

dehaani,
Laevigatosporites sp.,
Distaverrusporites
simplex,
Retidiporites
magdalenensis,
Retimonocolpites sp.,
Polypodiaceoisporites
sp.,  Longapertites
marginatus, and
Cyathidites sp.

DISCUSSION

Identification of the following microfossils and their dating age ranges have been assigned
based on the established biostratigraphic records in the tropical West Africa and South
America, respectively. The Upper Maastrichtian taxa recovered in the studied outcrop
sections are Monocolpites marginatus, Echitriporites trianguliformis, Retidiporites magdalenensis,
Longapertites marginatus, and Proteacidites cf. dehaani. These species have been consistently
documented in Upper Maastrichtian palynozones and are widely used as index fossils in
stratigraphic correlations (Germeraad et al, 1968; Jan du Chéne et al, 1978; Salard-
Cheboldaeff, 1990; Odoma et al., 2024. Table 2 and Fig. 5). In contrast, species such as
Tricolporopollenites sp. and Distaverrusporites simplex are characteristic of the Lower
Maastrichtian, often appearing in Campanian to early Maastrichtian intervals (Lawal &
Moullade, 1986; Jan du Chéne et al., 1978, Odoma et al., 2024.). Other taxa, including
Retimonocolpites sp., Laevigatosporites sp., Polypodiaceoisporites sp., and Cyathidites sp., are
considered long-ranging and environmentally indicative forms. These are often found
throughout the Maastrichtian and may reflect prevailing depositional environments (e.g.,
humid swampy settings) rather than specific chronostratigraphic boundaries (Germeraad et
al., 1968; Salard-Cheboldaeff, 1990). Based on the above discussion the palynomorphs are
classified based on their ages as described and summarized in (Germeraad et al., 1968; Jan du
Chéne et al., 1978; Salard-Cheboldaeff, 1990; Lawal & Moullade, 1986 and Table 2).

Table 2: Showing Taxon/species with their stratigraphic age

Taxon Stratigraphic Age Reference(s)
Monocolpites marginatus Upper Maastrichtian Germeraad et al., 1968; Jan du
Chéne et al., 1978
Echitriporites trianguliformis Upper Maastrichtian Salard-Cheboldaeff, 1990
Tricolporopollenites sp. Lower Maastrichtian Lawal & Moullade, 1986
Proteacidites cf. dehaani Upper Maastrichtian Germeraad et al., 1968
Laevigatosporites sp. Maastrichtian (non-specific) Salard-Cheboldaeff, 1990
Distaverrusporites simplex Lower Maastrichtian Lawal & Moullade, 1986
Retidiporites magdalenensis Upper Maastrichtian Jan du Chéne et al., 1978
Retimonocolpites sp. Maastrichtian (non-specific) Germeraad et al., 1968
Polypodiaceoisporites sp. Maastrichtian (non-specific) Salard-Cheboldaeff, 1990
Longapertites marginatus Upper Maastrichtian Jan du Chéne et al., 1978
Cyathidites sp. Maastrichtian (non-specific) Germeraad et al., 1968
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CONCLUSIONS

Palynological study was done on dark grey to black shale samples AHK-1 to 6 and ACH-1 to
3. The palynological and sedimentological features of southern Bida Basin indicates a result
of overall upper Maastrichtian age of the sediments studied in view of the frequent
appearance of major index Palynomorphs like Longapertites sp., Monocolpites marginatus,
Cyathidites sp., Cingulatisporites ornatus. The identification of transitional Paleocene taxa in
AK- 6 further suggests that sedimentation may have extended slightly into the early
Paleocene, indicating a relatively continuous depositional sequence across the Cretaceous-
Paleogene boundary. The associated palynomorph assemblages characterized by angiosperm
pollen, pteridophytic spores, freshwater algae (Botryococcus braunii), and occasional diatom
frustules reflect a terrestrial to marginal lacustrine depositional environment. This support a
model of deposition in low energy environments; floodplains, swamps, and delta plain
environments and within a relatively warm and humid paleoclimate that were congruent
with the South-Bida Basin geologic and climatic evolution in late Cretaceous. Lastly, the
palynological data not only confirm the age and paleoenvironmental framework of the
sediments, but it is also an important source of biostratigraphy correlation as well as
hydrocarbon prospectivity evaluation in the southern Bida Basin.
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