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Abstract

The concept of sequence stratigraphy in explaining sediment accumulation and preservation trends
within basin fills have become a highly successful exploration tool in the search for hydrocarbon
resources. Thus, the subdivision of a basin's sedimentary deposits into time stratigraphically
constrained depositional packages is imperative in unraveling its development and inherent
hydrocarbon potentials. The sequence stratigraphic analysis is based on the integration of the biofacies
data derived from the peaks of foraminiferal abundance and diversity with lithostratigraphic data.
Paleowater depths were inferred from the qualitative evaluation of selected environmentally significant
benthic foraminifera. The textural ditch cutting samples information was integrated with the
biostratigraphic analysis to derive significant depositional environment. This suggest that depositional
environment of the studied sections was within the shallow inner Neritic and Middle Neritic and
progressively deepening towards outer Neritic/Upper Bathyal. The fossils used in this research to
characterize the sequence stratigraphic biozonations are the foraminiferal, calcareous nannofossils and
palynomorphs. The sequence stratigraphy recognition of the maximum flooding surfaces was carried
out using the Foraminiferal biozonation in which only faunal biozones (faunal assemblage
characterizing a stratigraphic interval) were recognized. The sequence boundary was picked based on
the maximum flooding surfaces and unconformities are based on progressive missing section between
the sequence. The integration of the textural characteristics of ditch cutting samples with palynological
data and paleobathymetric information for selected environmentally significant foraminifera suggest
that the well section studied was deposited between Shallow inner Neritic and Middle Neritic
environments at the base, deepening progressively to Outer Neritic/ Upper Bathyal towards the top of
the well. In conclusion, depositional sequences with its internal geometric elements will be
reconstructed from key dated unconformities and major flooding surfaces.

Keywords: Benin Basin, Foraminiferal, Biozonation, Sequence boundary, Depositional
environment.
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INTRODUCTION

The MARS Field was one of the many Cretaceous discoveries along the West African
Transform Margin, other hydrocarbon producing field within the Dahomey Embayment are
Jubilee oil Field, Seme Field in Ghana, Ogo Field in Nigeria and Greater Tortue in Senegal.
Three wells among the MARS Field wells (MARS 5, MARS 1 and MARS 3) was used for the
analysis. The wells are drilled in the offshore Dahomey Basin in western Nigeria in 1996. The
wells were drilled on a Kelly bushy of about 80ft to 100ft in 320 ft to 500ft water depth. The
well attained a total drilled depth of 8482ft - 161,38ft. selected samples from top of the wells
to base of the well were used for the biostratigraphy analysis and age dated with Calcareous
Nannofossils. This research work reviews the sequence stratigraphy and depositional
environment of the Mars field. Unconformities were considered as second order sequence
stratigraphic surfaces and defining time lines throughout the whole area. Biostratigraphy
study of the Cretaceous interval based on the occurrences of index species was able to reveal
Biozonation of the wells, determination of age for the identified intervals and Paleo-
environment of the studied well section.

The Mars Field, located approximately 24 kilometers offshore western Nigeria along the West
African Transform Margin (Figure 1), provides a critical window into the geological history
of the Dahomey Basin (Billman, 1992). Biostratigraphy, a fundamental tool in subsurface
analysis, leverages the distribution of fossil assemblages to establish the relative ages of
sedimentary strata and correlate them across regions (Berggren et al., 1995).

The Dahomey Basin, also referred to as the Benin Basin, is a significant sedimentary
depocenter along the West African margin, characterized by a complex tectonic history
influenced by the opening of the Atlantic Ocean (Omatsola & Adegoke, 1981). The basin’s
sedimentary fill spans the Cretaceous to the Paleogene, recording a range of depositional
environments from fluvial to marine settings (Kaki et al., 2012). Understanding its
biostratigraphy is essential not only for academic purposes but also for hydrocarbon
exploration, as fossil markers help delineate reservoir-bearing formations and unconformities
(Asquith & Krygowski, 2004). In this study, ditch cutting samples were analyzed to describe
the lithostratigraphy, offering insights into rock types and depositional conditions.
Micropaleontology, focusing on foraminifera, was employed to identify key biozones, while
palynology —examining pollen, spores, and dinoflagellate cysts —provided additional age
constraints and paleoenvironmental clues.

The Mars Field wells penetrate a succession of strata that reveal a rich microfossil record, with
varying abundance and diversity at different depths. Foraminifera, such as Globotruncana
and Morozovella species, serve as reliable indicators of Cretaceous and Paleocene ages,
respectively (Bralower et al., 1995). Palynomorphs, including dinoflagellates and pollen,
further refine the zonation, particularly in the deeper Cretaceous intervals where microfossils
may be sparse or absent (Adeigbe et al., 2013). This multi-proxy approach enhances the
resolution of the stratigraphic column, allowing for a detailed correlation with regional
geological frameworks. The study area’s proximity to the Okitipupa Ridge, a faulted
basement high separating the Benin Basin from the Niger Delta Basin, adds structural
complexity that influences fossil preservation and distribution (Coker & Ejedawe, 1987). By
synthesizing these datasets, this paper aims to elucidate the biostratigraphic succession of the
Mars Field, contributing to a broader understanding of the Dahomey Basin’s geological
evolution. The main objectives of the study are to review the MARS Field well sequence
stratigraphy, study of the cretaceous interval based on the occurrences of index species. This
is to define the Biozonation of the studied wells, determination of the age of the studied
intervals and Paleo-environment of the studied well section.
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Figure 1: Map showing the study area

Regional settings

The Dahomey basin is a coastal sedimentary fill which stretches from south-eastern Ghana
through Togo, Benin Republic and Nigeria. The basin which is underlain by the Cretaceous
to Eocene sediments, originated as a consequence of the separation of the African and South
American continents, which commenced in the Early Cretaceous. The oldest sedimentary unit
in the basin is the Abeokuta Group, comprising of the Ise, Afowo and Araromi Formations
(figure 2). This sequence is overlain by the Tertiary Ewekoro Formation. The Ososun
Formation stratigraphically lies above the Ewekoro Formation. The entire sequence is capped
by the sandstone dominated Ilaro Formation (figure 3).

The Abeokuta Group (Albian-Cenomanian) forms the basal unit and represents the syn-rift
deposits. It comprises the ljebu Formation (continental clastics, including conglomerates and
sandstones), the Afowo Formation (transitional to marginal marine sandstones and shales),
and the Araromi Formation, which includes thick marine shales and siltstones with occasional
limestone intercalations (Omoboriowo et al., 2019; Adepoju et al., 2021).

Overlying the Abeokuta Group is the Ewekoro Formation (Paleocene), a highly fossiliferous
limestone deposited during a regional marine transgression. This unit is widely exposed in
southwestern Nigeria and is considered a key marker horizon across the basin. It is succeeded
by the Akinbo Formation (Paleocene-Eocene), composed mainly of dark grey to black shales,
phosphatic beds, and glauconitic sandstones, deposited under deeper marine, low-oxygen
conditions (Oyedele & Akande, 2020). The youngest unit is the Benin Formation (Miocene-
Recent), which consists of unconsolidated sands and gravels laid down in a fluvial to coastal
plain setting and forms the uppermost sequence of the Niger Delta in the Dahomey area
(Adebayo et al., 2020; Ojo et al., 2022).

Subsequent thermal subsidence in the post-rift stage led to widespread marine transgression
and sediment accumulation (Ogunbanjo et al., 2022). Structural interpretation of seismic data
reveals rollover anticlines, listric faults, and subtle compressional features, particularly in the
offshore segment of the basin (Ekwueme et al., 2023).

In terms of petroleum geology, the Afowo and Araromi Formations contain organic-rich
shales that serve as potential source rocks, with Total Organic Carbon (TOC) values ranging
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from 1.2% to 4.5% and kerogen types Il and III (Adepoju et al., 2021; Olabode & Obaje, 2020).
Vitrinite reflectance data suggest that maturity increases offshore, where some parts of the
basin reach the oil window (Olatinsu et al., 2021).

Petrographic analysis by Adebayo et al. (2020) indicates that the Ilaro Formation sandstones
are compositionally mature and texturally submature, with quartz content exceeding 90%.
The seals in the basin are provided by the marine shales of the Araromi and Akinbo
formations, which are laterally continuous and low in permeability. The trap mechanisms
include fault-bounded closures, rollover anticlines, and stratigraphic pinch-outs. Recent
seismic and structural modeling by Ekwueme et al. (2023) identified several potential traps,
including buried hills and channel fills in the deep offshore Benin region.

Despite a relatively low level of commercial success, there have been hydrocarbon shows in
wells such as the Seme Field (offshore Benin), which produced oil from the Cretaceous Afowo
sands (Agagu, 1985; Ekwueme et al., 2023). Geophysical advances, including full waveform
inversion (FWI) and spectral decomposition, have enabled better delineation of deep
stratigraphic traps and channel complexes (Ojo et al., 2022; Adebanjo & Ogunbanjo, 2024).
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Figure 2. East-West section showing the Tectono-stratigraphic frame work of the Benin basin and upper part of
Niger-Delta basin (Whiteman, 1982).
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Figure 3. Shows the stratigraphic architect of the Benin basin.
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MATERIAL AND METHODS

The ditch cutting samples was analyzed using stereo-binocular microscope for the
lithostratigraphic Analysis. The samples provided were lithological analyses under a stereo-
binocular microscope, it was analyzed for rock type, color, texture of constituent grain,
accessory minerals, fossil content, nature of cement and diagenesis. The paleoenvironments
was classified based on the integration of the textural characteristics of ditch cuttings sample
with foraminiferal, palynomorph, paleobathymetric data, sediment packages bounded by
time and obvious surfaces of unconformities.

RESULTS AND DISCUSSION

The results obtained from the study area are related to succession of formations within the
basin, generally bounded by unconformities and defining time lines, these surfaces should
correspond to major GR Log breaks and should also be related to the seismic markers.

Sequence Stratigraphic Analysis

Base on integration of the biofacies data derived from the peaks of foraminiferal abundance
and diversity with lithostratigraphic data. Paleowater depths were inferred from the
qualitative evaluation of selected environmentally significant benthic foraminifera. The most
significant hiatus was identified at 10440" at the Campano-Santonian boundary. At the
Cretaceous-Tertiary boundary the unconformable surface was identified at 8510". This was
identified by the abrupt shift in environment of deposition from a highly fossiliferous fully
marine Outer Neritic-Upper Bathyal to a poorly fossiliferous shallow Inner Neritic
environment. Sequence boundaries (Table 2) are normally pointing within progradational
successions above each Maximum Flooding Surfaces (MFS) (Table 1) where there is a sudden
shift from decreasing accommodation to increase in shelf accommodation upward. The
sequence boundaries were selected tentatively on the basis of faunal minima only.

Table 1: Maximum Flooding Surface as identified on well MARS-5

Maximum Flooding Surfaces (Depth Feet) Age (Ma)
6400 61.1
7810 64.6
9115’ 66.2
9420’ 68.6
10000 73.4
10750’ 88

11200’ 89

Sequence Boundaries

Sequence boundaries are normally points within progradational successions above each
Maximum Flooding Surfaces (MFS) where there is a sudden shift from decreasing
accommodation to increase in shelf accommodation upward. The sequence boundaries were
selected tentatively on the basis of faunal minima only.

Table 2: Sequence boundaries as identified on well MARS-5.

Sequence Boundary (Depth Feet) Age (Ma)
7715 263

8510 265.6
9395’ ?66.8
9955 2704
10440’ ?

10610 ?87.5
11050’ 288.5
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Paleoenvironment

The paleoenvironments was classified based on the integration of the textural characteristics
of ditch cuttings sample with foraminiferal, palynomorph, paleobathymetric data, sediment
packages bounded by time and obvious surfaces of unconformities. Well sediments were
deposited between Shallow Inner Neritic to Middle Neritic environments at the base,
deepening progressively to Outer Neritic and Upper Bathyal towards the top of the studied
well section. The preponderance of deeper water microfauna as well as transgressive
terrigenous sands in the upper section of the well confirms deposition under open sea
conditions beyond the distal shelf edge.

a. MARS 1 Well Foraminifera Biozonation (59007-8482’)

Morozovella trinidadensis to Globigerina eugubina biozones it occurs at stratigraphic interval
5900" - 6120’, it indicates the age of Early Paleocene. The Formation is Upper Araromi
Formation. Globotruncana aegyptiaca-Globotruncanella havanensis biozones it occurs at
stratigraphy interval of 6170" - 6270, it indicates age of Early Maastrichtian. The Formation is
the Lower Araromi Formation. H. globulosa is known from the base of the Lower
Maastrichtian G. aegyptica zone. This is the youngest Late Cretaceous Zone recognized in this
well, therefore Upper Maastrichtian strata are considered as missing. Dicarinella
asymmetrical/ Dicarinella primitive biozones it occurs at stratigraphy interval of 6170" - 6940,
it indicates age of Santonian-Coniacian. The Formation is the Awgu Formation.

Archeoglobigerina Creatacea/Hedbergella Holmedelensis: Biozone occur at Stratigraphic
interval of 16120" - 11310" which indicate age of Late Cretaceous (Turonian and Older), it is
bounded at the top by the 89 Ma MFS at depth of 11310.

Marginotruncana sigali/Dicarinella Primitiva: Biozone occur at stratigraphic interval of
11310" - 10750” which indicate age of Late Cretaceous (Coniacian). It is bounded by 88 Ma
MEFS at depth of 1070".

Globotruncanella petaloides/Whiteinella baltica: Biozone occur at Stratigraphic interval of
10750’- 10100” which indicate age of Late Cretaceous (Santonian/ Campanian). It is bounded
by 73.5Ma MFS at 10100.

Globotruncanella havanensis/Glovotruncana aegyptiaca: Biozone occur at stratigraphic
interval of 10100"-9420" which indicate age of Late Cretaceous (Maastrichtian). It is bounded
by a 68.6 Ma MFS at 9420’.

Globotruncana gansseri/Abathomphalus mayaroensis: Biozone occur at stratigraphic
interval of 9420 - 9080" which indicate an age of Late Cretaceous (Maastrichtian)). It is
bounded by a 66.2 Ma at 9115".

Morozovella trinidadensis/Globigerina eugubina: Biozone occur at stratigraphic interval of
9080-7810" which indicate an age of Early Paleocene. It is bounded by a KT boundary at the
base 9080" and at the top by 64.6Ma MFS at 7810".

Planorotalites Pusila/Morozovella uncinate: Biozone occur at stratigraphic interval of 7810’
- 6400” which indicate an age of Middle to Late Paleocene. It is bounded by 61.1 Ma MFS at
6400". Seven foraminiferal biozones delineated were characterized and age dated which is
represented in the (table 3) below.
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Table 3: Summary of the Foraminiferal Biozonation of MARS 5 Well (Adeigbe et al.,

2013).
Depth(feet) Foraminferal Biozone Age Epoch/Period
7810’- 6400 Morozovella uncinata 61.1 - 64.6 Middle Paleocene
9080" - 7810’ Globigerina eugubina 64.6 - 65.6 Early Paleocene
9420" - 9080 Globotruncana gansseri 65.6 - 68.6 Maastrichtian
10100” - 9420 Globotruncana havanensis 68.6 - 73.4 Maastrichtian
10750" - 10100 Whitenella baltica 73.4 - 88 Campanion/Santonian
11310" - 10750 Dicarinella Primitiva 88 -89 Coniacian
16120" - 11310 Archeoglobigerina Creatacea 89 and older Turonian

b. Lowstand Facies (16120’-11550°): It is composed of basal regressive sands overlain by
alternating, variably thick, shale/mudstone/marl and upper shoreface sands of probable
incised valley origin. Palynomorphs were rare in this interval with records of Classopollis
group suggesting deposition within a Coastal Deltaic environment. Foraminifera were rare
represented by Siphogeneroides clavate, praebulimina robusta and Gavelinella spp indicating
an environment fluctuating between coastal deltaic through shallow inner to inner neritic.

c. Interbedded with Shoreface sands (11550" - 10610°): The interval consists of pelagic
shales/mudstones interbedded with shoreface sands. The sands are fine to medium grained,
occasionally coarse, angular to subangular and poorly to moderately well sorted. The
foraminiferal recovery is also low with rare/few Afrobolivina afra, Praebulimina robusta,
Globocassidulina subglobosa, Lenticulina Spp. This assembleage indicate an environment of
deposition deepening from Middle Neritic to Outer Neritic.

d. Hemipelagic Shale (10610” - 10100’): This relatively thin interval contains unconformable
clay/shale beds that were deposited over a long period of geological time. The dominant
lithology is shale/ mudstone interstratified with fine sands and siltstones. Palynomorphs are
dinoflagellate cysts indicating a fully marine condition

The dominant foraminifera are deep water indicators such as Uvigeriana mantaensis,
Nodosaria limbata, Dentalina Stephensoni with abundant plankties suggest deposition in an
environment deepening from the Outer Neritic to Upper Bathyal.

e. Hemipelagic Shale/Mudstones (9080" - 8450’): The lithofacies association of this interval is
dominantly offshore shales/mudstones interstratified with very thin sands and siltstones.
The upper part of the interval is almost barren of both foraminifera and palynomorphs. Spores
such as Granulatasporites spp. with co-occurrence of Praebulimina banta, Bulimina with
abundant planktics suggest deposition of the lower part of the interval in the Upper Bathyal
environment shoaling progressively to Inner Neritic.

f. Hemipelagic Shale (8450” - 6250°): The upper interval is dominantly hemipelagic shales and
silts. The shales are light to dark grey, moderately soft non-fissile to sub fissile with little or
no calcareous content. The Palynomorph population, though moderate exhibits high diversity
Dominant forms include properties operculatus, Granulatasporites spp. co-occurring with
dinocyst such as Spiniferites ramosus and Cordosphaeridum spp. indicating marine condition
of deposition. The benthic foraminiferal assemblages include deep water indicator such
subglobosa, and Ammodiscus glabratus. This assemblage suggests deposition within the
Outer Neritic to Upper Bathyal environments.
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CONCLUSION

The sequence stratigraphy recognition of the maximum flooding surfaces was carried out
using the Foraminiferal biozonation in which only faunal biozones (Faunal assemblage
characterizing a stratigraphic interval) were recognized. The sequence boundary was picked
based on the Maximum flooding surfaces and unconformities are based on progressive
missing section between the sequence. The integration of the textural characteristics of ditch
cutting samples with palynological data and paleobathymetric information for selected
environmentally significant foraminifera suggest that the well section studied was deposited
between Shallow inner Neritic and Middle Neritic environment s at the base, deepening
progressively to Outer Neritic/ Upper Bathyal towards the top of the well.
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