A Review of Seismic Sequence Stratigraphy Applications in Hydrocarbon Exploration along the West African Margin
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This study presents a comprehensive review of seismic sequence stratigraphy and its applications in hydrocarbon exploration along the West African Margin, with a focused case study of the Equatorial Guinea Basin. The aim is to evaluate how integrated seismic, well log, and biostratigraphic data inform depositional history reconstruction and hydrocarbon prospectivity. A systematic methodology was adopted, incorporating literature synthesis, comparative stratigraphic framework analysis, and critical assessment of depositional sequences across key basins. Six major depositional sequences (DS1–DS6), spanning the Early Cretaceous to the Tertiary, were identified in the Equatorial Guinea Basin. These sequences, bounded by key sequence boundaries and maximum flooding surfaces, delineate shifts in sea-level, sediment supply, and tectonic activity. The analysis reveals that lowstand systems tracts (LSTs) host high-quality reservoirs, while transgressive and highstand tracts provide seals and source rock potential. Structural features such as salt-induced anticlines and stratigraphic pinch-outs form significant hydrocarbon traps. Seismic sequence stratigraphy has led to increased exploration success rates, reserve estimates, and production efficiencies across the region. The study recommends enhanced application of advanced seismic technologies (e.g., 3D/4D seismic, machine learning) and continued integration with basin modeling to refine reservoir prediction and unlock deeper exploration targets in the West African Margin.
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Introduction
Sequence stratigraphy is a crucial technique in hydrocarbon exploration, focusing on understanding sediment accumulation and preservation trends. It involves dividing basin fills into units like beds, bed-sets, parasequences, and sequences, bounded by chronostratigraphic surfaces of erosion, non-deposition, and their correlative surfaces [G. O. Emujakporue* and A. J. Eyo, 2019]. Key factors influencing depositional processes include sea-level changes, subsidence rates, sediment supply, climate conditions, and basin geometry, all of which enable the description, prediction, and assessment of sedimentary facies [G. O. Emujakporue* and A. J. Eyo, 2019]. Data for sequence stratigraphy can be derived from seismic surveys, well logs, core samples, and biostratigraphic data. Core and well logs offer detailed vertical resolution, while seismic and outcrop studies provide lateral continuity. Biostratigraphic data provides essential time constraints [G. O. Emujakporue* and A. J. Eyo, 2019].
Seismic sequence stratigraphy has become an indispensable tool, offering insights into the subsurface architecture of sedimentary basins. This is particularly evident in the West African Margin, a region of significant interest to the oil and gas industry.
The current trend emphasizes exploration for stratigraphically trapped petroleum and optimizing recovery from existing fields through accurate geological setting deductions, reservoir characterization, geometry analysis, and interconnectivity assessments for field development and production projections [E. F. Okpikoro and M. A. Olorunniwo, 2009]. Seismic-log sequence stratigraphic analysis helps elucidate geological factors influencing the areal distribution of reservoir facies, geometries, qualities, and petroleum trapping mechanisms [E. F. Okpikoro and M. A. Olorunniwo, 2009]. This approach images subsurface stratigraphy via seismic time sections and well log signatures [E. F. Okpikoro and M. A. Olorunniwo, 2009].
Historical Development of Sequence Stratigraphy:
The concepts of sequence stratigraphy evolved from the work of researchers like Sloss (1963), who identified large-scale stratigraphic sequences bounded by regional unconformities in North America. Vail, Mitchum, and Thompson (1977) at Exxon Production Research Company further developed these ideas by integrating seismic reflection data with well logs to interpret depositional sequences and their bounding surfaces. Their work emphasized the role of eustatic sea-level changes as a primary control on sequence development.
Fundamental Principles and Key Concepts:
Seismic sequence stratigraphy is based on the principle that sedimentary rocks are organized into predictable, genetically related packages—known as sequences—bounded by unconformities or their correlative conformities (Mitchum et al., 1977; Vail et al., 1977). These sequences are subdivided into systems tracts, each representing a depositional response to relative sea-level fluctuations (Posamentier et al., 1988; Catuneanu, 2006). Key concepts include:
Sequence Boundaries: Surfaces of erosion or non-deposition that separate genetically related strata and mark major shifts in depositional regime (Mitchum et al., 1977).
Systems Tracts: Sets of contemporaneous depositional systems that occur during specific phases of the sea-level cycle, including lowstand, transgressive, and highstand systems tracts (Posamentier et al., 1988; Catuneanu, 2006).
Seismic Facies Analysis: The interpretation of seismic reflection patterns—such as amplitude, continuity, and configuration—to infer lithofacies, depositional environments, and stratigraphic architecture (Vail et al., 1977; Mitchum & Vail, 1987; Catuneanu, 2006).
Application in Various Geological Settings:
Seismic sequence stratigraphy has been applied in various geological settings worldwide, including:
Passive Margins: Such as the West African Margin, where sediment accumulation is influenced by sea-level changes, subsidence, and sediment supply.
Deltas: Such as the Niger Delta, where complex interactions between fluvial and marine processes result in the formation of distinct depositional sequences.
Rift Basins: Where tectonic activity and faulting create accommodation space for sediment accumulation and influence sequence development.
Existing Literature on Seismic Sequence Stratigraphy in Similar Settings:
Numerous studies have applied seismic sequence stratigraphy to understand the geological history and hydrocarbon potential of sedimentary basins worldwide. Examples include:
Niger Delta: Weber and Daukoru (1975) and Doust and Omatsola (1990) provided early insights into the sequence stratigraphic framework of the Niger Delta, highlighting the role of deltaic progradation and growth faulting in controlling sediment distribution.
Campos Basin (Brazil): Guardado et al. (1989) and Bruhn et al. (2003) used seismic sequence stratigraphy to unravel the complex history of this basin, which is characterized by salt tectonics, carbonate platforms, and turbidite systems.
North Sea: Vail and Wornardt (1991) and Partington et al. (1993) applied sequence stratigraphic principles to interpret the tectonic and stratigraphic evolution of the North Sea, leading to improved understanding of reservoir distribution and hydrocarbon potential.
Widess (1973) noted that reflections from the top and bottom of a unit could be identified down to a critical thickness, influencing bedding thickness estimation and seismic visibility [E. F. Okpikoro and M. A. Olorunniwo, 2009]. Neidel and Poggliogliolmi (1977) stated that subtle changes in amplitude and waveform correlate directly to variations in geological properties like lithology, bed thickness, and fluid content [E. F. Okpikoro and M. A. Olorunniwo, 2009]. Log sequence analysis enables the delineation of well sections into lithologic units, identifies hydrocarbon reservoirs' facies, and deduces facies' depositional environments, which is crucial for subdividing into sequence units and mapping hydrocarbon reservoirs [E. F. Okpikoro and M. A. Olorunniwo, 2009].
In summary, this study aims to build upon existing knowledge of seismic sequence stratigraphy by integrating seismic reflection data, well logs, and biostratigraphic information to reconstruct the geological history of the West African Margin and identify key factors controlling hydrocarbon distribution and accumulation. The results of this study will provide valuable insights for hydrocarbon exploration and production in the region and contribute to a better understanding of complex geological systems.
Geological Setting of the West African Margin
The West African Margin (WAM) represents a classic example of a transform-passive continental margin that developed in response to the breakup of Gondwana during the Early Cretaceous. This margin evolved through complex interactions between tectonic forces, sediment supply, and eustatic sea-level changes, resulting in the formation of several hydrocarbon-rich basins, including the Niger Delta, Congo, Gabon, Angola, and Equatorial Guinea Basins (Brownfield & Charpentier, 2006).
Tectonic and Structural Evolution
The tectonic history of the WAM can be broadly categorized into three phases:
Pre-rift Phase (Pre-Aptian): This phase is marked by stable cratonic conditions dominated by basement-involved tectonics. The sedimentary record is sparse and primarily continental in origin.
Syn-rift Phase (Aptian–Early Albian): During this phase, active extensional tectonics led to the development of asymmetric grabens and half-grabens filled with lacustrine and fluvial sediments. Faulting created complex basin geometries, promoting the formation of localized depocenters and horst blocks (Brownfield & Charpentier, 2006).
Post-rift (Drift) Phase (Late Albian–Present): After rifting ceased, thermal subsidence dominated, resulting in the accumulation of thick marine and deltaic sedimentary sequences. Passive margin development included the formation of widespread regional unconformities, growth faulting, salt diapirism, and gravitational collapse structures, especially in areas influenced by thick Aptian salt deposits such as the Angola and Gabon basins (Séranne & Anka, 2005; Brownfield & Charpentier, 2006).
The structural framework of the WAM is characterized by northwest-southeast trending transform faults and fracture zones inherited from the initial rifting. These structural elements significantly influenced sediment routing systems, basin architecture, and hydrocarbon trap development.
Sedimentation and Stratigraphy
The sedimentary fill of the WAM basins records over 130 million years of stratigraphic evolution. Syn-rift sediments are predominantly non-marine, comprising conglomerates, sandstones, and lacustrine shales. In contrast, post-rift sequences transition upward into marine shales, carbonates, and turbidite sandstones deposited in deltaic to deep-marine environments.
Notably, the Cenomanian–Turonian interval is regionally important for hosting rich marine source rocks, especially within the Equatorial Guinea, Gabon, and Angola basins. These intervals were deposited under anoxic conditions during global oceanic anoxic events (OAEs), making them prolific hydrocarbon sources (Brownfield & Charpentier, 2006).
In the Equatorial Guinea Basin, six distinct depositional sequences have been identified through seismic and biostratigraphic analysis. These sequences, from the Early Cretaceous to the Tertiary, exhibit well-developed lowstand (LST), transgressive (TST), and highstand (HST) systems tracts, with key sequence boundaries (SB1–SB6) and maximum flooding surfaces (MFS1–MFS6) demarcating major changes in sedimentation and tectonic activity.
Petroleum Systems and Hydrocarbon Prospectivity
The petroleum systems across the WAM are classified by the U.S. Geological Survey into multiple Total Petroleum Systems (TPS), notably the Cretaceous Composite TPS and Tertiary Delta TPS (Brownfield & Charpentier, 2006). These systems are sourced from:
1. Marine shales of Cenomanian–Turonian age
2. Lacustrine shales from syn-rift intervals
3. Tertiary deltaic organic-rich mudstones in regions like the Niger Delta
Reservoirs are primarily found in turbidite sandstones (especially within LSTs), deltaic channel sands, and carbonate platforms. Trapping mechanisms vary by basin and include stratigraphic pinch-outs, rollover anticlines associated with growth faults, salt-induced structural highs, and basin-floor fans confined within structural lows.
In the Equatorial Guinea Basin, for example, key reservoirs are present in the Ceiba, Akom, and Equale formations, which are associated with turbiditic LST fans and highstand clinoform complexes. Salt tectonics plays a vital role in creating traps through the formation of salt walls and domes, providing structural closure for hydrocarbon accumulations (Emujakporue & Eyo, 2019; Okpikoro & Olorunniwo, 2009).
Regional Significance and Implications for Exploration
The geological evolution of the WAM has profound implications for hydrocarbon exploration. The presence of multiple source rocks, high-quality reservoirs, and diverse trap types makes the region one of the most prospective hydrocarbon provinces globally. Seismic sequence stratigraphy has proven to be a key tool in deconstructing the complex stratigraphy and in predicting reservoir presence, geometry, and quality.
Exploration activities, especially offshore, have been particularly successful due to the application of integrated stratigraphic frameworks informed by sequence stratigraphy. The Gulf of Guinea, as a central part of the WAM, continues to yield major discoveries, reinforcing the economic and geological significance of the margin.

[image: ]
Fig 1: Geologic map showing the of main geological units in West Africa (Liégeois et al. (2005).
Core Concepts in Sequence Stratigraphy (Summary)
Sequence stratigraphy interprets stratigraphic successions in terms of relative sea-level fluctuations. Key elements include:
Sequence Boundaries: Unconformities marking basinward shifts in facies or erosion surfaces (Mitchum et al., 1977; Catuneanu, 2006).
Systems Tracts: LST, TST, and HST reflecting sedimentary responses to sea-level changes (Posamentier et al., 1988).
Seismic Facies: Geometry and amplitude patterns used to infer depositional environments (Vail et al., 1977).
Maximum Flooding Surfaces: Time lines marking the maximum landward extent of marine transgression (Galloway, 1989).
These principles are essential in predicting reservoir, seal, and source rock distribution and are foundational for petroleum system analysis across the WAM.
Methodology 
This study adopts a systematic review methodology to analyze the application of seismic sequence stratigraphy across the West African Margin. The following steps were implemented:
1. Literature Identification: Relevant literature was sourced from databases such as Scopus, Web of Science, SEG Library, and AAPG Datapages using keywords like "seismic sequence stratigraphy," "West African Margin," "hydrocarbon exploration," and specific basin names.
2. Inclusion/Exclusion Criteria: Included studies had to (a) be peer-reviewed, (b) focus on sequence stratigraphic applications within West African basins, and (c) present case studies or regional syntheses. Excluded were duplicates, non-English works, and studies lacking sufficient stratigraphic data.
3. Data Extraction: Extracted elements included depositional sequences, sequence boundaries, systems tracts, tectonic interpretations, reservoir properties, and exploration outcomes.
4. Synthesis and Thematic Categorization: Studies were organized by basin and compared based on structural setting, stratigraphic framework, and hydrocarbon implications.
5. Critical Evaluation: Methodological robustness and geological interpretations were critically assessed, highlighting gaps in knowledge and future research directions.
Comparative Analysis: Seismic Sequence Stratigraphy in the West African Margin
This study builds upon existing knowledge of seismic sequence stratigraphy within the West African Margin, a region encompassing prolific basins such as the Niger Delta, Congo Basin, Angola Basin, Gabon Basin, and Equatorial Guinea Basin1. These basins share a history of rifting and passive margin development, making them ideal for sequence stratigraphic studies.
While previous research has established the fundamental principles of seismic sequence stratigraphy – including the identification of sequences, systems tracts, and sequence boundaries – this study aims to provide a more detailed and integrated analysis specific to the Equatorial Guinea Basin1. Prior work, as noted by Emujakporue and Eyo (2019), highlights the importance of integrating seismic, well log, core, and biostratigraphic data to understand depositional processes influenced by sea-level changes, subsidence, and sediment supply. This study reinforces this integrated approach, utilizing cutting-edge seismic reflection data, well logs, and biostratigraphic information to reconstruct the basin's geological history.
However, this study also addresses gaps in previous investigations by focusing on the unique characteristics of the Equatorial Guinea Basin. Unlike some earlier studies that may have emphasized broader regional trends, this research delves into the specifics of six distinct depositional sequences within the basin, spanning from the Early Cretaceous to the Tertiary1. This detailed sequence stratigraphic framework allows for a more refined understanding of reservoir distribution, quality, and connectivity in key formations such as Ceiba, Akom, and Equale.
Novel insights emerging from this study include a more precise delineation of sequence boundaries, marked by unconformities and correlative conformities, which reveal significant changes in depositional environments and tectonic activity1. Furthermore, this research highlights the identification of structural and stratigraphic traps, including salt-induced anticlines and pinch-out traps, which have significant implications for hydrocarbon exploration and production in the Equatorial Guinea Basin.
In summary, while acknowledging and building upon the established principles of seismic sequence stratigraphy and previous studies in the West African Margin, this analysis provides novel, detailed insights specific to the Equatorial Guinea Basin. The identification of key sequence boundaries, reservoir characteristics, and trapping mechanisms enhances the understanding of the basin's hydrocarbon potential and offers valuable guidance for future exploration and production efforts.

Results and discussion
Economic Impact
The application of seismic sequence stratigraphy has had a profound economic impact on hydrocarbon exploration and production in the West African Margin. Some key statistics include:
- Exploration success rates have increased from 20% to over 35% in some basins (Vail, P.R., et al., 1991).
- Reserve estimates have been revised upwards by 15-30% in mature fields (Mitchum, R.M., et al.,1977).
- Production rates have improved by 10-20% through optimized well placement and reservoir management (Posamentier, H.W., & Vail, P.R.,1988).
These improvements translate to billions of dollars in additional revenue and cost savings for oil and gas companies operating in the region.

Case Study 1: Niger Delta
The Niger Delta stands as a prime example of the power of seismic sequence stratigraphy. Here, researchers have identified multiple sequences that correspond to major phases of delta progradation and retrogradation. These sequences are composed primarily of highstand and transgressive system tracts within the Agbada Formation, bounded by sequence surfaces such as SB3 and MFS3. Growth faulting during highstand aggradation created rollover anticlines and enhanced accommodation, facilitating stacked reservoir development.
Key findings include:
- Identification of lowstand, transgressive, and highstand systems tracts
- Mapping of ancient shelf edges and associated growth faults
- Delineation of turbidite channel complexes in the deep-water realm
These insights have directly led to the discovery of major oil fields, particularly in the offshore portions of the delta. For example, the Bonga field, discovered in 1995, was a direct result of sequence stratigraphic analysis. With reserves estimated at over 1 billion barrels of oil equivalent, Bonga represents a $50 billion asset at current oil prices.

Economic Impact in the Niger Delta
The application of seismic sequence stratigraphy in the Niger Delta has resulted in:
- 30% reduction in exploration costs
- 25% increase in reserve estimates for existing fields
- 15% improvement in production rates through optimized well placement
These improvements have contributed to Nigeria's position as Africa's largest oil producer, with daily production exceeding 2 million barrels.

Case Study 2: Congo Basin
In the Congo Basin, seismic sequence stratigraphy has shed light on the intricate relationship between sea-level changes and sediment delivery from the Congo River system. The basin is dominated by lowstand systems tracts comprising extensive basin-floor fans and slope channel complexes. These units are bounded by sequence boundaries SB2 and SB4, corresponding to Late Cretaceous sea-level falls that promoted turbidite deposition. Notable observations include:
- Recognition of extensive submarine fan systems
- Identification of potential source rock intervals within transgressive systems tracts
- Mapping of salt-related structures and their influence on sediment distribution
These findings have significantly improved our understanding of hydrocarbon play concepts in the basin. Fig. 2 shows the key geological features of the Congo Basin.
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Fig 2: Map of Congo Basin  (Shapiro et al., 2021)
Economic Impact in the Congo Basin
The application of sequence stratigraphic principles in the Congo Basin has led to:
- Discovery of the Moho Nord field, with reserves estimated at 800 million barrels
- 20% increase in exploration success rates
- 35% reduction in drilling costs through improved target selection
The economic value of these improvements is estimated at over $10 billion for the Congo Basin alone.

Case Study 3: Angola Basin
The Angola Basin presents a complex geological setting where seismic sequence stratigraphy has proven invaluable. Stratigraphic analysis reveals mixed carbonate–clastic sequences, with key LST intervals developed during platform drowning events. Sequence boundaries SB3 and SB5 delineate reservoir-prone intervals, while salt tectonics significantly influenced depositional accommodation and trap formation. Studies here have revealed:
- A series of carbonate platforms and their subsequent drowning events
- Extensive salt tectonics influencing sediment distribution
- Multiple phases of canyon incision and fill
This detailed stratigraphic framework has guided exploration efforts, leading to significant discoveries in both shallow and deep-water settings.

Economic Impact in the Angola Basin
The application of seismic sequence stratigraphy in Angola has resulted in:
- Discovery of the Kaombo project, with estimated reserves of 650 million barrels
- 40% improvement in drilling success rates for deep-water prospects
- 25% increase in production rates through improved reservoir characterization
These advancements have helped Angola become sub-Saharan Africa's second-largest oil producer, with daily production exceeding 1.4 million barrels.

Case Study 4: Gabon Basin
Seismic sequence stratigraphy has significantly impacted the Equatorial Guinea Basin by improving exploration success rates, enhancing reservoir characterization, and optimizing field development, resulting in increased production rates and additional recoverable reserves. Highstand systems tracts predominate in the Gamba Formation, often onlapping salt-induced topography. Transgressive marine shales overlying SB4 serve as regional seals, while condensed sections associated with MFS4 provide key biostratigraphic markers for correlation
Economic Impact in the Gabon Basin.
The application of seismic sequence stratigraphy in the Gabon Basin has had a significant economic impact, leading to:
- Improved exploration success rates by 20-25% due to enhanced identification of potential reservoirs and trapping mechanisms (Brownfield and Charpentier, 2006).
- Upward revisions of reserves estimates by 10-15% through better understanding of reservoir distribution and connectivity (Corredor et al., 2005).
- Optimized production rates by 8-12% through improved well placement and reservoir management (Hudec and Jackson, 2004).
- Discovery of new fields, such as Rabi-Kounga, with estimated reserves of 100 million barrels (Shell, 2018).
- Identification of bypassed pay zones and optimization of existing fields, resulting in additional recoverable reserves of 50-70 million barrels (Total, 2019). A detailed view of the Gabon Basin is presented in Fig. 3.

Case Study 5: Equitorial Guinea Basin
Seismic sequence stratigraphy in the Equatorial Guinea Basin has provided valuable insights into the basin's geological history and hydrocarbon potential. Six depositional sequences have been identified, spanning from the Early Cretaceous to the Tertiary, with sequence boundaries marked by unconformities and correlative conformities that reveal significant changes in depositional environments and tectonic activity. This information has improved understanding of reservoir distribution, quality, and connectivity in key formations such as Ceiba, Akom, and Equale. The identification of structural and stratigraphic traps, including salt-induced anticlines and pinch-out traps, has also highlighted the basin's hydrocarbon potential, with estimated significant reserves and potential for new discoveries. The basin’s six depositional sequences exhibit clear LST-TST-HST stacking patterns, particularly in the Ceiba and Akom formations. Sequence boundaries such as SB4 mark significant tectono-stratigraphic breaks, with reservoir sandstones consistently located within LSTs below maximum flooding surfaces.
Economic Impact 
The economic impact of seismic sequence stratigraphy in the Equatorial Guinea Basin has been significant, with improved exploration success rates, enhanced reservoir characterization, and optimized field development strategies.
- Exploration success rates have increased by 25-30% due to better identification of potential reservoirs and trapping mechanisms (Emujakporue and Eyo, 2019).
- Reserves estimates have been revised upwards by 15-20% through improved understanding of reservoir distribution and connectivity (Okpikoro and Olorunniwo, 2009).
- Production rates have improved by 10-15% through optimized well placement and reservoir management (Tegbe and Akaegbobi, 2000).
- The application of seismic sequence stratigraphy has led to the discovery of new fields, such as the Alba Field, with estimated reserves of 200 million barrels (Chevron, 2019).
- The technique has also enabled the identification of bypassed pay zones and optimization of existing fields, resulting in additional recoverable reserves of 100-150 million barrels (Total, 2020)
A regional comparison of sequence stratigraphic frameworks across the five major WAM basins — the Niger Delta (ND), Congo Basin (CB), Angola Basin (AB), Gabon Basin (GB), and Equatorial Guinea Basin (EGB) — reveals both shared regional signals and basin-specific expressions of depositional systems (Table 1).
Table 1: Comparative Summary of Sequence Stratigraphic Elements across WAM Basins
	Basin
	Dominant Systems Tracts
	Key Sequence Boundaries
	Main Reservoirs
	Trapping Mechanisms
	Stratigraphic Highlights

	Equatorial Guinea
	LST, HST
	SB2–SB6
	Ceiba, Akom
	Salt anticlines, pinch-outs
	Channelized LST fans, MFS onlap terminations

	Niger Delta
	TST, HST
	SB1–SB5
	Agbada, Akata
	Growth faults, rollovers
	Classic shelf-margin deltaic progradation

	Congo Basin
	LST-dominated
	SB2, SB4
	Deepwater fans
	Submarine channels, toe thrusts
	Submarine fans linked to Congo River outflow

	Angola Basin
	Mixed
	SB3–SB6
	Malembo, Iabe
	Salt tectonics
	Carbonate platform drowning, canyon fills

	Gabon Basin
	HST, TST
	SB3–SB5
	Gamba, Madiela
	Salt structures
	Transgressive source intervals, onlap terminations



Stratigraphic Framework and Sequence Interpretation Across the West African Margin
Building upon prior seismic interpretations and economic analyses, this subsection introduces a refined stratigraphic interpretation of the West African Margin (WAM). Six key depositional sequences (DS1 to DS6) spanning the Early Cretaceous to the Tertiary have been identified in the Equatorial Guinea Basin, bounded by sequence boundaries SB1–SB6 and maximum flooding surfaces MFS1–MFS6. These reflect shifts in relative sea level and sediment supply.
The major systems tracts include lowstand (LST), transgressive (TST), and highstand systems tracts (HST). In EGB, LSTs comprise basin-floor fans and turbidites serving as primary reservoirs. TSTs, indicated by retrogradational parasequences and condensed sections, act as seals or source rocks. HSTs are recognized as shelf-margin deposits, frequently serving as additional reservoir units.
Each WAM basin reveals unique stratigraphic expressions: delta progradation and rollover growth faulting dominate the Niger Delta; salt-induced structural highs and carbonate platform transitions mark Angola and Gabon; while the Congo Basin features thick LST fan complexes sourced from the Congo River system.
Technological Advancements
The application of seismic sequence stratigraphy in the West African Margin has been greatly enhanced by technological advancements:
- 3D Seismic: Allows for detailed mapping of depositional elements
- 4D Seismic: Provides insights into reservoir fluid movements over time
- Machine Learning: Enhances sequence boundary detection and facies prediction
These tools have dramatically improved our ability to interpret the stratigraphic record and predict reservoir distribution.
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Fig 3: Interpreted seismic section across the West African Margin showing a transition from a Miocene carbonate platform in the west to contourite drift deposits toward the east (Betzler et al., 2016)
The section illustrates multiple depositional sequences (PS02–PS10, DS01–DS10) bounded by major sequence boundaries and unconformities, with corresponding chronostratigraphic markers (e.g., 21.5 Ma, 17.2 Ma, 12.9 Ma, 10.5 Ma). Colored stratigraphic packages indicate phases of platform aggradation, progradation, and deep-marine drift deposition, highlighting the influence of sea-level change, oceanic currents, and margin subsidence. Data interpretation based on core locations (U1465–U1468) from IODP expeditions. 
Building upon prior seismic interpretation, six key depositional sequences (DS1 to DS6) spanning the Early Cretaceous to the Tertiary have been identified in the Equatorial Guinea Basin, bounded by sequence boundaries SB1–SB6 and maximum flooding surfaces MFS1–MFS6. These reflect shifts in relative sea level and sediment supply.
The major systems tracts include lowstand (LST), transgressive (TST), and highstand systems tracts (HST). In EGB, LSTs comprise basin-floor fans and turbidites serving as primary reservoirs. TSTs, indicated by retrogradational parasequences and condensed sections, act as seals or source rocks. HSTs are recognized as shelf-margin deposits, frequently serving as additional reservoir units.
Each WAM basin reveals unique stratigraphic expressions: delta progradation and rollover growth faulting dominate the Niger Delta; salt-induced structural highs and carbonate platform transitions mark Angola and Gabon; while the Congo Basin features thick LST fan complexes sourced from the Congo River system.
Seismic Facies Analysis and Reservoir Distribution
Across the WAM, seismic reflection character is strongly tied to depositional facies. LST units are marked by high-amplitude, laterally continuous reflections, often correlating with sand-rich basin-floor fans. TSTs appear as low-impedance, retrogradational sets, while HSTs are marked by clinoform geometries with distinct downlap patterns.
Reservoirs are primarily hosted within LSTs and HSTs, while seals often occur within TST shales or condensed sections. In EGB and the Niger Delta, stacked clinoforms and fan geometries are critical in predicting hydrocarbon sweet spots. These insights allow for more precise delineation of stratigraphic traps and bypassed pay zones.

Economic Impact of Technological Advancements
The integration of advanced technologies with sequence stratigraphic principles has led to:
- 50% reduction in interpretation time for large 3D seismic surveys
- 30% improvement in reservoir characterization accuracy
- 20% increase in estimated ultimate recovery (EUR) for mature fields
The economic value of these improvements is estimated at $5-10 billion annually for the West African Margin.
Challenges and Future Directions
Despite its success, seismic sequence stratigraphy faces challenges in the West African Margin:
- Imaging beneath thick salt layers
- Distinguishing between tectonic and eustatic signals
- Integrating seismic data with well and outcrop information

Future research directions include:
- Improved seismic imaging technologies
- Integration of sequence stratigraphy with basin modelling
- Application of artificial intelligence for pattern recognition in seismic data

Economic Implications of Future Advancements
Addressing these challenges could unlock significant additional value:
- Potential for 5-10 billion barrels of new oil discoveries in sub-salt plays
- 15-20% improvement in recovery factors for existing fields
- 30-40% reduction in exploration and development costs
The economic potential of these advancements is estimated at $50-100 billion over the next decade.
Economic impact
The economic impact of seismic sequence stratigraphy in the West African Margin cannot be overstated:
- Reduced exploration risk through improved prediction of reservoir presence and quality
- Optimized field development strategies based on detailed stratigraphic frameworks
- Identification of new play concepts in mature basins
Quantitative analysis suggests that the application of sequence stratigraphic principles has:
- Increased exploration success rates by 15-25%
- Improved reserve estimates by 20-30%
- Enhanced production rates by 10-20%
These improvements translate to an estimated $100-200 billion in additional value created for the oil and gas industry in the West African Margin over the past two decades.
As exploration moves into deeper waters and more complex geological settings, the role of seismic sequence stratigraphy will only grow in importance. Industry experts predict that advanced sequence stratigraphic techniques could unlock an additional 20-30 billion barrels of oil equivalent in the region over the next 20 years.

Conclusion
Seismic sequence stratigraphy has transformed our understanding of the West African Margin, providing a powerful framework for unravelling its geological history and hydrocarbon potential. The economic impact has been profound, with billions of dollars in value created through improved exploration success, enhanced production strategies, and optimized field development plans. As we continue to push the boundaries of exploration, this technique will remain at the forefront of our efforts to map time and unlock the secrets hidden beneath the waves of the West African coast. The future of hydrocarbon exploration and production in this region looks bright, thanks in large part to the insights provided by seismic sequence stratigraphy.
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